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Introduction

The main purposeof the programpackageDYANA (“Dynamicsalgo-
rithm for NMR applications”) is the calculationof three-dimensional
protein and nucleic acid structureson the basisof conformationalre-
straintsderivedfrom theNMR experiments.DYANA is thesuccessorof
DIANA (Güntertetal., 1991a;Güntert& Wüthrich,1991).It providesall
functionality of DIANA andmany extensions,in particulara new, effi-
cient structure calculation method: torsion angle dynamics.

During the last years,the steadyincreasein size of macromolecular
structuresthatcannow besolvedby NMR hascalledfor improvedand
moreefficientstructurecalculationmethods.TheprogramDIANA relied
on conjugategradientminimizationof a variabletarget function in tor-
sion anglespace(Braun& Gō,1985) to find three-dimensionalstruc-
tures that fulfil the conformational restraints. The success rate
(percentageof structuresreachinglow target function values)of this
strategy was,in particularfor largerβ-sheetproteins,oftenhamperedby
the fact that the target function hasmany local minima into which the
conjugategradientminimizermaybecometrappedbecauseit takesex-
clusively downhill steps.A decisive improvementof thissituationcould
be expectedfrom other structurecalculationalgorithmsthat have the
possibility to “escape”from unfavorablelocal minima. Therefore,we
createda new NMR structurecalculationprogram,DYANA (Güntertet
al., 1997),thatusessimulatedannealingcombinedwith moleculardy-
namicsin torsionanglespace(torsionangledynamics),i. e.,thenumer-
ical solutionof theclassicalmechanicalequationsof motion(Lagrange
equations)with torsion anglesas generalizedcoordinates.The target
functiontakestheroleof thepotentialenergy, andthesystemis coupled
to a temperaturebathwhich is cooleddown slowly from its initial high
temperature,therebyallowing thesystemto crossbarriersbetweenlocal
minima of the target function.
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When comparedwith other structurecalculationalgorithmsthat are
basedon simulatedannealing(Brünger, 1992),theprincipaldifference
of torsionangledynamicsis that it workswith internalratherthanwith
Cartesiancoordinates.Thecovalentstructureparameters(bondlengths,
bondangles,chiralitiesandplanarities)arealwayskeptfixedat theirop-
timal values.The strongpotentialsrequiredin conventionalCartesian
spacemoleculardynamicsto retainthecovalentstructureand,concom-
itantly, thehigh frequency motionscausedby themareabsentin torsion
angledynamics.This resultsin a simplerpotentialenergy functionand
in longer permissibletime-stepsfor the numerical integration of the
equationsof motion,andthusin a muchhigherefficiency of the algo-
rithm.

To fully exploit thegreatpotentialadvantagesof torsionangledynamics,
a carefulconsiderationof its implementationwasrequiredbecausethe
Lagrangeequationsof motionwith torsionanglesasdegreesof freedom
aremuchmorecomplex thanNewton’s equationsin Cartesiancoordi-
nates.A “naive” implementationof torsionangledynamics(Mazur et
al., 1991)would entail in every time-stepthesolutionof a systemof N
linearequations(N beingthenumberof degreesof freedom),andthus
requireaprohibitivecomputationaleffort proportionalto N3. In contrast,
DYANA usesa fast recursive implementationof the equationsof mo-
tion—originallydevelopedfor spacecraftdynamicsandrobotics(Jainet
al., 1993)—with a computational effort proportional toN.

In addition,thenew structurecalculationprogramDYANA incorporates
a methodfor theautomaticassignmentof NOESYspectraon thebasis
of knownsequentialresonanceassignments,peakpositions,andpeakin-
tensities(Mumenthaleretal., 1997).Initial NOESYcrosspeaksassign-
mentsderivedfrom matchingchemicalshiftsaresubsequentlyrefinedin
severalcyclesconsistingof structurecalculationsusinganerror-tolerant
target function followed by an assessmentof the possiblepeakassign-
mentsin the light of the(preliminary)three-dimensionalstructuresob-
tained. This methodhas the potential to largely replacethe manual
methodfor NOESY assignment.Given that currently the NOESY as-
signmentandthecollectionof conformationalconstraintsfor a protein
of ~150 amino acid residuesmay require several monthsof manual
work, thefar-reachingconsequencesof theavailability of a reliableau-
tomatic NOESY assignment method become evident.

Sincethecalculationof macromolecularthree-dimensionalstructuresis
acomputationallyintensiveprocedure,it is importantto makebestpos-
sibleuseof theavailablecomputingresources.With theadventof a va-
riety of parallel computersand distributed computingnetworks, the
optimizationof ourstructurecalculationsoftware,whichwasup to now
gearedto therequirementsof vectorsupercomputers,hasturnedtowards
optimalparallelization.A structurecalculationthatconsistsof theinde-
pendentgenerationof many conformershasa high degreeof inherent
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parallelism.It canbeexploitedalmostideallyfor parallelcomputingand
rendersfeasibleapplicationsthathavesofarbeenunpracticalbecauseof
their high computational demands.

DYANA is writtenin standardFORTRAN-77andwasimplementedonava-
riety of computers.Theprogramis optimizedfor shared-memorymulti-
processor and vector computers.

Any reportsor publicationsof resultsobtainedwith theprogramDYANA

must acknowledge its use by an appropriate citation:

P. Güntert, C. Mumenthaler and K. Wüthrich:
Torsionangledynamicsfor NMR structurecalculationwith the
new programDYANA. J. Mol. Biol.273, 283–298 (1997).

Thestructureof this manualis asfollows. TheTutorial givesan intro-
duction to the programfor first usersandalsoexplainshow the most
commontasksare performedwith DYANA. The interactive command
language,INCLAN, is describedin the next chapter. Commandsgivesa
completelist anddescriptionof all DYANA commands.Variables and
Functionsgivesacompletelist of all DYANA systemvariablesandfunc-
tions.Selectionsdescribesthesyntaxusedto selectatoms,angles,peaks,
distanceconstraints,andstructures.File formatsdescribestheformatsof
variousdatafiles usedby DYANA. The supportingprogramCOFIMA is
describedin separatechapters.Installationdescribesthe installationof
DYANA on Unix systems.

In this manualnamesof commands,variablesetc. and literal input is
printedin bold Helvetica , otherinput is printedin italics. Optionalpa-
rametersaregivenin squarebrackets[. . .], andoptionalparametersthat
mayberepeatedzeroor moretimesaregiven in curly braces{. . .}. In
examples,input to theprogramis printedin bold Courier , andoutput
from the programDYANA is printed in regularCourier font.

Comments,suggestions,andbugreportsarewelcome.Pleasesendthem
by electronic mail to peter@guentert.com.
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Tutorial

This chapterexplainshow to do someof the tasksthat arecommonly
performedwith the programDYANA and its interactive commandlan-
guage,INCLAN, in the courseof an NMR structuredetermination.The
exampleinputfilesusedfor this tutorialaredistributedtogetherwith the
programandcanbefound in the“example”subdirectoryof the library
directory.

Running DYANA This is asimpleexampleto introduceanew userto theprogramDYANA.
It is not CPUintensive andcanbeexecutedinteractively on any work-
station.Note, however, that this exampledoesnot provide the recom-
mendedstrategy for a proteinstructurecalculation.Seethenext section
for acomplete,prototypicalexampleof arealisticNMR structurecalcu-
lation.

TheprogramDYANA is startedby (“%” is theUNIX prompt;userinput is
printed in bold):

% dyana

DYANA, version 1.5 (sgi, double precision)

Copyright (c) 1996-98 ETH Zurich

dyana>

Thetitle line showstheversionnumberof theprogram,thecomputerar-
chitecturefor which it hasbeencompiled,andanindicationof whether
single(32bit) or double(64bit) precisionarithmeticswill beused.“dy-
ana>” is the promptof DYANA which is shown when the programis
readyto acceptcommandsfrom theuser. If thepromptdoesnot appear
after starting the program, the program is not installed correctly.
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Thecommandreaddata readstheinputfiles for astructurecalculation
(input files are in the “example/helix” directory):

dyana> readdata helix
Library file "/soft/lib/dyana-1.1/lib/dyana.lib"

       read, 42 residue types.
    Sequence file "helix.seq" read, 11 residues.
    Distance constraint file "helix.upl" read,
       145 upper limits.
    Distance constraint file "helix.lol" read,
       14 lower limits.
    Angle constraint file "helix.aco" read,
       26 constraints.

A commandmayhaveparametersthatareseparatedfrom thecommand
nameandfrom eachotherby blanks.In theabove example,thereadd-
ata command has one parameter, the name of the input data files.

Thereaddata commandreadsthestandardresiduelibrary (dyana.lib),
thesequenceof themoleculeunderstudy(helix.seq),andfileswith con-
formationalconstraints:upperdistancelimits (helix.upl),lowerdistance
limits (helix.lol), anddihedralangleconstraints(helix.aco)for a11 res-
iduepolypeptide—thesecondhelix of amutantof theAntennapediaho-
meodomain fromDrosophila melanogaster(Güntertet al., 1991b).

Outputfrom theprogramis indented,for exampletheconfirmationthat
thesequencewassuccessfullyread:“Sequence file "helix.seq"
read, 11 residues. ”

The following command calculates a group of 5 conformers:

dyana> calc_all 5
    5 random structures created (seed 3771).
    Structure annealed in 2 s, f = 0.630422.
    Structure annealed in 2 s, f = 0.112963.
    Structure annealed in 2 s, f = 0.197074.
    Structure annealed in 2 s, f = 0.314798.
    Structure annealed in 2 s, f = 0.384202.

5 structures finished in 11 s (2 s/structure).

First,5 structureswith randomvaluesfor thedihedralanglesarecreated.
Then,for eachof theserandomstructuresviolationsof the conforma-
tional constraintsareminimizedby simulatedannealingusing torsion
angle dynamics (Güntertet al.,1997).

Cartesiancoordinatesof all resultingstructurescanbe saved with the
write cor  command:

dyana> write cor helix all
    DG coordinate file “helix.cor” written,
       5 conformers.
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To getanoverview of thequalityof theminimizedstructures,theover-
view command can be used:

dyana> overview helix

A complete protein
structure
calculation

This exampleprovidesa complete,prototypicalproteinstructurecalcu-
lation from experimentalNMR datafor the pheromoneEr-2 from Eu-
plotesraikovi (Ottigeret al., 1994;note,however, thatthedatasetused
for thisexampleis not theonedescribedin thepublication).Dataarein
the directory “example/er2”. The basic input data files are:

er2.seq amino acid sequence

er2.prot chemical shift list

er2_h2o.peaks H2O NOESY peak list

er2_d2o.peaks D2O NOESY peak list

er2.cco vicinal scalar coupling constants

In addition, there are four DYANA macro files, “init.dya”, “CALI-
BA.dya”, “GRIDSEARCH.dya” and “ANNEAL.dya”, to perform the
various steps of the structure calculation.

Theinitializationmacro,init , is executedeachtimetheprogramDYANA

is started from this directory:

name:=er2 protein name (used as file name)
rmsdrange:=3..37 default residue range for RMSD
dyanalib read library
read seq $name.seq read sequence

This macrodefinestwo variablesfor lateruse,andreadsthelibrary and
sequence file of the protein.

Calibration,i.e, conversionfrom NOESY peakvolumesto upperdis-
tance bounds is performed by the macroCALIBA:

read seq $name.seq read sequence and initialize
read prot $name.prot read proton list
read peaks {$name}_h2o.peaks assigned integrated
caliba read and calibrate first peak list
read peaks {$name}_d2o.peaks assigned integrated
caliba read and calibrate second peak list
distance unique keep strongest constraint for each distance
write upl caliba.upl save upper limits before modifications

Calibrationis performedseparatelyfor eachpeaklist usingthedefault
methodimplementedin themacrocaliba . Seethesection“Calibrating
NOEs” later in this tutorial for more details on calibration.
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Thenext stepis a systematicanalysisof the local conformationaround
the Cα atomof eachresidueusinggrid searches.On the basisof local
distanceconstraintsfrom thefile “caliba.upl” andscalarcouplingcon-
stantsfrom thefile “er2.cco”allowedconformationsfor thedihedralan-
gles φ, ψ, χ1 and χ2 of eachresidueare determinedusing the macro
GRIDSEARCH:

read seq $name.seq read sequence and initialize
read upl caliba.upl read NOE upper distance limits
read cco $name.cco read scalar coupling constants

atoms stereo HB2 2 5
atoms stereo QD1 39

Define stereospecific assignments that are al-
ready known.

habas angles=”CHI1 CHI2*” tfcut=0.05

Perform grid searches for all amino acid resi-
dues including the dihedral angles φ, ψ, χ1 and
χ2. Allow conformations with local target func-
tion values up to 0.05 Å2.

gridplot habas.ps create plot(s) with allowed angle ranges
atom stereo list List stereospecific assignments

distance modify modify distance constraints
write upl $name.upl save upper limits
write aco $name.aco save angle restraints

The commanddistance modify removesirrelevant constraints(con-
straintsthatinvolvefixeddistancesandconstraintsthatcannotbeviolat-
ed), retains maximally one distancelimit for each atom pair and
introducescorrectionsfor constraintswith diastereotopicsubstituents
for which stereospecific assignments are not available.

Theresultof this steparethemodifiedupperdistancelimits in thefile
“er2.upl”, the dihedralangleconstraintsin the file “er2.aco” and ste-
reospecific assignments.

Theactualstructurecalculationis performedwith themacroANNEAL
using torsion angle dynamics:

read seq $name.seq read sequence and initialize
read upl $name.upl read upper distance limits
read aco $name.aco read angle constraints
ssbond 5-20 12-37 17-28 generate constraints for S-S bonds

seed=35621 random number generator seed
#nproc=4 number of processors
calc_all 30 simulated annealing
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overview $name structures=20 ang cor produce overview

After readingtheinputdatafile, constraintsfor thethreedisulfidebonds
5–20,12–37and17–28aregeneratedwith themacrossbond . Theran-
domnumbergeneratorseedand,if applicable,thenumberof processors
thatcanbeusedin parallelis set,and30conformersarecalculatedwith
simulatedannealingin torsionanglespace,usingthestandardannealing
protocol,i.e.themacroanneal . For largerproteinsit couldbenecessary
to increasethenumberof time-stepsand/orthenumberof conformers.
Finally, the20bestconformersareanalyzed,anoverview file “er2.ovw”,
ananglefile “er2.ang”,anda coordinatefile “er2.cor” arewritten. The
anglefile “er2.ang”containsall 20conformers,sortedby increasingtar-
getfunctionvalue.For a lateranalysis,all 20 conformerscanbeloaded
into the program with the command

read ang er2.ang

Building an INCLAN

macro
Thepossibilityto createnew commandsfrom existing onesby combin-
ing themin macros is a powerful featureof INCLAN. A macrois created
by saving asequenceof commandsinto afile with theextension“.dya”.
It canbeinvokedin thesamewayasexistingcommandssimplyby typ-
ing its name.

Supposethatwewantto build amacroto executetheexamplestructure
calculationin the first sectionof this tutorial, “Running DYANA”. The
macroshallbecalledcalculate (i. e. it is storedin a file called“calcu-
late.dya”)andhavetwo parameters,thefile nameof theinputandoutput
filesandthenumberof structuresto calculate.A first implementationis:

readdata $p1
calc_all $p2
write cor $p1 all
overview $p1

p1 andp2 denotethetwo commandline parameters.Thecorresponding
call of this macro in order to execute the above example is

calculate helix 5

A secondimplementationof thecalculate commandusestheINCLAN

commandsyntax to declareaninterfacewith namesand,possibly, de-
fault values of the command line parameters:

## calculate - calculate a group of structures
##
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## Usage: calculate file=<file> [struct=<n>]

syntax file=* struct=@i=5

readdata $file
calc_all $struct
write cor $file all
overview $file

Now, thetwo parametersareavailableinsidethemacrounderthenames
file andstruct , respectively. Theasterisk“*” indicatesthatthevalueof
thefile parametercanbeany characterstring,whereas“@i” restrictsthe
struct parameterto haveonly integervalues.Thestruct parameterhas
a default valueof 5, andthereis no default valuefor thefile parameter.
All the following calls of thecalculate  command are equivalent:

calculate helix 5 Positional parameters
calculate helix Default value for parameter struct
calculate file=helix struct=5 Named parameters
calculate struct=5 file=helix Any order of parameters
calculate helix str=5 Abbreviated parameter name

Linesat thebeginningof thecalculate macrothatstartwith “##” are
commentlines usedby the on-line help system:Theseare displayed
when on-line help is requested about the macro:

dyana> help calculate

    calculate - calculate a group of structures

    Usage: calculate file=<file> [struct=<n>]

Calculating
structures using
torsion angle
dynamics

Themacrofor thecalculationof astructureby simulatedannealingwith
moleculardynamicsin torsion anglespace(torsion angledynamics,;
TAD) is anneal . Thestandardsimulatedannealingprotocolthatis used
if theanneal macrois calledwithoutparameters,consistsof 4000TAD
steps.Onefifth of theseareperformedataninitial hightemperature,fol-
lowedby slow coolingduringtherestof theschedule.Variousparame-
tersof thestandardannealingprotocolcanbechangedby theuser. For
instance, 6000 TAD steps will be performed with the command

anneal steps=6000

An ensembleof structurescanbecalculatedusingTAD with themacro
calc_all . With
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calc_all 30

30structuresarecalculatedby applyingthestandardprotocol,anneal,to
30startcconformerswith randomtorsionangles.Theresultingconform-
ersarestoredin structurememories1–30.To useinsteadof anneal an-
other, modified annealingschedulethat is, say, stored in a macro
myanneal , the command is:

calc_all 30 myanneal steps=5000

steps=5000 is an exampleof a parameterthat will be passedto the
myanneal  macro.

An overview file (“helix.ovw”), ananglefile (“helix.ang”) andacoordi-
natefiles (“helix.cor”) of the20 conformerswith lowesttargetfunction
valuecanbegeneratedafterthestructurecalculationwith thecommand

overview helix structures=20 ang cor

Moleculardynamicsin torsionanglespaceis thepreferredstructurecal-
culation method for all proteins except, maybe, small helical peptides.

Calculating
structures using
the REDAC strategy

In the REDAC strategy (Güntert& Wüthrich, 1991),an ensembleof n
structuresis first calculatedwith thevariabletargetfunctionmethodand
thenanalyzedwith regardto thedistributionof thevaluesof thedihedral
angles.Redundantdihedralangleconstraintsaregeneratedfor all resi-
dueswith a local targetfunctionvaluebelow ang_cutin at leastnallow
structures.Theseconstraintsareusedto re-calculatean ensembleof n
structures.Theprocedurecanberepeatedseveral times.At theendthe
structuresareminimizedon the highestminimizationlevel againstthe
originalangleconstraints.Thedifferentang_cutvaluesfor everyREDAC

cycleandthenumberof structures,n, aregivenasparametersto themac-
ro redac , andnallow is aDYANA variable.

To calculate50 structuresof the proteinEr-2 usingoneREDAC cycle
with anang_cut value of 0.3 you can write:

redac er2 schedule=0.3,0.0,0.0 structures=50

Thetwo zerosin theang_cutlist standfor thecycle which usesthere-
dundantangleconstraintscalculatedpreviouslyandthecyclewherethe
structuresareminimizedat thetop level. In thesetwo cyclesnonew re-
dundant angle constraints are generated. Several files will be created:

• Theanglefiles“er2a.ang”,“er2b.ang”and“er2c.ang”containingall
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50conformerscalculatedin thecyclesa,b andc. Thesefilescanbe
reloadedinto the structurememoryat any time with “ read ang
er2a”.

• Theoverview files“er2a.ovw”, “er2b.ovw” and“er2c.ovw” contain-
ing the target functionsof the calculatedstructuresaswell as the
constraints violations.

• The redundantangleconstraintfile “er2a.aco”usedfor the REDAC

cycle.

For a calculationwith threeREDAC cyclesandmoreminimizationsteps
one could write:

redac kt 0.8,0.6,0.4,0.0,0.0 50 iter=300,800,1200

For more details on the REDAC strategy pleaserefer to Güntert &
Wüthrich (1991).

Running a parallel
calculation

INCLAN is ableto distributea calculationover differentprocessorsof a
sharedmemoryparallelcomputerby virtue of paralleldo loops.These
differ from ordinaryloopsonly by thepresenceof thekeywordparallel :

nproc=8
do i 1 20 parallel

...
end do

Parallel executionof a loop is accomplishedby creating(throughthe
Unix systemcall “fork()”) several copiesof theprogramin its current
state.Thesecopiesareidenticalexceptfor thevalueof theloopcounter
(thevariablei in theabove example)andrun in parallel.Exceptfor one
instanceof theprogram(the “main process”)all copiesterminateafter
the execution of the last statement in the loop body.

The specialvariablenpr oc definesthe maximalnumberof processes
runningin parallel.By default, thevalueof npr oc is 1, i. e. it is neces-
saryto explicitly setthis variableto a valuelarger thanonein orderto
execute a loop in parallel.

Thereis no mechanismwithin theprogramto returndatafrom insidea
parallelloop to theprogram,i. e. in generaleachiterationof a parallel
loop must create an output file.

As anexample,aparallelversionof themacrocalculate from aprevi-
ous section without using thecalc_all  command is:

## calc_para - calculate a group of structures
##
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## Usage: calc_para file=<file> [struct=<n>]

syntax file=* struct=@i=5

readdata $file
random_all $struct Create struct  random structures

do i 1 struct parallel Parallel loop
  structure copy i 0 Copy structure i to active structure
  anneal Minimize with standard protocol
  write cor {$file}$i(I3.3).cor Save structure
end do

do i 1 struct Serial loop to collect structures
  read cor {$file}$i(I3.3).cor Read structure
  structure copy 0 i Copy to structure i
end do
overview $file

The call

nproc=3
calc_para helix

will thenperformthestructurecalculationin parallelonupto threepro-
cessors.

SomeDYANA commands,for examplecalc_all , areexecutedimplicitly
in parallelif thenpr oc variableis setto a valuelargerthanone.There-
fore,withoutany changealreadythesimplecalculate macroof thepre-
vious section can perform the same parallel computation as the
calc_para  macro.

Handling groups of
structures

Besidesthecurrentstructure(structure0), theprogramDYANA canstore
anumberof otherstructures(structures ). Themaximalnumber
of structures,N, thatcanbestoreddependson thesizeof thestructure
andis givenby thefunctionmaxang . In general,astructureis storedin
the form of all dihedralanglevalues.However, somecommands(e.g.
rmsd ) requiredirect accessto the Cartesiancoordinatesof the struc-
tures.For thisreason,for alimited setof structuresboth,thedihedralan-
gle values and the Cartesiancoordinatesare stored. The maximal
numberof structuresfor which Cartesiancoordinatescanbe storedis
given by the functionmaxcor .

In a DYANA calculation,most operations(e.g. minimization) are per-
formedon thecurrentstructure.Thestructure cop y commandcanbe
used to save the current structure:

1 … N, ,
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do i 1 10 Loop over 10 structures
  random Create random structure
  anneal Apply  simulated annealing protocol to current structure
  structure copy 0 i Copy current structure to structure i
end do

Structurescan then be sortedby their target function valueswith the
commandstructure sor t and listed withstructure list :

Structural statistics:

str   target  upper limits  lower limits van der Waals torsion angles
    function  #  sum   max  #  sum   max  #  sum   max   #  sum   max
  1     0.12  0  0.7  0.14  0  0.1  0.09  0  0.4  0.13   0  0.0  0.01
  2     0.49  1  1.5  0.33  0  0.0  0.03  0  1.3  0.25   0  0.1  0.06
  3     0.28  1  1.2  0.21  0  0.5  0.17  0  0.7  0.13   0  0.1  0.04
  4     0.42  0  1.3  0.18  0  0.3  0.16  0  1.2  0.15   0  0.1  0.12
  5     0.44  0  1.2  0.20  0  0.1  0.10  0  1.4  0.20   0  0.1  0.03

Ave     0.35  0  1.2  0.21  0  0.2  0.11  0  1.0  0.17   0  0.1  0.05
+/-     0.13  0  0.3  0.06  0  0.1  0.05  0  0.4  0.05   0  0.0  0.04
Min     0.12  0  0.7  0.14  0  0.0  0.03  0  0.4  0.13   0  0.0  0.01
Max     0.49  1  1.5  0.33  0  0.5  0.17  0  1.4  0.25   0  0.1  0.12

For eachstructureits number, target functionvalueandstatisticalmea-
sures for restraint violations are given.

Structurescanbeselectedor deselectedusingthecommandstructure
select . Most commandsthatacton groupsof structuresapplyonly to
theselectedstructures.The functionselected(i) canbeusedto check
whether structurei is selected.

As seenin thefirst sectionof this chapter, thereareseveralmacrosend-
ing with “_all” that performactionson a groupof selectedstructures,
e.g.“calc_all 5” calculates5 structuresandstoresthemasstructures1–
5, “write_all filename” writesall selectedstructuresto disk,“ read_all
*.cor ” readsall files with theextension“.cor” andstoresthemasstruc-
tures

Handling
stereospecific
assignments

Eventhoughthechemicalshiftsof two diastereotopicprotonsor methyl
groups(e.g.Hβ2 andHβ3 in Tyr) canusuallybedistinguished,it is not
alwayspossibleto obtainstereospecificassignments.In suchcasesthe
usualstrategy consistsof provisionally assigningeachoneof theshifts
to oneof thediastereotopicpartners.Theuncertaintyof theassignment
is thenconsideredby the distance modify commandwhich corrects
(i.e. loosens)thecorrespondingdistanceconstraintsto allow for bothas-
signments (Wüthrichet al.,1983; Güntertet al., 1991a).

By default, the distance modify commandassumesthat noneof the
diastereotopicpartnersarestereospecificlyassigned.Therefore,all ste-

1 2 …, ,
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reospecificallyassignedatompairsshouldbedeclaredbeforedistance
modify  is called. This is done with theatom stereo command, e.g.

atoms stereo HA1 22 30 38
atoms stereo HB2 2 5 6 7 14 16 19 20 24 25 35 37
atoms stereo HD2 35 40
atoms stereo QD1 24

A list of all diastereotopicpartnerswith andwithout stereospecificas-
signment can be obtained with

atoms stereo list

Calibrating NOEs Calibration, i.e. the conversionof peak intensitiesinto distancecon-
straints,hasbecomevery versatilein DYANA. Peaksfrom the peaklist
areselectedwith any criterion(commandpeak select ) andthencali-
bratedwith any monotonicallydecreasingfunction (commandcali-
brate ). You can thereforedefine your own calibration classesand
calibration functions.

A macrocaliba performsastandardcalibrationof thecurrentpeaksus-
ing threedifferentcalibrationclasses:Onefor NOEsassignedto back-
boneprotons,one for NOEs assignedto the more flexible side-chain
protonsandonefor NOEsassignedto methyl groups.The calibration
functionsusedfor thesethreeclassesareV = A/r6, V = B/r4, V = C/r4

whereV is thepeakvolumeandr is thecorrespondingdistance.Thepa-
rametersA, B andC areeithergivenby theuseror calculatedautomati-
cally.

Given a proton list called “my_prot.prot” and a peak list called
“my_peaks.peaks”, the peaks can be calibrated automatically:

read prot my_prot
read peaks my_peaks assigned integrated
caliba

Thesimpleautomaticcalibration is usefulif no preliminarystructures
areavailable.It setstheparameterA suchthattheaverageupperdistance
limit for thebackbonecalibrationclassbecomes3.6Å. Theparameters
B andC arethencalculatedsuchthat thecalibrationcurvesintersectat
theminimally allowedupperdistancelimit (usually2.4Å). Intersection
pointsathigherdistanceswouldnotmakesenseasthe“unphysical” cal-
ibration functionsof the type “1/r4” shouldaccountfor flexibility and
thereforealwaysresultin a higherdistancelimit for thesamepeakvol-
ume.



Tutorial

20

Thecalibrationcurvesgivenby theautomaticcalibrationcanberefined
manually:For instance,to tightenthecalibrationfor thebackbonecali-
brationclassfrom theautomaticallydeterminedvalue,A = 2.2108, to A
= 1.2 108, the command

caliba bb=1.2E+8

canbeused.If apeakvolumeandthecorrespondingupperdistancelimit
aregiven,thepeaksof thebackbonecalibrationclasscanbecalibrated
accordingly with thecaliba  macro:

volume=0.6E+6
d=2.4
caliba bb=volume*d**6

For the calibration of multiple peak lists there are two different ap-
proaches. The first one treats every peak list separately:

read prot first
read peaks first assigned integrated
caliba
read prot second
read peaks second assigned integrated
caliba
...

In the secondapproachpeaklists arereadwith different,user-defined
relativeweightsfor thepeakvolumesandthencalibratedsimultaneous-
ly:

read prot first
read peaks first assigned integrated
read prot second
read peaks second weight=0.3 \
           assigned integrated append
...
caliba

Becauseof the option append in the secondread peaks command,
the second peak list is appended to the first peak list.

Thisapproachhasthedisadvantagethattheweightsmustbespecifiedby
the user.



Tutorial

21

ExperiencedDYANA usersmay want to createtheir own calibration
classesor usedifferent calibrationfunctions.Two examplesillustrate
this:

To usethe “uniform averagemodel” (Braunet al., 1981)for all NOEs
involving methyl groups,onefirst selectsthe correspondingpeaksand
thenappliestheuniform averagecalibrationfunctionweighedwith the
parameterC (given by the user):

peaks select METHYL, *

calibrate C*(1.9**(-5)-d**(-5))/(d-1.9)

To calibrateall HN–HN peakswith a functionA1/d
6 with theexception

of theNOEsobservedin or to a long andflexible loop from residue12
to 26 (which are calibrated withA2/d

4), use:

peaks select HN 12..26, HN
calibrate A1/d**4
peaks select HN, HN xor
calibrate A2/d**6

Thelogicalxor operatoris usedin thesecondpeaks select command
to select all HN–HN peaks except those that were already selected.

Making plots GRAF, a part of INCLAN, is a versatiletool to producegraphicsboth in
Postscript and FrameMaker (MIF) format.

DYANA providesseveralcommandsto createstandardplots.For exam-
ple, thefollowing commandscreatea Ramachandranplot for thegroup
of structurescalculatedin section“RunningDYANA” at thebeginningof
this manual:

readdata helix
read_all helix*.cor
ramachandran rama.ps

Theresultis a Postscriptfile with name“rama.ps”.An additionalcom-
mandcreatesanequivalentoutputfile “rama.mif” in FrameMaker(MIF)
format:

ramachandran rama.mif

-180 -90 0 90 180
-180

-90

0

90

180

ψ

φ
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Two plotsof thedistributionof distanceconstraintsasafunctionof their
range(i. e.theresiduenumberdifference)andtheir residuenumbers,re-
spectively, are created by the commands:

readdata helix
dcostat dco

thatcreateaPostscriptfile “dco.ps”.In theplot againstthesequence,up-
per distance limits are classified according to their range,R:

white intraresidual constraints (R = 0)

light grey sequential constraints (R = 1)

dark grey medium-range (R < 5)

black long-range (R ≥ 5; not present in this example)

A FrameMaker (MIF) versionof a plot of theshort-andmediumrange
upperdistancelimits againstthesequencethat is oftenusedto identify
secondary structure elements is created by

readdata helix
seqplot seq.mif

whichcreatesaMIF file “seq.mif” thatcanbeimportedinto FrameMak-
er in order to add other data such as amide proton exchange rates etc.

A RMSDclusteranalysisthatcandetectwhetherstructuresareclustered
in groups into distinct regions of conformation space is performed by

readdata helix
read_all helix*.cor
cluster cluster

The result is a Postscriptfile with name“cluster.ps”. Theplot shows a
clusteringtree.Along theverticalaxis thestructuresarelisted,ordered
accordingto the clusteringfound. On the horizontalaxis the minimal
RMSD betweenany two structuresin the clusterscombinedso far is
shown.
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In addition to standardplots, GRAF can be usedto producegeneral
graphics,for instanceplotsmadefrom tabulateddata.Assumethatwe
are given a table of values:

 1  8.27
 2  5.88
 3  4.51
 4  3.78
 5  2.66
 6  1.76
 7  1.34
 8  0.91
 9  0.89
10  0.54

To produceaplot of thisdata,thetableis storedin aGRAF file, i. e.afile
with extension“.grf”, called“curve.grf”, andsupplementedwith theap-
propriateGRAF commands:

 1  8.27
...
10  0.54
frame
line

ThisGRAF file canbeconvertedinto in aPostscriptfile, “curve.ps”,with
the command

graf curve

Similarly, ahistogramof thesamedatacanbeproducedby replacingthe
last line of the file “curve.grf” with

fill=1
rectangle x-0.2 0 x+0.2 y1

“fill=1” selectspattern1 (solid)to fill theinteriorof polygons,and“rect-
anglex-0.2 0 x+0.2 y1” has the meaning:“plot for every datapoint

in the table of values a rectangle with lower left corner
 and upper right corner .”
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In the above examples,the plots hadthe default sizeandposition,and
thescalesfor thex- andy-axeshavebeenchosenautomaticallyby GRAF.
However, the user can also specify these parameters explicitly.

Thepositioningof aplot onthepaperis governedby thefour parameters
x0, y0, x1, andy1 that specify the positionsof two referencepoints,

and , in a coordinatesystemcenteredin themiddleof
anA4 sheet,with axesrunningin the(mathematically)usualdirections
andusingtypographicalpoints(1 pt = 0.353mm) asunits.By default,
thetwo referencepointsspecifya largesquareplacedin thecenterof an
A4 sheet:  and .

The usercanchooseanothercoordinatesystemby specifyingfour pa-
rametersX0, Y0, X1, andY1 thatdefinethecoordinatevaluesof thetwo
referencepointsin thenew coordinatesystem.By default,GRAF chooses
afterreadinga tableof datapointsacoordinatesystemsuchthatall data
points lie within the rectangle defined by the reference points.

Using INCLAN

variables
In INCLAN, string variablescanbe usedin a similar way as in a Unix
shell:

dyana> name:=Dyana
dyana> print "My name is $name."
My name is Dyana.

“ :=” performsanassignment,$variablesubstitutesthevalueof a vari-
able into the command line.

In addition,variableswith numericvaluescanbeusedin expressionsin
the same way as inFORTRAN or other programming languages:

dyana> x=7
dyana> y=5*x
dyana> z=sqrt(y-10.0)
dyana> show x y z
    x = 7
    y = 35
    z = 5.00000

(sho w is an INCLAN commandthat displaysthe valuesof variables.)
Hereadifferentassignmentsign,“=” insteadof “ :=”, wasused.Assign-
mentswith “=” have themeaning:“Evaluatetheexpressionon theright
handsideandassigntheresultvalueto thevariable.” Notethedifference
to a string assignment with “:=”:

dyana> y:=5*x
dyana> show y
    y = 5*x

A4

x

y (x1,y1)

(x0,y0)

x0 y0,( ) x1 y1,( )

x0 y0 250–= = x1 y1 250= =
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Expressionsformedaccordingto therulesof FORTRAN-77 maycontain
integer, realandcomplex numbers,logicals,andcharacterstrings.With-
in expressions character strings must be enclosed in single quotes:

dyana> s:=Dyana
dyana> l=lenstr(s)
*** ERROR: Illegal expression "lenstr(s)".

is anerrorbecausethevariablesdoesnotcontainaquotedstring(lenstr
is anINCLAN functionthatreturnsthelengthof astring,i. e.theindex of
its lastnon-blankcharacter).Thecorrectuseof simple,unquotedstrings
in an expression is:

dyana> l=lenstr('$s')
dyana> show l
    l = 5

Single quotes do not inhibit variable substitutions.

Using INCLAN

control statements
INCLAN providesa full setof control statementsto direct the program
flow. Theseareusedmainly in macros,i. e. in collectionsof INCLAN

statementsthatform new commandswhichcanbeusedin thesameway
asbasiccommands.Sincecontrolstatementsarenot usedinteractively,
the program prompt (“dyana> ”) will no longer be shown.

Commandscanbe executedconditionallyby virtue of the if statement
which has the same form as inFORTRAN-77:

if (i.gt.20) print "i is larger than 20."
if (i.lt.0) then
  print "i is negative."
else if (i.lt.10 .and. mod(i,2).eq.0) then
  print "i is less than 10 and even."
else
  print "i is none of the above."
end if

Alternatively, comparisonandlogical operatorscanalsobegivenin the
form of the C programming language:

if (i>20) print "i is larger than 20."
if (i<0) then
  print "i is negative."
else if (i<10 && mod(i,2)==0) then
  print "i is less than 10 and even."
else
  print "i is none of the above."
end if
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Repeatedexecutionof commandsis achievedby forming loopswith the
do statement.Loopsexecutedapredefinednumberof timeshaveanin-
teger loop variable:

do i 1 20
  print "i = $i"
end do

Here, the loop variable,i, runs from 1 to 20 in steps of 1.

A loop that is executeduntil a terminationconditionis metcanbecon-
structed as follows:

do
...

  if (x.gt.100.0 .or. finished) break
...

end do

Thebreak  statement exits from a loop.

Unconditional jumps are possible by virtue of thego to  statement:

   do i 1 n
     ...
     if (err) go to cleanup
     ...
   end do
   ...
cleanup: print "Error in the loop."
   ...

Thego to statementtransferstheprogramflow to thepositionindicated
by the label (“cleanup”).

Creating non-
standard residues

Non-standardresiduetypescanbeaddedto theresiduelibrary asaddi-
tional entries.Theprocedureto adda new residuetypeto the library is
asfollows (seesection“File formats” for a descriptionof theformatof
the residue library file):

CreateCartesiancoordinatesfor all atomsof the residue,for example
with a moleculargraphicsprogramor usingtheattachandinsertcom-
mandsof theprogramCOFIMA. Bondlengths,bondangles,andchirali-
tiesof thisstructuremustbecorrectbut theconformation,i.e. thevalues
of thedihedralangles,doesnotmatter. Thecoordinatesof theoverlapat-
omsat thebeginningandat theendof theresidue(for exampleN, CA,
andC in aminoacids)will alsobeneeded.If thenew residuetyperesults
from a slight modificationof anexisting residuetype,it is usuallymost
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convenientto startfrom thecoordinatesof theexisting residuetypeand
to modify them.Ordertheatomssuchthattheirorderis compatiblewith
thetreestructureof dihedralanglesthatwill bedefined,i.e.suchthatthe
following two rules are fulfilled:

• A changeof adihedralanglemustnotaffectthepositionsof thefirst,
second,third, or forth atomin any precedingdihedralangledefini-
tion.

• Thesetof atomswhosepositionswill beaffectedby a changeof a
dihedralangleconsistsof all atomsfollowing the third atomin the
dihedralangledefinitionupto thefifth (last)atomin thedihedralan-
gledefinition(or theendof themainchainfor backbonedihedralan-
gles).

Convert thecoordinatesinto the formatof the library file (for example
with a text editor).Add atomtypes,connectivities, andtheinformation
aboutdiastereotopicpartners.Add thedihedralangledefinitionsto the
new entry. Thesetwo stepsare bestdoneusing the library format in
whichconnectivitiesandangledefinitionsaregivenby atomnamesrath-
er thanby atomnumbers(seetheoptionconver t of theread lib com-
mand).Makesurethattheheaderline startingwith RESIDUEis correct.
Add thenew entryto (acopy of) theresiduelibrary file. Testthenew en-
try, for example in the following way:

• Createasequencefile thatcontainsthenew residuetype,preferably
in the interior of the chain, i.e. not as the first or last residue.

• Usingthis sequencefile andthenew residuelibrary in theprogram
DYANA, createangleandcoordinatefiles for a conformerwith ran-
domized dihedral angles.

• StartDYANA again(with thesamesequenceandresiduelibrary file),
readthepreviously producedcoordinatefile, andwrite again angle
and coordinate files without making any minimization.

• Checkwhethertheanglesandcoordinatesproducedby thesecond
run of DYANA coincidecloselywith thosefrom thefirst run. If this
testfails, thenthereis probablya formaterrorin thenew library en-
try or theorderingruleslistedaboveareviolated.However, this test
doesnotdetecterrorsin nomenclature,connectivities,or pointersto
pseudo atoms.

• Checkthecoordinatesproducedby DYANA onamoleculargraphics
system,for example with the program MOLMOL (Koradi et al.,
1996).

Working with
several molecules

DYANA allowsfor calculationswith morethanonemoleculethroughthe
useof speciallinker residues.These“invisible” linkersconsistexclu-
sively of pseudoatoms,i.e.they canpenetratethe“real” moleculeswith-
outcausingany stericrepulsion,andthusallow theprogramto formally
treatasystemof severalmoleculesin thesamewayasasinglemolecule.
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Eachof thelinker residuetypesin thestandardlibrary hasonerotatable
bond. The residues are:

• PL (PLM) to link an amino acid residue to a generic linker

• NL (NLM) to link a nucleotide residue to a generic linker

• LL , LL2 andLL5 (LLM , LLM2 andLLM5 ), genericlinkerresidues
with 1, 2 and 5 Å bond lengths, respectively, and 90o bond angles

• LP (LPM) to link agenericlinkerto afollowing aminoacidresidue

• LN (LNM) to link agenericlinker to a following nucleotideresidue

Therearetwo formsof eachlinkerresiduetype:Thenormalform is used
for minimizationandin TAD calculationswith sphericalinertiatensors
(the default). In TAD calculationswith inertia tensorsdirectly derived
from the atomic massesand positionsthe forms given in parentheses
must be used.

A sufficient numberof theselinker residuesmustbeusedbetweentwo
moleculessuchthatnoartificial constrainton therelativepositioningof
thetwo moleculeswith respectto eachotheris introducedby thefinite
length and flexibility of the stretch of linker residues.

To treat,for example,a systemconsistingof a double-strandedDNA of
residues1–14and101–114anda proteinstartingwith residue200,the
sequence file could look like this:

GUA   1 ADE ADE ADE GUA CYT CYT ADE THY
        THY ADE GUA ADE GUA 1st DNA strand
NL 50 LL LL LL LL LL LL LL LL
        LL LL LL LL LL LN linkers

CYT 101 THY CYT THY ADE ADE THY GUA GUA
        CYT THY THY THY CYT 2nd DNA strand

NL  150 LL2 LL2 LL2 LL2 LL2 LL2 LL2
        LL2 LL2 LL2 LL2 LL2 LL2 LP linkers

ALA 200 LEU ... protein

Automatic NOESY
assignment
(NOAH)

NOAH (Mumenthaler& Braun,1995;Mumenthaleretal., 1997)is anal-
gorithmfor theautomaticassignmentof 2D and3D NOESYspactra.In
iterative cycles, new possibleassignmentsare identified and tested
througha structurecalculation.Alternative assignmentpossibilitiesfor
individual peaksareincludedsimultaneouslyin thesecalculations,and
peaksareunambiguouslyassignedafterthestructurecalculationonly if
the distanceconstraintfrom one of the assignmentpossibilitieswas
clearly less violated in the structures.

NOAH was implementedin DYANA at two different levels. First, new
commandswereimplementedfor NOAH specifictasks(assign , create ,
filter , keep , reliability , write ass ) andnew variableswereintroduced
for NOAH-specificparameters(tolerance , tol_una , tol_transp etc.).
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Second,a noah macrowaswritten which containstheNOAH schedule.
Two additionalmacros,noahmin andnoahanneal arecalledby the
noah  macro itself, and should not be modified by the user.

Thefollowing sectionsgive somepracticaladviceon theuseof NOAH/
DYANA.

The mandatoryinput is a peaklist containingpeakpositionsandvol-
umesin XEASY format, anda list of chemicalshifts in XEASY format
(“protonlist”). NOAH canonlyyieldgoodresultsif theresonanceassign-
mentis complete,i.e. if all or nearlyall chemicalshiftsareassigned,and
if thechemicalshiftsgiven in theprotonlist agreewith corresponding
peakpositionswithin asmalltolerancerange∆tol (in general:±0.01ppm
in 2Dand±0.02ppmin 3D).Thisisbestachievedbymanuallyassigning
at leastoneNOESYpeakfor every protonshift, e.g.by takingover the
TOCSYpeaklist from thesequentialassignmentandoverlayingit to the
NOESYspectrum.All assignedpeaksin the input peaklist will be re-
gardedas“safe”. NOAH will includethemin every structurecalculation
andneverdeleteor changethem,evenif they giveriseto largeconstraint
violations.

Additional inputwill helpNOAH to converge.Dihedralangleconstraints
maybegeneratedusingcouplingconstantswith thegrid commandsand
known disulfidebridgesshouldbeincludedasupperandlowerlimit dis-
tanceconstraints(usetheDYANA commandsssbond andwrite upl to
generate and save these distance constraints).

Checking input for
NOAH

BeforeruningNOAH, the input datashouldbe checked for obvious in-
consistenciesusingsomeof theDYANA commands.First,nosuchwarn-
ing messages should appear when loading a proton list:

dyana> read prot kt
*** WARNING: Inconsistency for LYS+ 21:
             QB 1.617, HB2 1.618, HB3 1.580
*** WARNING: Inconsistency for LYS+ 21:
             QG 1.774, HG2 1.424, HG3 1.741
Chemical shift list "kt.prot" read,
457 chemical shifts.

In theaboveexample,thepseudoatomandthetwo protonsit represents
wereassignedsimultaneously. To prevent NOAH (andalsothe user)to
assignpeaksto thepseudoatom,thechemicalshift of thepseudoatom
should be set back to “999.000” in the proton list.

Second,a roughestimateof all missingchemicalshiftscanbeobtained
with the commandatom shifts missing :
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dyana> atom shifts missing
    Residue     missing shifts
    ASP-    1   HN
    THR     4   HG1
    SER    11   HB3 HG
    HIS    14   HD1
    THR    15   HG1
    MET    16   HG3
    TYR    19   HH
    GLN    21   HG3
    TYR    25   HH
    THR    27   HG1
    THR    32   HG1
    THR    33   HG1
    PRO    40   HG3
    91.7 % assigned, 14 missing chemical shifts.

The above listing is usual for what we call a “nearly completelyas-
signed”protonlist. Most of themissingprotonshiftsarethoseof labile
sidechain protons which are not always observable.

Thechemicalshiftsof theprotonlist canbecheckedwith atom shifts
check:

dyana> atom shifts check

    Atom            shift  limit1 - limit2
    HB2   TYR   11   1.123   4.100   1.620
    QE    PHE   21   7.566   7.510   5.560
    CG    LYS+  23  29.777  26.440  20.900
    CB    ALA   39  25.942  24.200  14.500
    HA    GLU-  47   5.784   5.550   2.840
    HB2   PHE   52   1.163   3.920   1.400

    Atom  Residue    Shift  Median   Spread Peaks
    HN    ASN    3   8.671   8.662   0.014      3
    HA    ILE   29   4.346   4.344   0.013     12
    HG2   GLU-  31   2.326   2.319   0.015      9
    HG2   GLN   32   1.049   1.044   0.012      9
    HG3   GLU-  35   1.819   1.822   0.014      5
    HD2   LYS+  57   1.697   1.689   0.019      7
    HE2   LYS+  57   3.121   3.114   0.016      7
    QG    PRO   63   2.124   2.120   0.018      4
    10 shifts with spread larger than tolerance.

If thelibrary “dyana.lib”wasused(whichcontainsatablewith statistical
distributionsof chemicalshifts),NOAH will print a list of all shiftsfrom
theprotonlist whicharehigheror lower thanthehighestandlowestval-
ueeverobservedfor thatparticularproton/heteroatom.A few shiftsmay
deviate from these values, but they should be checked carefully.
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If someof theNOESYpeaksareassigned,theconsistency betweenpeak
andprotonlist canbechecked.All spreadsabove thevalueof thevari-
abletolerance betweenthepeaksassignedto thesameprotonarelist-
ed. A large spreadmay indicatethat a peakis assignedto the wrong
proton.

Thecommandpeaks deviation checksthedeviationbetweenthepro-
ton shiftsandthepeakpositionof all assignedpeaks.This commandis
of directinterestfor NOAH usersasapeakthatdeviatesby morethan∆tol
(variabletolerance ) from its chemicalshiftscannot beassignedcor-
rectlyby NOAH. Consequently, thevariabletoleranceshouldbesetto the
value you inted to use for theNOAH calculation:

dyana> tolerance:=0.01,0.01
dyana> peak deviation
      Peak Dim Deviation Atom  Residue
       453  1   -0.017   QG2   ILE   75
       528  1    0.011   HN    VAL   87
      1779  1    0.013   QG1   VAL   38

 1939  1    0.010   HB    ILE   52
      2219  1    0.017   HB    ILE   75
    5 deviations larger than tolerance.

All thesepeaksshouldbecheckedandmodifiedbefore runningNOAH.
If theassignmentis correct,thepeakpositionshouldbeshiftedto thein-
tersection point of both proton shifts.

