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Introduction

The main purposeof the programpackageDvYANA (“Dynamicsalgo-
rithm for NMR applications”) is the calculationof three-dimensional
protein and nucleic acid structureson the basisof conformationalre-
straintsderived from the NMR experimentsDYANA is the successoof
DIANA (Glntertetal., 1991a;Gilntert& Wuthrich,1991).It providesall
functionality of DIANA and mary extensions,n particulara new, effi-
cient structure calculation method: torsion angle dynamics.

During the last years,the steadyincreasein size of macromolecular
structureghatcannow be solved by NMR hascalledfor improved and
moreefficient structurecalculationmethodsThe programDIANA relied
on conjugategradientminimizationof a variabletarget functionin tor-
sion anglespace(Braun& Go,1985)to find three-dimensionastruc-
tures that fulfil the conformational restraints. The successrate
(percentageof structuresreachinglow target function values)of this
stratgy was,in particularfor larger-sheeproteinsoftenhamperedy
the fact that the tarmget function hasmary local minimainto which the
conjugategradientminimizer may becomerappedbecausét takesex-
clusively downhill stepsA decisie improvementof this situationcould
be expectedfrom other structurecalculationalgorithmsthat have the
possibility to “escape”from unfavorablelocal minima. Therefore,we
createda new NMR structurecalculationprogram,DYANA (GUlntertet
al., 1997),that usessimulatedannealingcombinedwith moleculardy-
namicsin torsionanglespacegtorsionangledynamics)j. e.,thenumer-
ical solutionof the classicaimechanicakquationf motion(Lagrange
equations)with torsion anglesas generalizedcoordinatesThe tamget
functiontakestherole of the potentialenegy, andthesystemis coupled
to atemperaturdathwhich is cooleddown slowly from its initial high
temperaturetherebyallowing thesystento crossbarriersbetweerocal
minima of the taget function.
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When comparedwith other structurecalculationalgorithmsthat are
basedon simulatedannealing(Briinger 1992),the principal difference
of torsionangledynamicsis thatit workswith internalratherthanwith
CartesiarcoordinatesThe covalentstructureparametergbondlengths,
bondangleschiralitiesandplanaritiesarealwayskeptfixedattheir op-
timal values.The strongpotentialsrequiredin corventional Cartesian
spacemoleculardynamicgo retainthe covalentstructureand,concom-
itantly, the high frequeng motionscausedy themareabsenin torsion
angledynamics.This resultsin a simplerpotentialenegy functionand
in longer permissibletime-stepsfor the numericalintegration of the
equationsof motion, andthusin a muchhigherefficiency of the algo-
rithm.

To fully exploit thegreatpotentialadvantage®f torsionangledynamics,
a carefulconsideratiorof its implementatiorwasrequiredbecausehe
Lagrangeequation®f motionwith torsionanglesasdegreesof freedom
aremuchmore comple< thanNewton'’s equationsin Cartesiarcoordi-
nates.A “naive” implementatiornof torsionangledynamics(Mazur et
al., 1991)would entailin every time-stepthe solutionof a systemof N

linearequationgN beingthe numberof degreesof freedom),andthus
requireaprohibitive computationaéffort proportionalko N3. In contrast,
DYANA usesa fastrecursve implementationof the equationsof mo-
tion—originally developedfor spacecraftlynamicsandrobotics(Jainet
al., 1993)—with a computationalfeft proportional taN.

In addition,the new structurecalculationprogramDYANA incorporates
amethodfor the automaticassignmenof NOESY spectraon the basis
of known sequentiatesonancassignmentgeakpositions andpeakin-
tensitieMumenthaleetal., 1997).Initial NOESY crosspeaksassign-
mentsderivedfrom matchingchemicakhiftsaresubsequentlyefinedin
severalcyclesconsistingof structurecalculationsusinganerrortolerant
target function followed by an assessmertf the possiblepeakassign-
mentsin thelight of the (preliminary)three-dimensionastructuresob-
tained. This method has the potential to largely replacethe manual
methodfor NOESY assignmentGiven that currently the NOESY as-
signmentandthe collectionof conformationakonstraintfor a protein
of ~150 amino acid residuesmay require several monthsof manual
work, thefarreachingconsequencesf the availability of areliableau-
tomatic NOESY assignment method becowident.

Sincethe calculationof macromoleculathree-dimensionadtructuress
a computationallyintensize procedureit is importantto make bestpos-
sible useof the availablecomputingresourceswith the adventof a va-
riety of parallel computersand distributed computing networks, the
optimizationof our structurecalculationsoftware,which wasup to now
gearedo therequirementsf vectorsupercomputerfiasturnedtowards
optimalparallelization A structurecalculationthatconsistf theinde-
pendentgeneratiorof mary conformershasa high degreeof inherent
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parallelismIt canbeexploitedalmostideallyfor parallelcomputingand
renderdeasibleapplicationghathave sofarbeenunpracticabecaus®f
their high computational demands.

DvYANA is writtenin standard-orTrRaN-77 andwasimplementednava-
riety of computersTheprogramis optimizedfor shared-memorynulti-
processor andector computers.

Any reportsor publicationsof resultsobtainedwith the programDYANA
must acknwledge its use by an appropriate citation:

P. Guntert, C. Mumenthaler and K. Withrich:
Torsionangledynamicsor NMR structurecalculationwith the
new programDYANA. J. Mol. Biol. 273, 283-298 (1997).

The structureof this manualis asfollows. The Tutorial givesanintro-

ductionto the programfor first usersand also explains how the most
commontasksare performedwith DYANA. The interactive command
language]NCLAN, is describedn the next chapter Commandgivesa

completelist and descriptionof all DyANA commandsVariables and

Functionsgivesacompletdist of all DYANA systemvariablesandfunc-

tions.Selectionslescribeshesyntaxusedo seleciatoms anglespeaks,
distanceconstraintsandstructuresFile formatsdescribesheformatsof

variousdatafiles usedby DYANA. The supportingprogramCOFIMA is

describedn separatehaptersinstallation describeghe installationof

DvyANA on Unix systems.

In this manualnamesof commandsyariablesetc. and literal input is
printedin bold Helvetica , otherinputis printedin italics. Optionalpa-
rametersaregivenin squarebraclets]. . .], andoptionalparameterghat
may be repeatedzeroor moretimesaregivenin curly braceq. . .}. In
examplesjnputto the programis printedin bold Courier , andoutput
from the progranDYANA is printed in rgularCourier ~ font.

Commentssuggestionsandbugreportsarewelcome Pleasesendthem
by electronic mail to peter@guentert.com.
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Running DYANA

Tutorial

This chapterexplainshow to do someof the tasksthat are commonly
performedwith the programDvYANA andits interactie commandian-
guage,INCLAN, in the courseof an NMR structuredeterminationThe
exampleinputfiles usedfor this tutorial aredistributedtogethemwith the
programandcanbefoundin the “example” subdirectoryof thelibrary
directory

Thisis asimpleexampleto introducea new userto the programDYANA.

It is not CPU intensive andcanbe executedinteractizely on ary work-

station.Note, however, that this exampledoesnot provide the recom-
mendedstratgy for a proteinstructurecalculation.Seethe next section
for acomplete prototypicalexampleof arealistictNMR structurecalcu-
lation.

TheprogramDYANA is startedoy (“%” is the UNIX prompt;userinputis
printed in bold):

% dyana
DYANA, version 1.5 (sgi, double precision)
Copyright (c) 1996-98 ETH Zurich

dyana>

Thetitle line shavstheversionnumberof the program thecomputerar-
chitecturefor which it hasbeencompiled,andanindicationof whether
single(32bit) or double(64 bit) precisionarithmeticswill beused:*dy-
ana>" is the promptof DYANA which is shovn whenthe programis
readyto acceptcommanddgrom the user If the promptdoesnot appear
after starting the program, the program is not installed correctly
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Thecommandeaddata readsheinputfiles for a structurecalculation
(input files are in the Y%eample/helix” directory):

dyana> readdata helix
Library file "/softfib/dyana-1.Ai/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 commandmnay have parametershatareseparatedrom thecommand
nameandfrom eachotherby blanks.In theabore example,thereadd-
ata command has one parametée name of the input data files.

Thereaddata commandeadsthe standardesidudibrary (dyana.lib),
thesequencef themoleculeunderstudy(helix.seq)andfileswith con-

formationalconstraintsupperdistancdimits (helix.upl),lowerdistance
limits (helix.lol), anddihedralangleconstraintghelix.aco)for allres-
iduepolypeptide—theseconchelix of amutantof the Antennapedido-

meodomain fronDrosophila melangaster(Giintertet al, 1991Db).

Outputfrom the programis indented for examplethe confirmationthat
thesequencavassuccessfullyead:“Sequence file  "helix.seq"
read, 11 residues. "

The folloving command calculates a group of 5 conformers:

dyana> calc_all5
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 finshed in 11 s (2 s/structure).

First, 5 structuresvith randomvaluesfor thedihedralanglesarecreated.
Then,for eachof theserandomstructuresviolations of the conforma-
tional constraintsare minimized by simulatedannealingusing torsion
angle dynamics (Gunteet al.,1997).

Cartesiancoordinatesf all resultingstructurescan be 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 thequality of theminimizedstructurestheover-
view command can be used:

dyana> overview helix

A complete protein This exampleprovidesa complete prototypicalproteinstructurecalcu-

structure lation from experimentalNMR datafor the pheromoneEr-2 from Eu-

calculation plotesraikovi (Ottigeretal., 1994;note,however, thatthe datasetused
for this exampleis notthe onedescribedn the publication).Dataarein
the directory “&ample/er2”. The basic input data files are:

er2.seq amino acid sequence

er2.prot chemical shift list
er2_h2o.peaks H,O NOESY peak list
er2_d2o.peaks D,0 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 performthe
various steps of the structure calculation.
Theinitializationmacro,init , is executedeachtime theprogramDYANA
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, corversionfrom NOESY peakvolumesto upperdis-
tance bounds is performed by the maCALIB A:

read seq $name.seq read sequence and initialize
read prot $name.prot read proton list
read peaks {$name}_h2o0.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 performedseparatelyffor eachpeaklist usingthe default
methodimplementedn the macrocaliba . Seethe section“Calibrating
NOESs” later in this tutorial for more details on calibration.

11
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The next stepis a systemati@analysisof the local conformationaround
the C% atomof eachresidueusinggrid searchesOn the basisof locall
distanceconstraintdrom thefile “caliba.upl” andscalarcouplingcon-
stantsdrom thefile “er2.cco”allowedconformationgor thedihedralan-
gleso, g, x* and )(2 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 @, y, x! and
x2. Allow conformations with local target func-
tion values up to 0.05 A2.

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 constraintgcon-
straintsthatinvolve fixeddistancesndconstraintghatcannotbeviolat-
ed), retains maximally one distancelimit for each atom pair and
introducescorrectionsfor constraintswith diastereotopicsubstituents
for which stereospecific assignments are natiable.

The resultof this steparethe modifiedupperdistancdimits in thefile
“er2.upl”, the dihedralangle constraintsin the file “er2.aco” and ste-
reospecific assignments.

Theactualstructurecalculationis performedwith the macroANNEAL
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, constraintdor thethreedisulfidebonds
5-20,12-37and17-28aregeneratedvith themacrossbond . Theran-
domnumbergeneratoseedand,if applicablethenumberof processors
thatcanbeusedin parallelis set,and30 conformersarecalculatedvith
simulatedannealingn torsionanglespaceusingthestandardannealing
protocol,i.e.themacroanneal . Forlargerproteinst couldbenecessary
to increasehe numberof time-stepsand/orthe numberof conformers.
Finally, the20bestconformersareanalyzedanoverview file “er2.ovw”,
ananglefile “er2.ang”,anda coordinatefile “er2.cor” arewritten. The
anglefile “er2.ang’containsall 20 conformerssortedby increasingar-
getfunctionvalue.For alateranalysisall 20 conformerscanbeloaded
into the program with the command

read ang er2.ang

Thepossibilityto createnew commandgrom existing onesby combin-
ing themin maciosis a powerful featureof INCLAN. A macrois created
by saving asequencef commandsnto afile with theextension®.dya”.
It canbeinvokedin the sameway asexisting commandsimply by typ-
ing its name.

Supposehatwe wantto build a macroto executethe examplestructure
calculationin the first sectionof this tutorial, “Running DYANA”. The
macroshallbe calledcalculate (i. e.it is storedin afile called“calcu-
late.dya”)andhave two parameterghefile nameof theinputandoutput
filesandthenumberof structurego calculate A firstimplementations:

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

pl andp2 denotehetwo commandine parametersThecorresponding
call of this macro in order toxecute the ab@ example is

calculate helix 5
A secondmplementatiorof the calculate commandusesthe INCLAN

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

## calculate - calculate a group of structures
bazed

13
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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 parameterareavailableinsidethemacrounderthenames
file andstruct , respectrely. Theasterisk'*” indicateghatthe valueof

thefile parametecanbeary charactestring,whereas @i” restrictsthe

struct parameteto have only integervalues.Thestruct parametehas
adefaultvalueof 5, andthereis no default valuefor thefile parameter
All the following calls of thecalculate command are eqealent:

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

Linesatthe beginning of the calculate 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>]

Themacrofor the calculationof a structureby simulatedannealingwith
moleculardynamicsin torsion angle space(torsion angle dynamics,;
TAD) is anneal . Thestandardimulatedannealingorotocolthatis used
if theanneal macrois calledwithout parameters;onsistsof 4000TAD
stepsOnefifth of theseareperformedataninitial hightemperaturefol-
lowed by slow coolingduringtherestof the scheduleVariousparame-
tersof the standardannealingorotocolcanbe changedoy the user For
instance, 6000AD steps will be performed with the command

anneal steps=6000

An ensemblef structuresanbe calculatedusing TAD with themacro
calc_all . With
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calc_all 30

30structuresrecalculatedy applyingthestandargrotocol,annealfo
30startcconformersvith randontorsionanglesTheresultingconform-
ersarestoredin structurememoriesl—30.To useinsteadof anneal an-
other modified annealingschedulethat is, say storedin a macro
myanneal, the command is:

calc_all 30 myanneal steps=5000

steps=5000 is an exampleof a parametethat will be passedo the
myanneal macro.

An overview file (“helix.ovw”), ananglefile (“helix.ang”) andacoordi-
natefiles (“helix.cor”) of the 20 conformerswith lowesttargetfunction
valuecanbe generatedfterthe structurecalculationwith thecommand

overview helix structures=20 ang cor

Moleculardynamicdn torsionanglespacds the preferredstructurecal-
culation method for all proteinxeept, maybe, small helical peptides.

In the ReEDAC strategy (Guntert& Withrich, 1991),an ensembleof n
structuress first calculatedwith thevariabletargetfunctionmethodand
thenanalyzedvith regardto thedistribution of thevaluesof thedihedral
angles Redundantlihedralangleconstraintsaregeneratedor all resi-
dueswith alocal taigetfunctionvaluebelor ang_cutin at leastnallow
structuresTheseconstraintsare usedto re-calculatean ensembleof n
structuresThe procedurecanbe repeatedseveraltimes. At the endthe
structuresare minimized on the highestminimizationlevel againstthe
originalangleconstraintsThedifferentang_cutvaluesfor every REDAC
cycleandthenumberof structuresp, aregivenasparameterto themac-
roredac, andnallowis aDYANA variable.

To calculate50 structuresof the protein Er-2 using one REDAC cycle
with anang_cutvalue of 0.3 you can write:

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

Thetwo zerosin theang_cutlist standfor the cycle which usesthere-
dundantangleconstraintsalculatedoreviously andthe cycle wherethe
structuresareminimizedatthetop level. In thesetwo cyclesno new re-
dundant angle constraints are generateder@éfiles will be created:

« Theanglefiles“er2a.ang”,‘er2b.ang” and“er2c.ang”containingall

15
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50 conformerscalculatedn thecyclesa, b andc. Thesefiles canbe
reloadedinto the structurememoryat ary time with “read ang
er2a’.

* Theoverview files“er2a.orw”, “er2b.ovw” and“er2c.orw” contain-
ing the tamget functionsof the calculatedstructuresas well asthe
constraints violations.

« Theredundantingleconstraintfile “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 strat@y pleaserefer to Glntert &
Withrich (1991).

INCLAN is ableto distribute a calculationover differentprocessorsf a
sharednemoryparallelcomputerby virtue of paralleldo loops.These
differ from ordinaryloopsonly by thepresencef thekeyword parallel :

nproc=8
doi1 20 parallel

ena ldo

Parallel executionof a loop is accomplishedy creating(throughthe
Unix systemcall “fork()") several copiesof the programin its current
state.Thesecopiesareidenticalexceptfor the valueof theloop counter
(thevariablei in theabore example)andrunin parallel.Exceptfor one
instanceof the program(the “main process”)all copiesterminateafter
the eecution of the last statement in the loop body

The specialvariablenproc definesthe maximalnumberof processes
runningin parallel.By default, thevalueof nproc is 1,i. e.it is neces-
saryto explicitly setthis variableto a valuelargerthanonein orderto
execute a loop in parallel.

Thereis no mechanisnwithin the programto returndatafrom insidea
parallelloop to the program,i. e.in generaleachiterationof a parallel
loop must create an output file.

As anexample,a parallelversionof themacrocalculate from aprevi-
ous section without using tlealc_all command is:

## calc_para - calculate a group of structures
it
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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(13.3).cor Save structure

end do

doi 1 struct Serial loop to collect structures
read cor {$file}$i(13.3).cor Read structure
structure copy O i Copy to structure i

end do

overview $file

The call
nproc=3

calc_para helix

will thenperformthestructurecalculationin parallelon upto threepro-
Cessors.

SomeDYANA commandsfor examplecalc_all , areexecutedmplicitly
in parallelif thenproc variableis setto avaluelargerthanone.There-
fore,withoutary changealreadythesimplecalculate macroof thepre-
vious section can perform the same parallel computation as the
calc_para macro.

Besideghecurrentstructue (structured), theprogramDYANA canstore
anumberof otherstructuregstructuresl, ..., N). Themaximalnumber
of structures|N, thatcanbe storeddependon the size of the structure
andis givenby thefunctionmaxang . In generalastructureas storedin
the form of all dihedralanglevalues.However, somecommandge.g.
rmsd ) requiredirect accesdo the Cartesiancoordinateof the struc-
tures.For thisreasonfor alimited setof structuredoth,thedihedralan-
gle values and the Cartesiancoordinatesare stored. The maximal
numberof structuresfor which Cartesiancoordinatesan be storedis
given by the functiomaxcor .

In a DYANA calculation,most operations(e.g. minimization) are per-
formedonthecurrentstructure Thestructure copy commancdcanbe
used to see the current structure:

17
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doil10 Loop over 10 structures
random Create random structure
anneal Apply simulated annealing protocol to current structure
structure copy O 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

012 0 0.7 014 0 0.1 0.09 0 04 0.13 0 0.0 0.01

0491 150.3300.0003013025 00.10.06

0281 12021005017 00.7 013 0 0.1 0.04

042 013018 00.30.16 012 015 0 0.1 0.12

044 0120200010100 14020 0 0.1 0.03

A~ wWwN P

Ave 0350120210020110100.17 00.1005
+- 013 003 0.06 0 0.1 0050 04 0.05 0 0.0 0.04

Min 012 0 0.7 0.14 0 0.0 0.03 0 04 0.13 0 0.0 0.01
Max 049 1150330050170 14025 00.10.12

For eachstructureits numbey target function valueandstatisticalmea-
sures for restraint violations are/gn.

Structureanbe selectedr deselectedisingthe commandstructure
select . Most commandghatact on groupsof structuresapply only to
the selectedstructuresThe function selected(i) canbe usedto check
whether structureis selected.

As seenin thefirst sectionof this chapterthereareseveralmacrosend-
ing with “_all” that performactionson a group of selectedstructures,
e.g.“calc_all 5" calculates$ structuresaindstoregshemasstructures—
5,“write_all filenamé writesall selectedstructurego disk,“read_all
*.cor” readsall files with the extension“.cor” andstoreshemasstruc-
turesl, 2, ...

Eventhoughthe chemicalshifts of two diastereotopiprotonsor mettyl
groups(e.g.HP2 andHP3 in Tyr) canusuallybe distinguishedit is not
alwayspossibleto obtainstereospecifiassignmentdn suchcaseghe
usualstratgyy consistsof provisionally assigningeachoneof the shifts
to oneof the diastereotopipartnersThe uncertaintyof the assignment
is thenconsideredy thedistance modify commandwhich corrects
(i.e.loosens}hecorrespondinglistanceconstraintgo allow for bothas-
signments (Withriclet al.,1983; Glinteret al.,1991a).

By default, the distance modify commandassumeshatnoneof the
diastereotopipartnersare stereospecificlassignedTherefore all ste-
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reospecificallyassignedtompairsshouldbe declaredbefore distance
modify is called. This is done with ttegom stereo command, e.g.

atoms stereo HA1 22 30 38

atoms stereo HB2 256 7 14 16 19 20 24 25 35 37
atoms stereo HD2 35 40

atoms stereo QD1 24

A list of all diastereotopigartnerswith andwithout stereospecifias-
signment can be obtained with

atoms stereo list

Calibration, i.e. the corversion of peakintensitiesinto distancecon-
straints,hasbecomevery versatilein DYANA. Peaksfrom the peaklist
areselectedwith any criterion(commandpeak select) andthencali-
brated with any monotonically decreasingfunction (commandcali-
brate). You can therefore define your own calibration classesand
calibration functions.

A macrocaliba performsastandarcalibrationof thecurrentpeaksus-

ing threedifferentcalibrationclassesOnefor NOEsassignedo back-
boneprotons,one for NOEs assignedo the more flexible side-chain
protonsandonefor NOEs assignedo mettyl groups.The calibration
functionsusedfor thesethreeclassesreV = A/r®, v = B/t*, v = C/r*

whereV is thepeakvolumeandr is thecorrespondinglistanceThepa-
rameterdA, B andC areeithergivenby the useror calculatecautomati-
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

The simpleautomaticcalibration is usefulif no preliminarystructures
areavailable.lt setstheparameteA suchthattheaverageupperdistance
limit for the backbonecalibrationclassbecomes.6 A. The parameters
B andC arethencalculatedsuchthatthe calibrationcurvesintersectat
theminimally allowed upperdistancdimit (usually2.4A). Intersection
pointsathigherdistancesvould not make senseasthe“unphysical” cal-
ibration functionsof the type “1/r* shouldaccountfor flexibility and
thereforealwaysresultin a higherdistancdimit for the samepeakvol-
ume.

19
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The calibrationcurvesgivenby the automaticcalibrationcanberefined
manually:For instanceto tightenthe calibrationfor the backbonecali-
brationclassfrom theautomaticallydeterminedralue,A = 2.2 108, to A
= 1.2 1®, the command

caliba bb=1.2E+8

canbeusedlf apeakvolumeandthecorrespondingipperdistancdimit
aregiven,the peaksof the backbonecalibrationclasscanbe calibrated
accordingly with thecaliba macro:

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

For the calibration of multiple peaklists there are two different ap-
proaches. The first one treat®ry 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,userdefined
relative weightsfor the peakvolumesandthencalibratedsimultaneous-

ly:

read prot first

read peaks first assigned integrated

read prot second

read peaks second weight=0.3 \
assigned integrated append

caliba

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

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

To usethe “uniform averagemodel” (Braunetal., 1981)for all NOEs
involving mettyl groups,onefirst selectshe correspondingpeaksand
thenappliesthe uniform averagecalibrationfunction weighedwith the
parametef (given by the user):

peaks select METHYL, *
calibrate C*(1.9**(-5)-d**(-5))/(d-1.9)

To calibrateall HN—HN peakswith a function A;/d® with the exception
of the NOEsobsenredin or to along andflexible loop from residuel2
to 26 (which are calibrated Wimz/d"'), use:

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

peaks select HN, HN xor
calibrate A2/d**6

Thelogicalxor operatotlis usedin thesecondoeaks select command
to select all HN-HN peaksceept those that were already selected.

GRAF, a partof INCLAN, is a versatiletool to producegraphicsbothin
Postscript and FrameMak(MIF) format.

DvyANA providessereral commandgo createstandardlots. For exam-
ple, thefollowing commandsreatea Ramachandraplot for the group
of structuresalculatedn section*RunningDYANA” atthebeginningof
this manual:

readdata helix
read_all helix*.cor
ramachandran rama.ps

Theresultis a Postscripfile with name“rama.ps”.An additionalcom-
mandcreatesnequialentoutputfile “rama.mif” in FrameMaler (MIF)
format:

ramachandran rama.mif
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Two plotsof thedistribution of distanceconstraintasafunctionof their
range(i. e.theresiduenumberdifference)andtheirresiduenumbersre-

[%2]
£ 80 :
§ spectvely, are created by the commands:
% 60
§ 40 readdata helix
g dcostat dco
€20
=}
0 —
0 2 4 6 8 10
Range |i-j|
thatcreatea Postscripfile “dco.ps”.In theplot againstthesequenceayp-
‘% 40 per distance limits are classified according to their raRge,
‘§ 30 white intraresidual constraintRk(E= 0)
§ 20 light grey sequential constraint®E 1)
o
& dark gr¢ medium-rangeR < 5)
S 10 black long-range R = 5; not present in thisxample)
zZ
03073234 3% 38
Sequence
A FrameMaler (MIF) versionof aplot of the short-andmediumrange
RRRRI El AHAL Upperdistancdimits againstthe sequencehatis often usedto identify
oy (ii+1) secondary structure elements is created by
dgn(i,i+1) -
dan@i+1) - readdata helix
O (1i+2) —_— segplot seq.mif
duN(i,i+2) o ——

O (i,i+3)
dap(ii+3) e

don(iit+4) —_——

whichcreatesa MIF file “seq.mif’ thatcanbeimportedinto FrameMak-
er in order to add other data such as amide protcima@ge rates etc.

A RMSD clusteranalysighatcandetectwhetherstructuresareclustered

RMSD cluster analysis i i isti j i i
Residue fange. 26, 50 in groups into distinct ggons of conformation space is performed by

readdata helix
read_all helix*.cor
cluster cluster

N o W
h ) f N L

Theresultis a Postscripffile with name“clusterps”. The plot shawvs a
0 0102030205 clusteringtree.Along the vertical axis the structuresarelisted, ordered

RMSD accordingto the clusteringfound. On the horizontalaxis the minimal
RMSD betweenary two structuresin the clusterscombinedso far is
shown.
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In addition to standardplots, GRAF can be usedto producegeneral
graphics for instanceplots madefrom talulateddata. Assumethat we
are gven a table of alues:

1 827
2 5.88
3451
4 3.78
5 2.66
6 1.76
7134
8 091
9 0.89
10 0.54

To produceaplot of thisdata thetableis storedin a GRAF file, i. e. afile

with extension®.grf”, called“curve.grf’, andsupplementedith theap-
propriateGRAF commands:

1827

10 0.54
frame
line

2 4 6 8 10
This GRAF file canbecorvertedinto in aPostscripfile, “curve.ps”,with
the command

graf curve

Similarly, ahistogranof thesamedatacanbeproduceddy replacingthe

last line of the file “cure.grf” with

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

“fill=1" selectgatternl (solid)tofill theinteriorof polygonsand“rect-
anglex-0.2 0 x+0.2 y1” hasthe meaning:“plot for every datapoint
> 4 6 8 10 (XYy) in the table of values a rectangle with lower left corner
(x—0.2 0) and upper right corndix + 0.2, y) .”
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A4

Using INCLAN
variables

24

In the abore examples the plots hadthe default size and position,and
thescaledor thex- andy-axeshave beenchoserautomaticallyby GRAF.
However, the user can also specify these paramexgicitly.

Thepositioningof a plot onthepapelis governedby thefour parameters
x0, y0, x1, andyl that specifythe positionsof two referencepoints,
(X Yo) and (x4, y;), in acoordinatesystemcenteredn the middle of
an A4 sheetwith axesrunningin the (mathematicallylsualdirections
andusingtypographicapoints(1 pt = 0.353mm) asunits. By default,
thetwo referencepointsspecifyalarge squareplacedin thecenterof an
A4 sheetx, = y, = =250 andx; = y; = 250.

The usercanchooseanothercoordinatesystemby specifyingfour pa-
rameters<0, YO, X1, andY1 thatdefinethecoordinatesaluesof thetwo
referencepointsin thenew coordinatesystemBy default, GRAF chooses
afterreadingatableof datapointsa coordinatesystemsuchthatall data
points lie within the rectangle defined by the reference points.

In INCLAN, string variablescan be usedin a similar way asin a Unix
shell:

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

“:=" performsanassignment$variable substituteghe value of a vari-
ableinto the command line.

In addition,variableswith numericvaluescanbe usedin expressionsn
the same ay as inFORTRAN or other programming languages:

dyana> x=7
dyana> y=5%
dyana> z=sqrt(y-10.0)
dyana> showxyz
X=7
y=35
z=5.00000

(show is an INCLAN commandthat displaysthe valuesof variables.)
Hereadifferentassignmensign,“=" insteadof “:=", wasused.Assign-
mentswith “=" have themeaningEvaluatethe expressiorontheright
handsideandassigrntheresultvalueto thevariable Notethedifference
to a string assignment with=""

dyana> y.=5*
dyana> showy
y =5*
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Expressiongormedaccordingto therulesof FORTRAN-77 may contain
integer, realandcomplex numbers|ogicals,andcharactestrings.With-
in expressions character strings must be enclosed in single quotes:

dyana> s:=Dyana
dyana> |=lenstr(s)
*** ERROR: lllegal expression "lenstr(s)".

isanerrorbecaus¢hevariablesdoesnotcontainaquotedstring(lenstr
isanINCLAN functionthatreturnsthelengthof astring,i. e.theindex of
its lastnon-blankcharacter)Thecorrectuseof simple,unquotedstrings
in an pression is:

dyana> I=lenstr('$s’)
dyana> show|
=5

Single quotes do not inhibitwviable substitutions.

INCLAN providesa full setof control statementso direct the program
flow. Theseare usedmainly in macros,i. e. in collectionsof INCLAN
statementthatform new commandsvhich canbeusedin thesameway
asbasiccommandsSincecontrol statementarenot usedinteractvely,
the program prompt ¢fyana> ") will no longer be shan.

Commandscanbe executedconditionally by virtue of theif statement
which has the same form asHORTRAN-77:

if (i.gt.20) print "i is larger than 20."
if (i.1t.0) then
print i is negative."
else if (.. 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, comparisorandlogical operatorganalsobe givenin the
form of the C programming language:

if (>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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Creating non-
standard residues

26

Repeateaxecutionof commandss achiezed by forming loopswith the
do statementLoopsexecuteda predefinechumberof timeshave anin-
teger loop \ariable:

doil20
print i = $i"
end do

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

A loop thatis executeduntil aterminationconditionis metcanbe con-
structed as follws:

do
if '(.>'<.gt.100.0 .or. finished) break

ena ldo

Thebreak statementyts from a loop.
Unconditional jumps are possible by virtue of fweto statement:

doiln
i'f'(err) go to cleanup
eHd do

clé;anup: print "Error in the loop."

Thego to statementransferdhe programflow to the positionindicated
by the label (“cleanup”).

Non-standardesiduetypescanbe addedto theresiduelibrary asaddi-
tional entries.The procedurdo adda new residuetypeto thelibrary is
asfollows (seesection“File formats”for a descriptionof the format of
the residue library file):

CreateCartesiancoordinatedor all atomsof the residue for example
with a moleculargraphicsprogramor usingthe attachandinsertcom-
mandsof the programCoriMA. Bondlengths bondanglesandchirali-

tiesof this structuremustbecorrectbut theconformationj.e. thevalues
of thedihedralanglesdoesnotmatter Thecoordinate®f theoverlapat-
omsatthe beginningandat the endof the residue(for exampleN, CA,

andC in aminoacids)will alsobeneededlf thenew residueyperesults
from aslight modificationof anexisting residuetype, it is usuallymost
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convenientto startfrom the coordinate®f the existing residuetype and
to modify them.Ordertheatomssuchthattheir orderis compatiblewith
thetreestructureof dihedralangleshatwill bedefined,.e. suchthatthe
following two rules are fulfilled:

« A changeof adihedralanglemustnotaffectthe positionsof thefirst,
secondthird, or forth atomin ary precedingdihedralangledefini-
tion.

* Thesetof atomswhosepositionswill be affectedby a changeof a
dihedralangleconsistsof all atomsfollowing the third atomin the
dihedralangledefinitionupto thefifth (last)atomin thedihedralan-
gledefinition(or theendof themainchainfor backbonelihedralan-
gles).

Corvert the coordinatesnto the format of the library file (for example
with atext editor). Add atomtypes,connectvities, andtheinformation
aboutdiastereotopipartners Add the dihedralangledefinitionsto the
new entry Thesetwo stepsare bestdone usingthe library formatin
which connecwitiesandangledefinitionsaregivenby atomnamegath-
erthanby atomnumberqseethe optionconvert of theread lib com-
mand).Make surethattheheadetine startingwith RESIDUEis correct.
Add thenew entryto (acopy of) theresidudibrary file. Testthenew en-
try, for example in the follaing way:

* Createasequencéle thatcontainghenew residuetype, preferably
in the interior of the chain, i.e. not as the first or last residue.

» Usingthis sequencdile andthe new residudlibrary in the program
DYANA, createangleandcoordinatefiles for a conformerwith ran-
domized dihedral angles.

e StartDYANA again (with thesamesequencandresidudibrary file),
readthe previously producedcoordinatefile, andwrite again angle
and coordinate files without makingyaminimization.

* Checkwhetherthe anglesandcoordinategproducedby the second
run of DYANA coincidecloselywith thosefrom thefirst run. If this
testfails, thenthereis probablyaformaterrorin thenew library en-
try or theorderingruleslistedabove areviolated.However, this test
doesnotdetecterrorsin nomenclaturegonnectvities, or pointersto
pseudo atoms.

« Checkthecoordinateproducedy DYANA onamoleculargraphics
system,for example with the programMoLmoL (Koradi et al.,
1996).

DvaNA allows for calculationswith morethanonemoleculethroughthe
useof speciallinker residues.These“invisible” linkers consistexclu-
sively of pseuda@toms;.e.they canpenetratehe“real” moleculeswith-
outcausingary stericrepulsionandthusallow the programto formally
treatasystenof seseralmoleculesn thesameway asasinglemolecule.
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Automatic NOESY
assignment
(NoAH)

28

Eachof thelinker residuetypesin the standardibrary hasonerotatable

bond. The residues are:

e PL (PLM) to link an amino acid residue to a generic éink

* NL (NLM) to link a nucleotide residue to a generic &nk

e LL,LL2 andLL5 (LLM, LLM2 andLLM5), generidinkerresidues
with 1, 2 and 5 A bond lengths, respeely, and 98 bond angles

e LP (LPM)tolink ageneridinkerto afollowing aminoacidresidue

* LN (LNM) tolink ageneridinkerto afollowing nucleotideresidue

Therearetwo formsof eachlinkerresidueype: Thenormalformis 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 sufiicient numberof theselinker residuesnustbe usedbetweenwo

moleculessuchthatno artificial constrainton therelative positioningof

the two moleculeswith respecto eachotheris introducedby the finite

length and flgibility of the stretch of linkr residues.

To treat,for example,a systemconsistingof a double-strande®NA of

residuesl—-14and101-114anda proteinstartingwith residue200,the

sequence file could look Ekthis:

GUA 1ADE ADE ADE GUA CYT CYT ADE THY

THY ADE GUA ADE GUA 1st DNA strand
NL S50LLLLLLLLLLLLLLLL

LLLLLLLLLLLN 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

NoaH (Mumenthale®& Braun,1995;Mumenthaleetal., 1997)is anal-

gorithmfor theautomaticassignmendf 2D and3D NOESY spactraln

iteratve cycles, new possible assignmentsare identified and tested
througha structurecalculation.Alternative assignmenpossibilitiesfor

individual peaksareincludedsimultaneouslyn thesecalculationsand
peaksareunambiguoushassignedfterthe structurecalculationonly if

the distanceconstraintfrom one of the assignmentpossibilitieswas
clearly less violated in the structures.

NoaH wasimplementedin DYANA at two differentlevels. First, new
commandsvereimplementedor NoaH specifictaskg(assign , create,
filter , keep, reliability , write ass) andnew variablesvereintroduced
for NoaH-specificparametergtolerance , tol_una , tol_transp etc.).
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Secondanoah macrowaswritten which containsthe NoaH schedule.
Two additionalmacros,noahmin andnoahanneal arecalledby the
noah macro itself, and should not be modified by the.user

Thefollowing sectionggive somepracticaladviceon the useof NoaH/
DYANA.

The mandatoryinput is a peaklist containingpeakpositionsandvol-
umesin XEASY format, anda list of chemicalshifts in XEAsY format
(“protonlist”). NoaH canonlyyield goodresultsif theresonancassign-
mentis completej.e.if all or nearlyall chemicalkhiftsareassignedand
if the chemicalshifts givenin the protonlist agreewith corresponding
peakpositionswithin asmalltolerancaanged, (in general+0.01ppm
in 2D and+0.02ppmin 3D). Thisis bestachiezedby manuallyassigning
atleastoneNOESY peakfor every protonshift, e.g.by takingover the
TOCSY peakilist from thesequentiahssignmenandoverlayingit to the
NOESY spectrumAll assignedeaksin theinput peaklist will bere-
gardedas“safe”. NoaH will includethemin every structurecalculation
andneverdeleteor changghem,evenif they giveriseto largeconstraint
violations.

Additionalinputwill helpNoaH to corverge.Dihedralangleconstraints
maybegeneratedisingcouplingconstantsvith thegrid commandsnd
known disulfidebridgesshouldbeincludedasupperandlower limit dis-

tanceconstraintfusethe DyANA commandssbond andwrite upl to

generate and sa these distance constraints).

Beforeruning NoAH, the input datashouldbe checled for obviousin-
consistencieasingsomeof the DYANA commandsFirst, no suchwarn-
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 theabore example the pseudatomandthetwo protonsit represents
were assignedsimultaneouslyTo prevent NoAH (andalsothe user)to
assignpeaksto the pseudoatom,the chemicalshift of the pseudcatom
should be set back to “999.000” in the proton list.

Secondaroughestimateof all missingchemicalshifts canbe obtained
with the commana@tom shifts missing
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dyana> atom shifts missing
Residue  missing shifts
ASP- 1 HN
THR 4 HG1
SER 11 HB3HG
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 usualfor what we call a “nearly completelyas-
signed”protonlist. Most of the missingprotonshiftsarethoseof labile
sidechain protons which are notvalys obserable.

The chemicalshifts of the protonlist canbe checledwith atom shifts
check:

dyana> atom shifts check

Atom shift limitl - 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 5550 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
HG2 GLN 32 1.049 1.044 0.012
HG3 GLU- 35 1.819 1.822 0.014
HD2 LYS+ 57 1.697 1.689 0.019
HE2 LYS+ 57 3.121 3.114 0.016
QG PRO 63 2.124 2.120 0.018
10 shifts with spread larger than tolerance.

SlENIENNG) I (oo}

If thelibrary “dyana.lib”wasusedwhich containsatablewith statistical
distributionsof chemicalshifts), NoaH will print alist of all shiftsfrom
theprotonlist whicharehigheror lowerthanthehighestandlowestval-
ueeverobsenedfor thatparticulamproton/heteratom.A few shiftsmay
deviate from thesealues, bt they should be chedd carefully
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If someof theNOESY peaksareassignedtheconsisteng betweerpeak
andprotonlist canbe checled. All spreadsabove the valueof the vari-
abletolerance betweerthe peaksassignedo the sameprotonarelist-
ed. A large spreadmay indicatethat a peakis assignedo the wrong
proton.

Thecommandbeaks deviation checkghedeviationbetweerthepro-
ton shiftsandthe peakpositionof all assignegeaks.Thiscommands
of directinterestfor NOAH usersasapeakthatdeviatesby morethan/,
(variabletolerance ) from its chemicalshifts cannot be assignedcor-
rectlyby NoaH. Consequenththevariabletoleranceshouldbesetto the
value you inted to use for tidoAH 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 thesepeaksshouldbe checled andmodifiedbefore running NoAH.
If theassignmeni correctthe peakpositionshouldbeshiftedto thein-
tersection point of both proton shifts.

A typical NoaH script(“NOAH.dya”) canbefoundin the“noah” exam-
ple directory of théYANA 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

Jssa
atoms stereo list

noah num=24 peak_nam=er2_h20_na,er2_d2o_na\
rmsd=$rmsd_range protein=$prot_nam \
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Analyzing NoAH
output

32

proton_nam=h20,d20 \
addupl=ssbhond addlol=ssbond \
peak ref=er2_h2o,er2_d2o calibrate

First, the proteinsequencandthe predefinedangleconstraintfiles are
loaded.Then,theNoAH variablegolerance , tol_una andtol_transp
areset.Thevariabletol_transp isonly usedfor 3D spectrao checkfor
transposeg@eakslf thescriptwill runonamulti-processomachinethe
line “nproc=6" may be uncommentedif somestereo-specifiassign-
mentsareavailable,they maybeincludedinto amacrocalled“ssa.dya”
and read before theoah macro is started.