Running NOAH A typicalNOAH script(“NOAH.dya”) canbefoundin the“noah” exam-
ple directory of theDYANA distribution package:

dyanalib
prot_nam := "er2"
read seq $prot_nam.seq
read aco $prot_nam.aco
tolerance := 0.01,0.01,0.3
tol_una   := 0.01,0.01,0.3
tol_transp:= 0.03,0.03,0.6

seed=3771
info := normal
# nproc = 6
rmsd_range:=3..37

./ssa
atoms stereo list

noah num=24 peak_nam=er2_h2o_na,er2_d2o_na \
     rmsd=$rmsd_range protein=$prot_nam \
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     proton_nam=h2o,d2o \
     addupl=ssbond addlol=ssbond \
     peak_ref=er2_h2o,er2_d2o calibrate

First, theproteinsequenceandthepredefinedangleconstraintfiles are
loaded.Then,theNOAH variablestolerance , tol_una andtol_transp
areset.Thevariabletol_transp is only usedfor 3D spectrato checkfor
transposedpeaks.If thescriptwill runonamulti-processormachine,the
line “npr oc=6” may be uncommented.If somestereo-specificassign-
mentsareavailable,they maybeincludedinto amacrocalled“ssa.dya”
and read before thenoah  macro is started.

Thenoah macrowill perform24 cycles(num=24)andassignthetwo
unassignedpeaklists“er2_h2o_na.peaks”and“er2_d2o_na.peaks”.The
residuerangeusedfor the RMSD calculationis 3–37and the protein
name,which is usedasoutputfile name,is “er2”. The two protonlists
used to assignthe peakslists are called “h2o.prot” and “d2o.prot”
(proton_nam ) andthedisulfidebridgesof Er-2 areincludedasupper
(addupl ) and lower (addlol ) limits distance constraint files “ss-
bond.upl” and “ssbond.lol”. Finally, the two assignedreferencepeak
lists aregiven (peak_ref ) andthecalibrationoption is turnedon. The
referencepeaklists areonly usedto give anoverview duringtheNOAH

run.

In principle,NOAH canbeusedfor two differenttasks:(1) Continueto
assignaNOESYpeaklist or (2) Re-assignapeaklist to checkdifferenc-
esin the assignmentmademanuallyandautomatically. In case(1), no
referencepeaklists maybegiven(parameterpeak_ref mustbedelet-
ed). In case(2), anunassignedversionof thepeaklist mustbecreated
first, e.g.

read prot h2o
read peaks er2_h2o
peaks assignment delete
write peaks er2_h2o_na

For 3D lists, theprocedureis verysimilar. Theformatof yourpeaklists
shouldbeincludedinto thepeaklist itself with theline “#DYANAFOR-
MAT format” (seecommandread peaks ) or asa separateparameter
plf ormat  into thenoah  call (e.g. “plf ormat =hHN,hHC”).

Analyzing NOAH

output
NOAH will produce the following important files:

• er2.cor: The coordinate files of the ten bestNOAH structures.

• er2.ovw: Overview file of these 10 conformers.

• noah.ps: PostScript file with summary of theNOAH run.
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• noah.grf: Graffile for “noah.ps”containingRMSDandtargetfunc-
tion valuesaftereachcycleaswell asthenumberof assignedpeaks.

• noah.x.peaks: Assigned peak lists

• incomp.x.peaks: Peaklist with peaksthatareincompatiblewith the
final structure bundle.

• reliability.x: Reliability distance of every assigned peak.

• diff.x: Differencesin theassignmentcomparedto thereferencepeak
list (only if such a peak list was indicated with the parameter
peak_ref ).

• end.upl / end.lol: Upper and lower limit distanceconstraintfiles
used for the final calculation.

“x” is thepeaklist number( ). Thefile “noah.ps”is gener-
atedby INCLAN usingthe “noah.grf” file which containsall numbers
(RMSD, target function values and assigned peaks):

# Range for RMSD calculation: 3..37
# Cycle, RMSD(all), RMSD(bb), TF(1), TF(10)
  0  6.32  5.25    161.3   190.3
  1  6.18  5.11    120.0   155.8
  2  6.30  5.36    126.9   157.5
  3  6.06  5.13    127.5   160.0
  4  5.40  4.29      8.9    24.5
  5  5.93  4.82    104.4   136.7
  6  5.65  4.71    100.1   146.8
  7  5.49  4.52    108.9   146.3
  8  4.55  3.52     12.7    27.9
 ...
 20  1.94  1.34      3.0     6.1
 21  1.33  0.82      3.7     6.5
 22  1.37  0.89      4.6     7.0
 23  1.39  0.93      2.1     4.8
 25  1.46  0.92      1.6     2.9
[...]
# Number of assigned peaks
# Total, new, different
 1 372 21 0
 2 416 26 0
 3 433 29 0
 4 441 32 1
 5 449 33 1
 6 501 39 1
 7 505 40 1
...
20 705 93 4
21 703 94 5
22 715 97 5
23 719 98 5
24 720 101 5
25 708 100 4

x 1 … n, ,=
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In every fourthcycle(i.e.cycles4,8, 12,16,20and24)NOAH usesonly
theunambiguousandtheambiguousassignmentlists,but notthetestas-
signmentlist which containsmosterrors.Accordingly, the target func-
tion valueis usuallymuchlower in thesecycles(seeabove) while the
RMSD of theresultingstructurebundlemaybehigher(for moreinfor-
mationon theinternalpeaklists of NOAH seecommandfilter andMu-
menthaler & Braun (1995)).

In theexampleabove,708peakswereassignedin theH2O peaklist. 100
of thesepeakswerenot assignedin thereferencepeaklist (andarethus
“new”), andonly 4 of 708peaksweredifferentlyassignedin therefer-
encepeaklist. The “noah.grf” file doesalsocontainthecorresponding
numbers for the D2O peak list (not shown here).

Anotherimportantvalueis foundin thefiles“reliability.x” (where“x” is
again thenumberof thepeaklist). Thesefiles containthereliability of
every individual assignmentaswell asa statisticon all peakswhich are
incompatiblewith thefinal structures,i.e.wherenopossibleassignment
within the given tolerancerangeis compatible(hasa distance< 5 Å)
with at least one structure:

General reliability of structures:

Peaks with no ass. possibility
  because of chemical shift  : 91
Unassigned peaks             : 242
Incompatible peaks : 38(61 per structure)

Histogram of displacements needed
to make all peaks compatible:
  0 -  1 A :   5
  1 -  2 A :   4
  2 -  3 A :  10
  3 -  4 A :   2
  4 -  5 A :   2
  5 -  6 A :   4
  6 -  7 A :   5
  7 -  8 A :   2
  8 -  9 A :   3
  9 - 10 A :   1

Fromtheabove examplewe seethat91 peakshave no assignmentpos-
sibility atall becausethereis noprotonchemicalshift within theallowed
tolerancerangefrom thepeakposition.Furthermore,thereare38peaks
whichhavesomeassignmentpossibilities,but all of themareincompat-
ible with the currentstructurebundle. 5 of thesepeakscould be ex-
plainedby a slight shift of up to 1 Å betweenthe two protonsof one
assignment possibility.

Theseincompatiblepeaksarevery interestingsinceanoptimalsolution
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togetherwith an ideal peaklist shouldhave no incompatiblepeaks.In
practice,therewill alwaysbesomeincompatiblepeaksfor oneorseveral
of the following reasons:

(1) Some noise and spin diffusion peaks have been picked.

(2) Someprotonchemicalshifts aremissingin the protonlist, andthe
NOESY peaks originating from these protons cannot be explained.

(3) Thestructuresarepartlydistortedandcanthereforenotexplainsev-
eral NOEs.

Experiencehasshown that thestructureswill oftenbedistortedin pro-
portionto thenumberof incompatiblepeakswith significantbiaswhen
thepercentageof incompatiblepeaksfrom thewholepeaklist is much
largerthan5%.Thiscanbeexplainedby thefactthatNOAH triesto find
an assignmentfor all peaks.If thereare too many noisepeaks,NOAH

may well find a distortedstructurewhich explainsanother95% of the
peaks,i.e. scoresequallywell thanthe real structuresin explaining as
many peaks as possible (see below).

For this reason,NOAH savesall peaksit hasfoundincompatibleinto the
peaklists “incomp.x.peaks”.These(usuallysmall)peaklists shouldbe
examinedcarefullywith thespectra(with XEASY, for example).Typical-
ly, many of thesepeakscanbe identifiedasnoisepeaksandshouldbe
eliminatedfrom the peaklist, becausethey disturb the NOAH calcula-
tions.For theothers,thespectroscopistmaysearchfor a previously un-
assignedproton,speciallyif several incompatiblepeakslie on thesame
shift. Onceanimprovedpeaklist (andprotonlist) becomesavailable,a
new NOAH calculationshouldbe performeduntil the percentageof in-
compatible peaks reaches 1–2%.

Reliability of NOAH

assignments
Thefiles “reliability.x” containthereliability distanceof everyassigned
peak.All assignmentpossibilitieswhichhaveaminimalviolationof less
thanr Å in thestructurebundlearelisted.Theparameterr canbegiven
to thecommandreliability andhasadefaultvalueof 1.0Å. Thesignif-
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icance of every entry is illustrated in the following figure:

In theabove example,NOAH hasassignedthepeakto a differentproton
pair thantheonein the(manuallyassigned)referencepeaklist. Howev-
er, thebothassignmentsseemto becompatiblewith someof thestruc-
tures in the structurebundle and the peak consequentlyreceived a
reliability distance of 0 Å.

An example output illustrates some different possibilities:

 ------------------------------------------------------
    26 MET  HN   28 CYSS HN       1    0   -0.92   0 *r
    26 MET  HN   29 ILE  HN       1    5   -0.61   0
 794       0.0   3     More than one assignment possible.

 ------------------------------------------------------
    32 THR  HA   32 THR  HN       0    0   -2.23   0 *r
 814     100.0   1
 ------------------------------------------------------
     9 MET  HA   32 THR  HN       6    0   -0.58   1
    32 THR  HB   32 THR  HN       9    0   -1.51   0 *
 816       0.0   2     More than one assignment possible.
 ------------------------------------------------------
    34 ASP- HN   32 THR  HN       2    1   -1.28   1 *r
 817       8.0   2
 ------------------------------------------------------
     6 GLU- HA    8 ALA  HN       3    0   -0.68   0 *r
 824       3.4   2

Peak794hastwo assignmentpossibilities,but NOAH andalsothespec-
troscopistassignedit toashort-rangeNOE.Peak814hasonly1 possible
assignmentbasedonthechemicalshiftsalone,andthisassignmentisau-
tomatically fulfilled becauseit is a intraresidualfixed distance.It has
thereforea reliability distanceof 100Å. Peak816wasnot assignedby

       20 CYSS HB2   9 MET  HN    1  4   -0.45   1 *
       20 CYSS HB2  28 CYSS HN    1  0   -0.62   6  r
       20 CYSS HB   29 ILE  HN    1  5    0.74  10
791 0.0 3 * More than one assignment possible.

Possible

Peak

Deviations between
peak position and
proton shift in
0.001 ppm (both dim.)

Minimal violation
in the structure
bundle (in Å)

Reliability

NOAH

Assignment

Number of conformers
in which assignment is
violated

Comment
reference
peak list

distance
Number of assignment
possibilities based on
chemical shift alone

assignments

number assignment
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thespectroscopist(the“r” is missing),probablybecauseit is anoverlap
of thetwo possibleNOEs.Peaks817and824have high reliability dis-
tances and should be safe.

Experiencehasshown that the reliability distanceis quite efficient in
identifyinguncertainassignments.Over75%of thepeaksthatweredif-
ferently assignedby NOAH thanby the spectroscopisthada reliability
distanceof 0 Å in a recentstudy(Mumenthaleret al., 1997).Therefore,
you maywantto usethecommandkeep (afterthecommandreliabili-
ty ) whichwill deleteall assignmentswith a reliability distanceequalor
below a user-given threshold.

Identifying
“dangerous” NOAH

assignments

WhenanalyzingtheNOAH outputonemustkeepin mind thattheelimi-
nation of erroneouslyassignedconstraintsthroughcontradictionwith
correctconstraintswill in generalbelessefficient in regionsof low NOE
density, suchaschainends,surfaceloops,or theperipheryof long side
chains than in the well defined protein core.

Thefinaldistanceconstraintlist shouldthereforebecheckedby thecom-
manddistance check thatcalculatesascorefor every long-rangedis-
tanceconstraint.High scoresindicatethat therearemany other long-
rangedistanceconstraintsbetweenthetwo residues(or residuescloseto
them)that supportthe given distanceconstraint.A scoreof zero indi-
catesthatthereis nootherNOEobservedbetweenthetwo regionsof in-
terest.This is not only very suspect,but alsoquite dangerousbecause
sucha singlelong-rangeNOE may have dramaticeffectson the struc-
ture.All peakswhich causesuch“dangerous”long-rangedistancecon-
straints should be checked manually directly in the spectra.

In thefollowing example,thelong-rangeNOE from residue3 to 62 has
a scoreof 0.0 becausethereis absolutelyno otherNOE supportingit,
while it seemsunlikely that all the NOEsobserved betweenresidue6
and 57 are derived from wrong assignments:

dyana>  distance check
    Distance constraint                    Score
    Upper QE    LYS+   3 - QD    LYS+  62   0.00
    Upper HA    TYR    6 - QB    ALA   53   2.00
    Upper HB2   TYR    6 - QD1   LEU   57   3.75
    Upper HB3   TYR    6 - QD1   LEU   57   3.75
    Upper QB    TYR    6 - QB    ALA   53   2.00
    Upper QB    TYR    6 - QD2   LEU   57   4.25
    Upper QD    TYR    6 - HA    ALA   53   2.50
    Upper QD    TYR    6 - QB    ALA   53   1.50

Well-supported
long-range NOEs

Single long-range
NOE that is not
supported by other
NOEs to adjacent
residues
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INCLAN

Theuserinterfaceof theprogramis basedon INCLAN, apowerful inter-
active commandlanguagethatallows theuseof variables,FORTRAN-77
mathematicaland characterexpressions,macros,flow control (loops,
conditional statements, jumps), the production of graphics etc.

Whenreadinganinputcommandline thecommandinterpreterexecutes
the following steps:

• An optionalcomment,i.e. text following acommentsign“#”, is dis-
carded.

• The values of variables are substituted from right to left.

• The commandline is split into elements(definedassequencesof
non-blankcharactersseparatedby blank characters).The first ele-
mentbecomesthecommandname,andthe following elementsbe-
come command parameters.

• If thecommandnamematchesa user-definedalias,thealiasis ex-
panded.

• If thecommandnamematchesa built-in commandof INCLAN, it is
executed by the command interpreter itself.

• Otherwise,if thecommandnamematchesauser-definedcommand,
it is executed by the command interpreter.

• Otherwise,if the commandnamematchesa commandof the pro-
gram unambiguously, it is executed by the program.

• Otherwise,thecommandinterpreterlooksfor amacrowith thegiven
commandnameand,if it is foundin thecurrentmacrosearchpath,
executes it. If no such macro is found, an error occurs.
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Special characters

The following charactershave a specialmeaningfor INCLAN. To use
them literally, they usually must be preceded by a backslash.

$ “$variable” substitutesthe valueof the variable in the commandline.
Substitutionsproceedfrom left to right. If the valueof the variableor
functioncall startsandendswith singlequotes(i.e. if it is a FORTRAN-
77characterstring),thedelimitingsinglequotesareremovedbeforein-
serting the value.

% “%variable” substitutesthevalueof thevariable in thecommandline.
Substitutionsproceedfrom left to right. Singlequotesthatdelimit FOR-

TRAN-77 character strings are retained.

{ } Thecurlybracesin “ {$variable}” or “ {%variable}” separatethevariable
name variable from immediately following text. “${expression}” or
“%{expression}” substitutethe resultvalueof the FORTRAN-77 expres-
sion.

( ) “$variable(format)” usesthe given FORTRAN-77 format to convert the
numericvalueof avariableinto thestringthatis substitutedin thecom-
mandline. If thevalueof thevariableis acomma-separatedlist, “$vari-
able(n)”, where n is an integer expression,substituteswith the n-th
elementof this list. “$variable(m:n)”, wheremandn areintegerexpres-
sions,substituteswith thesubstringbetweenpositionsmandnof theval-
ue of the variable. Thesethreepossibleusesof parenthesescannotbe
used simultaneously.

; separatescommandsthat standon the sameline. Note, however, that
commandsthat form blocks(e.g.do . . . end do , if . . . end if ) must
always appear as the first command on a line.

: “Label:” denotesalabelthatcanbeusedasthetargetof ajumpin agoto
statement.

\ “ \c” treatsthecharacterc literally andallows theuseof specialcharac-
tersin normaltext, “ \” at the endof a line indicatesthat the statement
continues on the following line.

" " text" treatstextasasingleparameter, evenif it containsspaces.Variable
substitutions in thetext still occur.
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’ ’text’ treatstext asasingleparameter;thesinglequotesremainpartof the
text. Singlequotesareusedto delimit FORTRAN-77 characterstringcon-
stants. Variable substitutions in thetext still occur.

# Text betweena commentsign“#” andtheendof theline is treatedasa
comment and skipped by the program.

@ Commandsprecededby “@” areonly echoedif thevariableecho has
thevaluefull . “@” hasits specialmeaningonly if it occursasthefirst
character of a command.

! “ !string” recallsthelastinteractivecommandthatstartedwith string. “ !”
hasits specialmeaningonly if it occursasthefirst characterof a com-
mand.

^ “^strinĝ replacement̂” executesthelastinteractivecommandagainaf-
terreplacingthefirst occurrenceof stringby replacement. Thethird car-
et is optionalunlessthe replacementstringhastrailing blanks.“^ ” has
its specialmeaningonly if it occursasthefirst characterof acommand.

Variables

Thecommandline interpreterallowstheuseof variablesin two different
ways:

• Similar to shell-variablesin theUNIX operatingsystemasvariables
whosevaluecanbesubstitutedinto thecommandline. In this case,
thevalueof avariableis ageneralcharacterstringandhasnopartic-
ular type.

• As variablesin FORTRAN-77expressions.In thiscase,thevalueof a
variablemustbeaninteger, real,complex, logical or charactercon-
stant,accordingto therulesof FORTRAN-77. In particular, character
strings must be delimited with single quotes.

Variablescanbeusedin bothwayssimultaneouslywhichmakesthema
powerful tool of the command language.

A variablenameconsistsof up to 32 letters,digits, or underscorechar-
acters“_”. Thevalueof a variableis alwaysstoredasa characterstring
andonly convertedtemporarilyto an integer, real,or complex number
during the evaluation of aFORTRAN-77 expression.

There are several types of variables:
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Local variables exist only within the macrowhere they are declared,and in macros
calledfrom thismacro.With theexceptionof thecommandline param-
etersof amacro,whicharealwayslocal,localvariablesmustbedeclared
in var or syntax statements.They exist until they areremovedwith un-
set  or until the end of the macro in which they are declared is reached.

Global variables arealwaysvisible,exceptwhenthey arehiddenby local variableswith
thesamename.Variablesthatarenot local areglobal.Theusercanin-
troducenew global variablessimply by using a variablewith a new
name. Global variables exist until they are removed withunset .

Special variables arevariablesthatcanbecreatedandusedby theuserbut havealsoaspe-
cial meaning to the command interpreter.

System variables arevariablesthatareusedand,possibly, setby theprogram(not exclu-
sively by theuserwith eval, set etc.).Systemvariablesarealwaysglo-
bal.

Thereareseveralwaysto insertthevalueof avariableor theresultvalue
of an expression into the command line:

Basic substitutions Substitutionsof the form $variable or %variable insert the complete
valueof the variable(without trailing blanks)into the commandline.
Substitutionswith “$” differ from thosewith “%” only if thevalueof the
variablestartsand endswith single quotes,i.e. if it is a FORTRAN-77
characterconstant:with “%” thedelimitingsinglequotesareretainedin
thesubstitution,with “$” they areremoved.A variablenamethatis im-
mediatelyfollowedby aletter, digit, or underscorecharactermustbeen-
closed in curly braces: “{$variable}”.

x:=4.6; y:=2.0; sum=x+y; t:=a sum Set variables
print "This is $t: $x + $y = $sum" Substitute values
This is a sum: 4.6 + 2.0 = 6.60000

s:=’$t’ Create a FORTRAN-77 string from a normal variable
print "\$s = $s; \%s = %s" With and without single quotes
$s = a sum, %s = 'a sum'

print "{$t}mer"
a summer

Fortran format Substitutionsof the form $variable(format) or %variable(format) are
usedto format integer or real valuesof variablesaccordingto a FOR-

TRAN-77format.A formatthatcontainstheletter“I” or “i” appliesto in-
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teger numbers, all otherformats to real numbers.

x:=4.6; y:=2.0; sum=x+y
print "$x + $y = $sum(E12.3)"
4.6 + 2.0 = 0.660E+01

Substring Substitutionsof the form $variable(n:m) or %variable(n:m), wheren
andm arepositive integer expressions,areusedto substitutewith the
substringbetweencharacterpositionsn andmof thevalueof avariable.
Substringexpressionscanalsoappearon the left handsideof assign-
ment statements.

t:=a sum
print "another $t(3:5)"
another sum
t(3:):=program Assignment to a substring
print "$t"
a program

List element If the valueof a variable is a comma-separatedlist, “$variable(n)” or
“%variable(n)”, wheren is apositive integerexpression,substitutewith
then-th element of this list.

s:=17,28,,56,"This is the end"
do i 1 length(’s’) length  returns the number of elments

print "Element $i: $s(i)"
end do
Element 1: 17
Element 2: 28
Element 3:
Element 4: 56
Element 5: This is the end

Function call “$function” or “%function” substitutewith theresultvalueof a function
without parameters,“$function(parameters)” or “%function(parame-
ters)” substitutewith the resultvalueof a functionwith parameters. If
there are severalparameters, they are separated by commas.

x=2.5; print "log(x)= $log(x)"
log(x) = 0.916291

Expression “${expression}” or “%{expression}” substitutewith the resultvalueof
anexpression.
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x=2.5; y=10.0; print "x/y = ${x/y}"
x/y = 0.250000

All substitutionsin thecommandline proceedfrom right to left. Thisal-
lows, for example,to composea variablenamefrom thevaluesof other
variables before it is used in a substitution.

command list_param User-defined command list_param
do i 1 nparam

print "Parameter $i: $p$i"

$p$i inserts the value of the i-th command line
parameter.

end do
end

list_param 17 second last Call list_param
Parameter 1: 17
Parameter 2: second
Parameter 3: last

Special variables

Thefollowing variableshave a specialmeaningfor thecommandinter-
preter:

echo determineswhich commandsareechoed,i.e. copiedto standardoutput
before execution. The possible settings are:

NULL (or not setat all) In macros,all commandsexceptthose
built into thecommandline interpreterareechoed;inter-
active commands are not echoed.

off Commands are not echoed.

on Both in macrosand interactively, all commandsexcept
thosebuilt into thecommandline interpreterareechoed.

large Sameason , exceptthattheechois surroundedby blank
lines.

full All commandsare echoed,and the correspondingline
numbers in macros are given.

OFF Sameasoff , exceptthatthissettingcanonly beoverrid-
den by another value written in capital letters.
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ON Sameason , exceptthatthis settingcanonly beoverrid-
den by another value written in capital letters.

LARGE Sameaslarge, exceptthatthissettingcanonly beover-
ridden by another value written in capital letters.

FULL Sameasfull , exceptthatthissettingcanonly beoverrid-
denby anothervaluewritten in capital letters.This set-
ting is particularlyusefulfor debuggingmacrosin which
the echo is suppressed.

Labelsarenot includedin theecho,but variablesubstitutionsare.State-
mentsprecededby “@” areonly echoedif echo hasthevaluefull or
FULL .

erract isavariablefor errorhandlingin macros.If anerroroccurswithin amac-
ro, the valueof erract is executedasa command.By default the exit
commandisexecuted,i.e.theprogramreturnsto interactiveinput.Errors
thatoccurinteractively aredisplayedandtheprogramcontinueswith the
execution of the next statement.

set erract="show; quit"

In case of an error in a macro a listing of all glo-
bal variables is given, and the program is
stopped. Such error handling can be useful if
the program is used non-interactively.

inf o determineswhich messagesarewritten to standardoutputandinto the
protocol file. The possible settings are:

none No messages are written.

minimal A minimal setof messagesis written, in generalasingle
line for each command that is executed.

normal The “normal” amount of messages is written.

full The “full” amount of messages is written.

debug The “full” amountof messagesandadditionalundocu-
mented messages for debug purposes are written.

Optionally, thisvariablemayhavetwo of theabovevalues,separatedby
acomma.In thiscase,thefirst valueappliesto standardoutput,thesec-
ond to the protocol file.

nparam denotes the number of command line parameters of the current macro.

npr oc denotesthemaximalnumberof processorsthat is usedfor paralleldo-
loops.

p1, p2, . . . are the default namesfor the commandline parametersof a macro.
These names may be changed at the beginning of the macro.
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path denotesthesearchpathfor macrofilesin theform of acomma-separated
list of directories.

prompt denotesthepromptfor interactive input.If thisvariableis notdefinedor
blank,nopromptis writtenbut multipleblanklinesof inputandtheend
of theexecutionof amacroareindicatedby theword“Ready”onasep-
arate line.

protocol denotesthenameof theprotocolfile into whichstandardoutputis dupli-
catedunderthecontrolof thevariableinf o. If thisvariableis notdefined
or blank, no protocol file is written.

timing is asystemvariabletocontrolthereportingof CPUtimes.CPUtimesare
givenfor all commands(exceptfor thosethatarebuilt into thecommand
line interpreter)thatneedmoresecondsof CPUtime thanthevalueof
timing  indicates.

Expressions

ThecommandinterpretercanevaluategeneralFORTRAN-77integer, real,
complex, logical andcharacterexpressions.Expressionscanappearin
eval statements,asconditionsof if statements,ascommandparameters
whena numericvalueis expected,andassubstringandelementindex
expressions.

An expressionis built accordingto therulesof FORTRAN-77 from con-
stants,variables,andfunctioncalls.Thesebasicitemscanbecombined
by operators(“+”, “–”, “*”, “ /”, “**”, “ .eq.”, “ .ne.”, “ .lt.”, “ .le.”, “ .ge.”,
“ .gt.”, “ .and.”, “ .or.”, “ .not.”, “ .eqv.”, “ .neqv.”, “==”, “ !=”, “<”,
“<=”, “ >=”, “ >”) and grouped by parentheses.

There are the following differences to the rules ofFORTRAN-77:

• The data type “double precision” is not supported.

• Thedatatype“logical” is representedby theintegervalues0 (false)
and1 (true).Any integerexpressioncanbeusedin placeof a logical
expression,with 0 representing“f alse”,andall othervaluesrepre-
senting “true”.

• Variable,functionandoperatornamesarecasesensitive.Thenames
of logical operatorsandintrinsic functionsmustbewritten in lower
case.

• Thelogicaloperators“==”, “ !=”, “<”, “<=”, “>=”, “>”, “&& ”, “ ||”,
and“ !” canbe usedin placeof its respective FORTRAN-77 equiva-
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lents“ .eq.”, “ .ne.”, “ .lt.”, “ .le.”, “ .ge.”, “ .gt.”, “ .and.”, “ .or.”, and
“ .not.”.

• All FORTRAN-77 intrinsic functions(except“dble”, “dprod”, “lge”,
“lgt”, “lle” and“llt”) areavailableby theirgenericnamesbut notun-
der special names.For example, the absolutevalue function is
known by the name“abs ” but not by the specialnames“iabs” or
“cabs”.

• There are additional intrinsic functions (see below).

• Blankscanonly appearat“reasonable”placesbut notinsideof num-
bers, variable names etc.

Intrinsic functions

In thefollowing list of all INCLAN intrinsic functions,argumentsarede-
noted by

n integer

r real

c complex

s string

x integer or real, unless types are given explicitly

z real or complex

Theresulttypeof anintrinsic functionis only givenexplicitly, if it dif-
fers from the type of the argument(s).

abs(x) Absolutevalue;theargumentx is of any numerictype,for complex ar-
guments the result is real.

acos( r) Arc cosine; , .

aimag(c) Real function that returns the imaginary part ofc.

aint( r) Discard fractional part; the result if of type real.

anint( r) Closest integer; the result if of type real.

asin( r) Arc sine; , .

atan( r) Arc tangent; .

r 1≤ 0 acosr( ) π≤ ≤

r 1≤ π 2⁄– asin r( ) π 2⁄≤ ≤

π 2⁄– atanr( ) π 2⁄≤ ≤



INCLAN

48

atan2( r1,r2) Argumentof the complex number (not !); and
must not both be zero, .

char(n) Character function that returns the character with numbern.

cmplx( x1,x2) Complex function that returns ; bothargumentsmusthave the
same type.

conjg( c) Complex conjugate.

cos( z) Cosine.

cosh( r) Hyperbolic cosine.

cputime RealfunctionthatreturnstheCPUtime(in seconds)sincethestartof the
program.

date Character function that returns the current date in the formdd–mm–yy.

def(s) Logical functionthatreturns1 if avariablewith namesexistsandhasa
value different fromNULL , or 0 otherwise.

dim( x1,x2) Positive difference; .

exist( s) Logical functionthatreturns1 if avariablewith namesexists,or 0 oth-
erwise.

existfile( s) Logicalfunctionthatreturns1 if afile with namesexists,or 0 otherwise.

exp(z) Exponential function.

external( s) Characterfunction that returnsthevalueof theexternal(i.e. non-local)
variablewith names (even if it is hiddenby a local variablewith the
samename),or a blankstringif no externalvariablewith this nameex-
ists.

external( s1,s2) Characterfunction that returnsthevalueof theexternal(i.e. non-local)
variablewith name (even if it is hiddenby a local variablewith the
same name), or  if no external variable with the name  exists.

fitc hisq Realfunctionthatreturnsthe valueof thelastlinearleast-squaresfit
(see plot subcommandfit ).

r2 i r1+ r1 i r2+ r1 r2
π– atan2r1 r2,( ) π≤ ≤

x1 i x2+

dim x1 x2,( ) max x1 x2– 0,( )=

s1
s2 s1

χ2
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fiterr( n) Realfunctionthatreturnsthestandarddeviationof then-th fit parameter
of the last linear least-squares fit (see plot subcommandfit ).

fitpar( n) Realfunction that returnstheoptimalvalueof then-th fit parameterof
the last linear least-squares fit (see plot subcommandfit ).

fitpr ob Realfunctionthatreturnstheprobabilitythatthe valueof thelastlin-
earleast-squaresfit wouldbeexceededby chance(seeplot subcommand
fit ).

getenv(s) Characterfunction that returnsthe value of the environmentvariable
with names.

getpid Integer function that returnstheUNIX processidentificationnumberof
the current process.

global( s) Characterfunctionthatreturnsthevalueof theglobalvariablewith name
s(evenif it is hiddenby anothervariablewith thesamename),or ablank
string if no global variable with this name exists.

global( s1,s2) Characterfunctionthatreturnsthevalueof theglobalvariablewith name
(evenif it is hiddenby anothervariablewith thesamename),or if

no global variable with the name  exists.

ichar(s) Integer function that returns the number of the characters.

if(n,x1,x2) Functionthatreturnstheargument if , or otherwise.Thear-
guments  and  can have any type.

inde x(s1,s2) Integerfunctionthatreturnsthestartingpositionof thefirst occurenceof
thestring in thestring , or zeroif doesnotoccurasasubstring
in .

inde xr(s1,s2) Integerfunctionthatreturnsthestartingpositionof thelastoccurenceof
thestring in thestring , or zeroif doesnotoccurasasubstring
in .

int( z) Integerfunctionthatreturnstheintegerpartof therealor complex num-
ber .

len(s) Integer function that returns the number of characters ins.

χ2

s1 s2
s1

x1 n 0≠ x2
x1 x2

s2 s1 s2
s1

s2 s1 s2
s1

z



INCLAN

50

length( s) Integer functionthatreturnsthenumberof elementsin thearraystored
in a variable with names.

lenstr( s) Integerfunctionthatreturnstheindex of thelastnon-blankcharacterin
s.

log( z) Naturallogarithm; , if z is realit mustbepositive,for complex z the
result has .

log10( z) Logarithmto base10; , if z is realit mustbepositive, for complex
z the result is in the range .

macr o(s) Logical functionthatreturns1 if a macrowith names is available,or 0
otherwise.

matc h(s1,s2) Wildcardmatch;logical functionthatreturns1 if thestring matches
the string , or 0 otherwise.The string may containwildcards:an
asteriskmatcheszeroor morecharacters,anda questionmarkmatches
exactly one character.

max(x1,x2,...) Maximum.

min( x1,x2,...) Minimum.

mod( x1,x2) Remainderof modulo ; , both
arguments must have the same type, .

mtime( s) Integer function that returnsthe time of last modification(in seconds
since a reference date) of the file with names.

nint( r) Integer function that returns the integer closest tor.

opened( s) Logical functionthatreturns1 if afile with names is currentlyopen,or
0 otherwise.

plotx0 , ploty0 ,
plotx1 , ploty1

Real functionsthat return the coordinatesof the two referencepoints
and in theusercoordinatesystemusedfor graphics

(see plot parametersX0, Y0, X1, Y1).

rand Real function that returnsa pseudo-randomnumber;pseudo-random
numbers are uniformly distributed between 0 and 1.

z 0≠
π– Im log z( ) π≤<

z 0≠
π– Im log10 z( ) π≤<

s2
s1 s2

x1 x2 mod x1 x2,( ) x1 x2 int⋅ x1 x2⁄( )–=
x2 0≠

X0 Y0,( ) X1 Y1,( )
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rand( n) Real function that returnsa pseudo-randomnumber;pseudo-random
numbersareuniformly distributedbetween0 and1.Therandomnumber
generator is initialized with the seedn.

rand( n1,n2) Real function that returnsa pseudo-randomnumber;pseudo-random
numbersareuniformly distributedbetween0 and1.Therandomnumber
generatoris initialized with theseed , andtheresultis the -th ran-
dom number generated from this seed.

real(x) Conversionto realtype;theargumentx mustbeof typeintegeror com-
plex, for complex x the real part is returned.

sign( x1,x2) Returnstheabsolutevalueof timesthesignof ; if , its sign
is taken as positive, both arguments must have the same type.

sin( z) Sine.

sinh( r) Hyperbolic sine.

sqr t(z) Square root; ifz is real, it must be non-negative.

tan(z) Tangent.

tanh( r) Hyperbolic tangent.

time Character function that returns the current time in the formhh:mm:ss.

val(s) Characterfunctionthatreturnsthevalueof thevariablewith names, or
a blank string if no variable with this name exists.

val(s1,s2) Characterfunction that returnsthevalueof thevariablewith name ,
or  if no variable with the name  exists.

walltime Integerfunctionthatreturnsthenumberof secondssincethestartof the
program.

Macros

Macrosarefiles containingINCLAN statements.A macrois calledby its

n1 n2

x1 x2 x2 0=

s1
s2 s1
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namethatis identicalto its filenameexceptfor theextension“.dya” that
is requiredfor macrofiles.INCLAN looksfor macrofilesin thedirectories
givenby thespecialvariablepath , or in theexplicitly givendirectory.
Commandline parametersmaybepassedinto amacro.Within themac-
ro, they areavailableaslocalvariablesthatareby default calledp1, p2,
... Thesevariablenamescanbechangedwith theparameter statement.
Thelocalvariablenparam denotesthenumberof commandlineparam-
eters.Macroscanbecalledfrom within othermacros.On-linehelp in-
formation may be included into a macroas lines that start with two
commentsigns“##”. Suchlinesarecopiedto standardoutputwhenone
requests help about a macro with the commandhelp macro.

Thespecialmacroinit is aninitializationmacrothatis automaticallyex-
ecutedwhen the programstarts.Typically, this macrosetsthe system
variablepath  that defines the search path for macro files.

Standard output

This sectionexplain thewaysby which commandscanwrite outputto
thestandardoutputdevice(in thefollowing simplycalled“screen”)and/
or to disk files by usingthe protocolmechanismor outputredirection.
Theconceptsof this sectiondo not applyto outputthatis written to ex-
plicitly named disk files by specific output commands.

Information level All outputhasan importancelevel, andonly output that is “important
enough” is actually written. The definition of what is “important
enough”is givenby thespecialvariableinf o thatcan,in its simpleform,
take one of five information level values:

none no output at all, except for error messages

minimal minimal output, in general a one line confirmation

normal the “normal” amount of output

full detailed output

debug additional undocumented debugging output

Protocol file Theoutputcanbeduplicatedinto a protocolfile. In fact,differentinf o
valuesmight beusedfor outputto thescreenandto theprotocolfile. In
thiscase,theinfo valueconsistsof two simpleinfo values,separatedby
a comma.A protocolfile is written if theprotocol variableis defined
andhasanon-blankvaluethatis thenameof theprotocolfile. If thefile
doesnot exist whenthe protocol variableis set to the corresponding
name,it is created;otherwisetheoutputis appendedto anexisting pro-
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tocol file.
protocol:=logfile Open protocol file “logfile”
info:=minimal,full Minimal screen output, full protocol
...
protocol:= Close protocol file

Output redirection Outputfrom acommandis redirectedto agivenfile if thelastparameter
of the command is

>file Redirectto a new file, or overwrite existing file. After
writing the output, the file remains open.

>file. Redirectto a new file, or overwrite existing file. After
writing the output, the file is closed.

>>file Appendto anexisting file, or createnew file. After writ-
ing the output, the file remains open.

>>file. Appendto anexisting file, or createnew file. After writ-
ing the output, the file is closed.

Blanksbetween> andfile arenotallowedandthatthefile namemustnot
endwith “ .”. Thefile nameis optional;if it is omitted,theoutputwill be
redirectedto thepreviouslyusedfile. Whenredirectionisused,all output
that would otherwisebe sentto the screenis written to the given file.
Standard output and the protocol file are not used.

Built-in commands

Thefollowing commandsarebuilt into thecommandinterpreter. Their
names cannot be abbreviated.

alias

Definesa new aliasname, i.e. anabbreviation, for thegivenstatement.
The statementmay containan asterisk“*” to indicatewherethe com-
mandline parametersareto beinserted.Withoutparameters,alias gives
a list of all currently defined aliases.

alias ? "print \"\%{*}\"" Simulate a pocket calculator
? 5*7
35

[name statement]
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ask

Writesthestringpromptto standardoutput,readsoneline from standard
input,andassignsfrom this line stringsseparatedby blanksto thegiven
variables.Thecommandis usuallyusedfor interactiveinputwithin mac-
ros.A prompt that contains blanks must be enclosed in double quotes.

ask "First and last point:" begin end
First and last point:
12 45
print "range = $begin...$end"
range = 12...45

break Breaksa do-loopandis only allowed in macros.The executionof the
macro is continued with the first statement following the loop.

command

Definesa new globally visible user-definedcommandwithin a macro,
i.e. a macrowithin a macro.User-definedcommandsdefinedby com-
mand statementsarecalledby theirname, possiblyfollowedby param-
eters,in exactly thesamewayasmacros.Within amacro,auser-defined
commandcanonly be calledafter it wasdefined.The statementcom-
mandwithoutparametersgivesa list of all user-definedcommands,and
indicates where they are defined.

do (without parameters)Executesa loop within a macro.The loop is exe-
cutedunconditionally, i.e.until oneof thestatementsbreak, exit, quit
or return  is encountered.

do
if (filename.eq.’ ’) break
...

end do

do

Executesa FORTRAN-77 do-loopwithin a macro.Theloop countervari-
ableandtheintegerexpressionsstart,end,andstephavetheusualmean-
ing. Parallel loopsareexecutedin parallelon npr oc processors.If the
keywordcontin ue is present,theprogramcontinuesimmediatelywith
theexecutionof thenext statementaftertheparallelloop.Otherwise,the

prompt variable . . .

[name]

variablestart end [step] [parallel [contin ue]]
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next statementafter the loop is executedwhenthe parallel loop is fin-
ished.

do i 1 10
print "Iteration $i."

end do

else Starts an else clause of a block if-statement.

else if

Starts an else-if clause of a block if-statement.

end Ends a user-defined command or subroutine.

end do Ends a do-loop.

end if Ends a block if-statement.

error

Writesthetext to standardoutputor into thefile with thegivenfilename
andcallstheerrorhandler. This statementis suitableto treaterrorsthat
occurduringtheexecutionof amacro. If thetext containsblanksit must
be enclosed in double quotes.

eval

Evaluatesthe arithmeticor string expressionaccordingto the rulesof
FORTRAN-77andassignstheresultto thevariable. Thekeywordeval can
beomitted.In contrastto FORTRAN-77 functionnamesmustbegivenin
lowercase letters.

eval i = 7
sentence = ’A flexible program!’
j = mod(i,4)**2
l = len(sentence)
show i sentence j l
... Variables:
    i        = 7
    sentence = ’A flexible program!’

(condition) then

text

variable= expression
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    j        = 9
    l        = 19

external

or

assignsavalue(i. e.astring)or theresultof anexpressionto anexternal
(non-local)variableevenif a local variablewith thesamenameexists.
This commandcanbeusedto returnvaluesfrom a macroto thecalling
macro.

command swap a b Command to swap two variables
  var x y Declare two local variables, x and y
  x=$external('$a') Get value of external variable with name $a
  y=$external('$b') Get value of external variable with name $b
  external $a=y Assignment to external variable with name $a
  external $b=x Assignment to external variable with name $b
end

x=10; y=5
print "Before swap: x = $x, y = $y"
Before swap: x = 10, y = 5
swap x y
print "After swap : x = $x, y = $y"
After swap : x = 5, y = 10

exit Returnsfrom a macroto interactive input. Given interactively, it exits
from the program.

go to

continuesexecutionof amacroat thefirst line thatbeginswith thelabel.
Jumpsinto loops(do . . . end do ) or conditionallyexecutedstatements
(if . . . else . . . end if ) arenot allowedandcanleadto unpredictable
results.A label mayconsistof letters,digits,andunderscorecharacters
“_”. A label must be followed by a colon.

go to cont
...

cont: print "Now at label cont."

variable= expression

variable:= value

label
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help

Giveson-line help for a given topic. With no topic given, a list of all
availablehelptopicsis displayed.On-linehelpfor macroscanbeinclud-
edin themacro:help macro showsall linesof themacro thatstartwith
“##”.

if

Executesa logical “if” statementasin FORTRAN-77, i. e. thestatementis
executedif thelogicalexpressionconditionis true.A line with a logical
“if” statement must not end with the word then .

i=–56
if (i.lt.0) print "$i is negative."
–56 is negative.

if

Executes a block-”if” statement, as in FORTRAN-77.
if (mod(i,2).eq.1) then

print "$i is an odd number."
else if (def(’x’) .and. exist(’y’)) then

print "x is defined, and y exists."
else if (s.eq.’ ’) then

print "The variable s is blank."
end if

parameter

Changesthenamesof theparametersthatarepassedto amacro;i. e.the
parametersp1, p2, . . . getthenamesgivenin theparameter statement.
Theparameter statementmustprecedeall otherstatementsin amacro
(exceptvar) and cannot be used interactively.

plot

Performsa plot subcommand.Plot commandsaredescribedseparately
in the “Graphics” section of this chapter.

[topic]

(condition) statement

(condition) then

variable . . .

subcommand[parameter. . .]
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print

Writesthetext to standardoutputor into thefile with thegivenfilename.
If thetext containsblanksit mustbeenclosedin doublequotes.Option-
ally, the importancelevel of theoutputcanbedefined.By default, the
importance level isnormal .

quit Exits from the program.

readline

Readsoneline from afile andassignsit to avariable. If thefile is notyet
open,it is openedandthefirst line is read.If thefile is alreadyopen,the
next line is read.If the endof the file is reached,the variableis setto
EOF andthefile is closed.Optionally, thefile canbeclose d afterread-
ing a line.

remo ve

Removes one or more disk files.

return exits from thecurrentmacroandreturnsto thecalling macroor, if the
macrowascalledinteractively, to interactive input. Given interactively,
return  exits from the program.

set

or, if the keywordset is omitted

assigns avalue (i. e. a string) to avariable.
set i=456
j := 2 + i Short form of set assigns a string value
k = 2 + i Short form of eval evaluates an expression
set i j k
i = 456
j = 2 + i
k = 458

text [level= level]

file variable [close ]

file . . .

variable= value

variable:= value
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set

Displaysvaluesof variables. If novariableis specified,all variablesthat
have valuesdifferentfrom NULL aredisplayed.If thenamesof oneor
severalvariables are given, the values of these variables are displayed.

sho w

Displaysthevaluesof all or selectedglobal variables.If no variable is
specified,all globalvariablesthathave valuesdifferentfrom NULL are
displayed.If thenamesof oneor severalglobalvariablesaregiven,the
values of these variables are displayed.

sleep

Waits fort seconds.

subr outine

Definesanew user-definedcommandwithin amacro,i.e.amacrowithin
a macro.User-definedcommandsdefinedby subr outine statements
arecalledby theirname, possiblyfollowedby parameters,in exactly the
samewayasmacros.User-definedcommandsdefinedby asubr outine
statementarelocal to the currentmacro(or macroscalledthroughit).
Within amacro,auser-definedcommandcanonly becalledafterit was
defined.

syntax

Analyzesthecommandline parametersof thecurrentmacro.Thisstate-
mentcanonly becalledwithin a macro.Commandline parametersthat
matchwith oneof theformatspecificationsareremovedfrom thelist of
command line parameters and assigned to a new local variable.

The possibleformat items are:

name=[=]type[=default]
Declaresa namedparameterwith the given name, type
and,optionally, defaultvalue.If thedefaultvalueis ab-

variable . . .

variable . . .

t

name

format . . .
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sent,theparameteris required,andanerrorwill occurif
the parameter is not specified in the macro call.

The optional second“=” sign after the nameindicates
thata parameterthatmatchesnamebut doesnot contain
an“=” sign is not recognized,otherwise(with only one
“=” sign aftername), an error occurs in this situation.

A local variablewith thegivennameis created,andei-
therthevaluespecifiedby theuser, or, in its absence,the
defaultvalueis assignedto it. Thevaluemustbecompat-
ible with the giventype (see below).

In a macrocall, a namedparametercaneitherbespeci-
fied anywhere in the parameter list in the form
“name=value” or asa positionalparameterof the form
“value” at thesamepositionin theparameterlist asthe
correspondingformatin thesyntax statement.Only pa-
rametersthatappearbefore“*” or “**” (seebelow) canbe
specifiedas positionalparameterswithout giving their
name.

A namemay contain an asterisk“*” to indicate how
muchit canbeabbreviated.By default,all unambiguous
abbreviationsareallowed.If anamestartswith anaster-
isk, thenthecorrespondingparameteris a positionalpa-
rameter that cannot be given in the form “name=value”.

name Declaresa literal optionwith thename. A local variable
with the given name is created.If the option name is
presentin themacrocall this variableis setto 1 (i.e. the
logical value “true”), otherwise it is set to 0.

name1|name2 . . .
Declaresa setof mutuallyexclusive literal optionswith
the namesname1, name2, etc. Local variableswith the
given namesarecreated.If oneof the option namesis
presentin the macrocall, the correspondingvariableis
setto 1 (i.e. the logical value“true”) andtheothervari-
ables are set to 0.

** Allows for additionalparametersthatdo not matchwith
one of theformats.

* Hasthesamemeaningas“**” exceptthatadditionalpa-
rameters must not contain an “=” sign.

Formats must not contain blanks.

A type can be one of the following:

* Any character string.

@i Integer expression.

@r Real expression.
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[l<[=]]@i[<[=]u]

[l<[=]]@r[<[=]u]

Integer or real expression in the given range.

@ii Integer range, i.e. one of the following:
m a single integer expression
m..n two integer expressions
m.. using the default value forn
..n using the default value form

name1|name2 . . .

List of mutually exclusive literals.

@f.extensionFilenamethat will be extendedwith the given exten-
sion, if necessary(extensioncanalsobe$nameto denote
the value of a preceding parameter).

command read_file

syntax format=asc|bin file=@f.$format \

weight=@r=1.0

The command read_file has three parameters.
The first parameter (format ) is required and can
either be asc or bin , the second parameter
(file ) is also required and is a filename that will
be given the extension .asc or .bin , depending
on the chosen format, and the third parameter
(weight ) is an optional real number with default
value 1.0.

...

end

read_file asc test

Positional parameters and default value for
weight . Equivalent to setting format=asc ,
file=test.asc and weight =1.0.

read_file file=test format=asc weight=2.0

Named parameters in any order.

system

ExecutesaUNIX-commandby invokingashell.If nocommandis speci-
fied, an interactive shell is started.

type

[UNIX-command]

macro
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displaysthemacroor user-definedcommandwith thegivenname. Mac-
rosin thecurrentpathcanbelistedwithoutgiving apath;otherwisethe
path has to be specified.

unset

Removes one or more variables.

var

declaresvariablesaslocal variablesof thecurrentmacro.In contrastto
normal (global) variables,local variablesare only visible within the
macrowherethey aredeclaredandwithin macrosthatarecalledvia that
macro(exceptwhensuchamacrodeclaresitself alocalvariablewith the
samename).Thevar commandmustprecedeany othercommandsin a
macro(exceptthe parameter command)andcannotbe usedinterac-
tively.