Thenoah macrowill perform24 cycles(hum=24)andassignthetwo
unassignegeaklists“er2_h2o_na.peaksind“er2_d2o0_na.peaksThe
residuerangeusedfor the RMSD calculationis 3—37 and the protein
name,which is usedasoutputfile name,is “er2”. The two protonlists
usedto assignthe peakslists are called “h20.prot” and “d2o.prot”
(proton_nam ) andthe disulfidebridgesof Er-2 areincludedasupper
(addupl) and lower (addlol) limits distance constraintfiles “ss-
bond.upl” and “ssbond.lol”. Finally, the two assignedreferencepeak
lists aregiven (peak_ref) andthe calibrationoptionis turnedon. The
referencepeaklists areonly usedto give anovervien duringthe NoAH

run.

In principle,NoaH canbe usedfor two differenttasks:(1) Continueto
assigraNOESY peaklist or (2) Re-assigra peaklist to checkdifferenc-
esin theassignmenmademanuallyandautomatically In case(1), no
referencepeaklists may be given (parametepeak_ref mustbe delet-
ed).In case(2), an unassignedersionof the peaklist mustbe created
first, e.g.

read prot h2o

read peaks er2_h2o
peaks assignment delete
write peaks er2_h2o0 _na

For 3D lists, the proceduras very similar. Theformatof your peaklists
shouldbeincludedinto thepeaklist itself with theline “4#DYANAFOR-
MAT format’ (seecommandread peaks) or asa separatgparameter
plformat into thenoah call (e.g. plf ormat =hHN,hHC").

NoaH will produce the follaving important files:

e er2.cor: The coordinate files of the ten b&ktaH structures.
» er2.ovw: Overview file of these 10 conformers.

* noah.ps: PostScript file with summary of tidoAH run.
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e noah.grf: Graffile for “noah.ps”"containingRMSD andtargetfunc-
tion valuesaftereachcycle aswell asthe numberof assignegheaks.

¢ noah.x.peaks: Assigned peak lists

* incomp.x.peaks: Peakist with peakghatareincompatiblewith the
final structure bndle.

« reliability.x: Reliability distance of\wery assigned peak.

« diff.x; Differencesn theassignmentomparedo thereferencepeak
list (only if sucha peaklist was indicated with the parameter
peak_ref).

« end.upl / end.lol: Upperand lower limit distanceconstraintfiles
used for the final calculation.

X" is the peaklist number(x = 1, ..., n). Thefile “noah.ps”is gener-

atedby INCLAN usingthe “noah.grf” file which containsall numbers

(RMSD, taget function alues and assigned peaks):

# Range for RMSD calculation: 3..37
# Cycle, RMSD(all), RMSD(bb), TF(1), TF(10)

0 6.32 525
1618 511
2 6.30 5.36
3 6.06 5.13
4 540 4.29
5 5.93 4.82
6 5.65 4.71
7 549 452
8 4.55 3.52

20 194 1.34
21 1.33 0.82
22 1.37 0.89
23 1.39 0.93
25 1.46 0.92

[..]

161.3 190.3

120.0 155.8
126.9 1575
1275 160.0
89 245

104.4 136.7
100.1 146.8
108.9 146.3
12.7 279

# Number of assigned peaks
# Total, new, different

1372210
2416260
3433290
4441321
5449331
6501391
7505401

20705934
21703945
22715975
23719985
247201015
25708 100 4
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In everyfourthcycle(i.e.cycles4, 8,12,16,20and24) NOAH usesonly
theunambiguousindtheambiguousssignmeniists, but notthetestas-
signmentlist which containsmosterrors.Accordingly, the targetfunc-
tion valueis usuallymuchlower in thesecycles (seeabove) while the
RMSD of theresultingstructurebundle may be higher(for moreinfor-
mationon the internalpeaklists of NoaAH seecommandilter andMu-
menthaler & Braun (1995)).

In theexampleabove, 708 peaksvereassignedn theH,0 peaklist. 100
of thesepeakswerenot assignedn thereferencepeaklist (andarethus
“new”), andonly 4 of 708 peaksweredifferently assignedn the refer-
encepeaklist. The “noah.grf” file doesalsocontainthe corresponding
numbers for the BD peak list (not shen here).

Anotherimportantvalueis foundin thefiles “reliability . x” (where“x” is
acpin the numberof the peaklist). Thesefiles containthe reliability of
every individual assignmenaswell asa statisticon all peakswhich are
incompatiblewith thefinal structuresi.e. whereno possibleassignment
within the given tolerancerangeis compatible(hasa distance< 5 A)
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:

0-1A:
1- 2A:
2- 3A:
3-4A:
4-5A:
5- 6A:
6-7A:
7-8A:
8- 9A:
9-10A: 1

wNhasNDNE RO

Fromthe abore examplewe seethat 91 peakshave no assignmenpos-
sibility atall becauséhereis no protonchemicalkhift within theallowed
tolerancerangefrom the peakposition.Furthermorethereare 38 peaks
which have someassignmenpossibilities but all of themareincompat-
ible with the currentstructurebundle. 5 of thesepeakscould be ex-

plainedby a slight shift of up to 1 A betweenthe two protonsof one
assignment possibility

Theseincompatiblepeaksarevery interestingsincean optimalsolution
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togetherwith anideal peaklist shouldhave no incompatiblepeaks.In
practicetherewill alwaysbesomencompatiblepeaksor oneor several
of the follaving reasons:

(1) Some noise and spinfili§ion peaks ha been pickd.

(2) Someprotonchemicalshifts are missingin the protonlist, andthe
NOESY peaks originating from these protons cannoixptamed.

(3) Thestructuresarepartly distortedandcanthereforenot explain sev-
eral NOEs.

Experiencenasshavn thatthe structureswill oftenbe distortedin pro-
portionto the numberof incompatiblepeakswith significantbiaswhen
the percentag®f incompatiblepeaksfrom the whole peaklist is much
largerthan5%. This canbe explainedby thefactthatNoaH triesto find
an assignmentor all peaks.If therearetoo mary noisepeaks,NoAH
may well find a distortedstructurewhich explainsanother95% of the
peaks,.e. scoresequallywell thanthe real structuresn explaining as
mary peaks as possible (see velo

For thisreasonNoAH savesall peakst hasfoundincompatibleinto the
peaklists “incomp.x.peaks” These(usuallysmall) peaklists shouldbe
examinedcarefullywith thespectrgwith XEASY, for example).Typical-
ly, mary of thesepeakscanbe identifiedasnoisepeaksandshouldbe
eliminatedfrom the peaklist, becausdhey disturbthe NoaH calcula-
tions. For the others the spectroscopiginay searchor a previously un-

assignegroton,speciallyif severalincompatiblepeakdie onthesame
shift. Onceanimproved peaklist (andprotonlist) becomesvailable,a
new NOAH calculationshouldbe performeduntil the percentagef in-

compatible peaks reaches 1-2%.

Thefiles“reliability.x” containthereliability distanceof every assigned
peak All assignmenpossibilitieswhichhave aminimalviolationof less
thanr A in the structurebundlearelisted. The parameter canbegiven
to thecommandreliability andhasadefaultvalueof 1.0A. Thesignif-
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icance of gery entry is illustrated in the folldng figure:

Number of conformers
in which assignment is

Possible Deviations between violated
assignments > ini iolati
g peak position and Minimal violation
in the structure NOAH

Peak proton shift in bundle (in A) assignmen

number 0.001 ppm (both dim.) \ *

202YSSHB2 9MET HN 1 4 -0.35
20CYSSHB2 28CYSSHN 1 0 -0.4@

208YSSHB 29ILE HN 15 0.74/1Q
791 0.0 3 * More than one assignment  posSible.
(?i(se![i;‘r?é”ety Number of assignment Comment Assignmen
possibilities based on reference

chemical shift alone peak list

In theabove example,NoaH hasassignedhe peakto a differentproton
pairthantheonein the (manuallyassignedjeferencepeaklist. Howev-
er, the bothassignmentseemto be compatiblewith someof the struc-
turesin the structure bundle and the peak consequentlyreceived a
reliability distance of 0 A.

An example output illustrates somefeéifent possibilities:

26 MET HN 28 CYSSHN 1 0 092 O0*
26 MET HN 29ILEHN 1 5 -061 O
794 0.0 3 More than one assignment possible.

32THR HA 32THRHN 0 0 -223 O*r
814 1000 1

9MET HA 32THRHN 6 0 -058 1
32THR HB 32THRHN 9 0 -151 O*
816 0.0 2 More than one assignment possible.

34ASP-HN 32THRHN 2 1 -1.28 1*
817 80 2

6GLU-HA 8ALAHN 3 0 -068 O*
824 34 2

Peak794 hastwo assignmenpossibilities but NoAH andalsothe spec-
troscopistssignedt to ashort-rangdNOE. PeakB14hasonly 1 possible
assignmenbasednthechemicakhiftsalone andthisassignmenis au-
tomatically fulfilled becauset is a intraresidualfixed distance.lt has
thereforea reliability distanceof 100A. Peak816 wasnot assignedy
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Identifying
“dangerous” NOAH
assignments

O

/

Well-supported
long-range NOEs

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

I Tutorial

thespectroscopidthe“r” is missing),probablybecausét is anoverlap
of thetwo possibleNOEs.Peaks817 and824 have high reliability dis-
tances and should be safe.

Experiencehasshavn that the reliability distanceis quite efficient in
identifying uncertainassignmentfver 75% of the peakshatweredif-
ferently assignedby NoaH thanby the spectroscopishad a reliability
distanceof 0 A in arecentstudy(Mumenthaleretal., 1997).Therefore,
you maywantto usethecommandkeep (afterthecommandeliabili-
ty) whichwill deleteall assignmentsvith areliability distanceequalor
below a usergiven threshold.

Whenanalyzingthe NoaH outputonemustkeepin mind thatthe elimi-
nation of erroneouslyassignedconstraintsthrough contradictionwith
correctconstraintsvill in generabelessefficientin regionsof low NOE
density suchaschainends,surfaceloops,or the peripheryof long side
chains than in the well defined protein core.

Thefinal distanceconstraintist shouldthereforebechecledby thecom-
manddistance check thatcalculatesa scorefor everylong-rangedis-
tanceconstraint.High scoresindicatethat thereare mary otherlong-
rangedistanceconstraintbetweerthetwo residuegor residuesloseto
them)that supportthe given distanceconstraint. A scoreof zeroindi-
categhatthereis no otherNOE obseredbetweerthetwo regionsof in-
terest.This is not only very suspectput also quite dangeroudecause
sucha singlelong-rangeNOE may have dramaticeffectson the struc-
ture.All peakswhich causesuch“dangerous’long-rangedistancecon-
straints should be chee#t manually directly in the spectra.

In thefollowing example thelong-rangeNOE from residue3 to 62 has
a scoreof 0.0 becausdhereis absolutelyno other NOE supportingit,

while it seemsaunlikely that all the NOEs obsenred betweenresidue6
and 57 are dered from wrong assignments:

dyana> distance check

Distance constraint Score

Upper QE LYS+ 3-QD LYS+ 62 0.00
UpperHA TYR 6-QB ALA 53 2.00
UpperHB2 TYR 6-QD1 LEU 57 3.75
Upper HB3 TYR 6-QD1 LEU 57 3.75
UpperQB TYR 6-QB ALA 53 2.00
UpperQB TYR 6-QD2 LEU 57 4.25
UpperQD TYR 6-HA ALA 53 250
UpperQD TYR 6-QB ALA 53 1.50
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INCLAN

Theuserinterfaceof the programis basedn INCLAN, a powerful inter-
active commandanguagehatallows the useof variables ForrrRAN-77
mathematicalnd characterexpressionsmacros,flow control (loops,
conditional statements, jumps), the production of graphics etc.

Whenreadinganinputcommandine thecommandnterpreterexecutes
the following steps:

An optionalcommentj.e. text following acommensign“#”, is dis-
carded.

The \alues of ariables are substituted from right to left.

The commandline is split into elementydefinedas sequencesf
non-blankcharacterseparatedy blank characters)The first ele-
mentbecomeghe commandname,andthe following elementde-
come command parameters.

If the commandnamematchesa userdefinedalias,the aliasis ex-
panded.

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

Otherwisejf thecommandamematches userdefinedcommand,
it is executed by the command interpreter

Otherwise,if the commandnamematchesa commandof the pro-
gram unambiguous|yt is executed by the program.
Otherwisethecommandnterpretetooksfor amacrowith thegiven
commandiameand,if it is foundin the currentmacrosearchpath,
executes it. If no such macro is found, an error occurs.
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Special characters

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

“$variable’ substituteghe value of the variable in the commandine.
Substitutiongproceedfrom left to right. If the value of the variableor
function call startsandendswith singlequotes(i.e. if it is a FORTRAN-
77 charactestring),thedelimiting singlequotesareremovedbeforein-
serting the alue.

“Yvariable’ substituteghe valueof the variable in the commandine.
Substitutiongroceedrom left to right. Singlequotesthatdelimit FOR-
TRAN-77 character strings are retained.

Thecurly bracesn “{$variable}” or“{%variable}” separat¢hevariable
name variable from immediately following text. “${expression” or
“%{expressiony” substitutethe resultvalue of the FORTRAN-77 expres-
sion

“$variable(forma)” usesthe given FortraN-77 format to corvert the
numericvalueof avariableinto the stringthatis substitutedn the com-
mandline. If thevalueof thevariableis acomma-separatdit, “ $vari-
able(n)”, wheren is an integer expression,substituteswith the n-th
elemenof thislist. “$variable(m:n)”, wherem andn areintegerexpres-
sions substitutesvith thesubstringoetweerpositionsmandn of theval-
ue of the variable Thesethreepossibleusesof parenthesesannotbe
used simultaneously

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

“Label” denoteslabelthatcanbeusedasthetargetof ajumpin agoto
statement.

“\c” treatsthe charactec literally andallows the useof specialcharac-
tersin normaltext, “\" at the endof a line indicatesthat the statement
continues on the folleing line.

"text" treatstext asasingleparametetevenif it containspacesVariable
substitutions in théext still occut
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'text’ treatgext asasingleparameterthesinglequotesemainpartof the
text. Singlequotesareusedto delimit ForTrRAN-77 charactestringcon-
stants. ¥riable substitutions in thext still occur

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

Commandgprecededy “@" areonly echoedf thevariableecho has
thevaluefull . “@” hasits specialmeaningonly if it occursasthefirst
character of a command.

“Istring’ recallsthelastinteractve commandhatstartedwith string. “!”
hasits specialmeaningonly if it occursasthefirst characteof a com-
mand.

“nstring*replacemerit” executedhelastinteractve commandagain af-
terreplacingthefirst occurrencef string by replacementThethird car-
etis optionalunlessthe replacemenstring hastrailing blanks.“*” has
its specialmeaningonly if it occursasthefirst characteof acommand.

Variables

Thecommandine interpreterallows theuseof variablesn two different
ways:

e Similarto shell-variablesin the Unix operatingsystemasvariables
whosevaluecanbe substitutednto the commandine. In this case,
thevalueof avariableis ageneracharactestringandhasno partic-
ular type.

¢ Asvariablesn FORTRAN-77 expressionsln this casethevalueof a
variablemustbe aninteger, real, comple, logical or characteicon-
stant,accordingo therulesof FORTRAN-77. In particular character
strings must be delimited with single quotes.

Variablescanbe usedin bothwayssimultaneouslyvhich makesthema
powerful tool of the command language.

A variablenameconsistsof up to 32 letters,digits, or underscorehar-
acters' . Thevalueof avariableis alwaysstoredasa charactestring
andonly corvertedtemporarilyto aninteger, real, or comple« number
during the galuation of 8FORTRAN-77 expression.

There are seeral types of ariables:
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Local variables

Global variables

Special variables

System variables

Basic substitutions

Fortran format
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exist only within the macrowherethey are declared,andin macros
calledfrom this macro.With the exceptionof the commandine param-
etersof amacrowhicharealwayslocal,localvariableanustbedeclared
in var orsyntax statementslhey existuntil they areremovedwith un-
set or until the end of the macro in which yhare declared is reached.

arealwaysvisible, exceptwhenthey arehiddenby local variableswith
the samename.Variablesthatarenot local areglobal. The usercanin-
troducenew global variablessimply by using a variable with a new
name. Global ariables rist until they are remwed withunset .

arevariableghatcanbecreatecandusedby theuserbut have alsoaspe-
cial meaning to the command interpreter

arevariablesthatareusedand,possibly setby the program(not exclu-
sively by theuserwith eval, set etc.).Systemvariablesarealwaysglo-
bal.

Therearesereralwaysto insertthevalueof avariableor theresultvalue
of an &pression into the command line:

Substitutionsof the form $variable or %variable insertthe complete
value of the variable (without trailing blanks)into the commandline.

Substitutionsvith “$” differ from thosewith “%” only if thevalueof the
variable startsand endswith single quotes,i.e. if it is a FORTRAN-77

characteconstantwith “%” thedelimiting singlequotesareretainedn

the substitutionwith “$” they areremaoved. A variablenamethatis im-

mediatelyfollowedby aletter, digit, or underscoreharactemustbeen-
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

Substitutionsof the form $variable(formal or %variable(formaf) are
usedto formatinteger or real valuesof variablesaccordingto a FOR-
TRAN-77format.A formatthatcontaingheletter”l” or“i” appliestoin-



Substring

List element

Function call

Expression
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teger numbers, all othdormatsto real numbers.

x:=4.6; y:=2.0; sum=x+y
print "$x + $y = $sum(E12.3)"
46+20= 0.660E+01

Substitutionsof the form $variableg(n:m) or %variable(n:m), wheren
andm are positive integer expressionsare usedto substitutewith the
substringoetweercharactepositionsn andm of thevalueof avariable
Substringexpressiongan also appearon the left handside of assign-
ment statements.

t:=a sum

print "another $t(3:5)"

another sum

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

a program

If the value of a variable is a comma-separatelist, “ $variable(n)” or
“%variablg(n)”, wheren is a positive integerexpressionsubstitutaevith
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

“$functiori’ or “%functiori’ substitutewith theresultvalueof afunction
without parameters; $functionparametes)” or “%functionparame-
ters)” substitutewith the resultvalueof a functionwith parametes. If
there are seeralparametes, they are separated by commas.

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

“${expression” or “%{expression” substitutewith the resultvalue of
anexpression
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x=2.5; y=10.0; print "x/y = ${x/y}"
xly =0.250000

All substitutiongn thecommandine proceedrom right to left. This al-
lows, for example,to composea variablenamefrom the valuesof other
variables before it is used in a substitution.

command list_param User-defined command list_param
do i1 nparam
print "Parameter $i: $pS$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 the commandnter-

preter:
echo determinesvhich commandsreechoedj.e. copiedto standarcbutput
before eecution. The possible settings are:

NULL (or not setat all) In macros.all commandsexceptthose
built into thecommandine interpreterareechoedijnter-
active commands are not echoed.

off Commands are not echoed.

on Both in macrosandinteractiely, all commandsxcept
thosebuilt into thecommandine interpreterareechoed.

large Sameason, exceptthattheechois surroundedy blank
lines.

full All commandsare echoed,and the correspondindine
numbers in macros arevgn.

OFF Sameasoff, exceptthatthis settingcanonly be overrid-

den by anotheralue written in capital letters.
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info

nparam

nproc

pl, p2,...
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ON Sameason, exceptthatthis settingcanonly be overrid-
den by anotheralue written in capital letters.

LARGE Sameaslarge, exceptthatthis settingcanonly beover-
ridden by anotheralue written in capital letters.

FULL Sameasfull , exceptthatthis settingcanonly beoverrid-
denby anothervaluewritten in capitalletters.This set-
ting is particularlyusefulfor deluggingmacrosn which
the echo is suppressed.

Labelsarenotincludedin theecho,but variablesubstitutionsre.State-
mentsprecededy “@” areonly echoedf echo hasthe valuefull or
FULL.

is avariablefor errorhandlingin macroslf anerroroccurswithin amac-
ro, the valueof erract is executedasa commandBy default the exit
commands executedj.e.theprogranreturngo interactveinput.Errors
thatoccurinteractizely aredisplayedandthe programcontinueswith the
execution of the ne 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.

determinesvhich messagearewritten to standardutputandinto the
protocol file. The possible settings are:

none No messages are written.

minimal A minimal setof messageis written, in generak single
line for each command that igexuted.

normal  The “normal” amount of messages is written.
full The “full” amount of messages is written.

debug The “full” amountof messageand additionalundocu-
mented messages for degjpurposes are written.
Optionally, this variablemayhave two of theabove values separatethy
acommau.ln this casethefirst valueappliesto standardutput,the sec-
ond to the protocol file.

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

denoteghe maximalnumberof processorshatis usedfor paralleldo-
loops.

are the default namesfor the commandline parametersf a macro.
These names may be changed at tlggnipéng of the macro.
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path

prompt

protocol

timing
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denoteshesearctpathfor macrofilesin theform of acomma-separated
list of directories.

denoteghe promptfor interactve input. If thisvariableis notdefinedor
blank,no promptis written but multiple blanklinesof inputandtheend
of theexecutionof amacroareindicatedby theword “Ready” on asep-
arate line.

denoteshenameof theprotocolfile into which standardutputis dupli-
catedunderthecontrolof thevariableinfo. If thisvariableis notdefined
or blank, no protocol file is written.

is asystemvariableto controlthereportingof CPUtimes.CPUtimesare
givenfor all commandgexceptfor thosethatarebuilt into thecommand
line interpreter)that needmore secondsf CPU time thanthe value of

timing indicates.

Expressions

ThecommandnterpreteicanevaluategeneraFORTRAN-77 integer, real,
comple, logical and characterexpressionsExpressionganappealtin
eval statementsasconditionsof if statementsascommandparameters
whena numericvalueis expected,andassubstringand elementindex
expressions.

An expressionis built accordingto the rulesof FORTRAN-77 from con-
stantsyariablesandfunction calls. Thesebasicitemscanbe combined
by operatorg”+”, “=", “*" “[" “** ¥ eq.”, “.ne.”, “It.", “.le), “.ge.,

“.gt.”, “.and.”, “.or.”, “.not.”, “.eqv.”, “.neqv.”, “==", “I=" “<"

“<=", ">=" “>") and grouped by parentheses.

There are the follwing differences to the rules BORTRAN-77:

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

« Thedatatype“logical” is representedly theintegervaluesO (false)
andl (true).Any integerexpressiorcanbeusedin placeof alogical
expressionwith 0 representingfalse”, andall othervaluesrepre-
senting “true”.

» Variable functionandoperatomamesarecasesensitve. Thenames
of logical operatorsaandintrinsic functionsmustbe writtenin lower
case.

» Thelogicaloperators==", “1=", “<”, “<=" “>=" “>" “&&" “||",
and“!” canbe usedin placeof its respectie FORTRAN-77 equia-



abs(x)

acos(r)
aimag(c)
aint(r)
anint( r)
asin(r)

atan(r)

. INCLAN

lents“.eq.”, “.ne.”, “.It.”, “.le.”, “.ge.”, “.gt.”, “.and.”, “.or.”, and
“.not.”.

e All FORTRAN-77 intrinsic functions(except“dble”, “dprod”, “Ige”,
“Igt”, “lle” and"llt") areavailableby theirgenericnamegout 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 bglo

« Blankscanonly appeaat“reasonable’placesbut notinsideof num-
bers, ariable names etc.

Intrinsic functions

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

n integer

r real

o comple

S string

X integer or real, unless types areaj eplicitly
z real or comple

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

Absolutevalue;the algumentx is of ary numerictype, for comple ar-
guments the result is real.

Arc cosine;r| <1, 0<acogr) <.

Real function that returns the imaginary part.of
Discard fractional part; the result if of type real.
Closest intger; the result if of type real.

Arc sine;lr| <1, -T/2<asinr)<1/2.

Arc tangent-Tv/2< atar(r) < v/ 2.
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atan2(rq,ro)

char(n)

cmplx( xq,X2)

conjg( c)
cos(z)
cosh(r)

cputime

date

def(s)

dim(xq,X5)

exist( s)

existfile( s)

exp(z)

external( s)

external( s4,S»)

fitc hisq

48

Argumentof the complec numberr, +ir, (notr, +ir,!); ry andr,
must not both be zerosmt< atanZr,, r,) <1 .

Character function that returns the character with number

Comple functionthatreturnsx, +ix,; bothamgumentsmusthave the
same type.

Compl& conjugate.
Cosine.
Hyperbolic cosine.

Realfunctionthatreturnsthe CPUtime (in seconds¥incethestartof the
program.

Character function that returns the current date in the dokmm-yy.

Logicalfunctionthatreturnsl if avariablewith names existsandhasa
value diferent fromNULL, or O otherwise.

Positve difference;dim(x;, X,) = maxx; — X, 0) .

Logical functionthatreturnsl if avariablewith names exists,or 0 oth-
erwise.

Logicalfunctionthatreturnsl if afile with namesexists,or 0 otherwise.
Exponential function.

Charactefunctionthatreturnsthe valueof the external(i.e. non-local)
variablewith names (evenif it is hiddenby a local variablewith the
samename) or a blankstringif no externalvariablewith this nameex-
ists.

Charactefunctionthatreturnsthe value of the external(i.e. non-local)
variablewith names,; (evenif it is hiddenby alocal variablewith the
same name), 8, if no external \ariable with the nams,; exists.

Realfunctionthatreturnsthe )(2 valueof thelastlinearleast-squareft
(see plot subcommarii).



fiterr( n)

fitpar( n)

fitpr ob

getenv(s)

getpid

global( s)

global( s4,s5)

ichar(s)

if(n,Xl,Xz)

inde x(s4,Sy)

inde xr(s4,Sy)

int(z)

len(s)
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Realfunctionthatreturnsthe standardleviation of then-th fit parameter
of the last linear least-squares fit (see plot subcomiiitgnd

Realfunctionthatreturnsthe optimal valueof the n-th fit parametenof
the last linear least-squares fit (see plot subcomrfignd

Realfunctionthatreturnstheprobabilitythatthe)(2 valueof thelastlin-
earleast-squarefit wouldbeexceededy chancgseeplot subcommand
fit).

Characterfunction that returnsthe value of the ernvironmentvariable
with names.

Integerfunctionthatreturnsthe UNIx processdentificationnumberof
the current process.

Charactefunctionthatreturnshevalueof theglobalvariablewith name
s(evenif it is hiddenby anothewariablewith thesamename) or ablank
string if no global ariable with this namexasts.

Charactefunctionthatreturnshevalueof theglobalvariablewith name
s, (evenif it is hiddenby anothewariablewith thesamename)or s, if
no global ariable with the nams, exists.

Integer function that returns the number of the character

Functionthatreturnstheagumentx, if n# 0, or x, otherwiseThear-
gumentsx, andx, can hae ary type.

Integerfunctionthatreturnsthestartingpositionof thefirst occurencef
thestring s, in thestring s, , or zeroif s, doesnotoccurasasubstring
ins,;.

Integerfunctionthatreturnsthe startingpositionof thelastoccurencef
thestring s, in thestring s, , or zeroif s, doesnotoccurasasubstring
ins,;.

Integerfunctionthatreturnstheintegerpartof therealor complex num-
ber z.

Integer function that returns the number of charactess in
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length( s)

lenstr( s)

log(2)

log10(z)

macr o(s)

matc h(sq,S,)

max(Xq,Xp,...)
mln( Xl,X2,...)

mOd(Xl,Xz)

mtime( s)

nint(r)

opened( s)

plotx0 , plotyO ,

plotx1 , plotyl

rand
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Integerfunctionthatreturnsthe numberof elementsn the arraystored
in a \ariable with name.

Integerfunctionthatreturnstheindex of thelastnon-blankcharactein
S.

Naturallogarithm;z# 0, if zis realit mustbepositive,for comple zthe
result has-1t<Im log(2) < 1.

Logarithmto baselOQ; z# 0, if zis realit mustbe positive, for comple
zthe result is in the rangat<Im loglQ2) < 1.

Logical functionthatreturnsl if amacrowith namesis available,or 0
otherwise.

Wildcard match;logical functionthatreturnsl if thestring s, matches
the string s, , or 0 otherwise.The string s, may containwildcards:an
asteriskmatcheseroor morecharactersanda questionmark matches
exactly one character

Maximum.
Minimum.

Remaindeof x; modulox,; modx;, X,) = X; —X, nt(X;/X,) , both
arguments must ve the same typex, 0.

Integer function that returnsthe time of last modification (in seconds
since a reference date) of the file with nane

Integer function that returns the igter closest to.

Logical functionthatreturnsl if afile with namesis currentlyopen,or
0 otherwise.

Real functionsthat return the coordinatesof the two referencepoints
(X Yo) and (X4, Y,) intheusercoordinatesystemusedfor graphics
(see plot parameteK0, YO, X1, Y1).

Real function that returnsa pseudo-randonmumber; pseudo-random
numbers are uniformly distuibed between 0 and 1.



rand(n)

rand(nq,ny)

real(x)

sign( Xq,X»)

sin(z)
sinh(r)
sqrt(z)
tan(z)
tanh(r)
time

val(s)

val(sy.s,)

walltime
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Real function that returnsa pseudo-randonmumber; pseudo-random
numbersareuniformly distributedbetweer0 andl. Therandomnumber
generator is initialized with the sead

Real function that returnsa pseudo-randonmumber; pseudo-random
numbersareuniformly distributedbetweer0 andl. Therandomnumber
generatois initialized with the seedn, , andtheresultis the n, -th ran-
dom number generated from this seed.

Corversionto realtype;theargumentx mustbe of typeintegeror com-
plex, for comple x the real part is returned.

Returngheabsolutevalueof x; timesthesignof x,; if X, = 0, itssign
is taken as positie, both aguments must ha the same type.

Sine.

Hyperbolic sine.

Square root; iz is real, it must be non-gative.

Tangent.

Hyperbolic tangent.

Character function that returns the current time in the fdrmmss

Charactefunctionthatreturnsthe valueof the variablewith names, or
a blank string if no ariable with this namexests.

Charactefunctionthatreturnsthe value of the variablewith names,,
or s, if no variable with the nams; exists.

Integerfunctionthatreturnsthe numberof secondsincethe startof the
program.

Macros

Macrosarefiles containingINCLAN statementsA macrois calledby its
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Information level

Protocol file
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namethatis identicalto its filenameexceptfor the extension*.dya” that
is requiredfor macrofiles.INCLAN looksfor macrofilesin thedirectories
given by the specialvariablepath, or in the explicitly givendirectory
Commandine parametersaybe passednto a macro.Within themac-
ro, they areavailableaslocal variableshatareby default calledpl, p2,
... Thesevariablenamesanbechangedvith theparameter statement.
Thelocalvariablenparam denoteshenumberof commandine param-
eters.Macroscanbe calledfrom within othermacros.On-line helpin-
formation may be includedinto a macro as lines that start with two
commentsigns“##”. Suchlinesarecopiedto standarcdutputwhenone
requests help about a macro with the comnieig macio.

Thespeciaimacrainit is aninitialization macrothatis automaticallyex-
ecutedwhenthe programstarts.Typically, this macrosetsthe system
variablepath that defines the search path for macro files.

Standard output

This sectionexplain the ways by which commandscanwrite outputto

thestandardutputdevice (in thefollowing simply called“screen”)and/
or to disk files by usingthe protocolmechanisnor outputredirection.
The conceptof this sectiondo not applyto outputthatis written to ex-

plicitly named disk files by specific output commands.

All outputhasanimportancelevel, and only outputthatis “important
enough” is actually written. The definition of what is “important
enough’is givenby thespecialvariableinf o thatcan,in its simpleform,
take one of fre information level values:

none no output at all,>cept for error messages

minimal  minimal output, in general a one line confirmation
normal  the “normal” amount of output

full detailed output

debug additional undocumented daipging output

The outputcanbe duplicatedinto a protocolfile. In fact, differentinfo
valuesmight be usedfor outputto the screerandto the protocolfile. In
this casetheinfo valueconsistf two simpleinfo values separatedby
acomma.A protocolfile is written if the protocol variableis defined
andhasanon-blankvaluethatis the nameof theprotocolfile. If thefile
doesnot exist whenthe protocol variableis setto the corresponding
name,it is createdptherwisethe outputis appendedo an existing 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 acommands redirectedo 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.

Blanksbetweerr andfile arenotallowedandthatthefile namemustnot
endwith “.”. Thefile nameis optional;if it is omitted,the outputwill be
redirectedo thepreviously usedfle. Whenredirectionis used 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 commandsrebuilt into the commandnterpreter Their
names cannot be abbiated.

alias [name statemerit

Definesa new aliasname i.e. anabbreiation, for the given statement
The statemenimay containan asterisk*” to indicatewherethe com-
mandline parameterareto beinsertedWithoutparameterslias gives
a list of all currently defined aliases.

alias ? "print \'"\%{*}\"" Simulate a pocket calculator

? 5*7
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ask

break

command

do

do
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prompt variable . . .

Writesthestringpromptto standarautput,readsoneline from standard
input, andassigngrom this line stringsseparatethy blanksto thegiven
variablesThecommands usuallyusedfor interactive inputwithin mac-

ros.A promptthat 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

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

[namé

Definesa new globally visible userdefinedcommandwithin a macro,
i.e. a macrowithin a macro.Userdefinedcommandslefinedby com-
mand statementarecalledby theirname possiblyfollowedby param-
eters,n exactly thesameway asmacrosWithin amacro,auserdefined
commandcanonly be calledafter it wasdefined.The statementom-
mandwithout parametergivesallist of all userdefinedcommandsand
indicates where tlyeare defined.

(without parametersExecutesa loop within a macro.Theloop is exe-
cutedunconditionallyi.e. until oneof the statementbreak, exit, quit
or return is encountered.

do
if (filename.eq.’ ") break

end do

variablestartend[sted [parallel [contin ue]]

Executesa FORTRAN-77 do-loopwithin amacro.Theloop countervari-
ableandtheintegerexpressionstart, end,andstephave theusualmean-
ing. Parallel loopsareexecutedn parallelonnproc processordf the
keyword contin ue is presentthe programcontinuesmmediatelywith
theexecutionof thenext statemenaftertheparallelloop. Otherwisethe



else

else if

end

end do

end if

error

eval
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next statementfter the loop is executedwhenthe parallelloop is fin-
ished.
doil10

print “Iteration $i."
end do

Starts an else clause of a block if-statement.

(condition) then

Starts an else-if clause of a block if-statement.
Ends a usedefined command or subroutine.
Ends a do-loop.

Ends a block if-statement.

text

Writesthetext to standardbutputor into thefile with the givenfilename
andcallsthe errorhandler This statements suitableto treaterrorsthat
occurduringtheexecutionof amacra If thetext containsblanksit must
be enclosed in double quotes.

variable= expression

Evaluatesthe arithmeticor string expressionaccordingto the rules of
ForTrRAN-77 andassignsheresultto thevariable Thekeywordeval can
be omitted.In contrastto ForTrRAN-77 function namesmustbe givenin
lowercase letters.
evali=7
sentence = A flexible program!’
j = mod(i,4)**2
| = len(sentence)
show i sentence j |
... Variables:
i =7
sentence ="A flexible program?’
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external

exit

goto
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| =19

variable= expression

or

variable:= value

assignsavalue(i. e.astring)or theresultof anexpressionto anexternal
(non-local)variable evenif alocal variablewith the samenameexists.
This commandcanbe usedto returnvaluesfrom a macroto the calling
macro.

command swap a b Command to swap two variables
var Xy 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

Returnsfrom a macroto interactve input. Given interactely, it exits
from the program.

label

continuesexecutionof amacroatthefirst line thatbeginswith thelabel.
Jumpsinto loops(do .. . end do) or conditionallyexecutedstatements
(if ...else ...end if) arenotallowedandcanleadto unpredictable
results.A label may consistof letters,digits, andunderscoreharacters
“ . A label must be follaved by a colon.

go to cont

cont: print "Now at label cont."



help

parameter

plot
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[topic]

Giveson-line help for a given topic. With no topic given, a list of all
availablehelptopicsis displayed On-linehelpfor macroscanbeinclud-
edin themacro:help macio shavs all linesof themacio thatstartwith
H##H.

(condition statement

Executesalogical “if’ statemenasin FORTRAN-77,i. e.the statemenis
executedf thelogical expressiorconditionis true. A line with alogical
“if” statement must not end with theord then .

i=—56

if (i.1t.0) print "$i is negative."

56 is negative.

(condition) then

Executes a block-"if” statement, as iD#FRAN-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

variable . . .

Changeshenamef the parameterthatarepassedo amacro;i. e.the

parameterpl, p2, ... getthenamegyivenin theparameter statement.
Theparameter statemeninustprecedeall otherstatementin amacro

(exceptvar) and cannot be used interaety.

subcommandparameter. . .]

Performsa plot subcommandPlot commandsaredescribedseparately
in the “Graphics” section of this chapter
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print

quit

readline

remove

return

set
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text [level=level

Writesthetext to standardautputor into thefile with thegivenfilename
If thetext containsblanksit mustbeenclosedn doublequotesOption-
ally, theimportancedevel of the outputcanbe defined.By default, the
importance leel isnormal .

Exits from the program.

file variable [close]

Readwneline from afile andassignst to avariable If thefile is notyet
open,it is openedandthefirstline is read.If thefile is alreadyopen,the
next line is read.If the endof thefile is reachedthe variableis setto
EOF andthefile is closed . Optionally, thefile canbeclose d afterread-
ing a line.

file ...

Remores one or more disk files.

exits from the currentmacroandreturnsto the calling macroor, if the
macrowascalledinteractvely, to interactve input. Giveninteractvely,
return exits from the program.

variable= value

or, if the keyword set is omitted

variable:= value

assigns &alue(i. e. a string) to aariable

set i=456

ji=2+i Short form of set assigns a string value
k=2+i Short form of eval evaluates an expression
setijk

i =456

j=2+i

k=458
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show

sleep

subr outine

syntax
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variable . . .

Displaysvaluesof variables If novariableis specifiedall variableghat
have valuesdifferentfrom NULL aredisplayedlIf the namesof oneor
se/eralvariablesare gven, the @alues of theseariables are displayed

variable . . .

Displaysthe valuesof all or selectedjlobal variablesIf novariableis
specifiedall globalvariablesthathave valuesdifferentfrom NULL are
displayedlf the namesof oneor severalglobalvariablesaregiven,the
values of theseariables are displayed.

t

Waits fort seconds.

name

Definesanew userdefinedcommandvithin amacro,i.e.amacrowithin
a macro.Userdefinedcommandsdefinedby subr outine statements
arecalledby theirname possiblyfollowedby parameterdan exactly the
sameway asmacrosUserdefinedcommandslefinedby asubr outine
statementrelocal to the currentmacro(or macroscalled throughit).
Within amacro,a userdefinedcommandcanonly be calledafterit was
defined.

format . . .

Analyzesthecommandine parametersf the currentmacro.This state-
mentcanonly be calledwithin amacro.Commandine parametershat
matchwith oneof theformatspecificationgareremovedfrom thelist of
command line parameters and assigned toeloeal \ariable.

The possibldormatitems are:

name=[=]typg=default]
Declaresa namedparametemith the given name type
and,optionally, defaultvalue.If the defaultvalueis ab-
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sent,the parameteis required,andanerrorwill occurif
the parameter is not specified in the macro call.

The optional second*=" sign after the nameindicates
thata parametethatmatcheshamebut doesnot contain
an“=" signis not recognizedptherwise(with only one
“=" sign afternamg, an error occurs in this situation.

A local variablewith the given nameis createdandei-
therthevaluespecifiedoy theuser or, in its absencethe
defaultvalueis assignedo it. Thevaluemustbecompat-
ible with the giventype(see belw).

In amacrocall, a namedparametecaneitherbe speci-
fied arywhere in the parameterlist in the form
“name=valu€’ or asa positionalparameteof the form
“valué’ atthe samepositionin the parametetist asthe
correspondingormatin thesyntax statementOnly pa-
rameterghatappeabefore”*” or“**” (seebelow) canbe
specifiedas positional parametersvithout giving their
name

A namemay contain an asterisk“*” to indicate how
muchit canbeabbreiated.By default, all unambiguous
abbreviationsareallowed. If anamestartswith anaster-
isk, thenthe correspondingparameters a positionalpa-
rameter that cannot bevgh in the form hame=valu€'.

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

**

Declaresa setof mutually exclusive literal optionswith
the namesname, name, etc. Local variableswith the
given namesare created.If oneof the option namesis
presentin the macrocall, the correspondingariableis
setto 1 (i.e. thelogical value“true”) andthe othervari-
ables are set to 0.

Allows for additionalparametershatdo not matchwith
one of theformats.

Hasthe samemeaningas”**” exceptthatadditionalpa-
rameters must not contain ar’‘sign.

Formatsmust not contain blanks.
A typecan be one of the folldng:

@i
@r

Any character string.
Integer expression.
Real xpression.



system

type

(<=l @i[<[=]u]
[I<[=ll@r[<[=]u]
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Integer or real gpression in the gen range.

@ii Integer range, i.e. one of the folng:
m a single intger expression
m..n two integer expressions
m.. using the defult value forn
.n using the defult value form
namg|name . . .

List of mutually ecluswe literals.

@f.extensionFilenamethat will be extendedwith the given exten-
sion if necessarfextensiorcanalsobe$nameto denote
the \alue of a preceding parameter).

command read_file

syntax format=asc|bin file=@f.$format \
weight=@r=1.0

end

read_file asc test

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.

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.

[UNIx-commandl

Executesa UNIX-commandy invoking ashell.If nocommands speci-
fied, an interactie shell is started.

macio
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unset

var
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displaysthe macroor userdefinedcommandwith thegivenname Mac-
rosin the currentpathcanbelistedwithout giving a path;otherwisethe
path has to be specified.

variable . . .

Remaoes one or moreariables.

variable . . .

declaresvariablesaslocal variablesof the currentmacro.Iln contrasto
normal (global) variables,local variablesare only visible within the
macrowherethey aredeclaredandwithin macroghatarecalledvia that
macro(exceptwhensuchamacrodeclarestself alocal variablewith the
samename).Thevar commandnustprecedeary othercommandsn a
macro(exceptthe parameter command)and cannotbe usedinterac-
tively.

Graphics

With INCLAN it is possibleto producegraphicaloutputin either Post-
scriptof FrameMaler (MIF) format. Graphicsis createdwith the built-
in commandlot . Theplot commandcaneitherbeinvokeddirectly, or
plot subcommandsanbe combinedwith list datain graphicsfiles that
can be read with thglot file command.

A graphicdile cancontainoneor severalblocksof list data i.e. matrices
of integer or realnumbersn free format. Eachrow (line) of alist data
block musthave the samenumberof entries.The columnsof alist data
block form vectorscalledx, y1, y»,... If alist datablock consistof asin-
gle columnwith n numbersthis columnis calledy; andan x-column
with valuesl, 2, ..., n is addedimplicitly. After readinga block of list
data,thegraphicssystemis in list mode andvariousplot subcommands
canbeappliedto vectorexpressiongormedfrom the columnvectorsof
thelist datablock. ThesevectorexpressiongregeneraFORTRAN-77 ex-
pressionghatareevaluatedor all vectorelementandwherethecolumn
vectorsx, Y1, Yo,... are denoted by, y1,y2,...



arc

caro

clip

clip

close
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Besideslist data,a graphicsfile can containplot subcommandgand
commentsstartingwith #) but notothercommandsit is notanINCLAN
macro.

Thefollowing alphabeticalist containsall plot subcommandd hey are
called fromINCLAN in the form

plot subcommangarametes
and in graphics files in the form
subcommang@arametes

Someof the plot subcommandbave differentparametergn normaland
list modeasindicatedby “(normal mode)” or “(list mode)” at the right
maigin.

xy alb el

drawvs acircle, anellipse,or partof acircle or ellipsewith the centerat
(x, ¥), andhalf axesa andb. If b is omitted,acircle with radiusa (mea-
suredin thex-direction)is dravn. Optionally, only the partof theellipse
startingandendingwith phaseanglesp, andg,, respectiely, is dravn.
Thephaseangleis 0° on the positive x-axisandincreasesounterclock-
wise.Thiscommandanalsobeusedin list mode wherethe parameters
are \ector epressions.

See sectiomark .

X1Y1 X2 Y2

drawsarectanglewith corners(x,, y;) , (X1, ¥2), (X5, ¥1), (X5, Y,) and
setsthe currentclipping pathto its border Subsequentdraving com-
mands will only drev within this rectangular area.

off

resetgheclipping path.After thiscommandgraphicswill nolongerbe
confined to the rectangular area specified in gigueclip command.

closes the current output plot file.
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comment

Cross

curve

curve

dot

errorbar
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text

writestext as a comment into the output plot file.

See sectiomark .

X1Y1 X0 Yo X3Y3XaYs - - - (normal mOde)

draws a Bézier spline curve definedby the points (x;, y;) . The total
numberof points mustbe 3n+ 1, with integer n= 1. The resulting
curve passeghroughthe points 1, 4, 7,...; the other points guide the
cunve. Four pointsdefinethe shapeof eachsegmentof the curve: The
curve sggmentleaves (x,, y;) alongthe direction of the straightline
connecting(x,, y;) with (x,, y,) andreachegx,, y,) alongthedirec-
tion of the straightline connecting(xs;, y;) with (X4, y,) . Thelengths
of thelinesconnecting(x;, y;) with (X,, y,) and(Xs, y3) with (X4, y,)
representjn a sensethe “velocity” of the path at the endpoints.The
curve sgmentis alwaysenclosedy the corvex quadrilaterabefinedoy
the four points.

[[x] y1. - 1 (list mode)

dravs Béziersplinecurvesthroughthe pointsof thegivenvectorexpres-
sionsx, yj,... If no vectorexpressionsare specified,splinesaredravn
throughthe pointsof all list columns.If the x-expressionis omitted(i.e.
if only asingleexpressiony;,, is given),thex-coordinatesretakenfrom
thex-columnof thelist. The numberof list pointsmustbe 3n + 1, with
integern.

See sectiomark .

X Y1Y2

draws anerrorbardefinedby the givenx- andy-coordinatesThis com-
mandcanalsobe usedin list mode,wherex, y; andy, arethreevector
expressions.
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file

readsaninput graphicsfile (default extension:.grf) containinglist data
andplot commandsindexecutegheplot commandsn thegraphicdile.

Graphicsfiles cannotbe nestedIf no outputplot file is openwhenthe
file commands executedandif thefirst plot commandn the graphics
file doesnot openan outputplot file explicitly, a new Postscripoutput
plotfile with thenameéfile.ps is openedmplicitly. An implicitly opened
output plot file will be closedwhen the end of the graphicsfile is

reached.

Xyo f... (list mode)

performsalinearleast-squarefit of thebasisfunctionsgivenby thevec-
tor expressiondy,... to thedatapointswith x-coordinatesy-coordinates
anderrorsgiven by the vectorexpressions, y anda, respectiely. For
m basis functionsf 4, ..., f, the optimal linear combination,

y(¥) = a fy(x) + ... +agf(x) [1]
is determined by minimizing

y(X)D2

Ko e = 2

wherei runsover the list datapoints. The optimal fit function y(x) is

addedasanothercolumnto thelist data.This commanddoesnot drav

arything. Thefit parametersa,, ..., a,, , theirstandardje/iations,xz,

andthe probability that this valueof x~ would be exceededy chance
areavailablethroughtheintrinsic functionsfitpar , fiterr , fitc hisq and
fitpr ob, respectrely. If theerrorso; of thedatapointsareunkown, this

can be indicated by settimgto zero in thdit command.

dot x y1 Plot original data points
fit x log(y1) 0 1 x Logarithmic fit of y = a; exp(—a,x)
spline x exp(y2) Plot fitted curve
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frame

function

label

line
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xte xt=xtext —
ytext=ytext —
tics=ticaxes X,y
labels= labelaxes X,y
grid zero

drawvs arectangulaframewith corners(X,, Y) , (Xq, Y1) » (X4, Yp)
and (X4, Y;) . Subsequentlyproducedgraphicsis clippedon the bor-
dersof theframe.The x- andy-axesarelabeledwith thetitles xtext and
ytext, respectiely. The parametetics andlabels determinesvhether
ticsandnumericlabelsaredravn. Thepossiblevaluesfor ticaxesandla-
belaxesare:

off No labels or tics.

X Labels or tics only on theaxis.

y Labels or tics only on thg-axis.
X,y Label or tics on both as (deult).

If the optiongrid is presentafine grid is drawn. If the optionzero is
presentfine lineswill bedravn alongx = 0 andy = 0 (if they fall
within the frame).

...

plots the functions gen by the epressionsg;(x),...

axis position text

labelsthe given axis by placinga tic andthe text at the given position
The parameteaxis can hae the follaving values:

X orbottom Labelthe x-axis, i.e. the horizontalline at y-position

YO .
y orleft  Label they-axis, i.e. the ertical line atx-position X, .
top Label the horizontal line atpositionY .
right Label the ertical line atx-position X .

If text is blank, only a tic is set.

X1Y1 Xo¥2. .. (normal mode)




line

mark

mark

mif

plus

polygon
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drawsaline thatconnectshepoints(Xy, y;) , (X, Y>) ,... by straightine
sggments.

([x] yg. - 1. (list mode)

draws straightlinesthroughthe pointsof the givenvectorexpressions,
Y1,... If no vector expressionsare specified,straightlines are dravn
throughthe pointsof all list columns.If the x-expressioris omitted(i.e.
if only asingleexpressiony;, is given),thex-coordinatesretakenfrom
thex-column of the list.

Xy (normal mode)

wheremarkstanddor eitherdot, square , caro, plus, cross ortrian-
gle, markstheposition(x, y) with thecorrespondingymbol.Thesize
of the symbolis determinedoy the currentvalue of the plot parameter
marksiz e.

(x] yp. - 1. (list mode)

wheremarkstanddor eitherdot, square , caro, plus, cross ortrian-
gle, marksthepositionsgivenby thevectorexpressions, yj,... with the
correspondingymbol.If no vectorexpressionsrespecifiedall points
of thelist columnsaremarked.If thex-expressioris omitted(i.e.if only
asingleexpressiony;, is given),thex-coordinatesretakenfrom the x-
column of the list.

file

opensandinitializesanoutputplot file in FrameMaler (MIF) format. If
anothemplot file is openwhenthemif commands executedijt is closed.

See sectiomark .

X1 Y1 X0 Yo X3VY3. - - (normal mode)
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polygon

ps

rectangle

scale
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draws a polygonwith theedges (x;, y;) . At leastthreepointsmustbe
specified.

([x] y1. - 1. (list mode)

draws polygonswith the edgesgiven by the vectorexpressions, yy,...
If no vectorexpressionsare specified,polygonsaredravn throughthe
pointsof all list columnsIf thex-expressioris omitted(i.e. if only asin-
gle expressionys, is given), the x-coordinatesiretaken from the x-col-
umn of the list. The number of list points must be three or more.

file

opensandinitializes an outputplot file in Postscripformat. If another
plot file is open when thes command isxecuted, it is closed.

X1Y1 X2 Y2

drawsarectanglewith corners(xy, y;) , (X1, ¥2), (Xy, y7) and(X,, y,) .

This commandcanalsobe usedin list mode,wherexy, y;, X, andy, are
four vector expressionsin list mode,the commandcan also be used
without parameters. In this case a rectangle with corners
((X_1+%)/2,0), ((X*+X%,1)720), ((X_1*tx)/2y) and
((%+X%4+1)/2,y;) , i.e. a histogrambar, is dravn for each point
(X;, y;) inthelist columns(for thefirst andlastpoint, x; _; andx;, ;

arereplacedoy the minimal andmaximalx-values, X, andX; , respec-
tively).

axis fq. . . exact (list mode)

performsscalingof thegivenaxis(x ory) onthebasisof the vectorex-
pressiond,,... Scalingsetsthe coordinatef thereferencepointsin the
usercoordinatesystem(X, and X, for thex-axis,andY, andY for
they-axis)suchthatthey includeall valuesof thevectorexpression$;, ...
If theoptionexact is presentthenthenew coordinate®f thereference
pointswill corresponaxactlytotheminimumandmaximumof thevec-
tor expressiond,..., otherwisea smallmamgin will beaddedn orderto
avoid that points lieeactly on the boundary
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parametervalue . . .

setsoneor severalplot parametesto thegivenvalues Thekeyword set
is optional.

X1Y1 X2 Y2 X3Y3 XaVY4 X5 Y5 X6 Y6 - - - (normal mode)

dravsashapenclosedy aclosedBéziersplinecurve thatis definedoy
thepoints (x;, y;) . Thetotalnumberof pointsmustbe 3n, with integer
n=2.

[[x] yi. - 1. (list mode)

draws shape®nclosedy Béziersplinecurvesthroughthe pointsof the
givenvectorexpressions, ys,... If novectorexpressionsrespecified,
shapesredrawn for all list columns.If the x-expressioris omitted(i.e.

if only asingleexpressiony;, is given),thex-coordinatesiretakenfrom

thex-columnof thelist. Thenumberof list pointsmustbe 3n, with inte-

gern.

X1Y1 X2 Y2 .. (normal mode)

draws a cubicsplinethroughthe points (x;, y;) , (X5, ¥,) ,... Thespline
startsat thefirst point andendsat the last point with vanishingsecond
derivative. Thex-values must be increasing; <x; , ; , for alli.

([x] yg. - 1. (list mode)

draws cubicsplinecurvesthroughthe pointsof the givenvectorexpres-
sionsx, y4,... If no vectorexpressionsare specified,splinesare dravn
throughthe pointsof all list columns.If the x-expressioris omitted(i.e.
if only asingleexpressionyy, is given),thex-coordinatesretakenfrom
thex-column of the list.

See sectiomark .
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text Xy text

print text atposition (X, y) . Thealignmentof thetext with respecto the
referenceposition (X, y) dependsn the currentvaluesof the plot pa-
rametersalign androtate . The currentvaluesof the plot parameters
font, textsiz e, weight andangle definethefont usedto write thetext.
In addition, the text may contain the following embeddedext com-

mands:
@T Change font type toimes.
@H Change font type tblelvetica .
@cC Change font type tGourier
@S Change font type to Symbol.
@b Change tdooldface.
@i Change tatalics.
" Start asuperscript
@v Start agpscript
@N Return to standard font, end sub- or superscript.

If thetext containamultiple blanks,it mustbeenclosedn doublequotes.
Doublequoteghatarepartof thetext mustbe precededy a backslash.

triangle See sectiomark .

write text

writestext into the output plot file.

Plot parametersare usedto definethe positioningand appearancef
graphics objects. Tlyaare set by the plot subcommeswt:

align determinedow text is alignedwith respectoits referenceosition.Pos-
sible \alues are:
left Thehorizontalreferencepositionis at theleft magin of
the tet.
center The horizontalreferencepositionis in the centerof the
text.
right Thehorizontalreferencepositionis attheright mamgin of
the tet.

bottom  Theverticalreferenceositionis atthe bottommagin of
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autoscale

border

color
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the tet.

middle  The vertical referencepositionis in the middle of the
text.

top Theverticalreferenceositionis atthetop magin of the
text.

Horizontalandvertical alignmentspecificationsan be separatedy a
comma, e.galign=center ,top.

Initial value:left,bottom .

defines a font property with the possibéues:
regular  Regular; not italics.
italics Italics or oblique.
The Symbol font is only\ailable agegular .
Initial value:regular .

determinesvhetherthe usercoordinatesystems automaticallyrescaled
after reading list data. The possibbdues are:

off No automatic scaling.
X Automatic scaling of th&-dimension only
y Automatic scaling of thg-dimension only

X,y oron Automatic scaling of both dimensions.

If autoscalingof the x-dimensionis on, thenthe valuesof X, and X;

(plot parameterX0 andX1) areresetafterreadinglist datasuchthatall

valuesin the x-columnof thelist dataarein the rangebetweenX, and
X, . If autoscalingof the y-dimensionis on, thenthe valuesof Y, and
Y, (plot parametery¥ 0 andY1) areresetto includeall valuesin they-

columnsof thelist data.ln generalthelimits areextendedslightly with

respecto the exactminimumandmaximumin orderto avoid thatdata
points lie &actly on the magin.

Initial value:on.

determinesvhethertheborderof aclosedfigure (arectangleacircle,an
ellipse,apolygon,aclosedBéziercurve, or certaintypesof marks)will
be dravn as a line:

off Border lines are not dnan.
on Border lines are dven.
Initial value:on.

definesthe color, and can have the value black, white , red, green,
blue, cyan, magenta, or yellow. All text and graphicsthat follows
has the gien color

Initial value:black.
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definesthe dashpatternusedto draw lines. Its value is either blank
(whichis equialentto solid ), or acommaseparatedist of numberspr
one of the follaving literals:

solid Solid lines.

dotted Dotted lines; equalent tol.

dashed Dashed lines; equalent to5,4.
dot-dashed Dot-dashed lines; equalent t05,2,1,2.

Generaldashpatternsare specifiedby a commaseparatedist of num-
bersthatdefinethelengths(measuredn points)of alternatingsolid and
invisible stretches.

Initial value:solid .

defineghefill patternusedto draw areaslts valueis anintegerbetween
0 and 15 with the folling meaning:

0 Empty; do not fill areas.

1 Full color.

2-7 Progressiely less saturated shading or color
8 White; covers other graphics.

9-15 Different types of hatching.
Initial value: O.

defines the font type and carvbahe follaving values:
Times Times.
Helvetica Helvetica.
Courier  Courier
Symbol  Symbol.
Initial value:Helvetica .

defines the current limedth in points (1 pt = 0.353 mm).
Initial value: 1.

defineghemarksizein points(1 pt = 0.353mm). If themarkis acircle,
themarksizecorrespondso thediameterFor othertypesof marks sim-
ilar corventions apply

Initial value: 6.

definegheinputmodeto line andareadraving commandsndcanhave
the following values:

normal Coordinatesare specified explicitly on the command
line.
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x0, y0, x1,y1
X0, YO, X1, Y1

. INCLAN

list Coordinatesare taken from vector expressionsandthe
correspondingcommandis appliedto all pointsin the
list.

Theinputmodeis automaticallysetto list whenagraphicfile with list
data is read.

Initial value:normal .

definegthedirectionin which text is written andcanhave thefollowing
values:

off Text is written horizontallyfrom left to right.
on Text is written \ertically, from bottom to top.
Initial value:off.

defines the font size in points (1 pt = 0.353 mm).
Initial value: 12.

defines a font property with the possib&dues:
regular  Regular; not bold.
bold Bold.
The Symbol font is onlywailable agegular .
Initial value:regular .

definethe positionsof thetwo referencepoints (X, Yo) and (X4, y;) in
the standarccoordinatesystem.The standardcoordinatesystemhasits
origin in the centerof an A4 sheetandusespoints(1 pt = 0.353mm)to
measuralistancesn bothdimensionsThex-axispointsto theright, and
they-axis points up.

Initial values:x, = 250, y, = =375, x; = 250, y; = 375.

definethepositionsof thetwo referenceoints (X,, Y) and (X, Y;)
in theusercoordinatesystemAll positionsanddistancesaremeasured
in theusercoordinatesystemexceptfor linewidth, text size,marksize,
anddashpatternswhich arealwaysspecifiedin points. Theseplot pa-
rameterarechangedmplicitly by thescale commandrif autoscaling
is enabledThe valuesof theseplot parametersreavailablein INCLAN
as intrinsic functionsplotxO , plotyO , plotx1 andplotyl .

Initial values:X, = =250, Y, = =375, X; = 250, Y, = 375.
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Commands

Therearetwo kindsof commandsn the programDYANA: generabuilt-
in command®f thecommandine interpreteyINCLAN, thatarenot spe-
cific to the programDYANA (seechapteriNCLAN), andspecificDYANA
commandsThis chaptergives an alphabeticalist of the DYANA com-
mandsandthe standardmacrosof DYANA. Macroscanbe foundin the
“macro” directory They canbe usedexactly like ordinary commands
andare marked with the symbol. The namesof DYANA-specific
commandgbut notof INCLAN command®r macros)canbeabbreiated
as long as there is no ambiguity

The syntax,parametersandoptionsof acommandaregivenaccording
to the follawving scheme:

parameter default value
name=value default value
optionl option2
option3 | option4

command name is the nameof the commandwhich may consistof
morethanoneword. Parameterandoptionsaregivenin the form of a
tablein whichtheleft columngivesparameterandoptionsandtheright
columnindicatesdefaultvaluesfor optionalparametersor “—" for re-
guiredparameterdn thetableabove, thefirstrow shovsapositionalpa-
rameterthesecondow shavs anamed parameterthethird row shavs
option sthatmay be givensimultaneouslyandthe lastrow shavs mu-
tually exclusive option s (seelNCLAN commandsyntax ). Sometimes
optionalitemsaregivenin squarebraclets,and“...” indicatesthatthe
preceding item may be repeatedetal times.

Whenexecutingacommandthe parameterandoptionsmustall begiv-
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angle fix

angle flip

angle free

angle list

angle rename
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enononeline (or on continuatiorlines);thetakularform is usedonly in
the manual for clarity

angle selection all angles

All selectedanglesarefixed, i.e. becomenon-rotatableand cannotbe
changediuringminimizationor dynamicsBy default,all peptideangles
w arefixedandsetto 18P (seealso“Residuesequencein chapterFile
formats”).

angle selection all angles

All selectedanglesof the selectednemorystructuresare analyzedto
find the mostfrequentanglevalue. The anglesarethenflipped by 180°
if thenew angleis nearetto this mostfrequentlyfoundanglevalue.This
command is used by tlilgp macro.

angle selection all angles

All selectecangleshecomédreeanglesj.e. rotatableangleshatmaybe
changediuringminimizationor dynamicgseealso“Residuesequence”
in chapter “File formats™).

angle selection all angles

Listsall selectechngleqseechapteiSelections)The namef fixedan-
gles are enclosed in parentheses.

name —
angle selection —
on | off | clear

Definesanexternalnamefor the selectedanglesNot morethanonean-
gle maybeselecteerresidue Externalanglenamesareusedin place
of the correspondingnternalanglenamefrom theresidudibrary when
readinginput files and writing outputfiles. Initially, or after the com-
mandangle rename clear, externalandinternalanglenamesareiden-



angle set

angstat c lear

angstat list

angstat make

anneal

g

s commands

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

value=r —
angle selection all angles

All selected angles are set to traduer, given in dgrees.

Clearsthe angle statisticsthat is usedto createredundantangle con-
straintsin the REDAC stratgy (Guntert& Wuthrich,1991;seeangstat
make).

Lists the current angle statistics (segstat make ).

ang_cut=T taken from variableang_cut

Addsthe currentstructureto the anglestatisticghatis usedto createre-
dundantangleconstraintsn the REDAC stratgy (Guntert& Withrich,
1991;seemacroredac). First, the local target function value of every
singleresidueis calculatedby summingup all contributionsto thetamget
functionfrom constraintghatinvolve agivenresiduelf agivenresidue
andits closesheighbordhave alocaltargetfunctionvaluebelow T, then
all dihedral angles of this residue are added to the angle statistics.

thlghz Thiqh 8.0
tend=Tgpg 0.0
steps=N 4000
highsteps= Nyigh N/5
minsteps= n 1000
relax

Performssimulatedannealingon the currentstructurewith a total of N
MD stepsstartingwith Nyign MD stepsattemperatur@ g, followedby
slow coolingduringN — Npjgh MD stepsto a final temperatureof Tepg
Finally, n stepsof conjugategradientminimizationareadded.Thetem-
peraturds measuredh targetfunctionunits perdegreeof freedom.Op-
tionally, moreminimizationcanbe performedin orderto relax strong
overlapsandconstraintviolations prior to the startof the MD calcula-
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tion. Therelax optioncanbeusefulfor larger(abore 200residuespro-
teinsif otherwisethe maximallengthof the pairlist would be exceeded.

distance= dy,ax 5.5
structure= N 1
assignfile= file

peakfile= file

sor tdistance color

Determinesssignmenpossibilitiesfor NOESY crosspeakonthebasis
of chemicalshift agreemenandshortcorrespondingH-*H distancesn

abundleof conformersThis commandorovidesthefunctionality of the
former AsNo program(Gintertetal., 1993).An assignmentf a NOE-
SY crosspeakat position(w,, w,) to aprotonpair (a, B) with chemical
shiftsw™ andw® is possible if the condition

(12 BZ
Rl B 3]
OAw, g glw, g

is fulfilled (Aw; andAw, arethefirst andseconcdcomponenbf the sys-
temvariabletolerance ), andif thedistancebetweerthetwo protonsis
shorterthand,,,«in atleastN conformergGuntertetal., 1993).Three-
dimensional spectra are treated analogously

Theoptionassignfile generatesafile containingall assignments/hich
areallowedby asnothatcanbedisplayedn the assignmentvindow of
the programXEASY (Bartelsetal., 1995).Additionally, a nen peaklist
for XEASY containingthe old peaklist andall assignmenpossibilities
found by asno is producedby usingthe option peakfile . An assign-
mentpossibility to a protonpair (a, ) leadsto a new peakat position
(%, wP).

Assignmentpossibilitiesfor individual peaksare by default sortedac-
cordingto the chemicalshift deviationsor, if the optionsor tdistance
is set, by*H-'H distance slues.

If the option color is set,the peaksof the input peaklist geta XEASY
color code according to the folling criteria:

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

color2  Theassignmengivenby the useris foundby asno but
not as the best assignment possibility

color 3  The assignment gén by the user is not found hgno .

color 4 No assignmentvas given by the userbut asno found
one or seeral assignment possibilities



assign
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color5  An assignmentvasfoundneitherby theusernor by as-
no.

Thecolor codesl-5areappliedonly to peaksof theinput peaklist. All
additionalasno assignmenpossibilitiesget the color code 6, except
those which are already assigned by the.user

dist= dy 5.0
transposed= Ar 10000
oneass

Findsnew possibleassignmentasingtheactualpeakandprotonlist and
storesheminto atestassignmenlist (seecommandilter for informa-
tion on differentinternalpeaklists usedby NOAH). For all unassigned
peaksalist of possibleprotonpairsthathave chemicakhiftswithin £4,
from thepeakpositionis made Thevaluefor Ay is takenfrom thevari-
abletolerance if atleastonepeakin theinputpeaklist wasassignedo
the correspondingproton,andfrom the variabletol_una if the proton
wasnever assignedo ary peakin theinput peaklist. This allows to dif-
ferentiatebetweernprotonshiftswhosepositionis preciselydetermined
in the spectrumandthosewhich weredeterminedn anotherspectrum
and may be shifted in the actual spectrum.

The selectedstructuresare usedto reducethe list of possibleassign-
mentsin thefollowing way: For eachprotonpair the correspondingip-
per distancelimit (obsdis + dpseya Wheredpseyqis the pseudoatom
correction,if appropriate)s determinedanda tolerancedistanced;q, is
addedMumenthale& Braun,1995).If noneof the structuresanfulfil
this enlaged distance limit, the assignment is discarded.

In 3D peaklists, the absencef expectedransposegeaksmaybe used
to eliminatewrongassignment# bothprotonsareattachedo thesame
heteroatomtype (which mustcorrespondo the spectrumtype) and if
bothhetercatomshiftsareknown. Pseud@tomsdike QD in PheandTyr
which represenprotonsattachedto different heteroatomscannotbe
usedfor thischeck becausg¢hepositionof thetransposegeakis notde-
termined.

Thecheckfor transposegeakss only performedf bothresiduesareat
leastAr positionsapartin the sequencéthe default valueof the param-
etertransposed meansthat no checkfor transposegeaksis done).
The position of the transposegeakis calculatedand the peaklist is
screenedor peaksthatarepositionedwithin ttol_transp ppmof this
position. The assignmenipossibility is discardedif no such peakis
found.
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Optionally, only peakswhich arealreadyassignedn oneprotondimen-
sion areassignedoy NOAH (oneass ). This canbe usefulin 3D lists
wherethe assignmenof onedimensionis known andwhereNOAH is
asled to find the assignment of the other dimension.

Only peakswith lessthan maxamb (seevariables)possibleassign-
ments are tadn into theest assignment list

With info=full, one output line is written fowery unassigned peak:

708 2*1-2=0 ! ALLELIMINATED

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 * ==>testal

The dataare: peaknumber numberof assignmenpossibilitiesin the
firstandin thesecondrotondimensionnumberof assignmenpossibil-
ities thatwere discardedecausef structuresor transposegeaksand
theresultingnumberof assignmentdn 3D lists, dimension? is always
the onecoupledto the hetercatom(dimension3), regardlesof whatdi-
mension2 wasin the input peaklist (seeread peaks). If areference
peaklist hasbeenoadedandthepeakin consideratiotis assignedn this
referencdist, NOAH will indicatethatthereferenceassignmenis either
still presen(**") in theremainingassignmenpossibilitiesor thatit has
beendiscarded'!”) by NOAH. Thefollowing commentsnaybeprinted
at the end of each line:

* UNAMBIGUOUS — The assignmentis unambiguousbasedon
chemical shifts alone.

e unambiguous— Theassignmenis unambiguousnly becaussome
assignmenpossibilitiescouldbediscardedecausef incompatibil-
ity with the selected structures or the absence of a transposed peak.

o ==>test al — Thepeakhaslessor equalmaxamb assignmenpos-
sibilities and vas therefore tadn over in thetest assignment list

 ELIMINATED - All assignmenpossibilitiesa peakhadbasedon
chemicalshiftswereeliminatedbecaus®f incompatibility with 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 peakpositionin di-
mensionx. In 3D peaklists the heteroatomdimension(dimension
3) is coupledto its proton(dimension?) andthemessageneanghat
the problem occurred in one of both dimensions.

No commentmeansthat thereare more thanmaxamb assignment
possibilitiesleft andthat the peakwasthereforenot consideredht this
stage At theendof this output,the numberof peaksbelongingto every
one of the abee catgories is gien.
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atom selection all atoms
cutoff=c 0.4
threshold= t 0.4
fraction= f 100

Functionof the previously separat@rogramGLOMSA (“Global method
for stereospecifiassignments,Glntertet al., 1991a). The selected
structuresresearchedor possiblestereo-specifiassignmentsf these-
lectedatoms.To betakeninto accountthe differencebetweertwo con-
straintsgoingfrom astereo-specifiatompair 31 andf32 to anotheatom
a mustbeatleastc A, the correspondingveragedistancedifferencein
the structuresnustbeat leastt A, andthe minimal percentagef struc-
turesin whichthesignof thedistancealifferencemustbeconsistenimust
be lager tharf percent.

atom selection all atoms

Listsall selectechtoms(seechapteiSelections)Thiscommands useful

to test whether a certain atom selection does select the desired atoms.

value=m 1.0
cluster
atom selection all atoms

Sets|f thecluster is notset,themassof all selectecatomsto m. In this

caseall inertiatensorsare calculatedirom the massesand positionsof

their constitutingatoms.If thecluster optionis set,theinertiatensors
of all rigid units aresetasif therigid units werespheresf radius5 A

with mass./M , whereM denoteshe sumof the atomicmasseswithin

therigid unit. Inertiatensorsareinitializedin thisway whentheprogram
starts.Atomic massesreinitialized to unity. The massdoesonly influ-

ence the MD calculations.

name -
atom selection —
on | off | clear
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Definesanexternalnamefor theselectecatoms Not morethanoneatom
may be selectedper residue Externalatomnamesare usedin placeof
the correspondingnternal atom namefrom the residuelibrary when
readinginput files and writing 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 (3-
protons are called HB1/HB2 instead of HB2/
HB3 (as they are called in the standard residue
library).

atom selection all atoms
missing | adapt | d2o | check

One of the following actionsis performedon the selectedchemical
shifts:

missing Lists all expectedchemicalshiftsthatarenot presentn
thechemicalshiftslist. If noatomselections givenonly
proton shifts are reported.

adapt Usesthe positionsof theassignegeakdo adapthepro-
ton shifts. Thenew shiftis theaveragechemicalshift po-
sition of all peaks assigned to the same proton.

d2o Deletesall NH shifts from the chemicalshift list. This
commands usefulfor preparinganchemicakhift list for
the automaticNOES Y-spectrumassignmenbf a spec-
trum recorded in BO.

check Checkghecurrentchemicalshiftsin two ways:First, the
shifts are comparedto the correspondingminimal and
maximal valuesin the statisticsof expectedchemical
shifts (which is storedin the standardibrary file, “dya-
na.lib”). Chemicakhiftsthatlie outsideof thisrangewill
beprinted.They arenotnecessarilyrong,but shouldbe
checled with care.In a secondtest,this commanduses
thepositionsof theassignegbeakgo checkthechemical
shiftsfor inconsistencied-or every protonshift the me-
dianandthespreadf the peakpositionsassignedo this
protonare calculatedand printedif the spreadis larger
thanthe correspondingolerancevalue (seesystenvari-
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abletolerance ). The numberof peaksassignedo the
proton is also printed.

atom selection all atoms
list | delete

Definesselectedatomsas stereoassignedt is sufiicient to selectone
atomof adiastereotopipairto definebothdiastereotopipartnersasste-
reoassignedOptionally, all stereopartneramaybelist ed,or the stereo-
specific assignments of selected atoms mayelete d.

atom selection all atoms
optimal

Swapsdiastereotopigartnersin peaks,distanceconstraintscoupling
constantsandchemicalshifts (but notin the structureitself). It is suffi-

cient to selectone atom of a diastereotopigair to swap both diaste-
reotopic partners.

Optionally diastereotopigairs which are not already stereoassigned
maybeswappedptimal ly in orderto achierethelowestpossiblearget
function \alue.

atom selection —

scale=s 1.0
increment= Ar 0.0
hincrement= Ary, 0.0

Selectsaatomswhich areincludedinto thevanderWaalscheck.The op-
tionalparameterscale all selectecatomradii by afactors, increment
themby Ar or incrementonly the radii of heary atomswith directly
boundhydrogenatomsby Ary, (hincrement ). The latter parameteis
usedin the DYANA standardminimizationprocedurdo compensatéor
the exclusionof hydrogenatomsin the lower minimizationlevels (see
macrovtfmin ).
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file

Writesachemicakhift list in theformatof the BioMagResBankfor de-

tails, see http://wwvmrhwisc.edu).

structures= n
command= command
parametes

all selected structs
anneal

Calculatesa groupof structuresisingthegivencommandwith optional
parametes) for eachindividual conformerlf thenumberof structures

is specified,the calculationwill be performedstartingfrom n random
startconformersptherwisethe calculationis performedfor all selected
structures. Structure calculations are performed in parallel, if possible.

dmin=dqin
dmax=dpax
vmin= Vpin
bb=A

sc=B
methyl=C
weight=w
avedis =d

peaklist= filename
plot= file

2.4
55
0.0
calculated automatically
A/dminz
B/3
1.0
3.4
all peaks

Calibratesa peaklist, i.e. derivesupperlimit distanceconstraintdrom
all assignedpoeaksand addsthemto the list of currentdistancecon-
straints Thevaluesd,;, andd,, 5, give theminimal andthe maximalval-
ue in A for a distance constraints before possible pseudo atom
correctionsare added.Optionally, only peakswith volume larger than
Vin OF from apeaklist with givenfilename(without extension)may be
considered. Peaks are classified into three calibration classes:

class peaks/constraints

function

backbone | all HN/H® — HN/H®, and HN/H® — HP v =A/d®
between residues, {) with | —j| <5
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class peaks/constraints function
sidechain | not “backbone” and not “meyt V = B/d*
mettyl all involving metlyl groups V=C/d?

Theparameterg\, B andC areeithergivenby theuseror calculatecau-
tomatically as follavs:

Thefunctioncalsca is usedto calculateA by assuminganaveragedis-
tanceof d A for all constraintfrom the class“backbone”.By default,
thescalarB is setto B = A/d,i,> in orderto intersecthe backbonecali-
brationcurwve at dy,j,, and C is setto B/3 (seealsoMumenthaleret al.,
1997).

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

calibrate f(d) -
Orin [ds .. dmax 2455
weight=w 1.0
plot=file log minimal none

Derivesupperdistancdimits from all selectecpeaksusinga monotoni-
cally decreasingcalibrationfunction f(d), whered representghe dis-
tanceandf(d) the correspondingolume (e.g.“1/d**6"). The minimal
and maximalupperlimit (beforepossiblepseudoatom correctionsare
applied)aregivenby d.,i, andd,, If additionalvaluesd,... aregiven,
thenthesediscretevaluesareusedfor upperlimits; otherwisea contin-
uouscalibrationcurve is used.Optionally, the resultingdistancecon-
straintsmay be giventhe relative weightw. Also optionally, a linearor
log arithmicplot of volumesversuscorrespondingverageor minimal
distances in the selected structures can be created.

Beforecalibration,the volumesof peaksassignedo pseudoatomsare
divided by the numberof protonsthey representFor instancethe vol-
ume of a crosspeakbetweena Leu QQD pseudoatomanda Tyr QB
pseudo atom is dided by a 6 x 2 = 12.

cashifts offset= Aw 0.0

@ Generategonstraintgor the backbonealihedralanglesp andy in pro-
teinsby comparingthe C® chemicalshifts with the correspondingan-
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dom coil valuesof Spera& Bax (1991).Angle constraintsare derived
accordingto the rulesof Luginbihl et al. (1995). The C* randomcoil
shiftsarerelative to internal TSP, Optionally, anoffset Aw is addedto
the chemicalshiftsin the protonlist. A warningis printedfor C* chem-
ical shiftsthatdeviate by morethan15 ppmfrom theirrandomcoil val-
ue.

file=name clusterps
rang e=residue ange all residues

Calculateghe backboneRMSD of the selectedstructuresandperforms
aclusteranalysison theresultingRMSD matrix. Theresultinggraphics
is written into the graphicsoutputfile with givenfile name(a GRAF file

if theextensionis “.grf”, aMIF file if the extensionis “.mif", or aPost-
scriptfile otherwise) A specificresiduerange may be specifiedfor the
RMSD calculation.

They-axis of the plot givesthe structurenumbersandthe x-axis shovs

the RMSD with which a structureor a structurecluster“joins” another
cluster This RMSD is the minimal RMSD thatary of the structuresn

thefirst clusterhave to ary of the structuresn the secondcluster Cur-
rently, up to 20 structures can be analyzed.

list= string 1,2,3
wil=w; 5.0
W2=w, 10.0

Createsupperlimit distanceconstraintof obsdis + dpseudA (dpseud's
the pseudcatomcorrection if appropriatepn the basisof the threedif-
ferentassignmerntists of NOAH (seecommandilter for informationon
theNOAH peaklists). Theparametelist is astringcontainingthenum-
bersof theliststhatshouldbe considered(list=1: Unambiguousssign-
mentlist (UAL), list=2: Ambiguousassignmenlist (AAL), list=3: Test
assignmentist (TAL)). Constraintsn the UAL areweightedwith the
factorw, by defaultor with thefactorw, if they areunambiguoudased
on the chemicalshift alone(seecommandassign ). Constraintsfrom
the AAL areweightedwith 1.0 andconstraintdrom the TAL with 1.0/
Nass(WhereN,4gqis thenumberof possibleassignmenta peakhasin the
assign command).

The AAL only existsafterthefilter commandandthe TAL only exists
after theassign command.
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file=name dcostat.ps

Producesa graphicsoutputfile with the givenname(a GRrRAF file if the

extensionis “.grf”, a MIF file if the extensionis “.mif”, or a Postscript
file otherwise)containingtwo plotswhich shav the distribution of dis-

tanceconstraintsThefirst plot shovsthenumberof distanceconstraints
plottedagainsttheresidueindex differenceof the correspondingtoms.
The secondplot shaws for every residuethe numberof intra-residual
(white), short-range(vertically hatched),medium-rangeg(horizontally
hatched) and long-range (black) constraints.

file _
inter section
notdiff

Listsall differencesn theassignmentbetweerthecurrentpeaklist and
anexternalpeaklist file. Correspondingpeaksmusthave the samepeak
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 eachdifferently assignegeakcontainsthe NOAH as-
signmentand its reliability distance(RelDis), provided the latter was
previously calculatedwith the commandreliability . The secondline

containsthe assignmengivenin thefile togethemwith the minimal vio-

lation (MinVio) this assignmentvould have in the selectedstructures.
This violationis calculatedon the basisof a distancdimit of 5.0A plus

pseudaatomcorrection,if appropriateanddoesthereforenot consider
the peak glume.

For theinterpretatiorof the RelDis/MinVio combinationghreesub-cat-
egories can be made (Mumenthaler et al., 1997):

« RelDis=0.0A / MinVio = 0.0 A: Both assignmentaresatisfiedn
the structuresAssumingthat the conformersare correctsolutions,
suchpeaksmustbe superpositionsf two NOE signals,sothatboth
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assignments are correct.

« RelDis> 0.0 A / MinVio = 0.0 A: Here,the assignmenfrom the
peaklist file liesoutsideof thegiventolerance rangefromthepeak
positionandwasthereforenot considerediuring the calculationof
thereliability distancelUnlessthe currentprotonshiftsarenot well
adaptedo the peaklist or thetolerancaangewastoo small,thecur-
rentassignmenseemsnoreappropriatefor the peakunderconsid-
eration.

« RelDis=0.0A / MinVio > 0.0A: Thesearethemostrelevantdiffer-
encessincethe assignmenfrom the peaklist file is violatedby the
currentstructuresThus,the differentassignmenwill alsohave an
impact on the structures.

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

Optionally aninter section is madebetweerbothpeaklistsandtheas-
signmentsarekeptonly if the peakis assignedo thesameprotonpairin

bothlists. If the peakis assignednly in oneof thelists it is therefore
also unassigned.

Theoptionnotdiff islessstringentsinceonly peakswvhicharedifferent-
ly assigned in both lists are unassigned.

dinucleotide rang e=residue ange all amino acid esidues

tfcut= fp 4 0.0
® contin ue

Performsgrid searchedor all dinucleotide fragmentsin the given
rang e. If the cutoff valuefor thelocal, fragment-basethrgetfunction,
fmax IS positive, thenall conformationswith alocaltargetfunctionvalue
below f,axWill beconsidereasallowed.Otherwisej.e. if f54=0.0,a
conformationwill beallowedif no singlerestraintviolation exceedghe
correspondingutoff valuedefinedby thevariablessoft_upl , soft_lol ,
etc. Unlessthe contin ue optionis set,the allowed rangesof dihedral

angleswill beinitializedto allow all possibleanglevaluesbeforethegrid
searches are started.

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

distance ¢ heck Checkshow well long rangedistanceconstraintsaresupportedy other
constraintsA low scoreindicates‘lonely” andtherefore“dangerous”
constraints with a high impact on the calculated 3D structure.
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For the distanceconstraint going from residuenumberri1 to riz (with
ril < riz), the scoreg(i) is definedasa sumover all otherdistancecon-
straintsj:

1

N
s(i) = J_;(1+|ri1_r,.1|) QL+ [r2-17) a

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

Deletes all distance constraints.

Comparedistanceconstraints For every selecteddistanceconstraint
otherselectectonstraintgo the sameatompair aresearchedlf thein-
formationlevel is full , aline is written for eachcomparisorcontaining
thetwo distancesandtheatomnamesAt theend,ahistogramis printed
with thenumberof constraintshatwerefoundfor eachdifferencenter-
val. This commands usefulfor the comparisorof two differently cali-
brateddistanceconstraintsfiles (the secondone must be loadedwith
“read upl file append™).