Graphics

With INCLAN it is possibleto producegraphicaloutput in eitherPost-
scriptof FrameMaker (MIF) format.Graphicsis createdwith thebuilt-
in commandplot . Theplot commandcaneitherbeinvokeddirectly, or
plot subcommandscanbecombinedwith list datain graphicsfiles that
can be read with theplot file  command.

A graphicsfile cancontainoneor severalblocksof list data, i.e.matrices
of integeror realnumbersin free format.Eachrow (line) of a list data
block musthave thesamenumberof entries.Thecolumnsof a list data
blockform vectorscalledx, y1, y2,... If a list datablockconsistsof asin-
gle columnwith n numbers,this columnis calledy1 andan x-column
with values is addedimplicitly. After readinga block of list
data,thegraphicssystemis in list mode, andvariousplot subcommands
canbeappliedto vectorexpressionsformedfrom thecolumnvectorsof
thelist datablock.ThesevectorexpressionsaregeneralFORTRAN-77ex-
pressionsthatareevaluatedfor all vectorelementsandwherethecolumn
vectorsx, y1, y2,... are denoted byx, y1, y2,...

variable . . .

variable . . .

1 2 … n, , ,
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Besideslist data,a graphicsfile can containplot subcommands(and
commentsstartingwith #) but not othercommands;it is not anINCLAN

macro.

Thefollowing alphabeticallist containsall plot subcommands.They are
called fromINCLAN in the form

plot subcommandparameters

and in graphics files in the form

subcommandparameters

Someof theplot subcommandshavedifferentparametersin normaland
list modeasindicatedby “(normal mode)”or “(list mode)”at theright
margin.

arc

draws a circle,anellipse,or partof a circle or ellipsewith thecenterat
, andhalf axesa andb. If b is omitted,acirclewith radiusa (mea-

suredin thex-direction)is drawn. Optionally, only thepartof theellipse
startingandendingwith phaseangles and , respectively, is drawn.
Thephaseangleis 0˚ on thepositive x-axisandincreasescounterclock-
wise.Thiscommandcanalsobeusedin list mode,wheretheparameters
are vector expressions.

caro See sectionmark .

clip

drawsarectanglewith corners , , , and
setsthe currentclipping path to its border. Subsequentdrawing com-
mands will only draw within this rectangular area.

clip

resetstheclippingpath.After thiscommand,graphicswill no longerbe
confined to the rectangular area specified in a previousclip  command.

close closes the current output plot file.

x y a [b [φ1 φ2]]

x y,( )

φ1 φ2

x1 y1 x2 y2

x1 y1,( ) x1 y2,( ) x2 y1,( ) x2 y2,( )

off
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comment

writestext as a comment into the output plot file.

cross See sectionmark .

cur ve

draws a Béziersplinecurve definedby the points . The total
numberof points must be , with integer . The resulting
curve passesthroughthe points 1, 4, 7,...; the other points guide the
curve. Four pointsdefinethe shapeof eachsegmentof the curve: The
curve segmentleaves along the direction of the straight line
connecting with andreaches alongthedirec-
tion of thestraightline connecting with . The lengths
of thelinesconnecting with and with
represent,in a sense,the “velocity” of the path at the endpoints.The
curvesegmentis alwaysenclosedby theconvex quadrilateraldefinedby
the four points.

cur ve

drawsBéziersplinecurvesthroughthepointsof thegivenvectorexpres-
sionsx, y1,... If no vectorexpressionsarespecified,splinesaredrawn
throughthepointsof all list columns.If thex-expressionis omitted(i.e.
if only asingleexpression,y1, is given),thex-coordinatesaretakenfrom
thex-columnof thelist. Thenumberof list pointsmustbe , with
integern.

dot See sectionmark .

errorbar

draws anerrorbardefinedby thegivenx- andy-coordinates.This com-
mandcanalsobeusedin list mode,wherex, y1 andy2 arethreevector
expressions.

text

x1 y1 x2 y2 x3 y3 x4 y4 . . . (normal mode)

xi yi,( )
3n 1+ n 1≥

x1 y1,( )
x1 y1,( ) x2 y2,( ) x4 y4,( )

x3 y3,( ) x4 y4,( )
x1 y1,( ) x2 y2,( ) x3 y3,( ) x4 y4,( )

[[x] y1. . .]. (list mode)

3n 1+

x y1 y2
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file

readsaninput graphicsfile (default extension:.grf ) containinglist data
andplot commandsandexecutestheplot commandsin thegraphicsfile.
Graphicsfiles cannotbenested.If no outputplot file is openwhenthe
file commandis executed,andif thefirst plot commandin thegraphics
file doesnot openanoutputplot file explicitly, a new Postscriptoutput
plot file with thenamefile.ps is openedimplicitly. An implicitly opened
output plot file will be closedwhen the end of the graphicsfile is
reached.

fit

performsalinearleast-squaresfit of thebasisfunctionsgivenby thevec-
tor expressionsf1,... to thedatapointswith x-coordinates,y-coordinates
anderrorsgivenby thevectorexpressionsx, y andσ, respectively. For
m basis functions,  the optimal linear combination,

, [1]

is determined by minimizing

, [2]

wherei runsover the list datapoints.The optimal fit function is
addedasanothercolumnto the list data.This commanddoesnot draw
anything.Thefit parameters, , their standarddeviations, ,
andtheprobability that this valueof would beexceededby chance
areavailablethroughtheintrinsic functionsfitpar , fiterr , fitc hisq and
fitpr ob , respectively. If theerrors of thedatapointsareunkown, this
can be indicated by settingσ to zero in thefit  command.

dot x y1 Plot original data points
fit x log(y1) 0 1 x Logarithmic fit of
spline x exp(y2) Plot fitted curve

file

x y σ f1. . . (list mode)

f 1 … f m, ,

y x( ) a1 f 1 x( ) … am f m x( )+ +=

χ2
a1 … am, ,( )

yi y xi( )–

σi
--------------------- 

  2

i
∑=

y x( )

a1 … am, , χ2

χ2

σi

y a1 exp a2x–( )=
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frame

drawsarectangularframewith corners , ,
and . Subsequentlyproducedgraphicsis clippedon the bor-
dersof theframe.Thex- andy-axesarelabeledwith thetitles xtext and
ytext, respectively. Theparametertics and labels determineswhether
ticsandnumericlabelsaredrawn.Thepossiblevaluesfor ticaxesandla-
belaxes are:

off No labels or tics.

x Labels or tics only on thex-axis.

y Labels or tics only on they-axis.

x,y Label or tics on both axes (default).

If theoptiongrid is present,a fine grid is drawn. If theoptionzero is
present,fine lines will be drawn along and (if they fall
within the frame).

function

plots the functions given by the expressionsf1(x),...

label

labelsthegivenaxisby placinga tic andthe text at thegivenposition.
The parameteraxis can have the following values:

x or bottom Label the x-axis, i.e. the horizontalline at y-position
.

y or left Label they-axis, i.e. the vertical line atx-position .

top Label the horizontal line aty-position .

right Label the vertical line atx-position .

If text is blank, only a tic is set.

line

xtext=xtext —

ytext=ytext —

tics= ticaxes x,y

labels= labelaxes x,y

grid zero

X0 Y0,( ) X0 Y1,( ) X1 Y0,( )
X1 Y1,( )

x 0= y 0=

f1. . .

axis position text

Y0

X0

Y1

X1

x1 y1 x2 y2 . . . (normal mode)
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drawsaline thatconnectsthepoints , ,...by straightline
segments.

line

drawsstraightlinesthroughthepointsof thegivenvectorexpressionsx,
y1,... If no vector expressionsare specified,straight lines are drawn
throughthepointsof all list columns.If thex-expressionis omitted(i.e.
if only asingleexpression,y1, is given),thex-coordinatesaretakenfrom
thex-column of the list.

mark

wheremarkstandsfor eitherdot , square , caro, plus , cross or trian-
gle , markstheposition with thecorrespondingsymbol.Thesize
of thesymbolis determinedby thecurrentvalueof theplot parameter
marksiz e.

mark

wheremarkstandsfor eitherdot , square , caro, plus , cross or trian-
gle , marksthepositionsgivenby thevectorexpressionsx, y1,...with the
correspondingsymbol.If no vectorexpressionsarespecified,all points
of thelist columnsaremarked.If thex-expressionis omitted(i.e. if only
asingleexpression,y1, is given),thex-coordinatesaretakenfrom thex-
column of the list.

mif

opensandinitializesanoutputplot file in FrameMaker (MIF) format.If
anotherplot file is openwhenthemif commandis executed,it is closed.

plus See sectionmark .

pol ygon

x1 y1,( ) x2 y2,( )

[[x] y1. . .]. (list mode)

x y (normal mode)

x y,( )

[[x] y1. . .]. (list mode)

file

x1 y1 x2 y2 x3 y3. . . (normal mode)
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draws a polygonwith theedges . At leastthreepointsmustbe
specified.

pol ygon

draws polygonswith theedgesgivenby thevectorexpressionsx, y1,...
If no vectorexpressionsarespecified,polygonsaredrawn throughthe
pointsof all list columns.If thex-expressionis omitted(i.e. if only asin-
gle expression,y1, is given),thex-coordinatesaretakenfrom thex-col-
umn of the list. The number of list points must be three or more.

ps

opensandinitializes an outputplot file in Postscriptformat. If another
plot file is open when theps  command is executed, it is closed.

rectangle

drawsarectanglewith corners , , and .
Thiscommandcanalsobeusedin list mode,wherex1, y1, x2 andy2 are
four vector expressions.In list mode,the commandcan also be used
without parameters. In this case a rectangle with corners

, , and
, i.e. a histogram bar, is drawn for each point

in the list columns(for thefirst andlastpoint, and
arereplacedby theminimal andmaximalx-values, and , respec-
tively).

scale

performsscalingof thegivenaxis(x or y) on thebasisof thevectorex-
pressionsf1,...Scalingsetsthecoordinatesof thereferencepointsin the
usercoordinatesystem( and for thex-axis,and and for
they-axis)suchthatthey includeall valuesof thevectorexpressionsf1,...
If theoptionexact is present,thenthenew coordinatesof thereference
pointswill correspondexactlyto theminimumandmaximumof thevec-
tor expressionsf1,...; otherwiseasmallmargin will beaddedin orderto
avoid that points lie exactly on the boundary.

xi yi,( )

[[x] y1. . .]. (list mode)

file

x1 y1 x2 y2

x1 y1,( ) x1 y2,( ) x2 y1,( ) x2 y2,( )

xi 1– xi+( ) 2⁄ 0,( ) xi xi 1++( ) 2⁄ 0,( ) xi 1– xi+( ) 2⁄ yi,( )
xi xi 1++( ) 2⁄ yi,( )

xi yi,( ) xi 1– xi 1+
X0 X1

axis f1. . . exact (list mode)

X0 X1 Y0 Y1
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set

setsoneor severalplot parameters to thegivenvalues. Thekeywordset
is optional.

shape

drawsashapeenclosedby aclosedBéziersplinecurvethatis definedby
thepoints . Thetotalnumberof pointsmustbe3n, with integer

.

shape

drawsshapesenclosedby Béziersplinecurvesthroughthepointsof the
givenvectorexpressionsx, y1,... If no vectorexpressionsarespecified,
shapesaredrawn for all list columns.If thex-expressionis omitted(i.e.
if only asingleexpression,y1, is given),thex-coordinatesaretakenfrom
thex-columnof thelist. Thenumberof list pointsmustbe3n, with inte-
gern.

spline

draws a cubicsplinethroughthepoints , ,... Thespline
startsat thefirst point andendsat the lastpoint with vanishingsecond
derivative. Thex-values must be increasing: , for all i.

spline

drawscubicsplinecurvesthroughthepointsof thegivenvectorexpres-
sionsx, y1,... If no vectorexpressionsarespecified,splinesaredrawn
throughthepointsof all list columns.If thex-expressionis omitted(i.e.
if only asingleexpression,y1, is given),thex-coordinatesaretakenfrom
thex-column of the list.

square See sectionmark .

parameter=value . . .

x1 y1 x2 y2 x3 y3 x4 y4 x5 y5 x6 y6 . . . (normal mode)

xi yi,( )
n 2≥

[[x] y1. . .]. (list mode)

x1 y1 x2 y2 . . . (normal mode)

x1 y1,( ) x2 y2,( )

xi xi 1+<

[[x] y1. . .]. (list mode)
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text

print text atposition . Thealignmentof thetext with respectto the
referenceposition dependson the currentvaluesof the plot pa-
rametersalign and rotate . The currentvaluesof the plot parameters
font , textsiz e, weight andangle definethefont usedto write thetext.
In addition, the text may contain the following embeddedtext com-
mands:

@T Change font type to Times.

@H Change font type toHelvetica .

@C Change font type toCourier .

@S Change font type to Symbol.

@b Change toboldface.

@i Change toitalics.

@^ Start asuperscript.

@v Start asubscript.

@N Return to standard font, end sub- or superscript.

If thetext containsmultipleblanks,it mustbeenclosedin doublequotes.
Doublequotesthatarepartof thetext mustbeprecededby abackslash.

triangle See sectionmark .

write

writestext into the output plot file.

Plot parametersare usedto definethe positioningand appearanceof
graphics objects. They are set by the plot subcommandset :

align determineshow text is alignedwith respectto its referenceposition.Pos-
sible values are:

left Thehorizontalreferencepositionis at theleft margin of
the text.

center The horizontalreferencepositionis in the centerof the
text.

right Thehorizontalreferencepositionis attheright margin of
the text.

bottom Theverticalreferencepositionis at thebottommargin of

x y text

x y,( )
x y,( )

text
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the text.

mid dle The vertical referenceposition is in the middle of the
text.

top Theverticalreferencepositionis at thetopmargin of the
text.

Horizontalandvertical alignmentspecificationscanbe separatedby a
comma, e.g.align=center ,top.
Initial value:left,bottom .

angle defines a font property with the possible values:

regular Regular; not italics.

italics Italics or oblique.

The Symbol font is only available asregular .

Initial value:regular .

autoscale determineswhethertheusercoordinatesystemis automaticallyrescaled
after reading list data. The possible values are:

off No automatic scaling.

x Automatic scaling of thex-dimension only.

y Automatic scaling of they-dimension only.

x,y  or on Automatic scaling of both dimensions.

If autoscalingof the x-dimensionis on, thenthe valuesof and
(plot parametersX0 andX1) areresetafterreadinglist datasuchthatall
valuesin thex-columnof thelist dataarein therangebetween and

. If autoscalingof they-dimensionis on, thenthevaluesof and
(plot parametersY0 andY1) areresetto includeall valuesin they-

columnsof thelist data.In general,thelimits areextendedslightly with
respectto theexactminimumandmaximumin orderto avoid thatdata
points lie exactly on the margin.

Initial value:on .

bor der determineswhethertheborderof aclosedfigure(arectangle,acircle,an
ellipse,apolygon,aclosedBéziercurve,or certaintypesof marks)will
be drawn as a line:

off Border lines are not drawn.

on Border lines are drawn.

Initial value:on .

color definesthe color, andcanhave the valueblack, white , red , green ,
blue , cyan, magenta , or yello w. All text andgraphicsthat follows
has the given color.

Initial value:black.

X0 X1

X0
X1 Y0
Y1
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dash definesthe dashpatternusedto draw lines. Its value is either blank
(which is equivalentto solid ), or acommaseparatedlist of numbers,or
one of the following literals:

solid Solid lines.

dotted Dotted lines; equivalent to1.

dashed Dashed lines; equivalent to5,4.

dot-dashed  Dot-dashed lines; equivalent to5,2,1,2.

Generaldashpatternsarespecifiedby a commaseparatedlist of num-
bersthatdefinethelengths(measuredin points)of alternatingsolidand
invisible stretches.

Initial value:solid .

fill definesthefill patternusedto draw areas.Its valueis anintegerbetween
0 and 15 with the following meaning:

0 Empty; do not fill areas.

1 Full color.

2–7 Progressively less saturated shading or color.

8 White; covers other graphics.

9–15 Different types of hatching.

Initial value: 0.

font defines the font type and can have the following values:

Times Times.

Helvetica Helvetica.

Courier Courier .

Symbol Symbol.

Initial value:Helvetica .

line width defines the current linewidth in points (1 pt = 0.353 mm).

Initial value: 1.

marksiz e definesthemarksizein points(1 pt = 0.353mm).If themarkis acircle,
themarksizecorrespondsto thediameter. For othertypesof marks,sim-
ilar conventions apply.

Initial value: 6.

mode definestheinputmodeto line andareadrawing commandsandcanhave
the following values:

normal Coordinatesare specifiedexplicitly on the command
line.
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list Coordinatesaretaken from vectorexpressions,andthe
correspondingcommandis appliedto all points in the
list.

Theinputmodeis automaticallysetto list whenagraphicsfile with list
data is read.

Initial value:normal .

rotate definesthedirectionin which text is written andcanhave thefollowing
values:

off Text is written horizontally, from left to right.

on Text is written vertically, from bottom to top.

Initial value:off .

textsiz e defines the font size in points (1 pt = 0.353 mm).

Initial value: 12.

weight defines a font property with the possible values:

regular Regular; not bold.

bold Bold.

The Symbol font is only available asregular .

Initial value:regular .

x0, y0, x1 , y1 definethepositionsof thetwo referencepoints and in
thestandardcoordinatesystem.Thestandardcoordinatesystemhasits
origin in thecenterof anA4 sheetandusespoints(1 pt = 0.353mm) to
measuredistancesin bothdimensions.Thex-axispointsto theright,and
they-axis points up.

Initial values: , , , .

X0, Y0, X1, Y1 definethepositionsof thetwo referencepoints and
in theusercoordinatesystem.All positionsanddistancesaremeasured
in theusercoordinatesystemexceptfor linewidth, text size,marksize,
anddashpatterns,which arealwaysspecifiedin points.Theseplot pa-
rametersarechangedimplicitly by thescale commandor if autoscaling
is enabled.Thevaluesof theseplot parametersareavailablein INCLAN

as intrinsic functions:plotx0 , ploty0 , plotx1  andploty1 .

Initial values: , , , .

x0 y0,( ) x1 y1,( )

x0 250–= y0 375–= x1 250= y1 375=

X0 Y0,( ) X1 Y1,( )

X0 250–= Y0 375–= X1 250= Y1 375=
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Commands

Therearetwo kindsof commandsin theprogramDYANA: generalbuilt-
in commandsof thecommandline interpreter, INCLAN, thatarenotspe-
cific to theprogramDYANA (seechapterINCLAN), andspecificDYANA

commands.This chaptergivesan alphabeticallist of the DYANA com-
mandsandthestandardmacrosof DYANA. Macroscanbefound in the
“macro” directory. They canbe usedexactly like ordinarycommands
andaremarked with the symbol.The namesof DYANA-specific
commands(but notof INCLAN commandsor macros)canbeabbreviated
as long as there is no ambiguity.

Thesyntax,parameters,andoptionsof a commandaregivenaccording
to the following scheme:

command name

command name is thenameof thecommand,which mayconsistof
morethanoneword. Parametersandoptionsaregiven in theform of a
tablein whichtheleft columngivesparametersandoptions,andtheright
columnindicatesdefaultvaluesfor optionalparameters,or “—” for re-
quiredparameters.In thetableabove,thefirst row showsapositionalpa-
rameter, thesecondrow showsanamed parameter, thethird row shows
option s thatmaybegivensimultaneously, andthelastrow shows mu-
tually exclusive option s (seeINCLAN commandsyntax ). Sometimes
optional itemsaregiven in squarebrackets,and“...” indicatesthat the
preceding item may be repeated several times.

Whenexecutingacommand,theparametersandoptionsmustall begiv-

MM

parameter default value

name=value default value

option1 option2
option3  | option4
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enononeline (or oncontinuationlines);thetabular form is usedonly in
the manual for clarity.

angle fix

All selectedanglesarefixed, i.e. becomenon-rotatableandcannotbe
changedduringminimizationor dynamics.By default,all peptideangles
ω arefixedandsetto 180o (seealso“Residuesequence”in chapter“File
formats”).

angle flip

All selectedanglesof the selectedmemorystructuresareanalyzedto
find themostfrequentanglevalue.Theanglesarethenflippedby 180o

if thenew angleis nearerto thismostfrequentlyfoundanglevalue.This
command is used by theflip  macro.

angle free

All selectedanglesbecomefreeangles,i.e. rotatableanglesthatmaybe
changedduringminimizationor dynamics(seealso“Residuesequence”
in chapter “File formats”).

angle list

Listsall selectedangles(seechapterSelections).Thenamesof fixedan-
gles are enclosed in parentheses.

angle rename

Definesanexternalnamefor theselectedangles.Not morethanonean-
gle maybeselectedperresidue.Externalanglenamesareusedin place
of thecorrespondinginternalanglenamefrom theresiduelibrary when
readinginput files andwriting outputfiles. Initially, or after the com-
mandangle rename clear, externalandinternalanglenamesareiden-

angle selection all angles

angle selection all angles

angle selection all angles

angle selection all angles

name —

angle selection —

on  | off  | clear
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tical.With angle rename off , renamingmaybeturnedoff temporarily,
until it is turnedon again by angle rename on, or by a new external
angle name definition.

angle set

All selected angles are set to the valuer, given in degrees.

angstat c lear Clearsthe anglestatisticsthat is usedto createredundantanglecon-
straintsin theREDAC strategy (Güntert& Wüthrich,1991;seeangstat
make ).

angstat list Lists the current angle statistics (seeangstat make ).

angstat make

Addsthecurrentstructureto theanglestatisticsthatis usedto createre-
dundantangleconstraintsin the REDAC strategy (Güntert& Wüthrich,
1991;seemacroredac ). First, the local target functionvalueof every
singleresidueis calculatedby summingupall contributionsto thetarget
functionfrom constraintsthatinvolveagivenresidue.If agivenresidue
andits closestneighborshavea local targetfunctionvaluebelow T, then
all dihedral angles of this residue are added to the angle statistics.

M

anneal

Performssimulatedannealingon thecurrentstructurewith a total of N
MD steps,startingwith NhighMD stepsattemperatureThigh followedby
slow coolingduringN – Nhigh MD stepsto a final temperatureof Tend.
Finally, n stepsof conjugategradientminimizationareadded.Thetem-
peratureis measuredin targetfunctionunitsperdegreeof freedom.Op-
tionally, moreminimizationcanbeperformedin orderto relax strong
overlapsandconstraintviolationsprior to the startof the MD calcula-

value= r —

angle selection all angles

ang_cut= T taken from variableang_cut

thigh= Thigh 8.0

tend= Tend 0.0

steps= N 4000

highsteps= Nhigh N/5

minsteps= n 1000

relax
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tion.Therelax optioncanbeusefulfor larger(above200residues)pro-
teinsif otherwisethemaximallengthof thepair list wouldbeexceeded.

asno

Determinesassignmentpossibilitiesfor NOESYcrosspeaksonthebasis
of chemicalshift agreementandshortcorresponding1H-1H distancesin
abundleof conformers.Thiscommandprovidesthefunctionalityof the
formerASNO program(Güntertet al., 1993).An assignmentof a NOE-
SY crosspeakat position(ω1, ω2) to a protonpair (α, β) with chemical
shiftsωα andωβ is possible if the condition

[3]

is fulfilled (∆ω1 and∆ω2 arethefirst andsecondcomponentof thesys-
temvariabletolerance ), andif thedistancebetweenthetwo protonsis
shorterthandmax in at leastN conformers(Güntertet al., 1993).Three-
dimensional spectra are treated analogously.

Theoptionassignfile generatesafile containingall assignmentswhich
areallowedby asnothatcanbedisplayedin theassignmentwindow of
theprogramXEASY (Bartelset al., 1995).Additionally, a new peaklist
for XEASY containingthe old peaklist andall assignmentpossibilities
found by asno is producedby usingthe option peakfile . An assign-
mentpossibility to a protonpair (α, β) leadsto a new peakat position
(ωα, ωβ).

Assignmentpossibilitiesfor individual peaksareby default sortedac-
cordingto thechemicalshift deviationsor, if theoptionsor tdistance
is set, by1H-1H distance values.

If theoptioncolor is set,thepeaksof the input peaklist geta XEASY

color code according to the following criteria:

color 1 The assignmentgiven by the useris found by asno as
the best assignment possibility.

color 2 Theassignmentgivenby theuseris foundby asno but
not as the best assignment possibility.

color 3 The assignment given by the user is not found byasno .

color 4 No assignmentwas given by the userbut asno found
one or several assignment possibilities

distance= dmax 5.5

structure= N 1

assignfile= file

peakfile= file

sor tdistance color

ω1 ωα–

∆ω1
-------------------

 
 
 

2
ω2 ωβ–

∆ω2
-------------------

 
 
 

2

+ 1≤
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color 5 An assignmentwasfoundneitherby theusernorby as-
no .

Thecolor codes1–5areappliedonly to peaksof theinputpeaklist. All
additionalasno assignmentpossibilitiesget the color code6, except
those which are already assigned by the user.

assign

Findsnew possibleassignmentsusingtheactualpeakandprotonlist and
storestheminto a testassignmentlist (seecommandfilter for informa-
tion on differentinternalpeaklists usedby NOAH). For all unassigned
peaksalist of possibleprotonpairsthathavechemicalshiftswithin ±∆tol
from thepeakpositionis made.Thevaluefor ∆tol is takenfrom thevari-
abletolerance if at leastonepeakin theinputpeaklist wasassignedto
thecorrespondingproton,andfrom thevariabletol_una if theproton
wasneverassignedto any peakin theinputpeaklist. Thisallows to dif-
ferentiatebetweenprotonshiftswhosepositionis preciselydetermined
in the spectrumandthosewhich weredeterminedin anotherspectrum
and may be shifted in the actual spectrum.

The selectedstructuresare usedto reducethe list of possibleassign-
mentsin thefollowing way: For eachprotonpair thecorrespondingup-
per distancelimit (obsdis + dpseud, wheredpseudis the pseudoatom
correction,if appropriate)is determinedanda tolerancedistancedtol is
added(Mumenthaler& Braun,1995).If noneof thestructurescanfulfil
this enlarged distance limit, the assignment is discarded.

In 3D peaklists, theabsenceof expectedtransposedpeaksmaybeused
to eliminatewrongassignmentsif bothprotonsareattachedto thesame
heteroatomtype (which mustcorrespondto the spectrumtype) andif
bothheteroatomshiftsareknown.PseudoatomslikeQD in PheandTyr
which representprotonsattachedto different heteroatomscannotbe
usedfor thischeck,becausethepositionof thetransposedpeakis notde-
termined.

Thecheckfor transposedpeaksis only performedif bothresiduesareat
least∆r positionsapartin thesequence(thedefault valueof theparam-
eter transposed meansthat no checkfor transposedpeaksis done).
The position of the transposedpeakis calculatedand the peaklist is
screenedfor peaksthatarepositionedwithin ±tol_transp ppmof this
position. The assignmentpossibility is discardedif no such peak is
found.

dist= dtol 5.0

transposed= ∆r 10000

oneass
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Optionally, only peakswhicharealreadyassignedin oneprotondimen-
sion areassignedby NOAH (oneass ). This canbe useful in 3D lists
wheretheassignmentof onedimensionis known andwhereNOAH is
asked to find the assignment of the other dimension.

Only peakswith less than maxamb (seevariables)possibleassign-
ments are taken into thetest assignment list.

With inf o=full, one output line is written for every unassigned peak:
708   2 *  1 -  2 =  0    !      ALL ELIMINATED
734   1 *  1 -  1 =  0           ALL ELIMINATED
735   1 *  1      =  1    *      UNAMBIGUOUS
736   4 *  5 - 10 = 10    *
737                              No possible proton in dimension 1
762   1 *  2 -  1 =  1    *      unambiguous
783   4 *  3 -  7 =  5    *      ==> test al

The dataare:peaknumber, numberof assignmentpossibilitiesin the
first andin thesecondprotondimension,numberof assignmentpossibil-
ities thatwerediscardedbecauseof structuresor transposedpeaksand
theresultingnumberof assignments.In 3D lists,dimension2 is always
theonecoupledto theheteroatom(dimension3), regardlessof whatdi-
mension2 wasin the input peaklist (seeread peaks ). If a reference
peaklist hasbeenloadedandthepeakin considerationis assignedin this
referencelist, NOAH will indicatethatthereferenceassignmentis either
still present(‘*’) in theremainingassignmentpossibilitiesor that it has
beendiscarded(‘!’) by NOAH. Thefollowing commentsmaybeprinted
at the end of each line:

• UNAMBIGUOUS – The assignmentis unambiguousbasedon
chemical shifts alone.

• unambiguous – Theassignmentis unambiguousonly becausesome
assignmentpossibilitiescouldbediscardedbecauseof incompatibil-
ity with the selected structures or the absence of a transposed peak.

• ==> test al – Thepeakhaslessor equalmaxamb assignmentpos-
sibilities and was therefore taken over in thetest assignment list.

• ELIMINATED – All assignmentpossibilitiesa peakhadbasedon
chemicalshiftswereeliminatedbecauseof incompatibilitywith the
selected structures or the absence of a transposed peak.

• No possible proton in dimension x – No protonchemicalshift ex-
ists within the given tolerancerangefrom the peakposition in di-
mensionx. In 3D peaklists theheteroatomdimension(dimension
3) is coupledto its proton(dimension2) andthemessagemeansthat
the problem occurred in one of both dimensions.

No commentmeansthat therearemorethanmaxamb assignment
possibilitiesleft andthat the peakwasthereforenot consideredat this
stage.At theendof thisoutput,thenumberof peaksbelongingto every
one of the above categories is given.
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atom glomsa

Functionof thepreviously separateprogramGLOMSA (“Global method
for stereospecificassignments,” Güntert et al., 1991a).The selected
structuresaresearchedfor possiblestereo-specificassignmentsof these-
lectedatoms.To betakeninto account,thedifferencebetweentwo con-
straintsgoingfrom astereo-specificatompairβ1 andβ2 to anotheratom
α mustbeat leastc Å, thecorrespondingaveragedistancedifferencein
thestructuresmustbeat leastt Å, andtheminimal percentageof struc-
turesin whichthesignof thedistancedifferencemustbeconsistentmust
be larger thanf percent.

atom list

Listsall selectedatoms(seechapterSelections).Thiscommandis useful
to test whether a certain atom selection does select the desired atoms.

atom mass

Sets,if thecluster is notset,themassof all selectedatomsto m. In this
caseall inertia tensorsarecalculatedfrom themassesandpositionsof
their constitutingatoms.If thecluster option is set,the inertia tensors
of all rigid unitsaresetasif therigid unitswerespheresof radius5 Å
with mass , whereM denotesthesumof theatomicmasseswithin
therigid unit. Inertiatensorsareinitializedin thiswaywhentheprogram
starts.Atomic massesareinitialized to unity. Themassdoesonly influ-
ence the MD calculations.

atom rename

atom selection all atoms

cutoff= c 0.4

threshold= t 0.4

fraction= f 100

atom selection all atoms

value=m 1.0

cluster
atom selection all atoms

M

name —

atom selection —

on  | off  | clear
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Definesanexternalnamefor theselectedatoms.Notmorethanoneatom
maybeselectedper residue.Externalatomnamesareusedin placeof
the correspondinginternal atom namefrom the residuelibrary when
readinginput files andwriting outputfiles. Initially, or after the com-
mandatom rename clear, externalandinternalatomnamesareiden-
tical.With atom rename off , renamingmaybeturnedoff temporarily,
until it is turnedon again by atom rename on or by a new external
atom name definition.

atom rename HB1 HB2 - @ALA
atom rename HB2 HB3 - @ALA

These two statements allow reading input files
or writing output files in which diastereotopic β-
protons are called HB1/HB2 instead of HB2/
HB3 (as they are called in the standard residue
library).

atom shift

One of the following actionsis performedon the selectedchemical
shifts:

missing Lists all expectedchemicalshifts thatarenot presentin
thechemicalshiftslist. If noatomselectionis givenonly
proton shifts are reported.

adapt Usesthepositionsof theassignedpeaksto adaptthepro-
tonshifts.Thenew shift is theaveragechemicalshift po-
sition of all peaks assigned to the same proton.

d2o Deletesall NH shifts from the chemicalshift list. This
commandis usefulfor preparinganchemicalshift list for
the automaticNOESY-spectrumassignmentof a spec-
trum recorded in D2O.

check Checksthecurrentchemicalshiftsin two ways:First,the
shifts are comparedto the correspondingminimal and
maximal valuesin the statisticsof expectedchemical
shifts (which is storedin thestandardlibrary file, “dya-
na.lib”). Chemicalshiftsthatlie outsideof thisrangewill
beprinted.They arenotnecessarilywrong,but shouldbe
checked with care.In a secondtest,this commanduses
thepositionsof theassignedpeaksto checkthechemical
shifts for inconsistencies.For every protonshift theme-
dianandthespreadof thepeakpositionsassignedto this
protonarecalculatedandprintedif the spreadis larger
thanthecorrespondingtolerancevalue(seesystemvari-

atom selection all atoms

missing | adapt | d2o | check
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able tolerance ). The numberof peaksassignedto the
proton is also printed.

atom stereo

Definesselectedatomsasstereoassigned.It is sufficient to selectone
atomof adiastereotopicpairtodefinebothdiastereotopicpartnersasste-
reoassigned.Optionally, all stereopartnersmaybe list ed,or thestereo-
specific assignments of selected atoms may bedelete d.

atom s wap

Swapsdiastereotopicpartnersin peaks,distanceconstraints,coupling
constantsandchemicalshifts (but not in thestructureitself). It is suffi-
cient to selectone atom of a diastereotopicpair to swap both diaste-
reotopic partners.

Optionally, diastereotopicpairs which are not alreadystereoassigned
maybeswappedoptimal ly in ordertoachievethelowestpossibletarget
function value.

atom vd w

Selectsatomswhichareincludedinto thevanderWaalscheck.Theop-
tionalparametersscale all selectedatomradii by afactors, increment
them by ∆r or incrementonly the radii of heavy atomswith directly
boundhydrogenatomsby ∆rh (hincrement ). The latter parameteris
usedin theDYANA standardminimizationprocedureto compensatefor
the exclusionof hydrogenatomsin the lower minimizationlevels (see
macrovtfmin ).

atom selection all atoms

list  | delete

atom selection all atoms

optimal

atom selection —

scale= s 1.0

increment= ∆r 0.0

hincrement= ∆rh 0.0
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M

bmrb list

Writesachemicalshift list in theformatof theBioMagResBank(for de-
tails, see http://www.bmrb.wisc.edu).

M

calc_all

Calculatesagroupof structuresusingthegivencommand(with optional
parameters) for eachindividualconformer. If thenumberof structuresn
is specified,the calculationwill be performedstartingfrom n random
startconformers;otherwisethecalculationis performedfor all selected
structures. Structure calculations are performed in parallel, if possible.

M

caliba

Calibratesa peaklist, i.e. derivesupperlimit distanceconstraintsfrom
all assignedpeaksand addsthem to the list of currentdistancecon-
straints.Thevaluesdminanddmaxgivetheminimalandthemaximalval-
ue in Å for a distance constraintsbefore possible pseudo atom
correctionsareadded.Optionally, only peakswith volumelarger than
Vmin or from apeaklist with givenfilename(withoutextension)maybe
considered. Peaks are classified into three calibration classes:

file —

structures= n all selected structures

command= command anneal

parameters

dmin= dmin 2.4

dmax= dmax 5.5

vmin= Vmin 0.0

bb=A calculated automatically

sc=B A/dmin
2

meth yl=C B/3

weight= w 1.0

avedis =d 3.4

peaklist= filename all peaks

plot= file —

class peaks/constraints function

backbone all HN/Hα — HN/Hα, and HN/Hα — Hβ

between residues (i, j) with |i – j| < 5
V = A/d6
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TheparametersA, B andC areeithergivenby theuseror calculatedau-
tomatically as follows:

Thefunctioncalsca is usedto calculateA by assuminganaveragedis-
tanceof d Å for all constraintsfrom the class“backbone”.By default,
thescalarB is setto B = A/dmin

2 in orderto intersectthebackbonecali-
brationcurve at dmin, andC is setto B/3 (seealsoMumenthaleret al.,
1997).

Optionally, the resultingdistanceconstraintsmay be given the relative
weightw. Also optionally, a logarithmicplot of volumesversuscorre-
sponding minimal distances in the selected structures can be created.

calibrate

Derivesupperdistancelimits from all selectedpeaksusinga monotoni-
cally decreasingcalibrationfunction f(d), whered representsthe dis-
tanceand f(d) the correspondingvolume(e.g.“1/d**6”). The minimal
andmaximalupperlimit (beforepossiblepseudoatomcorrectionsare
applied)aregivenby dmin anddmax. If additionalvaluesd2... aregiven,
thenthesediscretevaluesareusedfor upperlimits; otherwise,acontin-
uouscalibrationcurve is used.Optionally, the resultingdistancecon-
straintsmaybegiventherelative weightw. Also optionally, a linearor
log arithmicplot of volumesversuscorrespondingaverageor minimal
distances in the selected structures can be created.

Beforecalibration,thevolumesof peaksassignedto pseudoatomsare
dividedby thenumberof protonsthey represent.For instance,thevol-
umeof a crosspeakbetweena Leu QQD pseudoatomanda Tyr QB
pseudo atom is divided by a 6 x 2 = 12.

M

cashifts

Generatesconstraintsfor thebackbonedihedralanglesφ andψ in pro-
teinsby comparingtheCα chemicalshiftswith thecorrespondingran-

sidechain not “backbone” and not “methyl” V = B/d4

methyl all involving methyl groups V = C/d4

class peaks/constraints function

f(d) —

dmin [d2 ...] dmax 2.4 5.5

weight= w 1.0

plot= file log minimal none

offset= ∆ω 0.0
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dom coil valuesof Spera& Bax (1991).Angle constraintsarederived
accordingto the rulesof Luginbühl et al. (1995).The Cα randomcoil
shiftsarerelative to internalTSP. Optionally, anoffset ∆ω is addedto
thechemicalshiftsin theprotonlist. A warningis printedfor Cα chem-
ical shiftsthatdeviateby morethan15ppmfrom their randomcoil val-
ue.

M

cluster

CalculatesthebackboneRMSD of theselectedstructuresandperforms
aclusteranalysison theresultingRMSDmatrix.Theresultinggraphics
is written into thegraphicsoutputfile with givenfile name(a GRAF file
if theextensionis “.grf”, a MIF file if theextensionis “.mif”, or a Post-
scriptfile otherwise).A specificresiduerange maybespecifiedfor the
RMSD calculation.

They-axisof theplot givesthestructurenumbersandthex-axisshows
theRMSD with which a structureor a structurecluster“joins” another
cluster. This RMSD is theminimal RMSD thatany of thestructuresin
thefirst clusterhave to any of thestructuresin thesecondcluster. Cur-
rently, up to 20 structures can be analyzed.

create

Createsupperlimit distanceconstraintsof obsdis + dpseudÅ (dpseudis
thepseudoatomcorrection,if appropriate)on thebasisof thethreedif-
ferentassignmentlistsof NOAH (seecommandfilter for informationon
theNOAH peaklists).Theparameterlist is astringcontainingthenum-
bersof thelists thatshouldbeconsidered.(list=1: Unambiguousassign-
mentlist (UAL), list=2: Ambiguousassignmentlist (AAL), list=3: Test
assignmentlist (TAL)). Constraintsin the UAL areweightedwith the
factorw1 by defaultor with thefactorw2 if they areunambiguousbased
on the chemicalshift alone(seecommandassign ). Constraintsfrom
theAAL areweightedwith 1.0 andconstraintsfrom theTAL with 1.0/
Nass(whereNassis thenumberof possibleassignmentsapeakhasin the
assign  command).

TheAAL only existsafter thefilter commandandtheTAL only exists
after theassign  command.

file= name cluster.ps

rang e=residue range all residues

list= string 1,2,3

w1=w1 5.0

w2=w2 10.0
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M

dcostat

Producesa graphicsoutputfile with thegivenname(a GRAF file if the
extensionis “.grf”, a MIF file if theextensionis “.mif”, or a Postscript
file otherwise)containingtwo plotswhich show thedistribution of dis-
tanceconstraints.Thefirst plot showsthenumberof distanceconstraints
plottedagainsttheresidueindex differenceof thecorrespondingatoms.
The secondplot shows for every residuethe numberof intra-residual
(white), short-range(vertically hatched),medium-range(horizontally
hatched) and long-range (black) constraints.

diff erences

Listsall differencesin theassignmentsbetweenthecurrentpeaklist and
anexternalpeaklist file. Correspondingpeaksmusthave thesamepeak
numbers in both lists:
    --------------------------------------
    peak  791 :   20  HB2      9  HN     NOAH - RelDis:   0.0
                  20  HB2     28  HN     File - MinVio:   0.0
    --------------------------------------
    peak  979 :    7  HA      10  HN     NOAH - RelDis:   3.2
                   8  HA      10  HN     File - MinVio:   0.0
    --------------------------------------
    peak  985 :   13  HA      12  HN     NOAH - RelDis:   0.0
                  13  HA      15  HN     File - MinVio:   0.5
    --------------------------------------
    Number of equal assignments    : 608
    Number of different assignments: 3

Thefirst line of eachdifferentlyassignedpeakcontainstheNOAH as-
signmentand its reliability distance(RelDis), provided the latter was
previously calculatedwith the commandreliability . The secondline
containstheassignmentgivenin thefile togetherwith theminimal vio-
lation (MinVio) this assignmentwould have in the selectedstructures.
Thisviolation is calculatedon thebasisof adistancelimit of 5.0Å plus
pseudoatomcorrection,if appropriate,anddoesthereforenot consider
the peak volume.

For theinterpretationof theRelDis/MinVio combinationsthreesub-cat-
egories can be made (Mumenthaler et al., 1997):

• RelDis= 0.0Å / MinVio = 0.0Å: Both assignmentsaresatisfiedin
the structures.Assumingthat the conformersarecorrectsolutions,
suchpeaksmustbesuperpositionsof two NOEsignals,sothatboth

file= name dcostat.ps

file —

inter section
notdiff
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assignments are correct.

• RelDis > 0.0 Å / MinVio = 0.0 Å: Here,the assignmentfrom the
peaklist file liesoutsideof thegiventolerance rangefrom thepeak
positionandwasthereforenot consideredduring thecalculationof
thereliability distance.Unlessthecurrentprotonshiftsarenot well
adaptedto thepeaklist or thetolerancerangewastoosmall,thecur-
rentassignmentseemsmoreappropriatefor thepeakunderconsid-
eration.

• RelDis≥ 0.0Å / MinVio > 0.0Å: Thesearethemostrelevantdiffer-
encessincetheassignmentfrom thepeaklist file is violatedby the
currentstructures.Thus,thedifferentassignmentwill alsohave an
impact on the structures.

If theassignmentin thepeakfile hasa“-” signin theintegrationmethod
field, the comment “Peak not used in structure calculation” is written.

Optionally, aninter section is madebetweenbothpeaklistsandtheas-
signmentsarekeptonly if thepeakis assignedto thesameprotonpair in
both lists. If the peakis assignedonly in oneof the lists it is therefore
also unassigned.

Theoptionnotdiff is lessstringentsinceonly peakswhicharedifferent-
ly assigned in both lists are unassigned.

M

din ucleotide

Performsgrid searchesfor all dinucleotide fragmentsin the given
rang e. If thecutoff valuefor thelocal, fragment-basedtargetfunction,
fmax, is positive,thenall conformationswith alocaltargetfunctionvalue
below fmaxwill beconsideredasallowed.Otherwise,i.e. if fmax= 0.0,a
conformationwill beallowedif nosinglerestraintviolationexceedsthe
correspondingcutoff valuedefinedby thevariablessoft_upl , soft_lol ,
etc.Unlessthe contin ue option is set,the allowed rangesof dihedral
angleswill beinitializedtoallow all possibleanglevaluesbeforethegrid
searches are started.

Theresultsincludedihedralanglerestraintsand,if possible,stereospe-
cific assignments for the diastereotopic groups in the fragment.

distance c heck Checkshow well long rangedistanceconstraintsaresupportedby other
constraints.A low scoreindicates“lonely” andtherefore“dangerous”
constraints with a high impact on the calculated 3D structure.

rang e=residue range all amino acid residues

tfcut= fmax 0.0

contin ue
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For thedistanceconstrainti going from residuenumberr i
1 to r i

2 (with
r i

1 < r i
2), thescores(i) is definedasa sumover all otherdistancecon-

straints j:

[4]

A high scoremeansthat the distanceconstraintis supportedby other
constraints while a score of 0 means that the constraint is isolated.

distance c lear Deletes all distance constraints.

distance compare Comparesdistanceconstraints.For every selecteddistanceconstraint
otherselectedconstraintsto thesameatompair aresearched.If the in-
formationlevel is full , a line is written for eachcomparisoncontaining
thetwo distancesandtheatomnames.At theend,ahistogramis printed
with thenumberof constraintsthatwerefoundfor eachdifferenceinter-
val. This commandis usefulfor thecomparisonof two differentlycali-
brateddistanceconstraintsfiles (the secondone must be loadedwith
“ read upl file append ”).

distance delete Deletes all selected distance constraints.

distance keep Keeps only the selected distance constraints.

distance list Lists all selected distance constraints.

distance correct Addspseudoatomcorrectionsto all selectedupperlimit distancecon-
straints.Pseudoatomcorrectionsareonly addedto constraintsthat in-
volvepseudoatoms.Thecorrectionis givenby thedistancebetweenthe
pseudo atom and the hydrogen atoms that it represents.

distance make

Createsanew distanceconstraint(anupperlimit unlesstheoptionlol is
set)of d Å betweenall atomsmatchingthefirstatomselectionandthose
matching thesecond atom selection. A weight  might be specified.

s i( ) 1
1 r i

1 r j
1–+( ) 1 r i

2 r j
2–+( )⋅

-----------------------------------------------------------------------
j 1=

N

∑=

d —

first atom selection, —

second atom selection —

weight= w 1.0

lol
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distance modify Modifiesdistanceconstraints.Redundantandmeaninglessdistancecon-
straintsareremoved.Distancelimits with diastereotopicgroupsaread-
justedand/orpseudoatomsareinsertedif no stereospecificassignment
is available (Güntertet al., 1991a).

If theinformationlevel is full , adetailedlisting of all modificationsthat
have beendoneto upperdistancelimit constraintssuchthat they allow
for both possiblestereospecificassignmentssimultaneously(unlessa
stereospecificassignmentis availablefor a givendiastereotopicpair) is
given. For example:

Modifications for floating stereospecific assignments:

      Atom(s) A         Atom(s) B        Input constraint(s)     modified to
                                         A1-B1 A1-B2 A2-B1 A2-B2 Ai-Bj QA-QB
Upper HA     ASP-   1 - HD2/3  PRO    2        3.39              3.55
Upper HB2/3  ASP-   1 - HD2/3  PRO    2  5.50  5.50  3.89  5.41  5.50  4.97
Upper HB2    PRO    2 - HG2/3  MET    3  5.50                          6.38
Upper HD2/3  PRO    2 - QE     TYR   19  7.63                          8.51
Upper HN     MET    3 - HB2/3  MET    3  3.95  3.33              3.83  3.45
Upper HB2/3  MET    3 - QE     MET    3  6.53        6.31        6.53
Upper HB2/3  MET    3 - HN     THR    4  5.38        5.50        5.50
Upper HB2/3  MET    3 - HA     THR    4  4.69                          5.54
Upper HG2/3  MET    3 - HN     THR    4  4.14                          5.01
Upper HG2/3  MET    3 - HB     THR    4              5.50              6.38
Upper HG2/3  MET    3 - QB     ALA    8              6.53              7.40
Upper HG2/3  MET    3 - QD     TYR   19  7.64                          8.52
Upper HG2/3  MET    3 - QE     TYR   19  7.63                          8.51
Upper QE     MET    3 - HG2/3  MET   16  5.47                          6.35
Upper QG2    THR    4 - HE21/2 GLN    7  6.53                          7.39
Upper HN     GLU-   6 - HG2/3  GLU-   6  5.04  5.50              5.50  5.14
Upper HA     GLU-   6 - HG2/3  GLU-   6  4.23

Eachline in thelisting of distanceconstraintmodificationstreatsa pair
of distanceconstraintsin caseone diastereotopicpair (without ste-
reospecificassignment)is involved,or a quartetof distanceconstraints
in casetwo diastereotopicpairsareinvolved.Not all two or four distance
constraintsneedto bepresentin theinput,of course.In casea distance
constraintis availablefrom oneatomto thefirst diastereotopicsubstitu-
entof a prochiralcentre,it is listedin thecolumnbelow theheaderA1-
B1, a constraintto theseconddiastereotopicsubstituentis listedbelow
theheaderA1-B2, a constraintbetweentheseconddiastereotopicsub-
stituent of one and the first diastereotopicsubstituentof another
prochiralcentreappearsundertheheaderA2-B1 etc.Thefour columns
entitledA1-B1, A1-B2, A2-B1 andA2-B2 thereforelist the input dis-
tanceconstraintswith (presumably)arbitrarystereospecificassignment.
Thesewill thenbereplacedby thedistanceconstraintslistedin thetwo
columnsAi-Bj andQA-QB: thedistancelimits below theheadingAi-Bj
will applyfor theindividual distancesinvolving thediastereotopicsub-
stituents,in caseonediastereotopicpair is involved therewill be two
suchdistanceconstraints,in caseof two diastereotopicpair therewill be
four suchdistanceconstraints;thefinal columnindicatesthelimits that
areimposedon the distancesinvolving pseudoatomslocatedcentrally
with respectto thediastereotopicsubstituents.No distancelimit is indi-
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catedif nonewill be imposedbecausethe modified distancelimit(s)
would be meaningless.