Deletes all selected distance constraints.
Keeps only the selected distance constraints.
Lists all selected distance constraints.

Adds pseudoatomcorrectiongo all selectedupperlimit distancecon-
straints.Pseudcatomcorrectionsare only addedto constraintghatin-
volve pseudaatoms.The correctionis givenby thedistancebetweerthe
pseudo atom and thgdirogen atoms that it represents.

d _
first atom selectign —
second atom selection —
weight=w 1.0
lol

Createsanew distanceconstraini{anupperlimit unlessheoptionlol is
set)of d A betweerall atomsmatchingthefirstatomselectiorandthose
matching thesecond atom selectioA weight might be specified.

89



Commands |

distance modify

90

ModifiesdistanceconstraintsRedundanandmeaninglesdistancecon-
straintsareremoved. Distancelimits with diastereotopigroupsaread-
justedand/orpseudoatomsareinsertedif no stereospecifiassignment
is available (Gunteret al.,1991a).

If theinformationlevelis full , adetailedlisting of all modificationghat
have beendoneto upperdistancdimit constraintssuchthatthey allow
for both possiblestereospecifi@ssignmentsimultaneously(unlessa
stereospecifiassignmenis availablefor a givendiastereotopipair) is
given. For example:

Modifications for floating stereospecific assignments:

Atom(s)A  Atom(s)B  Inputconstraint(s) modified to
Al-B1 A1-B2 A2-B1 A2-B2 Ai-Bj QA-QB

UpperHA ASP- 1-HD23PRO 2 339 355
Upper HB2/3 ASP- 1-HD2/3 PRO 2 550 550 389 541 550 4.97
UpperHB2 PRO 2-HG2/3 MET 3550 6.38
UpperHD2/3 PRO 2-QE TYR 19 7.63 851
UpperHN MET 3-HB23 MET 3395 333 383 345
UpperHB23 MET 3-QE MET 3653 631 653
UpperHB2/3 MET 3-HN THR 4538 550 550

UpperHB23 MET 3-HA THR 4 469 554
UpperHG2/3 MET 3-HN THR 4 414 501
UpperHG2/3 MET 3-HB THR 4 550 6.38
UpperHG2/3 MET 3-QB ALA 8 653 740
UpperHG2/3 MET 3-QD TYR 19 764 852
UpperHG2/3 MET 3-QE TYR 19 7.63 851
Upper QE MET 3-HG2/3 MET 16 547 635
UpperQG2 THR 4-HE212GLN 7 653 739

Upper AN GLU- 6-HG2/3 GLU- 6 504 550 550 5.14
UpperHA GLU- 6-HG2/3 GLU- 6 423

Eachline in thelisting of distanceconstraintmodificationstreatsa pair
of distanceconstraintsin caseone diastereotopigoair (without ste-
reospecificassignment)s involved, or a quartetof distanceconstraints
in casewo diastereotopipairsareinvolved.Not all two or four distance
constrainteedto be presenin theinput, of courseln casea distance
constraintis availablefrom oneatomto thefirst diastereotopisubstitu-
entof aprochiralcentre,it is listedin the columnbelow the headeA1-
B1, a constraintto the seconddiastereotopisubstituents listed belov
the headerA1-B2, a constraintbetweerthe seconddiastereotopisub-
stituent of one and the first diastereotopicsubstituentof another
prochiralcentreappearsinderthe headerA2-B1 etc. Thefour columns
entittedA1-B1, A1-B2, A2-B1 and A2-B2 thereforelist the input dis-
tanceconstraintaith (presumablyjarbitrarystereospecifiassignment.
Thesewill thenbereplacedoy the distanceconstraintdistedin thetwo
columnsAi-Bj andQA-QB: thedistancdimits belov theheadingAi-Bj
will applyfor theindividual distancesnvolving the diastereotopisub-
stituents,in caseone diastereotopi@air is involved therewill be two
suchdistanceconstraintsin caseof two diastereotopipairtherewill be
four suchdistanceconstraintsthe final columnindicatesthelimits that
areimposedon the distancesnvolving pseudcatomslocatedcentrally
with respecto the diastereotopisubstituentsNo distancdimit is indi-
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catedif nonewill be imposedbecausehe modified distancelimit(s)
would be meaningless.

In additionto the maodificationsdoneto accountfor the absencef ste-
reospecificassignmentsghe commanddistance modify detectsand
removesmeaninglessonstraintsn theinput. A tableis givenif thein-
formation level isfull . 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 norestriction
UpperHA ASP- 1-HD2 PRO 2 4.20 duplicate constraint
UpperHA ASP- 1-HD2 PRO 2 4.20 no restriction
UpperHA 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- 1 240 fixed distance
Upper HB2 ASP- 1-HD2 PRO 2 5.50 duplicate constraint

Number of modified constraints: 597

Distanceconstraintscan be meaninglesgor one of the following rea-
sons:

fixed distanceTheconstraintoncernsaninteratomicdistancehatcan-
not be varied by changingthe rotatabletorsion angles.
Examplesof this sort are constraintsbetweengeminal
hydrogenatoms,or constraintsbetweenatomsof the
same aromatic ring.

no restriction The constraintis suchthat thereexists no conformation
thatwould violateit. The programcandetectthis only if
the constrainedlistancedepend®n oneor two dihedral
angles.Many meaninglessntraresidualpeakscan thus
be eliminated.

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

The numberof upperdistancdimits after doing modificationsis given

attheendof thetable;dependingnthenumberof stereospecifiassign-

mentsmodificationmayincreaser decreas¢henumberof constraints.

factor= f —

Scaleghedistanceboundsof the selecteddistancerestraintdy thefac-
tor f.

distance conséint selection —
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distance set

distance stat

distance unique

distance weight

filter

92

Selectsall distanceconstraintghatmatchthe given distanceconstaint
selection(see chapter Selections).

tolerance= A 0.0

Setthedistanceboundsof the selectedlistancerestraintdo the average
distance in the selected structures @lus

Lists the total numberof selectedintra-residual,sequentialmedium-
rangeandlong-rangeconstraintslf the informationlevel is full , these
numbers are alsogn for each indidual residue.

Keepsonly the mostrestrictve distanceconstraintf severalconstraints
exist for thesameatompair. Thiscommandcorrespondso thefirst part
of thedistance modify command.

W JR—

Weights all selected distance constraints with

file —
tolerance=d 0.5
LO=I0 0
L1=I1 50
L2=12 80

Filtersanassignmentile (seecommandwrite ass) with respecto the
selectedstructurefMumenthale& Braun,1995).The percentagd,
of structuresn which everyassignmernis violatedis countedViolations
smallerthanthetolerance distanced (in A) arenotconsideredL0, L1
andL2 correspondo the(percentagethresholdsnentionedn Mumen-
thaler & Braun (1995).

This command mads use of three internal peak lists:

» Unambiguousassignment list (UAL): All peakassignmentwhich
were unambiguousat some stageof the NOAH calculationand
which do notviolatethe structuresThislist is in fact simplytheas-
signed peak list!

* Ambiguous assignment list (AAL): All peakswith morethanone
assignmentvhich were usedin structurecalculationsand did not
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leadto large structuralviolations.Peaksrom this list areaddedto
thenormalpeaklist (oneentry per possibleassignmentyvith nega-
tive peaknumbersThey arevisible with the commandpeak list,
but are not written to disk bwyrite peaks .

e Test assignment list (TAL): All peakassignmentvhich might be
possibleandaredetectedoy the commandassign . They werenot
used in ay structure calculation yet.

Thepeakassignmentfom all threelists werestoredinto anassignment
file in apreviousNOAH cycle andareredistrituted(if possible)into the
firsttwo lists by thiscommandthetestassignmeniist is exclusively fed
by thecommandassign ). The AAL is clearedat the beginning of this
commandput peaksalreadyassignedn the currentpeaklist (UAL) are
not alteredby this commandgvenif the peakis differently assignedn
the assignmeritle.

For every peakentry of the assignmentile (which may containseveral
assignments per peak) the faliog procedure is made:

First, all assignmentsvith P,j,>l, arediscardedAssignmentgrom the
UAL of theassignmentile which pasghistestaretransferredo thecur-
rentpeaklist (UAL). If thepeakin theassignmeriile wasfromthe AAL
or the AL, two cases are distinguished:

1) Thepeakhasonly onepossibleassignmenandis eithertransferredo
the unambiguous assignment list ({{4&l,) or unassigned.

2) The peakhasseveral assignmentgeft. If oneof themis muchbetter
thantherest,i.e.it hasP,;,<ly andtheresthasP,;,>l,, thepeakis unam-
biguously assignedlIf not, all remainingassignmenpossibilitiesare
stored into the ambiguous assignment list.

Usually, therelationbetweerthel thresholdshouldbel<l4<l, in which
casethe following interpretationmay help to understandheir signifi-
cance:

lo Iy I,

certainly probably probably certainly
correct correct wrong wrong
0 20 50 80 100
% violation

Flips planesof aromaticrings of PHE and TYR residuesand planar
groupsof ASP-andGLU- by 18P suchthatthereis a bestfit between
all selectedstructuresThis commanddoesnot affect the three-dimen-
sionalstructure Thechangas limited to thenomenclaturevhichresults
in a lover heay atom RMSD.
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commands —
save parallel

Thismacroperformsaloop overall selectedstructurescopiestheminto
the structurememory#0, executesthe usercommandsand copiesthe
structureback to the structurememory Optionally, the structuresare
saved asanglefiles with namednnnmmmnmang(nnndenoteghe current
processiumberandmmmithe structurenumber)beforethey arecopied
back.The calculationmay be executedin parallel (if theINCLAN vari-
ablenproc has a glue lager 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.

file=file —
replace

Corvert a graphicsfile into a postscriptor MIF plot file. If file hasthe
extension'.grf”, nothinghappensif file hastheextension‘.mif’, aMIF
file with thisnameis producedrom thecorrespondingraphic<ile with
extension®.grf”. In all othercases Postscripfile is producedrom the
correspondingraphicgile with extension®.grf”. If theoptionreplace

is set,thenthe graphicsfile is removed afterthe MIF or Postscripffile
has been produced.

add | replace
multiple

Createddihedralanglerestraintsthat include the allowed anglevalues
storedin the standardyrid memory A (seecommandgrid memory).
Optionally thenew restraintsnaybeaddedto thosealreadypresentpr
the“old” restraintanaybediscardedandreplace d by thosecreatedon
thebasisof thegrid memory If neithertheadd northereplace option
is set,theintersectiorbetweerthe“old” and“new” anglerestraintswill
beformed.It is possibleto generatenultiple restraintfor onedihedral
angleif thereareseveralallowedregionsfor this dinedralanglepresent
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in grid memory By default, only onerestraintthatincludesall allowed
ranges is created per dihedral angle.

function= f(p) —
angle selection all angles in fagment

Definesrelationshipdetweerdihedralanglesn agrid searchTo repre-
senta groupof dihedralanglesasa singledegreeof freedomin a grid
searchthis commancdhasto be calledoncefor eachcorrelateddihedral
angle.If exactlyoneanglewithin thefragments selectedthenit will be
relatedto theparametep (lowercasep), whichwill bethesingledegree
of freedomduringthegrid searchandvary from 0 to 21, by thefunction
f(p). If exactlytwo angleswithin thefragmentareselectedpneof which
hasoccurredn apreviousangle correlate commandthenthe“new”

anglewill becorrelatedby thefunctionf(p) to the sameparametep 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/t
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.

angle selection all angles
none

Definesafragmentto be analyzedoy a subsequengrid searchThean-
gle selectionmustselecta connectedsubsef the dihedralangles Al-
ternatively, the option none can be given to undefinethe current
fragment.

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

Defines a molecular fragment consisting of y of
residue 7, @, Y and )(1 of residue 8, and @of res-
idue 9.
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grid memor y

grid sear ch
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grid memory rpression none
angle selection all angles in fagment

Thiscommancdhandleghestorageof alloweddihedralanglevaluesthat
have beendetermineddy grid searchesThesearestoredin grid memo-
ries thatcontainfor eachdihedralanglein the molecule(notonly in the
currentfragment)a fine grid of 2° spacingto storethe allowed values.
Thestandardyrid memory A, is usedby thegrid searcicommandsoth-
er grid memorieswith userdefinednamesareinitialized whenthey are
first used ingrid memory gpressions

a=.true. initialize grid memorya; all angle alues allwed
a=.false. initialize grid memorya; all angle alues forbidden
a=.not.b notb

a=b.and. c intersection ob andc

a=b.or.c union ofb andc

a list contents of grid memory

a= remove grid memona

Grid memoryexpressiongnustnot containblanks.If anangleselection
is specifiedthenthe operationwill beappliedto all selectedanglesBy

default,theoperatioris performedor all anglesn thecurrentfragment.
The commandcan be given without any parametersin this casethe

names of all occupied grid memories are printed.

tfcut= fiax 0.0
test

Performsagrid searcHor the currentfragment(asdefinedwith thegrid

fragment command)Thegrid searctwill bedoneoverall anglesin the
fragmentandwith the numberof stepsgiven by the variablenstep . If
the cutoff value for the local, fragment-basedarget function, f,55 IS
positive, thenall conformationsvith alocal targetfunctionvaluebelov
fnaxWill beconsideredsallowed.Otherwiseaconformatiorwill beal-
lowedif no singlerestraintviolation exceedsthe correspondingsoft”
cutoff valuesdefinedby thevariablessoft_upl , soft_lol , etc.To avoid
excessve computatiortimesfor fragmentsvith mary anglesand/orfew
restraints the calculationis not startedif the expectednumberof grid
pointsto be checled (afterthe evaluationof restraintshatinvolve a sin-
gle torsionangle)exceedshe value of the variablegridpoints . Simi-
larly, a grid searchis abortedif the estimatedtotal computationtime
exceedgridtime seconds.
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If the numberof grid pointsto be checled (after evaluationof the re-

straintsthatdependon a singledihedralangle)is largerthanN,,y, OF if

the estimatedcomputationtime for the completegrid searchexceeds
taxSecondsthecalculationwill bestoppedlf thetest optionis set,the
grid searchwill notbe startedout the expectednumberof grid pointsto

be checled (afterevaluationof therestraintshatdependon a singledi-

hedral angle) will be printed.

The grid searchis restrictedto anglevaluesthat are allowed according

tothestandardyrid memory A. Theresultingallowedanglevaluesfrom
the grid search will agn be stored in the standard grid memory

atom selection all atoms in fagment

Swapstheselectedliastereotopipartnersn distanceaestraintsaandsca-
lar coupling constantsn the currentfragment.lt is sufficient to select
one atom of a diastereotopic pair toagwboth diastereotopic partners.

file gridplot.ps

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

rang e=residue ange all amino acid esidues
angles= side-dhain angles CHI1

tfcut= f,ax 0.0

contin ue

Performsfor all aminoacid residuedn the givenrang e grid searches
comprisingthe backbonealihedralanglesy, ¢ andthe given side-dhain
angles To specifymorethanoneside-dain angle the namesmustbe
given, separatedby blanksandenclosedn doublequotes.If the cutoff
valuefor thelocal, fragment-basethrgetfunction,f,5y, is positive,then
all conformationswith a local target function valuebelow f,,4, Will be
consideredisallowed. Otherwise a conformationwill be allowedif no
singlerestraintviolation exceedghe correspondingutof valuedefined
by thevariablessoft_upl , soft_lol , etc.Unlessthecontin ue optionis
set,the allowedrangesof dihedralangleswill beinitialized to allow all
possible anglealues before the grid searches are started.
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This macroprovidesthe functionsof the formerHABAS program(Gun-
tertetal., 1989).Theresultsncludedihedralanglerestraintsand,if pos-
sible, stereospecifiassignmentdor the diastereotopicggroupsin the
fragment.

habas angles="CHI1 CHI2*" tfcut=0.05
Perform grid searches for all amino acid resi-
dues including the dihedral angles @, g, x! and
x2. Allow conformations with local target func-
tion values up to 0.05.

atoml=atom name —
residuel= residue number —
atom2=atom name —
residue2= residue number —

Createghe standardupperand lower limit distanceconstraints(Will-
iamsonetal., 1985)to enforcea hydrogenbondbetweertwo atomsone
of which mustbe a hydrogenatom. The distancebetweerthe hydrogen
andtheacceptois restrainedo therangel.8—2.04, andthedistancebe-
tweentheatomcovalentlyboundto the hydrogenandthe acceptoiis re-
strained to the range 2.7-3.0 A.

Containscommandghatareexecutedautomaticallyat the start-uptime
of DYANA, e.g.the settingof importantvariablesand the definition of
somealiasesAfter the generaliinit macro,a userdefinedinit macroin
the current directory isxecuted, if sailable.

dist 0.0

Keepsonly assignmentwith areliability distance> dist. Thereliability
distancesnusthave beencalculatedoreviously with thecommandeli-
ability .

ile=file kringle.ps
delta=A 30°
errorbar s
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Producesa graphicsoutputfile with the givenname(a GRrAF file if the
extensionis “.grf”, a MIF file if the extensionis “.mif”, or a Postscript
file otherwise)ontainingaplot of 330([32 versus3JaB3 couplingconstants
(Nagayama& Wiithrich, 1981).Thetheoreticakurve basedntheKar-
plusequationgivenin thelibrary is alsodravn, bothfor arigid structure
(solid line) andfor the situationwhenthe x* angleis uniformly distrib-
utedin theintenal A aroundagivenvalue(dottedline). Optionally, er-
rorbar s can be shwan for the coupling constanaiues.

file=file longrangeplot.ps

Plotslong-rangedistancerestraintfive or moreresiduesapart)versus
(two copiesof) thesequencelinesgoingfrom upperleft to lowerright
representestraintsbetweenside-chainatoms,thosegoing from lower
left to upper right represent restraints thablwe backbone atoms.

steps=N 100
dt=At 0.05
level=L taken flom variablelevel
temperature= T 0.1
accurac y=¢ 0.0
tau=t 0.0
nprint= n 0
angde v=A@ 10.
vdwupdate= N4y 100
tinit= t, 0.0
estart=Typ 0.01
exact contin ue

PerformaN stepsof moleculardynamicsn torsionanglespacewith step
sizeAt including constraints up to minimizatiorvéd L.

With T = 0 a moleculardynamicscalculationat constantenengy is per-
formed.Otherwise the systemis weakly coupledto a heatbathof tem-
perature T using time constantt (Berendsenet al., 1984). The
temperature], canbeafunction, T(s), of the parametes thatvarieslin-
earlyfrom 0 to 1 duringthe TAD run,i.e. in stepn out of atotal of N
steps it has theales(n) = (n—1)/(N —1).

If thereferencevaluefor the accurag of enegy conseration, €, hasa
positive value thelengthof theintegrationtime-step At, will beadapted
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duringtherunin the sameway asthe temperaturesuchthattherelative
changeof thetotal enegy in successie integrationstepss closeto €. In
this case, the parametdr specifies the only initialalue ofAt.

The van der Waalsinteractionlist is updatedevery N, q,, Stepsor each
time atorsionanglehaschangedts valueby morethanA@ degreessince
the last update of the an dea#lls interaction list.

The"leap-frog” algorithmis usedto performthetorsionangledynamics
stepsUsually, torsionalaccelerationarecomputednthebasistorsion-
al velocity valuesthat arelinearly extrapolatedirom thosehalf a time-

stepearlier Optionally; it is possibletco usemoreexact valueswhichare
calculated iteratiely (Mathiovetzet al.,1994).

The moleculardynamicssimulationstartsat time ty with randomtor-

sionalvelocities,choserasGaussiamandomvariablessuchthattheini-

tial temperaturékinetic enegy perdegreeof freedom)is Ty, unlessthe
contin ue optionis given.Whena calculationis contin ued, theveloc-
ities from theendof the previousmd commandareusedandall param-
etersthatarenot given explicitly arekeptat the valuesof the previous
md commandTheparametersinit andestar t cannotbe usedtogether
with the optioncontin ue.

Oneline of outputis written every n time-stepsgiving the currentstep,
currenttime, potentialenegy (i.e. tagetfunctionvalue),kinetic enegy,
totalenegy, theroot-mean-squar®rsionanglechangegertime-step(in
degreesaveragedover all time-stepsincethelastoutput),the maximal
torsionanglechangepertime-step(in degreessincethelastoutput),the
numberof updatesof the van der Waalsinteractionlist (sincethe last
output),andthenumberof targetfunctionevaluationgsincethelastout-
put). For example:

step time Epot Ekin Etot rmsdev maxdev #up #f

0 0.00017817.672 5776.000 23593.672 11

200 13.778 4367.090 7321.27411688.363 2.842 18576 4 204
400 28471 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 15211 4 200
1000 76.882 1654.211 5322.900 6977.111 2.779 15591 4 200

All enegies are measuredn target function units. Temperaturesre
measureth targetfunctionunitsperdegreeof freedom(i.e. perrotatable
torsion angle).

A warningis printedif in asingletime-stepghevalueof adihedralangle
changedy morethan35°,andanerroroccursif thechangesxceed<90°.
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steps=N 100
level=L taken from variablelevel
flat=n 100
angde v=A@ 10.
vdwupdate= N,q 100

PerformsN conjugategradientminimizationstepsncluding constraints
up to minimization leel L.

Theflat parameteis usedfor the “flat” stopcriterion of the conjucate

gradientminimizer:It is stoppedf within n minimizationstepshetarget
function cannot be reduced by at least 1%.

The van der Waalsinteractionlist is updatedevery N, q,, Stepsor each
time atorsionanglehaschangedts valueby morethanAg degreessince
the last update of the an dera$lls interaction list.

If theinformationlevelis normal or higher oneline of informationwill
be printed out as in the follong example from the macretfmin :

Minimization (standard

Strategy):
lev upper lower vdw ar‘geiafgetfurxilgrad#up #Hstop
#att #at #act #actbegn end end

011513 0 0 313 26 84 928265 0.1318E2 0 150maxit
127147 00 925 7384 516309 379 0.16 34 150maxit
229951 001067 8184 52471 379 011 18 150 maxit
338157 001240 92 84 869427 422 027 20 116fat
443174 0 01335 908410 21.83 447 016 9 130fat

Thefirst columngivestheminimizationlevel. Then,therearefour times
two columnscontainingeachtime the total numberof constraintsand
the numberof “active” constraintsfor the upperlimit constraintsthe
lower limit constraints,the intrinsic van der Waals lower limit con-
straintsand the angle constraints.“Active” constraintsare thosethat
yield non-vanishing(but oftensmall)contrikutionsto thetargetfunction.
Following this data,thevalueof thetargetfunctionatthe beginningand
attheendof theminimizationstepis given,accompaniety thenormof
thegradientof thetamgetfunctionattheendof theminimizationstep the
numberof updateof thevanderWaalscontactist, thenumberof target
functionevaluationsanda stopcriterioncode.Thefollowing stopcrite-
ria codes may occur:

gradtl Thesquaredormof thegradientof thetargetfunctionis
smallerthanthe valueof the parametelGSQTOL in the
subroutine CGMIN.

maxit The maximalnumberof target function evaluationshas
been &ceeded.

linmin The maximalnumberof targetfunction evaluationsdur-
ing theline minimization(seetheparameteMAXLIN in
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the subroutineCGMIN) hasbeenexceededwithout de-
creasing the tget function alue.

nostep  Thestepsizeduringline minimizationbecameaoo small.

uphill The directionof a conjugate gradientminimizationstep
was uphill.
const Several conjugate gradientstepsdid not succeedn de-

creasingthe target function (seethe parameteiMAX-
CON in the subroutine CGMIN).
flat Thetargetfunctionwasminimizedby lessthan1% dur-
ing the lasn iterations.
stuck Several attemptdo restartthe conjugateminimizer after
an update of the list of steric constrairged.
If 64-bitfloating point precisionis used,normalstopcriteriaaregraditl,

maxit, andflat. All othersshouldoccuronly rarely With 32-bitfloating
pointprecisionotherstopcriteriamayoccurdueto (non-serioushumer-

ical problems.
noah num_cyc=n 24
peak nam=filel] file2,..] —
@ plf ormat= string1[,,string2..] determined by peak list file
rmsd_rang e=residue ange all residues

protein= name —
proton_nam= filel],file2,..] —
minimiz er=macio noahmin
peak_ref =filel] file2,..]
options= string

addupl=file

addlol=file

exit=cycle num_cyc
entry=cycle 1
calibrate

Automaticallyassignghe peaklists givenin thearraypeak _nam with
correspondingrotonlistsin thearrayproton_nam in n NOAH cycles.
If the peaklists do notcontainaline with “#DYANAFORMAT” thefor-
mat of every peaklist mustbe givenin the string plf ormat . The name
givenby protein will beusedfor outputfiles,namelythefinal overvien
andcoordinatdiles. Optionally theminimiz er macromaybechanged
andreferencepeaklists (peak_ref) containingthe correctassignment
maybegiven.AgreemenbetweerNOAH assignmenandreferenceas-
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signmentwill be indicatedin the final “noah.grf” file. The string given
in options is usedasparametergor the commandassign (e.g.“op-
tions ="transposed=0%houldbeusedif thetransposegeaksshouldbe
checled in 3D peaklists). Upperand lower limits distanceconstraint
filesmaybeaddedo eachNOAH structurecalculation(e.g.constraints
for known disulfide bonds)with the parameteraddupl andaddlol .
Theparametergntry andexit indicateat which cycle (of then cycles)
NOAH actuallystartsandendswhichallowsto splitagivenNOAH cal-
culationinto seseralsmallerjobs. Theparameteentry canonly beused
if all files necessaryor the givencycle arepresenin the currentdirec-
tory (i.e. structuresassignment-filestc.). The peaksarecalibratedwith
theDYANA standardnacrocaliba afterthelOthcycleif theoptioncal-
ibrate is specified.

For moreinformationson how to usethis methodpleasereferto thetu-
torial section.

Parametes... —

This is the standardannealingprotocolusedby NOAH. The input pa-
rameterscorrespondo thoseof the macroanneal . This protocoluses
differentweightsthananneal andneverincludesprotonsin thevander
Waals check.

Parametes... —

Thisisthestandardninimizationprotocolusecby NOAH. Theinputpa-
rameterscorrespondo thoseof the macrovtfmin . This protocoluses
differentweightsthanvtfmin andneverincludesprotonsin thevander
Waals check.

name=name —
structures= n all selected structws
rang e=residue ange all residues
ang cor pdb

hbond vd w full

Sortstheselectedstructuresvith regardto theirtargetfunctionvalueand
createsan overview file nameovw for the first n of thesestructureslf
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peak abs

peak create
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thename parameters not specifiedandif avariablewith namename
is defined, then itsalue is used asame

Pair-wise RMSDsare calculatedfor the givenresiduerange (seecom-
mand rmsd ). The RMSD calculation can be suppressedy setting
rang e=—. If therang e parameters not specifiedandif avariablewith
namermsdrang e is defined, then itsalue is used a®sidue ange.

Optionally outputangle(ang), DG coordinategcor ) or PDB coordinate
(pdb) files of the structuresnaybewritten with file names'nameang”,
“namecor” or “namepdb”, respectiely.
Thestructuresnaybeanalyzedor hydrogenbonds(optionhbond ), or
for violations of steric laver distance limits (optioad w).

Note:Becausdhetargetfunctionis re-calculatedit is importantthatall
constraintaisedfor the calculationof the structuresarepresentindthat
the same weights are used.

An overview file may contain four diérent tables:

» For eachstructurethetargetfunctionvalue,thenumberssumsand
maximaof constraintviolations (the outputof the structure list
command).

» Foreachviolatedconstraintthestructuresn whichit is violatedby
morethanthe correspondingutoff value (the outputof the struc-
ture violate command)By default, violations are shavn only if
they occurin atleastonethird of theconformersTo obtainalisting
of all violations lager than the cutéd, the optiorfull must be set.

» Forall pairsof structurestheRMSD for thebackbonendall heavy
atoms(outputof thermsd command)By default only the average
valueof all pairwisecomparisonss written. A tablewith the indi-
vidual pairwiseRMSD valuesis creatednly if theoptionfull is set.

» For all residuesthe local RMSD for tri-peptidesegments,andthe
displacementdor backboneand all heary atoms (output of the
rmsd command). This table is only created if the opfidh is set.

Replace all peakolumes by their absolutalue.

distance=d 4.0
structures= n 1
additional
c13 | n15

Deletescurrentpeaklistsandcreategxpectedpeakausingthestructures
from the selectedstructurememories Peaksare createdf the distance
betweentwo assignedoroton (or pseudoatom) chemicalshifts is less
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thandin atleastn of theselectedtructuresTo calculatedistancesvhere
pseudoatomsare involved, a r® weightedaveragedistanceis deter-
minedbetweerall protonghatarerepresentetly thepseudatom.With
theoptionadditional , thecurrentpeaksarenot deletedandthe expect-
edpeaksareonly addedf they arenotalreadypresentPerdefault,a2D
peaklist is createdput with the optionsc13 or n15, a 3D 13C- or 15N-
correlated NOESY peak list is simulated.

peak delete Deletes all selected peaks.

peak de viations Printsoutallist of peakswherethe deviationsbetweerthe peakposition
andtheassignedhemicalshift arelargerthanthetolerancevaluegiven
by thevariabletolerance . If theinformationlevel is full , a histogram
is written at the endwith the numberof deviating peaksin eachdimen-
sion for diferent deiations (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 factor= f _

Scales the®umes of the selected peaks by thetdrf.

peak select peak selection —

Selectsall peakghatmatchthe givenpeakselection(seechapterSelec-
tions).

peak unassign dim=d all dimensions

Deletesthe assignmenbf the selectedpeaks.Optionally, only assign-
ments in dimensiod may be deleted.

eak unique average | maxim um average
p q
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ramac handran

o

random_all

g

randomiz e

read aco
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From eachgroup of identically assignedpeaksonly one peakis kept.
Peaksare consideredasidentically assignedf they areassignedo the
sameprotonpair. For instancejn a 2D NOESY spectruma crosspeak
andits transposegeakare“identically assigned.Peakvolumesmaybe
averaged ortheirmaxim um bekept.Only peakswith positive volume
are considered in thev@raging procedure.

file=name ramachandran.ps
nobac kground label

Producesa graphicsoutputfile with the givenname(a GRAF file if the
extensionis “.grf”, a MIF file if the extensionis “.mif", or a Postscript
file otherwise)with aRamachandraplot of theselectedstructuresThe
backgroundconsistsof threedifferentblue tonesindicating “most fa-
voredregions” (darkblue),“additionalallowedregions” (mediumblue)
and “generouslyallowed regions” (light blue). It corresponddo the
background found in the prograProCcHECK (Laskowski et al, 1993).

Optionally, the backgroundcanbe omitted (nobac kground ) andthe

residuesvith backboneangleshatlie outsideof theallowedregionsare
label ed.

n All available structue memories

Createsy random structures in the structure memories.

i Actual seed number

Createsarandomstructurein the structurememory#0. Thetargetfunc-
tion valueis automaticallysetto 0. A new seedhumber for therandom
number generator may be specified.

file=file
unkno wn=err or [warning |skip error
append




read ang

read cco

read cor
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Readsanangleconstrainffile. Constraintghatinvolve unkno wn resi-
duesor anglescaneithercauseanerror, awarning , or canbeskip ped.
Optionally theangleconstraintareappend edto thosealreadypresent.

file=file o
structure= n 1
unkno wn=err or |warning [skip error

Readsananglefile. If thereis aDyYANA headein thefile, thetargetfunc-
tion valuewill bereadfrom the headerOptionally, only the n-th struc-
turemaybereadfrom amulti-conformeffile. Otherwiseall mstructures
in a multi-conformerfile arereadand storedas structuresl,...m. The
first structurereadwill alsobestoredin thedefaultstructurememory O.
Thepresencef unkno wn residuesr anglescaneithercauseanerror,
awarning , or can beskip ped.

file=file
unkno wn=err or|warning [skip error
append

Readsa coupling constantfile. Coupling constantsthat involve un-

known residuesr atomscaneithercauseanerror, awarning , or can
be skip ped.Optionally the couplingconstantareappend edto those
already present.

file=file o
structure= n 1
unkno wn=err or|warning [skip error

Readsa coordinatedile in DG format.If thereis aDYANA headelin the
file, thetamget function valuewill be readfrom the headerOptionally,
only the n-th structuremay be readfrom a multi-conformerfile. Other-
wise, all m structuresn a multi-conformerfile are readand storedas
structured,...m. Thefirst structureeadwill alsobestoredn thedefault
structurememory 0. The presencef unkno wn residuesor atomscan
either cause aerror, awarning , or the can beskip ped.
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read lib

read lol

read ori

read pdb
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file=file
convert=file

Readsaresidudibrary. Optionally, alibrary file with atompointerscon-
vertedfrom numericto nameformator vice versamay be written (see
chapter File Brmats).

file=file
unkno wn=err or|warning [skip error
append

Readslowerlimit distanceconstraintdile. Constraintghatinvolve un-
known residuesr atomscaneithercauseanerror, awarning , or can
beskip ped.Optionally thedistanceconstraintsareappend edto those
already present.

file=file
unkno wn=err or |warning |skip error
append

Readsanorientationconstrainffile. Constraintghatinvolve unkno wn
residuesor atomscan either causean error, a warning , or can be
skip ped.Optionally, the orientationconstraintsaareappend edto those
already present.

file=file -
structure= n 1
unkno wn=err or|warning [skip error
all

Readsacoordinatedile in PDBformat.If thereis aDYANA headein the
file, thetarget function valuewill be readfrom the headerOptionally,
only the n-th structuremay be readfrom a multi-conformerfile. Other-
wise, all m structuresn a multi-conformerfile are readand storedas
structured,,...m. Thefirst structurereadwill alsobestoredn thedefault
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structurememory 0. The presencef unkno wn residuesor atomscan
either cause aerror, awarning , or theg can beskip ped.

file=file -
weight=w 1.0
filter=s;,5,,... no filter
format= string hH
reference

integrated assigned append

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

For 3D NOESY peaklists, theformat , i.e. theorderin which chemical
shiftsandassignmentaregivenin the peaklist, may be specified.The
formatstring hasonecharacteperdimensiorthatidentifiesthe column
of 15N or 13C atoms(“N” or “C"), the columnof protonsboundto 1°N

or 13C (“H”), andthe columnof “independent’protons(“h”). If thefor-

mat parameters absentthe programusesthe formatgivenin the peak
list headetine “#DYANAFORMAT string”, or, if nosuchheadetine is

presenttriesto determingheformatfrom the peakassignment§f pos-
sible). Regardlessof this input order DYANA permutesthesedimen-
sionsto “hHN” or “hHC” in 3D lists sothatdimension3 is alwaysthe
heteroatondimensioranddimensior? is theprotondimensioncoupled
to it.

Theoptionreference is usedto readin a peaklist asreferencdist for
NOAH.

Optionally only integrated peaksj.e.thosewith anintegrationmeth-
od flag differentfrom “~", or only assigned peaks,.e.thosethatare
assignedn both protondimensionsareread.Optionally, the peaksare
append ed to those already present.

read peaks n15 format=NhH filter=overlap

Reads a peak list named “nl5.peaks”. The
three columns for the chemical shifts and the
corresponding assignments in the peak list file
refer to 1°N, the “independent” proton, and the
proton bound to 1°N. Peaks with comment
“overlap” are skipped.
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read pr ot file=file —
tolerance= Aw 00
add

Readsa XEASY chemicalshift list. A warning messages printed if
chemicalshifts are presentsimultaneouslyfor an atomandits corre-
spondingpseudaatom.Optionally, only chemicalshiftsof currentlyun-
assignedaitomsareadded. For chemicalshifts that are presentn both
lists and that dfér by moreAw (in ppm), a varning is printed.

read seq file=file

Reads a residue sequence.

read upl file=file o
unkno wn=err or |warning |skip error
append

Readsaupperlimit distanceconstraintdile. Constraintshatinvolve un-
known residuer atomscaneithercauseanerror, awarning , or can
beskip ped.Optionally thedistanceconstraintareappend edto those
already present.

read xplor file=file —
unkno wn=err or warning [skip error
append

Readsafile with conformationaktonstraintsn XpLoOR format(Brtinger

1992). A simplified versionof the atom selectionsyntaxof XPLOR is

used.Constraintghat involve unkno wn residuesor atomscan either
causeanerror, awarning , or canbe skip ped.Optionally, constraints
areappend ed to those already present.
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list of files —

Readsall givenangle,coordinateor PDB files andstorestheminto the
structurememoriesFile namemay containasteriskandquestionmarks
to selectseveral structuresat onetime (e.g.“er*.ang” or “er???.cor”).
The file nameextensiondecideson the format of the individual files:

fileswith filenameextension'.ang” arereadasang|efiles, files with file-

nameextension“.pdb” arereadasPDB coordinatdfiles, andotherfiles
are read as DG coordinate files.

name. .. —

Readsnputdatafileswith thegivenname If namehasanextension(i.e.
if it containsa®.”), afile with the correspondindormat(asgivenby the
extension)is read.Otherwisethesequencéle “nameseq”and,if avail-
able, theupperimits distanceconstraintdile “nameupl”, thelowerlim-
its distanceconstraintsfile “namelol” and the angle constraintsfile
“nameaco”areread If noresidudibrary is presentthestandardYANA
library (“dyana.lib”) is read in adnce.

name=name —
schedule= schedule 0.4,0.0,0.0
structures= n 50
steps= Nq,N,, N3 150,400,800
minimiz er=macio vtfmin

PerformsREDAC cycles(Guntert& Withrich,1991)with n structures
accordingo thegivenscedule Overview andanglefiles of every cycle
arewrittento thefiles“name*ovw” and“name*ang”wheretheasterisk
is replacedby “a”, “b”, “c” etc.for successie cycles. Thesdeduleis a
comma-separatelist of ang_cut valuesthatwill be usedto generate
redundantihedralangleconstraintsStructuresarecalculatedusingthe
givenmacio for minimization.This macio mustaccepthesameparam-
etersasthe standardvariabletarget function minimization macro, vt-
fmin . A zeroor negative ang_cut valuemeanghatnoredundantangle
constraintswill begeneratedn this cycle. Thenext cycle will therefore
usethe original angleconstraintso minimize the currentstructureson
the lastlevel during N; iterations.Otherwisej.e. if ang_cut wasposi-
tive in the previous cycle, structureswill be calculatedusingN; andN,
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minimizationstepsat intermediatdevels and at 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 dist 1.0

Calculateghereliability distancg RD, Mumenthalei& Braun,1995)of
all unambiguoushassignecpeaksusingthe given tolerancerangeand
thestructuresn the structurememory If distis specifiedthe numberof
assignedpeakswith a RD above dist will be written. After this com-
mand,all peaksthatcannotbe explainedwith the currentstructuresand
the giventolerance range (see Systenalables) 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 rang e=residue ange all residues

segment=n 3

Calculatespairwise root-mean-squardeviation (RMSD) betweenall

pairsof selectedstructuregMcLachlan,1979)for the backboneatoms

andfor all heavy atoms Optionally, aresiduerangefor thesuperposition

may be specified.

For two sets of n atoms each, t4,...,t, and Q ...,Q,, with
Zifi = Ziqi = 0 , the RMSD is defined by

n

=S [r— Ry [5]

i=1

RMSD = min
RO SO(3)
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R denotes a rotation matrix, agd)3) the rotation group.

If theinformationlevel is full , local RMSDsandglobal displacements
arecalculatedor eachresiduelL.ocal RMSDsfor residud arecalculated
for the sgment ofn residuesj —n,...J,...j + n(n odd).

file=file seqgplot.ps

Analysestheupperlimit distanceconstraintanddrawvs a sequencelot
in FrameMaler MIF (if thefile extensionis “.mif”) or Postscripformat.

The first three lines below the amino acid sequence represent tor-
sion angle restraints or the bac bone torsion angles ¢and { and
or the side-chain torsion angleX  or @and { a triangle pointing
upwards indicates a restraint that allows the torsion angle to ta e
the alues obser ed in anideal a-heli @ W or -
heli ¢ U] a triangle pointing downwards indi-
cates compatibilit with an ideal parallel or antiparallel 3-strand
(0} ) or @ ) respecti el  chult
chirmer a restraint represented b a star encloses con or-
mations o both o and Bsecondar structuret pes and a filled cir-
cle mar s a restraint that e cludes the torsion angle alues o
these regular secondar structure elements Torsion angle re-
straints or X are depicted b filled squares o three di erent de-
creasing si es depending on whether the allow or one two or
all three o the staggered rotamer positions x* Tor-
sion angle restraints or X thate clude all three staggered rotam-
er positions are shown as filled circles pper distance limits or
sequential and medium-range distances are shownb hori ontal
lines connecting the positions o the two residues in ol ed The
thic ness o the lines or the sequential distances
o and g is in ersel proportional to the
squared upper distance bound

This commandshouldbe executedbeforedistance modify because
mary of the intra-residualand short-rangedistanceconstraintswill be
removedby distance modify becaus¢hedonoteffectively restrictthe
conformation.

R-R, ... —

Createsthe standardupperand threelower limit distanceconstraints
(Williamsonetal., 1985)to enforcedisulfide bondsbetweenpairsR;—
Ry, Re—R, etc of cystineresiduesTheseresiduesmustbe of the type
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stereoassign

g

structure c lear

structure cop y
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“CYSS". Foradisulfidebridgebetweerresidues andj, threeupperim-
its and three lver limits are generated:
2.0<d(s!,s))<2.1A
3.0<d(Cf, sl <3.1A [6]
3.0<d(S), C) <3.1A

angle selection angles of curent fragment
tfcut= f, 4 0.0
conf ormations= name none

Triesto find stereospecifiassignmentby systemati@nalysisof thelo-
calconformatiorof amolecularfragmentwith grid searchedf thereare
n pairsof (stereospecificlynassignedjliastereotopisubstituentsvith-
in the molecularfragment,2" grid searchesvill be performedonefor
eachpossiblecombinationof stereospecifiassignmentdf a (connect-
ed) angleselectionis specifiedthenit definesthe molecularfragment
thatwill beanalyzedptherwisethe fragmentsetin the precedinggrid
fragment commandwill be used.The parametetfcut hasthe same
meaningasin thegrid search commandQOptionally thetotal number
of allowed conf ormations canbe storedin a variablewith the given
name Grid searchesirerestrictedto valuesof the torsionanglesgiven
in thestandardyrid memory A, oninput. On output,theallowedvalues
of the torsion angles areaig stored in grid memor.

all

Deletes the selected or simlly structures.

from=n —
to=m —
name=name none

Copiesstructuren to structurem. The currentstructurehasnumberO.
Optionally, the structure can bevgin a nev name



structure inser t

structure list

structure select

structure sor t

structure violate
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name=name

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

sum | average | rms

Lists targetfunctionvalueandstatisticsof restraintviolationsfor all se-
lectedstructureskor eachtypeof restraint{upperdistancdimits, lower
distancelimits, van der Waalslower distancelimits, torsionanglere-
straints,coupling constantsand orientationalrestraintsthe numberof
violationsexceedingthe cutoff value(variablescut_upl , cut_lol etc.),
eitherthesum , average orrms (root-mean-squarejolation,andthe
maximalviolation will be given. Averageandrms violation cannotbe
calculated for &n der Wals restraints.

structue selection all structures
first=n all

Selectsstructuresaccordingo the givenstructure selection(seechapter
Selections) Optionally, the selectionmay be restrictedto the first n
structures that are matched by gheictue selection.

Sorts the selected structures according to thegetdunction alue.

structures= n 1
delete

Lists violationsof distanceconstraintsandangleconstraintsviolations
thatexceedn atleastn of theselectedstructureshecutoffs givenby the
variablescut_upl , cut_lol andcut_aco . Optionally, all violatedcon-
straints that are listed may Helete 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.
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sugarbond
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translate

g

vtfmin
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rang e=residue ange all nucleotides

Definesthe correlationsbetweenhe dihedralanglesandthe pseudoro-
tation angleP in DNA/RNA sugar rings:

residue number residue of cuent fragment

Createss upperand5 lower limit constraintgo "close" the bondsbe-
tweenC4’ andO4’ in theriboseringsof thenucleotidesn thegivenres-
idue range.

xplor | on | off | clear

Definesatom and angle nametranslationsbetweenthe nomenclature
usedin the standardDYANA residuelibrary and othercommonlyused
nomenclaturesystemsThis allows readingof input files andwriting of
outputfiles accordingto othernomenclaturesystemsCurrently xplor
nomenclatures 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.
levels=L4,L, 0,number of esidues
steps= Ny,N, 150,400
flatsteps= nq,n, 50,100
tf
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Performsa standardvariable target function minimization (Glntertet
al., 1991a)startingat minimizationlevel L, andendingat minimization
level L.

At eachof the lower levels (i.e. thosebelov L,) N; minimizationsteps
areperformedthe minimizationis stoppedf n, stepsfailedto decrease
thetargetfunction by atleast1%, andthe stericrepulsionis considered
only for the heay atoms. The weight for stericder limits is 0.2.

At minimization level L, threetimes N, minimization stepsare per-
formed,theminimizationis stoppedf n, stepgailedto decreas¢hetar-
getfunctionby atleast1%, andthe stericrepulsionis consideredor all
atoms.Theweightfor stericlower limits is 0.2for thefirst N, minimiza-
tion stepsthenit is increasedo 0.6 for the following N, minimization
steps, and to 2.0 for the firfd) minimization steps.

If theoptiontf (andnoneof the otherparametersis given,thefinal tar-
get function wlue is calculated, without performingyaminimization.

strand1= residue ange —
strand2= residue ange —
planar

Createsrestraintsto enforcestandardWatson-Crick-typepasepairing
betweentwo antiparalleIDNA or RNA strands.The two strandsmust
have the saméengthandcontinuousnumbering Optionally, additional
planar ity restraintscanbe addedthat restrainthe interstrandC1'-C1’
distances$o 10.35-10.6% for A-T and10.6-10.9 for C-G basepairs.

file=file —
structures= N 10
maxwidth= A 270.0°

redac append

Writesanangleconstrainfile. Optionally, theoutputmaybeappend ed
to an aistingfile.

Optionally redundantlinedralangleconstraintdor the REDAC stratayy
(Guntert& Withrich,1991)maybederived from the currentanglesta-
tisticsandincludedin theoutput(optionredac ; seethecommandsng-

stat make andredac). In orderto generateedundantihedralangle
constraintfor agivenresidueijts local targetfunctionvalue(andthatof
its immediateneighborsmust be belov the cutoff value given by the
variableang_cut in atleastN structuresRedundantlihedralanglecon-
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write ang

write ass

write cor

write lol
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straintswith anallowedrangewider thanAg degreesarediscardedThe
parameterstructures andmaxwidth canonly bein conjunctionwith
theredac option.

file=file
fixed all append

Writesananglefile. Optionally, the outputmaybeappend edto anex-
isting file.

By default,thevaluesof all rotatabledihedralanglesof thecurrentstruc-
ture conformationare written. The valuesof the fixed dihedralangles
(e.g.peptidebondangles)may bewritten, too. Optionally the anglesof
all selected structures may be written.

file

Write anassignmentile thatis usedby theNOAH commandilter . For
every possiblepeakassignmenan entryis made.Peaksfrom the three
internalNOAH assignmertistsaresaved(sesfilter ). Assignment$rom
theambiguousandunambiguoutist alsohavethedistanceconstrain{in
A) that was denved from the peakalume and the assignment.

file=file
connect all append

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

By default,theCartesiarcoordinate®f thecurrentstructurearewritten.
Thecovalentconnect ivities maybeincluded,too. Optionally, the Car-
tesian coordinates @il selected structures may be written.

file=file
append

Writesa lower limit distanceconstrainffile. Optionally the outputmay
beappend ed to an ristingfile.



write pdb

write peaks

write pr ot

write upl

write_all

g

s commands

file=file
all append

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

By default,the Cartesiarcoordinate®f thecurrentstructurearewritten.

Optionally the Cartesiarcoordinatef all selectedstructuresmay be
written.

file=file
selected append

Writes a peaklist in XEAsSY format (Eccleset al., 1991; Bartelset al.,
1995). Optionallythe output may bappend ed to an gistingfile.

By defaultall peaksarewritten.Optionally only theselected peaksare
written.

file=file
append

Write a chemicalshift list (traditionally called“proton list”) in XEASY
format (Ecclesetal., 1991;Bartelset al., 1995).Optionally, the output
may beappend ed to an eistingfile.

file=file
append

Writesanupperlimit distanceconstrainfile. Optionally, theoutputmay
beappend ed to an ristingfile.

name=name
ang cor pdb cor
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Writes all selectedstructurego angle(ang), DG coordinate(cor), or
PDB coordinate (pdb) files with names “namennrang”, “na-

mennncor”, or “namennmdb”, respectrely. nnn denoteghe structure
number

120



cut_aco

cut_cco

cut_lol

Variables and Functions

DYANA givesthe useraccesdo internalvariablesandfunctionsof the
programthroughsystenmvariablesandfunctions.With systemvariables
theusercanobtainandsetparametersf theprogramwith functionsthe
usercan obtainthe value of parameter®f the programbut he cannot
change them.

System variables

The followving is an alphabetical list of dllYANA system wariables.

Cutoff valuefor angleconstraintviolations(in degrees) Only violations
larger thanthis value are listed in the commandsstructure list and
structure violate

Initial value: 5.0°.

Cutoff valuefor couplingconstantestraintviolations(in Hz). Only vi-
olationslargerthanthis valuearelisted with the commandsstructure
list andstructure violate

Initial value: 0.5 Hz.

Cutoff valuefor lower limit distanceconstraintviolations(in A). Only
violationslargerthanthis valuearelisted in the commandsstructure
list andstructure violate

Initial value: 0.2 A.

121



Variab les and Functions

cut_ori

cut_tflocal

cut_upl

cut_vdw

gridtime

gridpoints

hb_len

hb_ang

level
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Cutoff valuefor orientationrestraintviolations(in Hz). Only violations
largerthanthis valuearelisted with the commandsstructure list and
structure violate

Initial value: 0.1 Hz.

Cutoff valuefor the maximaltargetfunctionvalue(in AZ) thata single
residueis allowedto have to beincludedinto the anglestatisticsof the
angstat make command.

Initial value: 0.2 &.

Cutoff valuefor upperlimit distanceconstraintviolations(in A). Only
violationslargerthanthisvaluearelistedwith thecommandstructure
list andstructure violate

Initial value: 0.2 A.

Cutoff valuefor vander Waalsviolations(in A). Only violationslarger
thanthis valuearelistedwith thecommandstructure list andstruc-
ture violate .

Initial value: 0.2 A.

Themaximalexpectedcomputatiortime of agrid searchlf agrid search
is expected to tafx longer than thisalue it is aborted.

Initial value: 60 s.

The maximal expectednumberof grid pointsto be checled in a grid
search. If this &lue is &ceeded the grid search will not be started.

Initial value: 16°.

Maximal proton-acceptor distance forydhogen bond.
Initial value: 2.4 A.

Maximal anglebetweernthe donorprotonbondandthe line connecting
acceptor and donor for gdirogen bond.

Initial value: 35°.

Minimization level, L (Glntertet al., 1991).Only distanceconstraints
betweeratomsnot morethanL residuesapartareconsideredn thetar-

getfunction.L = 0: only intraresiduall = 1: intraresiduabndsequential
constraints, etc.

Initial value:number of esidueqi.e., use all distance constraints).



maxamb

nstep

obsdis

ori_axial

ori_rhombic

seed

soft_aco

soft_cco

soft_lol

e Variables and Functions

NoaH variable:Maximum numberof possibleassignmenta peakcan
have to be takn into the test assignment list.

Initial value: 2.

Numberof stepsn, perdihedralanglein grid searchesThegrid search-
eswill runoverthen anglevaluesD, A, 24, ..., (n—1)A, whereA = 21un.

Initial value: 36 (i.eA = 10°).

Maximal distanceor whichanNOE canbeobsened.Usedby automat-
ic calibration (functiorcalscale ) and for automatic assignment.

Initial value: 5.0 A.

Axial componenD,, of thetensorthatrelatesesiduadipolarcouplings
to the orientation of the corresponding chemical bond:

6(61 (p) = DaX(SCOSZS - 1) + gDrh(Sinze COSZP) [7]

o(8, o) is theresidualdipolarcouplingasafunction of the polarangles
0 and @ of the chemicalbondwith respecto the principal axessystem
of the tensoD.

Initial value: 1.0 Hz.

RhombiccomponenD;, of thetensorthatrelatesresidualdipolar cou-
plings to the orientationof the correspondinghemicalbond. SeeEq.

[7].

Initial value: 0.0 Hz.

Random number generator seed.
Initial value: 3771.

Cutoff for anglerestraintviolationsfor allowed conformationsn grid
searches.

Initial value: 5.0°.

Cutof for scalarcouplingconstantrestraintviolationsfor allowed con-
formations in grid searches.

Initial value: 0.5 Hz.
Cutoff for lowerlimit distanceestraintviolationsfor allowedconforma-

tions in grid searches.
Initial value: 0.1 A.
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soft_upl

soft_vd w

tf_beta

tf_type
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Cutoff for upperimit distanceestraintviolationsfor allowedconforma-
tions in grid searches.

Initial value: 0.1 A.

Cutoff for stericlowerlimit distanceestraintviolationsfor allowedcon-
formations in grid searches.

Initial value: 0.1 A.

Valueof the parametef if targetfunctiontype 3 or 4 used(seesystem
variabletf_type ).

Initial value: 1.0

Typeof tamgetfunctionusedfor distanceconstraintsThesamefunction-
al form is usedfor upperlimits, lower limits, andvan der Waalslower
limits.

limiting cases
type term for a violated
upper limit d > b) smallviolation  largeviolation
(d=Db) (d>>b)
2 22

" b 2 RO

1 Ry (d—b) s

2 (d—b)? (d—b)? d?

2 2_b2[]2 b
e wE W

0 pb® O

4 ZBZbZ[ 1+ %‘J'B;bbg_ 1} (d—Db)> 2Bb

d, b andf denotethe actualdistancethe upperdistancebound,andthe
valueof thesystenvariabletf_beta . Thelargerthevalueof 3, thelong-
erthefunctionalform will becloseto thelimiting casefor smallviola-
tions.

Type 1 is the normalDIANA target function (Glntertet al., 1991),and
type 3 is the errortoleranttargetfunctionusedby NoAH (Mumenthaler
et al, 1997).



tolerance

tol_transp

tol_una

weight_aco

e Variables and Functions

Targetfunctionsof typel, 2 and4 have unit A2 whereaghetametfunc-
tion of type 3 is dimensionless, e. targetfunction valuesobtainedwith
type 3 cannot be compared with those obtained with other types.

In all caseghecontritutionto thetamgetfunctionfrom a smallviolation
is proportionako thesquareof theviolation. For largeviolations,thetar-
getfunctiontypesdiffer significantly:type 1 is proportionalto d*, types
2 and 3 are proportional 5, and type 4 is linear id.

Notethatdistanceconstraintsith very smallupperboundb canleadto
problemswhenthetargetfunctionof type 1 is usedbecauséhey getan
excessve weight over other constraintsTo illustrate this, assumeawo
upper limit distance constraints that are violated by the same amount:

b=0.1A,d =2 A: taget function contribtion = 398.0 &

b=3.1 A,d=5 A: taget function contribtion = 6.2 &
Thefirst constraintgivesa morethan60 timeslarger contritution than
thesecondln suchcasest is advisableo usethetargetfunctionof type
2, to which both constraintsould contritute the same amount.
Initial value: 1.

Tolerancaanged, betweerpeakpositionsandprotonchemicalshifts
(in ppm).In automatidNOESY assignmenthesevaluesareusedfor at-
omsthatarealreadyusedin peakassignmentsf the currentpeaklist.

Thevalueof tolerance is acomma-separatdist of valuesfor the dif-

ferentspectraldimensionsthe first and secondnumbersapply to pro-
tons, the third numberto 13C or 1®N. The seconchumberis for protons
that are directly boundto the corresponding3C or 1°N atom, the first

number for other protons.

Initial value: 0.01, 0.01, 0.2 ppm.

Chemicalshift tolerancerangesusedto checkfor the existenceof tran-
posedoeakdn 3D peaklists, givenin thesameformatasfor thevariable
tolerance .

Initial value: 0.05, 0.05, 0.5 ppm.

Sameasvariabletolerance , but the A valuesgiven hereareusedin
automatidNOESY assignmentor all chemicalshiftsfrom atomswhich
are not used in grpeak assignment of the current peak list.

Initial value: 0.04, 0.04, 0.4 ppm.
Weightvaluefor contritutionsto thetargetfunctionfrom dihedralangle

constraints.
Initial value: 5.0.
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weight_cco

weight_lol

weight_ori

weight_upl

weight_vd w
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Weightvaluefor contritutionsto thetargetfunctionfrom couplingcon-
stant constraints.

Initial value: 0.5.

Weight value for contrikutionsto the target function from lower limit
distance constraints.

Initial value: 1.0.

Weightvaluefor contributionsto the targetfunction from orientational
constraints.

Initial value: 10.0.

Weight value for contrikutionsto the target function from upperlimit
distance constraints.

Initial value: 1.0.
Weightvaluefor contributionsto thetargetfunctionfrom vanderWaals

lower limit distance constraints.
Initial value: 2.0.

Functions

In thefollowing alphabeticalist of all DYANA functionsargumentsare
denoted by

n, m integer

r real

S string

X integer or real, unless types areai eplicitly

Theresulttypeof afunctionis only givenexplicitly if it differsfrom the
type of the aygument(s), and if it is not efpus.

Severalfunctionsgive accesdo internaldatastructuresusedby DYANA
to storeinformationaboutresiduesatomsanddihedralanglesinternal-
ly, residues,atoms,and dihedral anglesare numberedconsecutiely
from 1 to nr, na, andnd, respectiely. The“residuen”, “atomn”, and
“dihedral anglen” refer to these internal numberings.

For residueghis internalnumberis calledthe residueindex. Residues
have alsoanexternalresiduenumberwhichis usedin theinputandout-
put of the program andwhich candiffer from theresidueindex. For ex-
ampleif asequencstartswith residug‘ALA 101", thisfirst residuehas



acoviol(n,r)

anam(n)

angle(n)

Angle(n)

atom(n)

Atom( n)

calscale( s,rq,ro)

cco(n)
coor d(m,n)

derms

diastereotopic( n)

dmax

e Variables and Functions

index 1 and (&ternal) number 101.

Realfunctionthatreturnsthe sizeof the anglerestraintviolation for a
givenvaluer (in degrees)of thetorsionanglen. This functionreturnsa
negative resultif thereexists no anglerestraintfor anglen, and0 if the
restraint(s) are not violated.

Character function that returns the name of atom

Charactefunctionthatreturnsa stringconsistingof theanglenameand
the residue number of dihedral angle

Charactefunctionthatreturnsa stringconsistingof theanglename the
residue name, and the residue number of dihedral angle

Charactefunctionthatreturnsa string consistingof theatomnameand
the residue number of atom

Charactefunctionthatreturnsa stringconsistingof theatomname the
residue name, and the residue number of atom

Thisfunctionis usedfor theautomaticcalibrationprocedurencludedin
thecaliba macro.The strings containsthe calibrationfunctionf(d) re-
lating the peakvolume f with a correspondinglistanced. Using this
function, calscale determines scalingfactorA suchthatthe average
distanceboundof all peakscalibratedwith the function A f(d) becomes
r.. Only peaks with @lume greater that, are talen into account.

Coupling constantalue of then-th coupling constant restraint.
Cartesian coordinata (= 1, 2, 3) of atonm.

RealfunctionthatreturnstheRMStotal enegy changepertimestep av-
eraged wger all timesteps of the most recentieeutednd command.

Numberof the n-th diastereotopi@atomin the currentgrid searchfrag-
ment.In apair of diastereotopiatoms,e.g.HB2/HB3, only thefirst one
will be countedFor valuesof n largerthanthe numberof diastereotopic
pairs in the fragment, the function returns 0.

Real function that returnsthe maximal dihedralangle change(in de-
grees)pertimestepaveragedver all timestepf the mostrecentlyex-
ecutedmd command.
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dnam(n)

drms

dval(n)

ekin

ekmean

ekrms

element( n)

emean

erms

heavyatom(n)
iar(n)

iacod( n)

ilangle( s)

iatom( s)

launit( n)
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Character function that returns the name of dihedral angle

Realfunction that returnsthe RMS dihedralanglechange(in degrees)
pertimestep averagedover all timestepsof the mostrecentlyexecuted
md command.

Real function that returns thalue (in dgrees) of dihedral angte

Realfunctionthat returnsthe currentkinetic enegy (in targetfunction
units).

Real function that returnsthe meankinetic enegy, averagedover all
timesteps of the most recentlyeeutednd command.

Realfunction thatreturnsthe standarddeviation of the kinetic enepy,
averagedverall timestepof themostrecentlyexecutednd command.

Ordinal number of the atom e.g. 1 for gdrogen, 6 for carbon atoms.

Real function that returnsthe meantotal enegy, averagedover all
timesteps of the most recentlyeeutednd command.

Realfunctionthatreturnsthe standarddeviation of thetotal enegy, av-
eraged wver all timesteps of the most recentkeeutednd command.

Numberof theheary atomassociatedith (hydrogenor pseudopatomn.
Residue inde of atomn.

Numberof thedihedralanglethatis restrainedy then-th dihedralangle
restraint.

Internalnumberof thedihedralanglewith names. Thestrings consists
of theanglenamefollowedby theresiduenumber Thefunctionreturns
0 if sdoes not identify anxésting angle.

Internal numberof the atomwith names. The string s consistsof the
atomnamefollowed by the residuenumber The functionreturns0 if s
does not identify anxsting atom.

Rigid unit numberof aatomn, i.e. the numberof the dihedralangleim-
mediately preceding atom



ibond( n,m)

iccoa( m,n)

ida(n,m)

idcoa( m,n)

idor d(n)

idr(n)
ifira( n)
ifir d(n)

inter val(i,j,n)

inter vals(n)

iprev(n)

irnum(n)
istruct( n)
lda(n)

libdir

maxang

maxcor

e Variables and Functions

Numberof the mth atomthatis covalentlyboundto atomn (m=1, ...,
4). The function returns 0 if less thamatoms are bound to atom

Numbersof thetwo atoms(m = 1, 2) involvedin then-th couplingcon-
stant restraint.

Number of themth defining atom of dihedral angleg(m=1, ..., 4).

Numbersof the two atoms(m = 1, 2) involved in the n-th distancere-
straint.

Index of dihedralanglen with respecto the original orderof dihedral
angles.

Residue inde of dihedral angle.
Number of the first atom belonging to residue
Number of the first dihedral angle belonging to the residue

Lower (j = 1) or upper(j = 2) boundof thei-th allowedinterval for angle
n found by grid searches.

Number of alleved intenals for anglen found by grid searches.

Numberof the dihedralanglethat precedeslihedralanglen in thetree
structure of dihedral angles.

Index of the residue withx@ernal residue number
Number of then-th selected structure.
Numberof thelastatomthatis affectedby a changeof dihedralanglen.

Charactefunctionthatreturnsthe currentlibrary directory Thelibrary
directory nameis taken from the ervironment variable DYANALIB
when the program starts.

Maximal numberof structuresfor which the dihedralanglescan be
stored. This alue depends on the size of the protein.

Maximal numberof structuredor which the Cartesiarcoordinatesan
be stored. Thisalue depends on the size of the protein.
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na
naco
nassign
nbond( n)
ncco
nconf

nd

ndcdis( n)

ndco

ndcres( n,m)

ndfree

nlevel

nlol

np_ass

np_corr

np_inc

np_new
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Number of atoms.

Number of dihedral angle constraints.

Number of assigned peaks.

Number of atoms that arevalently bound to atom.

Number of coupling constant constraints.

Number of alleved conformations in the most recent grid search.
Total number of dihedral angles, free an@dix

Numberof distanceconstraintbetweerresidueghatareexactly n posi-
tions apart in the primary sequence.

Number of distance constraints.

Numberof distanceconstraintghatinvolve theresiduen andspanadis-
tance of at leash positions in the sequence.

Number of free (i.e. rotatable) dihedral angles.

Numberof distanceconstraintbetweerresidueghatarelessthann po-
sitions apart in the primary sequence.

Number of laver limit distance constraints.

NoaH variable:Numberof peaksn theunambiguousssignmenilist af-
ter the commandlter .

NoAH variable:Numberof peaksin the unambiguousassignmentist
thathave thesameassignmendsin thereferencgpeaklist afterthecom-
mandfilter .

NoaH variable:Numberof peaksthatareincompatiblewith the current
structures after the commaadsign .

NoaH variable:Numberof peaksin the unambiguousassignmentist
thathave no assignmenin thereferencepeaklist afterthecommandil-
ter.



np_out

np_wrg

npeaks
nplist

nr

nseldis
nstruct
numpr o(n)
nupl

pi

pseudoatom( n)

rad

rmsd_bb

rmsd_bbde v

rmsd_hv

rmsd_hvde v

rnam(n)

rnum(n)

e Variables and Functions

NoaH variable:Numberof peakghathave nopossibleassignmenbased
onpeakpositionsandprotonchemicakhiftsafterthecommandassign .

NoaH variable:Numberof peaksin the unambiguousassignmentist
that have a differentassignmengsin the referencepeaklist after the
commandilter .

Number of peaks.

Number of peak lists.

Number of residues.

Number of selected distance constraints.

Number of selected structures.

Number of atoms that are associated with the pseudoato
Number of upper limit distance constraints.

Numerical constant = 3.14159.

Numberof the pseudoatonassociatedvith atomn. If no pseudoatonis
associated with atom the function returns 0.

Numerical constant 18GF 57.2958.

Averageof thepair-wisebackbondRMSD calculatedvith thecommand
rmsd .

Standardleviation of thepairwisebackbondRMSD calculatedwvith the
commandmsd .

Averageof the pairwise heary atom RMSD calculatedwith the com-
mandrmsd .

Standarddeviation of the pairwise heary atomRMSD calculatedwith
the commandmsd .

Character function that returns the name of the residue

(External) residue number of the residue
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seldis
selected( n)

shift( n)

stereopar tner(n)

tf

tf(n)

timestep

tfcalc

tfimin
tfmax

tfres(n)

tolcco( n)
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Average distance bound of all selected distance constraints.
Logical function that returns 1 structurés selected, or O otherwise.

Realfunction that returnsthe chemicalshift of atomn, or 999.0if the
chemical shift is unknan.

Numberof the diastereotopigartnerof atomn. If atomn hasno ste-
reopartnerthefunctionreturns0. If theatom(andits stereopartnerre
stereospecificallassignedseecommandatom stereo ), the function
returns the number of the diastereotopic partner wittgatie sign.

Targetfunctionvalueobtainedrom themostrecentargetfunctioneval-
uation.If thecurrentstructurevasreadfrom afile thatcontainedhetar-
get function valuein its headerandif the target function wasnot re-
evaulatedafterreadingthefile, thenthevaluefrom thefile headelis re-
turned.

Tarmget function alue of structure.

Lengthof thetime-stepusedn thelastintegrationstepof a previousmd
command.

Targetfunctionvalueof the currentstructure pbtainedby evaluationof
the taget function with the current constraints, weights etc.

Minimal local taget function walue in the most recent grid search.
Maximal local taget function alue in the most recent grid search.

Localtagetfunctionvalueof residuen in thecurrentstructure pbtained
by evaluationof thetargetfunctionwith thecurrentconstraintsyeights
etc.

Tolerancefor the couplingconstantvalue of the n-th couplingconstant
restraint.



Residue range

Atom selection

Selections

The DYANA commandgroupsatom, angle, peak, distance , and
structure applyto setsof selectechtoms,angles peaksdistancecon-
straintsandstructurestespectiely. Thischaptedescribeshesyntaxof
the various selections used ByANA.

A residuerangeconsistf oneor severalof thefollowing elementssep-
arated by commas:

m a residue number

m..n a range of residue numbers

m.. from the residue with numben onwards
..n from the first up to the residure

Atom selectiondave thefollowing generaform (itemsin squarebrack-
etsareoptional,anditemsin curly bracescanoccurzeroor moretimes):

[] {atont [residué { operator {aton} [ residud}

where
! denotes ngation

atom denotesan atom name, possibly containingwildcards
(“?” or**” replaceexactly oneor ary numberof charac-
ters,respectiely), or theword METHYL to denoteall at-
omsin mettyl groups,or theword AMIDE to denoteall
atoms in amide groups.

residue  denotes a residue selection

A residueselectionconsistf oneor several of thefollowing elements:
@name aresidueame possibly containing wildcards
@FIRST the first residue
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Angle selection

Peak selection
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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 numben onwards
..n from the first up to the residure
Atom selections can be combined using the ¥alhg operators:
+ atoms in the current set or in theanget
- atoms in the current setinot in the ne set
/ atoms in the current set and in thevreet

Opemators arealwaysevaluatedfrom left to right. The currentatomset
is thesetof atomsdefinedby whatprecedeshe operator. Thenew atom
set is the set of atoms defined by what feidheopemtor.

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

NCAC+ 1517 - H* Q*
all backbone atoms and the sidechain heavy at-
oms of residues 15 and 17

The commanditom list can be used to check atom selections.

Angle selectiondollow the samesyntaxasatomselectionsgxceptthat
anglenamesnsteadof atomnamesarespecified.The commandangle
list can be used to check whether angle selections.

Peakselectionaremadewith thepeak select commandandconsisiof
two atomselectionghatareseparatethy acomma.The commamaybe
omittedif bothatomselectionsonsistof a singleatomname.ln addi-
tion, peakselectionsnay containoneor severalof the following condi-
tions:

levels=m..n
Selectonly peaksbetweenresidueghat are betweenm
andn residues apart.

volume= Vpin.-Vimax
Select only peaks witholume betweeV i, andV, gy

fraction= p



Distance
constraint
selection

Structure selection

e selections

Selectrandomly only the fraction p of all peaksthat
would normallybeselectedThis optionis usefulto sim-
ulate peak lists.
variable Select only peaks that correspond t@gdable distance.
peaklist= filenameSelectonly peaksthat were readfrom the peak
list with the gienfilename(without etension).
The currentpeakselectionmay be combinedwith the previously made
peak selection using one of the operators:

union Selectpeaksthat are selectedoy ary of the two selec-
tions.

inter section Select peaks that are selected by both selections.

Xor Selecipeakghatareselectedn exactly oneof thetwo se-
lections.

By default, previously selectecheaksarenot consideredThecommand
peak list can be used to check peak selections.

Distanceconstrainselectionsaremadewith thedistance select com-
mandandfollow thesamesyntaxaspeakselectionsexceptthatthecon-
ditions volume= Vy,in..Vimax and peaklist= filenamecannotbe used.
Thecommanddistance list canbe usedto checkdistanceconstraint
selections.

A structureselectiorconsist®f oneor severalof thefollowing elements,
separated by blanks:

m a structure number

m..n a range of structure numbers

m.. from the structure with numben onwards
..n from the first up to the structure

An empty structure selection selects all structures.
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File Formats

Thischaptedescribesheformatof theinputfilesto DYANA. Mostinput

With the exceptionof residudibrary, angleandcoordinateiles all input

files have “free format”, i.e. the exact positioningof the individual en-

trieson aline is notimportant;subsequennput fields areseparatedhy

oneor moreblanks.In all inputfiles exceptresidudibrary andCartesian
coordinatefiles the character#” indicatesthatthe restof theline is a

comment that will be skipped by the program.

TheprogramDYANA usesfor all typesof inputandoutputdatafiles de-
fault file name xtensions if no &ension is specified by the user:

file type format default extension
dihedral angle constraints DiANA .aco
dihedral angles DiANA .ang
coupling constants HABAS .cco
Cartesian coordinates DG .cor
residue library DyAaNA ib
lower limit distance constraints DIANA Jol
orientation constraints DYANA Noly
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

Formatsof mostfiles are thoseof alreadyexisting programs:DIANA
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(Giuntertetal., 1991a),HaBAS (Glintertetal., 1989) XeEASY (Eccleset

al., 1991;Bartelset al., 1995),and XPLOR (Briinger 1992).DG is the

coordinatdfile formatusedby DIANA andotherdistancegeometrypro-

grams.PDB is the format usedby the ProteinDataBank (Bernsteinet

al., 1977). Somefeaturesof PDB and XpPLOR formatarenot supported
by DYANA.

Residue library

Theresidudibrary inputfile declaregsheatomtypes,the nomenclature,
the dihedralangledefinitions,the covalentconnectvities andthe stan-
dardgeometry The standardibrary, “dyana.lib”, usesthe standardye-
ometryof the ECEPH2 forcefield (Momary etal., 1975;Németly etal.,
1983)for all aminoacidresiduetlypes.The covalentgeometryof thenu-
cleotidesis basedon the AMBER force field (Cornell et al., 1995).For
reasonf compatibility with otherprogramsthe residuelibrary used
for DYANA containsmoreinformationthanis actuallyreadby the pro-
gram;thefollowing descriptiontreatsonly datathatis relevantfor DyA-
NA. Firstof all, the presentversionof DYANA doesnotallow for special
endgroupsat the N- or C-terminusof the polypeptidechain. Therefore
only theentriesmarkedwith the keywordsATOMTYPESor RESIDUE
are considered.

The atomtypesentry startswith a headeiine with the Fortranformat
(A10,I5) containingthe word ATOMTYPES and the numberof atom
typedeclarationghatwill follow. Thefollowing linescontainatomtype
declarationsn the Fortranformat(5X,A5,F10.2,215)theatomtype, the
repulsive coreradiusthatwill be assignedo atomsof this type,a code
for hydrogenbondcapabilities(1 for hydrogenatomsthatcanform hy-

drogenbonds for hydrogenbondacceptorge.g.oxygens)ando for at-

omsthat cannotbeinvolvedin hydrogenbonds),andthe ordernumber
of the chemicalelement(0 for pseudaatoms,1 for hydrogen 6 for car-
bon,7 for nitrogenetc.). Theatomtypesentry mustpreceddheresidue
entries.

A residueentry startswith a headerline with the Fortran format
(A10,A5,415)andcontainingtheword RESIDUE theresiduename the
numbersof rotatabledihedralangleandatomdeclarationghatwill fol-
low, respectiely, andthe numbersof thefirst andlastatomin thelist of
atomdeclarationshatbelongto theresidue(notto the precedingpr fol-
lowing onein the polypeptidechain).Thenext linescontaindihedralan-
gle declarationsin the format (5X,A5,20X,515): the dihedral angle
name the numbersof the four atomsthatdefinethe dihedralangle,and



Atom types

ALA

e File Formats

thenumberof thelastatomthatwill be affectedby a rotationof thedi-
hedralangle(for backbonealihedralanglegshis numbeiis setto 0). Atom
numberscorrespondo the runningnumbersin the first column of the
atomdeclarationsThe atomdeclarationsnustbe orderedsuchthatthe
setof atomsaffectedby achangeof adihedralangleconsistof all atoms
following the third atomin the dihedralangledefinition up to the last
atom (or the C-terminusfor backbonedihedralangles)thatis affected.
Finally, there are lines containing atom declarations:the format is
(5X,2A5,15X,3F10.4,5I5)the dataare the atom name,the atom type
(usedto setthe repulsive coreradii), the x-, y- andz-coordinatesn for
an arbitrary conformation four atomnumbersindicating covalentcon-
nectvities (if therearelessthanfour connecwities, the corresponding
numbersaresetto 0) andthe atomnumberof the correspondingpseudo
atom (or O if there is no corresponding pseudo atom).

The nomenclaturef atomsin aminoacid residuescloselyfollows the
IUPAC recommendationsThe only exceptionis the backboneamide
protonwhichis calledHN insteadof H. In additionto realatomstheres-
idue library may contain pseudoatomsidentified by the atom type
PSEUDthat areusedin DYANA asdimensionlesseferencepointsfor
distance constraints.

To avoid nomenclatureonfusionall atomtypesandresidueentriesof
thestandardesidudibrary file arelistedin thefollowing (for compact-
nesswo numberghatarenotusedoy DYANA arenotprintedin theatom
lines between the atom type and theoordinate):

ATOMTYPES 18
1PSEUD -1000 0 O
2H ALl 100 0 1
3HAM 095 1 1
4HARO 100 0 1
5HSUL 100 0 1
6H OXY 100 1 1
7CALl 140 0 6
8CBYL 140 0 6
9C ARO 135 0 6
10CVIN 140 0 6
1IN AMI 130 -1 7
12N_AMO 130 0 7
130 BYL 120 -1 8
140 HYD 120 -1 8
150 EST 120 -1 8
16SOXY 160 0 16
17S RED 160 0 16
18P ALl 160 0 15

RESIDUE ALA 4 14 3 13

10MEGA -1 2 100000 2 1 3 4 O
2PH 0 O 00000 1 3 512 O
3CHI1 1 3 13500 3 5 8 911
4PSI 0 O 00000 3 5 12 14 O
1C C_BYL -0.6824 -1.1357 0.0000 2 3 0
20 O_BYL -0.1723 -22550 0.0000 1 O 0
3N N_AMI 0.0000 0.0000 0.0000 1 4 0
4HN H_AMI -04226 09063 0.0000 3 0 0 O
5CA C_ALlI 14530 0.0000 00000 3 6 8 12
6HA H_ALlI 17849 04925 09140 5 0 0 O

0
0
5

OConCPoo
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ARG

ARG+

140

70B PSEUD 2.0850 -0.9858 -14878 0 0 O
8CB C_ALlI 19637 -0.7966 -1.2023 5 9 1
9HB1 H_ALI 3.0537 -0.7963 -1.2019 8 O
10HB2 H_ALlI 1.6006 -1.8224 -1.1392 8 0
11 HB3 H_ALlI 1.6006 -0.3386 -2.1223 8 O
12C C_BYL 1.9587 1.4440 0.0000 5 13
130 O_BYL 11648 23835 0.0000 12 O
14N N_AMI 32772 15756 0.0000 12 O

0
0

~

0
0
0
0
14
0
0

-
OSopooCPro

7
7
0
0
0

RESIDUE ARG 7 30 3 29

10MEGA -1 2 100000 2 1 3 4 O
2PH 0 O 00000 1 3 528 O

3CHI1 1 3 13500 3 5 7 11 27
4CHI2 1 3 13500 5 7 11 15 27
5CHI3 1 3 13500 7 11 15 19 27
6CHI4 0 O 0.0000 11 15 19 21 27

7PSI 0 0 00000 3 528 30 O

1C C_BYL -0.6824 -1.1357 0.0000 2 3 O
20 O BYL -0.1723 -22550 00000 1 0 O
3N N_AMI 0.0000 0.0000 0.0000 1 4 5
4HN H_AMI -0.4226 0.9063 0.0000 3 0 O
5CA C_ALI 14530 0.0000 0.0000 3 6
6HA H_ALI 17317 -05213 09158 5 O
7CB C_ALI 20038 -0.7402 -1.2205 5 8
8HB2 H_ALlI 1.6375 -1.7668 -1.2235 7 0
9HB3 H_ALlI 1.6375 -0.2685 -21323 7 O
10QB PSEUD 1.6375 -1.0177 -16779 0 0 O 0 O
11CG C_ALlI 35338 -0.7388 -1.2182 7 12 13 15 0
12HG2 H_ALI 3.9001 02878 -1.2152 11 0 0 0 14
13HG3 H_ALI 3.9001 -1.2106 -0.3064 11 0 0 O 14
14QG PSEUD 3.9001 -0.4614 -0.7608 0 0 O 0 O
15CD C_ALl 4.0846 -14791 -24387 11 16 17 19 O
16 HD2 H_ALlI 3.7230 -2.5073 -2.4444 15 0 0 0 18
17HD3 H ALl 3.7230 -1.0090 -3.3532 15 0 0 0 18
18QD PSEUD 3.7230 -1.7581 28988 0 0 0 0 O
19NE N_AMI 55643 -1.4643 -24144 15 20 21 0 O
20HE H_AMI 6.0160 -1.0017 -1.6515 19 0 0 0 O
21CZ C_VIN 6.3425 -2.0364 -3.3576 19 22 24
22NH1 N_AMI 7.6548 -1.9625 -3.2357 21 23 O
23HH1 H AMI 8.3002 -2.3586 -3.8888 22 0 O
24NH2 N_AMI 5.7870 -2.6745 -4.4096 21 25 26 O
25HH21H AMI 6.3705 -3.0956 -51040 24 0 O O
26 HH22H_ AMI 47919 -2.7260 44945 24 0 0 O
27QH2 PSEUD 55812 -29108 47993 0 0 0 O
28C C_BYL 19838 14350 0.0000 5 29 30 0 O
290 O_BYL 12064 23881 00000 28 0 0 O O
30N N_AMI 33043 15436 00000 28 0 0 O O

RESIDUE ARG+ 7 32 3 31

10MEGA -1 2 100000 2 1 3 4 O
2PHI 0 O 00000 1 3 530 O

3CHI1 1 3 13500 3 5 7 11 29
4CH2 1 3 13500 5 7 11 15 29
5CHI3 1 3 13500 7 11 15 19 29
6CHI4 O O 00000 11 15 19 21 29
7PSI 0 O 00000 3 530 32 O

1C C_BYL -0.6824 -1.1357 0.0000 2 3 O
20 O BYL -0.1723 -22550 00000 1 0 O
3N N_AMI 0.0000 0.0000 0.0000 1 4 5
4HN H_AMI -04226 0.9063 0.0000 3 0 O
5CA C_ALI 14530 0.0000 00000 3 6 7
6HA H_ALI 1.7317 -05213 09158 5 0 O
7CB C_ALI 20038 -0.7402 -1.2205 5 8 9
8HB2 H_ALlI 1.6375 -1.7668 -1.2235 7 0 O
9HB3 H_ALI 1.6375 -0.2685 -21323 7 0 O
10QB PSEUD 1.6375 -1.0177 -16779 0 0 0 0 O
11CG C_ALlI 35338 -0.7388 -1.2182 7 12 13 15 O
12HG2 H_ALI 3.9001 0.2878 -1.2152 11 0 0 0 14
13HG3 H_ALlI 3.9001 -1.2106 -0.3064 11 0 0 0 14
14QG PSEUD 3.9001 -0.4614 -0.7608 0 0 0 0 O
15CD C_ALlI 4.0846 -1.4791 -24387 11 16 17 19 O
16 HD2 H ALl 3.7230 -25073 -24444 15 0 0 0 18
17HD3 H ALl 3.7230 -1.0090 -3.3532 15 0 0 0 18
18QD PSEUD 3.7230 -1.7581 -2.8988 0 0 0 0 O
19NE N_AMI 55643 -1.4643 -24144 15 20 21 0 O