In additionto themodificationsdoneto accountfor theabsenceof ste-
reospecificassignments,the commanddistance modify detectsand
removesmeaninglessconstraintsin theinput.A tableis givenif thein-
formation level is full . For example:

Meaningless distance constraints:
                                       limit  diagnosis
Upper HA    ASP-   1 - HB3   ASP-   1   3.21  duplicate constraint
Upper HA    ASP-   1 - HB3   ASP-   1   3.21  no restriction
Upper HA    ASP-   1 - HD2   PRO    2   4.20  duplicate constraint
Upper HA    ASP-   1 - HD2   PRO    2   4.20  no restriction
Upper HA    ASP-   1 - HD3   PRO    2   3.21  duplicate constraint
Upper HB2   ASP-   1 - HB3   ASP-   1   2.40  duplicate constraint
Upper HB2   ASP-   1 - HB3   ASP-   1   2.40  fixed distance
Upper HB2   ASP-   1 - HD2   PRO    2   5.50  duplicate constraint
...
Number of modified constraints: 597

Distanceconstraintscanbe meaninglessfor oneof the following rea-
sons:

fixed distanceTheconstraintconcernsaninteratomicdistancethatcan-
not be variedby changingthe rotatabletorsionangles.
Examplesof this sort are constraintsbetweengeminal
hydrogenatoms,or constraintsbetweenatomsof the
same aromatic ring.

no restriction Theconstraintis suchthat thereexistsno conformation
thatwouldviolateit. Theprogramcandetectthisonly if
theconstraineddistancedependson oneor two dihedral
angles.Many meaninglessintraresidualpeakscan thus
be eliminated.

duplicate constraintThe sameconstraintoccursmorethanoncein the
input, for example becausetransposedpeaks were
present in the peak list.

Thenumberof upperdistancelimits afterdoingmodificationsis given
attheendof thetable;dependingonthenumberof stereospecificassign-
ments,modificationmayincreaseor decreasethenumberof constraints.

distance scale

Scalesthedistanceboundsof theselecteddistancerestraintsby thefac-
tor f.

distance select

factor= f —

distance constraint selection —
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Selectsall distanceconstraintsthatmatchthegivendistanceconstraint
selection (see chapter Selections).

distance set

Setthedistanceboundsof theselecteddistancerestraintsto theaverage
distance in the selected structures plus∆.

distance stat Lists the total numberof selectedintra-residual,sequential,medium-
rangeandlong-rangeconstraints.If the informationlevel is full , these
numbers are also given for each individual residue.

distance unique Keepsonly themostrestrictive distanceconstraintif severalconstraints
exist for thesameatompair. Thiscommandcorrespondsto thefirst part
of thedistance modify  command.

distance weight

Weights all selected distance constraints withw.

filter

Filtersanassignmentfile (seecommandwrite ass ) with respectto the
selectedstructures(Mumenthaler& Braun,1995).ThepercentagePvio
of structuresin whicheveryassignmentis violatedis counted.Violations
smallerthanthetolerance distanced (in Å) arenotconsidered.L0, L1
andL2 correspondto the(percentage)thresholdsmentionedin Mumen-
thaler & Braun (1995).

This command makes use of three internal peak lists:

• Unambiguous assignment list (UAL): All peakassignmentswhich
were unambiguousat somestageof the NOAH calculationand
which do not violatethestructures.Thislist is in fact simplytheas-
signed peak list!

• Ambiguous assignment list (AAL): All peakswith morethanone
assignmentwhich were usedin structurecalculationsand did not

tolerance= ∆ 0.0

w —

file —

tolerance= d 0.5

L0=l0 0

L1=l1 50

L2=l2 80



Commands

93

leadto largestructuralviolations.Peaksfrom this list areaddedto
thenormalpeaklist (oneentryperpossibleassignment)with nega-
tive peaknumbers.They arevisible with the commandpeak list ,
but are not written to disk bywrite peaks .

• Test assignment list (TAL): All peakassignmentwhich might be
possibleandaredetectedby thecommandassign . They werenot
used in any structure calculation yet.

Thepeakassignmentsfrom all threelistswerestoredinto anassignment
file in apreviousNOAH cycleandareredistributed(if possible)into the
first two listsby thiscommand(thetestassignmentlist is exclusively fed
by thecommandassign ). TheAAL is clearedat thebeginningof this
command,but peaksalreadyassignedin thecurrentpeaklist (UAL) are
not alteredby this command,evenif thepeakis differentlyassignedin
the assignmentfile.

For every peakentryof theassignmentfile (which maycontainseveral
assignments per peak) the following procedure is made:

First, all assignmentswith Pvio>l2 arediscarded.Assignmentsfrom the
UAL of theassignmentfile whichpassthistestaretransferredto thecur-
rentpeaklist (UAL). If thepeakin theassignmentfile wasfrom theAAL
or the TAL, two cases are distinguished:

1) Thepeakhasonly onepossibleassignmentandis eithertransferredto
the unambiguous assignment list (if Pvio≤l1) or unassigned.

2) Thepeakhasseveralassignmentsleft. If oneof themis muchbetter
thantherest,i.e. it hasPvio≤l0 andtheresthasPvio>l1, thepeakis unam-
biguouslyassigned.If not, all remainingassignmentpossibilitiesare
stored into the ambiguous assignment list.

Usually, therelationbetweenthel thresholdsshouldbel0≤l1≤l2 in which
casethe following interpretationmay help to understandtheir signifi-
cance:

M

flip Flips planesof aromaticrings of PHE and TYR residuesand planar
groupsof ASP-andGLU- by 180o suchthat thereis a bestfit between
all selectedstructures.This commanddoesnot affect the three-dimen-
sionalstructure.Thechangeis limited to thenomenclaturewhichresults
in a lower heavy atom RMSD.

% violation
805020

certainly
correct

probably
correct

probably
wrong

l0
certainly
wrong

l1 l2

1000
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M

forall

Thismacroperformsaloopoverall selectedstructures,copiestheminto
the structurememory#0, executesthe usercommands, andcopiesthe
structureback to the structurememory. Optionally, the structuresare
saved asanglefiles with namednnnmmm.ang(nnndenotesthecurrent
processnumber, andmmmthestructurenumber)beforethey arecopied
back.Thecalculationmaybeexecutedin parallel (if theINCLAN vari-
ablenpr oc  has a value larger than 1).

forall parallel " vtfmin steps=100,800; angstat make "

Minimize all selected structures using the mac-
ro vtfmin with the given number of steps and in-
clude the resulting structures into the angle
statistics.

M

graf

Convert a graphicsfile into a postscriptor MIF plot file. If file hasthe
extension“.grf”, nothinghappens.If file hastheextension“.mif”, aMIF
file with thisnameis producedfrom thecorrespondinggraphicsfile with
extension“.grf”. In all othercasesa Postscriptfile is producedfrom the
correspondinggraphicsfile with extension“.grf”. If theoptionreplace
is set,thenthegraphicsfile is removedafter theMIF or Postscriptfile
has been produced.

grid aco

Createsdihedralanglerestraintsthat includethe allowed anglevalues
storedin thestandardgrid memory, A (seecommandgrid memor y).
Optionally, thenew restraintsmaybeaddedto thosealreadypresent,or
the“old” restraintsmaybediscardedandreplace d by thosecreatedon
thebasisof thegrid memory. If neithertheadd nor thereplace option
is set,theintersectionbetweenthe“old” and“new” anglerestraintswill
beformed.It is possibleto generatemultiple restraintsfor onedihedral
angleif thereareseveralallowedregionsfor this dihedralanglepresent

commands —

save parallel

file= file —

replace

add | replace
multiple
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in grid memory. By default, only onerestraintthat includesall allowed
ranges is created per dihedral angle.

grid correlate

Definesrelationshipsbetweendihedralanglesin agrid search.To repre-
senta groupof dihedralanglesasa singledegreeof freedomin a grid
search,this commandhasto becalledoncefor eachcorrelateddihedral
angle.If exactlyoneanglewithin thefragmentis selected,thenit will be
relatedto theparameterp (lowercasep), whichwill bethesingledegree
of freedomduringthegrid searchandvary from 0 to 2π, by thefunction
f(p). If exactlytwo angleswithin thefragmentareselected,oneof which
hasoccurredin a previousangle correlate command,thenthe“new”
anglewill becorrelatedby thefunction f(p) to thesameparameterp as
the “old” angle.

grid fragment DELTA NU1 NU2 4

Define a molecular fragment consisting of the
sugar ring of nucleotide 4 (in DNA or RNA).

numax=40.0/rad amplitude; rad  = 180/π
grid correlate numax*cos(p+2*pi/5)+2*pi/3 DELTA
grid correlate numax*cos(p-2*pi/5) DELTA NU1
grid correlate numax*cos(p) DELTA NU2

Correlate the dihedral angles in the sugar ring
to the pseudorotation angle.

grid fra gment

Definesa fragmentto beanalyzedby a subsequentgrid search.Thean-
gle selectionmustselecta connectedsubsetof thedihedralangles.Al-
ternatively, the option none can be given to undefine the current
fragment.

grid fragment PSI 7 + PHI PSI CHI1 8 + PHI 9

Defines a molecular fragment consisting of ψ of
residue 7, φ, ψ and χ1 of residue 8, and φ of res-
idue 9.

function= f(p) —

angle selection all angles in fragment

angle selection all angles

none
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grid memor y

Thiscommandhandlesthestorageof alloweddihedralanglevaluesthat
have beendeterminedby grid searches.Thesearestoredin grid memo-
ries thatcontainfor eachdihedralanglein themolecule(notonly in the
currentfragment)a fine grid of 2˚ spacingto storethe allowed values.
Thestandardgrid memory, A, is usedby thegrid searchcommands;oth-
er grid memorieswith user-definednamesareinitialized whenthey are
first used ingrid memory expressions:

a=.true . initialize grid memorya; all angle values allowed

a=.false . initialize grid memorya; all angle values forbidden

a=.not. b notb

a=b.and.c intersection ofb andc

a=b.or.c union ofb andc

a list contents of grid memorya

a= remove grid memorya

Grid memoryexpressionsmustnot containblanks.If anangleselection
is specified,thentheoperationwill beappliedto all selectedangles.By
default,theoperationis performedfor all anglesin thecurrentfragment.

The commandcan be given without any parameters;in this casethe
names of all occupied grid memories are printed.

grid sear ch

Performsagrid searchfor thecurrentfragment(asdefinedwith thegrid
fragment command).Thegrid searchwill bedoneoverall anglesin the
fragmentandwith thenumberof stepsgivenby thevariablenstep . If
the cutoff value for the local, fragment-basedtarget function, fmax, is
positive, thenall conformationswith a local targetfunctionvaluebelow
fmaxwill beconsideredasallowed.Otherwise,aconformationwill beal-
lowed if no singlerestraintviolation exceedsthe corresponding“soft”
cutoff valuesdefinedby thevariablessoft_upl , soft_lol , etc.To avoid
excessivecomputationtimesfor fragmentswith many anglesand/orfew
restraints,the calculationis not startedif the expectednumberof grid
pointsto bechecked(aftertheevaluationof restraintsthatinvolveasin-
gle torsionangle)exceedsthevalueof thevariablegridpoints . Simi-
larly, a grid searchis abortedif the estimatedtotal computationtime
exceedsgridtime  seconds.

grid memory expression none

angle selection all angles in fragment

tfcut= fmax 0.0

test
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If the numberof grid points to be checked (after evaluationof the re-
straintsthatdependon a singledihedralangle)is largerthanNmax, or if
the estimatedcomputationtime for the completegrid searchexceeds
tmaxseconds,thecalculationwill bestopped.If thetest optionis set,the
grid searchwill not bestartedbut theexpectednumberof grid pointsto
bechecked(afterevaluationof therestraintsthatdependon a singledi-
hedral angle) will be printed.

Thegrid searchis restrictedto anglevaluesthatareallowedaccording
to thestandardgrid memory, A. Theresultingallowedanglevaluesfrom
the grid search will again be stored in the standard grid memory.

grid s wap

Swapstheselecteddiastereotopicpartnersin distancerestraintsandsca-
lar couplingconstantsin the currentfragment.It is sufficient to select
one atom of a diastereotopic pair to swap both diastereotopic partners.

M

gridplot

Producesa plot in FrameMaker MIF (if the file extensionis “.mif”) or
Postscriptformat of the allowed dihedralanglevaluesin the standard
grid memory.

M

habas

Performsfor all aminoacid residuesin the given rang e grid searches
comprisingthebackbonedihedralanglesφ, ψ andthegivenside-chain
angles. To specifymorethanoneside-chain angle, thenamesmustbe
given,separatedby blanksandenclosedin doublequotes.If thecutoff
valuefor thelocal,fragment-basedtargetfunction,fmax, is positive,then
all conformationswith a local target function valuebelow fmax will be
consideredasallowed.Otherwise,a conformationwill beallowedif no
singlerestraintviolationexceedsthecorrespondingcutoff valuedefined
by thevariablessoft_upl , soft_lol , etc.Unlessthecontin ue optionis
set,theallowedrangesof dihedralangleswill beinitialized to allow all
possible angle values before the grid searches are started.

atom selection all atoms in fragment

file gridplot.ps

rang e=residue range all amino acid residues

angles= side-chain angles CHI1

tfcut= fmax 0.0

contin ue
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This macroprovidesthefunctionsof theformerHABAS program(Gün-
tertetal., 1989).Theresultsincludedihedralanglerestraintsand,if pos-
sible, stereospecificassignmentsfor the diastereotopicgroupsin the
fragment.

habas angles=”CHI1 CHI2*” tfcut=0.05

Perform grid searches for all amino acid resi-
dues including the dihedral angles φ, ψ, χ1 and
χ2. Allow conformations with local target func-
tion values up to 0.05.

M

hbond

Createsthe standardupperand lower limit distanceconstraints(Will-
iamsonetal., 1985)to enforceahydrogenbondbetweentwo atoms,one
of which mustbea hydrogenatom.Thedistancebetweenthehydrogen
andtheacceptoris restrainedto therange1.8–2.0Å, andthedistancebe-
tweentheatomcovalentlyboundto thehydrogenandtheacceptoris re-
strained to the range 2.7–3.0 Å.

M

init Containscommandsthatareexecutedautomaticallyat thestart-uptime
of DYANA, e.g. the settingof importantvariablesandthe definition of
somealiases.After thegeneralinit macro,a user-definedinit macroin
the current directory is executed, if available.

keep

Keepsonly assignmentswith a reliability distance> dist. Thereliability
distancesmusthave beencalculatedpreviously with thecommandreli-
ability .

M

kringle

atom1= atom name —

residue1= residue number —

atom2= atom name —

residue2= residue number —

dist 0.0

ile=file kringle.ps

delta= ∆ 30˚

errorbar s
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Producesa graphicsoutputfile with thegivenname(a GRAF file if the
extensionis “.grf”, a MIF file if theextensionis “.mif”, or a Postscript
file otherwise)containingaplot of 3Jαβ2 versus3Jαβ3 couplingconstants
(Nagayama& Wüthrich, 1981).ThetheoreticalcurvebasedontheKar-
plusequationgivenin thelibrary is alsodrawn,bothfor arigid structure
(solid line) andfor thesituationwhentheχ1 angleis uniformly distrib-
utedin theinterval ±∆ aroundagivenvalue(dottedline).Optionally, er-
rorbar s can be shown for the coupling constant values.

M

longrang eplot

Plotslong-rangedistancerestraints(five or moreresiduesapart)versus
(two copiesof) thesequence.Linesgoingfrom upperleft to lower right
representrestraintsbetweenside-chainatoms,thosegoing from lower
left to upper right represent restraints that involve backbone atoms.

md

PerformsN stepsof moleculardynamicsin torsionanglespacewith step
size∆t including constraints up to minimization level L.

With τ = 0 a moleculardynamicscalculationat constantenergy is per-
formed.Otherwise,thesystemis weaklycoupledto a heatbathof tem-
perature T using time constant τ (Berendsenet al., 1984). The
temperature,T, canbeafunction,T(s), of theparameters thatvarieslin-
early from 0 to 1 during the TAD run, i.e. in stepn out of a total of N
steps it has the values(n) = (n – 1)/(N – 1).

If the referencevaluefor theaccuracy of energy conservation,ε, hasa
positivevalue,thelengthof theintegrationtime-step,∆t, will beadapted

file= file longrangeplot.ps

steps= N 100

dt=∆t 0.05

level=L taken from variablelevel
temperature= T 0.1

accurac y=ε 0.0

tau=τ 0.0

nprint= n 0

angde v=∆φ 10.0o

vdwupdate= Nvdw 100

tinit= t0 0.0

estar t=T0 0.01

exact contin ue
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duringtherun in thesameway asthetemperaturesuchthattherelative
changeof thetotalenergy in successive integrationstepsis closeto ε. In
this case, the parameterdt  specifies the only initial value of∆t.

The van der Waalsinteractionlist is updatedevery Nvdw stepsor each
timeatorsionanglehaschangedits valueby morethan∆φ degreessince
the last update of the an der Waals interaction list.

The“leap-frog” algorithmis usedto performthetorsionangledynamics
steps.Usually, torsionalaccelerationsarecomputedonthebasistorsion-
al velocity valuesthatarelinearly extrapolatedfrom thosehalf a time-
stepearlier. Optionally, it is possibleto usemoreexact valueswhichare
calculated iteratively (Mathiowetzet al.,1994).

The moleculardynamicssimulationstartsat time t0 with randomtor-
sionalvelocities,chosenasGaussianrandomvariablessuchthattheini-
tial temperature(kinetic energy perdegreeof freedom)is T0, unlessthe
contin ue optionis given.Whenacalculationis contin ued, theveloc-
ities from theendof thepreviousmd commandareusedandall param-
etersthatarenot givenexplicitly arekeptat thevaluesof theprevious
md command.Theparameterstinit andestar t cannotbeusedtogether
with the optioncontin ue.

Oneline of outputis written every n time-steps,giving thecurrentstep,
currenttime,potentialenergy (i.e. targetfunctionvalue),kineticenergy,
totalenergy, theroot-mean-squaretorsionanglechangepertime-step(in
degrees;averagedoverall time-stepssincethelastoutput),themaximal
torsionanglechangepertime-step(in degrees;sincethelastoutput),the
numberof updatesof the van der Waalsinteractionlist (sincethe last
output),andthenumberof targetfunctionevaluations(sincethelastout-
put). For example:

  step     time      Epot      Ekin      Etot  rmsdev  maxdev  #up    #f
     0    0.000 17817.672  5776.000 23593.672                    1     1
   200   13.778  4367.090  7321.274 11688.363   2.842  18.576    4   204
   400   28.471  2896.928  6002.219  8899.147   2.763  16.301    4   206
   600   42.374  2464.380  6988.264  9452.645   2.330  13.941    4   200
   800   60.234  2496.055  6167.296  8663.351   2.815  15.211    4   200
  1000   76.882  1654.211  5322.900  6977.111   2.779  15.591    4   200

All energies are measuredin target function units. Temperaturesare
measuredin targetfunctionunitsperdegreeof freedom(i.e.perrotatable
torsion angle).

A warningis printedif in asingletime-stepthevalueof adihedralangle
changedby morethan35˚,andanerroroccursif thechangeexceeds90˚.
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minimiz e

PerformsN conjugategradientminimizationstepsincludingconstraints
up to minimization level L.

Theflat parameteris usedfor the “flat” stopcriterionof theconjugate
gradientminimizer:It is stoppedif within nminimizationstepsthetarget
function cannot be reduced by at least 1%.

The van der Waalsinteractionlist is updatedevery Nvdw stepsor each
timeatorsionanglehaschangedits valueby morethan∆φ degreessince
the last update of the an der Waals interaction list.

If theinformationlevel is normal or higher, oneline of informationwill
be printed out as in the following example from the macrovtfmin :

    Minimization (standard strategy):
     lev    upper    lower        vdw   angle target funct. |grad| #up   #f stop
            # act    # act     #  act   # act  begin    end    end
       0  115  13    0   0   313   26  84   9 282.65   0.13 1.8E-2   0  150 maxit
       1  271  47    0   0   925   73  84   5 163.09   3.79   0.16  34  150 maxit
       2  299  51    0   0  1067   81  84   5  24.71   3.79   0.11  18  150 maxit
       3  381  57    0   0  1240   92  84   8 694.27   4.22   0.27  20  116 flat
       4  431  74    0   0  1335   90  84  10  21.83   4.47   0.16   9  130 flat

Thefirst columngivestheminimizationlevel.Then,therearefour times
two columnscontainingeachtime the total numberof constraintsand
the numberof “active” constraintsfor the upperlimit constraints,the
lower limit constraints,the intrinsic van der Waals lower limit con-
straintsand the angleconstraints.“Active” constraintsare thosethat
yieldnon-vanishing(butoftensmall)contributionsto thetargetfunction.
Following thisdata,thevalueof thetargetfunctionat thebeginningand
attheendof theminimizationstepis given,accompaniedby thenormof
thegradientof thetargetfunctionattheendof theminimizationstep,the
numberof updatesof thevanderWaalscontactlist, thenumberof target
functionevaluations,andastopcriterioncode.Thefollowing stopcrite-
ria codes may occur:

gradtl Thesquarednormof thegradientof thetargetfunctionis
smallerthanthevalueof theparameterGSQTOL in the
subroutine CGMIN.

maxit The maximalnumberof target function evaluationshas
been exceeded.

linmin Themaximalnumberof targetfunctionevaluationsdur-
ing theline minimization(seetheparameterMAXLIN in

steps= N 100

level=L taken from variablelevel
flat= n 100

angde v=∆φ 10.0o

vdwupdate= Nvdw 100
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the subroutineCGMIN) hasbeenexceededwithout de-
creasing the target function value.

nostep Thestepsizeduringline minimizationbecametoosmall.

uphill Thedirectionof a conjugategradientminimizationstep
was uphill.

const Several conjugategradientstepsdid not succeedin de-
creasingthe target function (seethe parameterMAX-
CON in the subroutine CGMIN).

flat Thetargetfunctionwasminimizedby lessthan1% dur-
ing the lastn iterations.

stuc k Severalattemptsto restarttheconjugateminimizerafter
an update of the list of steric constraints failed.

If 64-bit floatingpoint precisionis used,normalstopcriteriaaregradtl,
maxit,andflat. All othersshouldoccuronly rarely. With 32-bit floating
pointprecisionotherstopcriteriamayoccurdueto (non-serious)numer-
ical problems.

M

noah

Automaticallyassignsthepeaklistsgivenin thearraypeak_nam with
correspondingprotonlistsin thearrayproton_nam in n NOAH cycles.
If thepeaklistsdonotcontaina line with “#DYANAFORMAT” thefor-
matof every peaklist mustbegiven in thestringplf ormat . Thename
givenby protein will beusedfor outputfiles,namelythefinal overview
andcoordinatefiles.Optionally, theminimiz er macromaybechanged
andreferencepeaklists (peak_ref ) containingthe correctassignment
maybegiven.AgreementbetweenNOAH assignmentandreferenceas-

num_c yc=n 24

peak_nam= file1[,file2,..] —

plf ormat= string1[,,string2,..] determined by peak list file

rmsd_rang e=residue range all residues

protein= name —

proton_nam= file1[,file2,..] —

minimiz er=macro noahmin
peak_ref =file1[,file2,..]

options= string

addupl= file

addlol= file

exit= cycle num_c yc
entr y=cycle 1

calibrate
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signmentwill be indicatedin thefinal “noah.grf” file. Thestringgiven
in options is usedasparametersfor thecommandassign (e.g.“op-
tions =”transposed=0”shouldbeusedif thetransposedpeaksshouldbe
checked in 3D peaklists). Upperand lower limits distanceconstraint
filesmaybeaddedto eachNOAH structurecalculation(e.g.constraints
for known disulfide bonds)with the parametersaddupl and addlol .
Theparametersentr y andexit indicateatwhichcycle (of then cycles)
NOAH actuallystartsandends,whichallowsto split agivenNOAH cal-
culationinto severalsmallerjobs.Theparameterentr y canonly beused
if all files necessaryfor thegivencycle arepresentin thecurrentdirec-
tory (i.e.structures,assignment-filesetc.).Thepeaksarecalibratedwith
theDYANA standardmacrocaliba afterthe10thcycleif theoptioncal-
ibrate  is specified.

For moreinformationson how to usethis methodpleasereferto thetu-
torial section.

M

noahanneal

This is the standardannealingprotocolusedby NOAH. The input pa-
rameterscorrespondto thoseof themacroanneal . This protocoluses
differentweightsthananneal andnever includesprotonsin thevander
Waals check.

M

noahmin

Thisis thestandardminimizationprotocolusedbyNOAH. Theinputpa-
rameterscorrespondto thoseof the macrovtfmin . This protocoluses
differentweightsthanvtfmin andnever includesprotonsin thevander
Waals check.

M

overview

Sortstheselectedstructureswith regardto theirtargetfunctionvalueand
createsan overview file name.ovw for the first n of thesestructures.If

Parameters... —

Parameters... —

name=name —

structures= n all selected structures

rang e=residue range all residues

ang cor pdb
hbond vd w full
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thename parameteris not specifiedandif a variablewith namename
is defined, then its value is used asname.

Pair-wiseRMSDsarecalculatedfor thegiven residuerange (seecom-
mand rmsd ). The RMSD calculationcan be suppressedby setting
rang e=–. If therang e parameteris notspecifiedandif avariablewith
namermsdrang e is defined, then its value is used asresidue range.

Optionally, outputangle(ang ), DG coordinate(cor ) or PDBcoordinate
(pdb ) filesof thestructuresmaybewrittenwith file names“name.ang”,
“name.cor” or “name.pdb”, respectively.

Thestructuresmaybeanalyzedfor hydrogenbonds(optionhbond ), or
for violations of steric lower distance limits (optionvdw).

Note:Becausethetargetfunctionis re-calculated,it is importantthatall
constraintsusedfor thecalculationof thestructuresarepresentandthat
the same weights are used.

An overview file may contain four different tables:

• For eachstructure:thetargetfunctionvalue,thenumbers,sumsand
maximaof constraintviolations(the outputof the structure list
command).

• For eachviolatedconstraint:thestructuresin which it is violatedby
morethanthecorrespondingcutoff value(theoutputof thestruc-
ture violate command).By default, violationsareshown only if
they occurin at leastonethird of theconformers.To obtaina listing
of all violations larger than the cutoffs, the optionfull  must be set.

• For all pairsof structures:theRMSDfor thebackboneandall heavy
atoms(outputof the rmsd command).By default only theaverage
valueof all pairwisecomparisonsis written. A tablewith the indi-
vidualpairwiseRMSDvaluesis createdonly if theoptionfull is set.

• For all residues:the local RMSD for tri-peptidesegments,andthe
displacementsfor backboneand all heavy atoms (output of the
rmsd  command). This table is only created if the optionfull  is set.

peak abs Replace all peak volumes by their absolute value.

peak create

Deletescurrentpeaklistsandcreatesexpectedpeaksusingthestructures
from theselectedstructurememories.Peaksarecreatedif thedistance
betweentwo assignedproton(or pseudoatom)chemicalshifts is less

distance= d 4.0

structures= n 1

additional
c13 | n15
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thand in atleastnof theselectedstructures.Tocalculatedistanceswhere
pseudoatomsare involved, a r–6 weightedaveragedistanceis deter-
minedbetweenall protonsthatarerepresentedby thepseudoatom.With
theoptionadditional , thecurrentpeaksarenotdeletedandtheexpect-
edpeaksareonly addedif they arenotalreadypresent.Perdefault,a2D
peaklist is created,but with theoptionsc13 or n15, a 3D 13C- or 15N-
correlated NOESY peak list is simulated.

peak delete Deletes all selected peaks.

peak de viations Printsouta list of peakswherethedeviationsbetweenthepeakposition
andtheassignedchemicalshift arelargerthanthetolerancevaluegiven
by thevariabletolerance . If the informationlevel is full , a histogram
is written at theendwith thenumberof deviating peaksin eachdimen-
sion for different deviations (in ppm).

peak distance Lists for all selectedpeaksthe average,standarddeviation, minimum
and maximum of the corresponding distance in the selected structures.

peak list Lists all selected peaks.

peak scale

Scales the volumes of the selected peaks by the factorf.

peak select

Selectsall peaksthatmatchthegivenpeakselection(seechapterSelec-
tions).

peak unassign

Deletesthe assignmentof the selectedpeaks.Optionally, only assign-
ments in dimensiond may be deleted.

peak unique

factor= f —

peak selection —

dim= d all dimensions

average | maxim um average
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From eachgroupof identically assignedpeaksonly onepeakis kept.
Peaksareconsideredasidenticallyassignedif they areassignedto the
sameprotonpair. For instance,in a 2D NOESYspectruma crosspeak
andits transposedpeakare“identically assigned.” Peakvolumesmaybe
averaged or theirmaxim um bekept.Only peakswith positivevolume
are considered in the averaging procedure.

M

ramac handran

Producesa graphicsoutputfile with thegivenname(a GRAF file if the
extensionis “.grf”, a MIF file if theextensionis “.mif”, or a Postscript
file otherwise)with aRamachandranplot of theselectedstructures.The
backgroundconsistsof threedifferentblue tonesindicating “most fa-
voredregions” (darkblue),“additionalallowedregions” (mediumblue)
and “generouslyallowed regions” (light blue). It correspondsto the
background found in the programPROCHECK (Laskowski et al., 1993).

Optionally, the backgroundcanbe omitted(nobac kgr ound ) andthe
residueswith backboneanglesthatlie outsideof theallowedregionsare
label ed.

M

random_all

Createsn random structures in the structure memories.

randomiz e

Createsarandomstructurein thestructurememory#0.Thetargetfunc-
tion valueis automaticallysetto 0. A new seednumberi for therandom
number generator may be specified.

read aco

file= name ramachandran.ps

nobac kgr ound label

n All available structure memories

i Actual seed number

file= file —

unkno wn=err or |warning |skip error

append
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Readsanangleconstraintfile. Constraintsthat involve unkno wn resi-
duesor anglescaneithercauseanerror, awarning , or canbeskip ped.
Optionally, theangleconstraintsareappend edto thosealreadypresent.

read ang

Readsananglefile. If thereis aDYANA headerin thefile, thetargetfunc-
tion valuewill bereadfrom theheader. Optionally, only then-th struc-
turemaybereadfrom amulti-conformerfile. Otherwise,all mstructures
in a multi-conformerfile arereadandstoredasstructures1,...,m. The
first structurereadwill alsobestoredin thedefaultstructurememory, 0.
Thepresenceof unkno wn residuesor anglescaneithercauseanerror,
awarning , or can beskip ped.

read cco

Readsa coupling constantfile. Coupling constantsthat involve un-
kno wn residuesor atomscaneithercauseanerror, awarning , or can
beskip ped.Optionally, thecouplingconstantsareappend edto those
already present.

read cor

Readsacoordinatesfile in DG format.If thereis aDYANA headerin the
file, the target function valuewill be readfrom the header. Optionally,
only then-th structuremaybereadfrom a multi-conformerfile. Other-
wise, all m structuresin a multi-conformerfile are readandstoredas
structures1,...,m. Thefirst structurereadwill alsobestoredin thedefault
structurememory, 0. Thepresenceof unkno wn residuesor atomscan
either cause anerror, awarning , or they can beskip ped.

file= file —

structure= n 1

unkno wn=err or |warning |skip error

file= file —

unkno wn=err or |warning |skip error

append

file= file —

structure= n 1

unkno wn=err or |warning |skip error
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read lib

Readsaresiduelibrary. Optionally, a library file with atompointerscon-
vertedfrom numericto nameformator viceversamaybewritten (see
chapter File Formats).

read lol

Readsalowerlimit distanceconstraintsfile. Constraintsthatinvolveun-
kno wn residuesor atomscaneithercauseanerror, awarning , or can
beskip ped.Optionally, thedistanceconstraintsareappend edto those
already present.

read ori

Readsanorientationconstraintfile. Constraintsthat involve unkno wn
residuesor atomscan either causean error, a warning , or can be
skip ped.Optionally, theorientationconstraintsareappend edto those
already present.

read pdb

Readsacoordinatesfile in PDBformat.If thereis aDYANA headerin the
file, the target function valuewill be readfrom the header. Optionally,
only then-th structuremaybereadfrom a multi-conformerfile. Other-
wise, all m structuresin a multi-conformerfile are readandstoredas
structures1,...,m. Thefirst structurereadwill alsobestoredin thedefault

file= file —

conver t=file

file= file —

unkno wn=err or |warning |skip error

append

file= file —

unkno wn=err or |warning |skip error

append

file= file —

structure= n 1

unkno wn=err or |warning |skip error

all
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structurememory, 0. Thepresenceof unkno wn residuesor atomscan
either cause anerror, awarning , or they can beskip ped.

read peaks

Readsa XEASY (Bartelset al., 1995)peaklist. Volumesarescaledwith
the weight factorw. The filter option allows to skip peakswith com-
ments that match one of the stringss1,s2,...

For 3D NOESYpeaklists, the format , i.e. theorderin whichchemical
shiftsandassignmentsaregivenin thepeaklist, maybespecified.The
formatstringhasonecharacterperdimensionthatidentifiesthecolumn
of 15N or 13C atoms(“N” or “C”), thecolumnof protonsboundto 15N
or 13C (“H”), andthecolumnof “independent”protons(“h”). If thefor-
matparameteris absent,theprogramusestheformatgiven in thepeak
list headerline “#DYANAFORMAT string”, or, if nosuchheaderline is
present,triesto determinetheformatfrom thepeakassignments(if pos-
sible). Regardlessof this input order DYANA permutesthesedimen-
sionsto “hHN” or “hHC” in 3D lists so thatdimension3 is alwaysthe
heteroatomdimensionanddimension2 is theprotondimensioncoupled
to it.

Theoption reference is usedto readin a peaklist asreferencelist for
NOAH.

Optionally, only integrated peaks,i.e. thosewith anintegrationmeth-
od flag differentfrom “–”, or only assigned peaks,i.e. thosethatare
assignedin bothprotondimensions,areread.Optionally, thepeaksare
append ed to those already present.

read peaks n15 format=NhH filter=overlap

Reads a peak list named “n15.peaks”. The
three columns for the chemical shifts and the
corresponding assignments in the peak list file
refer to 15N, the “independent” proton, and the
proton bound to 15N. Peaks with comment
“overlap” are skipped.

file= file —

weight= w 1.0

filter= s1,s2,... no filter

format= string hH

reference
integrated assigned append
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read pr ot

Readsa XEASY chemicalshift list. A warning messageis printed if
chemicalshifts are presentsimultaneouslyfor an atom and its corre-
spondingpseudoatom.Optionally, only chemicalshiftsof currentlyun-
assignedatomsareadded.For chemicalshifts thatarepresentin both
lists and that differ by more∆ω (in ppm), a warning is printed.

read seq

Reads a residue sequence.

read upl

Readsaupperlimit distanceconstraintsfile. Constraintsthatinvolveun-
kno wn residuesor atomscaneithercauseanerror, awarning , or can
beskip ped.Optionally, thedistanceconstraintsareappend edto those
already present.

read xplor

Readsa file with conformationalconstraintsin XPLOR format(Brünger,
1992).A simplified versionof the atomselectionsyntaxof XPLOR is
used.Constraintsthat involve unkno wn residuesor atomscaneither
causeanerror, a warning , or canbeskip ped.Optionally, constraints
areappend ed to those already present.

file= file —

tolerance= ∆ω
add

∞

file= file —

file= file —

unkno wn=err or |warning |skip error

append

file= file —

unkno wn=err or |warning |skip error

append
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M

read_all

Readsall givenangle,coordinateor PDB files andstorestheminto the
structurememories.File namemaycontainasteriskandquestionmarks
to selectseveral structuresat onetime (e.g. “er*.ang” or “er???.cor”).
The file nameextensiondecideson the format of the individual files:
fileswith filenameextension“.ang” arereadasanglefiles,fileswith file-
nameextension“.pdb” arereadasPDB coordinatefiles,andotherfiles
are read as DG coordinate files.

M

readdata

Readsinputdatafileswith thegivenname. If namehasanextension(i.e.
if it containsa “.”), afile with thecorrespondingformat(asgivenby the
extension)is read.Otherwise,thesequencefile “name.seq”and,if avail-
able,theupperlimits distanceconstraintsfile “name.upl”, thelowerlim-
its distanceconstraintsfile “name.lol” and the angle constraintsfile
“name.aco”areread.If noresiduelibrary is present,thestandardDYANA

library (“dyana.lib”) is read in advance.

M

redac

PerformsREDAC cycles(Güntert& Wüthrich,1991)with n structures
accordingto thegivenschedule. Overview andanglefilesof everycycle
arewrittento thefiles“name*.ovw” and“name*.ang”wheretheasterisk
is replacedby “a”, “b”, “c” etc.for successive cycles.Thescheduleis a
comma-separatedlist of ang_cut valuesthat will be usedto generate
redundantdihedralangleconstraints.Structuresarecalculatedusingthe
givenmacro for minimization.Thismacro mustacceptthesameparam-
etersas the standardvariabletarget function minimizationmacro,vt-
fmin . A zeroor negativeang_cut valuemeansthatnoredundantangle
constraintswill begeneratedin this cycle.Thenext cycle will therefore
usetheoriginal angleconstraintsto minimize thecurrentstructureson
thelast level duringN3 iterations.Otherwise,i.e. if ang_cut wasposi-
tive in thepreviouscycle,structureswill becalculatedusingN1 andN2

list of files —

name . . . —

name=name —

schedule= schedule 0.4,0.0,0.0

structures= n 50

steps= N1,N2,N3 150,400,800

minimiz er=macro vtfmin
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minimizationstepsat intermediatelevels andat the final level, respec-
tively.

redac er2 schedule=1.0,1.0,0.4,0.0,0.0 50

In the first cycle, 50 structures are calculated
with the original constraints and angle con-
straints are generated with ang_cut = 1.0. After
this, new structures are calculated three times
using the previously generated constraints. No
new angle constraints are generated the third
time. Finally, the structures are minimized on
the last level. In this cycle too, no angle con-
straints are generated.

reliability

Calculatesthereliability distance(RD, Mumenthaler& Braun,1995)of
all unambiguouslyassignedpeaksusingthe given tolerancerangeand
thestructuresin thestructurememory. If dist is specified,thenumberof
assignedpeakswith a RD above dist will be written. After this com-
mand,all peaksthatcannotbeexplainedwith thecurrentstructuresand
the giventolerance  range (see System Variables) are selected.

reliability 1.0

Calculate the reliability distance of all peaks.

write peaks incomp.peaks selected

Write all selected peaks into the peak file “in-
comp.peaks”.

rmsd

Calculatespair-wise root-mean-squaredeviation (RMSD) betweenall
pairsof selectedstructures(McLachlan,1979)for thebackboneatoms
andfor all heavy atoms.Optionally, aresiduerangefor thesuperposition
may be specified.

For two sets of n atoms each, and , with
, the RMSD is defined by

[5]

dist 1.0

rang e=residue range all residues

segment= n 3

r1 … rn, , q1 … qn, ,
r ii∑ qii∑ 0= =

RMSD min
R SO 3( )∈

1
n
--- r i Rqi– 2

i 1=

n

∑=
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R denotes a rotation matrix, andSO(3) the rotation group.

If the informationlevel is full , local RMSDsandglobaldisplacements
arecalculatedfor eachresidue.LocalRMSDsfor residuei arecalculated
for the segment ofn residues,i – n,...,i,...,i + n (n odd).

M

seqplot

Analysestheupperlimit distanceconstraintsanddrawsasequenceplot
in FrameMakerMIF (if thefile extensionis “.mif”) or Postscriptformat.���������	��
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This commandshouldbe executedbeforedistance modify because
many of the intra-residualandshort-rangedistanceconstraintswill be
removedbydistance modify becausethedonoteffectively restrictthe
conformation.

M

ssbond

Createsthe standardupperand three lower limit distanceconstraints
(Williamsonet al., 1985)to enforcedisulfidebondsbetweenpairsR1–
R2, R3–R4 etc. of cystineresidues.Theseresiduesmustbe of the type

file= file seqplot.ps

R1–R2 ... —
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“CYSS”. For adisulfidebridgebetweenresiduesi andj, threeupperlim-
its and three lower limits are generated:

[6]

M

stereoassign

Triesto find stereospecificassignmentsby systematicanalysisof thelo-
calconformationof amolecularfragmentwith grid searches.If thereare
n pairsof (stereospecificlyunassigned)diastereotopicsubstituentswith-
in themolecularfragment,2n grid searcheswill beperformed,onefor
eachpossiblecombinationof stereospecificassignments.If a (connect-
ed) angleselectionis specified,thenit definesthe molecularfragment
thatwill beanalyzed;otherwise,thefragmentsetin theprecedinggrid
fragment commandwill be used.The parametertfcut hasthe same
meaningasin thegrid search command.Optionally, thetotal number
of allowedconf ormations canbestoredin a variablewith thegiven
name. Grid searchesarerestrictedto valuesof the torsionanglesgiven
in thestandardgrid memory, A, on input.Onoutput,theallowedvalues
of the torsion angles are again stored in grid memoryA.

structure c lear

Deletes the selected or simplyall  structures.

structure cop y

Copiesstructuren to structurem. The currentstructurehasnumber0.
Optionally, the structure can be given a new name.

2.0 d Si
γ Sj

γ,( ) 2.1Å≤ ≤

3.0 d Ci
β Sj

γ,( ) 3.1Å≤ ≤

3.0 d Si
γ C, j

β
( ) 3.1Å≤ ≤

angle selection angles of current fragment

tfcut= fmax 0.0

conf ormations= name none

all

from=n —

to=m —

name=name none



Commands

115

structure inser t

Insertsthe currentstructureinto the sequenceof storedstructuresac-
cordingto its targetfunctionvalue.Optionally, thestructurecanbegiven
aname.

structure list

Lists targetfunctionvalueandstatisticsof restraintviolationsfor all se-
lectedstructures.For eachtypeof restraints(upperdistancelimits, lower
distancelimits, van der Waalslower distancelimits, torsionanglere-
straints,couplingconstants,andorientationalrestraints)thenumberof
violationsexceedingthecutoff value(variablescut_upl , cut_lol etc.),
eitherthesum , average or rms (root-mean-square)violation,andthe
maximalviolation will be given.Averageandrms violation cannotbe
calculated for van der Waals restraints.

structure select

Selectsstructuresaccordingto thegivenstructureselection(seechapter
Selections).Optionally, the selectionmay be restrictedto the fir st n
structures that are matched by thestructure selection.

structure sor t Sorts the selected structures according to their target function value.

structure violate

Lists violationsof distanceconstraintsandangleconstraintsviolations
thatexceedin at leastn of theselectedstructuresthecutoffs givenby the
variablescut_upl , cut_lol andcut_aco . Optionally, all violatedcon-
straints that are listed may bedelete d.

structures select 1..20
structure violate structures=10 delete

Deletes all distance and angle constraints that
are violated in at least 10 out of the selected 20
structures.

name=name

sum  | average | rms

structure selection all structures

fir st=n all

structures= n 1

delete
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M

sugarbond

Definesthecorrelationsbetweenthedihedralanglesandthepseudoro-
tation angleP in DNA/RNA sugar rings:

M

sugarring

Creates5 upperand5 lower limit constraintsto "close" the bondsbe-
tweenC4’ andO4’ in theriboseringsof thenucleotidesin thegivenres-
idue range.

M

translate

Definesatom and anglenametranslationsbetweenthe nomenclature
usedin the standardDYANA residuelibrary andothercommonlyused
nomenclaturesystems.This allows readingof input files andwriting of
outputfiles accordingto othernomenclaturesystems.Currently, xplor
nomenclatureis supported.The optionson , off , and clear have the
samemeaningasin theatom rename andangle rename commands.
Without option, translate lists the currentlysetatomandanglename
translations.

translate xplor Set XPLOR translation table
read xplor noe.tbl Read a XPLOR distance constraint file
read pdb in.pdb unknown=warning

Read a PDB file with XPLOR nomenclature.
Avoid errors if unknown atoms are encountered.

translate off Use standard DYANA nomenclature again
...
translate on Switch to XPLOR nomenclature
write pdb out.pdb Write a PDB file with XPLOR nomenclature.

M

vtfmin

range=residue range all nucleotides

residue number residue of current fragment

xplor  | on  | off  | clear

levels= L1,L2 0,number of residues

steps= N1,N2 150,400

flatsteps= n1,n2 50,100

tf
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Performsa standardvariabletarget function minimization (Güntertet
al., 1991a)startingatminimizationlevel L1 andendingatminimization
level L2.

At eachof the lower levels (i.e. thosebelow L2) N1 minimizationsteps
areperformed,theminimizationis stoppedif n1 stepsfailedto decrease
thetargetfunctionby at least1%,andthestericrepulsionis considered
only for the heavy atoms. The weight for steric lower limits is 0.2.

At minimization level L2 three times N2 minimization stepsare per-
formed,theminimizationis stoppedif n2 stepsfailedto decreasethetar-
getfunctionby at least1%,andthestericrepulsionis consideredfor all
atoms.Theweightfor stericlower limits is 0.2for thefirst N2 minimiza-
tion steps,thenit is increasedto 0.6 for the following N2 minimization
steps, and to 2.0 for the finalN2 minimization steps.

If theoptiontf (andnoneof theotherparameters)is given,thefinal tar-
get function value is calculated, without performing any minimization.

M

watsoncric k

Createsrestraintsto enforcestandardWatson-Crick-typepasepairing
betweentwo antiparallelDNA or RNA strands.The two strandsmust
have thesamelengthandcontinuousnumbering.Optionally, additional
planar ity restraintscanbeaddedthat restrainthe interstrandC1’–C1’
distancesto 10.35–10.65Å for A-T and10.6–10.9Å for C-Gbasepairs.

write aco

Writesanangleconstraintfile. Optionally, theoutputmaybeappend ed
to an existingfile.

Optionally, redundantdihedralangleconstraintsfor theREDAC strategy
(Güntert& Wüthrich,1991)maybederivedfrom thecurrentanglesta-
tisticsandincludedin theoutput(optionredac ; seethecommandsang-
stat make andredac ). In orderto generateredundantdihedralangle
constraintsfor agivenresidue,its local targetfunctionvalue(andthatof
its immediateneighborsmust be below the cutoff value given by the
variableang_cut in atleastNstructures.Redundantdihedralanglecon-

strand1= residue range —

strand2= residue range —

planar

file= file —

structures= N 10

maxwidth= ∆φ 270.0˚

redac  append
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straintswith anallowedrangewider than∆φ degreesarediscarded.The
parametersstructures andmaxwidth canonly bein conjunctionwith
theredac  option.

write ang

Writesananglefile. Optionally, theoutputmaybeappend edto anex-
isting file.

By default,thevaluesof all rotatabledihedralanglesof thecurrentstruc-
tureconformationarewritten. Thevaluesof the fix ed dihedralangles
(e.g.peptidebondangles)maybewritten, too.Optionally, theanglesof
all  selected structures may be written.

write ass

Write anassignmentfile thatis usedby theNOAH commandfilter . For
every possiblepeakassignmentanentry is made.Peaksfrom the three
internalNOAH assignmentlistsaresaved(seefilter ). Assignmentsfrom
theambiguousandunambiguouslist alsohavethedistanceconstraint(in
Å) that was derived from the peak volume and the assignment.

write cor

Writesa coordinatefile in DG (DistanceGeometry)format.Optionally,
the output may beappend ed to an existingfile.

By default,theCartesiancoordinatesof thecurrentstructurearewritten.
Thecovalentconnect ivitiesmaybeincluded,too.Optionally, theCar-
tesian coordinates ofall  selected structures may be written.

write lol

Writesa lower limit distanceconstraintfile. Optionally, theoutputmay
beappend ed to an existingfile.

file= file —

fix ed  all  append

file

file= file —

connect  all  append

file= file —

append
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write pdb

Writes a coordinatefile in PDB (Protein Data Bank; Bernsteinet al.,
1977)format.Optionally, the outputmay be append ed to an existing
file.

By default,theCartesiancoordinatesof thecurrentstructurearewritten.
Optionally, the Cartesiancoordinatesof all selectedstructuresmay be
written.

write peaks

Writes a peaklist in XEASY format (Eccleset al., 1991;Bartelset al.,
1995). Optionally, the output may beappend ed to an existingfile.

By defaultall peaksarewritten.Optionally, only theselected peaksare
written.

write pr ot

Write a chemicalshift list (traditionally called“proton list”) in XEASY

format(Eccleset al., 1991;Bartelset al., 1995).Optionally, theoutput
may beappend ed to an existing file.

write upl

Writesanupperlimit distanceconstraintfile. Optionally, theoutputmay
beappend ed to an existingfile.

M

write_all

file= file —

all  append

file= file —

selected  append

file= file —

append

file= file —

append

name=name —

ang cor pdb cor
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Writes all selectedstructuresto angle(ang ), DG coordinate(cor ), or
PDB coordinate (pdb ) files with names “namennn.ang”, “na-
mennn.cor”, or “namennn.pdb”, respectively. nnndenotesthestructure
number.
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Variables and Functions

DYANA givesthe useraccessto internalvariablesandfunctionsof the
programthroughsystemvariablesandfunctions.With systemvariables
theusercanobtainandsetparametersof theprogram;with functionsthe
usercanobtain the valueof parametersof the programbut he cannot
change them.

System variables

The following is an alphabetical list of allDYANA system variables.

cut_aco Cutoff valuefor angleconstraintviolations(in degrees).Only violations
larger than this value are listed in the commandsstructure list and
structure violate .
Initial value: 5.0˚.

cut_cco Cutoff valuefor couplingconstantrestraintviolations(in Hz). Only vi-
olationslarger thanthis valuearelistedwith thecommandsstructure
list  andstructure violate .
Initial value: 0.5 Hz.

cut_lol Cutoff valuefor lower limit distanceconstraintviolations(in Å). Only
violationslarger thanthis valuearelisted in thecommandsstructure
list  andstructure violate .
Initial value: 0.2 Å.
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cut_ori Cutoff valuefor orientationrestraintviolations(in Hz). Only violations
larger thanthis valuearelistedwith thecommandsstructure list and
structure violate .
Initial value: 0.1 Hz.

cut_tflocal Cutoff valuefor themaximaltarget functionvalue(in Å2) thata single
residueis allowedto have to be includedinto theanglestatisticsof the
angstat make  command.

Initial value: 0.2 Å2.

cut_upl Cutoff valuefor upperlimit distanceconstraintviolations(in Å). Only
violationslargerthanthisvaluearelistedwith thecommandsstructure
list  andstructure violate .
Initial value: 0.2 Å.

cut_vd w Cutoff valuefor vanderWaalsviolations(in Å). Only violationslarger
thanthisvaluearelistedwith thecommandsstructure list andstruc-
ture violate .
Initial value: 0.2 Å.

gridtime Themaximalexpectedcomputationtimeof agridsearch.If agridsearch
is expected to take longer than this value it is aborted.

Initial value: 60 s.

gridpoints The maximalexpectednumberof grid points to be checked in a grid
search. If this value is exceeded the grid search will not be started.

Initial value: 1020.

hb_len Maximal proton-acceptor distance for a hydrogen bond.

Initial value: 2.4 Å.

hb_ang Maximal anglebetweenthedonor-protonbondandtheline connecting
acceptor and donor for a hydrogen bond.

Initial value: 35˚.

level Minimization level, L (Güntertet al., 1991).Only distanceconstraints
betweenatomsnot morethanL residuesapartareconsideredin thetar-
getfunction.L = 0: only intraresidual,L = 1: intraresidualandsequential
constraints, etc.

Initial value:number of residues(i.e., use all distance constraints).
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maxamb NOAH variable:Maximum numberof possibleassignmentsa peakcan
have to be taken into the test assignment list.

Initial value: 2.

nstep Numberof steps,n, perdihedralanglein grid searches.Thegrid search-
eswill runoverthen anglevalues0, ∆, 2∆, ..., (n – 1)∆, where∆ = 2π/n.

Initial value: 36 (i.e.∆ = 10˚).

obsdis Maximaldistancefor whichanNOEcanbeobserved.Usedby automat-
ic calibration (functioncalscale ) and for automatic assignment.

Initial value: 5.0 Å.

ori_axial Axial componentDaxof thetensorthatrelatesresidualdipolarcouplings
to the orientation of the corresponding chemical bond:

[7]

δ(θ, φ) is theresidualdipolarcouplingasa functionof thepolarangles
θ andφ of thechemicalbondwith respectto theprincipalaxessystem
of the tensorD.

Initial value: 1.0 Hz.

ori_rhombic RhombiccomponentDrh of thetensorthatrelatesresidualdipolarcou-
plings to the orientationof the correspondingchemicalbond.SeeEq.
[7].

Initial value: 0.0 Hz.

seed Random number generator seed.

Initial value: 3771.

soft_aco Cutoff for anglerestraintviolationsfor allowed conformationsin grid
searches.

Initial value: 5.0˚.

soft_cco Cutoff for scalarcouplingconstantrestraintviolationsfor allowedcon-
formations in grid searches.

Initial value: 0.5 Hz.

soft_lol Cutoff for lowerlimit distancerestraintviolationsfor allowedconforma-
tions in grid searches.

Initial value: 0.1 Å.

δ θ φ,( ) Dax 3cos2θ 1–( ) 3
2
---Drh sin2θ cos2φ( )+=
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soft_upl Cutoff for upperlimit distancerestraintviolationsfor allowedconforma-
tions in grid searches.

Initial value: 0.1 Å.

soft_vd w Cutoff for stericlowerlimit distancerestraintviolationsfor allowedcon-
formations in grid searches.

Initial value: 0.1 Å.

tf_beta Valueof theparameterβ if target functiontype3 or 4 used(seesystem
variabletf_type ).

Initial value: 1.0

tf_type Typeof targetfunctionusedfor distanceconstraints.Thesamefunction-
al form is usedfor upperlimits, lower limits, andvanderWaalslower
limits.

d, b andβ denotetheactualdistance,theupperdistancebound,andthe
valueof thesystemvariabletf_beta . Thelargerthevalueof β, thelong-
er thefunctionalform will becloseto thelimiting casefor smallviola-
tions.

Type 1 is the normalDIANA target function (Güntertet al., 1991),and
type3 is theerror-toleranttargetfunctionusedby NOAH (Mumenthaler
et al., 1997).

type
term for a violated
upper limit ( )

limiting cases

smallviolation
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largeviolation
(d >> b)
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Targetfunctionsof type1,2 and4 haveunit Å2, whereasthetargetfunc-
tion of type3 is dimensionless,i.e. targetfunctionvaluesobtainedwith
type 3 cannot be compared with those obtained with other types.

In all casesthecontribution to thetargetfunctionfrom asmallviolation
is proportionalto thesquareof theviolation.For largeviolations,thetar-
getfunctiontypesdiffer significantly:type1 is proportionalto d4, types
2 and 3 are proportional tod2, and type 4 is linear ind.

Notethatdistanceconstraintswith verysmallupperboundb canleadto
problemswhenthetargetfunctionof type1 is usedbecausethey getan
excessive weight over otherconstraints.To illustrate this, assumetwo
upper limit distance constraints that are violated by the same amount:

b = 0.1 Å,d = 2 Å: target function contribution = 398.0 Å2

b = 3.1 Å,d = 5 Å: target function contribution = 6.2 Å2

Thefirst constraintgivesa morethan60 timeslargercontribution than
thesecond!In suchcasesit is advisableto usethetargetfunctionof type
2, to which both constraints would contribute the same amount.

Initial value: 1.

tolerance Toleranceranges∆tol betweenpeakpositionsandprotonchemicalshifts
(in ppm).In automaticNOESYassignment,thesevaluesareusedfor at-
omsthatarealreadyusedin peakassignmentsof thecurrentpeaklist.
Thevalueof tolerance is a comma-separatedlist of valuesfor thedif-
ferentspectraldimensions:the first andsecondnumbersapply to pro-
tons,thethird numberto 13C or 15N. Thesecondnumberis for protons
that aredirectly boundto the corresponding13C or 15N atom,the first
number for other protons.

Initial value: 0.01, 0.01, 0.2 ppm.

tol_transp Chemicalshift tolerancerangesusedto checkfor theexistenceof tran-
posedpeaksin 3D peaklists,givenin thesameformatasfor thevariable
tolerance .

Initial value: 0.05, 0.05, 0.5 ppm.

tol_una Sameasvariabletolerance , but the∆tol valuesgivenhereareusedin
automaticNOESYassignmentfor all chemicalshiftsfrom atomswhich
are not used in any peak assignment of the current peak list.

Initial value: 0.04, 0.04, 0.4 ppm.

weight_aco Weightvaluefor contributionsto thetargetfunctionfrom dihedralangle
constraints.

Initial value: 5.0.
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weight_cco Weightvaluefor contributionsto thetargetfunctionfrom couplingcon-
stant constraints.

Initial value: 0.5.

weight_lol Weight value for contributions to the target function from lower limit
distance constraints.

Initial value: 1.0.

weight_ori Weightvaluefor contributionsto the target function from orientational
constraints.

Initial value: 10.0.

weight_upl Weight value for contributions to the target function from upperlimit
distance constraints.

Initial value: 1.0.

weight_vd w Weightvaluefor contributionsto thetargetfunctionfrom vanderWaals
lower limit distance constraints.

Initial value: 2.0.

Functions

In thefollowing alphabeticallist of all DYANA functionsargumentsare
denoted by

n, m integer

r real

s string

x integer or real, unless types are given explicitly

Theresulttypeof a functionis only givenexplicitly if it differsfrom the
type of the argument(s), and if it is not obvious.

Severalfunctionsgive accessto internaldatastructuresusedby DYANA

to storeinformationaboutresidues,atomsanddihedralangles.Internal-
ly, residues,atoms,and dihedral anglesare numberedconsecutively
from 1 to nr, na, andnd , respectively. The“residuen”, “atom n”, and
“dihedral anglen” refer to these internal numberings.

For residuesthis internalnumberis calledthe residueindex. Residues
havealsoanexternalresiduenumber, whichis usedin theinputandout-
putof theprogram,andwhichcandiffer from theresidueindex. For ex-
ampleif asequencestartswith residue“ALA 101”, thisfirst residuehas
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index 1 and (external) number 101.

acoviol( n,r) Realfunction that returnsthesizeof theanglerestraintviolation for a
givenvaluer (in degrees)of thetorsionanglen. This functionreturnsa
negative resultif thereexistsno anglerestraintfor anglen, and0 if the
restraint(s) are not violated.

anam(n) Character function that returns the name of atomn.

angle( n) Characterfunctionthatreturnsastringconsistingof theanglenameand
the residue number of dihedral anglen.

Angle( n) Characterfunctionthatreturnsastringconsistingof theanglename,the
residue name, and the residue number of dihedral anglen.

atom( n) Characterfunctionthatreturnsastringconsistingof theatomnameand
the residue number of atomn.

Atom( n) Characterfunctionthatreturnsastringconsistingof theatomname,the
residue name, and the residue number of atomn.

calscale( s,r1,r2) This functionis usedfor theautomaticcalibrationprocedureincludedin
thecaliba macro.Thestrings containsthecalibrationfunction f(d) re-
lating the peakvolume f with a correspondingdistanced. Using this
function,calscale determinesa scalingfactorA suchthat theaverage
distanceboundof all peakscalibratedwith thefunctionA f(d) becomes
r1. Only peaks with volume greater thatr2 are taken into account.

cco( n) Coupling constant value of then-th coupling constant restraint.

coor d(m,n) Cartesian coordinatem (= 1, 2, 3) of atomn.

derms RealfunctionthatreturnstheRMStotalenergy changepertimestep,av-
eraged over all timesteps of the most recently executedmd  command.

diastereotopic( n) Numberof then-th diastereotopicatomin thecurrentgrid searchfrag-
ment.In apairof diastereotopicatoms,e.g.HB2/HB3,only thefirst one
will becounted.For valuesof n largerthanthenumberof diastereotopic
pairs in the fragment, the function returns 0.

dmax Real function that returnsthe maximal dihedralanglechange(in de-
grees)pertimestep,averagedoverall timestepsof themostrecentlyex-
ecutedmd  command.
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dnam( n) Character function that returns the name of dihedral anglen.

drms Realfunction that returnsthe RMS dihedralanglechange(in degrees)
per timestep,averagedover all timestepsof themostrecentlyexecuted
md  command.

dval(n) Real function that returns the value (in degrees) of dihedral anglen.

ekin Realfunction that returnsthecurrentkinetic energy (in target function
units).

ekmean Real function that returnsthe meankinetic energy, averagedover all
timesteps of the most recently executedmd  command.

ekrms Realfunction that returnsthe standarddeviation of the kinetic energy,
averagedoverall timestepsof themostrecentlyexecutedmd command.

element( n) Ordinal number of the atomn, e.g. 1 for hydrogen, 6 for carbon atoms.

emean Real function that returns the mean total energy, averagedover all
timesteps of the most recently executedmd  command.

erms Realfunctionthatreturnsthestandarddeviation of thetotal energy, av-
eraged over all timesteps of the most recently executedmd  command.

heavyatom( n) Numberof theheavy atomassociatedwith (hydrogenorpseudo)atomn.

iar(n) Residue index of atomn.

iacod( n) Numberof thedihedralanglethatis restrainedby then-th dihedralangle
restraint.

iangle( s) Internalnumberof thedihedralanglewith names. Thestrings consists
of theanglenamefollowedby theresiduenumber. Thefunctionreturns
0 if s does not identify an existing angle.

iatom( s) Internalnumberof the atomwith names. The string s consistsof the
atomnamefollowedby theresiduenumber. Thefunctionreturns0 if s
does not identify an existing atom.

iaunit( n) Rigid unit numberof aatomn, i.e. thenumberof thedihedralangleim-
mediately preceding atom n.
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ibond( n,m) Numberof them-th atomthat is covalentlyboundto atomn (m= 1, ...,
4). The function returns 0 if less thanm atoms are bound to atomn.

iccoa( m,n) Numbersof thetwo atoms(m = 1, 2) involvedin then-th couplingcon-
stant restraint.

ida(n,m) Number of them-th defining atom of dihedral anglen (m= 1, ..., 4).

idcoa( m,n) Numbersof the two atoms(m = 1, 2) involved in the n-th distancere-
straint.

idor d(n) Index of dihedralanglen with respectto theoriginal orderof dihedral
angles.

idr( n) Residue index of dihedral anglen.

ifira( n) Number of the first atom belonging to residuen.

ifir d(n) Number of the first dihedral angle belonging to the residuen.

inter val(i,j,n) Lower(j = 1) or upper(j = 2) boundof thei-th allowedinterval for angle
n found by grid searches.

inter vals(n) Number of allowed intervals for anglen found by grid searches.

ipre v(n) Numberof thedihedralanglethatprecedesdihedralanglen in the tree
structure of dihedral angles.

irn um(n) Index of the residue with external residue numbern.

istruct( n) Number of then-th selected structure.

lda(n) Numberof thelastatomthatis affectedby achangeof dihedralanglen.

libdir Characterfunctionthatreturnsthecurrentlibrary directory. Thelibrary
directory nameis taken from the environment variable DYANALIB
when the program starts.

maxang Maximal numberof structuresfor which the dihedral anglescan be
stored. This value depends on the size of the protein.

maxcor Maximal numberof structuresfor which theCartesiancoordinatescan
be stored. This value depends on the size of the protein.
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na Number of atoms.

naco Number of dihedral angle constraints.

nassign Number of assigned peaks.

nbond( n) Number of atoms that are covalently bound to atomn.

ncco Number of coupling constant constraints.

nconf Number of allowed conformations in the most recent grid search.

nd Total number of dihedral angles, free and fixed.

ndcdis( n) Numberof distanceconstraintsbetweenresiduesthatareexactlyn posi-
tions apart in the primary sequence.

ndco Number of distance constraints.

ndcres( n,m) Numberof distanceconstraintsthatinvolvetheresiduen andspanadis-
tance of at leastm positions in the sequence.

ndfree Number of free (i.e. rotatable) dihedral angles.

nlevel Numberof distanceconstraintsbetweenresiduesthatarelessthann po-
sitions apart in the primary sequence.

nlol Number of lower limit distance constraints.

np_ass NOAH variable:Numberof peaksin theunambiguousassignmentlist af-
ter the commandfilter .

np_corr NOAH variable:Numberof peaksin the unambiguousassignmentlist
thathavethesameassignmentasin thereferencepeaklist afterthecom-
mandfilter .

np_inc NOAH variable:Numberof peaksthatareincompatiblewith thecurrent
structures after the commandassign .

np_ne w NOAH variable:Numberof peaksin the unambiguousassignmentlist
thathavenoassignmentin thereferencepeaklist afterthecommandfil-
ter.
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np_out NOAH variable:Numberof peaksthathavenopossibleassignmentbased
onpeakpositionsandprotonchemicalshiftsafterthecommandassign .

np_wr g NOAH variable:Numberof peaksin the unambiguousassignmentlist
that have a differentassignmentas in the referencepeaklist after the
commandfilter .

npeaks Number of peaks.

nplist Number of peak lists.

nr Number of residues.

nseldis Number of selected distance constraints.

nstruct Number of selected structures.

numpr o(n) Number of atoms that are associated with the pseudoaton.

nupl Number of upper limit distance constraints.

pi Numerical constantπ = 3.14159.

pseudoatom( n) Numberof thepseudoatomassociatedwith atomn. If nopseudoatomis
associated with atomn, the function returns 0.

rad Numerical constant 180/π = 57.2958.

rmsd_bb Averageof thepair-wisebackboneRMSDcalculatedwith thecommand
rmsd .

rmsd_bbde v Standarddeviationof thepair-wisebackboneRMSDcalculatedwith the
commandrmsd .

rmsd_hv Averageof the pair-wise heavy atomRMSD calculatedwith the com-
mandrmsd .

rmsd_hvde v Standarddeviation of thepair-wiseheavy atomRMSD calculatedwith
the commandrmsd .

rnam( n) Character function that returns the name of the residuen.

rnum(n) (External) residue number of the residuen.
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seldis Average distance bound of all selected distance constraints.

selected( n) Logical function that returns 1 structuren is selected, or 0 otherwise.

shift( n) Realfunction that returnsthe chemicalshift of atomn, or 999.0if the
chemical shift is unknown.

stereopar tner( n) Numberof the diastereotopicpartnerof atomn. If atomn hasno ste-
reopartner, thefunctionreturns0. If theatom(andits stereopartner)are
stereospecificallyassigned(seecommandatom stereo ), the function
returns the number of the diastereotopic partner with a negative sign.

tf Targetfunctionvalueobtainedfrom themostrecenttargetfunctioneval-
uation.If thecurrentstructurewasreadfrom afile thatcontainedthetar-
get function value in its header, and if the target function wasnot re-
evaulatedafterreadingthefile, thenthevaluefrom thefile headeris re-
turned.

tf(n) Target function value of structuren.

timestep Lengthof thetime-stepusedin thelastintegrationstepof apreviousmd
command.

tfcalc Targetfunctionvalueof thecurrentstructure,obtainedby evaluationof
the target function with the current constraints, weights etc.

tfmin Minimal local target function value in the most recent grid search.

tfmax Maximal local target function value in the most recent grid search.

tfres( n) Local targetfunctionvalueof residuen in thecurrentstructure,obtained
by evaluationof thetargetfunctionwith thecurrentconstraints,weights
etc.

tolcco( n) Tolerancefor thecouplingconstantvalueof then-th couplingconstant
restraint.
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Selections

The DYANA commandgroupsatom , angle , peak , distance , and
structure applyto setsof selectedatoms,angles,peaks,distancecon-
straints,andstructures,respectively. Thischapterdescribesthesyntaxof
the various selections used byDYANA.

Residue range A residuerangeconsistsof oneor severalof thefollowing elements,sep-
arated by commas:

m a residue number

m..n a range of residue numbers

m.. from the residue with numberm onwards

..n from the first up to the residuen

Atom selection Atom selectionshavethefollowing generalform (itemsin squarebrack-
etsareoptional,anditemsin curly bracescanoccurzeroor moretimes):

[!] { atom} [ residue] { operator {atom} [ residue]}

where

! denotes negation

atom denotesan atom name,possibly containingwildcards
(“?” or “*” replaceexactlyoneor any numberof charac-
ters,respectively),or thewordMETHYL to denoteall at-
omsin methyl groups,or theword AMIDE to denoteall
atoms in amide groups.

residue denotes a residue selection

A residueselectionconsistsof oneor severalof thefollowing elements:

@name a residuename, possibly containing wildcards

@FIRST the first residue
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@LAST the last residue,

@first thefirst residueof every fragmentwith contiguousresi-
due numbers

@last the last residueof every fragmentwith contiguousresi-
due numbers

m a residue number

m..n a range of residue numbers

m.. from the residue with numberm onwards

..n from the first up to the residuen

Atom selections can be combined using the following operators:

+ atoms in the current set or in the new set

– atoms in the current set but not in the new set

/ atoms in the current set and in the new set

Operators arealwaysevaluatedfrom left to right. Thecurrentatomset
is thesetof atomsdefinedby whatprecedestheoperator. Thenew atom
set is the set of atoms defined by what follows theoperator.

An empty atom selection selects all atoms.

HA atoms called HA

HA HB* all atoms called HA or HB...

HA @ALA 10..20 HA in ALA of residues 10–20

HA @ALA - 10..20 HA in ALA except in residues 10–20

N CA C + 15 17 - H* Q*

all backbone atoms and the sidechain heavy at-
oms of residues 15 and 17

The commandatom list  can be used to check atom selections.

Angle selection Angle selectionsfollow thesamesyntaxasatomselections,exceptthat
anglenamesinsteadof atomnamesarespecified.Thecommandangle
list  can be used to check whether angle selections.

Peak selection Peakselectionsaremadewith thepeak select commandandconsistof
two atomselectionsthatareseparatedby acomma.Thecommamaybe
omittedif bothatomselectionsconsistof a singleatomname.In addi-
tion, peakselectionsmaycontainoneor severalof thefollowing condi-
tions:

levels= m..n
Selectonly peaksbetweenresiduesthat arebetweenm
andn residues apart.

volume= Vmin..Vmax
Select only peaks with volume betweenVmin andVmax.

fraction= p
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Select randomly only the fraction p of all peaksthat
wouldnormallybeselected.Thisoptionis usefulto sim-
ulate peak lists.

variab le Select only peaks that correspond to a variable distance.

peaklist= filenameSelectonly peaksthat werereadfrom the peak
list with the givenfilename (without extension).

Thecurrentpeakselectionmaybecombinedwith thepreviously made
peak selection using one of the operators:

union Selectpeaksthat areselectedby any of the two selec-
tions.

inter section  Select peaks that are selected by both selections.

xor Selectpeaksthatareselectedin exactlyoneof thetwose-
lections.

By default,previouslyselectedpeaksarenotconsidered.Thecommand
peak list  can be used to check peak selections.

Distance
constraint
selection

Distanceconstraintselectionsaremadewith thedistance select com-
mandandfollow thesamesyntaxaspeakselections,exceptthatthecon-
ditions volume= Vmin..Vmax and peaklist= filenamecannotbe used.
The commanddistance list canbe usedto checkdistanceconstraint
selections.

Structure selection A structureselectionconsistsof oneorseveralof thefollowingelements,
separated by blanks:

m a structure number

m..n a range of structure numbers

m.. from the structure with numberm onwards

..n from the first up to the structuren

An empty structure selection selects all structures.
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File Formats

Thischapterdescribestheformatof theinputfilesto DYANA. Most input
With theexceptionof residuelibrary, angleandcoordinatefilesall input
files have “free format”, i.e. theexactpositioningof the individual en-
trieson a line is not important;subsequentinput fieldsareseparatedby
oneor moreblanks.In all inputfilesexceptresiduelibrary andCartesian
coordinatefiles the character“#” indicatesthat the restof the line is a
comment that will be skipped by the program.

TheprogramDYANA usesfor all typesof input andoutputdatafiles de-
fault file name extensions if no extension is specified by the user:

Formatsof most files are thoseof alreadyexisting programs:DIANA

file type format default extension

dihedral angle constraints DIANA .aco

dihedral angles DIANA .ang

coupling constants HABAS .cco

Cartesian coordinates DG .cor

residue library DYANA .lib

lower limit distance constraints DIANA .lol

orientation constraints DYANA .ori

Cartesian coordinates PDB .pdb

peak list XEASY .peaks

chemical shift list XEASY .prot

residue sequence DIANA .seq

upper limit distance constraints DIANA .upl

XPLORdistanceandangleconstraints XPLOR .xplor
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(Güntertet al., 1991a),HABAS (Güntertet al., 1989), XEASY (Eccleset
al., 1991;Bartelset al., 1995),andXPLOR (Brünger, 1992).DG is the
coordinatefile formatusedby DIANA andotherdistancegeometrypro-
grams.PDB is the formatusedby theProteinDataBank (Bernsteinet
al., 1977). Somefeaturesof PDB andXPLOR formatarenot supported
by DYANA.

Residue library

Theresiduelibrary inputfile declarestheatomtypes,thenomenclature,
the dihedralangledefinitions,the covalentconnectivities andthe stan-
dardgeometry. Thestandardlibrary, “dyana.lib”, usesthestandardge-
ometryof theECEPP/2 forcefield (Momany etal., 1975;Némethy etal.,
1983)for all aminoacidresiduetypes.Thecovalentgeometryof thenu-
cleotidesis basedon the AMBER force field (Cornell et al., 1995).For
reasonsof compatibility with otherprograms,the residuelibrary used
for DYANA containsmoreinformationthanis actuallyreadby thepro-
gram;thefollowing descriptiontreatsonly datathatis relevantfor DYA-

NA. First of all, thepresentversionof DYANA doesnot allow for special
endgroupsat theN- or C-terminusof thepolypeptidechain.Therefore
only theentriesmarkedwith thekeywordsATOMTYPESor RESIDUE
are considered.

The atomtypesentry startswith a headerline with the Fortranformat
(A10,I5) containingthe word ATOMTYPES and the numberof atom
typedeclarationsthatwill follow. Thefollowing linescontainatomtype
declarationsin theFortranformat(5X,A5,F10.2,2I5):theatomtype,the
repulsive coreradiusthatwill beassignedto atomsof this type,a code
for hydrogenbondcapabilities(1 for hydrogenatomsthatcanform hy-
drogenbonds,for hydrogenbondacceptors(e.g.oxygens),and0 for at-
omsthatcannotbe involved in hydrogenbonds),andtheordernumber
of thechemicalelement(0 for pseudoatoms,1 for hydrogen,6 for car-
bon,7 for nitrogenetc.).Theatomtypesentrymustprecedetheresidue
entries.

A residue entry starts with a headerline with the Fortran format
(A10,A5,4I5)andcontainingthewordRESIDUE,theresiduename,the
numbersof rotatabledihedralangleandatomdeclarationsthatwill fol-
low, respectively, andthenumbersof thefirst andlastatomin thelist of
atomdeclarationsthatbelongto theresidue(not to theprecedingor fol-
lowing onein thepolypeptidechain).Thenext linescontaindihedralan-
gle declarationsin the format (5X,A5,20X,5I5): the dihedral angle
name,thenumbersof thefour atomsthatdefinethedihedralangle,and
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thenumberof thelastatomthatwill beaffectedby a rotationof thedi-
hedralangle(for backbonedihedralanglesthisnumberis setto 0).Atom
numberscorrespondto the runningnumbersin the first columnof the
atomdeclarations.Theatomdeclarationsmustbeorderedsuchthatthe
setof atomsaffectedby achangeof adihedralangleconsistsof all atoms
following the third atomin the dihedralangledefinition up to the last
atom(or theC-terminusfor backbonedihedralangles)that is affected.
Finally, there are lines containing atom declarations:the format is
(5X,2A5,15X,3F10.4,5I5),the dataare the atomname,the atomtype
(usedto settherepulsive coreradii), thex-, y- andz-coordinatesin for
anarbitraryconformation,four atomnumbersindicatingcovalentcon-
nectivities (if therearelessthanfour connectivities, the corresponding
numbersaresetto 0) andtheatomnumberof thecorrespondingpseudo
atom (or 0 if there is no corresponding pseudo atom).

The nomenclatureof atomsin aminoacid residuescloselyfollows the
IUPAC recommendations.The only exceptionis the backboneamide
protonwhichis calledHN insteadof H. In additionto realatomstheres-
idue library may contain pseudoatoms identified by the atom type
PSEUDthat areusedin DYANA asdimensionlessreferencepoints for
distance constraints.

To avoid nomenclatureconfusionall atomtypesandresidueentriesof
thestandardresiduelibrary file arelistedin thefollowing (for compact-
nesstwo numbersthatarenotusedby DYANA arenotprintedin theatom
lines between the atom type and thex-coordinate):

Atom types ATOMTYPES    18
   1 PSEUD    -10.00    0    0
   2 H_ALI      1.00    0    1
   3 H_AMI      0.95    1    1
   4 H_ARO      1.00    0    1
   5 H_SUL      1.00    0    1
   6 H_OXY      1.00    1    1
   7 C_ALI      1.40    0    6
   8 C_BYL      1.40    0    6
   9 C_ARO      1.35    0    6
  10 C_VIN      1.40    0    6
  11 N_AMI      1.30   -1    7
  12 N_AMO      1.30    0    7
  13 O_BYL      1.20   -1    8
  14 O_HYD      1.20   -1    8
  15 O_EST      1.20   -1    8
  16 S_OXY      1.60    0   16
  17 S_RED      1.60    0   16
  18 P_ALI      1.60    0   15

ALA RESIDUE   ALA      4   14    3   13
   1 OMEGA   -1    2   10.0000    2    1    3    4    0
   2 PHI      0    0    0.0000    1    3    5   12    0
   3 CHI1     1    3    1.3500    3    5    8    9   11
   4 PSI      0    0    0.0000    3    5   12   14    0
   1 C    C_BYL   -0.6824   -1.1357    0.0000    2    3    0    0    0
   2 O    O_BYL   -0.1723   -2.2550    0.0000    1    0    0    0    0
   3 N    N_AMI    0.0000    0.0000    0.0000    1    4    5    0    0
   4 HN   H_AMI   -0.4226    0.9063    0.0000    3    0    0    0    0
   5 CA   C_ALI    1.4530    0.0000    0.0000    3    6    8   12    0
   6 HA   H_ALI    1.7849   -0.4925    0.9140    5    0    0    0    0
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   7 QB   PSEUD    2.0850   -0.9858   -1.4878    0    0    0    0    0
   8 CB   C_ALI    1.9637   -0.7966   -1.2023    5    9   10   11    0
   9 HB1  H_ALI    3.0537   -0.7963   -1.2019    8    0    0    0    7
  10 HB2  H_ALI    1.6006   -1.8224   -1.1392    8    0    0    0    7
  11 HB3  H_ALI    1.6006   -0.3386   -2.1223    8    0    0    0    7
  12 C    C_BYL    1.9587    1.4440    0.0000    5   13   14    0    0
  13 O    O_BYL    1.1648    2.3835    0.0000   12    0    0    0    0
  14 N    N_AMI    3.2772    1.5756    0.0000   12    0    0    0    0

ARG RESIDUE   ARG      7   30    3   29
   1 OMEGA   -1    2   10.0000    2    1    3    4    0
   2 PHI      0    0    0.0000    1    3    5   28    0
   3 CHI1     1    3    1.3500    3    5    7   11   27
   4 CHI2     1    3    1.3500    5    7   11   15   27
   5 CHI3     1    3    1.3500    7   11   15   19   27
   6 CHI4     0    0    0.0000   11   15   19   21   27
   7 PSI      0    0    0.0000    3    5   28   30    0
   1 C    C_BYL   -0.6824   -1.1357    0.0000    2    3    0    0    0
   2 O    O_BYL   -0.1723   -2.2550    0.0000    1    0    0    0    0
   3 N    N_AMI    0.0000    0.0000    0.0000    1    4    5    0    0
   4 HN   H_AMI   -0.4226    0.9063    0.0000    3    0    0    0    0
   5 CA   C_ALI    1.4530    0.0000    0.0000    3    6    7   28    0
   6 HA   H_ALI    1.7317   -0.5213    0.9158    5    0    0    0    0
   7 CB   C_ALI    2.0038   -0.7402   -1.2205    5    8    9   11    0
   8 HB2  H_ALI    1.6375   -1.7668   -1.2235    7    0    0    0   10
   9 HB3  H_ALI    1.6375   -0.2685   -2.1323    7    0    0    0   10
  10 QB   PSEUD    1.6375   -1.0177   -1.6779    0    0    0    0    0
  11 CG   C_ALI    3.5338   -0.7388   -1.2182    7   12   13   15    0
  12 HG2  H_ALI    3.9001    0.2878   -1.2152   11    0    0    0   14
  13 HG3  H_ALI    3.9001   -1.2106   -0.3064   11    0    0    0   14
  14 QG   PSEUD    3.9001   -0.4614   -0.7608    0    0    0    0    0
  15 CD   C_ALI    4.0846   -1.4791   -2.4387   11   16   17   19    0
  16 HD2  H_ALI    3.7230   -2.5073   -2.4444   15    0    0    0   18
  17 HD3  H_ALI    3.7230   -1.0090   -3.3532   15    0    0    0   18
  18 QD   PSEUD    3.7230   -1.7581   -2.8988    0    0    0    0    0
  19 NE   N_AMI    5.5643   -1.4643   -2.4144   15   20   21    0    0
  20 HE   H_AMI    6.0160   -1.0017   -1.6515   19    0    0    0    0
  21 CZ   C_VIN    6.3425   -2.0364   -3.3576   19   22   24    0    0
  22 NH1  N_AMI    7.6548   -1.9625   -3.2357   21   23    0    0    0
  23 HH1  H_AMI    8.3002   -2.3586   -3.8888   22    0    0    0    0
  24 NH2  N_AMI    5.7870   -2.6745   -4.4096   21   25   26    0    0
  25 HH21 H_AMI    6.3705   -3.0956   -5.1040   24    0    0    0   27
  26 HH22 H_AMI    4.7919   -2.7260   -4.4945   24    0    0    0   27
  27 QH2  PSEUD    5.5812   -2.9108   -4.7993    0    0    0    0    0
  28 C    C_BYL    1.9838    1.4350    0.0000    5   29   30    0    0
  29 O    O_BYL    1.2064    2.3881    0.0000   28    0    0    0    0
  30 N    N_AMI    3.3043    1.5436    0.0000   28    0    0    0    0

ARG+ RESIDUE   ARG+     7   32    3   31
   1 OMEGA   -1    2   10.0000    2    1    3    4    0
   2 PHI      0    0    0.0000    1    3    5   30    0
   3 CHI1     1    3    1.3500    3    5    7   11   29
   4 CHI2     1    3    1.3500    5    7   11   15   29
   5 CHI3     1    3    1.3500    7   11   15   19   29
   6 CHI4     0    0    0.0000   11   15   19   21   29
   7 PSI      0    0    0.0000    3    5   30   32    0
   1 C    C_BYL   -0.6824   -1.1357    0.0000    2    3    0    0    0
   2 O    O_BYL   -0.1723   -2.2550    0.0000    1    0    0    0    0
   3 N    N_AMI    0.0000    0.0000    0.0000    1    4    5    0    0
   4 HN   H_AMI   -0.4226    0.9063    0.0000    3    0    0    0    0
   5 CA   C_ALI    1.4530    0.0000    0.0000    3    6    7   30    0
   6 HA   H_ALI    1.7317   -0.5213    0.9158    5    0    0    0    0
   7 CB   C_ALI    2.0038   -0.7402   -1.2205    5    8    9   11    0
   8 HB2  H_ALI    1.6375   -1.7668   -1.2235    7    0    0    0   10
   9 HB3  H_ALI    1.6375   -0.2685   -2.1323    7    0    0    0   10
  10 QB   PSEUD    1.6375   -1.0177   -1.6779    0    0    0    0    0
  11 CG   C_ALI    3.5338   -0.7388   -1.2182    7   12   13   15    0
  12 HG2  H_ALI    3.9001    0.2878   -1.2152   11    0    0    0   14
  13 HG3  H_ALI    3.9001   -1.2106   -0.3064   11    0    0    0   14
  14 QG   PSEUD    3.9001   -0.4614   -0.7608    0    0    0    0    0
  15 CD   C_ALI    4.0846   -1.4791   -2.4387   11   16   17   19    0
  16 HD2  H_ALI    3.7230   -2.5073   -2.4444   15    0    0    0   18
  17 HD3  H_ALI    3.7230   -1.0090   -3.3532   15    0    0    0   18
  18 QD   PSEUD    3.7230   -1.7581   -2.8988    0    0    0    0    0
  19 NE   N_AMI    5.5643   -1.4643   -2.4144   15   20   21    0    0
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  20 HE   H_AMI    6.0160   -1.0017   -1.6515   19    0    0    0    0
  21 CZ   C_VIN    6.3367   -2.0321   -3.3506   19   22   26    0    0
  22 NH1  N_AMO    7.6712   -1.9691   -3.2468   21   23   24    0    0
  23 HH11 H_AMI    8.2477   -2.3929   -3.9454   22    0    0    0   25
  24 HH12 H_AMI    8.0907   -1.4983   -2.4706   22    0    0    0   25
  25 QH1  PSEUD    8.1692   -1.9456   -3.2080    0    0    0    0    0
  26 NH2  N_AMO    5.7747   -2.6630   -4.3906   21   27   28    0    0
  27 HH21 H_AMI    6.3512   -3.0868   -5.0893   26    0    0    0   29
  28 HH22 H_AMI    4.7788   -2.7101   -4.4681   26    0    0    0   29
  29 QH2  PSEUD    5.5650   -2.8985   -4.7787    0    0    0    0    0
  30 C    C_BYL    1.9838    1.4350    0.0000    5   31   32    0    0
  31 O    O_BYL    1.2064    2.3881    0.0000   30    0    0    0    0
  32 N    N_AMI    3.3043    1.5436    0.0000   30    0    0    0    0

ASN RESIDUE   ASN      5   19    3   18
   1 OMEGA   -1    2   10.0000    2    1    3    4    0
   2 PHI      0    0    0.0000    1    3    5   17    0
   3 CHI1     1    3    1.3500    3    5    7   11   16
   4 CHI2     0    0    0.0000    5    7   11   12   16
   5 PSI      0    0    0.0000    3    5   17   19    0
   1 C    C_BYL   -0.6824   -1.1357    0.0000    2    3    0    0    0
   2 O    O_BYL   -0.1723   -2.2550    0.0000    1    0    0    0    0
   3 N    N_AMI    0.0000    0.0000    0.0000    1    4    5    0    0
   4 HN   H_AMI   -0.4226    0.9063    0.0000    3    0    0    0    0
   5 CA   C_ALI    1.4530    0.0000    0.0000    3    6    7   17    0
   6 HA   H_ALI    1.7394   -0.5422    0.9011    5    0    0    0    0
   7 CB   C_ALI    2.0038   -0.6938   -1.2474    5    8    9   11    0
   8 HB2  H_ALI    1.6375   -1.7196   -1.2891    7    0    0    0   10
   9 HB3  H_ALI    1.6375   -0.1881   -2.1409    7    0    0    0   10
  10 QB   PSEUD    1.6375   -0.9538   -1.7150    0    0    0    0    0
  11 CG   C_BYL    3.5338   -0.6925   -1.2451    7   12   13    0    0
  12 OD1  O_BYL    4.1821   -1.1949   -2.1483   11    0    0    0    0
  13 ND2  N_AMI    4.0726   -0.1015   -0.1825   11   14   15    0    0
  14 HD21 H_AMI    3.4834    0.2913    0.5236   13    0    0    0   16
  15 HD22 H_AMI    5.0670   -0.0498   -0.0896   13    0    0    0   16
  16 QD2  PSEUD    4.2752    0.1208    0.2170    0    0    0    0    0
  17 C    C_BYL    1.9587    1.4440    0.0000    5   18   19    0    0
  18 O    O_BYL    1.1648    2.3835    0.0000   17    0    0    0    0
  19 N    N_AMI    3.2772    1.5756    0.0000   17    0    0    0    0

ASP RESIDUE   ASP      6   17    3   16
   1 OMEGA   -1    2   10.0000    2    1    3    4    0
   2 PHI      0    0    0.0000    1    3    5   15    0
   3 CHI1     1    3    1.3500    3    5    7   11   14
   4 CHI2     0    0    0.0000    5    7   11   12   14
   5 CHI32   -1    2    4.0000    7   11   13   14   14
   6 PSI      0    0    0.0000    3    5   15   17    0
   1 C    C_BYL   -0.6824   -1.1357    0.0000    2    3    0    0    0
   2 O    O_BYL   -0.1723   -2.2550    0.0000    1    0    0    0    0
   3 N    N_AMI    0.0000    0.0000    0.0000    1    4    5    0    0
   4 HN   H_AMI   -0.4226    0.9063    0.0000    3    0    0    0    0
   5 CA   C_ALI    1.4530    0.0000    0.0000    3    6    7   15    0
   6 HA   H_ALI    1.7394   -0.5422    0.9011    5    0    0    0    0
   7 CB   C_ALI    2.0038   -0.6938   -1.2474    5    8    9   11    0
   8 HB2  H_ALI    1.6190   -1.7132   -1.2776    7    0    0    0   10
   9 HB3  H_ALI    1.6190   -0.1818   -2.1294    7    0    0    0   10
  10 QB   PSEUD    1.6190   -0.9475   -1.7035    0    0    0    0    0
  11 CG   C_BYL    3.5302   -0.7444   -1.3384    7   12   13    0    0
  12 OD1  O_BYL    4.0951   -1.2810   -2.3031   11    0    0    0    0
  13 OD2  O_HYD    4.1537   -0.1955   -0.3514   11   14    0    0    0
  14 HD2  H_OXY    5.1416   -0.2707   -0.4866   13    0    0    0    0
  15 C    C_BYL    1.9587    1.4440    0.0000    5   16   17    0    0
  16 O    O_BYL    1.1648    2.3835    0.0000   15    0    0    0    0
  17 N    N_AMI    3.2772    1.5756    0.0000   15    0    0    0    0

ASP- RESIDUE   ASP-     5   16    3   15
   1 OMEGA   -1    2   10.0000    2    1    3    4    0
   2 PHI      0    0    0.0000    1    3    5   14    0
   3 CHI1     1    3    1.3500    3    5    7   11   13
   4 CHI2     0    0    0.0000    5    7   11   12   13
   5 PSI      0    0    0.0000    3    5   14   16    0
   1 C    C_BYL   -0.6824   -1.1357    0.0000    2    3    0    0    0
   2 O    O_BYL   -0.1723   -2.2550    0.0000    1    0    0    0    0
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   3 N    N_AMI    0.0000    0.0000    0.0000    1    4    5    0    0
   4 HN   H_AMI   -0.4226    0.9063    0.0000    3    0    0    0    0
   5 CA   C_ALI    1.4530    0.0000    0.0000    3    6    7   14    0
   6 HA   H_ALI    1.7394   -0.5422    0.9011    5    0    0    0    0
   7 CB   C_ALI    2.0038   -0.6938   -1.2474    5    8    9   11    0
   8 HB2  H_ALI    1.6190   -1.7132   -1.2776    7    0    0    0   10
   9 HB3  H_ALI    1.6190   -0.1818   -2.1294    7    0    0    0   10
  10 QB   PSEUD    1.6190   -0.9475   -1.7035    0    0    0    0    0
  11 CG   C_BYL    3.5302   -0.7444   -1.3384    7   12   13    0    0
  12 OD1  O_BYL    4.0206   -1.3033   -2.3432   11    0    0    0    0
  13 OD2  O_BYL    4.1722   -0.2231   -0.4011   11    0    0    0    0
  14 C    C_BYL    1.9587    1.4440    0.0000    5   15   16    0    0
  15 O    O_BYL    1.1648    2.3835    0.0000   14    0    0    0    0
  16 N    N_AMI    3.2772    1.5756    0.0000   14    0    0    0    0

CYS RESIDUE   CYS      5   15    3   14
   1 OMEGA   -1    2   10.0000    2    1    3    4    0
   2 PHI      0    0    0.0000    1    3    5   13    0
   3 CHI1     1    3    1.3500    3    5    7   11   12
   4 CHI2     1    3    0.7500    5    7   11   12   12
   5 PSI      0    0    0.0000    3    5   13   15    0
   1 C    C_BYL   -0.6824   -1.1357    0.0000    2    3    0    0    0
   2 O    O_BYL   -0.1723   -2.2550    0.0000    1    0    0    0    0
   3 N    N_AMI    0.0000    0.0000    0.0000    1    4    5    0    0
   4 HN   H_AMI   -0.4226    0.9063    0.0000    3    0    0    0    0
   5 CA   C_ALI    1.4530    0.0000    0.0000    3    6    7   13    0
   6 HA   H_ALI    1.7661   -0.5112    0.9103    5    0    0    0    0
   7 CB   C_ALI    2.0187   -0.7882   -1.1831    5    8    9   11    0
   8 HB2  H_ALI    1.6627   -1.8178   -1.1483    7    0    0    0   10
   9 HB3  H_ALI    1.6627   -0.3594   -2.1199    7    0    0    0   10
  10 QB   PSEUD    1.6627   -1.0886   -1.6341    0    0    0    0    0
  11 SG   S_RED    3.8479   -0.7581   -1.1379    7   12    0    0    0
  12 HG   H_SUL    4.0261   -1.4888   -2.2348   11    0    0    0    0
  13 C    C_BYL    1.9334    1.4526    0.0000    5   14   15    0    0
  14 O    O_BYL    1.1232    2.3781    0.0000   13    0    0    0    0
  15 N    N_AMI    3.2494    1.6072    0.0000   13    0    0    0    0

CYSS RESIDUE   CYSS     4   14    3   13
   1 OMEGA   -1    2   10.0000    2    1    3    4    0
   2 PHI      0    0    0.0000    1    3    5   12    0
   3 CHI1     1    3    1.3500    3    5    7   11   11
   4 PSI      0    0    0.0000    3    5   12   14    0
   1 C    C_BYL   -0.6824   -1.1357    0.0000    2    3    0    0    0
   2 O    O_BYL   -0.1723   -2.2550    0.0000    1    0    0    0    0
   3 N    N_AMI    0.0000    0.0000    0.0000    1    4    5    0    0
   4 HN   H_AMI   -0.4226    0.9063    0.0000    3    0    0    0    0
   5 CA   C_ALI    1.4530    0.0000    0.0000    3    6    7   12    0
   6 HA   H_ALI    1.7661   -0.5112    0.9103    5    0    0    0    0
   7 CB   C_ALI    2.0187   -0.7882   -1.1831    5    8    9   11    0
   8 HB2  H_ALI    1.6404   -1.8093   -1.1355    7    0    0    0   10
   9 HB3  H_ALI    1.6404   -0.3509   -2.1071    7    0    0    0   10
  10 QB   PSEUD    1.6404   -1.0801   -1.6213    0    0    0    0    0
  11 SG   S_OXY    3.8460   -0.8430   -1.2654    7    0    0    0    0
  12 C    C_BYL    1.9334    1.4526    0.0000    5   13   14    0    0
  13 O    O_BYL    1.1232    2.3781    0.0000   12    0    0    0    0
  14 N    N_AMI    3.2494    1.6072    0.0000   12    0    0    0    0