0
0

0
0
30

0
11
0
0
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20HE H AMI 6.0160 -1.0017 -16515 19 0 0 0 O
21CZ C_VIN 6.3367 -2.0321 -3.3506 19 22 26 0 O
22NH1 N_AMO 7.6712 -1.9691 -3.2468 21 23 24 0 O
23HH11H AMI 82477 -2.3929 -39454 22 0 0 0 25
24HH12H AMI 8.0907 -1.4983 -2.4706 22 0 O 25
25QH1 PSEUD 81692 -1.9456 -32080 0 O O 0
26 NH2 N_AMO 5.7747 -2.6630 -4.3906 21 27 28 0 O
27HH21H_AMI 6.3512 -3.0868 -5.0893 26 0 O 2
28HH22H _AMI 4.7788 -2.7101 -4.4681 26 0 O 2
29QH2 PSEUD 55650 -2.8985 -4.7787 0 0 O 0
30C C BYL 19838 14350 0.0000 5 31 3
310 O BYL 12064 23881 0.0000 30 O
32N N_AMI 33043 15436 0.0000 30 O

© ©

0
0
0
0
0

2

00
000
000

ASN RESIDUE ASN 5 19 3 18
10MEGA -1 2 100000 2 1 3 4 0
2PHI 0 0 00000 1 3 5 17 O
3CHIL 1 3 1350 3 5 7 11 16
4CHI2 0 0 00000 5 7 11 12 16
5PSI 0 0 00000 3 5 17 19 O
1C C_BYL -0.6824 -1.1357 00000 2 3
20 OBYL -0.1723 -22550 00000 1 O
3N NAMI 00000 0.0000 0.0000 1 4
4HN H_AMI -04226 0.9063 00000 3 0 0
5CA C_ALl 14530 00000 00000 3 6
6HA H_ALI 17394 -05422 09011 5 0
7CB C ALl 20038 -06938 -12474 5 8
8HB2 H ALl 1.6375 -1.7196 -1.2891 7 O
9HB3 H ALl 16375 -0.1881 -21409 7 0
10QB PSEUD 16375 -0.9538 -1.7150 0 O
11CG C BYL 35338 -0.6925 -12451 7 12
120D1 O BYL 4.1821 -11949 21483 11 0
13ND2 N_AMI 4.0726 -0.1015 -0.1825 11 14
14HD21 H_AMI 34834 02913 05236 13 0 0 0 1
15HD22 H_AMI  5.0670 -0.0498 -0.0896 13 0 0 0 16
16 QD2 PSEUD 42752 0.1208 02170 0 0 0 0 O
17C C BYL 19587 14440 00000 5 18 19 0 O
180 O BYL 1.1648 23835 00000 17 0 0 O O
19N NAMI 32772 15756 0.0000 17 0 0 0 O

©

ASP RESIDUE ASP 6 17 3 16

10MEGA -1 2 100000 2 1 3 4 0
2PHI 0 0 00000 1 3 5 15 O
3CHIL 1 3 1350 3 5 7 11 14
4CHI2 0 0 00000 5 7 11 12 14
SCHI32 -1 2 40000 7 11 13 14 14
6PSI 0 0O 00000 3 5 15 17 0

1C C BYL 06824 -1.1357 00000 2 3
20 O BYL -0.1723 22550 00000 1 O
3N NAMI 0.0000 0.0000 00000 1 4
4HN H AMI -0.4226 09063 0.0000 3 0
5CA C_ALl 14530 00000 00000 3 6
6HA H ALl 17394 -05422 09011 5 0
7CB C_ALl 20038 -0.6938 -12474 5 8
8HB2 H ALl 1.6190 -1.7132 -12776 7 O
9HB3 H ALl 16190 -0.1818 -2.1294 7 0 0
10QB PSEUD 1.6190 -0.9475 -1.7035 0 0 0 0 O
11CG C BYL 35302 -0.7444 -13384 7 12 13 0 0
120D1 O BYL 4.0951 -1.2810 23031 11 0 0 0 O
130D2 O_HYD 4.1537 -0.1955 -0.3514 11 14 0 0 O
14HD2 H OXY 5.1416 -0.2707 04866 13 0 0 O O
15C C_BYL 1.9587 1.4440 0.0000 5 16 17 0 O
160 O BYL 1.1648 23835 00000 15 0 0 O O
17N NAMI 32772 15756 00000 15 0 0 0 O

ooowomoo

ASP- RESIDUE ASP- 5 16 3 15

10MEGA -1 2 100000 2 1 3 4 0

2PHI 0 0 00000 1 3 5 14 0

3CH1 1 3 13500 3 5 7 11 13

4CH2 0 0 00000 5 7 11 12 13

5PSI 0 O 00000 3 5 14 16 O

1C C_BYL 06824 -1.1357 00000 2 3 0 O
000

0
20 O_BYL -0.1723 -2.2550 0.0000 1 0
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3N N_AMI 0.0000 0.0000 00000 1 4 5 0 O

4HN H_AMI -04226 0.9063 00000 3 0 0 O O
5CA C_ALI 14530 0.0000 00000 3 6 7 14 O
6HA H ALl 17394 -05422 09011 5 0 0 0 O

7CB C_ALI 20038 -0.6938 -1.2474 5 8 9 11 O
8HB2 H_ALI 16190 -1.7132 -1.2776 7 0 0 0 10
9HB3 H_ALI 1.6190 -0.1818 -21294 7 0 0 O 10
10QB PSEUD 1.6190 -0.9475 -1.7035 0 0 O O
11CG C_BYL 35302 -0.7444 -1.3384 7 12 13 0
120D1 O_BYL 4.0206 -1.3033 -23432 11 0 0 O
130D2 O_BYL 41722 -0.2231 -04011 11 0 0 O
14C C_BYL 1.9587 1.4440 0.0000 5 15 16 0 O
150 O BYL 11648 23835 00000 14 0 0 0 O
16N N_AMI 32772 15756 0.0000 14 0 0 O O

0
0
0
0

CYS RESIDUE CYS 5 15 3 14
1OMEGA -1 2 100000 2 1 3 4 0
2PHI 0 0 00000 1 3 5 13 0
3CHIL 1 3 13500 3 5 7 11 12
4CH2 1 3 07500 5 7 11 12 12
5PSI 0 0 00000 3 5 13 15 0
1C C BYL -0.6824 -1.1357 00000 2 3
20 OBYL 01723 22550 0.0000 1 O
3N NAMI 00000 00000 00000 1 4
4HN A AMI -0.4226 09063 0.0000 3 0
5CA C ALl 14530 00000 00000 3 6
6HA H ALl 17661 -05112 09103 5 0
7CB C_ALl 20187 07882 -11831 5 8
0
0

oPooCoo

8HB2 H_ALlI 1.6627 -1.8178 -1.1483 7
9HB3 H_ALI 1.6627 -0.3594 -2.1199 7
10QB PSEUD 1.6627 -1.0886 -1.6341 0
11SG S RED 38479 -0.7581 -1.1379 7 12
12HG H SUL 4.0261 -1.4888 -2.2348 11 O
13C C_BYL 19334 14526 00000 5 14 15 0 O
140 O BYL 11232 23781 00000 13 0 0 0 O
15N N_AMI 32494 1.6072 0.0000 13 0 0 O O

0
0

© a1
OOQO\IO oo

co© Rrok o
coRrCPwo~ oo

1

1
0
0
0

CYSS RESIDUE CYSS 4 14 3 13

1OMEGA -1 2 100000 2 1 3 4 0
2PHI 0 0 00000 1 3 5 12 0

3CHIL 1 3 13500 3 5 7 11 11

4PSI 0 0 00000 3 5 12 14 0

1C C BYL -0.6824 -1.1357 00000 2 3 O
20 O_BYL -0.1723 -2.2550 00000 1 O O
3N NAMI 00000 0.0000 00000 1 4 5
4HN H AMI -0.4226 09063 00000 3 0 0
5CA C_ALl 14530 00000 00000 3 6 7
6HA H ALl 17661 -0.5112 09103 5 0 0
7CB C ALl 20187 -0.7882 11831 5 8 9
8HB2 H ALl 16404 -1.8093 -11355 7 0 0
9HB3 H ALl 16404 03509 21071 7 0 0
100B PSEUD 16404 -1.0801 -1.6213 0 0
11SG S OXY 3.8460 -0.8430 -12654 7 0
12C CBYL 19334 14526 00000 5 1
130 O BYL 11232 23781 00000 12 0 0
14N NAMI 32494 16072 0.0000 12 0 0

w
=

GLN RESIDUE GLN 6 23 3 22

10MEGA -1 2 100000 2 1 3 4 0
2PHI 0 0 00000 1 3 521 0
3CHI1 1 3 13500 3 5 7 11 20
ACHI2 1 3 13500 5 7 11 15 20
5CHI3 0 0 00000 7 11 15 16 20
6PSI 0 0 00000 3 5 21 23 0

1C C_BYL -0.6824 -1.1357 00000 2 3
20 O BYL 01723 22550 0.0000 1 O
3N NAMI 00000 0.0000 00000 1 4
4HN H_AMI -0.4226 09063 00000 3 0
5CA C ALl 14530 00000 00000 3 6
6HA H ALl 17427 -0.5017 09233 5 0
7CB C_ALl 20013 -0.7874 -11917 5 8
8HB2 H ALl 16341 -18130 -1.1545 7 0
9HB3 H_ ALl 16341 -0.3510 21206 7 O

o
oomo\lo oo
RrolN o
coRrCPro~ oo
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10QB PSEUD 1.6341 -1.0820 -16375 0 0 0 0 O
11CG C_ALlI 35313 -0.7874 -1.1917 7 12 13 15 O
12HG2 H_ALlI 3.8985 0.2382 -1.2290 11 0 0 0 14
13HG3 H_ALI 3.8985 -1.2239 -0.2629 11 0 0 0 14
14QG PSEUD 3.8985 -0.4928 -0.7459 0 0 0 O O
15CD C BYL 4.0796 -15749 -2.3835 11 16 17 0 O
16 OE1 O_BYL 52772 -1.7032 -25777 15 0 0 0 O
17NE2 N_AMI 31391 -2.0933 -3.1681 15 18 19 0 O
18HE21H AMI 21732 -1.9506 -29521 17 0 0 0 20
19HE22H AMI 3.3980 -2.6258 -39740 17 0 0 0 20
20QE2 PSEUD 2.7856 -2.2882 -34631 0 0 O 0 O
21C C_BYL 19838 14350 00000 522 23 0 O
220 O BYL 12064 23882 00000 21 0 O O O
23N N_AMI 33043 15436 0.0000 21 0 O O O

RESIDUE GLU 7 21 3 20

10MEGA -1 2 100000 2 1 3 4 0
2PH 0 O 00000 1 3 519 O
3CHI1 1 3 13500 3 5 7 11 18
4CH2 1 3 13500 5 7 11 15 18
5CHI3 0 O 00000 7 11 15 16 18
6CHI42 -1 2 40000 11 15 17 18 18
7PSI 0 O 00000 3 519 21 O

1C C_BYL -0.6824 -1.1357 0.0000 2 3
20 O_BYL -0.1723 -22550 0.0000 1 O
3N N_AMI 0.0000 0.0000 0.0000 1 4
4HN H_AMI -0.4226 0.9063 0.0000 3 O
5CA C_ALI 14530 0.0000 0.0000 3 6
6HA H_ALlI 1.7427 05017 0.9233 5 O
7CB C_ALI 20013 -0.7874 -1.1917 5 8
8HB2 H_ALlI 1.6341 -1.8130 -1.1545 7 O
9HB3 H_ALlI 1.6341 -0.3510 -21206 7 O
100B PSEUD 1.6341 -1.0820 -1.6375 0 0 O 0 O
11CG C_ALlI 35313 -0.7874 -1.1917 7 12 13 15 O
12HG2 H_ALlI 3.8985 0.2382 -1.2290 11 0 0 0 14
13HG3 H_ALI 3.8985 -1.2239 -0.2629 11 0 0 0 14
14QG PSEUD 3.8985 -0.4928 -0.7459 0 0 0 O O
15CD C BYL 4.0796 -15749 -2.3835 11 16 17 0 O
16 OE1 O_BYL 5.3043 -1.6818 -25453 15 0 0 0 O
170E2 O_HYD 3.1835 -2.0873 -31571 15 18 0 0 O
18HE2 H_OXY 3.6219 -2.5827 -39070 17 0 0 0 O
19C C_BYL 19838 14350 0.0000 5 20 21 0 O
200 O BYL 12064 23882 00000 19 0 O 0 O
21N N_AMI 3.3043 15436 0.0000 19 0 0 0 O

6]
co©WoNYo0o

RESIDUE GLU- 6 20 3 19

10MEGA -1 2 100000 2 1 3 4 O
2PHI 0 O 00000 1 3 518 O
3CHI1 1 3 13500 3 5 7 11 17
4CH2 1 3 13500 5 7 11 15 17
5CHI3 0 0 00000 7 11 15 16 17
6PSI 0 O 00000 3 518 20 O

1C C_BYL -0.6824 -1.1357 0.0000 2 3
20 O_BYL -0.1723 -22550 0.0000 1 O
3N N_AMI 0.0000 0.0000 0.0000 1 4
4HN H_AMI -0.4226 0.9063 0.0000 3 O
5CA C_ALI 14530 0.0000 0.0000 3 6
6HA H_ALlI 1.7427 05017 0.9233 5 O
7CB C_ALI 20013 -0.7874 -1.1917 5 8
8HB2 H_ALlI 1.6341 -1.8130 -1.1545 7 O
9HB3 H_ALlI 1.6341 -0.3510 -2.1206 7 O
100B PSEUD 1.6341 -1.0820 -1.6375 0 0 O O O
11CG C_ALlI 35313 -0.7874 -11917 7 12 13 15 O
12HG2 H_ALlI 3.8985 0.2382 -1.2290 11 0 0 0 14
13HG3 H_ALI 3.8985 -1.2239 -02629 11 0 0 0 14
14QG PSEUD 3.8985 -0.4928 -0.7459 0 0 0 O O
15CD C BYL 4.0796 -15749 -2.3835 11 16 17
16 OE1 O_BYL 5.3227 -1.6469 -24925 15 0 O
170E2 O_BYL 32432 -2.0870 -3.1585 15 0 O
18C C_BYL 1.9838 1.4350 0.0000 5 19 20
190 O_BYL 1.2064 23882 0.0000 18 0 O
20N N_AMI 3.3043 15436 0.0000 18 0 O

00
00
00

00
00
00
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GLY RESIDUE GLY 3 11 3 10
10MEGA -1 2 100000 2 1 3 4 0
2PHI 0 0 00000 1 3 5 9 0
3PSI 0 0 00000 3 5 9 11 0

8QA PSEUD 1.8202 -0.5343 00000 0 O O
9C C_BYL 20013 1.4284 0.0000 5 10 11
100 O_BYL 12356 23910 00000 9 0 O
11N N_AMI 33231 15208 0.0000 9 0 O

1C C_BYL -0.6824 -1.1357 0.0000 2 3 0 0 O
20 O_BYL -0.1723 -22550 0.0000 1 0 0 0 O
3N N_AMI 0.0000 0.0000 00000 1 4 5 0 O
4HN H_AMI 04226 0.9063 00000 3 0 0 O O
5CA C_ALI 14530 0.0000 0.0000 3 6 7 9 O
6 HA1 H_ALlI 1.8202 05343 08762 5 0 0 O 8
7HA2 H_ALlI 1.8202 05343 08762 5 0 0 O 8
00
00
00
00

HIS RESIDUE HIS 5 21 3 20
10MEGA -1 2 100000 2 1 3 4 0
2PHI 0 0 00000 1 3 519 0
3CHI1 1 3 13500 3 5 7 11 18
ACHI2 0 0 00000 5 7 11 12 18
5PSI 0 O 00000 3 519 21 O
1C C_BYL -0.6824 -1.1357 00000 2 3 0
20 O BYL 01723 22550 00000 1 O O
3N NAMI 00000 0.0000 00000 1 4 5
4HN H_AMI 04226 09063 00000 3 0 0
5CA C_ALl 14530 0.0000 00000 3 6
6HA H ALl 17658 -04880 09231 5 0
7CB C ALl 19963 -0.8228 -1.1699 5 8
8HB2 H ALl 16134 -1.8405 -1.0938 7 0
9HB3 H ALl 16134 -04071 -2.1019 7 0 0
100QB PSEUD 16134 -1.1238 15979 0 0 0 0 O
11CG C VIN 35040 -0.8713 -1.2388 7 12 13 0 0
12ND1 N_AMI 4.1876 -15636 22231 11 14 15 0 0
13CD2 C_ARO 4.4515 -0.3061 -0.4368 11 16 17 0 0
14HD1 H_AMI 3.7713 -2.0867 29668 12 0 0 0 O
15CE1 C_ARO 54873 -1.4156 -2.0126 12 16 18 0 0
16 NE2 N_AMI 56488 -0.6364 09048 13 15 0 0 O
17HD2 H_ ARO 42578 03120 04399 13 0 0 0 0
18HE1 H ARO 62871 -1.8416 -26184 15 0 0 0 0
19C C BYL 19662 1.4413 00000 5 20 21 0 O
200 O BYL 1.1773 23850 0.0000 19 0 0 0 O
21N NAMI 32853 15659 00000 19 0 0 0 O

HIST RESIDUE HIST 5 21 3 20
10MEGA -1 2 100000 2 1 3 4 0
2PHI 0 0 00000 1 3 5 19 0
3CHI1 1 3 13500 3 5 7 11 18
4CH2 0 0 00000 5 7 11 12 18
5PSI 0 O 00000 3 5 19 21 O
1C C BYL -0.6824 -1.1357 00000 2 3 O
20 O BYL -0.1723 22550 00000 1 0 0
3N NAMI 00000 0.0000 00000 1 4 5
4HN H AMI 04226 09063 00000 3 0 O
5CA C ALl 14530 00000 00000 3 6
6HA H ALl 17658 -0.4880 09231 5 0
7CB C ALl 19963 -0.8228 -1.1699 5 8
8HB2 H ALl 16134 -1.8405 -1.0938 7 0 1
9HB3 H ALl 16134 -04071 -2.1019 7 0 0 0 1
10QB PSEUD 16134 -1.1238 -15979 0 0 0 0
11CG C VIN 35040 -0.8713 -12388 7 12 13 0
12ND1 N_AMI 4.1876 -1.5636 22231 11 16 0 O
13CD2 C_ARO 44515 -0.3061 04368 11 14 15 0 0
14HD2 H ARO 42578 03120 04399 13 0 0 0 0
15NE2 N_AMI 5.6488 -0.6364 -0.9048 13 16 18 0 0
16 CE1 C_ARO 54873 -14156 20126 12 15 17 0 0
17HE1 H ARO 62871 -1.8416 -26184 16 0 0 0 0
18HE2 H_ AMI 65236 -0.3132 05438 15 0 0 0 0
19C C BYL 19662 14413 00000 5 20 21 0 0
200 O BYL 1.1773 23850 0.0000 19 0 0 0 O
21N NAMI 32853 15659 0.0000 19 0 0 O O

HIST+ RESIDUE HIS+ 5 22 3 21
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e File Formats

10MEGA -1 2 100000 2 1 3 4 O
2PHI 0 0 0.0000 1 3 520 O
3CHIL 1 3 13500 3 5 7 11 19
4CH2 0 0 00000 5 7 11 12 19
5PSI 0 0 00000 3 520 22 O
1C C_BYL -06824 -1.1357 0.0000 2 3 O
20 O_BYL -0.1723 -22550 0.0000 1 0 O
3N N_AMI 0.0000 0.0000 0.0000 1 4 5
4HN H_AMI -04226 0.9063 0.0000 3 0 O
5CA C_ALI 14530 0.0000 0.0000 3 6 7
6HA H ALl 17658 -0.4880 09231 5 0 O
7CB C_ALlI 19963 -0.8228 -1.1699 5 8 9
00
0

oc®Poooo

8HB2 H_ALI 1.6134 -1.8405 -1.0938 7 0
9HB3 H ALl 1.6134 -0.4071 -21019 7 O 0
10QB PSEUD 16134 -1.1238 -15979 0 0 0 0 O
11CG C_VIN 35040 -0.8713 -1.2388 7 12 13 0 O
12ND1 N AMO 4.1876 -1.5636 -2.2231 11 14 15 0 O
13CD2 C_ARO 4.4515 -0.3061 -0.4368 11 16 17 0 O
14HD1 H AMI 3.7713 -2.0867 -29668 12 0 0 0 O
15CE1 C_ARO 54873 -1.4156 -2.0126 12 16 18 0 O
16 NE2 N_AMO 5.6488 -0.6364 -0.9048 13 15 19 0 O
17HD2 H ARO 42578 03120 04399 13 0 0 0 O
18HE1 H_ARO 6.2871 -1.8416 -26184 15 0 0 0 O
19HE2 H_AMI 6.5236 -0.3132 05438 16 0 0 0 O
20C C_BYL 19662 14413 00000 5 21 22 0 O
210 O BYL 11773 23850 0.0000 20 0 0 0 O
22N N_AMI 3.2853 15659 0.0000 20 0 0 O O

Pol o
coRr®Popo 02

2

ILE RESIDUE ILE 7 25 3 24
10MEGA -1 2 100000 2 1 3 4 0
2PHI 0 0 00000 1 3 523 0
3CHIL 1 3 13500 3 5 7 14 22
4CHI22 1 3 13500 5 7 10 11 13
5CHI2L 1 3 13500 5 7 14 19 22
6CHI3L 1 3 13500 7 14 19 20 22
7PSI 0 0 00000 3 5 23 25 O
1C C BYL -0.6824 -1.1357 00000 2 3 O
20 OBYL -0.1723 22550 00000 1 0 O
3N NAMI 00000 0.0000 00000 1 4 5
4HN H AMI -04226 09063 00000 3 0 0 O
5CA C ALl 14530 0.0000 0.0000 3 6 3
6HA H ALl 1.7797 -04805 09222 5 0
7CB C ALl 19888 -08392 -11617 5 8
8HB H ALl 16625 -1.8692 -1.0179 7 O
90QG2 PSEUD 12708 -0.2506 -2.8117 0
10CG2 C_ ALl 14086 -0.3635 24951 7 11 12
11HG21H ALl 1.8059 -0.9770 -3.3037 10 0 O
12HG22 H ALl 0.3225 -04528 24713 10 0 0
13HG23H ALl 1.6840 0.6781 26602 10 0 0
14CG1l C ALl 35188 -0.8471 -11725 7 15 16
15HGI2 H ALl 38906 0.1742 -1.2551 14 0 0
16 HG13H ALl 3.8906 -1.2463 -0.2289 14 0 O
17QG1 PSEUD 3.8906 05361 -0.7420 0 0 O
180OD1 PSEUD 4.1818 -1.8856 -2.6101 0 0 0
19CD1 C ALl 4.0546 -1.6863 -2.3342 14 20 21
20HD11H ALl 51444 -16749 23183 19 0 0 0
21HD12H ALl 3.7005 -2.7124 -2.2348 19 0 0 0
22HD13H ALl 3.7005 -1.2695 32771 19 0 0 0
23C C BYL 19587 1.4440 00000 5 24 25 0
240 O BYL 11648 23835 00000 23 0 0 O
25N NAMI 32772 15756 00000 23 0 O O

7
0
10 14

o ©oco
OOoO

0
0 1.
00
00

NoooOlgooo oo
coRRowwoso

OOOHHHN
0000 ™ o

LEU RESIDUE LEU 7 26 3 25
10MEGA -1 2 100000 2 1 3 4 0
2PHI 0 0 00000 1 3 5 24 O
3CHIL 1 3 13500 3 5 7 11 23
A4CHI2 1 3 13500 5 7 11 15 23
5CHI3L 1 3 13500 7 11 15 16 18
6CHI32 1 3 13500 7 11 19 20 22
7PSI 0 0 00000 3 5 24 26 0
1C C_BYL -0.6824 -1.1357 0.0000 2 3 0 O
20 O BYL -0.1723 22550 00000 1 0 0 O
3N NAMI 0.0000 0.0000 00000 1 4 5 0
4HN H AMI -0.4226 09063 0.0000 3 0 O

0
0
0

9 00
5CA C ALl 14530 0.0000 00000 3 6 7 24 0
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File Formats |

6HA H_ALI 17797 -04805 09222 5 0 0 0 O
7CB C_ALlI 19888 -0.8392 -1.1617 5 8 9 11 O
8HB2 H_ALI 15941 -1.8507 -1.0656 7 O 0 0 10
9HB3 H_ALI 15941 -04301 -20917 7 0 0 O 10

10QB PSEUD 15941 -1.1404 -1.5787 0 0 0 0 O
11CG C_ALl 35118 -09251 -1.2806 7 12 15 19 O
12HG H_ ALl 3.8975 -1.4120 03849 11 0 0 O O

13QD1 PSEUD 4.0177 -19934 -27595 0 0 0 0 23
14QD2 PSEUD 4.2850 0.8015 -1.3553 0 0 0 0O 23
15CD1 C_ ALl 3.9206 -1.7884 -24757 11 16 17 18 O
16 HD11H_ALI 5.0080 -1.8326 -25369 15 0 0 0 13
17HD12H_ALI 35225 -2.7953 -2.3497 15 0 0 0 13
18 HD13H_ALI 35225 -1.3524 -33920 15 0 0 0 13
19CD2 C ALl 41366 04702 -1.3410 11 20 21 22 O
20HD21H_ALI 5.2196 0.3800 -14253 19 0 0 0 14
21 HD22 H_ALI 3.7480 1.0051 -2.2076 19 0 0 0 14
22HD23H_ALI 3.8873 1.0195 -04331 19 0 0 0 14
23QQD PSEUD 4.1513 -0.5960 -2.0574 0 0 0 0 O
24C C_BYL 1.9587 14440 0.0000 5 25 26 0 O

250 O BYL 11648 23835 00000 24 0 0 O O

26N N_AMI 32772 15756 00000 24 0 0 O O

LYS RESIDUE LYS 8 29 3 28

10MEGA -1 2 100000 2 1 3 4 0
2PHI 0 0 00000 1 3 527 0

3CHIL 1 3 13500 3 5 7 11 26
4CH2 1 3 13500 5 7 11 15 26
5CHI3 1 3 13500 7 11 15 19 26
6CHI4 1 3 13500 11 15 19 23 26
7CHI5S 1 3 09000 15 19 23 24 26
8PSI 0 O 00000 3 5 27 29 0

1C C BYL -0.6824 -1.1357 00000 2 3 0
20 OBYL 01723 22550 00000 1 0 O
3N NAMI 00000 0.0000 00000 1 4 5
4HN H AMI -0.4226 09063 00000 3 0 O
5CA C_ALl 14530 00000 0.0000 3
6HA H ALl 17797 -04805 09222 5
7CB C ALl 19888 -0.8392 -1.1617 5
8HB2 H ALl 16169 -1.8605 -1.0798 7
9HB3 H ALl 16169 -0.4400 -2.1053 7 O
10QB PSEUD 16169 -1.1502 15926 0 0 0 0 O
11CG C ALl 35188 -0.8471 -11725 7 12 13 15 0
12HG2 H ALl 38906 01742 -1.2551 11 0 0 0 14
13HG3 H ALl 3.8006 -1.2463 02289 11 0 0 0 14
14QG PSEUD 3.8906 05361 -0.7420 0 0 0 0 0
15CD C ALl 40546 -1.6863 -2.3342 11 16 17 19 0
16HD2 H ALl 3.6827 27076 -2.2516 15 0 0 0 18
17HD3 H ALl 3.6827 -12871 -32778 15 0 0 0 18
18QD PSEUD 36827 -1.9974 27647 0 0 0 0 O
19CE C ALl 55845 -1.6941 23450 15 20 21 23 0
20HE2 H ALl 59587 -0.6738 24289 19 0 0 0 22
21HE3 H ALl 59587 -2.0943 -14027 19 0 0 0 22
22QE PSEUD 59587 -1.3841 -19158 0 0 0 0 O
23NZ N_AMI 6.0007 -2.5086 -34723 19 24 25 0 0
24HZ1 H AMI 7.1041 -25293 35010 23 0 0 0 26
25HZ2 H AMI 57780 -34718 34151 23 0 0 0 26
26QZ PSEUD 6.4415 -30006 -34581 0 0 0 O
27C C_BYL 19587 14440 00000 5 28 29 0
280 O BYL 1.1648 23835 0.0000 27 0 0 O
29N N AMI 32772 15756 00000 27 0 O O

6

0

8
0

0

0
0
0

LYS+ RESIDUE LYS+ 8 30 3 29

10MEGA -1 2 100000 2 1 3 4 0

2PHI 0 0 00000 1 3 5 28 0

3CHI1 1 3 13500 3 5 7 11 27

ACHI2 1 3 13500 5 7 11 15 27

5CHI3 1 3 13500 7 11 15 19 27

6CHI4 1 3 13500 11 15 19 23 27

7CHI5 1 3 09000 15 19 23 24 27

8PSI 0 O 00000 3 5 28 30 O

1C C_BYL -0.6824 -1.1357 00000 2 3 0 0 0

20 O BYL 01723 22550 00000 1 0 0 0 O

3N NAMI 00000 0.0000 00000 1 4 5 0 0

4HN H AMI 04226 09063 00000 3 0 O
7

00
5CA C_ALI 14530 0.0000 0.0000 3 6 28 0
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MET

PHE

e File Formats

6HA H_ALlI 17797 04805 09222 5 0 0 0 O
7CB C_ALlI 19888 -0.8392 -11617 5 8 9 11 O
8HB2 H_ALI 1.6169 -1.8605 -1.0798 7 0 0 0 10
9HB3 H_ALI 16169 -04400 21053 7 0 O O 10

10QB PSEUD 16169 -1.1502 -15926 0 0 0 0 O
11CG C_ALI 35188 -0.8471 -1.1725 7 12 13 15 O
12HG2 H_ALlI 38906 0.1742 -12551 11 0 O 0 14
13HG3 H_ALI 3.8906 -1.2463 -0.2289 11 0 0 0 14
14QG PSEUD 3.8906 -0.5361 -0.7420 0 0 0 0 O
15CD C ALl 4.0546 -1.6863 -2.3342 11 16 17 19 O
16HD2 H_ ALl 3.6827 -2.7076 -2.2516 15 0 O 0O 18
17HD3 H_ ALl 3.6827 -1.2871 -32778 15 0 0 0 18
18QD PSEUD 36827 -1.9974 -27647 0 0 0 0 O
19CE C_ALlI 55845 -1.6941 -2.3450 15 20 21 23 O
20HE2 H_ALI 5.9587 -0.6738 -2.4289 19 0 0 0 22
21 HE3 H_ALlI 59587 -2.0943 -1.4027 19 0 0 0 22
22QE PSEUD 5.9587 -1.3841 -19158 0 0 O 0
23NZ N_AMO 6.0907 -2.5086 -3.4723 19 24 25 26
24HZ1 H_AMI 7.0907 -2.5032 -3.4648 23 0 O
25HZ2 H_ AMI 5.7617 -3.4483 -33787 23 0 O
26HZ3 H AMI 57617 -21246 -43351 23 0 O
00

0

5 2
2
2
2

INENEN

0
0
0
0
27QZ PSEUD 6.2047 -2.6920 -3.7262 O 00
28C C_BYL 19587 14440 00000 5 29 30 0 O
290 O BYL 11648 23835 00000 28 0 O O O
30N N_AMI 32772 15756 0.0000 28 0 0 0 O

RESIDUE MET 7 23 3 22

10MEGA -1 2 100000 2 1 3 4 O
2PHI 0 0 00000 1 3 521 O
3CHI1 1 3 1350 3 5 7 11 20
4CHI2 1 3 13500 5 7 11 15 20
5CHI3 1 3 10000 7 11 15 17 20
6CHI4 1 3 10000 11 15 17 18 20
7PSI 0 0 00000 3 521 23 0

1C C_BYL -0.6824 -1.1357 0.0000 2 3
20 O_BYL -0.1723 -2.2550 0.0000 1 O
3N N_AMI 0.0000 0.0000 0.0000 1 4
4HN H_AMI -04226 0.9063 0.0000 3 O
5CA C_ALlI 14530 0.0000 0.0000 3 6
6HA H_ALI 17457 05091 09183 5 O
7CB C_ALlI 19637 -0.7431 -1.2361 5 8
8HB2 H_ALI 15826 -1.7643 -1.2341 7 O
9HB3 H_ALlI 15826 -0.2624 -21371 7 O
10QB PSEUD 1.5826 -1.0134 -16856 0 0 O 0 O
11CG C_ALl 34932 -0.7637 -1.2704 7 12 13 15 0
12HG2 H_ALlI 3.8789 0.2557 -1.2752 11 0 0 0 14
13HG3 H_ALI 3.8789 -1.2461 03722 11 0 0 0 14
14QG PSEUD 3.8789 -0.4952 -0.8237 0 0 0 0 O
15SD S RED 4.0596 -1.6359 -2.7211 11 17 0 0 O
16 QE PSEUD 6.1844 -14722 24490 0 0 0 0 O
17CE C_ALlI 5.8250 -1.4999 -24950 15 18 19 20 O
18HE1 H_ALI 6.3363 -1.9959 -3.3200 17 0 O 0 16
19HE2 H_ALI 6.1084 -0.4476 -24720 17 0 0 0 16
20HE3 H_ALI 6.1084 -1.9731 -15549 17 0 0 O 16
21C C_BYL 20013 14284 00000 5 22 23 0 O
220 O BYL 12356 23910 00000 21 0 O O O
23N N_AMI 3.3231 15208 00000 21 0 0 O O

(6]
co©WoNY%oco

RESIDUE PHE 5 27 3 26

10MEGA -1 2 100000 2 1 3 4 O
2PHI 0 0 00000 1 3 525 O
3CHI1 1 3 13500 3 5 7 14 24
4CHI2 0 O 00000 5 7 14 15 24
5PSI 0 0 00000 3 525 27 O

1C C_BYL -0.6824 -1.1357 0.0000 2 3
20 O_BYL -0.1723 -22550 0.0000 1 O
3N N_AMI 0.0000 0.0000 0.0000 1 4
4HN H_AMI -0.4226 0.9063 0.0000 3 O
5CA C_ALI 14530 0.0000 0.0000 3 6
6HA H_ALI 17765 -0.5114 0.9066 5 O
7CB C_ALI 19003 -0.7053 -1.2819 5 8
8HB2 H_ALlI 14836 -1.7124 -1.2948 7 O
9HB3 H_ALlI 14836 -0.1770 -21395 7 O
100B PSEUD 14836 -0.9447 -1.7171 O
11QD PSEUD 35529 -0.8031 -1.4598 O
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File Formats |

12QE PSEUD 6.0442 -0.9505 -1.7278 0 0 0 0 13
13QR PSEUD 4.7986 -0.8768 -1.5938 0 0 0 0 O
14CG C_VIN 34189 -0.7951 -14453 7 15 23 0 O

15CD1 C_ARO 3.9503 -1.3986 -25422 14 16 17 0 O
16HD1 H ARO 3.2943 -1.8182 -33049 15 0 0 0 11
17CE1 C_ARO 5.3597 -1.4820 -2.6938 15 18 19 0 O
18HE1 H_ARO 5.7856 -1.9656 -35729 17 0 0 0 12
19CZ C_ARO 6.1782 -0.9585 -1.7422 17 20 21 0 O
20HZ 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 O
22HE2 H_ARO 6.3028 0.0646 0.1174 21 0 0 0 12
23CD2 C_ARO 4.2374 -0.2716 04937 14 21 24 0 O
24HD2 H ARO 38115 02120 03854 23 0 0 0 11
25C C_BYL 20013 1.4284 0.0000 5 26 27 0 O

260 O_BYL 12356 23910 00000 25 0 0 O O

27N N_AMI 33231 15208 0.0000 25 0 O 0 O

PRO RESIDUE PRO 2 20 3 19

10MEGA -1 2 100000 2 1 3 4 0
2PSI 0 O 00000 3 5 18 20 O

1C C_BYL -0.7005 03017 11260 2 3 0 O
20 OBYL 01904 05914 22071 1 0 0 O
3N N_AMI 0.0000 00000 00000 1 4 5 0
4CD C ALl -05705 -0.3478 -1.2981 3 1

5CA C ALl 14530 00000 00000 3 6
6HA H_ALI 18001 04260 0.8355 5 O
7CB C_ALl 18464 -07872 -12393 5 8
8HB2 H ALl 26920 -0.3217 -1.7456 7 O
9HB3 H ALl 21502 -1.8009 -0.9780 7 0
10QB PSEUD 24211 -1.0613 -1.3618 0 0 0 0 O
11CG C ALl 06166 -0.8003 -2.1326 4 7 12 13 0
12HG2 H ALl 0.7579 -0.1376 -2.9864 11 0 0 0 14
13HG3 H_ALl 04445 -1.8004 25305 11 0 0 0 14
14QG PSEUD 06012 -0.9690 27585 0 0 0 0 O
15HD2 H ALl -1.0711 05072 -17525 4 0 0 0 17
16 HD3 H_ALI -1.3137 -1.1396 -12047 4 0 0 0 17
17QD PSEUD -1.1924 -0.3162 -14786 0 0 0 0 O
18C C BYL 20013 14284 00000 5 19 20 0 O
190 O BYL 12356 23910 0.0000 18 0 0 0 O
20N N_AMI 33231 15208 0.0000 18 0 0 0 O

SER RESIDUE SER 5 15 3 14

10MEGA -1 2 100000 2 1 3 4 0
2PHI 0 0 00000 1 3 5 13 0

3CHIL 1 3 13500 3 5 7 11 12
ACHI2 1 3 03000 5 7 11 12 12

5PSI 0 O 00000 3 5 13 15 O

1C C_BYL -0.6824 -1.1357 00000 2 3 O
20 O BYL 01723 -22550 00000 1 O O
3N NAMI 00000 0.0000 00000 1 4 5
4HN H_AMI -0.4226 0.9063 0.0000 3 0 O
5CA C ALl 14530 00000 00000 3 6 7
6HA H ALl 17416 -05122 09178 5 0 0
7CB C ALl 20038 -0.7653 -1.2049 5 8 9
8HB2 H ALl 16328 -1.7901 -1.1839 7 0 O
9HB3 H ALl 16328 -0.3109 21235 7 0 0
10QB PSEUD 1.6328 -1.0505 -1.6537 0 0
110G O HYD 34286 -0.7774 -12238 7 12
12HG H OXY 3.7558 -1.2840 -2.0214 11 0
13C C BYL 19763 14377 00000 5 14 15 0 O
140 O BYL 11939 23868 00000 13 0 0 0 O
15N NAMI 32963 15532 0.0000 13 0 0 0 O

ProkP
cobRPwoCoo
PR oOooo0

0
0
000

0
0

oo
S o

THR RESIDUE THR 6 18 3 17
10MEGA -1 2 100000 2 1 3 4 0
2PHI 0 0 00000 1 3 5 16 0
3CHI1 1 3 13500 3 5 7 10 15
4CHI21 1 3 03000 5 7 10 11 11
5CHI22 1 3 13500 5 7 12 13 15
6PSI 0 O 00000 3 5 16 18 O

1C C_BYL -0.6824 -1.1357 0.0000 2 3 0 0 O
20 O BYL -0.1723 -22550 00000 1 0 O O O
3N N_AMI 0.0000 0.0000 00000 1 4 5 0 O
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e File Formats

4HN H_AMI 04226 0.9063 0.0000 3 0 O
5CA C_ALlI 14530 0.0000 0.0000 3 6 7
6HA H_ALlI 17966 -0.4689 09220 5 0 0 O

7CB C_ALlI 19258 -0.8241 -11992 5 8 10 12 0O
8HB H ALl 15187 -1.8345 -1.1619 7 0 0 0 O
9QG2 PSEUD 15244 0.0064 -28527 0 0 0 O O
100G1 O_HYD 33475 -0.7692 -1.1194 7 11 0 O
11 HG1 H_OXY 3.7526 -1.2870 -1.8728 10 0 0 O
12CG2 C_ALI 1.6014 -0.1530 -25354 7 13 14 15
13HG21H_ALI 19584 -0.7795 -33528 12 0 0 O
14HG22 H_ALlI 05230 -0.0208 -2.6232 12 0 0 O
15HG23H_ALlI 20917 0.8194 -25821 12 0 O O
16C C_BYL 19863 1.4340 0.0000 5 17 18
170 O_BYL 12106 23886 0.0000 16 O O
18N N_AMI 3.3070 15402 0.0000 16 O O