GLN RESIDUE   GLN      6   23    3   22
   1 OMEGA   -1    2   10.0000    2    1    3    4    0
   2 PHI      0    0    0.0000    1    3    5   21    0
   3 CHI1     1    3    1.3500    3    5    7   11   20
   4 CHI2     1    3    1.3500    5    7   11   15   20
   5 CHI3     0    0    0.0000    7   11   15   16   20
   6 PSI      0    0    0.0000    3    5   21   23    0
   1 C    C_BYL   -0.6824   -1.1357    0.0000    2    3    0    0    0
   2 O    O_BYL   -0.1723   -2.2550    0.0000    1    0    0    0    0
   3 N    N_AMI    0.0000    0.0000    0.0000    1    4    5    0    0
   4 HN   H_AMI   -0.4226    0.9063    0.0000    3    0    0    0    0
   5 CA   C_ALI    1.4530    0.0000    0.0000    3    6    7   21    0
   6 HA   H_ALI    1.7427   -0.5017    0.9233    5    0    0    0    0
   7 CB   C_ALI    2.0013   -0.7874   -1.1917    5    8    9   11    0
   8 HB2  H_ALI    1.6341   -1.8130   -1.1545    7    0    0    0   10
   9 HB3  H_ALI    1.6341   -0.3510   -2.1206    7    0    0    0   10
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  10 QB   PSEUD    1.6341   -1.0820   -1.6375    0    0    0    0    0
  11 CG   C_ALI    3.5313   -0.7874   -1.1917    7   12   13   15    0
  12 HG2  H_ALI    3.8985    0.2382   -1.2290   11    0    0    0   14
  13 HG3  H_ALI    3.8985   -1.2239   -0.2629   11    0    0    0   14
  14 QG   PSEUD    3.8985   -0.4928   -0.7459    0    0    0    0    0
  15 CD   C_BYL    4.0796   -1.5749   -2.3835   11   16   17    0    0
  16 OE1  O_BYL    5.2772   -1.7032   -2.5777   15    0    0    0    0
  17 NE2  N_AMI    3.1391   -2.0933   -3.1681   15   18   19    0    0
  18 HE21 H_AMI    2.1732   -1.9506   -2.9521   17    0    0    0   20
  19 HE22 H_AMI    3.3980   -2.6258   -3.9740   17    0    0    0   20
  20 QE2  PSEUD    2.7856   -2.2882   -3.4631    0    0    0    0    0
  21 C    C_BYL    1.9838    1.4350    0.0000    5   22   23    0    0
  22 O    O_BYL    1.2064    2.3882    0.0000   21    0    0    0    0
  23 N    N_AMI    3.3043    1.5436    0.0000   21    0    0    0    0

GLU RESIDUE   GLU      7   21    3   20
   1 OMEGA   -1    2   10.0000    2    1    3    4    0
   2 PHI      0    0    0.0000    1    3    5   19    0
   3 CHI1     1    3    1.3500    3    5    7   11   18
   4 CHI2     1    3    1.3500    5    7   11   15   18
   5 CHI3     0    0    0.0000    7   11   15   16   18
   6 CHI42   -1    2    4.0000   11   15   17   18   18
   7 PSI      0    0    0.0000    3    5   19   21    0
   1 C    C_BYL   -0.6824   -1.1357    0.0000    2    3    0    0    0
   2 O    O_BYL   -0.1723   -2.2550    0.0000    1    0    0    0    0
   3 N    N_AMI    0.0000    0.0000    0.0000    1    4    5    0    0
   4 HN   H_AMI   -0.4226    0.9063    0.0000    3    0    0    0    0
   5 CA   C_ALI    1.4530    0.0000    0.0000    3    6    7   19    0
   6 HA   H_ALI    1.7427   -0.5017    0.9233    5    0    0    0    0
   7 CB   C_ALI    2.0013   -0.7874   -1.1917    5    8    9   11    0
   8 HB2  H_ALI    1.6341   -1.8130   -1.1545    7    0    0    0   10
   9 HB3  H_ALI    1.6341   -0.3510   -2.1206    7    0    0    0   10
  10 QB   PSEUD    1.6341   -1.0820   -1.6375    0    0    0    0    0
  11 CG   C_ALI    3.5313   -0.7874   -1.1917    7   12   13   15    0
  12 HG2  H_ALI    3.8985    0.2382   -1.2290   11    0    0    0   14
  13 HG3  H_ALI    3.8985   -1.2239   -0.2629   11    0    0    0   14
  14 QG   PSEUD    3.8985   -0.4928   -0.7459    0    0    0    0    0
  15 CD   C_BYL    4.0796   -1.5749   -2.3835   11   16   17    0    0
  16 OE1  O_BYL    5.3043   -1.6818   -2.5453   15    0    0    0    0
  17 OE2  O_HYD    3.1835   -2.0873   -3.1571   15   18    0    0    0
  18 HE2  H_OXY    3.6219   -2.5827   -3.9070   17    0    0    0    0
  19 C    C_BYL    1.9838    1.4350    0.0000    5   20   21    0    0
  20 O    O_BYL    1.2064    2.3882    0.0000   19    0    0    0    0
  21 N    N_AMI    3.3043    1.5436    0.0000   19    0    0    0    0

GLU- RESIDUE   GLU-     6   20    3   19
   1 OMEGA   -1    2   10.0000    2    1    3    4    0
   2 PHI      0    0    0.0000    1    3    5   18    0
   3 CHI1     1    3    1.3500    3    5    7   11   17
   4 CHI2     1    3    1.3500    5    7   11   15   17
   5 CHI3     0    0    0.0000    7   11   15   16   17
   6 PSI      0    0    0.0000    3    5   18   20    0
   1 C    C_BYL   -0.6824   -1.1357    0.0000    2    3    0    0    0
   2 O    O_BYL   -0.1723   -2.2550    0.0000    1    0    0    0    0
   3 N    N_AMI    0.0000    0.0000    0.0000    1    4    5    0    0
   4 HN   H_AMI   -0.4226    0.9063    0.0000    3    0    0    0    0
   5 CA   C_ALI    1.4530    0.0000    0.0000    3    6    7   18    0
   6 HA   H_ALI    1.7427   -0.5017    0.9233    5    0    0    0    0
   7 CB   C_ALI    2.0013   -0.7874   -1.1917    5    8    9   11    0
   8 HB2  H_ALI    1.6341   -1.8130   -1.1545    7    0    0    0   10
   9 HB3  H_ALI    1.6341   -0.3510   -2.1206    7    0    0    0   10
  10 QB   PSEUD    1.6341   -1.0820   -1.6375    0    0    0    0    0
  11 CG   C_ALI    3.5313   -0.7874   -1.1917    7   12   13   15    0
  12 HG2  H_ALI    3.8985    0.2382   -1.2290   11    0    0    0   14
  13 HG3  H_ALI    3.8985   -1.2239   -0.2629   11    0    0    0   14
  14 QG   PSEUD    3.8985   -0.4928   -0.7459    0    0    0    0    0
  15 CD   C_BYL    4.0796   -1.5749   -2.3835   11   16   17    0    0
  16 OE1  O_BYL    5.3227   -1.6469   -2.4925   15    0    0    0    0
  17 OE2  O_BYL    3.2432   -2.0870   -3.1585   15    0    0    0    0
  18 C    C_BYL    1.9838    1.4350    0.0000    5   19   20    0    0
  19 O    O_BYL    1.2064    2.3882    0.0000   18    0    0    0    0
  20 N    N_AMI    3.3043    1.5436    0.0000   18    0    0    0    0
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GLY RESIDUE   GLY      3   11    3   10
   1 OMEGA   -1    2   10.0000    2    1    3    4    0
   2 PHI      0    0    0.0000    1    3    5    9    0
   3 PSI      0    0    0.0000    3    5    9   11    0
   1 C    C_BYL   -0.6824   -1.1357    0.0000    2    3    0    0    0
   2 O    O_BYL   -0.1723   -2.2550    0.0000    1    0    0    0    0
   3 N    N_AMI    0.0000    0.0000    0.0000    1    4    5    0    0
   4 HN   H_AMI   -0.4226    0.9063    0.0000    3    0    0    0    0
   5 CA   C_ALI    1.4530    0.0000    0.0000    3    6    7    9    0
   6 HA1  H_ALI    1.8202   -0.5343    0.8762    5    0    0    0    8
   7 HA2  H_ALI    1.8202   -0.5343   -0.8762    5    0    0    0    8
   8 QA   PSEUD    1.8202   -0.5343    0.0000    0    0    0    0    0
   9 C    C_BYL    2.0013    1.4284    0.0000    5   10   11    0    0
  10 O    O_BYL    1.2356    2.3910    0.0000    9    0    0    0    0
  11 N    N_AMI    3.3231    1.5208    0.0000    9    0    0    0    0

HIS RESIDUE   HIS      5   21    3   20
   1 OMEGA   -1    2   10.0000    2    1    3    4    0
   2 PHI      0    0    0.0000    1    3    5   19    0
   3 CHI1     1    3    1.3500    3    5    7   11   18
   4 CHI2     0    0    0.0000    5    7   11   12   18
   5 PSI      0    0    0.0000    3    5   19   21    0
   1 C    C_BYL   -0.6824   -1.1357    0.0000    2    3    0    0    0
   2 O    O_BYL   -0.1723   -2.2550    0.0000    1    0    0    0    0
   3 N    N_AMI    0.0000    0.0000    0.0000    1    4    5    0    0
   4 HN   H_AMI   -0.4226    0.9063    0.0000    3    0    0    0    0
   5 CA   C_ALI    1.4530    0.0000    0.0000    3    6    7   19    0
   6 HA   H_ALI    1.7658   -0.4880    0.9231    5    0    0    0    0
   7 CB   C_ALI    1.9963   -0.8228   -1.1699    5    8    9   11    0
   8 HB2  H_ALI    1.6134   -1.8405   -1.0938    7    0    0    0   10
   9 HB3  H_ALI    1.6134   -0.4071   -2.1019    7    0    0    0   10
  10 QB   PSEUD    1.6134   -1.1238   -1.5979    0    0    0    0    0
  11 CG   C_VIN    3.5040   -0.8713   -1.2388    7   12   13    0    0
  12 ND1  N_AMI    4.1876   -1.5636   -2.2231   11   14   15    0    0
  13 CD2  C_ARO    4.4515   -0.3061   -0.4368   11   16   17    0    0
  14 HD1  H_AMI    3.7713   -2.0867   -2.9668   12    0    0    0    0
  15 CE1  C_ARO    5.4873   -1.4156   -2.0126   12   16   18    0    0
  16 NE2  N_AMI    5.6488   -0.6364   -0.9048   13   15    0    0    0
  17 HD2  H_ARO    4.2578    0.3120    0.4399   13    0    0    0    0
  18 HE1  H_ARO    6.2871   -1.8416   -2.6184   15    0    0    0    0
  19 C    C_BYL    1.9662    1.4413    0.0000    5   20   21    0    0
  20 O    O_BYL    1.1773    2.3850    0.0000   19    0    0    0    0
  21 N    N_AMI    3.2853    1.5659    0.0000   19    0    0    0    0

HIST RESIDUE   HIST     5   21    3   20
   1 OMEGA   -1    2   10.0000    2    1    3    4    0
   2 PHI      0    0    0.0000    1    3    5   19    0
   3 CHI1     1    3    1.3500    3    5    7   11   18
   4 CHI2     0    0    0.0000    5    7   11   12   18
   5 PSI      0    0    0.0000    3    5   19   21    0
   1 C    C_BYL   -0.6824   -1.1357    0.0000    2    3    0    0    0
   2 O    O_BYL   -0.1723   -2.2550    0.0000    1    0    0    0    0
   3 N    N_AMI    0.0000    0.0000    0.0000    1    4    5    0    0
   4 HN   H_AMI   -0.4226    0.9063    0.0000    3    0    0    0    0
   5 CA   C_ALI    1.4530    0.0000    0.0000    3    6    7   19    0
   6 HA   H_ALI    1.7658   -0.4880    0.9231    5    0    0    0    0
   7 CB   C_ALI    1.9963   -0.8228   -1.1699    5    8    9   11    0
   8 HB2  H_ALI    1.6134   -1.8405   -1.0938    7    0    0    0   10
   9 HB3  H_ALI    1.6134   -0.4071   -2.1019    7    0    0    0   10
  10 QB   PSEUD    1.6134   -1.1238   -1.5979    0    0    0    0    0
  11 CG   C_VIN    3.5040   -0.8713   -1.2388    7   12   13    0    0
  12 ND1  N_AMI    4.1876   -1.5636   -2.2231   11   16    0    0    0
  13 CD2  C_ARO    4.4515   -0.3061   -0.4368   11   14   15    0    0
  14 HD2  H_ARO    4.2578    0.3120    0.4399   13    0    0    0    0
  15 NE2  N_AMI    5.6488   -0.6364   -0.9048   13   16   18    0    0
  16 CE1  C_ARO    5.4873   -1.4156   -2.0126   12   15   17    0    0
  17 HE1  H_ARO    6.2871   -1.8416   -2.6184   16    0    0    0    0
  18 HE2  H_AMI    6.5236   -0.3132   -0.5438   15    0    0    0    0
  19 C    C_BYL    1.9662    1.4413    0.0000    5   20   21    0    0
  20 O    O_BYL    1.1773    2.3850    0.0000   19    0    0    0    0
  21 N    N_AMI    3.2853    1.5659    0.0000   19    0    0    0    0

HIST+ RESIDUE   HIS+     5   22    3   21
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   1 OMEGA   -1    2   10.0000    2    1    3    4    0
   2 PHI      0    0    0.0000    1    3    5   20    0
   3 CHI1     1    3    1.3500    3    5    7   11   19
   4 CHI2     0    0    0.0000    5    7   11   12   19
   5 PSI      0    0    0.0000    3    5   20   22    0
   1 C    C_BYL   -0.6824   -1.1357    0.0000    2    3    0    0    0
   2 O    O_BYL   -0.1723   -2.2550    0.0000    1    0    0    0    0
   3 N    N_AMI    0.0000    0.0000    0.0000    1    4    5    0    0
   4 HN   H_AMI   -0.4226    0.9063    0.0000    3    0    0    0    0
   5 CA   C_ALI    1.4530    0.0000    0.0000    3    6    7   20    0
   6 HA   H_ALI    1.7658   -0.4880    0.9231    5    0    0    0    0
   7 CB   C_ALI    1.9963   -0.8228   -1.1699    5    8    9   11    0
   8 HB2  H_ALI    1.6134   -1.8405   -1.0938    7    0    0    0   10
   9 HB3  H_ALI    1.6134   -0.4071   -2.1019    7    0    0    0   10
  10 QB   PSEUD    1.6134   -1.1238   -1.5979    0    0    0    0    0
  11 CG   C_VIN    3.5040   -0.8713   -1.2388    7   12   13    0    0
  12 ND1  N_AMO    4.1876   -1.5636   -2.2231   11   14   15    0    0
  13 CD2  C_ARO    4.4515   -0.3061   -0.4368   11   16   17    0    0
  14 HD1  H_AMI    3.7713   -2.0867   -2.9668   12    0    0    0    0
  15 CE1  C_ARO    5.4873   -1.4156   -2.0126   12   16   18    0    0
  16 NE2  N_AMO    5.6488   -0.6364   -0.9048   13   15   19    0    0
  17 HD2  H_ARO    4.2578    0.3120    0.4399   13    0    0    0    0
  18 HE1  H_ARO    6.2871   -1.8416   -2.6184   15    0    0    0    0
  19 HE2  H_AMI    6.5236   -0.3132   -0.5438   16    0    0    0    0
  20 C    C_BYL    1.9662    1.4413    0.0000    5   21   22    0    0
  21 O    O_BYL    1.1773    2.3850    0.0000   20    0    0    0    0
  22 N    N_AMI    3.2853    1.5659    0.0000   20    0    0    0    0

ILE RESIDUE   ILE      7   25    3   24
   1 OMEGA   -1    2   10.0000    2    1    3    4    0
   2 PHI      0    0    0.0000    1    3    5   23    0
   3 CHI1     1    3    1.3500    3    5    7   14   22
   4 CHI22    1    3    1.3500    5    7   10   11   13
   5 CHI21    1    3    1.3500    5    7   14   19   22
   6 CHI31    1    3    1.3500    7   14   19   20   22
   7 PSI      0    0    0.0000    3    5   23   25    0
   1 C    C_BYL   -0.6824   -1.1357    0.0000    2    3    0    0    0
   2 O    O_BYL   -0.1723   -2.2550    0.0000    1    0    0    0    0
   3 N    N_AMI    0.0000    0.0000    0.0000    1    4    5    0    0
   4 HN   H_AMI   -0.4226    0.9063    0.0000    3    0    0    0    0
   5 CA   C_ALI    1.4530    0.0000    0.0000    3    6    7   23    0
   6 HA   H_ALI    1.7797   -0.4805    0.9222    5    0    0    0    0
   7 CB   C_ALI    1.9888   -0.8392   -1.1617    5    8   10   14    0
   8 HB   H_ALI    1.6625   -1.8692   -1.0179    7    0    0    0    0
   9 QG2  PSEUD    1.2708   -0.2506   -2.8117    0    0    0    0    0
  10 CG2  C_ALI    1.4086   -0.3635   -2.4951    7   11   12   13    0
  11 HG21 H_ALI    1.8059   -0.9770   -3.3037   10    0    0    0    9
  12 HG22 H_ALI    0.3225   -0.4528   -2.4713   10    0    0    0    9
  13 HG23 H_ALI    1.6840    0.6781   -2.6602   10    0    0    0    9
  14 CG1  C_ALI    3.5188   -0.8471   -1.1725    7   15   16   19    0
  15 HG12 H_ALI    3.8906    0.1742   -1.2551   14    0    0    0   17
  16 HG13 H_ALI    3.8906   -1.2463   -0.2289   14    0    0    0   17
  17 QG1  PSEUD    3.8906   -0.5361   -0.7420    0    0    0    0    0
  18 QD1  PSEUD    4.1818   -1.8856   -2.6101    0    0    0    0    0
  19 CD1  C_ALI    4.0546   -1.6863   -2.3342   14   20   21   22    0
  20 HD11 H_ALI    5.1444   -1.6749   -2.3183   19    0    0    0   18
  21 HD12 H_ALI    3.7005   -2.7124   -2.2348   19    0    0    0   18
  22 HD13 H_ALI    3.7005   -1.2695   -3.2771   19    0    0    0   18
  23 C    C_BYL    1.9587    1.4440    0.0000    5   24   25    0    0
  24 O    O_BYL    1.1648    2.3835    0.0000   23    0    0    0    0
  25 N    N_AMI    3.2772    1.5756    0.0000   23    0    0    0    0

LEU RESIDUE   LEU      7   26    3   25
   1 OMEGA   -1    2   10.0000    2    1    3    4    0
   2 PHI      0    0    0.0000    1    3    5   24    0
   3 CHI1     1    3    1.3500    3    5    7   11   23
   4 CHI2     1    3    1.3500    5    7   11   15   23
   5 CHI31    1    3    1.3500    7   11   15   16   18
   6 CHI32    1    3    1.3500    7   11   19   20   22
   7 PSI      0    0    0.0000    3    5   24   26    0
   1 C    C_BYL   -0.6824   -1.1357    0.0000    2    3    0    0    0
   2 O    O_BYL   -0.1723   -2.2550    0.0000    1    0    0    0    0
   3 N    N_AMI    0.0000    0.0000    0.0000    1    4    5    0    0
   4 HN   H_AMI   -0.4226    0.9063    0.0000    3    0    0    0    0
   5 CA   C_ALI    1.4530    0.0000    0.0000    3    6    7   24    0
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   6 HA   H_ALI    1.7797   -0.4805    0.9222    5    0    0    0    0
   7 CB   C_ALI    1.9888   -0.8392   -1.1617    5    8    9   11    0
   8 HB2  H_ALI    1.5941   -1.8507   -1.0656    7    0    0    0   10
   9 HB3  H_ALI    1.5941   -0.4301   -2.0917    7    0    0    0   10
  10 QB   PSEUD    1.5941   -1.1404   -1.5787    0    0    0    0    0
  11 CG   C_ALI    3.5118   -0.9251   -1.2806    7   12   15   19    0
  12 HG   H_ALI    3.8975   -1.4120   -0.3849   11    0    0    0    0
  13 QD1  PSEUD    4.0177   -1.9934   -2.7595    0    0    0    0   23
  14 QD2  PSEUD    4.2850    0.8015   -1.3553    0    0    0    0   23
  15 CD1  C_ALI    3.9206   -1.7884   -2.4757   11   16   17   18    0
  16 HD11 H_ALI    5.0080   -1.8326   -2.5369   15    0    0    0   13
  17 HD12 H_ALI    3.5225   -2.7953   -2.3497   15    0    0    0   13
  18 HD13 H_ALI    3.5225   -1.3524   -3.3920   15    0    0    0   13
  19 CD2  C_ALI    4.1366    0.4702   -1.3410   11   20   21   22    0
  20 HD21 H_ALI    5.2196    0.3800   -1.4253   19    0    0    0   14
  21 HD22 H_ALI    3.7480    1.0051   -2.2076   19    0    0    0   14
  22 HD23 H_ALI    3.8873    1.0195   -0.4331   19    0    0    0   14
  23 QQD  PSEUD    4.1513   -0.5960   -2.0574    0    0    0    0    0
  24 C    C_BYL    1.9587    1.4440    0.0000    5   25   26    0    0
  25 O    O_BYL    1.1648    2.3835    0.0000   24    0    0    0    0
  26 N    N_AMI    3.2772    1.5756    0.0000   24    0    0    0    0

LYS RESIDUE   LYS      8   29    3   28
   1 OMEGA   -1    2   10.0000    2    1    3    4    0
   2 PHI      0    0    0.0000    1    3    5   27    0
   3 CHI1     1    3    1.3500    3    5    7   11   26
   4 CHI2     1    3    1.3500    5    7   11   15   26
   5 CHI3     1    3    1.3500    7   11   15   19   26
   6 CHI4     1    3    1.3500   11   15   19   23   26
   7 CHI5     1    3    0.9000   15   19   23   24   26
   8 PSI      0    0    0.0000    3    5   27   29    0
   1 C    C_BYL   -0.6824   -1.1357    0.0000    2    3    0    0    0
   2 O    O_BYL   -0.1723   -2.2550    0.0000    1    0    0    0    0
   3 N    N_AMI    0.0000    0.0000    0.0000    1    4    5    0    0
   4 HN   H_AMI   -0.4226    0.9063    0.0000    3    0    0    0    0
   5 CA   C_ALI    1.4530    0.0000    0.0000    3    6    7   27    0
   6 HA   H_ALI    1.7797   -0.4805    0.9222    5    0    0    0    0
   7 CB   C_ALI    1.9888   -0.8392   -1.1617    5    8    9   11    0
   8 HB2  H_ALI    1.6169   -1.8605   -1.0798    7    0    0    0   10
   9 HB3  H_ALI    1.6169   -0.4400   -2.1053    7    0    0    0   10
  10 QB   PSEUD    1.6169   -1.1502   -1.5926    0    0    0    0    0
  11 CG   C_ALI    3.5188   -0.8471   -1.1725    7   12   13   15    0
  12 HG2  H_ALI    3.8906    0.1742   -1.2551   11    0    0    0   14
  13 HG3  H_ALI    3.8906   -1.2463   -0.2289   11    0    0    0   14
  14 QG   PSEUD    3.8906   -0.5361   -0.7420    0    0    0    0    0
  15 CD   C_ALI    4.0546   -1.6863   -2.3342   11   16   17   19    0
  16 HD2  H_ALI    3.6827   -2.7076   -2.2516   15    0    0    0   18
  17 HD3  H_ALI    3.6827   -1.2871   -3.2778   15    0    0    0   18
  18 QD   PSEUD    3.6827   -1.9974   -2.7647    0    0    0    0    0
  19 CE   C_ALI    5.5845   -1.6941   -2.3450   15   20   21   23    0
  20 HE2  H_ALI    5.9587   -0.6738   -2.4289   19    0    0    0   22
  21 HE3  H_ALI    5.9587   -2.0943   -1.4027   19    0    0    0   22
  22 QE   PSEUD    5.9587   -1.3841   -1.9158    0    0    0    0    0
  23 NZ   N_AMI    6.0907   -2.5086   -3.4723   19   24   25    0    0
  24 HZ1  H_AMI    7.1041   -2.5293   -3.5010   23    0    0    0   26
  25 HZ2  H_AMI    5.7789   -3.4718   -3.4151   23    0    0    0   26
  26 QZ   PSEUD    6.4415   -3.0006   -3.4581    0    0    0    0    0
  27 C    C_BYL    1.9587    1.4440    0.0000    5   28   29    0    0
  28 O    O_BYL    1.1648    2.3835    0.0000   27    0    0    0    0
  29 N    N_AMI    3.2772    1.5756    0.0000   27    0    0    0    0

LYS+ RESIDUE   LYS+     8   30    3   29
   1 OMEGA   -1    2   10.0000    2    1    3    4    0
   2 PHI      0    0    0.0000    1    3    5   28    0
   3 CHI1     1    3    1.3500    3    5    7   11   27
   4 CHI2     1    3    1.3500    5    7   11   15   27
   5 CHI3     1    3    1.3500    7   11   15   19   27
   6 CHI4     1    3    1.3500   11   15   19   23   27
   7 CHI5     1    3    0.9000   15   19   23   24   27
   8 PSI      0    0    0.0000    3    5   28   30    0
   1 C    C_BYL   -0.6824   -1.1357    0.0000    2    3    0    0    0
   2 O    O_BYL   -0.1723   -2.2550    0.0000    1    0    0    0    0
   3 N    N_AMI    0.0000    0.0000    0.0000    1    4    5    0    0
   4 HN   H_AMI   -0.4226    0.9063    0.0000    3    0    0    0    0
   5 CA   C_ALI    1.4530    0.0000    0.0000    3    6    7   28    0
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   6 HA   H_ALI    1.7797   -0.4805    0.9222    5    0    0    0    0
   7 CB   C_ALI    1.9888   -0.8392   -1.1617    5    8    9   11    0
   8 HB2  H_ALI    1.6169   -1.8605   -1.0798    7    0    0    0   10
   9 HB3  H_ALI    1.6169   -0.4400   -2.1053    7    0    0    0   10
  10 QB   PSEUD    1.6169   -1.1502   -1.5926    0    0    0    0    0
  11 CG   C_ALI    3.5188   -0.8471   -1.1725    7   12   13   15    0
  12 HG2  H_ALI    3.8906    0.1742   -1.2551   11    0    0    0   14
  13 HG3  H_ALI    3.8906   -1.2463   -0.2289   11    0    0    0   14
  14 QG   PSEUD    3.8906   -0.5361   -0.7420    0    0    0    0    0
  15 CD   C_ALI    4.0546   -1.6863   -2.3342   11   16   17   19    0
  16 HD2  H_ALI    3.6827   -2.7076   -2.2516   15    0    0    0   18
  17 HD3  H_ALI    3.6827   -1.2871   -3.2778   15    0    0    0   18
  18 QD   PSEUD    3.6827   -1.9974   -2.7647    0    0    0    0    0
  19 CE   C_ALI    5.5845   -1.6941   -2.3450   15   20   21   23    0
  20 HE2  H_ALI    5.9587   -0.6738   -2.4289   19    0    0    0   22
  21 HE3  H_ALI    5.9587   -2.0943   -1.4027   19    0    0    0   22
  22 QE   PSEUD    5.9587   -1.3841   -1.9158    0    0    0    0    0
  23 NZ   N_AMO    6.0907   -2.5086   -3.4723   19   24   25   26    0
  24 HZ1  H_AMI    7.0907   -2.5032   -3.4648   23    0    0    0   27
  25 HZ2  H_AMI    5.7617   -3.4483   -3.3787   23    0    0    0   27
  26 HZ3  H_AMI    5.7617   -2.1246   -4.3351   23    0    0    0   27
  27 QZ   PSEUD    6.2047   -2.6920   -3.7262    0    0    0    0    0
  28 C    C_BYL    1.9587    1.4440    0.0000    5   29   30    0    0
  29 O    O_BYL    1.1648    2.3835    0.0000   28    0    0    0    0
  30 N    N_AMI    3.2772    1.5756    0.0000   28    0    0    0    0

MET RESIDUE   MET      7   23    3   22
   1 OMEGA   -1    2   10.0000    2    1    3    4    0
   2 PHI      0    0    0.0000    1    3    5   21    0
   3 CHI1     1    3    1.3500    3    5    7   11   20
   4 CHI2     1    3    1.3500    5    7   11   15   20
   5 CHI3     1    3    1.0000    7   11   15   17   20
   6 CHI4     1    3    1.0000   11   15   17   18   20
   7 PSI      0    0    0.0000    3    5   21   23    0
   1 C    C_BYL   -0.6824   -1.1357    0.0000    2    3    0    0    0
   2 O    O_BYL   -0.1723   -2.2550    0.0000    1    0    0    0    0
   3 N    N_AMI    0.0000    0.0000    0.0000    1    4    5    0    0
   4 HN   H_AMI   -0.4226    0.9063    0.0000    3    0    0    0    0
   5 CA   C_ALI    1.4530    0.0000    0.0000    3    6    7   21    0
   6 HA   H_ALI    1.7457   -0.5091    0.9183    5    0    0    0    0
   7 CB   C_ALI    1.9637   -0.7431   -1.2361    5    8    9   11    0
   8 HB2  H_ALI    1.5826   -1.7643   -1.2341    7    0    0    0   10
   9 HB3  H_ALI    1.5826   -0.2624   -2.1371    7    0    0    0   10
  10 QB   PSEUD    1.5826   -1.0134   -1.6856    0    0    0    0    0
  11 CG   C_ALI    3.4932   -0.7637   -1.2704    7   12   13   15    0
  12 HG2  H_ALI    3.8789    0.2557   -1.2752   11    0    0    0   14
  13 HG3  H_ALI    3.8789   -1.2461   -0.3722   11    0    0    0   14
  14 QG   PSEUD    3.8789   -0.4952   -0.8237    0    0    0    0    0
  15 SD   S_RED    4.0596   -1.6359   -2.7211   11   17    0    0    0
  16 QE   PSEUD    6.1844   -1.4722   -2.4490    0    0    0    0    0
  17 CE   C_ALI    5.8250   -1.4999   -2.4950   15   18   19   20    0
  18 HE1  H_ALI    6.3363   -1.9959   -3.3200   17    0    0    0   16
  19 HE2  H_ALI    6.1084   -0.4476   -2.4720   17    0    0    0   16
  20 HE3  H_ALI    6.1084   -1.9731   -1.5549   17    0    0    0   16
  21 C    C_BYL    2.0013    1.4284    0.0000    5   22   23    0    0
  22 O    O_BYL    1.2356    2.3910    0.0000   21    0    0    0    0
  23 N    N_AMI    3.3231    1.5208    0.0000   21    0    0    0    0

PHE RESIDUE   PHE      5   27    3   26
   1 OMEGA   -1    2   10.0000    2    1    3    4    0
   2 PHI      0    0    0.0000    1    3    5   25    0
   3 CHI1     1    3    1.3500    3    5    7   14   24
   4 CHI2     0    0    0.0000    5    7   14   15   24
   5 PSI      0    0    0.0000    3    5   25   27    0
   1 C    C_BYL   -0.6824   -1.1357    0.0000    2    3    0    0    0
   2 O    O_BYL   -0.1723   -2.2550    0.0000    1    0    0    0    0
   3 N    N_AMI    0.0000    0.0000    0.0000    1    4    5    0    0
   4 HN   H_AMI   -0.4226    0.9063    0.0000    3    0    0    0    0
   5 CA   C_ALI    1.4530    0.0000    0.0000    3    6    7   25    0
   6 HA   H_ALI    1.7765   -0.5114    0.9066    5    0    0    0    0
   7 CB   C_ALI    1.9003   -0.7053   -1.2819    5    8    9   14    0
   8 HB2  H_ALI    1.4836   -1.7124   -1.2948    7    0    0    0   10
   9 HB3  H_ALI    1.4836   -0.1770   -2.1395    7    0    0    0   10
  10 QB   PSEUD    1.4836   -0.9447   -1.7171    0    0    0    0    0
  11 QD   PSEUD    3.5529   -0.8031   -1.4598    0    0    0    0   13
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  12 QE   PSEUD    6.0442   -0.9505   -1.7278    0    0    0    0   13
  13 QR   PSEUD    4.7986   -0.8768   -1.5938    0    0    0    0    0
  14 CG   C_VIN    3.4189   -0.7951   -1.4453    7   15   23    0    0
  15 CD1  C_ARO    3.9503   -1.3986   -2.5422   14   16   17    0    0
  16 HD1  H_ARO    3.2943   -1.8182   -3.3049   15    0    0    0   11
  17 CE1  C_ARO    5.3597   -1.4820   -2.6938   15   18   19    0    0
  18 HE1  H_ARO    5.7856   -1.9656   -3.5729   17    0    0    0   12
  19 CZ   C_ARO    6.1782   -0.9585   -1.7422   17   20   21    0    0
  20 HZ   H_ARO    7.2601   -1.0225   -1.8585   19    0    0    0   13
  21 CE2  C_ARO    5.6468   -0.3550   -0.6453   19   22   23    0    0
  22 HE2  H_ARO    6.3028    0.0646    0.1174   21    0    0    0   12
  23 CD2  C_ARO    4.2374   -0.2716   -0.4937   14   21   24    0    0
  24 HD2  H_ARO    3.8115    0.2120    0.3854   23    0    0    0   11
  25 C    C_BYL    2.0013    1.4284    0.0000    5   26   27    0    0
  26 O    O_BYL    1.2356    2.3910    0.0000   25    0    0    0    0
  27 N    N_AMI    3.3231    1.5208    0.0000   25    0    0    0    0

PRO RESIDUE   PRO      2   20    3   19
   1 OMEGA   -1    2   10.0000    2    1    3    4    0
   2 PSI      0    0    0.0000    3    5   18   20    0
   1 C    C_BYL   -0.7005    0.3017    1.1260    2    3    0    0    0
   2 O    O_BYL   -0.1904    0.5914    2.2071    1    0    0    0    0
   3 N    N_AMI    0.0000    0.0000    0.0000    1    4    5    0    0
   4 CD   C_ALI   -0.5705   -0.3478   -1.2981    3   11   15   16    0
   5 CA   C_ALI    1.4530    0.0000    0.0000    3    6    7   18    0
   6 HA   H_ALI    1.8001   -0.4260    0.8355    5    0    0    0    0
   7 CB   C_ALI    1.8464   -0.7872   -1.2393    5    8    9   11    0
   8 HB2  H_ALI    2.6920   -0.3217   -1.7456    7    0    0    0   10
   9 HB3  H_ALI    2.1502   -1.8009   -0.9780    7    0    0    0   10
  10 QB   PSEUD    2.4211   -1.0613   -1.3618    0    0    0    0    0
  11 CG   C_ALI    0.6166   -0.8003   -2.1326    4    7   12   13    0
  12 HG2  H_ALI    0.7579   -0.1376   -2.9864   11    0    0    0   14
  13 HG3  H_ALI    0.4445   -1.8004   -2.5305   11    0    0    0   14
  14 QG   PSEUD    0.6012   -0.9690   -2.7585    0    0    0    0    0
  15 HD2  H_ALI   -1.0711    0.5072   -1.7525    4    0    0    0   17
  16 HD3  H_ALI   -1.3137   -1.1396   -1.2047    4    0    0    0   17
  17 QD   PSEUD   -1.1924   -0.3162   -1.4786    0    0    0    0    0
  18 C    C_BYL    2.0013    1.4284    0.0000    5   19   20    0    0
  19 O    O_BYL    1.2356    2.3910    0.0000   18    0    0    0    0
  20 N    N_AMI    3.3231    1.5208    0.0000   18    0    0    0    0

SER RESIDUE   SER      5   15    3   14
   1 OMEGA   -1    2   10.0000    2    1    3    4    0
   2 PHI      0    0    0.0000    1    3    5   13    0
   3 CHI1     1    3    1.3500    3    5    7   11   12
   4 CHI2     1    3    0.3000    5    7   11   12   12
   5 PSI      0    0    0.0000    3    5   13   15    0
   1 C    C_BYL   -0.6824   -1.1357    0.0000    2    3    0    0    0
   2 O    O_BYL   -0.1723   -2.2550    0.0000    1    0    0    0    0
   3 N    N_AMI    0.0000    0.0000    0.0000    1    4    5    0    0
   4 HN   H_AMI   -0.4226    0.9063    0.0000    3    0    0    0    0
   5 CA   C_ALI    1.4530    0.0000    0.0000    3    6    7   13    0
   6 HA   H_ALI    1.7416   -0.5122    0.9178    5    0    0    0    0
   7 CB   C_ALI    2.0038   -0.7653   -1.2049    5    8    9   11    0
   8 HB2  H_ALI    1.6328   -1.7901   -1.1839    7    0    0    0   10
   9 HB3  H_ALI    1.6328   -0.3109   -2.1235    7    0    0    0   10
  10 QB   PSEUD    1.6328   -1.0505   -1.6537    0    0    0    0    0
  11 OG   O_HYD    3.4286   -0.7774   -1.2238    7   12    0    0    0
  12 HG   H_OXY    3.7558   -1.2840   -2.0214   11    0    0    0    0
  13 C    C_BYL    1.9763    1.4377    0.0000    5   14   15    0    0
  14 O    O_BYL    1.1939    2.3868    0.0000   13    0    0    0    0
  15 N    N_AMI    3.2963    1.5532    0.0000   13    0    0    0    0

THR RESIDUE   THR      6   18    3   17
   1 OMEGA   -1    2   10.0000    2    1    3    4    0
   2 PHI      0    0    0.0000    1    3    5   16    0
   3 CHI1     1    3    1.3500    3    5    7   10   15
   4 CHI21    1    3    0.3000    5    7   10   11   11
   5 CHI22    1    3    1.3500    5    7   12   13   15
   6 PSI      0    0    0.0000    3    5   16   18    0
   1 C    C_BYL   -0.6824   -1.1357    0.0000    2    3    0    0    0
   2 O    O_BYL   -0.1723   -2.2550    0.0000    1    0    0    0    0
   3 N    N_AMI    0.0000    0.0000    0.0000    1    4    5    0    0
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   4 HN   H_AMI   -0.4226    0.9063    0.0000    3    0    0    0    0
   5 CA   C_ALI    1.4530    0.0000    0.0000    3    6    7   16    0
   6 HA   H_ALI    1.7966   -0.4689    0.9220    5    0    0    0    0
   7 CB   C_ALI    1.9258   -0.8241   -1.1992    5    8   10   12    0
   8 HB   H_ALI    1.5187   -1.8345   -1.1619    7    0    0    0    0
   9 QG2  PSEUD    1.5244    0.0064   -2.8527    0    0    0    0    0
  10 OG1  O_HYD    3.3475   -0.7692   -1.1194    7   11    0    0    0
  11 HG1  H_OXY    3.7526   -1.2870   -1.8728   10    0    0    0    0
  12 CG2  C_ALI    1.6014   -0.1530   -2.5354    7   13   14   15    0
  13 HG21 H_ALI    1.9584   -0.7795   -3.3528   12    0    0    0    9
  14 HG22 H_ALI    0.5230   -0.0208   -2.6232   12    0    0    0    9
  15 HG23 H_ALI    2.0917    0.8194   -2.5821   12    0    0    0    9
  16 C    C_BYL    1.9863    1.4340    0.0000    5   17   18    0    0
  17 O    O_BYL    1.2106    2.3886    0.0000   16    0    0    0    0
  18 N    N_AMI    3.3070    1.5402    0.0000   16    0    0    0    0

TRP RESIDUE   TRP      5   28    3   27
   1 OMEGA   -1    2   10.0000    2    1    3    4    0
   2 PHI      0    0    0.0000    1    3    5   26    0
   3 CHI1     1    3    1.3500    3    5    7   11   25
   4 CHI2     0    0    0.0000    5    7   11   12   25
   5 PSI      0    0    0.0000    3    5   26   28    0
   1 C    C_BYL   -0.6824   -1.1357    0.0000    2    3    0    0    0
   2 O    O_BYL   -0.1723   -2.2550    0.0000    1    0    0    0    0
   3 N    N_AMI    0.0000    0.0000    0.0000    1    4    5    0    0
   4 HN   H_AMI   -0.4226    0.9063    0.0000    3    0    0    0    0
   5 CA   C_ALI    1.4530    0.0000    0.0000    3    6    7   26    0
   6 HA   H_ALI    1.7862   -0.5002    0.9093    5    0    0    0    0
   7 CB   C_ALI    2.0013   -0.8067   -1.1787    5    8    9   11    0
   8 HB2  H_ALI    1.6202   -1.8261   -1.1167    7    0    0    0   10
   9 HB3  H_ALI    1.6202   -0.3799   -2.1065    7    0    0    0   10
  10 QB   PSEUD    1.6202   -1.1030   -1.6116    0    0    0    0    0
  11 CG   C_VIN    3.5292   -0.8520   -1.2448    7   12   13    0    0
  12 CD1  C_ARO    4.2978   -1.4719   -2.1507   11   16   17    0    0
  13 CD2  C_VIN    4.4485   -0.2236   -0.3267   11   14   15    0    0
  14 CE3  C_ARO    4.2018    0.5582    0.8155   13   18   19    0    0
  15 CE2  C_VIN    5.7342   -0.5067   -0.7404   13   16   20    0    0
  16 NE1  N_AMI    5.6397   -1.2900   -1.8848   12   15   21    0    0
  17 HD1  H_ARO    3.9116   -2.0476   -2.9918   12    0    0    0    0
  18 HE3  H_ARO    3.1962    0.7957    1.1626   14    0    0    0    0
  19 CZ3  C_ARO    5.3514    1.0094    1.4749   14   22   23    0    0
  20 CZ2  C_ARO    6.8740   -0.0475   -0.0695   15   23   24    0    0
  21 HE1  H_AMI    6.4722   -1.6873   -2.4654   16    0    0    0    0
  22 HZ3  H_ARO    5.2167    1.6203    2.3675   19    0    0    0    0
  23 CH2  C_ARO    6.6525    0.7332    1.0713   19   20   25    0    0
  24 HZ2  H_ARO    7.8795   -0.2851   -0.4166   20    0    0    0    0
  25 HH2  H_ARO    7.4966    1.1227    1.6404   23    0    0    0    0
  26 C    C_BYL    1.9258    1.4551    0.0000    5   27   28    0    0
  27 O    O_BYL    1.1108    2.3763    0.0000   26    0    0    0    0
  28 N    N_AMI    3.2409    1.6166    0.0000   26    0    0    0    0

TYR RESIDUE   TYR      6   28    3   27
   1 OMEGA   -1    2   10.0000    2    1    3    4    0
   2 PHI      0    0    0.0000    1    3    5   26    0
   3 CHI1     1    3    1.3500    3    5    7   14   25
   4 CHI2     0    0    0.0000    5    7   14   15   25
   5 CHI6    -1    2    1.7500   17   19   24   25   25
   6 PSI      0    0    0.0000    3    5   26   28    0
   1 C    C_BYL   -0.6824   -1.1357    0.0000    2    3    0    0    0
   2 O    O_BYL   -0.1723   -2.2550    0.0000    1    0    0    0    0
   3 N    N_AMI    0.0000    0.0000    0.0000    1    4    5    0    0
   4 HN   H_AMI   -0.4226    0.9063    0.0000    3    0    0    0    0
   5 CA   C_ALI    1.4530    0.0000    0.0000    3    6    7   26    0
   6 HA   H_ALI    1.7894   -0.5104    0.9024    5    0    0    0    0
   7 CB   C_ALI    1.8747   -0.6954   -1.2959    5    8    9   14    0
   8 HB2  H_ALI    1.4494   -1.6989   -1.3128    7    0    0    0   10
   9 HB3  H_ALI    1.4494   -0.1548   -2.1414    7    0    0    0   10
  10 QB   PSEUD    1.4494   -0.9269   -1.7271    0    0    0    0    0
  11 QD   PSEUD    3.5334   -0.8057   -1.5014    0    0    0    0   13
  12 QE   PSEUD    6.0510   -0.9730   -1.8132    0    0    0    0   13
  13 QR   PSEUD    4.7922   -0.8893   -1.6572    0    0    0    0    0
  14 CG   C_VIN    3.3898   -0.7961   -1.4835    7   15   22    0    0
  15 CD1  C_ARO    3.9068   -1.4012   -2.6111   14   16   17    0    0
  16 HD1  H_ARO    3.2356   -1.8074   -3.3679   15    0    0    0   11
  17 CE1  C_ARO    5.3328   -1.4960   -2.7877   15   18   19    0    0
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  18 HE1  H_ARO    5.7543   -1.9713   -3.6734   17    0    0    0   12
  19 CZ   C_VIN    6.1417   -0.9790   -1.8244   17   20   24    0    0
  20 CE2  C_ARO    5.6654   -0.3767   -0.7019   19   21   22    0    0
  21 HE2  H_ARO    6.3477    0.0253    0.0471   20    0    0    0   12
  22 CD2  C_ARO    4.2394   -0.2819   -0.5253   14   20   23    0    0
  23 HD2  H_ARO    3.8311    0.1960    0.3652   22    0    0    0   11
  24 OH   O_HYD    7.4885   -1.0685   -1.9912   19   25    0    0    0
  25 HH   H_OXY    7.9579   -0.6510   -1.2132   24    0    0    0    0
  26 C    C_BYL    2.0013    1.4284    0.0000    5   27   28    0    0
  27 O    O_BYL    1.2356    2.3910    0.0000   26    0    0    0    0
  28 N    N_AMI    3.3231    1.5208    0.0000   26    0    0    0    0

VAL RESIDUE   VAL      6   22    3   21
   1 OMEGA   -1    2   10.0000    2    1    3    4    0
   2 PHI      0    0    0.0000    1    3    5   20    0
   3 CHI1     1    3    1.3500    3    5    7   11   19
   4 CHI21    1    3    1.3500    5    7   11   12   14
   5 CHI22    1    3    1.3500    5    7   15   16   18
   6 PSI      0    0    0.0000    3    5   20   22    0
   1 C    C_BYL   -0.6824   -1.1357    0.0000    2    3    0    0    0
   2 O    O_BYL   -0.1723   -2.2550    0.0000    1    0    0    0    0
   3 N    N_AMI    0.0000    0.0000    0.0000    1    4    5    0    0
   4 HN   H_AMI   -0.4226    0.9063    0.0000    3    0    0    0    0
   5 CA   C_ALI    1.4530    0.0000    0.0000    3    6    7   20    0
   6 HA   H_ALI    1.7819   -0.4870    0.9180    5    0    0    0    0
   7 CB   C_ALI    1.9763   -0.8167   -1.1833    5    8   11   15    0
   8 HB   H_ALI    1.6329   -0.3367   -2.0997    7    0    0    0    0
   9 QG1  PSEUD    3.8693   -0.8354   -1.2105    0    0    0    0   19
  10 QG2  PSEUD    1.2807   -2.5773   -1.1531    0    0    0    0   19
  11 CG1  C_ALI    3.5061   -0.8318   -1.2052    7   12   13   14    0
  12 HG11 H_ALI    3.8514   -1.4191   -2.0561   11    0    0    0    9
  13 HG12 H_ALI    3.8783    0.1889   -1.2932   11    0    0    0    9
  14 HG13 H_ALI    3.8783   -1.2761   -0.2821   11    0    0    0    9
  15 CG2  C_ALI    1.4141   -2.2394   -1.1589    7   16   17   18    0
  16 HG21 H_ALI    1.8021   -2.7980   -2.0107   15    0    0    0   10
  17 HG22 H_ALI    1.7137   -2.7326   -0.2341   15    0    0    0   10
  18 HG23 H_ALI    0.3262   -2.2013   -1.2144   15    0    0    0   10
  19 QQG  PSEUD    2.5750   -1.7064   -1.1818    0    0    0    0    0
  20 C    C_BYL    1.9587    1.4440    0.0000    5   21   22    0    0
  21 O    O_BYL    1.1648    2.3835    0.0000   20    0    0    0    0
  22 N    N_AMI    3.2772    1.5756    0.0000   20    0    0    0    0

ADE RESIDUE   ADE      9   38    3   37
   1 ZETA     0    0    0.0000    1    2    3    6    0
   2 ALPHA    0    0    0.0000    2    3    6    7    0
   3 BETA     0    0    0.0000    3    6    7   11    0
   4 GAMMA    0    0    0.0000    6    7   11   13    0
   5 DELTA    0    0    0.0000    7   11   13   37    0
   6 NU2      0    0    0.0000   11   13   15   19   36
   7 NU1      0    0    0.0000   13   15   19   21   36
   8 CHI      0    0    0.0000   21   19   22   23   36
   9 EPSI     0    0    0.0000   11   13   37   38    0
   1 C3’  C_ALI   -0.9681   -5.8551    2.5577    2    0    0    0    0
   2 O3’  O_EST   -0.6348   -4.7127    1.7719    1    3    0    0    0
   3 P    P_ALI    0.4817   -3.6875    2.2842    2    4    5    6    0
   4 OP1  O_BYL    1.7976   -4.3635    2.3259    3    0    0    0    0
   5 OP2  O_BYL    0.0167   -3.0215    3.5214    3    0    0    0    0
   6 O5’  O_EST    0.5255   -2.5916    1.1193    3    7    0    0    0
   7 C5’  C_ALI    1.4216   -1.4863    1.2135    6    8    9   11    0
   8 H5’  H_ALI    2.4568   -1.8260    1.2707    7    0    0    0   10
   9 H5”  H_ALI    1.2157   -0.8907    2.1041    7    0    0    0   10
  10 Q5’  PSEUD    1.8362   -1.3584    1.6874    0    0    0    0    0
  11 C4’  C_ALI    1.2779   -0.5959    0.0000    7   12   21   13    0
  12 H4’  H_ALI    1.5099   -1.1747   -0.8952   11    0    0    0    0
  13 C3’  C_ALI    2.1963    0.6228    0.0000   11   15   14   37    0
  14 H3’  H_ALI    3.1027    0.4293    0.5756   13    0    0    0    0
  15 C2’  C_ALI    1.3731    1.7403    0.5780   19   16   17   13    0
  16 H2’  H_ALI    1.4019    1.6718    1.6635   15    0    0    0   18
  17 H2”  H_ALI    1.7912    2.6897    0.2499   15    0    0    0   18
  18 Q2’  PSEUD    1.5965    2.1808    0.9567    0    0    0    0    0
  19 C1’  C_ALI    0.0000    1.4100    0.0000   21   20   22   15    0
  20 H1’  H_ALI   -0.0659    1.7932   -1.0183   19    0    0    0    0
  21 O4’  O_EST    0.0000    0.0000    0.0000   11   19    0    0    0
  22 N9   N_AMI   -1.1209    1.9441    0.8017   19   23   35    0    0
  23 C4   C_ARO   -2.3784    2.2371    0.3436   22   24   33    0    0



File Formats

151

  24 N3   N_AMI   -2.8170    2.0867   -0.9370   23   25    0    0    0
  25 C2   C_ARO   -4.1036    2.4736   -1.0196   24   26   27    0    0
  26 H2   H_ARO   -4.6227    2.4240   -1.9654   25    0    0    0    0
  27 N1   N_AMI   -4.9152    2.9484   -0.0482   25   28    0    0    0
  28 C6   C_ARO   -4.4155    3.0749    1.2114   27   29   33    0    0
  29 N6   N_AMI   -5.2378    3.5526    2.1808   28   30   31    0    0
  30 H61  H_AMI   -6.1905    3.8024    1.9570   29    0    0    0   32
  31 H62  H_AMI   -4.8967    3.6581    3.1256   29    0    0    0   32
  32 Q6   PSEUD   -5.5436    3.7303    2.5413    0    0    0    0    0
  33 C5   C_ARO   -3.0716    2.6978    1.4177   23   28   34    0    0
  34 N7   N_AMI   -2.2897    2.7047    2.5414   33   35    0    0    0
  35 C8   C_ARO   -1.1186    2.2402    2.1184   22   34   36    0    0
  36 H8   H_ARO   -0.2357    2.0985    2.7240   35    0    0    0    0
  37 O3’  O_EST    2.6047    0.9094   -1.3466   13   38    0    0    0
  38 P    P_ALI    3.5778    2.1447   -1.6417   37    0    0    0    0

RADE RESIDUE   RADE    10   38    3   37
   1 ZETA     0    0    0.00      1    2    3    6    0
   2 ALPHA    0    0    0.00      2    3    6    7    0
   3 BETA     0    0    0.00      3    6    7   11    0
   4 GAMMA    0    0    0.00      6    7   11   13    0
   5 DELTA    0    0    0.00      7   11   13   37    0
   6 NU2      0    0    0.00     11   13   15   19   36
   7 HOXI     0    0    0.00     13   15   17   18   18
   8 NU1      0    0    0.00     13   15   19   21   36
   9 CHI      0    0    0.00     21   19   22   23   36
  10 EPSI     0    0    0.00     11   13   37   38    0
   1 C3’  C_ALI   -0.9681   -5.8551    2.5577    2    0    0    0    0
   2 O3’  O_EST   -0.6348   -4.7127    1.7719    1    3    0    0    0
   3 P    P_ALI    0.4817   -3.6875    2.2842    2    4    5    6    0
   4 OP1  O_BYL    1.7976   -4.3635    2.3259    3    0    0    0    0
   5 OP2  O_BYL    0.0167   -3.0215    3.5214    3    0    0    0    0
   6 O5’  O_EST    0.5255   -2.5916    1.1193    3    7    0    0    0
   7 C5’  C_ALI    1.4216   -1.4863    1.2135    6    8    9   11    0
   8 H5’  H_ALI    2.4568   -1.8260    1.2707    7    0    0    0   10
   9 H5”  H_ALI    1.2157   -0.8907    2.1041    7    0    0    0   10
  10 Q5’  PSEUD    1.8362   -1.3584    1.6874    0    0    0    0    0
  11 C4’  C_ALI    1.2779   -0.5959    0.0000    7   12   13   21    0
  12 H4’  H_ALI    1.5099   -1.1747   -0.8952   11    0    0    0    0
  13 C3’  C_ALI    2.1963    0.6228    0.0000   11   14   15   37    0
  14 H3’  H_ALI    3.1027    0.4293    0.5756   13    0    0    0    0
  15 C2’  C_ALI    1.3731    1.7403    0.5780   13   16   17   19    0
  16 H2’  H_ALI    1.4019    1.6718    1.6635   15    0    0    0    0
  17 O2’  O_HYD    1.9936    2.8894    0.0464   15   18    0    0    0
  18 HO2’ H_OXY    2.1370    3.5157    0.7597   17    0    0    0    0
  19 C1’  C_ALI    0.0000    1.4100    0.0000   15   20   21   22    0
  20 H1’  H_ALI   -0.0659    1.7932   -1.0183   19    0    0    0    0
  21 O4’  O_EST    0.0000    0.0000    0.0000   11   19    0    0    0
  22 N9   N_AMI   -1.1209    1.9441    0.8017   19   23   35    0    0
  23 C4   C_ARO   -2.3784    2.2371    0.3436   22   24   33    0    0
  24 N3   N_AMI   -2.8170    2.0867   -0.9370   23   25    0    0    0
  25 C2   C_ARO   -4.1036    2.4736   -1.0196   24   26   27    0    0
  26 H2   H_ARO   -4.6227    2.4240   -1.9654   25    0    0    0    0
  27 N1   N_AMI   -4.9152    2.9484   -0.0482   25   28    0    0    0
  28 C6   C_ARO   -4.4155    3.0749    1.2114   27   29   33    0    0
  29 N6   N_AMI   -5.2378    3.5526    2.1808   28   30   31    0    0
  30 H61  H_AMI   -6.1905    3.8024    1.9570   29    0    0    0   32
  31 H62  H_AMI   -4.8967    3.6581    3.1256   29    0    0    0   32
  32 Q6   PSEUD   -5.5436    3.7303    2.5413    0    0    0    0    0
  33 C5   C_ARO   -3.0716    2.6978    1.4177   23   28   34    0    0
  34 N7   N_AMI   -2.2897    2.7047    2.5414   33   35    0    0    0
  35 C8   C_ARO   -1.1186    2.2402    2.1184   22   34   36    0    0
  36 H8   H_ARO   -0.2357    2.0985    2.7240   35    0    0    0    0
  37 O3’  O_EST    2.6047    0.9094   -1.3466   13   38    0    0    0
  38 P    P_ALI    3.5778    2.1447   -1.6417   37    0    0    0    0

CYT RESIDUE   CYT      9   36    3   35
   1 ZETA     0    0    0.00      1    2    3    6    0
   2 ALPHA    0    0    0.00      2    3    6    7    0
   3 BETA     0    0    0.00      3    6    7   11    0
   4 GAMMA    0    0    0.00      6    7   11   13    0
   5 DELTA    0    0    0.0000    7   11   13   35    0
   6 NU2      0    0    0.0000   11   13   15   19   34
   7 NU1      0    0    0.0000   13   15   19   21   34
   8 CHI      0    0    0.0000   21   19   22   23   34
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   9 EPSI     0    0    0.0000   11   13   35   36    0
   1 C3’  C_ALI   -0.9681   -5.8551    2.5577    2    0    0    0    0
   2 O3’  O_EST   -0.6348   -4.7127    1.7719    1    3    0    0    0
   3 P    P_ALI    0.4817   -3.6875    2.2842    2    4    5    6    0
   4 OP1  O_BYL    1.7976   -4.3635    2.3259    3    0    0    0    0
   5 OP2  O_BYL    0.0167   -3.0215    3.5214    3    0    0    0    0
   6 O5’  O_EST    0.5255   -2.5916    1.1193    3    7    0    0    0
   7 C5’  C_ALI    1.4216   -1.4863    1.2135    6    8    9   11    0
   8 H5’  H_ALI    2.4568   -1.8260    1.2707    7    0    0    0   10
   9 H5”  H_ALI    1.2157   -0.8907    2.1041    7    0    0    0   10
  10 Q5’  PSEUD    1.8362   -1.3584    1.6874    0    0    0    0    0
  11 C4’  C_ALI    1.2779   -0.5959    0.0000    7   12   21   13    0
  12 H4’  H_ALI    1.5099   -1.1747   -0.8952   11    0    0    0    0
  13 C3’  C_ALI    2.1963    0.6228    0.0000   11   15   14   35    0
  14 H3’  H_ALI    3.1027    0.4293    0.5756   13    0    0    0    0
  15 C2’  C_ALI    1.3731    1.7403    0.5780   19   16   17   13    0
  16 H2’  H_ALI    1.4019    1.6718    1.6635   15    0    0    0   18
  17 H2”  H_ALI    1.7912    2.6897    0.2499   15    0    0    0   18
  18 Q2’  PSEUD    1.5965    2.1808    0.9567    0    0    0    0    0
  19 C1’  C_ALI    0.0000    1.4100    0.0000   21   20   22   15    0
  20 H1’  H_ALI   -0.0659    1.7932   -1.0183   19    0    0    0    0
  21 O4’  O_EST    0.0000    0.0000    0.0000   11   19    0    0    0
  22 N1   N_AMI   -1.1209    1.9441    0.8017   19   23   33    0    0
  23 C2   C_ARO   -2.3304    2.1782    0.1493   22   24   25    0    0
  24 O2   O_BYL   -2.4085    1.9304   -1.0590   23    0    0    0    0
  25 N3   N_AMI   -3.3653    2.6642    0.8578   23   26    0    0    0
  26 C4   C_ARO   -3.2644    2.9228    2.1462   25   27   31    0    0
  27 N4   N_AMI   -4.2972    3.4021    2.8279   26   28   29    0    0
  28 H41  H_AMI   -5.1756    3.5735    2.3597   27    0    0    0   30
  29 H42  H_AMI   -4.2049    3.5955    3.8149   27    0    0    0   30
  30 Q4   PSEUD   -4.6903    3.5845    3.0873    0    0    0    0    0
  31 C5   C_ARO   -2.0221    2.6890    2.8462   26   32   33    0    0
  32 H5   H_ARO   -1.9484    2.9039    3.9020   31    0    0    0    0
  33 C6   C_ARO   -0.9996    2.2045    2.1264   22   31   34    0    0
  34 H6   H_ARO   -0.0488    2.0117    2.6008   33    0    0    0    0
  35 O3’  O_EST    2.6047    0.9094   -1.3466   13   36    0    0    0
  36 P    P_ALI    3.5778    2.1447   -1.6417   35    0    0    0    0

RCYT RESIDUE   RCYT    10   36    3   35
   1 ZETA     0    0    0.00      1    2    3    6    0
   2 ALPHA    0    0    0.00      2    3    6    7    0
   3 BETA     0    0    0.00      3    6    7   11    0
   4 GAMMA    0    0    0.00      6    7   11   13    0
   5 DELTA    0    0    0.00      7   11   13   35    0
   6 NU2      0    0    0.00     11   13   15   19   34
   7 HOXI     0    0    0.00     13   15   17   18   18
   8 NU1      0    0    0.00     13   15   19   21   34
   9 CHI      0    0    0.00     21   19   22   23   34
  10 EPSI     0    0    0.00     11   13   35   36    0
   1 C3’  C_ALI   -0.9681   -5.8551    2.5577    2    0    0    0    0
   2 O3’  O_EST   -0.6348   -4.7127    1.7719    1    3    0    0    0
   3 P    P_ALI    0.4817   -3.6875    2.2842    2    4    5    6    0
   4 OP1  O_BYL    1.7976   -4.3635    2.3259    3    0    0    0    0
   5 OP2  O_BYL    0.0167   -3.0215    3.5214    3    0    0    0    0
   6 O5’  O_EST    0.5255   -2.5916    1.1193    3    7    0    0    0
   7 C5’  C_ALI    1.4216   -1.4863    1.2135    6    8    9   11    0
   8 H5’  H_ALI    2.4568   -1.8260    1.2707    7    0    0    0   10
   9 H5”  H_ALI    1.2157   -0.8907    2.1041    7    0    0    0   10
  10 Q5’  PSEUD    1.8362   -1.3584    1.6874    0    0    0    0    0
  11 C4’  C_ALI    1.2779   -0.5959    0.0000    7   12   13   21    0
  12 H4’  H_ALI    1.5099   -1.1747   -0.8952   11    0    0    0    0
  13 C3’  C_ALI    2.1963    0.6228    0.0000   11   14   15   35    0
  14 H3’  H_ALI    3.1027    0.4293    0.5756   13    0    0    0    0
  15 C2’  C_ALI    1.3731    1.7403    0.5780   13   16   17   19    0
  16 H2’  H_ALI    1.4019    1.6718    1.6635   15    0    0    0    0
  17 O2’  O_HYD    1.9936    2.8894    0.0464   15   18    0    0    0
  18 HO2’ H_OXY    2.1370    3.5157    0.7597   17    0    0    0    0
  19 C1’  C_ALI    0.0000    1.4100    0.0000   15   20   21   22    0
  20 H1’  H_ALI   -0.0659    1.7932   -1.0183   19    0    0    0    0
  21 O4’  O_EST    0.0000    0.0000    0.0000   11   19    0    0    0
  22 N1   N_AMI   -1.1209    1.9441    0.8017   19   23   33    0    0
  23 C2   C_ARO   -2.3304    2.1782    0.1493   22   24   25    0    0
  24 O2   O_BYL   -2.4085    1.9304   -1.0590   23    0    0    0    0
  25 N3   N_AMI   -3.3653    2.6642    0.8578   23   26    0    0    0
  26 C4   C_ARO   -3.2644    2.9228    2.1462   25   27   31    0    0
  27 N4   N_AMI   -4.2972    3.4021    2.8279   26   28   29    0    0
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  28 H41  H_AMI   -5.1756    3.5735    2.3597   27    0    0    0   30
  29 H42  H_AMI   -4.2049    3.5955    3.8149   27    0    0    0   30
  30 Q4   PSEUD   -4.6903    3.5845    3.0873    0    0    0    0    0
  31 C5   C_ARO   -2.0221    2.6890    2.8462   26   32   33    0    0
  32 H5   H_ARO   -1.9484    2.9039    3.9020   31    0    0    0    0
  33 C6   C_ARO   -0.9996    2.2045    2.1264   22   31   34    0    0
  34 H6   H_ARO   -0.0488    2.0117    2.6008   33    0    0    0    0
  35 O3’  O_EST    2.6047    0.9094   -1.3466   13   36    0    0    0
  36 P    P_ALI    3.5778    2.1447   -1.6417   35    0    0    0    0

GUA RESIDUE   GUA      9   39    3   38
   1 ZETA     0    0    0.0000    1    2    3    6    0
   2 ALPHA    0    0    0.0000    2    3    6    7    0
   3 BETA     0    0    0.0000    3    6    7   11    0
   4 GAMMA    0    0    0.0000    6    7   11   13    0
   5 DELTA    0    0    0.0000    7   11   13   38    0
   6 NU2      0    0    0.0000   11   13   15   19   37
   7 NU1      0    0    0.0000   13   15   19   21   37
   8 CHI      0    0    0.0000   21   19   22   23   37
   9 EPSI     0    0    0.0000   11   13   38   39    0
   1 C3’  C_ALI   -0.9681   -5.8551    2.5577    2    0    0    0    0
   2 O3’  O_EST   -0.6348   -4.7127    1.7719    1    3    0    0    0
   3 P    P_ALI    0.4817   -3.6875    2.2842    2    4    5    6    0
   4 OP1  O_BYL    1.7976   -4.3635    2.3259    3    0    0    0    0
   5 OP2  O_BYL    0.0167   -3.0215    3.5214    3    0    0    0    0
   6 O5’  O_EST    0.5255   -2.5916    1.1193    3    7    0    0    0
   7 C5’  C_ALI    1.4216   -1.4863    1.2135    6    8    9   11    0
   8 H5’  H_ALI    2.4568   -1.8260    1.2707    7    0    0    0   10
   9 H5”  H_ALI    1.2157   -0.8907    2.1041    7    0    0    0   10
  10 Q5’  PSEUD    1.8362   -1.3584    1.6874    0    0    0    0    0
  11 C4’  C_ALI    1.2779   -0.5959    0.0000    7   12   21   13    0
  12 H4’  H_ALI    1.5099   -1.1747   -0.8952   11    0    0    0    0
  13 C3’  C_ALI    2.1963    0.6228    0.0000   11   15   14   38    0
  14 H3’  H_ALI    3.1027    0.4293    0.5756   13    0    0    0    0
  15 C2’  C_ALI    1.3731    1.7403    0.5780   19   16   17   13    0
  16 H2’  H_ALI    1.4019    1.6718    1.6635   15    0    0    0   18
  17 H2”  H_ALI    1.7912    2.6897    0.2499   15    0    0    0   18
  18 Q2’  PSEUD    1.5965    2.1808    0.9567    0    0    0    0    0
  19 C1’  C_ALI    0.0000    1.4100    0.0000   21   20   22   15    0
  20 H1’  H_ALI   -0.0659    1.7932   -1.0183   19    0    0    0    0
  21 O4’  O_EST    0.0000    0.0000    0.0000   11   19    0    0    0
  22 N9   N_AMI   -1.1209    1.9441    0.8017   19   23   36    0    0
  23 C4   C_ARO   -2.3784    2.2371    0.3436   22   24   34    0    0
  24 N3   N_AMI   -2.8170    2.0867   -0.9370   23   25    0    0    0
  25 C2   C_ARO   -4.1036    2.4736   -1.0196   24   26   30    0    0
  26 N2   N_AMI   -4.7356    2.4092   -2.1892   25   27   28    0    0
  27 H21  H_AMI   -5.7010    2.6979   -2.2581   26    0    0    0   29
  28 H22  H_AMI   -4.2498    2.0716   -3.0078   26    0    0    0   29
  29 Q2   PSEUD   -4.9754    2.3848   -2.6330    0    0    0    0    0
  30 N1   N_AMI   -4.9152    2.9484   -0.0482   25   31   32    0    0
  31 H1   H_AMI   -5.8690    3.2001   -0.2652   30    0    0    0    0
  32 C6   C_ARO   -4.4155    3.0749    1.2114   30   33   34    0    0
  33 O6   O_BYL   -5.1745    3.5092    2.0764   32    0    0    0    0
  34 C5   C_ARO   -3.0716    2.6978    1.4177   23   32   35    0    0
  35 N7   N_AMI   -2.2897    2.7047    2.5414   34   36    0    0    0
  36 C8   C_ARO   -1.1186    2.2402    2.1184   22   35   37    0    0
  37 H8   H_ARO   -0.2357    2.0985    2.7240   36    0    0    0    0
  38 O3’  O_EST    2.6047    0.9094   -1.3466   13   39    0    0    0
  39 P    P_ALI    3.5778    2.1447   -1.6417   38    0    0    0    0

RGUA RESIDUE   RGUA    10   39    3   38
   1 ZETA     0    0    0.00      1    2    3    6    0
   2 ALPHA    0    0    0.00      2    3    6    7    0
   3 BETA     0    0    0.00      3    6    7   11    0
   4 GAMMA    0    0    0.00      6    7   11   13    0
   5 DELTA    0    0    0.00      7   11   13   38    0
   6 NU2      0    0    0.00     11   13   15   19   37
   7 HOXI     0    0    0.00     13   15   17   18   18
   8 NU1      0    0    0.00     13   15   19   21   37
   9 CHI      0    0    0.00     21   19   22   23   37
  10 EPSI     0    0    0.00     11   13   38   39    0
   1 C3’  C_ALI   -0.9681   -5.8551    2.5577    2    0    0    0    0
   2 O3’  O_EST   -0.6348   -4.7127    1.7719    1    3    0    0    0
   3 P    P_ALI    0.4817   -3.6875    2.2842    2    4    5    6    0
   4 OP1  O_BYL    1.7976   -4.3635    2.3259    3    0    0    0    0
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   5 OP2  O_BYL    0.0167   -3.0215    3.5214    3    0    0    0    0
   6 O5’  O_EST    0.5255   -2.5916    1.1193    3    7    0    0    0
   7 C5’  C_ALI    1.4216   -1.4863    1.2135    6    8    9   11    0
   8 H5’  H_ALI    2.4568   -1.8260    1.2707    7    0    0    0   10
   9 H5”  H_ALI    1.2157   -0.8907    2.1041    7    0    0    0   10
  10 Q5’  PSEUD    1.8362   -1.3584    1.6874    0    0    0    0    0
  11 C4’  C_ALI    1.2779   -0.5959    0.0000    7   12   13   21    0
  12 H4’  H_ALI    1.5099   -1.1747   -0.8952   11    0    0    0    0
  13 C3’  C_ALI    2.1963    0.6228    0.0000   11   14   15   38    0
  14 H3’  H_ALI    3.1027    0.4293    0.5756   13    0    0    0    0
  15 C2’  C_ALI    1.3731    1.7403    0.5780   13   16   17   19    0
  16 H2’  H_ALI    1.4019    1.6718    1.6635   15    0    0    0    0
  17 O2’  O_HYD    1.9936    2.8894    0.0464   15   18    0    0    0
  18 HO2’ H_OXY    2.1370    3.5157    0.7597   17    0    0    0    0
  19 C1’  C_ALI    0.0000    1.4100    0.0000   15   20   21   22    0
  20 H1’  H_ALI   -0.0659    1.7932   -1.0183   19    0    0    0    0
  21 O4’  O_EST    0.0000    0.0000    0.0000   11   19    0    0    0
  22 N9   N_AMI   -1.1209    1.9441    0.8017   19   23   36    0    0
  23 C4   C_ARO   -2.3784    2.2371    0.3436   22   24   34    0    0
  24 N3   N_AMI   -2.8170    2.0867   -0.9370   23   25    0    0    0
  25 C2   C_ARO   -4.1036    2.4736   -1.0196   24   26   30    0    0
  26 N2   N_AMI   -4.7356    2.4092   -2.1892   25   27   28    0    0
  27 H21  H_AMI   -5.7010    2.6979   -2.2581   26    0    0    0   29
  28 H22  H_AMI   -4.2498    2.0716   -3.0078   26    0    0    0   29
  29 Q2   PSEUD   -4.9754    2.3848   -2.6330    0    0    0    0    0
  30 N1   N_AMI   -4.9152    2.9484   -0.0482   25   31   32    0    0
  31 H1   H_AMI   -5.8690    3.2001   -0.2652   30    0    0    0    0
  32 C6   C_ARO   -4.4155    3.0749    1.2114   30   33   34    0    0
  33 O6   O_BYL   -5.1745    3.5092    2.0764   32    0    0    0    0
  34 C5   C_ARO   -3.0716    2.6978    1.4177   23   32   35    0    0
  35 N7   N_AMI   -2.2897    2.7047    2.5414   34   36    0    0    0
  36 C8   C_ARO   -1.1186    2.2402    2.1184   22   35   37    0    0
  37 H8   H_ARO   -0.2357    2.0985    2.7240   36    0    0    0    0
  38 O3’  O_EST    2.6047    0.9094   -1.3466   36   39    0    0    0
  39 P    P_ALI    3.5778    2.1447   -1.6417   38    0    0    0    0

THY RESIDUE   THY     10   38    3   37
   1 ZETA     0    0    0.00      1    2    3    6    0
   2 ALPHA    0    0    0.00      2    3    6    7    0
   3 BETA     0    0    0.00      3    6    7   11    0
   4 GAMMA    0    0    0.00      6    7   11   13    0
   5 DELTA    0    0    0.0000    7   11   13   37    0
   6 NU2      0    0    0.0000   11   13   15   19   36
   7 NU1      0    0    0.0000   13   15   19   21   36
   8 CHI      0    0    0.0000   21   19   22   23   36
   9 CHI2     0    0    0.00     27   29   30   31   33
  10 EPSI     0    0    0.00     11   13   37   38    0
   1 C3’  C_ALI   -0.9681   -5.8551    2.5577    2    0    0    0    0
   2 O3’  O_EST   -0.6348   -4.7127    1.7719    1    3    0    0    0
   3 P    P_ALI    0.4817   -3.6875    2.2842    2    4    5    6    0
   4 OP1  O_BYL    1.7976   -4.3635    2.3259    3    0    0    0    0
   5 OP2  O_BYL    0.0167   -3.0215    3.5214    3    0    0    0    0
   6 O5’  O_EST    0.5255   -2.5916    1.1193    3    7    0    0    0
   7 C5’  C_ALI    1.4216   -1.4863    1.2135    6    8    9   11    0
   8 H5’  H_ALI    2.4568   -1.8260    1.2707    7    0    0    0   10
   9 H5”  H_ALI    1.2157   -0.8907    2.1041    7    0    0    0   10
  10 Q5’  PSEUD    1.8362   -1.3584    1.6874    0    0    0    0    0
  11 C4’  C_ALI    1.2779   -0.5959    0.0000    7   12   21   13    0
  12 H4’  H_ALI    1.5099   -1.1747   -0.8952   11    0    0    0    0
  13 C3’  C_ALI    2.1963    0.6228    0.0000   11   15   14   37    0
  14 H3’  H_ALI    3.1027    0.4293    0.5756   13    0    0    0    0
  15 C2’  C_ALI    1.3731    1.7403    0.5780   19   16   17   13    0
  16 H2’  H_ALI    1.4019    1.6718    1.6635   15    0    0    0   18
  17 H2”  H_ALI    1.7912    2.6897    0.2499   15    0    0    0   18
  18 Q2’  PSEUD    1.5965    2.1808    0.9567    0    0    0    0    0
  19 C1’  C_ALI    0.0000    1.4100    0.0000   21   20   22   15    0
  20 H1’  H_ALI   -0.0659    1.7932   -1.0183   19    0    0    0    0
  21 O4’  O_EST    0.0000    0.0000    0.0000   11   19    0    0    0
  22 N1   N_AMI   -1.1209    1.9441    0.8017   19   23   35    0    0
  23 C2   C_ARO   -2.2881    2.1620    0.1364   22   24   25    0    0
  24 O2   O_BYL   -2.4402    1.9414   -1.0548   23    0    0    0    0
  25 N3   N_AMI   -3.3338    2.6596    0.8814   23   26   27    0    0
  26 H3   H_AMI   -4.2250    2.8415    0.4424   25    0    0    0    0
  27 C4   C_ARO   -3.2471    2.9346    2.2228   25   28   29    0    0
  28 O4   O_BYL   -4.2464    3.3768    2.7874   27    0    0    0    0
  29 C5   C_ARO   -2.0063    2.6890    2.8681   27   30   35    0    0
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  30 C7   C_ALI   -1.8531    2.9733    4.3432   29   31   32   33    0
  31 H71  H_ALI   -0.8409    2.7265    4.6636   30    0    0    0    0
  32 H72  H_ALI   -2.5641    2.3728    4.9107   30    0    0    0    0
  33 H73  H_ALI   -2.0420    4.0291    4.5373   30    0    0    0    0
  34 Q7   PSEUD   -1.8157    3.0428    4.7039    0    0    0    0    0
  35 C6   C_ARO   -1.0061    2.2067    2.1270   22   29   36    0    0
  36 H6   H_ARO   -0.0464    2.0062    2.5799   35    0    0    0    0
  37 O3’  O_EST    2.6047    0.9094   -1.3466   13   38    0    0    0
  38 P    P_ALI    3.5778    2.1447   -1.6417   37    0    0    0    0

URA RESIDUE   URA     10   34    3   33
   1 ZETA     0    0    0.00      1    2    3    6    0
   2 ALPHA    0    0    0.00      2    3    6    7    0
   3 BETA     0    0    0.00      3    6    7   11    0
   4 GAMMA    0    0    0.00      6    7   11   13    0
   5 DELTA    0    0    0.00      7   11   13   33    0
   6 NU2      0    0    0.00     11   13   15   19   32
   7 HOXI     0    0    0.00     13   15   17   18   18
   8 NU1      0    0    0.00     13   15   19   21   32
   9 CHI      0    0    0.00     21   19   22   23   32
  10 EPSI     0    0    0.00     11   13   33   34    0
   1 C3’  C_ALI   -0.9681   -5.8551    2.5577    2    0    0    0    0
   2 O3’  O_EST   -0.6348   -4.7127    1.7719    1    3    0    0    0
   3 P    P_ALI    0.4817   -3.6875    2.2842    2    4    5    6    0
   4 OP1  O_BYL    1.7976   -4.3635    2.3259    3    0    0    0    0
   5 OP2  O_BYL    0.0167   -3.0215    3.5214    3    0    0    0    0
   6 O5’  O_EST    0.5255   -2.5916    1.1193    3    7    0    0    0
   7 C5’  C_ALI    1.4216   -1.4863    1.2135    6    8    9   11    0
   8 H5’  H_ALI    2.4568   -1.8260    1.2707    7    0    0    0   10
   9 H5”  H_ALI    1.2157   -0.8907    2.1041    7    0    0    0   10
  10 Q5’  PSEUD    1.8362   -1.3584    1.6874    0    0    0    0    0
  11 C4’  C_ALI    1.2779   -0.5959    0.0000    7   12   13   21    0
  12 H4’  H_ALI    1.5099   -1.1747   -0.8952   11    0    0    0    0
  13 C3’  C_ALI    2.1963    0.6228    0.0000   11   14   15   33    0
  14 H3’  H_ALI    3.1027    0.4293    0.5756   13    0    0    0    0
  15 C2’  C_ALI    1.3731    1.7403    0.5780   13   16   17   19    0
  16 H2’  H_ALI    1.4019    1.6718    1.6635   15    0    0    0    0
  17 O2’  O_HYD    1.9936    2.8894    0.0464   15   18    0    0    0
  18 HO2’ H_OXY    2.1370    3.5157    0.7597   17    0    0    0    0
  19 C1’  C_ALI    0.0000    1.4100    0.0000   15   20   21   22    0
  20 H1’  H_ALI   -0.0659    1.7932   -1.0183   19    0    0    0    0
  21 O4’  O_EST    0.0000    0.0000    0.0000   11   19    0    0    0
  22 N1   N_AMI   -1.1209    1.9441    0.8017   19   23   31    0    0
  23 C2   C_ARO   -2.2881    2.1620    0.1364   22   24   25    0    0
  24 O2   O_BYL   -2.4402    1.9414   -1.0548   23    0    0    0    0
  25 N3   N_AMI   -3.3338    2.6596    0.8814   23   26   27    0    0
  26 H3   H_AMI   -4.2250    2.8415    0.4424   25    0    0    0    0
  27 C4   C_ARO   -3.2471    2.9346    2.2228   25   28   29    0    0
  28 O4   O_BYL   -4.2464    3.3768    2.7874   27    0    0    0    0
  29 C5   C_ARO   -2.0063    2.6890    2.8681   27   30   31    0    0
  30 H5   C_ALI   -1.8967    2.8923    3.9231   29    0    0    0    0
  31 C6   C_ARO   -1.0061    2.2067    2.1270   22   29   32    0    0
  32 H6   H_ARO   -0.0464    2.0062    2.5799   31    0    0    0    0
  33 O3’  O_EST    2.6047    0.9094   -1.3466   13   34    0    0    0
  34 P    P_ALI    3.5778    2.1447   -1.6417   33    0    0    0    0

PL RESIDUE   PL       1    6    3    5
   1 LB       0    0    0.00      2    3    4    5    0
   1 C    PSEUD   -0.6824   -1.1357    0.0000    0    0    0    0    0
   2 O    PSEUD   -0.1723   -2.2550    0.0000    0    0    0    0    0
   3 N    PSEUD    0.0000    0.0000    0.0000    0    0    0    0    0
   4 Q1   PSEUD    0.9971   -0.0762    0.0000    0    0    0    0    0
   5 Q2   PSEUD    1.0733    0.9209    0.0000    0    0    0    0    0
   6 Q3   PSEUD    2.0704    0.8447    0.0000    0    0    0    0    0

NL RESIDUE   NL       1    6    3    5
   1 LB       0    0    0.00      2    3    4    5    0
   1 C3’  PSEUD   -0.9681   -5.8551    2.5577    0    0    0    0    0
   2 O3’  PSEUD   -0.6348   -4.7127    1.7719    0    0    0    0    0
   3 P    PSEUD    0.4817   -3.6875    2.2842    0    0    0    0    0
   4 Q1   PSEUD    0.3487   -3.1324    1.4631    0    0    0    0    0
   5 Q2   PSEUD    1.0465   -2.4917    1.7833    0    0    0    0    0
   6 Q3   PSEUD    0.9136   -1.9366    0.9622    0    0    0    0    0
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LL RESIDUE   LL       1    6    3    5
   1 LB       0    0    0.00      2    3    4    5    0
   1 Q1   PSEUD    0.0000    0.0000    0.0000    0    0    0    0    0
   2 Q2   PSEUD    1.0000    0.0000    0.0000    0    0    0    0    0
   3 Q3   PSEUD    1.0000    1.0000    0.0000    0    0    0    0    0
   4 Q1   PSEUD    2.0000    1.0000    0.0000    0    0    0    0    0
   5 Q2   PSEUD    2.0000    0.0000    0.0000    0    0    0    0    0
   6 Q3   PSEUD    3.0000    0.0000    0.0000    0    0    0    0    0

LL2 RESIDUE   LL2      1    6    3    5
   1 LB       0    0    0.00      2    3    4    5    0
   1 Q1   PSEUD    0.0000    0.0000    0.0000    0    0    0    0    0
   2 Q2   PSEUD    2.0000    0.0000    0.0000    0    0    0    0    0
   3 Q3   PSEUD    2.0000    2.0000    0.0000    0    0    0    0    0
   4 Q1   PSEUD    4.0000    2.0000    0.0000    0    0    0    0    0
   5 Q2   PSEUD    4.0000    0.0000    0.0000    0    0    0    0    0
   6 Q3   PSEUD    6.0000    0.0000    0.0000    0    0    0    0    0

LL5 RESIDUE   LL5      1    6    3    5
   1 LB       0    0    0.00      2    3    4    5    0
   1 Q1   PSEUD    0.0000    0.0000    0.0000    0    0    0    0    0
   2 Q2   PSEUD    5.0000    0.0000    0.0000    0    0    0    0    0
   3 Q3   PSEUD    5.0000    5.0000    0.0000    0    0    0    0    0
   4 Q1   PSEUD   10.0000    5.0000    0.0000    0    0    0    0    0
   5 Q2   PSEUD   10.0000    0.0000    0.0000    0    0    0    0    0
   6 Q3   PSEUD   15.0000    0.0000    0.0000    0    0    0    0    0

LP RESIDUE   LP       1    6    3    5
   1 LB       0    0    0.00      2    3    4    5    0
   1 Q1   PSEUD    0.0000    0.0000    0.0000    0    0    0    0    0
   2 Q2   PSEUD    1.0000    0.0000    0.0000    0    0    0    0    0
   3 Q3   PSEUD    1.0000    1.0000    0.0000    0    0    0    0    0
   4 C    PSEUD    2.0000    1.0000    0.0000    0    0    0    0    0
   5 O    PSEUD    2.0000   -0.2300    0.0000    0    0    0    0    0
   6 N    PSEUD    3.0920    1.7505    0.0000    0    0    0    0    0

LN RESIDUE   LN       1    6    3    5
   1 LB       0    0    0.00      2    3    4    5    0
   1 Q1   PSEUD    0.0000    0.0000    0.0000    0    0    0    0    0
   2 Q2   PSEUD    1.0000    0.0000    0.0000    0    0    0    0    0
   3 Q3   PSEUD    1.0000    1.0000    0.0000    0    0    0    0    0
   4 C3’  PSEUD    2.0000    1.0000    0.0000    0    0    0    0    0
   5 O3’  PSEUD    2.0000   -0.4260    0.0000    0    0    0    0    0
   6 P    PSEUD    3.3856   -1.2260    0.0000    0    0    0    0    0

PLM RESIDUE   PLM      1    8    3    7
   1 LB       0    0    0.00      2    3    4    6    0
   1 C    PSEUD   -0.6824   -1.1357    0.0000    0    0    0    0    0
   2 O    PSEUD   -0.1723   -2.2550    0.0000    0    0    0    0    0
   3 N    PSEUD    0.0000    0.0000    0.0000    0    0    0    0    0
   4 Q1   PSEUD    0.9971   -0.0762    0.0000    0    0    0    0    0
   5 Q1’  PSEUD    0.9971   -0.0762   10.0000    0    0    0    0    0
   6 Q2   PSEUD    1.0733    0.9209    0.0000    0    0    0    0    0
   7 Q2’  PSEUD    1.0733    0.9209   10.0000    0    0    0    0    0
   8 Q3   PSEUD    2.0704    0.8447    0.0000    0    0    0    0    0

NLM RESIDUE   NLM      1    8    3    7
   1 LB       0    0    0.00      2    3    4    6    0
   1 C3’  PSEUD   -0.9681   -5.8551    2.5577    0    0    0    0    0
   2 O3’  PSEUD   -0.6348   -4.7127    1.7719    0    0    0    0    0
   3 P    PSEUD    0.4817   -3.6875    2.2842    0    0    0    0    0
   4 Q1   PSEUD    0.3487   -3.1324    1.4631    0    0    0    0    0
   5 Q1’  PSEUD    0.3487   -3.1324   10.0000    0    0    0    0    0
   6 Q2   PSEUD    1.0465   -2.4917    1.7833    0    0    0    0    0
   7 Q2’  PSEUD    1.0465   -2.4917   10.0000    0    0    0    0    0
   8 Q3   PSEUD    0.9136   -1.9366    0.9622    0    0    0    0    0

LLM RESIDUE   LLM      1    9    3    8
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   1 LB       0    0    0.00      2    3    5    7    0
   1 Q1   PSEUD    0.0000    0.0000    0.0000    0    0    0    0    0
   2 Q2   PSEUD    1.0000    0.0000    0.0000    0    0    0    0    0
   3 Q3   PSEUD    1.0000    1.0000    0.0000    0    0    0    0    0
   4 Q3’  PSEUD    1.0000    1.0000   10.0000    0    0    0    0    0
   5 Q1   PSEUD    2.0000    1.0000    0.0000    0    0    0    0    0
   6 Q1’  PSEUD    2.0000    1.0000   10.0000    0    0    0    0    0
   7 Q2   PSEUD    2.0000    0.0000    0.0000    0    0    0    0    0
   8 Q2’  PSEUD    2.0000    0.0000   10.0000    0    0    0    0    0
   9 Q3   PSEUD    3.0000    0.0000    0.0000    0    0    0    0    0

LLM2 RESIDUE   LLM2     1    9    3    8
   1 LB       0    0    0.00      2    3    5    7    0
   1 Q1   PSEUD    0.0000    0.0000    0.0000    0    0    0    0    0
   2 Q2   PSEUD    2.0000    0.0000    0.0000    0    0    0    0    0
   3 Q3   PSEUD    2.0000    2.0000    0.0000    0    0    0    0    0
   4 Q3’  PSEUD    2.0000    2.0000   10.0000    0    0    0    0    0
   5 Q1   PSEUD    4.0000    2.0000    0.0000    0    0    0    0    0
   6 Q1’  PSEUD    4.0000    2.0000   10.0000    0    0    0    0    0
   7 Q2   PSEUD    4.0000    0.0000    0.0000    0    0    0    0    0
   8 Q2’  PSEUD    4.0000    0.0000   10.0000    0    0    0    0    0
   9 Q3   PSEUD    6.0000    0.0000    0.0000    0    0    0    0    0

LLM5 RESIDUE   LLM5     1    9    3    8
   1 LB       0    0    0.00      2    3    5    7    0
   1 Q1   PSEUD    0.0000    0.0000    0.0000    0    0    0    0    0
   2 Q2   PSEUD    5.0000    0.0000    0.0000    0    0    0    0    0
   3 Q3   PSEUD    5.0000    5.0000    0.0000    0    0    0    0    0
   4 Q3’  PSEUD    5.0000    5.0000   10.0000    0    0    0    0    0
   5 Q1   PSEUD   10.0000    5.0000    0.0000    0    0    0    0    0
   6 Q1’  PSEUD   10.0000    5.0000   10.0000    0    0    0    0    0
   7 Q2   PSEUD   10.0000    0.0000    0.0000    0    0    0    0    0
   8 Q2’  PSEUD   10.0000    0.0000   10.0000    0    0    0    0    0
   9 Q3   PSEUD   15.0000    0.0000    0.0000    0    0    0    0    0

LPM RESIDUE   LPM      1    7    3    6
   1 LB       0    0    0.00      2    3    5    6    0
   1 Q1   PSEUD    0.0000    0.0000    0.0000    0    0    0    0    0
   2 Q2   PSEUD    1.0000    0.0000    0.0000    0    0    0    0    0
   3 Q3   PSEUD    1.0000    1.0000    0.0000    0    0    0    0    0
   4 Q3’  PSEUD    1.0000    1.0000   10.0000    0    0    0    0    0
   5 C    PSEUD    2.0000    1.0000    0.0000    0    0    0    0    0
   6 O    PSEUD    2.0000   -0.2300    0.0000    0    0    0    0    0
   7 N    PSEUD    3.0920    1.7505    0.0000    0    0    0    0    0

LNM RESIDUE   LNM      1    7    3    6
   1 LB       0    0    0.00      2    3    5    6    0
   1 Q1   PSEUD    0.0000    0.0000    0.0000    0    0    0    0    0
   2 Q2   PSEUD    1.0000    0.0000    0.0000    0    0    0    0    0
   3 Q3   PSEUD    1.0000    1.0000    0.0000    0    0    0    0    0
   4 Q3’  PSEUD    1.0000    1.0000   10.0000    0    0    0    0    0
   5 C3’  PSEUD    2.0000    1.0000    0.0000    0    0    0    0    0
   6 O3’  PSEUD    2.0000   -0.4260    0.0000    0    0    0    0    0
   7 P    PSEUD    3.3856   -1.2260    0.0000    0    0    0    0    0

LGLY RESIDUE   LGLY     3   11    3   10
   1 OMEGA   -1    2   10.0000    2    1    3    4    0
   2 PHI      0    0    0.0000    1    3    5    9    0
   3 PSI      0    0    0.0000    3    5    9   11    0
   1 C    PSEUD   -0.6824   -1.1357    0.0000    0    0    0    0    0
   2 O    PSEUD   -0.1723   -2.2550    0.0000    0    0    0    0    0
   3 N    PSEUD    0.0000    0.0000    0.0000    0    0    0    0    0
   4 Q1   PSEUD   -0.4226    0.9063    0.0000    0    0    0    0    0
   5 Q2   PSEUD    1.4530    0.0000    0.0000    0    0    0    0    0
   6 Q21  PSEUD    1.8202   -0.5343    0.8762    0    0    0    0    0
   7 Q22  PSEUD    1.8202   -0.5343   -0.8762    0    0    0    0    0
   8 Q3   PSEUD    1.8202   -0.5343    0.0000    0    0    0    0    0
   9 C    PSEUD    2.0013    1.4284    0.0000    0    0    0    0    0
  10 O    PSEUD    1.2356    2.3910    0.0000    0    0    0    0    0
  11 N    PSEUD    3.3231    1.5208    0.0000    0    0    0    0    0
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Foraminoacidresidues,thefirst threecharactersof thenamecorrespond
to thestandardthreelettercode,thefourthcharacterindicatespositiveor
negative charges(e.g.ARG+) or differentiatesbetweencysteine(CYS)
andcystine(CYSS)residues.Cystinesareinvolvedin disulfidebridges.

ADE, CYT, GUA, andTHY denotethestandarddeoxyribonucleotides
of DNA; RADE, RCYT, RGUA, andURA denotethe standardnucle-
otides of RNA.

Linker residuesusedto treat more than one moleculeand containing
only pseudoatomsarealsoincluded:PL to link anaminoacidresidueto
a genericlinker, NL to link a nucleotideresidueto a genericlinker, LL,
agenericlinkerresiduewith 1 Å bondlengthsand bondangles,LL2 and
LL5, similar linkersresiduebut with 2 Å and5 Å bondlengths,LP to
link agenericlinker to a following aminoacidresidue,andLN to link a
genericlinker to a following nucleotideresidue.Thereis anadditional
set of linker residues,PLM, NLM, LLM, LLM2, LLM5, LPM and
LNM, with threeinsteadof onerotatableanglethatshouldonly beused
for torsionangledynamicscalculationswith inertia tensorsderiveddi-
rectly from atomicmassesandpositions.LGLY is a linker residuewith
the geometry of GLY but only containing pseudo atoms.

In additionto thestandardresiduelibrary (dyana.lib)which is basedon
theECEPP/2 forcefield (Momany et al., 1975;Némethy et al., 1983),a
residuelibrary (amber.lib) that employs the standardgeometryof the
AMBER forcefield (Cornellet al., 1995)is alsoprovided.Thenamesof
atoms and dihedral angles are the same in both libraries.

The programDYANA supportsan alternative format for residuelibrary
entriesthatusesatomnamesinsteadof numbersto definedihedralan-
gles,covalentconnectivities andpseudoatoms.This format is particu-
larly usefulin theprocessof creatingmanuallyanew or modifiedlibrary
entry. As an example,an alternative entry for SER is given which is
equivalent to the one in the standard library:

RESIDUE   SER      5   15    3   14
   1 OMEGA   -1    2   10.0000 -O   -C    N    HN
   2 PHI      0    0    0.0000 -C    N    CA   C
   3 CHI1     1    3    1.3500  N    CA   CB   OG   HG
   4 CHI2     1    3    0.3000  CA   CB   OG   HG   HG
   5 PSI      0    0    0.0000  N    CA   C   +N
   1 C    C_BYL   -0.6824   -1.1357    0.0000 -O    N
   2 O    O_BYL   -0.1723   -2.2550    0.0000 -C
   3 N    N_AMI    0.0000    0.0000    0.0000 -C    HN   CA
   4 HN   H_AMI   -0.4226    0.9063    0.0000  N
   5 CA   C_ALI    1.4530    0.0000    0.0000  N    HA   CB   C
   6 HA   H_ALI    1.7416   -0.5122    0.9178  CA
   7 CB   C_ALI    2.0038   -0.7653   -1.2049  CA   HB2  HB3  OG
   8 HB2  H_ALI    1.6328   -1.7901   -1.1839  CB                  QB
   9 HB3  H_ALI    1.6328   -0.3109   -2.1235  CB                  QB
  10 QB   PSEUD    1.6328   -1.0505   -1.6537
  11 OG   O_HYD    3.4286   -0.7774   -1.2238  CB   HG
  12 HG   H_OXY    3.7558   -1.2840   -2.0214  OG
  13 C    C_BYL    1.9763    1.4377    0.0000  CA   O   +N
  14 O    O_BYL    1.1939    2.3868    0.0000  C
  15 N    N_AMI    3.2963    1.5532    0.0000  C
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Namesof atomslocatedin theprecedingor next residueareprecededby
“–” or “+”, respectively, andpositionsthatcorrespondtoa“0” in thenor-
mal format are left blank.

Thestandardresiduelibrary alsoincludesastatisticaldatabaseof chem-
ical shift valuesin proteins,whichwascompiledby DanielBraunonthe
basisof 26 proteinsfor which 1H, 13C and15N assignmentsareavail-
able.Therearenorandomcoil valuesin this table.Thefirst few linesof
this data base are as follows:

CSTABLE   320
   1 ALA  N      144  123.04    3.67  133.90  130.40  117.60  113.70
   3 ALA  CA     184   52.59    2.19   57.30   55.60   48.96   47.15
   4 ALA  CB     182   18.78    1.96   24.20   22.70   15.70   14.50
   5 ALA  HN     159    8.16    0.76   10.14    9.29    6.73    6.19
   6 ALA  HA     169    4.32    0.53    6.16    5.24    3.54    2.94
   7 ALA  QB     167    1.36    0.24    1.77    1.67    1.01   -0.02

Thenumberaftertheheading“CSTABLE” denotesthenumberof atoms
for which chemicalshift information is available.For eachsuchatom
oneline of datawith the following entriesis given: a runningnumber,
the residuename,the atom name,the numberof chemicalshifts that
wereavailablefor thisatom,theaveragechemicalshift, thestandardde-
viation of thechemicalshift, themaximalchemicalshift, theupperand
lower5%-quartilesof thechemicalshift,andtheminimalchemicalshift.
The Fortran format of the data lines is (5X,2A5,I5,6F8.2).