00
16 0
0

0
0
0
9
9
9
00
00
00

TRP RESIDUE TRP 5 28 3 27
10MEGA -1 2 100000 2 1 3 4 0
2PHI 0 0 00000 1 3 526 0
3CHI1L 1 3 13500 3 5 7 11 25
4CH2 0 0 00000 5 7 11 12 25
5PSI 0 O 00000 3 5 26 28 O
1C C BYL -0.6824 -1.1357 0.0000 2 3
20 O_BYL -0.1723 22550 0.0000 1 O
3N NAMI 0.0000 0.0000 00000 1 4
4HN H_AMI -04226 09063 0.0000 3 0
5CA C ALl 14530 00000 00000 3 6
6HA H ALl 17862 -05002 09093 5 0
7CB C ALl 20013 -0.8067 -11787 5 8
8HB2 H ALl 16202 -1.8261 -1.1167 7 0
9HB3 H ALl 16202 -0.3799 -2.1065 7 0 O
10QB PSEUD 1.6202 -1.1030 -1.6116 0 0 0 0 0
11CG C VIN 35292 -0.8520 -1.2448 7 12 13 0 0
12CD1 C_ ARO 4.2978 -14719 21507 11 16 17 0 0
13CD2 C_VIN 4.4485 02236 -0.3267 11 14 15 0 0
14CE3 C_ARO 42018 05582 0.8155 13 18 19 0 0
15CE2 C_VIN 57342 -0.5067 -0.7404 13 16 20 0 O
16 NEL N_AMI 56397 -1.2900 -1.8848 12 15 21 0 O
17HD1 H ARO 39116 -2.0476 -2.9918 12 0 0 0 O
18HE3 H ARO 31962 07957 11626 14 0 0 0 O
19CZ3 C_ARO 53514 10094 14749 14 22 23 0 O
20CZ2 C_ARO 6.8740 -0.0475 -0.0695 15 23 24 0 0
21HEL H AMI 6.4722 -16873 -24654 16 0 0
22HZ3 H ARO 52167 16203 23675 19 0
23CH2 C_ARO 6.6525 0.7332 10713 19 20
24HZ2 H ARO 7.8795 -02851 -04166 20 0
25HH2 H_ ARO 7.4966 11227 16404 23 0
26C C BYL 19258 14551 00000 5 27 28
0
0

oooﬂowoo

00
000
25 00
000
000

270 O_BYL 11108 23763 0.0000 26 0

00
)| 00
28N N_AMI 3.2409 1.6166 0.0000 26 O 00

TYR RESIDUE TYR 6 28 3 27
10MEGA -1 2 100000 2 1 3 4 0
2PHI 0 0 00000 1 3 526 0
3CHIL 1 3 13500 3 5 7 14 25
4CH2 0 0 00000 5 7 14 15 25
SCHI6 -1 2 17500 17 19 24 25 25
6PSI 0 O 00000 3 5 26 28 O
1C C_BYL -0.6824 -1.1357 0.0000 2
20 O BYL -01723 -22550 0.0000 1
3N NAMI 0.0000 0.0000 0.0000 1
4HN A AMI -04226 09063 00000 3

30
00
4 5
0
5CA C_ALI 14530 0.0000 0.0000 3 6
0
8
0
0

O©so

00
6

0

14

0
0

N

6HA H_ALI 1.7894 -0.5104 0.9024 5
7CB C_ALlI 18747 -0.6954 -1.2959 5
8HB2 H_ALI 14494 -1.6989 -1.3128 7
9HB3 H_ALlI 14494 -0.1548 -2.1414 7
100QB PSEUD 14494 -0.9269 -1.7271 O
11 QD PSEUD 35334 -0.8057 -1.5014 O
12QE PSEUD 6.0510 -0.9730 -1.8132 0
13QR PSEUD 4.7922 -0.8893 -1.6572 0 O
14CG C_VIN 33898 -0.7961 -14835 7 15 22
15CD1 C_ARO 3.9068 -14012 -2.6111 14 16 17 0 O
16 HD1 H ARO 3.2356 -1.8074 -3.3679 15 0 0 0 11
17CE1 C_ARO 5.3328 -1.4960 -2.7877 15 18 19 0 O

OOO

&6

7
0
9
0
0
0
0
0

=

0
0
0
0

OOOOOHHOOOOOOO

oo
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File Formats

VAL

ADE

150

18HE1 H_ARO 5.7543 -1.9713 -36734 17 0 0 0 12
19CZ C VIN 6.1417 -09790 -1.8244 17 20 24 0 O
20CE2 C_ARO 5.6654 -0.3767 -0.7019 19 21 22 0 O
21 HE2 H_ARO 6.3477 0.0253 00471 20 O 0 0 12
22CD2 C_ARO 4.2394 -0.2819 -05253 14 20 23 0 O
23HD2 H ARO 3.8311 0.1960 03652 22 0 0 0 11
240H O_HYD 7.4885 -1.0685 -1.9912 19 25 0 0 O
25HH H_OXY 79579 -0.6510 -1.2132 24 0 0 0 O
26C C_BYL 20013 14284 00000 5 27 28 0 O
270 O_BYL 12356 23910 00000 26 0 0 O O
28N N_AMI 33231 15208 00000 26 0 O O O

RESIDUE VAL 6 22 3 21

10MEGA -1 2 100000 2 1 3 4 O
2PH 0 O 00000 1 3 520 O
3CHI1 1 3 13500 3 5 7 11 19
4CHI21 1 3 13500 5 7 11 12 14
5CHI22 1 3 13500 5 7 15 16 18
6PSI 0 O 00000 3 520 22 O
1C C_BYL -0.6824 -1.1357 0.0000 2 3
20 O_BYL -0.1723 -2.2550 0.0000 1 O
3N N_AMI 0.0000 0.0000 0.0000 1 4
4HN H_AMI -04226 0.9063 0.0000 3 O
5CA C_ALI 14530 0.0000 0.0000 3 6
6HA H_ALI 1.7819 -0.4870 09180 5 O
8
0

o O

0
2

[ o
ROYNo" oo
S o
OooCPoo

7CB C_ALlI 19763 -0.8167 -1.1833 5
8HB H_ALI 1.6329 -0.3367 -2.0997 7
9QG1 PSEUD 3.8693 -0.8354 -1.2105 0
10QG2 PSEUD 1.2807 -2.5773 -1.1531 0
11CG1 C_ALI 35061 -0.8318 -1.2052 7 1
12HG11H_ALI 3.8514 -1.4191 -2.0561 11
13HG12H_ALI 3.8783 0.1889 -1.2932 11 0 O
14HG13H_ALI 3.8783 -1.2761 -0.2821 11 0 O
15CG2 C_ALlI 14141 -2.2394 -1.1589 7 16 17
16 HG21 H_ALI 1.8021 -2.7980 -2.0107 15 0 O
17HG22 H_ALI 1.7137 -2.7326 -0.2341 15 0 O
18 HG23 H_ALI 0.3262 -2.2013 -1.2144 15 0 O
19QQG PSEUD 25750 -1.7064 -1.1818 0 0 O O
20C C_BYL 19587 14440 0.0000 5 21 22 0 O
210 O BYL 11648 23835 00000 20 O 0 O O
22N N_AMI 32772 15756 0.0000 20 0 0 O O

Oopro
o
o

coojoocokoPo
N
©

1

oNgogo
OoOWwWo
voos

o
[eoleleolole)

RESIDUE ADE 9 38 3 37

1ZETA 0 O 00000 1 2 3 6 O

2ALPHA 0 0 00000 2 3 6 7 O

3BETA 0 0 00000 3 6 7 11 O

4GAMMA 0 0 00000 6 7 11 13 O

5DELTA 0 O 00000 7 11 13 37 O

6NU2 O O 0.0000 11 13 15 19 36

7NU1 O O 0.0000 13 15 19 21 36

8CHI 0 O 00000 21 19 22 23 36

9EPSI O O 0.0000 11 13 37 38 O

1C3 C_ALl 09681 -58551 25577 2 0 O O O
203 O_EST -06348 -47127 17719 1 3 0 0 O
3P P_ALlI 04817 -3.6875 22842 2 4 5 6
40P1 O BYL 17976 -43635 23259 3 0 O
50P2 O_BYL 0.0167 -3.0215 35214 3 0 O
605 O_EST 05255 -25916 11193 3 7 O
7C5 C_ALlI 14216 -14863 12135 6 8 9

8H5 H ALl 24568 -1.8260 12707 7 0 0 0 10
9H5" H_ALlI 1.2157 -0.8907 21041 7 0 O 0 10
10Q5 PSEUD 1.8362 -1.3584 16874 0 0 O O O

11C4 C ALl 1.2779 -05959 0.0000 7 12 21 13 O
12H4 H ALl 15099 -1.1747 -08952 11 0 0 0 O

13C3 C_ALlI 21963 0.6228 0.0000 11 15 14 37 O
14H3 H ALl 31027 04293 0575 13 0 0 0 O

15C2 C_ALI 13731 1.7403 05780 19 16 17 13 O
16H2 H ALl 14019 16718 1.6635 15 0 0O O 18

17H2" H ALl 1.7912 2.6897 0.2499 15 0 0 0 18

18Q2' PSEUD 15965 21808 0.9567 0 0 0 0 O

19C1' C_ALI 0.0000 1.4100 0.0000 21 20 22 15 O
20H1 H_ALI -0.0659 1.7932 -1.0183 19 0 0 0 O

2104 O_EST 0.0000 0.0000 0.0000 11 19 0 0 O
22N9 N_AMI -1.1209 1.9441 0.8017 19 23 35 0 O
23C4 C_ARO -23784 22371 03436 22 24 33 0 O

0

00
00
00
11 0



e File Formats

24N3 N_AMI -2.8170 2.0867 -0.9370 23 25 0 0 O

25C2 C_ARO -41036 24736 -1.0196 24 26 27 0 O
26H2 H_ARO -4.6227 24240 -1.9654 25 0 0 0 O
27N1 N_AMI -49152 29484 -0.0482 25 28 0 O O

28C6 C_ARO -44155 3.0749 12114 27 29 33 0 O
29N6 N_AMI -5.2378 3.5526 2.1808 28 30 31 O

30H61 H_AMI -6.1905 3.8024 19570 29 0 0 O 3
31H62 H_AMI -4.8967 3.6581 31256 29 0 O O 3
32Q6 PSEUD -55436 37303 25413 0 0 0 O O

33C5 C_ARO -3.0716 2.6978 14177 23 28 34 0 O
34N7 N_AMI -2.2897 2.7047 25414 33 35 0 0 O

35C8 C_ARO -1.1186 22402 21184 22 34 36 0 O
36H8 H_ARO -0.2357 20985 27240 35 0 0 0 O
3703 O_EST 2.6047 0.9094 -1.3466 13 38 0 0 O
38P P_ALlI 35778 21447 -16417 37 0 0 0 O

0
2
2

RADE RESIDUE RADE 10 38 3 37
1ZETA 0 0 000 1 2 3 6 0
2ALPHA 0 0 000 2 3 6 7 O
3BETA 0 0 000 3 6 711 O
4GAMMA 0 0 000 6 7 11 13 0
SDELTA O 0 000 7 11 13 37 0
6NU2 0 O 000 11 13 15 19 36
7HOXI 0 0 000 13 15 17 18 18
8NUL O 0 000 13 15 19 21 36
9CHI 0 0 000 21 19 22 23 36
10EPSI 0 0 000 11 13 37 38 0
1C3 C ALl -09681 58551 25577 2 0 0 0 0
203 O_EST 06348 -47127 17719 1 3 0 0
3P P ALl 04817 36875 22842 2 4 5 6
40P1 O BYL 17976 -4.3635 23259 3 0 0
50P2 O BYL 00167 -30215 35214 3 0 0
605 O EST 05255 -2.5916 11193 3 7 0 0 O
7C5 C ALl 14216 -1.4863 12135 6 8 9 11 0
8HS5 H ALl 24568 -1.8260 12707 7 0 0 0 10
9H5" H ALl 12157 -0.8907 21041 7 0 0 0 10
10Q5 PSEUD 1.8362 -1.3584 16874 0 0 0 0 O
11C4 C ALl 12779 -05959 00000 7 12 13 21 O
12H4 H ALl 15099 -1.1747 -08952 11 0 0 0 O
13C3 C ALl 21963 06228 00000 11 14 15 37 0
14H3 H_ALl 31027 04293 05756 13 0 0 0 O
15C2 C_ALl 13731 17403 05780 13 16 17 19 0
16H2' H ALl 1.4019 16718 16635 15 0 0 0 O
1702 O_HYD 19936 2.8894 00464 15 18 0 0 O
18HO2 H OXY 21370 35157 07597 17 0 0 0 O
19C1' C ALl 0.0000 1.4100 00000 15 20 21 22 0
20HT H ALl -0.0659 17932 -1.0183 19 0 0 0 O
2104 O_EST 0.0000 0.0000 0.0000 11 19 0 0 O
22N9 N_AMI -1.1209 1.9441 0.8017 19 23 35 0 0
23C4 C_ARO -2.3784 22371 03436 22 24 33 0 0
24N3 N_AMI -2.8170 2.0867 -09370 23 25 0 0 O
25C2 C_ARO -41036 24736 -1.0196 24 26 27 0 0
26H2 H ARO -4.6227 24240 -19654 25 0 0 0 O
27N1 N_AMI -49152 29484 00482 25 28 0 0 O
28C6 C_ARO -44155 30749 12114 27 29 33 0 0
29N6 N_AMI -52378 35526 2.1808 28 30 31 0
30H61 H AMI -6.1905 3.8024 19570 29 0 0 O 3
31H62 H_AMI -4.8967 3.6581 31256 29 0 0 0 3
3206 PSEUD 55436 37303 25413 0 0 0 0 0
33C5 C_ARO -30716 26078 14177 23 28 34 0 0
34N7 N_AMI -22897 27047 25414 3335 0 0 0
35C8 C_ARO -1.1186 22402 21184 22 34 36 0 0
36H8 H_ARO -02357 20985 27240 35 0 0 0 0
3703 O_EST 26047 09094 -1.3466 13 38 0 0 O
38P P ALl 35778 21447 -16417 37 0 0 0 O

0
0
00
00
0
1

0
2
2

CYT RESIDUE CYT 9 36 3 35
1ZETA 0 0 000 1 2 3 6 0
2ALPHA 0 0 000 2 3 6 7 O
3BETA 0 0 000 3 6 711 O
4GAMMA 0 0 000 6 7 11 13 0
5DELTA 0 0 00000 7 11 13 35 0
6NU2 0 O 00000 11 13 15 19 34
7NUL O O 00000 13 15 19 21 34
8CHI 0 O 00000 21 19 22 23 34

151



File Formats

RCYT

152

9EPSI 0 O 00000 11 13 35 36 O

1C3 C ALl -0.9681 -58551 25577 2 0 0 0 O
203 O_EST -06348 47127 17719 1 3 0 0 O
3P P_ALlI 04817 -36875 22842 2 4 5 6
40P1 O_BYL 17976 -43635 23259 3 0 O
50P2 O_BYL 0.0167 -3.0215 35214 3 0 O
605 O_EST 05255 -25916 11193 3 7 O 0
7C5 C_ALI 14216 -14863 12135 6 8 9 11 O
8H5 H_ALI 24568 -1.8260 12707 7 0 0 0 10
9H5" H_ALI 12157 -0.8907 21041 7 0 0 0 10
10Q5 PSEUD 1.8362 -1.3584 16874 0 0 0 0 O
11C4 C ALl 1.2779 -05959 0.0000 7 12 21 13 O
12H4 H_ ALl 15099 -1.1747 08952 11 0 0 0 O
13C3 C_ALlI 21963 0.6228 0.0000 11 15 14 35 O
14H3 H_ALlI 31027 04293 0575 13 0 0 0 O
15C2 C_ALlI 13731 1.7403 05780 19 16 17 13 O
16H2" H ALl 14019 1.6718 1.6635 15 0 0 0 18
17H2" H_ ALl 17912 2.6897 0.2499 15 0 O O 18
18Q2 PSEUD 15965 21808 0.9567 0 O 0 0 O
19C1' C_ALlI 0.0000 1.4100 0.0000 21 20 22 15 O
20HL' H_ALI -0.0659 1.7932 -1.0183 19 0 0 0 O
2104 O_EST 0.0000 0.0000 0.0000 11 19 0 0 O
22N1 N_AMI -1.1209 1.9441 0.8017 19 23 33 0 O
23C2 C_ARO -2.3304 21782 01493 22 24 25 0 O
2402 O_BYL -24085 1.9304 -1.0590 23 0 0 0 O
25N3 N_AMI -3.3653 2.6642 0.8578 23 26 0 0 O
26C4 C_ARO -3.2644 29228 21462 25 27 31 0 O

0
00
00
0
1

27N4 N_AMI -4.2972 34021 28279 26 28 29 0 O
28 H41 H_AMI -5.1756 35735 23597 27 0 0 0 30
29H42 H_AMI -4.2049 35955 38149 27 0 0 0 30
30Q4 PSEUD -4.6903 35845 3.0873 0 0 0 0 O

31C5 C_ARO -2.0221 2.6890 2.8462 26 32 33 0 O
32H5 H ARO -1.9484 29039 39020 31 0 0 0 O
33C6 C_ARO -0.9996 22045 21264 22 31 34 0 O
34H6 H ARO -0.0488 2.0117 26008 33 0 0 0 O
3503 O_EST 2.6047 0.9094 -1.3466 13 36 0 0 O
36P P_ALI 35778 21447 -16417 35 0 0 O O

RESIDUE RCYT 10 36 3 35

1ZETA 0 0 000 1 2 3 6 O

2ALPHA 0 0 000 2 3 6 7 O

3BETA 0 0 000 3 6 7 11 O

4GAMMA 0 0 000 6 7 11 13 O

5DELTA 0 0 000 7 11 13 35 O

6NU2 O O 000 11 13 15 19 34

7HOXI 0 O 000 13 15 17 18 18

8NU1L O O 000 13 15 19 21 34

9CHI 0 0 000 21 19 22 23 34

10EPSI O O 000 11 13 35 36 O

1C3 C_ALlI -09681 -5.8551 25577 2 0 0 O O

203 O _EST 06348 47127 17719 1 3 0 0 O

3P P_ALlI 04817 -3.6875 22842 2 4 5 6

40P1 O BYL 17976 -43635 23259 3 0 O

50P2 O_BYL 0.0167 -3.0215 35214 3 0 O

605 O_EST 05255 -25916 11193 3 7 O

7C5 C_ALI 14216 -1.4863 12135 6 8 9

8H5 H ALl 24568 -1.8260 12707 7 0 0 0 I

9H5" H_ALI 12157 -0.8907 21041 7 0 O 0 10

10Q5 PSEUD 1.8362 -1.3584 16874 0 0 O 0 O

11C4 C_ALlI 12779 05959 0.0000 7 12 13 21 O

12H4 H ALl 15099 -1.1747 -08952 11 0 0 0 O

13C3 C_ALI 21963 0.6228 0.0000 11 14 15 35 O

14H3 H ALl 31027 0.4293 0575 13 0 0 0 O

15C2 C_ALI 13731 1.7403 05780 13 16 17 19 O

16 H2' H_ALI 14019 16718 16635 15 0 0 0 O

1702 O_HYD 19936 2.8894 0.0464 15 18 0 0 O

18HO2'H _OXY 21370 35157 0.7597 17 0 0 0 O

19C1 C_ALI 0.0000 14100 0.0000 15 20 21 22 O

20HY H ALl -0.0659 1.7932 -1.0183 19 0 O 0 O
0
0

0
00
00
00
11 0
0

2104 O_EST 0.0000 0.0000 0.0000 11 19 0 O

22N1 N_AMI -1.1209 1.9441 0.8017 19 23 33 0

23C2 C_ARO -23304 21782 01493 22 24 25 0 O
2402 O_BYL -24085 1.9304 -1.0590 23 0 0 0 O
25N3 N_AMI -3.3653 2.6642 08578 23 26 0 0 O
26C4 C_ARO -3.2644 29228 21462 25 27 31 0 O
27N4 N_AMI -4.2972 34021 28279 26 28 29 0 O



e File Formats

28HA1 H_AMI 51756 3.5735 23597 27
29H42 H_AMI -4.2049 3.5955 3.8149 27
30Q4 PSEUD -4.6903 35845 3.0873 0 0
31C5 C_ARO -2.0221 2.6890 2.8462 26 32
32H5 H ARO -1.9484 29039 3.9020 31

33C6 C_ARO -0.9996 2.2045 21264 22 3
34H6 H_ARO -0.0488 20117 26008 33 0
3503 O_EST 2.6047 0.9094 -1.3466 13 3
36P P_ALlI 35778 21447 -1.6417 35 O

GUA RESIDUE GUA 9 39 3 38
1ZETA 0 0 00000 1 2 3 6 0
2ALPHA 0 0 00000 2 3 6 7 O
3BETA 0 0 00000 3 6 7 11 0
4GAMMA 0 O 00000 6 7 11 13 0
5DELTA 0 0 00000 7 11 13 38 0
6NU2 0 O 00000 11 13 15 19 37
7NUL 0 O 00000 13 15 19 21 37
8CHI 0 O 00000 21 19 22 23 37
9EPSI 0 0 00000 11 13 38 39 0
1C3 C_ ALl -0.9681 -5.8551 25577 2 0 0 0 O
203 O_EST 06348 -47127 17719 1 3 0 0
3P P ALl 04817 -36875 22842 2 4 5 6
40P1 O BYL 17976 -43635 23259 3 0 O
50P2 O BYL 00167 -30215 35214 3 0 0
605 O EST 05255 -25916 11193 3 7 O
7C5 C ALl 14216 -14863 12135 6 8 9 1
8HS5 H ALl 24568 -1.8260 12707 7 0 0 0 10
9H5" H ALl 12157 -0.8907 21041 7 0 0 O 10
1005 PSEUD 1.8362 -1.3584 16874 0 0 0 0 O
11C4 C ALl 12779 -05959 00000 7 12 21 13 O
12H4 H_ALl 15099 -11747 -0.8952 11 0 0 0 O
13C3 C_ALl 21963 06228 00000 11 15 14 38 0
14H3 H_ALl 31027 04293 05756 13 0 0 0 O
15C2 C_ALl 13731 17403 05780 19 16 17 13 0
16H2 H ALl 14019 16718 16635 15 0 0 O 18
17H2" H ALl 17912 2.6897 02499 15 0 0 0 18
18Q2 PSEUD 15965 2.1808 09567 0 0 0 0 0
19C1' C_ ALl 0.0000 1.4100 0.0000 21 20 22 15 0
20H1 H ALl -0.0659 17932 -1.0183 19 0 0 0 O
2104 O_EST 0.0000 0.0000 0.0000 11 19 0 0 O
22N9 N_AMI -1.1209 1.9441 0.8017 19 23 36 0 O
23C4 C_ARO -23784 22371 03436 22 24 34 0 0
24N3 N_AMI -2.8170 2.0867 -09370 23 25 0 0 O
25C2 C_ARO -41036 2.4736 -1.0196 24 26 30 0 0
26N2 N AMI -47356 24092 -2.1892 25 27 28 0 O
27H21 H AMI -57010 2.6979 -2.2581 26 0 O 0 29
28H22 H_AMI -4.2498 2.0716 -30078 26 0 0 0 29
20Q2 PSEUD -49754 23848 26330 0 0 0 0 O
30N1 N AMI -4.9152 29484 -00482 25 31 32 0 O
31H1 H_AMI 58690 32001 -02652 30 0 0 0 O
32C6 C_ARO -44155 30749 12114 30 33 34 0 0
3306 O BYL -5.1745 35092 20764 32 0 0 0 O
34C5 C ARO -30716 26978 14177 23 32 35 0 0
35N7 N_AMI -2.2897 27047 25414 34 36 0 0 0
36C8 C_ARO -1.1186 22402 21184 22 35 37 0 O
37H8 H_ARO -02357 20985 27240 36 0 0 0 0
3803 O_EST 26047 09094 -1.3466 13 39 0 0 O
39P P ALl 35778 21447 -16417 38 0 0 0 O

0
0
0
00
10

RGUA RESIDUE RGUA 10 39 3 38

1ZETA 0 0 000 1 2 3 6 0

2ALPHA 0 0 000 2 3 6 7 O

3BETA 0 0 000 3 6 711 O

4GAMMA 0 0 000 6 7 11 13 0

S5DELTA 0 0 000 7 11 13 38 0

6NU2 0 0 000 11 13 15 19 37

7HOXI 0 0 000 13 15 17 18 18

8NUL O 0 000 13 15 19 21 37

9CHI 0 0 000 21 19 22 23 37

10EPSI 0 0 000 11 13 38 39 0

1C3 C ALl -09681 58551 25577 2 0 0 0 0

203 O_EST 06348 -47127 17719 1 3 0 O

3P P ALl 04817 -36875 22842 2 4 5 6 0
3000

0
40P1 O _BYL 17976 -4.3635 2.3259 0
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50P2 O_BYL 0.0167 -3.0215 35214 3 0 0 0 O
605 O_EST 05255 -25916 11193 3 7 0 0 O
7C5 C_ALI 14216 -14863 12135 6 8 9 11 O
8H5 H_ALI 24568 -1.8260 12707 7 0 0 0 10
9H5" H_ALI 12157 -0.8907 21041 7 0 0 0 10
10Q5 PSEUD 1.8362 -1.3584 16874 0 0 0 0 O
11C4 C_ALlI 1.2779 -05959 0.0000 7 12 13 21 O
12H4' H_ ALl 15099 -1.1747 -0.8952 11 0 0 0 O
13C3 C_ALlI 21963 0.6228 0.0000 11 14 15 38 O
14H3 H_ALlI 31027 04293 0575 13 0 0 0 O
15C2 C_ ALl 13731 17403 05780 13 16 17 19 O
16H2' H_ALI 14019 1.6718 1.6635 15 0 0 0 O
1702 O_HYD 19936 2.8894 0.0464 15 18 0 0 O
18HO2'H _OXY 21370 35157 07597 17 0 0 0 O
19C1' C_ALlI 0.0000 1.4100 0.0000 15 20 21 22 O
20H1 H_ALI -0.0659 1.7932 -1.0183 19 0 0 0 O
2104 O_EST 0.0000 0.0000 0.0000 11 19 0 0 O
22N9 N_AMI -1.1209 1.9441 0.8017 19 23 36 0 O
23C4 C_ARO -2.3784 22371 03436 22 24 34 0 O
24N3 N_AMI -2.8170 2.0867 -0.9370 23 25 0 0 O
25C2 C_ARO -41036 24736 -1.0196 24 26 30 0 O
26 N2 N_AMI -4.7356 24092 -2.1892 25 27 28 0 O
27H21 H_AMI 57010 2.6979 -2.2581 26 0 0 0 29
28H22 H_AMI -4.2498 20716 -3.0078 26 0 0 0 29
29Q2 PSEUD -49754 23848 -26330 0 0 O O O
30N1 N _AMI -49152 29484 -00482 25 31 32 0 O
31H1 H AMI -5.8690 3.2001 -0.2652 30 0 O O O
32C6 C_ARO -44155 3.0749 12114 30 33 34 0 O
3306 O_BYL -5.1745 35092 20764 32 0 0 0 O
34C5 C_ARO -3.0716 2.6978 14177 23 32 35 0 O
35N7 N _AMI -2.2897 27047 25414 34 36 0 O O
36C8 C_ARO -1.1186 22402 21184 22 35 37 0 O
37H8 H ARO -0.2357 20985 27240 36 0 0 0 O
3803 O_EST 2.6047 0.9094 -1.3466 36 39 0 0 O
39P P_ALlI 35778 21447 -16417 38 0 0 0 O

RESIDUE THY 10 38 3 37

1ZETA 0 0 000 1 2 3 6 O

2ALPHA 0 0 000 2 3 6 7 O

3BETA 0 0 000 3 6 7 11 O

4GAMMA 0 0 000 6 7 11 13 O

5DELTA O 0 0.0000 7 11 13 37 O

6NU2 O O 0.0000 11 13 15 19 36

7NUL O O 00000 13 15 19 21 36

8CHI 0 O 0.0000 21 19 22 23 36

9CHI2 0 0 000 27 29 30 31 33

10EPSI O O 0.00 11 13 37 38 0

1C3 C_ALl 09681 -58551 25577 2 0 O O O
203 O_EST -06348 -47127 17719 1 3 0 0 O

3P P_ALlI 04817 -36875 22842 2 4 5 6 0
40P1 O BYL 1.7976 -43635 23259 3 0 0 0 O
50P2 O_BYL 0.0167 -3.0215 35214 3 0 0 0 O
605 O_EST 05255 -25916 11193 3 7 0 0 O
7C5 C_ALlI 14216 -14863 12135 6 8 9 11 O
8H5 H ALl 24568 -1.8260 12707 7 0 0 0 10
9H5" H_ALlI 1.2157 -0.8907 21041 7 0 O 0 10

10Q5 PSEUD 1.8362 -1.3584 16874 0 0 O 0 O
11C4 C ALl 1.2779 -05959 0.0000 7 12 21 13 O
12H4 H ALl 15099 -1.1747 -08952 11 0 0 0 O
13C3 C_ALlI 21963 0.6228 0.0000 11 15 14 37 O
14H3 H ALl 31027 04293 0575 13 0 0 0 O
15C2 C_ALI 13731 1.7403 05780 19 16 17 13 O
16H2 H ALl 14019 16718 16635 15 0 0O O 18
17H2" H ALl 1.7912 2.6897 02499 15 0 O O 18
18Q2' PSEUD 15965 21808 0.9567 0 0 0 O O
19C1' C_ALI 0.0000 1.4100 0.0000 21 20 22 15 O
20H1 H_ALI -0.0659 1.7932 -1.0183 19 0 0 0 O
2104 O_EST 0.0000 0.0000 0.0000 11 19 0 0 O
22N1 N_AMI -1.1209 1.9441 0.8017 19 23 35 0 O
23C2 C_ARO -2.2881 21620 01364 22 24 25 0 O
2402 O_BYL -24402 19414 -1.0548 23 0 0 0 O
25N3 N_AMI -3.3338 2.6596 0.8814 23 26 27 0 O
26 H3 H_AMI -4.2250 28415 04424 25 0 0 0 O
27C4 C_ARO -32471 29346 22228 25 28 29 0 O
2804 O _BYL -4.2464 33768 27874 27 0 0 0 O
29C5 C_ARO -2.0063 2.6890 28681 27 30 35 0 O



e File Formats

30C7 C_ALI -1.8531 29733 43432 29 31 32 33 0
31H71 H_ALI -0.8409 2.7265 4.6636 30 0 0 O
32H72 H_ALI -25641 23728 4.9107 30 0 O
33H73 H_ALI -2.0420 4.0291 45373 30 0 O
34Q7 PSEUD -1.8157 3.0428 47039 0 0 O
35C6 C_ARO -1.0061 22067 21270 22 29 36 0 O
36H6 H_ARO -0.0464 20062 25799 35 0 0 0 O
3703 O_EST 2.6047 0.9094 -1.3466 13 38 0 0 O
38P P_ALlI 35778 21447 -16417 37 0 0 0 O

0
00
00
00

URA RESIDUE URA 10 34 3 33
1ZETA 0 0 000 1 2 3 6 0
2ALPHA 0 0 000 2 3 6 7 O
3BETA 0 0 000 3 6 711 O
4GAMMA 0 0 000 6 7 11 13 0
S5DELTA 0 0 000 7 11 13 33 0
6NU2 0 O 000 11 13 15 19 32
7HOXI 0 0 000 13 15 17 18 18
8NUL O 0 000 13 15 19 21 32
9CHI 0 0 000 21 19 22 23 32
10EPSI 0 0 000 11 13 33 34 0
1C3 C ALl -09681 58551 25577 2 0 0 0 0
203 O_EST 06348 -47127 17719 1 3 0 0
3P P ALl 04817 36875 22842 2 4 5 6
40P1 O BYL 17976 -4.3635 23259 3 0 0
50P2 O BYL 00167 -30215 35214 3 0 0
605 O EST 05255 -2.5916 1.1193 3 7 0
7C5 C ALl 14216 -1.4863 12135 6 8 9
8H5 H ALl 24568 -1.8260 12707 7 0 0 O 1
9H5" H ALl 12157 -0.8907 21041 7 0 0 0 10
10Q5 PSEUD 1.8362 -1.3584 16874 0 0 0 0 O
11C4 C ALl 12779 -05959 00000 7 12 13 21 O
12H4 H ALl 15099 -1.1747 -08952 11 0 0 0 O
13C3 C_ALl 21963 06228 00000 11 14 15 33 0
14H3 H_ALl 31027 04293 05756 13 0 0 0 O
15C2 C_ALl 13731 17403 05780 13 16 17 19 0
16H2' H ALl 1.4019 16718 16635 15 0 0 0 O
1702 O_HYD 19936 2.8894 00464 15 18 0 0 O
18HO2 H OXY 21370 35157 07597 17 0 0 0 O
19C1' C ALl 0.0000 1.4100 00000 15 20 21 22 0
20HT H ALl -0.0659 17932 -1.0183 19 0 0 0 O
2104 O_EST 0.0000 0.0000 0.0000 11 19 0 0 O
22N1 NAMI -1.1209 1.9441 0.8017 19 23 31 0 0
23C2 C_ARO -22881 21620 01364 22 24 25 0 0
2402 O_BYL 24402 19414 -1.0548 23 0 0 0 O
25N3 N AMI -33338 26596 0.8814 23 26 27 0 0
26H3 H AMI -4.2250 2.8415 04424 25 0 0 0 O
27C4 C_ARO -32471 29346 22228 25 28 29 0 0
2804 O BYL -42464 33768 27874 27 0 0 0 0
29C5 C ARO -2.0063 2.6890 2.8681 27 30 31 0 O
30H5 C ALl -1.8967 28923 39231 29 0 0 0 O
31C6 C_ARO -1.0061 22067 21270 22 29 32 0 0
32H6 H ARO -0.0464 20062 25799 31 0 0 0 O
3303 O_EST 2.6047 09094 -1.3466 13 34 0 0 O
34P P ALl 35778 21447 -16417 33 0 0 0 O

0
0
0
0
1

0
11 0
0

PL RESDUE PL 1 6 3 5

1LB 0 0 000 2 3 450

1C PSEUD -06824 -1.1357 0.0000
20 PSEUD -0.1723 -2.2550 0.0000
3N PSEUD 0.0000 0.0000 0.0000
4Q1 PSEUD 09971 -0.0762 0.0000
5Q2 PSEUD 1.0733 009209 0.0000
6Q3 PSEUD 20704 0.8447 0.0000

coo®oo

NL RESIDUE NL 1 6 3 5

1B 00000 23 450

1C3 PSEUD -0.9681 -5.8551 25577 0
203 PSEUD -0.6348 47127 17719 0
3P PSEUD 04817 -36875 22842 0 0 O
4Q1 PSEUD 03487 -31324 14631 0 0
5Q2 PSEUD 1.0465 -2.4917 17833 0 0
603 PSEUD 09136 -1.9366 0.9622 0 0
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LL

LL2

LLS

LP

LN

PLM

NLM

LLM

156

RESIDUE LL
1LB
1Q1 PSEUD
2Q2 PSEUD
3Q3 PSEUD
4Q1 PSEUD
5Q2 PSEUD
6Q3 PSEUD

RESIDUE LL2
1B 0 0
1Q1 PSEUD
2Q2 PSEUD
3Q3 PSEUD
4Q1 PSEUD
5Q2 PSEUD
6Q3 PSEUD

RESIDUE LL5
1B 0 0
1Q1 PSEUD
2Q2 PSEUD
3Q3 PSEUD
4Q1 PSEUD
5Q2 PSEUD
6Q3 PSEUD

16 35

0 0000 234650
0.0000
1.0000
1.0000
2.0000
2.0000
3.0000

0.0000
0.0000
1.0000
1.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

16 35

0.00

0.0000
2.0000
2.0000
4.0000
4.0000
6.0000

2 3450

0.0000 0.0000
0.0000 0.0000
2.0000 0.0000
2.0000 0.0000
0.0000 0.0000
0.0000 0.0000

16 35

0.00

0.0000
5.0000
5.0000
10.0000
10.0000
15.0000

23450
0.0000 0.0000
0.0000 0.0000
5.0000 0.0000
5.0000 0.0000
0.0000 0.0000
0.0000 0.0000

RESIDUE LP 1 6 3 5

1B 0 0 000 2 3 4
1Q1 PSEUD 0.0000 0.0000
2Q2 PSEUD 1.0000 0.0000
3Q3 PSEUD 1.0000 1.0000
4C PSEUD 2.0000 1.0000
50 PSEUD 2.0000 -0.2300
6N PSEUD 3.0920 1.7505

50
0.0000
0.0000
0.0000

0.0000

0.0000

0.0000

RESIDUE LN
1LB
1Q1 PSEUD
2Q2 PSEUD
3Q3 PSEUD
4C3 PSEUD
503 PSEUD

16 35

0 0 000 2 3 4
0.0000
1.0000
1.0000
2.0000
2.0000 -0.4260

50
0.0000
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
1.0000
1.0000

6P PSEUD 33856 -1.2260

RESIDUE PLM 1 8 3 7
1B 0 0 000 2 3 4
1C PSEUD -0.6824 -1.1357
20 PSEUD -0.1723 -2.2550
3N PSEUD 0.0000 0.0000
4Q1 PSEUD 0.9971 -0.0762
5Q1' PSEUD 09971 -0.0762
6Q2 PSEUD 1.0733 0.9209
7Q2 PSEUD 1.0733 0.9209
8Q3 PSEUD 2.0704 0.8447

RESIDUE NLM 1 8 3 7

1B 0 0 000 2 3 4
1C3 PSEUD -0.9681 -5.8551
203 PSEUD -0.6348 -4.7127

0.0000

6 0
2.5577
1.7719

ococo
©Cooo cooCoOo coocooo coocooo

Coococoo

0
0

3P PSEUD 04817 -3.6875 22842 0

4Q1 PSEUD
5Q1 PSEUD
6Q2 PSEUD
7Q2 PSEUD
8Q3 PSEUD

0.3487 -3.1324
0.3487 -3.1324
1.0465 -2.4917
1.0465 -2.4917
0.9136 -1.9366

RESIDUE LLM 1 9 3 8

1.4631
10.0000
1.7833
10.0000
0.9622

0
0
0
0
0

coco@oo [elolololofe) [eJolololole]
co0oe@OoOo

CoCooo

Coococoo

ooopooo

[ejojololofo]
[elolololofe]
[eJolololofe]

[ejolololofo)

[elololeolofe)
[elolololofe)

cooCoo
coo©0oo



LLM2

LLM5

LPM

LNM

LGLY

1LB
1Q1
2Q2
303
4Q3
5Q1
6Q1
702
8Q2
903

0 0 0.00

PSEUD
PSEUD
PSEUD
PSEUD
PSEUD
PSEUD
PSEUD
PSEUD
PSEUD

0.0000
1.0000
1.0000
1.0000
2.0000
2.0000
2.0000
2.0000
3.0000

0.0000
0.0000
1.0000
1.0000
1.0000
1.0000
0.0000
0.0000
0.0000

RESIDUE LLM2 1 9 3 8

1LB
1Q1
2Q2
303
403
501
601
7Q2
8Q
903

0 0 0.0

PSEUD
PSEUD
PSEUD
PSEUD
PSEUD
PSEUD
PSEUD
PSEUD
PSEUD

0.0000
2.0000
2.0000
2.0000
4.0000
4.0000
4.0000
4.0000
6.0000

0.0000
0.0000
2.0000
2.0000
2.0000
2.0000
0.0000
0.0000
0.0000

RESIDUE LLM5 1 9 3 8
0 0000 23570

0.0000 0.0000 0.0000 O
5.0000 0.0000 0.0000 O
5.0000 5.0000 0.0000 O
5.0000 5.0000 10.0000 O
5.0000 0.0000 O

1LB
1Q1
2Q2
303
403
5Q1
6QL
7Q2
8Q2
903

RESIDUE LPM
0 0 0.00

1LB

PSEUD
PSEUD
PSEUD
PSEUD
PSEUD
PSEUD
PSEUD
PSEUD
PSEUD

10.0000
10.0000
10.0000
10.0000
15.0000

17

5.0000 10.0000 O
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23570

0.0000 0
0.0000 0O
0.0000 0O
10.0000 O
0.0000 0O
10.0000 O
0.0000 0
10.0000 O
0.0000 0O

23570

0.0000 0
0.0000 0O
0.0000 0O
10.0000 0O
0.0000 0
10.0000 0O
0.0000 0O
10.0000 O
0.0000 O

0.0000 0.0000 O

0.0000 10.0000 O

0.0000 0.0000 O

3 6

1Q1 PSEUD 0.0000 0.0000
2Q2 PSEUD 1.0000 0.0000
3Q3 PSEUD 1.0000 1.0000
4Q3 PSEUD 1.0000 1.0000
5C PSEUD 2.0000 1.0000
60 PSEUD 2.0000
7N PSEUD 3.0920 1.7505

RESIDUE LNM

1LB
1Q1
2Q2
303
403

17

-0.2300

3 6

0 0 000 2 3 5

PSEUD
PSEUD
PSEUD
PSEUD

5C3 PSEUD
6 O3’ PSEUD
7P PSEUD 3.3856 -1.2260 0.0000 O

0.0000
1.0000
1.0000
1.0000
2.0000
2.0000

0.0000
0.0000
1.0000
1.0000
1.0000
-0.4260

RESIDUE LGLY 3 11 3 10
10MEGA -1 2 100000 2 1 3 4 O
0 0 00000 1 3 590
0 0 00000 3 5911 0

2PHI
3PSI

1C PSEUD -0.6824 -1.1357 0.0000
20 PSEUD -0.1723 -2.2550 0.0000
3N PSEUD 0.0000 0.0000 0.0000
4Q1 PSEUD -0.4226 0.9063 0.0000
5Q2 PSEUD 1.4530 0.0000 0.0000
60Q21 PSEUD 1.8202 -0.5343 0.8762
7Q22 PSEUD 1.8202 -0.5343 -0.8762
8Q3 PSEUD 1.8202 -0.5343 0.0000

23560

0.0000 0O

0.0000 0

0.0000 0
10.0000 0O
0.0000 0
0.0000 0
0.0000 0O

6 0
0.0000 0O
0.0000 O
0.0000 0

10.0000 O
0.0000 0
0.0000 O

Soo
Ono©o

9C PSEUD 20013 1.4284 0.0000 O
100 PSEUD 12356 23910 0.0000 O
11N PSEUD 33231 15208 0.0000 0

oYy =YeX=Yet=X=X=]
Py =Yoyeyoy=tote]
000000
00000000

[cret=rel=ret=l=Xe)
[y =rey=YaY=I=Xe]
[P =rey=Foy=f=Xe]
P =ray=ray=1=X=]

OpO0po0ofee
0000 Cee
Opopo0ofee
0000 fee

CoCjocoo

00
00
00
00
00
00
00

CoCejooo

®ocogo000
®ocogo000
®ocogo0o0
©®ocogooco
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Foraminoacidresiduesthefirstthreecharactersf thenamecorrespond
tothestandardhreelettercode thefourth charactemdicategpositive or
negative chages(e.g.ARG+) or differentiatesbetweencysteine(CYS)
andcystine(CYSS)residuesCystinesareinvolvedin disulfidebridges.