A similarblockof data,named“KARPLUS”, is usedto defineKarplus-
type relationships of the form

[8]

betweenvicinal scalarcouplings, , andtheinterveningdihedralangle,
:

KARPLUS      15
   1 *    HN   HA       1.90   -1.40    6.40  PHI
   2 *    HN   C        0.10    1.10    4.00  PHI
   3 *    HN   CB      -0.20   -1.50    4.70  PHI
   4 *    C    C       -0.30   -0.80    2.00  PHI
   5 *    C    CB      -0.10   -0.60    1.50  PHI
   6 *    C    HA      -0.80   -4.40    9.00  PHI
   7 *    HA   N       -0.27   -0.61   -0.88  PHI
   8 *    HA   HB*      1.80   -1.60    9.50  CHI1
   9 PHE  HA   CG       0.70   -1.00    7.10  CHI1
  10 TYR  HA   CG       0.70   -1.00    7.10  CHI1
  11 *    HA   CG       0.20   -1.20   10.20  CHI1
  12 *    N    HB*      0.10    1.20   -4.40  CHI1
  13 *    C    HB*      0.60   -2.04    7.20  CHI1
  14 *    HB*  HG       1.80   -1.60    9.50  CHI2
  15 *    HB*  CD       0.20   -1.30   10.20  CHI2

EachKarpluscurve is givenon oneline with thefollowing data:a run-
ningnumber, aresiduenamethatmaycontainwildcards,thetwo names
of theatomsthatarescalarcoupled,theparameters,A, B andC of the

J
3 θ( ) A B θcos Ccos2θ+ +=

J
3

θ
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Karpluscurve,andanoptionalcomment(thecorrespondingdihedralan-
gle). The Fortran format of the data lines is (5X,3A5,3F8.2).

Residue sequence

Thesequenceinputfile definestheprimarystructureof themoleculeun-
der consideration,identifiesresiduesfollowing cis-peptidebonds,de-
claresspecialcovalentbonds,i. e.covalentbondsthatarenotcompatible
with thetreestructureof themolecule,andidentifiesfixedandrotatable
dihedral angles in the molecule.

Theresiduenamesconsistof up to four charactersandmust,of course,
matchthenameof a residueentryin theresiduelibrary file. If a residue
nameis precededimmediatelyby a lowercase“c” thedihedralangleof
thepeptidebondprecedingthis residuewill befixedat (cisposition)in-
steadof (transposition)throughoutthecalculation.Optionally, aresidue
namemay be followed by its residuenumber;by default the residue
numberof thefirst (N-terminal)residuein thesequenceis setto one,and
for otherresiduestheresiduenumberwill betheresiduenumberof the
precedingresidueplusone.Differentresiduenamesandnumbersmust
beseparatedby at leastoneblankor end-of-linecharacter, otherwisethe
formatis free.Thesyntaxto declarefixedandrotatabledihedralangles
is explained below. An example sequence input file follows:

# Second helix of Antennapedia Homeodomain
ARG+29 ARG+ARG+ARG+ILE GLU- ILE ALA HIS ALA
LEU

Thisfile containsthesequenceof apeptidethatis 11 residueslongwith
residuenumbers29–39.Trans-peptidebondswill beassumedthrough-
out. No specialcovalentbondis declared.The first line of the file is a
comment line.

A specialcovalentbondis declaredby thelowercasekeyword link
followed by the first atom name,the first residuenumber, the second
atomname,andthesecondresiduenumber, in free format.This infor-
mationwill only beusedin DYANA to excludethenecessaryatompairs
fromthestericoverlapcheck;tocorrectlyform thespecialcovalentbond
explicit upperandlower limit distanceconstraintsarerequired.Situa-
tionswherespecialcovalentbondsareneededare,for instance:proteins
with disulfidebridges,cyclic peptides,or flexible proline rings.To de-
clare,for example,a disulfidebridgebetweenCYSS3 andCYSS55 of
a protein the following entry is used in the sequence input file:
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 link SG 3 SG 55

In addition,thepresenceof thisdisulfidebondis thenfixeddirectlywith
distanceconstraints,e.g.by imposingarangeof 2.0to 2.1Å ontheS–S
distance,andof 3.0to 3.1Å ontheS–Cdistancesacrossthebridgeusing
explicit upperandlower distancelimits (Williamson et al., 1985).Be-
causedisulfidebondsoccur frequentlyin proteins,it is not necessary
(but possible,of course)to declarethemexplicitly in thesequencefile;
if thesulphuratomsof CYSSresiduesarenot explicitly linkedto other
atomsby link entriesin thesequencefile, theprogramallowsfor special
covalentbondsbetweenall suchsulphuratomsof CYSSresidues,i. e.in
thevanderWaalscheckit potentiallyallows disulfidebridgesbetween
any two CYSSresiduesin the molecule.Anotherfrequentcasewhere
the programgeneratesa specialcovalentbondimplicitly occursif the
bondis presentin the list of covalentconnectivities of theatomentries
in the library but not compatiblewith the treestructureof dihedralan-
gles.This is the casefor examplein flexible sugar rings of the DNA.
Nevertheless,explicit upperandlower limit distanceconstraintsarestill
required to enforce correct bond lengths and angles.

By default,theprogramDYANA assumesthatall dihedralanglesdeclared
in theresiduelibrary arerotatable,i. e.aredegreesof freedomduringthe
minimization.Theonly exceptionareanglescalledOMEGA whichare,
by default, fixedat 180˚or 0˚. To obtaindifferentchoicesof fixedand
rotatabledihedralangles,angledeclarationshave to beinsertedinto the
sequencefile. To make a dihedralanglerotatable,usethe syntax:“an-
gle=free ”, whereanglestandsfor theanglename.To fix a dihedralan-
gle at the value of the input conformation that will be read, use
“angle=fix ed”. This typeof declarationcannotbeusedif thestartcon-
formationsaregeneratedrandomlywithin theprogram.To fix adihedral
angleat a givenvalue,use“angle=value”. Thevaluehasto begivenin
degrees.Theanglenamemaycontainwildcards* to matchany number
of charactersand?tomatchexactlyonecharacter. If anangledeclaration
shouldapplyonly to partof thesequence,thedeclarationandthecorre-
spondingpart of the sequenceareenclosedin curly braces.More than
one angledeclarationmay follow the left brace,and partsof the se-
quenceenclosedin bracesmaybenested.In thefollowing examplese-
quenceall ω angleswill befixedat180˚(by default),all ψ anglesexcept
thethird onewill befixedat -47˚,andall otherdihedralanglesarerotat-
able (by default):

 {PSI=-47
ARG+ 29 ARG+ {PSI=free ARG+}
ARG+ ILE  GLU- ILE  ALA  HIS  ALA  LEU}
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Chemical shift list

Chemicalshift lists(traditionallycalled“protonlists”) follow theformat
usedby the programXEASY (Bartelset al., 1995).For eachchemical
shift, the list containsa line with the following datain free format: the
atomnumber, thechemicalshift, theerrorof thechemicalshift (current-
ly not usedby DYANA), the atomname,and the residuenumber. The
atomnumberis referencedby peakassignmentsin peaklists (seenext
section)andcanbedifferentfrom theatomnumberin coordinatefiles.
Chemicalshiftsaremeasuredin ppmandentrieswith amagnitudelarger
than900ppmareskipped.An example,containingproton,15N and13C
chemical shifts follows:

   622 119.770 0.000 N       3
    21   8.635 0.000 HN      3
    22  52.530 0.000 CA      3
    23   4.738 0.000 HA      3
    24  38.080 0.000 CB      3
    25   3.024 0.000 HB2     3
    26   2.956 0.000 HB3     3
   623 109.960 0.000 ND2     3
    28   7.400 0.000 HD21    3
    29   6.660 0.000 HD22    3
   624 121.460 0.000 N       4
    31   7.940 0.000 HN      4
    32  54.370 0.000 CA      4
    33   5.261 0.000 HA      4
    34  43.970 0.000 CB      4
    35   1.732 0.000 HB2     4
    36   1.454 0.000 HB3     4
    37  27.300 0.000 CG      4
    38   1.522 0.000 HG      4
    39   0.890 0.000 QD1     4
    40   0.870 0.000 QD2     4

Peak list

Peaklists follow theformatusedby theprogramXEASY (Bartelset al.,
1995).The programDYANA canhandletwo-dimensionalhomonuclear
and three-dimensionalheteronuclearpeak lists. A peak list file starts
with aline “# Numberof dimensionsn”, wheren iseither2or3,possibly
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followedby additionalcommentlinesstartingwith “#”. For eachpeak,
thereis adataline,possiblyfollowedbyacommentline thatcontainsthe
user-defined comment for the given peak.

Eachpeakdata line containsthe following data: the peaknumber, n
chemicalshifts, the peak color code (integer), the spectrumtype (a
string;not usedby DYANA), thepeakvolume,theerrorof thepeakvol-
ume(notusedby DYANA), theintegrationmethodcode(acharacter),an
integer(notusedby DYANA), n atomnumbersthatidentify atomsin the
correspondingchemicalshift list (a zeroatomnumberindicatesa miss-
ing assignment),and,possibly, additionaldatathat is not usedby DYA-

NA. An example of a two-dimensional peak list is:

# Number of dimensions 2
   4   3.339  10.048 1 U  1.183e+05  0.00e+00 e   0   28   23
       # overlap
   5   2.791  10.048 1 U  3.090e+05  0.00e+00 e   0   27   23
       # transposed
   6   6.307   9.858 1 U  1.810e+05  0.00e+00 e   0   46   44
   7   3.179   9.858 1 U  3.506e+04  0.00e+00 e   0   49   44
   8   4.570   9.939 1 U  0.000e+00  0.00e+00 -   0   67   65
   9   4.361   9.939 1 U  2.429e+03  0.00e+00 e   0 2420   65
  10   1.226   9.939 1 U  1.793e+05  7.51e-01 d   0 2421   65

The first two peakscarry comments(“overlap” and “transposed”,re-
spectively).Theintegrationmethodcodeis either“e” for peaksthathave
been integrated, or “-” for peaks that have not been integrated.

An example of a three-dimensional peak list is:

# Number of dimensions 3
  45  52.530   4.738   4.738 1 ? 1.903e+05  6.88e+03 a 0   22   23   23
  46  52.530   3.024   4.738 1 ? 1.842e+04  8.93e+02 a 0   22   25   23
  47  52.530   2.956   4.738 1 ? 3.620e+04  1.02e+03 a 0   22   26   23
  51  38.080   8.635   3.024 1 ? 6.100e+04  2.70e+02 a 0   24   21   25
  52  38.080   4.738   3.024 1 ? 1.872e+04  2.73e+02 a 0   24   23   25
  53  38.080   3.024   3.024 1 ? 2.776e+06  1.25e+04 a 0   24   25   25
  54  38.080   2.956   3.024 1 ? 2.922e+06  1.45e+04 a 0   24   26   25
  55  38.080   7.400   3.024 1 ? 1.155e+05  2.89e+02 a 0   24   28   25
  56  38.080   6.660   3.024 1 ? 2.673e+04  3.01e+02 a 0   24   29   25

Upper and lower distance limits

Theupperandlower distancelimit files areusedto enterdistancecon-
straintsinto theprogramDYANA. For eachdistanceconstraintthereis a
line with the following data:residuenumber, residuenameand atom
nameof thefirst andsecondatom,respectively, thedistancelimit in Å,
and,optionally, therelativeweightof theconstraint.Thedefault relative
weight is 1. Relative weightsshouldbe positive. The weight of a con-
straintin thetargetfunctionequalstherelativeweighttimestheweight-
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ing factor for the correspondingtype of constraints.An examplefile
follows:

 29 ARG+ HN     29 ARG+ HB2     2.90
 29 ARG+ HN     29 ARG+ HB3     3.00
 29 ARG+ HN     29 ARG+ QG      4.33
 29 ARG+ HN     30 ARG+ HN      3.30
 29 ARG+ HA     29 ARG+ QG      3.87
 29 ARG+ HA     32 ARG+ HN      4.00
 29 ARG+ QD     33 ILE  QD1     6.80
 30 ARG+ HN     30 ARG+ QB      2.99
 30 ARG+ HN     31 ARG+ HN      3.40
 30 ARG+ HN     33 ILE  CB      9.10
 30 ARG+ HA     30 ARG+ QB      2.72
 30 ARG+ HA     30 ARG+ QD      5.80
 30 ARG+ HA     33 ILE  HN      3.80  5.00E+00

In this example,the lastconstrainthasa relative weightof 5, all others
have thedefault relative weightof 1. If on aninput line thefirst residue
numberandnameareabsent,thecorrespondingdatafrom theprevious
dataline is used.On theotherhand,thefirst residuenumberandname
maystandaloneon a line suchthat thefollowing is anequivalentform
of the above example distance constraint file:

 29 ARG+
         HN     29 ARG+ HB2     2.90
         HN     29 ARG+ HB3     3.00
         HN     29 ARG+ QG      4.33
         HN     30 ARG+ HN      3.30
         HA     29 ARG+ QG      3.87
         HA     32 ARG+ HN      4.00
         QD     33 ILE  QD1     6.80
 30 ARG+
         HN     30 ARG+ QB      2.99
         HN     31 ARG+ HN      3.40
         HN     33 ILE  CB      9.10
         HA     30 ARG+ QB      2.72
         HA     30 ARG+ QD      5.80
         HA     33 ILE  HN      3.80  5.00E+00

Dihedral angle constraints

Dihedralangleconstraintfiles containdirect constraintson individual
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dihedral angles in the form of an allowed interval with
. This impliesthattheallowedinterval mustnotde-

generateto a point.A dataline containstheresiduenumber, theresidue
name,the dihedralanglename,the lower andupperboundsof the al-
lowedinterval in degrees,and,optionally, therelativeweightof thecon-
straint. The default relative weight is 1. Relative weights should be
positive.Theweightof a constraintin thetargetfunctionequalstherel-
ative weight times the weighting factor for the correspondingtype of
constraints. See the following example file:

  32 ARG+  PHI     -55.0   -35.0
  32 ARG+  PSI     -75.0   -15.0 1.00E-01
  32 ARG+  CHI1   -155.0  -125.0
  33 ILE   PHI     -65.0   -35.0
  33 ILE   PSI     -85.0   -15.0
  33 ILE   CHI1   -105.0   -35.0
  34 GLU-  PHI     -65.0   -45.0
  34 GLU-  PSI     -85.0   -25.0
  34 GLU-  CHI1     -5.0   125.0

In this example,the secondconstrainthasa relative weight of 0.1, all
othershave the default relative weight of 1. As for distanceconstraint
files, the residuenumberandnameneednot be repeatedon eachdata
line: if they aremissingthecorrespondingdataof thepreviousdataline
is assumed.

XPLOR distance and angle constraints

As analternative to its native format,DYANA canalsoreaddistanceand
angleconstraintfiles in XPLOR format (Brünger, 1992).Both typesof
constraintsare specifiedwith “assign” statementsfollowed by two or
four XPLOR atom selections,respectively, given in free format. Other
statementsin theinputfile areignored.DYANA usesasimplifiedversion
of XPLORatomselectionsthatsupportsonly the“resid” and“name”ex-
pressions.Otherselectionexpressionsandlogicaloperatorsareskipped.
TheXPLOR wildcard“#” is convertedto “*”, andtheXPLOR wildcards
“%” and“+” areconvertedto “?”. In contrastto otherinput files, com-
mentsarestartedwith anexclamationmark.An exampleof anXPLOR

distanceconstraintfile is (only thepartprintedin bold is interpretedby
DYANA):

φ1 φ2,[ ]
φ1 φ2 φ1 360̊+< <
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set echo=false end
set wrnlev=0 end
assign (resid  1 and name HA  )(resid  1 and name HG* ) 0.00 0.00 3.96
assign (resid  1 and name HB* )(resid  1 and name HE  ) 0.00 0.00 5.50
assign (resid  3 and name HN  )(resid  3 and name HA  ) 0.00 0.00 2.80
assign (resid  3 and name HN  )(resid  3 and name HB* ) 0.00 0.00 3.60
assign (resid  4 and name HN  )(resid  4 and name HB2 ) 0.00 0.00 3.60
assign (resid  4 and name HN  )(resid  4 and name HB1 ) 0.00 0.00 2.80
assign (resid  4 and name HA  )(resid  4 and name HB2 ) 0.00 0.00 2.60
assign (resid  4 and name HA  )(resid  4 and name HB1 ) 0.00 0.00 2.70
assign (resid  5 and name HN  )(resid  5 and name HB2 ) 0.00 0.00 4.10
assign (resid  5 and name HN  )(resid  5 and name HB1 ) 0.00 0.00 4.10
assign (resid  5 and name HN  )(resid  5 and name HB* ) 0.00 0.00 3.36
assign (resid  6 and name HN  )(resid  6 and name HB* ) 0.00 0.00 3.60
assign (resid  6 and name HN  )(resid  6 and name HG  ) 0.00 0.00 3.10
assign (resid  6 and name HN  )(resid  6 and name HD1*) 0.00 0.00 5.30
assign (resid  6 and name HN  )(resid  6 and name HD2*) 0.00 0.00 5.50
! total constraints:      642
set echo=true end
set wrnlev=5 end

An atomselectionmustselecteitherexactly oneatomor a groupof at-
omsthatis representedin DYANA by apseudoatom.Each“assign”state-
mentcandefineanupperlimit, anda lower limit for the
correspondingdistance,whered, , and denotethethreerealnum-
bersattheendof an“assign”statement.Upperlimits with
Å and lower limits with  Å are not considered.

An exampleof anXPLORangleconstraintfile is (only thepartprintedin
bold is interpreted byDYANA):

  set message=off echo=off end
  restraints dihedral reset
  assign (resid  2 and name C )(resid  3 and name N )
         (resid  3 and name CA)(resid  3 and name C )

1.00000     240.000    85.000 2
  assign (resid  3 and name N )(resid  3 and name CA)
         (resid  3 and name C )(resid  4 and name N )

1.00000     5.00000   100.000 2
  assign (resid  3 and name C )(resid  4 and name N )
         (resid  4 and name CA)(resid  4 and name C )

1.00000    -50.0000    15.000 2
  assign (resid  4 and name N )(resid  4 and name CA)
         (resid  4 and name C )(resid  5 and name N )

1.00000    -60.0000    45.000 2
  assign (resid  4 and name N )(resid  4 and name CA)
         (resid  4 and name CB)(resid  4 and name CG)

1.00000     60.0000    15.000 2
  end
  set message=on echo=on end

Eachof thefour atomselectionsfor anangleconstraintmustmatchex-
actly oneatom.In the above examplethe first “assign” statementcon-
strainsthe φ dihedralangleof residue3, the secondconstrainsψ of
residue3 etc. The allowed interval of a dihedralangleconstraintis

whereφ and∆φ arethesecondandthird realnumber
in the “assign” statement, respectively.

d d++ d d––
d– d+

d d++ 900≥
d d–– 0.001≤

φ ∆φ– φ ∆φ+,[ ]
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Scalar coupling constants

Scalarcouplingconstantfiles specifyvalues,and,optionally, tolerance
ranges and weighting factors for vicinal scalar coupling constants:

  1  ASP- HA   HB2   5.4
  1  ASP- HA   HB3   4.1
  2  GLU- HA   HB2  12.3   2.0   5.0
  2  GLU- HA   HB3   4.1   2.0   5.0
  2  GLU- HN   HA    5.1   1.0
  3  CYSS HN   HA    6.2   1.0

Eachline specifies,in thisorder, thefollowing data:residuenumber, res-
iduename,first atomname,secondatomname,value,J, of thecoupling
constant(in Hertz),tolerance, , of the couplingconstant(defaultval-
ue:2.0Hz),andrelativeweight(defaultvalue:1.0).Theallowedinterval
of a coupling constant is .

Orientation constraints

Orientationconstraintfiles specifyvaluesof residualdipolarcouplings.
Thesearerelatedto theorientationof thecorrespondingchemicalbond
accordingto Eq.[7]. An examplefile with constraintsfor theorientation
of N–HN bonds:

  1 ARG+ HN      0.68
  3 ASP- HN      0.14
  4 PHE  HN      0.81
  5 CYSS HN      0.94   0.05
  6 LEU  HN      0.42   0.05
  7 GLU- HN      0.52   0.05  5.0
 10 TYR  HN      0.95   0.05  5.0

Eachline specifies,in thisorder, thefollowing data:residuenumber, res-
iduename,atomname,residualdipolarcouplingvalue,thetolerancefor
theresidualdipolarcouplingvalue(default value:0.1 Hz), andrelative
weight(default value:1.0).Theatomthatis specifiedmusthaveexactly
one covalent bond.

∆J

J ∆J– J ∆J+,[ ]
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Dihedral angles

Dihedralanglefilesareusedby DYANA to storeconformationsin amore
compactway thanby storingCartesiancoordinates.Theformatusedis:
(I3,1X,A5,4(1X,A5,F9.3))correspondingto theresiduenumberandres-
iduename,andup to four dihedralanglenamesandvalues(in degrees).
As it is shown in thefollowing exampleoutputdihedralanglefile from
DYANA, the residuenumberandnameneednot to be repeatedon each
dataline if theline correspondsto thesameresidueasthepreviousone:

# Structure from DYANA, f = 2.50927E-01
 29 ARG+  PHI    -51.817 CHI1  -171.357 CHI2  -160.460 CHI3   -87.384
          CHI4    85.465 PSI    -56.588
 30 ARG+  PHI    -41.708 CHI1  -141.979 CHI2    71.718 CHI3    88.493
          CHI4    83.498 PSI    -50.974
 31 ARG+  PHI    -57.541 CHI1  -154.468 CHI2    72.871 CHI3  -174.205
          CHI4  -166.353 PSI    -68.960
 32 ARG+  PHI    -39.181 CHI1  -153.419 CHI2  -140.783 CHI3    56.936
          CHI4  -158.340 PSI    -37.495
 33 ILE   PHI    -64.011 CHI1   -81.197 CHI22   61.594 CHI21 -135.938
          CHI31   57.983 PSI    -50.837
 34 GLU-  PHI    -54.036 CHI1    98.207 CHI2  -172.555 CHI3     5.197
          PSI    -41.856
 35 ILE   PHI    -79.325 CHI1   -83.405 CHI22 -171.980 CHI21  -47.870
          CHI31 -145.152 PSI    -16.608
 36 ALA   PHI    -83.603 CHI1  -178.076 PSI    -21.708
 37 HIS   PHI   -113.998 CHI1   110.027 CHI2   120.049 PSI     -7.492
 38 ALA   PHI   -114.971 CHI1  -166.685 PSI    -12.535
 39 LEU   PHI   -124.389 CHI1  -134.399 CHI2    39.785 CHI31  151.866
          CHI32  -61.206  PSI   -41.470

Outputdihedralanglefiles from DYANA startwith a commentline that
indicates the final value of its target function.

Cartesian coordinates

Cartesiancoordinatefiles in DG formatareusedby DYANA for theinput
and output of conformations. The format of the data lines is:
(6X,A5,I6,1X,A5,3F11.4)correspondingto theatomname,theresidue
numberandname,andthex-, y- andz-coordinatesof theatomin . For
compatibilitywith otherprograms,thefirst threelinesarealwayscom-
mentlinesevenif they do not startwith “#”; furthercommentlinesare
not allowed. Optionally, the Cartesianatomiccoordinatesmay be fol-
lowed by the covalent connectivities, in this case the format is
(6X,A5,I6,1X,A5,3F11.4,4I6).

OninputCartesiancoordinatesareonly usedto calculateall dihedralan-
gles;thestructurewill berebuilt in DYANA accordingto thestandardge-
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ometryobtainedfrom theresiduelibrary file. Therefore,conformations
maybesignificantlychangedif theCartesiancoordinatesdo not imply
exactly thebondlengths,bondanglesandchiralitiesof thestandardge-
ometry!Thesameappliesfor Cartesiancoordinateswherethe dihedral
angleof thepeptidebondsarenotexactly in the or conformationasde-
finedin thesequenceinputfile. An exampleoutputCartesiancoordinate
file from DYANA follows:

Structure from DYANA, f = 2.50927E-01
DYANA 1.5 (sgi), 22-11-96
Number of residues:    11 Number of atoms:     240
    1 N        29 ARG+      1.3249     0.0000     0.0000
    2 HN       29 ARG+      1.8841     0.0000     0.8290
    3 CA       29 ARG+      2.0733     0.0000    -1.2455
    4 HA       29 ARG+      1.8760     0.9759    -1.6891
    5 CB       29 ARG+      3.5715    -0.1727    -0.9878
    6 HB2      29 ARG+      3.8976     0.5374    -0.2278
    7 HB3      29 ARG+      3.7640    -1.1709    -0.5948
    8 QB       29 ARG+      3.8308    -0.3167    -0.4113
    9 CG       29 ARG+      4.3767     0.0400    -2.2713
   10 HG2      29 ARG+      3.8459    -0.4008    -3.1151
   11 HG3      29 ARG+      4.4684     1.1070    -2.4747
   12 QG       29 ARG+      4.1572     0.3531    -2.7949
   13 CD       29 ARG+      5.7688    -0.5840    -2.1550
   14 HD2      29 ARG+      5.7220    -1.4866    -1.5457
   15 HD3      29 ARG+      6.1258    -0.8829    -3.1405
   16 QD       29 ARG+      5.9239    -1.1847    -2.3432
   17 NE       29 ARG+      6.7092     0.3855    -1.5500
   18 HE       29 ARG+      7.2613     0.9490    -2.1646
   19 CZ       29 ARG+      6.8670     0.5557    -0.2303
   20 NH1      29 ARG+      7.7438     1.4591     0.2287
   21 HH11     29 ARG+      7.8615     1.5862     1.2136
   22 HH12     29 ARG+      8.2804     2.0063    -0.4137
   23 QH1      29 ARG+      8.0710     1.7963     0.3999
   24 NH2      29 ARG+      6.1479    -0.1775     0.6305
   25 HH21     29 ARG+      6.2657    -0.0504     1.6154
   26 HH22     29 ARG+      5.4935    -0.8516     0.2880
   27 QH2      29 ARG+      5.8796    -0.4510     0.9517
   28 C        29 ARG+      1.5863    -1.1280    -2.1573
   29 O        29 ARG+      1.1807    -0.8822    -3.2923

OutputCartesiancoordinatefiles from DYANA startwith threecomment
lines that indicatethe target function value,the programversionused,
andthe numberof residuesandatomslisted in the coordinatefile, re-
spectively.

Optionally, theprogramDYANA canalsooutputCartesiancoordinatesin
the format of the Protein Data Bank (Bernsteinet al., 1977).
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COFIMA

The programCOFIMA (coordinatefile manipulation)is a versatilepro-
gramto make simplemanipulationson Cartesiancoordinate,distance
constraintanddihedralangleconstraintfiles.Theprogramworksinter-
actively andallows for a varietyof commands.Someof theoperations
that can be performed withCOFIMA are:

• Conversion between different data file formats

• Renaming of atoms, residues and dihedral angles

• Deletion of atoms, distance or angle constraints

• Listing of specific atoms, distance or angle constraints

• Measurement of distances and dihedral angles

• Attaching of atoms (e.g. hydrogens)

• Insertion of pseudo atoms or pseudo atom constraints

• Generation of covalent connectivities

• Sorting of atoms, distance or angle constraints

Theprogramconsistsof threeparts:COFIMA for coordinatefile manip-
ulations,DIFIMA for distanceconstraintfile manipulations,andANCOMA

for angleconstraintsfile manipulations.Theprompts“cofima> “, “di-
fima> ”, and“ancoma>” indicatethepartof theprogramthatis current-
ly active. Many commandscanbeusedfor all threetypesof datafiles,
but therearealsocommandsthat arespecificfor certaintypesof data
files.Commandscanbeabbreviatedaslongastheabbreviation remains
unambiguous.

In thefollowing descriptionof the individual commands,A, A1 etc.de-
noteatomor anglenames,R, R1 etc.denoteresiduenames,andr, r1 etc.
denoteresiduenumbers.Atom,angle,andresiduenamesmuststartwith
a letterandmay(exceptin somecases)containwildcards:“*” standsfor
zeroor morearbitrarycharacters,“?” standsfor exactly onearbitrary
character. No blanksareallowedwithin names.Residuenumbersarein-
tegers.Atom,angle,residuenames,andresiduenumbersmaybepreced-
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ed by an exclamationmark “ !” which acts as a “not operator.” The
specialresiduenamesFIRST andLAST canbeusedto denotethefirst
andthelastresiduein thecoordinatefile, respectively. Thespecialresi-
duenamesfir st andlast canbeusedto denotethefirst andlastresidue
of every fragmentwith contiguousresiduenumbersin the coordinate
file, respectively. Atom, angle,and residuenames(but not command
words) are case-sensitive.

Many commandsallow for thespecificationof a residuerange,denoted
by range, whichconsistsof oneor moreof theelements“ r”, “ r..”, “ ..r”,
“ r1..r2” or “@R” (separated by at least one blank).

12 Residue 12
12 20..25 Residues 12, 20, 21, 22, 23, 24, 25
@THR All residues with name “THR”
20..25 @THR All residues with name “THR” and numbers 20–25
!@CY* All residues with names that do not start with “CY”

Thedefault residuerangethatwill beusedif no residuerangeis speci-
fied includes all residues.

Formany commandsall selectedatomsmustbein thesameresidue.This
conventioncanbecircumventedby precedingcertainatomnameswith
a tilde “~”. In this case,atomsaresearchedthroughthelist of covalent
connectivities Whenusing“~”, covalentconnectivities mustof course
bepresent;eitherthey canbereadfrom aDG coordinatefile or they can
be generated using theconnect , bind  or link  commands.

Theoutputof thosecommandsthatgive interestingoutputcanberedi-
rectedto disk files. To do this, the lastparameteron thecommandline
mustbe“>[file]” (hereandin thefollowing, itemsgivenin bracketsare
optional)which writes theoutputto a new file, or “>>[file]” which ap-
pendsthe output to an existing file. Note that no spaceis allowed be-
tween the > sign and the output file specification.If the output file
specification is omitted, the previously used output file is used.

Sequencesof commandsthat areoften usedmay be storedin macros
(differentfrom INCLAN macros)with file nameextension“.cfm” in order
to facilitate routine applications of the program.

Macroscanbecalledfrom within amacro.Whenexecutingacommand,
theprogramcandetecttwo differenttypesof problems,warningswhich
causeonly thecurrentcommandto beskipped,anderrorswhich cause
thewhole restof themacroto beskipped.Macroscanbecommented;
text betweenthecommentsign# andtheendof a line is consideredasa
comment. A set of standard macros is provided with the program:

am_di Change fromAMBER to DYANA nomenclature.

am_fm Change fromAMBER to FANTOM nomenclature.
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am_op Change fromAMBER to OPAL  nomenclature.

attac h_am Attachhydrogensto aminoacidsandDNA, AMBER con-
ventions.

backbone Keep only backbone atoms N, CA, C.

di_am Change fromDYANA to AMBER nomenclature.

di_fm Change fromDYANA to FANTOM nomenclature.

di_op Change fromDYANA to OPAL nomenclature.

di_xp Change fromDYANA to XPLOR nomenclature.

fm_am Change fromFANTOM to AMBER nomenclature.

fm_di Change fromFANTOM to DYANA nomenclature.

fm_pdb Renameresiduenamesand last atomfrom FANTOM to
PDB.

fm_xp Change fromFANTOM to XPLOR nomenclature.

heavy Keep only heavy atoms.

norm_residues Achievestandardthreelettercodefor aminoacidres-
iduesstarting from AMBER, DYANA, FANTOM or other
reasonable residue names.

op_am Change fromOPAL  to AMBER nomenclature.

op_di Change fromOPAL  to DYANA nomenclature.

plimits Changeupper limit distanceconstraintsfrom real to
pseudo atoms;DYANA nomenclature.

pseudo Insert pseudo atoms,DYANA nomenclature.

sor t Sort atoms in amino acid residues.

If a commandshouldonly beappliedto a certaintypeof datafiles, the
commandword may be followed (with no intervening spaces)by the
qualifiers /cofima (to apply the commandonly to Cartesiancoordi-
nates),/difima (to apply the commandonly to distanceconstraints),/
ancoma (to apply the commandonly to angleconstraints),/!cofima
(to not apply the commandto Cartesiancoordinates),/!difima (to not
applythecommandto distanceconstraints),or /!ancoma (to notapply
the command to angle constraints).

The following, alphabeticallyorderedlist of commandsincludesall
commandsthatcanbeusedfor coordinate,distanceconstraint,andangle
constraint files.

angles

List bondangles,dihedralangles,or relativedihedralangles.Thiscom-
mandcanonly beusedwith coordinatefiles.If threeatomnamesaregiv-

[~]A1 A2 [~]A3 [~]A4 [[~]A5] [range]
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en, the bond angleA1–A2–A3 is calculated.If four atom namesare
given,thedihedralangleA1–A2–A3–A4 is calculated.If fiveatomnames
aregiven,thedifferencebetweenthedihedralangleA1–A2–A3–A4 and
the dihedral angleA1–A2–A3–A5 is calculated.

For instance,thedihedralanglesin apolypeptidecanbecalculatedwith
the following command:

angles CA C ~N ~CA Calculate ω dihedral angles

ancoma SwitchtoANCOMA, thepartof theprogramfor themanipulationof angle
constraint files.

attac h

Attachatomsto a structure.This commandcanonly beusedwith coor-
dinatefiles. The atomA is attachedto the atomA3 suchthat the bond
lengthA3–A equalsb, thebondangleA2–A3–A equalsτ, andthedihedral
angleA1–A2–A3–A (if A4 is omitted)or thedifferencebetweenthedihe-
dralanglesA1–A2–A3–A andA1–A2–A3–A4 (if A4 is present)equalsθ (in
this caseit is not importantwhich atomis specifiedby A1). Notethatb,
τ andθ mustbegivenasrealnumberswith a periodto avoid confusion
with the following range specification.

Normally, all atomsmustbein thesameresidue.Thisconventioncanbe
circumventedby precedingatomnameswith atilde “~”. In thiscase,at-
omsaresearchedthroughthelist of covalentconnectivitieswhichallows
to usetheattac h commandalsoif notall atomslie within oneresidue.

attach HB N CA CB OG1 1.09 110.9 123.0 @THR

Attach the β-proton HB of threonine if the heavy
atom positions are known.

bind

Insertaspecificcovalentconnectivity betweentheatomA1 of residuer1
andtheatomA2 of residuer2. Thiscommandcanonly beusedwith co-
ordinate files.

break

Removeaspecificcovalentconnectivity betweentheatomA1 of residue
r1 andtheatomA2 of residuer2. This commandcanonly beusedwith
coordinate files.

A [~]A1 A2 A3 [[~]A4] b τ θ [range]

A1 r1 A2 r2

A1 r1 A2 r2
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chang e

Changeresiduenamesor residuenumbers.If thelastparameteris @R,
theresiduenamesof thespecifiedatomsaresettoR. If thelastparameter
is r or =r, theresiduenumbersof thespecifiedatomsaresetto r. If the
lastparameteris +r or -r, theresiduenumbersof thespecifiedatomsare
incremented or decremented byr.

cofima Switchto COFIMA, thepartof theprogramfor themanipulationof Car-
tesian coordinate files.

connect

Generatecovalent connectivities on the basisof bond length criteria.
This commandcanonly beusedwith coordinatefiles. Incorrectresults
mayoccurif therearelargestericoverlaps.Thecommandwithout any
parameters is equivalent to the following command:

connect H*=0.4 C*=0.85 N*=0.8 O*=0.7 S*=1.3
P*=1.2 Q*=-999 LP*=-999 *=0.85

Usually, thecommandcanbeusedwith thesedefaultparameters.Cova-
lentconnectivitiesaregeneratedfor thoseatompairswith theinteratom-
ic distancesmallerthanthesumof thetwo bondradii. Thebondradius
of anatomis givenby bi Å if Ai is the leftmostatomtypeon thecom-
mandline thatmatchestheatomname.Covalentconnectivitiesareonly
generatedbetweenatomsthatarein thesameor in sequentiallyneigh-
boring residues.To generateotherconnectivities, the commandsbind
andlink  can be used.

constraints

List thedistanceor angleconstraintsinvolving thespecifiedatomsor an-
gles.This commandcanonly be usedfor distanceconstraintor angle
constraint files.

coor dinates

List theatomnames,residuenamesandnumbers,Cartesiancoordinates,
and,if present,covalentconnectivitiesof thespecifiedatoms.Thiscom-

A1. . . A2 [range] @R|r|=r|+r|-r

[A1=b1 . . . A2=b2]

A1. . . A2 [range]

A1. . . A2 [range]
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mand can only be used with coordinate files.

cop y

Copy theatomA1 of residuer1, i. e.its Cartesiancoordinates,to atomA2
of residuer2. This commandcanonly be usedwith coordinatefiles. It
addsanew atomto residuer2. If A2 is omitted,thenameof thenew atom
will beA1. If A3 is given, the new atomwill be insertedafterA3 in r2,
otherwise as the last atom of the residue.

delete

Deletethespecifiedatomsor constraints.Whenworkingwith Cartesian
coordinatefiles,all atomswhosenamematchesoneof theatomspecifi-
cationson thecommandline aredeleted.Whenworking with distance
constraints,all distanceconstraintsfor which oneor both atomnames
matchan atom specificationon the commandline are deleted.When
working with angleconstraints,all constraintsfor angleswhosename
matchesoneof theanglespecificationsonthecommandlinearedeleted.

difima Switch to DIFIMA , thepartof theprogramfor themanipulationof dis-
tance constraint files.

director y

Giveadirectoryof all standardmacrofilesandall macrofiles in thecur-
rent working directory. If a macro specificationis given, the directory
will only containthosemacrofileswith namesthatmatchthegivenmac-
ro specification.A macro specificationis a macrofile name,possibly
containingwildcardcharacters,but excludingtheextension“.cfm”. For
everymacro,its nameandthecommentlinesthatprecedethefirst com-
mand line are listed.

disconnect

Remove the covalentconnectivities of the specifiedatoms.This com-
mandcanonly beusedwith coordinatefiles.Thedefault is to removeall
covalent connectivities.

A1 r1 [A2] r2 [A3]

A1. . . A2 [range]

[macro]

A1. . . A2 [range]



COFIMA

177

distances

Whenworking with Cartesiancoordinates,calculatesthedistancesbe-
tweenatomsspecifiedby A1 range1 andatomsspecifiedby A2 range2.
When working with distanceconstraints,list constraintsfor distances
betweenatomsspecifiedby A1 range1 andatomsspecifiedby A2 range2.
Optionally, only distancesor constraintsthatfulfill oneor severalof the
following conditions are listed:

d<value distance less thanvalue

d>value distance greater thanvalue

r<value residue number difference less thanvalue

r>value residue number difference greater thanvalue

r=value residue number difference equal tovalue

Note that no spacesareallowed within a condition. For example,the
command

distances HB% HN r=1 d<5

lists all sequentialdistancesshorterthan5 Å betweenβ andamidepro-
tons.Thecommandcannotbeusedfor angleconstraints.endTerminate
the program.

extract

Extract constraintsfor the distancesbetweenatomsspecifiedby A1
range1 andatomsspecifiedby A2 range2. The extracteddistancecon-
straintsareappendedto thecurrentlist of distanceconstraints.Option-
ally, only constraintsthat fulfill oneor severalconditionsareextracted.
Theformatof a conditionis thesameasfor thecommanddistances .
Thedistancelimit is setaccordingto anoptionallimit specification.It is
possibleto setthedistancelimit to theactualdistanceplusanoffsetby
usingtheexpressionl=offset, or to setthedistancelimit to thesmallest
possiblevaluefrom a list of limits by usingtheexpressionl<l1, l2,..., ln,
or to setthedistancelimit to thelargestpossiblevaluefrom alist of lim-
its by usingtheexpressionl>l1, l2,..., ln. Notethatnospacesareallowed
within theselimit expressions.Thiscommandcanonly beusedwith co-
ordinate files.

help Displayhelp information.Insteadof helpa questionmark “?” maybe
used.

A1 [range1] A2 [range2] [condition]

A1 [range1] A2 [range2] [condition] [limit]
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inser t

Insertpseudoatoms.This commandcanonly be usedwith coordinate
files.Thecommandinsertsanew atomwith thenameA in thecentreof
the atomsA1,...,A2. For example, the command

insert QB HB%

inserts a pseudo atom QB in the centre of theβ-protons.

keep

Keeponly thoseatoms,distanceconstraints,or angleconstraintsthat
match the specification given on the command line. As an example,

keep N CA C

deletesall atomsexceptthebackboneatomsN, CA, andC’ in aminoacid
residues.Whenworking with distanceconstraints,distanceconstraints
with oneorbothatomnamesmatchinganatomspecificationonthecom-
mand line are kept.

link

GeneratescovalentconnectivitiesbetweenatomscalledA1 in theresidue
rangerange1 andatomscalledA2 in theresiduerangerange2 if they are
lessthanb Å apart.Thedefault for bondlengthis b = 2.5Å. This com-
mandcanonlybeusedwith coordinatefiles.Forexample,thecommand

link SG SG

insertscovalentconnectivities betweenatomscalledSGwhich areless
than2.5 Å apartfrom eachother, andcanthusbeusedto generatethe
connectivities that correspond to disulphide bridges.

list

Givesasummarylisting of theatoms,distanceconstraintsor anglecon-
straintsin thegivenresiduerange(bydefaultincludingall residues).The
numberof atoms,distanceconstraintsor angleconstraints,thenumber
of residues,andlistsof theoccuringatom,angle,andresiduenamesare
given.

A A1. . . A2 [range]

A1. . . A2 [range]

[b] A1 [range1] A2 [range2]

[range]
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pseudo

Modifiesdistanceconstraintsfromrealtopseudoatoms(Wüthrichetal.,
1983).This commandcanonly be usedwith distanceconstraintsfiles
thatcontainupperdistancebounds.Distanceconstraintsinvolvingatoms
thatmatchoneof theatomspecificationsA1,...,A2 arechangedin order
to referto thepseudoatomA, andtheupperdistanceboundis increased
by a correction.Usually, this correctionis givenby c4 Å; if thedistance
constraintis an intraresidualconstraintthat involvesoneof the atoms
A3,... the specific correction given for this atom is used.

quit Terminate the program.

read

Readaninputfile with Cartesiancoordinates,distanceconstraints,or an-
gleconstraints.Theprogramdeterminesautomaticallywhichformatthe
input datafile has.The allowed formatsfor Cartesiancoordinatefiles
are:

DG The format used byDYANA

PDB The format usedby the Brookhaven ProteinDataBank
(Bernsteinet al., 1977) with some restrictions.

AMBER The format usedby the moleculardynamicsprogram
AMBER (Singhet al., 1986; very similar to PDB).

Distanceconstraintsandangleconstraintsarereadin theformatusedby
DYANA.

remo ve

Removeconstraintsfor distancesbetweenatomsspecifiedby A1 range1
andatomsspecifiedby A2 range2. Optionally, only constraintsthatfulfill
oneor severalconditionsareremoved.Theformatof a conditionis the
sameasfor thecommanddistances . Thecommandcanonly beused
for distance constraints.

rename

A A1. . . A2 [A3=c3 . . .] *=c4 [range]

file

A1 [range1] A2 [range2] [condition]

A1 A2 [range]
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Changethenameof atomsor anglesA1 into A2. As anexample,thethree
commands

rename HB2 XXX
rename HB3 HB2
rename XXX HB3

exchange the names of the atoms HB2 and HB3.

retain

Retainonly constraintsfor distancesbetweenatomsspecifiedA1 range1
andatomsspecifiedby A2 range2. Optionally, only constraintsthatfulfill
oneor severalconditionsareretained.The formatof a condition is the
sameasfor thecommanddistances . Thecommandcanonly beused
for distance constraints.

save Write anoutputCartesiancoordinate,distanceconstraint,or anglecon-
straintfile with thesamenameandthesameformatastheinputfile from
which the data was read.

sor t

Sort atoms,distanceconstraints,or angleconstraints.If thereare no
atomor anglespecificationson thecommandline, the itemsaresorted
accordingto a default order. Otherwise,theitemsaresortedinto theor-
dergivenby theatomor anglespecificationson thecommandline. The
asterisk“*” representsall atomsor angleswhicharenotexplicitly given.

type

List thecontentsof themacrofile(s) thatmatchthegivenmacro specifi-
cation.A macro specificationis a macrofile name,possiblycontaining
wildcard characters, but excluding the extension “.cfm”.

writeaco

Write anangleconstraintoutputfile in theformatusedby theprogram
DYANA (seeabove). This commandcanonly be usedwith anglecon-
straint files.

A1 [range1] A2 [range2] [condition]

[A1. . . A2 * A3. . . A4] [range]

[macro]

file
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writeamber

Write a Cartesiancoordinateoutputfile in AMBER format, the format
usedby the moleculardynamicsprogramAMBER. This commandcan
only be used with coordinate files.

writedco

Write adistanceconstraintoutputfile in theformatusedby theprogram
DYANA. Theresiduenameandnumberof thefirst atomof theconstraints
arenot repeatedif they arethesameasfor thepreviousconstraint.This
command can only be used with distance constraint files.

writedg

Write a Cartesiancoordinateoutputfile in DG format,theformatused,
for example,by the programDYANA. This commandcanonly be used
with coordinate files.

writelongdco

Write adistanceconstraintoutputfile in theformatusedby theprogram
DYANA. Theresiduenameandnumberof thefirst atomof all constraints
arewrittenout.Thiscommandcanonly beusedwith distanceconstraint
files.

writepdb

Write aCartesiancoordinateoutputfile in PDBformat,theformatused
by theBrookhavenProteinDataBank.This commandcanonly beused
with coordinate files.

@macro Executea macro, i. e. a file containingCOFIMA commands.A macro
specificationis thefile specificationof themacrofile excludingtheex-
tension “.cfm”.

!string Repeatthe last commandthat startedwith string. The string mustnot

file

file

file

file

file
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contain spaces.
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Installation

The programis deliveredasa tar-file (dyana-1.5.tar ), possiblygzip-
compressed(dyana-1.5.tar .gz) or compressed(dyana-1.5.tar .Z). To
uncompress, the approriate commands are:

gunzip dyana-1.5.tar .gz
or
uncompress dyana-1.5.tar .Z

Unpacking with the command

tar xf dyana-1.5.tar

createsin the currentdirectory a subdirectorycalled dyana-1.5 that
containsall files of the programpackage.The differentsubdirectories
contain the following data:

dyana DYANA source files

inclan INCLAN source and help files

macro DYANA standard macros

lib residue libraries

help on-line help files

example example files used in the tutorial

cofima COFIMA source, help, and macro files

scripts installation scripts

Theprogramis configuredfor aparticularcomputersystemby theshell
scriptconfigure  using the UNIX  command
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./configure  [options] [ install-directory]

that automaticallyrecognizesmany UNIX computersystems.The op-
tional parameterinstall-directorydenotesthedirectorywherelibraries,
macros,andon-linehelpfileswill beinstalled.Thedefault install-direc-
tory is $HOME/lib where$HOME is the value of the corresponding
UNIX environment variable.The install-directory should be different
from the directory in which the tar file was unpacked. Options include:

-d Use double precision (64 bit) for real numbers (default).

-f Use the Fortran 90 compiler (instead of Fortran 77).

-g Prepare executables for debugging.

-h Print a summary of these options.

-q “Quick”. Compile without optimization.

-s Use single precision (32 bit) for real numbers.

-t type Configurefor a givencomputertype. Possibletypesare
listedin thefile “scripts/identify”which is usedto deter-
mineautomaticallythetypeof thecurrentcomputersys-
tem.

Thescriptconfigure assumesthatthenameof thedirectorywherethe
programresidesis of theform dyana-version. All parameterssetby the
configurationscriptarelistedandstoredin thefile “make.config”.Exe-
cutionof theconfigure scripthasno othereffect thancreatingthefile
“make.config”.

The program package is then built by theUNIX  command

make

and installed in the directoryinstall-directory/dyana-1.5 by

make install

The directoryin which the tar file wasunpacked canbe removed after
this step.

Executableshell scripts to start the programswill be createdand in-
stalled in the directorybin-directoryby

cd install-directory/dyana-1.5
./setup [bin-directory]

Thedefault bin-directoryis $HOME/binwhere$HOME is thevalueof
the correspondingUNIX  environment variable.
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To have easyaccessto theprogramDYANA, thebin-directoryshouldbe
includedin thesearchpathof theUNIX shell.If DYANA wascorrectlyin-
stalledand the directorycontainingthe executablesis includedin the
UNIX searchpath, then the programscanbe startedsimply by typing
their name.

If the programDYANA canbe startedbut doesnot display the prompt
(“dyana>”), the installation is not correct and should be repeated.

To remove all files created bymake , the command

make c lean

maybeused.After make clean it will benecessaryto run theconfigu-
rationscriptagain.After copying theprogramfrom onecomputerto an-
other, it is important to perform make clean before running the
configuration script. Similarly,

make uninstall

removes all files created bymake install , and

make recompile

completelyrecompilestheprogramsbut preservesexecutablesfor other
computer types that are already present.
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