ADE, CYT, GUA, andTHY denotethe standarddeoxyribonucleotides
of DNA; RADE, RCYT, RGUA, andURA denotethe standarchucle-
otides of RM\.

Linker residuesusedto treat more than one moleculeand containing
only pseudatomsarealsoincluded:PL to link anaminoacidresidueo
agenericlinker, NL to link a nucleotideresidueto a genericlinker, LL,

ageneridinkerresiduewith 1 A bondlengthsand bondangles| L2 and
LL5, similar linkersresiduebut with 2 A and5 A bondlengths,LP to
link agenericlinkerto afollowing aminoacidresidueandLN to link a
genericlinker to a following nucleotideresidue.Thereis an additional
set of linker residues,PLM, NLM, LLM, LLM2, LLM5, LPM and
LNM, with threeinsteadof onerotatableanglethatshouldonly beused
for torsionangledynamicscalculationswith inertiatensorsderived di-
rectly from atomicmassesndpositions.LGLY is alinker residuewith
the geometry of GY. but only containing pseudo atoms.

In additionto the standardesidudibrary (dyana.lib)whichis basecon
the ECEPH2 forcefield (Momary etal., 1975;Németly etal., 1983),a
residuelibrary (ambetlib) that employs the standardgeometryof the
AMBER forcefield (Cornelletal., 1995)is alsoprovided. The namesof
atoms and dihedral angles are the same in both libraries.

The programDYANA supportsan alternatve format for residuelibrary
entriesthat usesatomnamesinsteadof numbersio definedihedralan-
gles,covalentconnectities andpseudoatoms.This formatis particu-
larly usefulin theproces®f creatingmanuallyanew or modifiedlibrary
entry As an example,an alternatve entry for SER is given which is
equivalent to the one in the standard library:

RESIDUE SER 5 15 3 14

10MEGA -1 2 10.0000-O -C N HN

2PHI 0 O 0.0000-C N CA C

3CHI1 1 3 13500 N CA CB OG HG

4CHI2 1 3 0.3000 CA CB OG HG HG

5PSI 0 O 00000 N CA C +N

1C C_BYL -0.6824 -1.1357 0.0000-O N

20 O BYL -0.1723 -2.2550 0.0000-C

3N N_AMI 0.0000 0.0000 0.0000-C HN CA
4HN H_AMI -0.4226 0.9063 0.0000 N

5CA C_ALI 14530 0.0000 0.0000 N HA CB C
6HA H_ALI 1.7416 -0.5122 0.9178 CA

7CB C_ALI 20038 -0.7653 -1.2049 CA HB2 HB3 OG
8HB2 H_ALlI 1.6328 -1.7901 -1.1839 CB QB
9HB3 H_ALlI 1.6328 -0.3109 -2.1235 CB QB
10QB PSEUD 1.6328 -1.0505 -1.6537

110G O_HYD 34286 -0.7774 -1.2238 CB HG
12HG H_OXY 3.7558 -1.2840 -2.0214 OG

13C C_BYL 19763 1.4377 0.0000 CA O +N
140 O_BYL 11939 23868 0.0000 C

15N N_AMI 32963 1.5532 0.0000 C
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Namesof atomdocatedin theprecedingr next residueareprecededby
“~" or“+”, respectiely, andpositionghatcorrespondo a“0” in thenor-
mal format are left blank.

Thestandardesidudibrary alsoincludesa statisticaldatabaseof chem-
ical shift valuesin proteins whichwascompiledby DanielBraunonthe
basisof 26 proteinsfor which H, 13C and 1°N assignmentsre avail-
able.Therearenorandomcoil valuesin thistable.Thefirst few linesof
this data base are as fails:

CSTABLE 320

1ALA N 144 12304 3.67 133.90 130.40 117.60 113.70
3ALA CA 184 5259 219 57.30 55.60 48.96 47.15
4ALA CB 182 1878 1.96 2420 2270 15.70 14.50
5ALA HN 159 816 0.76 10.14 9.29 6.73 6.19
6ALA HA 169 432 053 6.16 524 354 294
7TALA QB 167 136 024 177 167 101 -0.02

ThenumberaftertheheadingCSTABLE” denoteshenumberof atoms
for which chemicalshift informationis available. For eachsuchatom
oneline of datawith the following entriesis given: a runningnumber
the residuename,the atom name,the numberof chemicalshifts that
wereavailablefor this atom,theaveragechemicalshift, thestandardle-
viation of the chemicalshift, the maximalchemicalshift, theupperand
lower5%-quartilesof thechemicakhift, andtheminimal chemicakhift.
The Fortran format of the data lines is (5X,2A5,15,6F8.2).

A similarblock of data,named'KARPLUS”, is usedto defineKarplus-
type relationships of the form

%)(6) = A+Bcosd + Ccos 8]

betweervicinal scalarcouplings,gJ , andtheinterveningdihedralangle,
6:

KARPLUS 15

1* HN HA 190 -140 6.40 PHI

2* HN C 010 110 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 -060 1.50 PHI

6* C HA -080 -440 9.00 PHI

7* HA N -0.27 -0.61 -0.88 PHI

8* HA HB* 180 -1.60 9.50 CHI1
9PHE HA CG 0.70 -1.00 7.10 CHI1
I0TYR HA CG 070 -1.00 7.10 CHI1
11* HA CG 020 -1.20 10.20 CHI1
12* N HB* 010 1.20 -4.40 CHI1
13* C HB* 0.60 -204 7.20 CHI1
14* HB* HG 180 -1.60 9.50 CHI2
15* HB*CD 0.20 -1.30 10.20 CHI2

EachKarpluscurwe is givenon oneline with thefollowing data:a run-
ning numbey aresiduenamethatmay containwildcards thetwo names
of the atomsthat are scalarcoupled,the parametersd, B andC of the
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Karpluscurvwe,andanoptionalcommenithecorrespondinglihedralan-
gle). The Brtran format of the data lines is (5X,3A5,3F8.2).

Residue sequence

Thesequencaputfile definesheprimarystructureof themoleculeun-
der considerationjdentifiesresiduesfollowing cis-peptidebonds,de-
claresspeciakovalentbondsj. e.covalentbondsthatarenotcompatible
with thetreestructureof themolecule andidentifiesfixedandrotatable
dihedral angles in the molecule.

Theresiduenamesconsistof up to four characterandmust,of course,
matchthe nameof aresidueentryin theresidudibrary file. If aresidue
nameis precededmmediatelyby alowercasée'c” thedihedralangleof

the peptidebondprecedinghis residuewill befixedat (cis position)in-

steadof (transposition)throughouthe calculation Optionally, aresidue
namemay be followed by its residuenumber;by default the residue
numberof thefirst (N-terminal)residuan thesequences setto one,and
for otherresiduegheresiduenumberwill betheresiduenumberof the
precedingesidueplus one.Differentresiduenamesandnumbersmust
beseparatethy atleastoneblankor end-of-linecharacterotherwisethe
formatis free. The syntaxto declarefixed androtatabledihedralangles
is explained belar. An example sequence input file folls:

# Second helix of Antennapedia Homeodomain
ARG+29 ARG+ARG+ARGH+ILE GLU- ILE ALA HIS ALA
LEU

Thisfile containghe sequencef apeptidethatis 11 residuedong with
residuenumbers29-39.Trans-peptidéondswill be assumedhrough-
out. No specialcovalentbondis declared.Thefirst line of thefile is a
comment line.

A specialcovalentbondis declaredvy thelowercasekeyword link
followed by the first atom name,the first residuenumber the second
atomname,andthe secondesiduenumber in free format. This infor-
mationwill only beusedin DYANA to excludethe necessaratompairs
fromthestericoverlapcheck;to correctlyform thespeciakcovalentbond
explicit upperandlower limit distanceconstraintsarerequired.Situa-
tionswherespecialcovalentbondsareneededire,for instanceproteins
with disulfidebridges,cyclic peptidespr flexible prolinerings. To de-
clare,for example,adisulfidebridgebetweenCYSS3 andCYSS55 of
a protein the follwing entry is used in the sequence input file:
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link SG 3 SG 55

In addition,the presencef this disulfidebondis thenfixeddirectly with
distanceconstraintse.g.by imposingarangeof 2.0to0 2.1A onthe S-S
distanceandof 3.0to0 3.1A ontheS—Cdistancesicrosshebridgeusing
explicit upperandlower distancdimits (Williamson et al., 1985).Be-
causedisulfide bondsoccurfrequentlyin proteins,it is not necessary
(but possible of course)to declarethemexplicitly in the sequencéile;
if the sulphuratomsof CYSSresiduesarenot explicitly linkedto other
atomsby link entriesin thesequencéle, theprogramallows for special
covalentbondshetweerall suchsulphuratomsof CYSSresiduesi. e.in
thevanderWaalscheckit potentiallyallows disulfide bridgesbetween
ary two CYSSresiduesn the molecule.Anotherfrequentcasewhere
the programgenerates specialcovalentbondimplicitly occursif the
bondis presenin thelist of covalentconnectwities of the atomentries
in thelibrary but not compatiblewith the tree structureof dihedralan-
gles.This is the casefor examplein flexible sugar rings of the DNA.
Neverthelessexplicit upperandlower limit distanceconstraintsarestill
required to enforce correct bond lengths and angles.

By default,theprogramDyYANA assumethatall dihedralanglesdeclared
in theresidudibrary arerotatablej. e.aredegreesf freedomduringthe
minimization.Theonly exceptionareanglescalledOMEGA which are,
by default, fixed at 180° or 0°. To obtaindifferentchoicesof fixed and
rotatabledihedralangles angledeclarationdiave to beinsertednto the
sequencdile. To make a dihedralanglerotatable usethe syntax:“an-
gle=free”, whereanglestanddor theanglename.To fix adihedralan-
gle at the value of the input conformationthat will be read, use
“angle=fix ed”. Thistypeof declaratiorcannotbe usedif the startcon-
formationsaregeneratedandomlywithin the program.To fix adihedral
angleata givenvalue,use"angle=valu€'. Thevaluehasto begivenin
degrees.Theanglenamemay containwildcards* to matchary number
of characterand?to matchexactlyonecharactenf anangledeclaration
shouldapplyonly to partof thesequencethe declaratiorandthe corre-
spondingpart of the sequencareenclosedn curly bracesMore than
one angledeclarationmay follow the left brace,and partsof the se-
guenceenclosedn bracesnaybe nestedIn thefollowing examplese-
quenceall wangleswill befixedat180° (by default),all ¢ anglesexcept
thethird onewill befixedat-47°,andall otherdihedralanglesarerotat-
able (by dedult):

{PSI=-47
ARG+ 29 ARG+ {PSI=free ARG+}
ARG+ ILE GLU-ILE ALA HIS ALA LEU}
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Chemical shift list

Chemicalshiftlists (traditionally called“protonlists”) follow theformat
usedby the programXEgAsy (Bartelset al., 1995). For eachchemical
shift, the list containsa line with the following datain free format: the
atomnumberthechemicalshift, theerrorof the chemicalshift (current-
ly not usedby DYANA), the atom name,andthe residuenumber The
atomnumberis referencedy peakassignmenti peaklists (seenext
section)andcanbe differentfrom the atomnumberin coordinatefiles.
Chemicakhiftsaremeasuredéh ppmandentrieswith amagnituddarger
than900ppmareskipped.An example containingproton, >N and'3C
chemical shifts follavs:

622119.7700.000N 3
21 8.6350.000HN 3
22 525300.000CA 3
23 4.7380000HA 3
24 38.0800.000CB 3
25 3.0240.000HB2 3
26 2.9560.000HB3 3
623 109.960 0.000ND2 3
28 7.4000.000HD21 3
29 6.6600.000HD22 3
624 121.4600.000N 4
31 7.9400.000HN 4
32 54.370 0.000 CA
33 5.261 0.000 HA
34 43.9700.000 CB
35 1.7320.000 HB2
36 1.4540.000 HB3
37 27.300 0.000 CG
38 1.5220.000 HG
39 0.8900.000 QD1
40 0.8700.000 QD2

PN N N NG

Peak list

Peaklists follow theformatusedby the programXEeAsy (Bartelsetal.,

1995).The programDYANA canhandletwo-dimensionahomonuclear
and three-dimensionaheteronucleapeaklists. A peaklist file starts
with aline “# Numberof dimensions”, wherenis either2 or 3, possibly
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followed by additionalcommentines startingwith “#”. For eachpeak,
thereis adataline, possiblyfollowedby acommentine thatcontainghe
userdefined comment for the\gin peak.

Each peakdataline containsthe following data:the peaknumber n
chemicalshifts, the peak color code (integer), the spectrumtype (a
string; not usedby DYANA), the peakvolume,the errorof the peakvol-
ume(notusedby DYANA), theintegrationmethodcode(a character)an
integer (notusedby DYANA), n atomnumberghatidentify atomsin the
correspondinghemicalshift list (a zeroatomnumberindicatesa miss-
ing assignment)and,possibly additionaldatathatis not usedby Dya-
NA. An example of a tw-dimensional peak list is:

# Number of dimensions 2
4 3.339 10.0481U 1.183e+05 0.00e+00e 0 28 23
# overlap
5 2791 10.0481 U 3.090e+05 0.00e+00e 0 27 23
# transposed
6 6.307 9.8581U 1.810e+05 0.00e+00e O 46 44
7 3179 9.8581U 3.506e+04 0.00e+00e O 49 44
8 4570 9.9391U 0.000e+00 0.00e+00- O 67 65
9 4.361 9.9391U 2.429e+03 0.00e+00e 02420 65
10 1.226 9.9391U 1.793e+05 7.51e-01d 02421 65

The first two peakscarry comments(“overlap” and “transposed” re-
spectvely). Theintegrationmethodcodeis either‘e” for peakghathave
been intgrated, or “-” for peaks that ti@ not been intgrated.

An example of a three-dimensional peak list is:

# Number of dimensions 3

45 52530 4.738 4.73817? 1.903e+05 6.88e+03a0 22 23 23
46 52530 3.024 4.73817?1.842e+04 8.93e+02a0 22 25 23
47 52530 2.956 4.73817?3.620e+04 1.02e+03a0 22 26 23
51 38.080 8.635 3.02417?6.100e+04 2.70e+02a0 24 21 25
52 38.080 4.738 3.02417?1.872e+04 2.73e+02a0 24 23 25
53 38.080 3.024 3.02417?2.776e+06 1.25e+04a0 24 25 25
54 38.080 2.956 3.02417?2.922e+06 1.45e+04a0 24 26 25
55 38.080 7.400 3.02417?1.155e+05 2.8%9e+02a0 24 28 25
56 38.080 6.660 3.02417?2.673e+04 3.01e+02a0 24 29 25

Upper and lower distance limits

The upperandlower distancdimit files areusedto enterdistancecon-
straintsinto the programDYANA. For eachdistanceconstrainthereis a
line with the following data:residuenumber residuenameand atom
nameof the first andsecondatom,respectiely, the distancdimit in A,
and,optionally, therelative weightof theconstraintThedefaultrelative
weightis 1. Relatve weightsshouldbe positive. The weight of a con-
straintin thetargetfunctionequalsherelative weighttimestheweight-
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ing factor for the correspondingype of constraints An examplefile

follows:

29 ARG+HN 29 ARG+HB2 290
29 ARG+ HN 29 ARG+HB3 3.00
29ARG+HN 29ARG+QG 4.33
29 ARG+HN 30ARG+HN 3.30
29 ARG+HA 29ARG+QG 3.87
29 ARG+HA 32ARG+HN 4.00
29ARG+QD 33ILE QD1 6.80
30ARG+HN 30ARG+QB 299
30ARG+HN 31ARG+HN 340
30ARG+HN 33ILE CB 9.10
30ARG+HA 30ARG+QB 2.72
30ARG+HA 30ARG+QD 5.80

30ARG+HA 33ILE HN 3.80 5.00E+00

In this example,the last constrainthasa relative weight of 5, all others
have the defaultrelative weightof 1. If onaninputline thefirst residue
numberandnameareabsentthe correspondinglatafrom the previous
dataline is used.On the otherhand,thefirst residuenumberandname
may standaloneon a line suchthatthefollowing is an equivalentform
of the abwe example distance constraint file:

29 ARG+
HN 29ARG+HB2 2.90
HN 29 ARG+HB3 3.00
HN 29ARG+QG 4.33
HN 30ARG+HN 3.30
HA 29ARG+QG 387
HA 32ARG+HN 4.00

D 33ILE QD1 6.80

HN 30ARG+QB 299
HN 31ARG+HN  3.40

HN 33ILECB 910

HA 30ARG+QB 272

HA 30ARG+QD 5.80

HA 33ILE HN 3.80 5.00E+00

Dihedral angle constraints

Dihedral angleconstraintfiles containdirect constraintson individual
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dihedral anglesin the form of an allowed interval [@;, ¢,] Wwith

@, <@, <@, +360 . Thisimpliesthattheallowedinterval mustnot de-
generateo a point. A dataline containgheresiduenumbertheresidue
name,the dihedralanglename,the lower and upperboundsof the al-

lowedinterval in degreesand,optionally, therelative weightof 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 correspondingype of

constraints. See the folling example file:

32 ARG+ PHI -550 -35.0

32 ARG+ PSI -75.0 -15.0 1.00E-01
32 ARG+ CHI1 -155.0 -125.0
33ILE PHI -65.0 -35.0

33ILE PSI -850 -15.0

33ILE CHI1 -105.0 -35.0

34 GLU- PHI -65.0 -45.0

34GLU- PSI -85.0 -25.0

34GLU- CHI1 -5.0 1250

In this example,the secondconstrainthasa relatve weight of 0.1, all
othershave the default relative weightof 1. As for distanceconstraint
files, the residuenumberand nameneednot be repeatedn eachdata
line: if they aremissingthe correspondinglataof the previousdataline
is assumed.

XPLOR distance and angle constraints

As analternatve to its native format,DYANA canalsoreaddistanceand
angleconstraintfiles in XpLOR format (Bringer 1992). Both typesof

constraintsare specifiedwith “assign” statementgollowed by two or

four XPLOR atom selectionsyespectiely, given in free format. Other
statement# theinputfile areignored.DYANA usesasimplifiedversion
of XPLORatomselectionghatsupportonly the“resid” and“name” ex-

pressionsOtherselectiorexpressionsandlogical operatorareskipped.
The XpLorR wildcard“#” is corvertedto “*", andthe XPLOR wildcards
“%" and“+” arecorvertedto “?”. In contrastto otherinput files, com-
mentsare startedwith an exclamationmark. An exampleof an XPLOR
distanceconstrainfile is (only the partprintedin bold is interpretedby

DYANA):
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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
Itotal constraints: 642

set echo=true end

set wrnlev=5 end

An atomselectionmustselecteitherexactly oneatomor a groupof at-
omsthatis representeth DYANA by apseudatom.Each*assign”state-
mentcandefineanupperlimit, d + d, andalowerlimit d —d_ for the
correspondinglistancewhered, d_, andd, denotethethreerealnum-
bersattheendof an“assign”statementUpperlimits with d + d, =900
A and laver limits withd —d_< 0.001 A are not considered.

An exampleof anXpPLORangleconstrainfile is (only thepartprintedin
bold is interpreted bipYANA):

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 5and 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 the four atomselectiongor anangleconstraintmustmatchex-

actly oneatom.In the abore examplethe first “assign” statementon-
strainsthe ¢ dihedralangle of residue3, the secondconstrainsy of

residue3 etc. The allowed interval of a dihedralangle constraintis

[0-A@, @+ Agp] wherep andAg arethe secondandthird realnumber
in the “assign” statement, respeety.
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Scalar coupling constants

Scalarcouplingconstanfiles specifyvalues,and,optionally, tolerance
ranges and weightingé€tors for vicinal scalar coupling constants:

1 ASP-HA HB2 54

1 ASP-HA HB3 4.1

2 GLU-HA HB2 123 20 50
2 GLU-HA HB3 41 20 50
2 GLU-HN HA 51 10

3 CYSSHN HA 62 10

Eachline specifiesin thisorder thefollowing data:residuenumberres-
iduename firstatomname seconcatomnameyvalue,J, of thecoupling
constan{in Hertz),tolerance AJ, of the couplingconstan{defaultval-
ue:2.0Hz), andrelative weight(defaultvalue:1.0). Theallowedinterval
of a coupling constant ig] —AJ, J + AJ] .

Orientation constraints

Orientationconstrainfiles specifyvaluesof residualdipolar couplings.
Thesearerelatedto the orientationof the correspondinghemicalbond
accordingo Eq.[7]. An examplefile with constraintgor theorientation
of N—HN bonds:

1ARG+HN 0.68
3ASP-HN 0.14

4PHE HN 081
SCYSSHN 094 0.05
6LEU HN 042 0.05
7GLU-HN 052 0.05 5.0
I0TYR HN 095 0.05 5.0

Eachline specifiesin thisorder, thefollowing data:residuenumberres-
iduename atomname residualipolarcouplingvalue,thetoleranceor
theresidualdipolar couplingvalue (default value:0.1 Hz), andrelative
weight(defaultvalue:1.0). Theatomthatis specifiednusthave exactly
one cwalent bond.
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Dihedral angles

Dihedralanglefiles areusedby DYANA to storeconformationsn amore
compaciway thanby storingCartesiarcoordinatesThe formatusedis:

(13,1X,A5,4(1X,A5,F9.3)correspondingo theresiduenumberandres-
iduename,andup to four dihedralanglenamesandvalues(in degrees).
As it is shawvn in the following exampleoutputdihedralanglefile from

DYANA, the residuenumberandnameneednot to be repeatedn each
dataline if theline correspondso the sameresidueasthe previousone:

# Structure from DYANA, f = 2.50927E-01

29 ARG+ PHI -51.817 CHI1 -171.357 CHI2 -160.460 CHI3 -87.384
CHI4 85.465PS| -56.588

30 ARG+ PHI -41.708 CHI1 -141.979 CHI2 71.718 CHI3 88.493
CHI4 83498 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

33ILE PHI -64.011CHI1 -81.197 CHI22 61.594 CHI21-135.938
CHI31 57.983PSI -50.837

34 GLU- PHI -54.036 CHI1 98.207 CHI2 -172.555 CHI3 5.197
PSI -41.856

35ILE PHI -79.325CHI1 -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

37HIS PHI -113.998 CHI1 110.027 CHI2 120.049 PSI -7.492

38 ALA PHI -114.971 CHI1 -166.685 PSI -12.535

39LEU PHI -124.389 CHI1 -134.399 CHI2 39.785 CHI31 151.866
CHI32 -61.206 PSI -41.470

Outputdihedralanglefiles from DYANA startwith a commentiine that
indicates the finalalue of its taget function.

Cartesian coordinates

Cartesiarcoordinatdilesin DG formatareusedby DYANA for theinput
and output of conformations. The format of the data lines is:
(6X,A5,16,1X,A5,3F11.4)correspondingo the atomname theresidue
numberandname,andthe x-, y- andz-coordinate®f theatomin . For
compatibilitywith otherprogramsthefirst threelines arealwayscom-
mentlinesevenif they do not startwith “#”; furthercommentinesare
not allowed. Optionally, the Cartesiaratomic coordinategnay be fol-
lowed by the covalent connectvities, in this case the format is
(6X,A5,16,1X,A5,3F11.4,416).
OninputCartesiarcoordinatesreonly usedto calculateall dihedralan-
gles;thestructurewill berekuilt in DYANA accordingo the standardye-
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ometryobtainedfrom theresidueibrary file. Therefore conformations
may be significantlychangedf the Cartesiarcoordinatesio notimply

exactly the bondlengths bondanglesandchiralitiesof the standardye-
ometry! The sameappliesfor Cartesiarcoordinatesvherethe dihedral
angleof thepeptidebondsarenotexactlyin the or conformatiorasde-
finedin thesequencéputfile. An exampleoutputCartesiarcoordinate
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
1N 29 ARG+ 13249 0.0000 0.0000
2HN 29ARG+ 18841 0.0000 0.8290
3CA 29ARG+ 20733 0.0000 -1.2455
4HA 29ARG+ 18760 0.9759 -1.6891
5CB 29ARG+ 35715 -0.1727 -0.9878
6HB2 29ARG+ 3.8976 0.5374 -0.2278
7HB3 29ARG+ 3.7640 -1.1709 -0.5948
80QB 29ARG+ 3.8308 -0.3167 -0.4113
9CG 29ARG+ 43767 0.0400 -2.2713
1I0HG2 29ARG+ 3.8459 -0.4008 -3.1151
11HG3 29ARG+ 44684 11070 -2.4747
12QG 29ARG+ 41572 0.3531 -2.7949
13CD 29ARG+ 57688 -0.5840 -2.1550
14HD2 29ARG+ 57220 -1.4866 -1.5457
15HD3 29ARG+ 6.1258 -0.8829 -3.1405
16QD 29ARG+ 59239 -1.1847 -2.3432
17NE 29ARG+ 6.7092 0.3855 -1.5500
18HE 29ARG+ 7.2613 0.9490 -2.1646
19CZ 29ARG+ 6.8670 05557 -0.2303
20NH1 29ARG+ 7.7438 14591 0.2287
21HH11 29ARG+ 7.8615 15862 1.2136
22HH12 29 ARG+ 8.2804 2.0063 -0.4137
23QH1 29ARG+ 8.0710 1.7963 0.3999
24NH2 29ARG+ 6.1479 -0.1775 0.6305
25HH21 29 ARG+ 6.2657 -0.0504 1.6154
26 HH22 29 ARG+ 54935 -0.8516 0.2880
27QH2 29ARG+ 58796 -0.4510 0.9517
28C 29 ARG+ 15863 -1.1280 -2.1573
290 29 ARG+ 1.1807 -0.8822 -3.2923

OutputCartesiarcoordinatdiles from DYANA startwith threecomment
lines that indicatethe target function value, the programversionused,
andthe numberof residuesand atomslisted in the coordinatefile, re-
spectiely.

Optionally theprogramDYANA canalsooutputCartesiarcoordinatesn
the format of the Protein Data Bank (Bernstetial.,1977).
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The programCoFIMA (coordinatefile manipulation)is a versatilepro-
gramto make simple manipulationson Cartesiancoordinate distance
constraintanddihedralangleconstrainfiiles. The programworksinter-
actively andallows for a variety of commandsSomeof the operations
that can be performed witboFIMA are:

» Corversion between dérent data file formats

* Renaming of atoms, residues and dihedral angles

¢ Deletion of atoms, distance or angle constraints

e Listing of specific atoms, distance or angle constraints

* Measurement of distances and dihedral angles

¢ Attaching of atoms (e.gydrogens)

* Insertion of pseudo atoms or pseudo atom constraints

» Generation of cealent connectities

e Sorting of atoms, distance or angle constraints

The programconsistsof threeparts:CorIMA for coordinatefile manip-
ulations DiIFIMA for distanceconstrainfile manipulationsandANCOMA
for angleconstraintdile manipulationsThe prompts‘cofima> “, “di-
fima> ”, and“ancoma>" indicatethepartof theprogramthatis current-
ly active. Many commandsanbe usedfor all threetypesof datafiles,
but thereare alsocommanddhat are specificfor certaintypesof data
files. Commandsanbe abbreviatedaslong astheabbreviation remains
unambiguous.

In thefollowing descriptionof theindividual commandsA, A, etc.de-
noteatomor anglenamesR, R, etc.denoteresiduenamesandr, r, etc.
denoteresiduenumbersAtom, angle andresiduenamesnuststartwith
aletterandmay (exceptin somecasesgontainwildcards:“*” standgor
zeroor more arbitrary characters; ?” standsfor exactly one arbitrary
characterNo blanksareallowedwithin namesResiduenumbersarein-
tegers. Atom, angle residuenamesandresiduenumbersnaybepreced-
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ed by an exclamationmark “!” which actsas a “not operatof The
specialresiduenamed-IRST andLAST canbe usedto denotethefirst
andthelastresiduein the coordinatefile, respectrely. The specialresi-
duenamedir st andlast canbe usedto denotethefirst andlastresidue
of every fragmentwith contiguousresiduenumbersin the coordinate
file, respectiely. Atom, angle,and residuenames(but not command
words) are case-sensii

Many commandsllow for the specificatiorof aresiduerange denoted
by range, which consistof oneor moreof theelements'r”, “r..”, “..r",
“rq..ry" 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
1@CY* All residues with names that do not start with “CY”

Thedefault residuerangethatwill be usedif noresiduerangeis speci-
fied includes all residues.

For mary commandsill selectecitomsmustbein thesameresidue This
cornventioncanbe circumventedby precedingcertainatomnameswith

atilde “~". In this case atomsaresearchedhroughthe list of covalent
connectwities Whenusing*“~", covalentconnecwities mustof course
bepresentgitherthey canbereadfrom aDG coordinatdile or they can
be generated using tikennect , bind orlink commands.

The outputof thosecommandshatgive interestingoutputcanbe redi-
rectedto disk files. To do this, the last parameteon the commandine
mustbe“>[file]” (hereandin thefollowing, itemsgivenin bracletsare
optional)which writes the outputto a new file, or “>>[file]” which ap-
pendsthe outputto an existing file. Note that no spaceis allowed be-
tweenthe > sign and the output file specification.If the output file
specification is omitted, the ptieusly used output file is used.

Sequencesf commandghat are often usedmay be storedin macros
(differentfrom INCLAN macros)with file nameextension‘.cfm” in order
to facilitate routine applications of the program.

Macroscanbecalledfrom within amacro.Whenexecutingacommand,
the programcandetecttwo differenttypesof problemswarningswhich
causeonly the currentcommando be skipped,anderrorswhich cause
the whole restof the macroto be skipped.Macroscanbe commented,;
text betweerthecommentsign# andtheendof aline is consideredsa
comment. A set of standard macros isvited 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 OrPAL homenclature.

attach_am  Attachhydrogengo aminoacidsandDNA, AMBER con-
ventions.

backbone  Keep only backbone atoms N, CA, C.

di_am Change fromDYANA to AMBER homenclature.

di_fm Change fronDYANA to FANTOM nomenclature.

di_op Change fromDYANA to OPAL nomenclature.

di_xp Change fromDYANA to XPLOR nomenclature.

fm_am Change fronFANTOM to AMBER nomenclature.

fm_di Change fronFANTOM to DYANA nomenclature.

fm_pdb Renameresiduenamesand last atom from FANTOM to
PDB.

fm_xp Change fromFANTOM to XPLOR nomenclature.

heavy Keep only heay atoms.

norm_residues Achieve standardhreelettercodefor aminoacidres-
idues startingfrom AMBER, DYANA, FANTOM or other
reasonable residue names.

op_am Change fromOraL to AMBER homenclature.

op_di Change fromOrAL to DYANA nomenclature.

plimits Changeupper limit distanceconstraintsfrom real to
pseudo atom€)YANA nomenclature.

pseudo Insert pseudo atomByYANA nomenclature.

sort Sort atoms in amino acid residues.

If acommandshouldonly be appliedto a certaintype of datafiles, the
commandword may be followed (with no intervening spacesy 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 Cartesiarcoordinates)/!difima (to not
applythecommando distanceconstraints)or /lancoma (to notapply
the command to angle constraints).

The following, alphabeticallyorderedlist of commandsincludesall
commandshatcanbeusedor coordinatedistanceconstraintandangle
constraint files.

[~1A1 A2 [~]Ag [~]1A4 [[~]As] [range]

List bondanglesdihedralanglesor relative dihedralangles.This com-
mandcanonly beusedwith coordinatdiles. If threeatomnamesaregiv-
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en, the bond angle A;—A>—Ag is calculated.If four atom namesare
given,thedihedralangleA;—A>-Az-A, is calculatedlf fiveatomnames
aregiven, the differencebetweerthe dihedralangleA—A>—Az-A, and
the dihedral angl&—Ay—-A3z-As is calculated.

For instancethedihedralanglesn a polypeptidecanbe calculatedwith
the folloving command:
angles CA C ~N ~CA Calculate w dihedral angles

Switchto ANCOMA, thepartof theprogramfor themanipulatiorof angle
constraint files.

A [-1A; A Ag [~JAJ b T 6 [rangd

Attachatomsto a structure.This commandcanonly be usedwith coor-
dinatefiles. The atomA is attachedo the atom Az suchthatthe bond
lengthAz—A equals, thebondangleA,—Az-A equalst, andthedihedral
angleA—A,—Ag-A (if A4 is omitted)or thedifferencebetweerthedihe-
dralanglesA;—A,~Az—A andA—A,—Az—A, (if A4 is presentequals (in

this caseit is notimportantwhich atomis specifiedoy A;). Notethatb,

T and® mustbe givenasrealnumberswith a periodto avoid confusion
with the folloving range specification.

Normally, all atomsmustbein thesameresidue This corventioncanbe

circumwentedby precedingatomnameswith atilde “~”. In thiscaseat-

omsaresearchedhroughthelist of covalentconnectvitieswhichallows

to usetheattac h commandalsoif notall atomslie within oneresidue.
attach HB N CA CB OG1 1.09 110.9 123.0 @THR

Attach the B-proton HB of threonine if the heavy
atom positions are known.

A riAp 1o

Inserta specificcovalentconnectity betweertheatomA, of residuer
andtheatomA, of residuer,. Thiscommandcanonly be usedwith co-
ordinate files.

AL riA o

Remae aspecificcovalentconnectity betweertheatomA; of residue
r, andtheatomA, of residuer,. This commandcanonly be usedwith
coordinate files.
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Aq. .. Ay [range] @RIr|=r|+r|-r

Changeresiduenamesor residuenumberslf thelastparameters @R,
theresiduenamef thespecifiedatomsaresetto R. If thelastparameter
is r or =r, theresiduenumbersof the specifiedatomsaresetto r. If the
lastparameters +r or -r, theresiduenumbersof the specifiedatomsare
incremented or decremented by

Switchto CoFIMA, the partof the programfor the manipulationof Car-
tesian coordinate files.

[A]_:bl oo o A2=b2]

Generatecovalent connectities on the basisof bond length criteria.
This commandcanonly be usedwith coordinatdfiles. Incorrectresults
may occurif therearelarge stericoverlaps.The commandwithout ary
parameters is equalent to the follaving command:

connect H*=0.4 C*=0.85 N*=0.8 0*=0.7 S$*=1.3

P*=1.2 Q*=-999 LP*=-999 *=0.85

Usually thecommandcanbe usedwith thesedefault parametersCova-
lentconnectwities aregeneratedor thoseatompairswith theinteratom-
ic distancesmallerthanthe sumof thetwo bondradii. Thebondradius
of anatomis givenby b A if A is the leftmostatomtype on the com-
mandline thatmatcheghe atomname .Covalentconnectvities areonly
generatedetweeratomsthatarein the sameor in sequentiallyneigh-
boring residues.To generateother connectvities, the commandsind
andlink can be used.

Aq. .. Ay [range]

List thedistanceor angleconstraintsnvolving thespecifiecatomsor an-
gles. This commandcan only be usedfor distanceconstraintor angle
constraint files.

Aq. .. Ay [rang]

List theatomnamesresiduenamesandnumbersCartesiarcoordinates,
and,if presentcovalentconnectvities of the specifiedatoms.Thiscom-
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mand can only be used with coordinate files.

A 11 [A) 1o [Ad]

Copy theatomA of residuery, i. e.its Cartesiarcoordinatesto atomA,
of residuer,. This commandcanonly be usedwith coordinatefiles. It
addsanew atomto residuer,. If A, isomitted,thenameof thenew atom
will beA;. If Az is given,the new atomwill beinsertedafter Az in ro,
otherwise as the last atom of the residue.

Ag. .. Ay [range]

Deletethe specifiedatomsor constraintsWhenworking with Cartesian
coordinatdiles, all atomswhosenamematcheoneof theatomspecifi-
cationson the commandine aredeleted Whenworking with distance
constraintsall distanceconstraintfor which oneor both atomnames
matchan atom specificationon the commandline are deleted.When
working with angleconstraintsall constraintsfor angleswhosename
matche®neof theanglespecification@nthecommandine aredeleted.

Switchto DIFIMA, the partof the programfor the manipulationof dis-
tance constraint files.

[maco]

Give adirectoryof all standardnacrofiles andall macrofilesin thecur-
rentworking directory If a macio specificationis given, the directory
will only containthosemacrofileswith nameghatmatchthegivenmac-
ro specification A macmo specificationis a macrofile name,possibly
containingwildcard charactershut excludingthe extension®.cfm”. For
every macro,its nameandthe commentinesthatprecedehefirst com-
mand line are listed.

Aq. .. Ay [range]

Remue the covalentconnectities of the specifiedatoms.This com-
mandcanonly beusedwith coordinatdiles. Thedefaultis to remove all
covalent connectities.
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A [range;] A [range;] [conditior]

Whenworking with Cartesiarcoordinatescalculateghe distancede-
tweenatomsspecifiedby A, range; andatomsspecifiedby A, range,.
Whenworking with distanceconstraintslist constraintsfor distances
betweeratomsspecifiedoy A; range; andatomsspecifiedby A, range,.
Optionally only distance®r constraintghatfulfill oneor severalof the
following conditionsare listed:

d<value distance less tharalue

d>value distance greater tharmalue

r<value residue number dérence less thavalue

r>value residue number dérence greater tharalue

r=value residue number ddrence equal tealue
Note that no spacesare allowed within a condition For example,the
command

distances HB% HN r=1 d<5

lists all sequentiatlistanceshorterthan5 A betweer andamidepro-
tons. Thecommandcannotbe usedfor angleconstraintsendTerminate
the program.

A [range;] Ay [range;] [conditior] [limit]

Extract constraintsfor the distancesbetweenatoms specifiedby A
range; andatomsspecifiedby A, range,. The extracteddistancecon-
straintsareappendedo the currentlist of distanceconstraintsOption-
ally, only constraintghatfulfill oneor severalconditionsareextracted.
Theformatof a conditionis the sameasfor the commanddistances .
Thedistancdimit is setaccordingo anoptionallimit specificationlt is
possibleto setthe distancdimit to the actualdistanceplus anoffsetby
usingthe expression=offset or to setthe distancdimit to the smallest
possiblevaluefrom alist of limits by usingtheexpression<ly, I,,..., 1,
orto setthedistancdimit to thelargestpossiblevaluefrom alist of lim-
its by usingtheexpression>|4, I,,...,|,,. Notethatno spacesreallowed
within thesdimit expressionsThis commandcanonly beusedwith co-
ordinate files.

Display help information.Insteadof help a questionmark“?” may be
used.
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A A;... A [rang]

Insertpseudoatoms.This commandcanonly be usedwith coordinate
files. Thecommandnsertsa new atomwith thenameA in the centreof
the atomsgh,..., Ay. For example, the command

insert QB HB%
inserts a pseudo atom QB in the centre oftpeotons.

Aq. .. Ay [range]

Keeponly thoseatoms,distanceconstraints,or angle constraintsthat

match the specification\gin on the command line. As axaenple,
keepNCAC

deletesall atomsexceptthebackboneatomsN, CA, andC’ in aminoacid

residuesWhenworking with distanceconstraintsdistanceconstraints

with oneor bothatomnamesnatchinganatomspecificatioronthecom-

mand line are dpt.

[0] Aq[range] Ag[range)]

Generatesovalentconnectities betweeratomscalledA, in theresidue
rangerange; andatomscalledA, in theresiduerangerange, if they are
lessthanb A apart. The default for bondlengthis b = 2.5A. This com-

mandcanonly beusedwith coordinatdiles. For example thecommand

link SG SG

insertscovalentconnectities betweematomscalled SG which areless
than2.5 A apartfrom eachother andcanthusbe usedto generatehe
connectities that correspond to disulphide bridges.

[range]

Givesa summanylisting of theatoms distanceconstraintor anglecon-
straintdgn thegivenresiduerange (by defaultincludingall residues)The
numberof atoms,distanceconstraintor angleconstraintsthe number
of residuesandlists of theoccuringatom,angle,andresiduenamesare
given.



pseudo

quit

read

remove

rename

. CoFIMA

A A .. Ay [Asg=c3. . ] *=c4 [range]

Modifiesdistanceconstraintgrom realto pseudatomgWiuthrichetal.,
1983). This commandcan only be usedwith distanceconstraintdiles
thatcontainupperdistancéboundsDistanceconstraintsnvolving atoms
thatmatchoneof theatomspecificationg\y,..., A, arechangedn order
to referto thepseudatomA, andtheupperdistanceboundis increased
by a correction.Usually, this correctionis givenby ¢, A; if thedistance
constraintis an intraresidualconstraintthat involves one of the atoms
As,... the specific correctionwgn for this atom is used.

Terminate the program.

file

Readaninputfile with Cartesiarcoordinatesgistanceconstraintsor an-
gle constraintsThe programdeterminesutomaticallywhichformatthe
input datafile has.The allowed formatsfor Cartesiancoordinatefiles
are:

DG The format used bpyANA

PDB The formatusedby the Brookharen ProteinDataBank
(Bernsteiret al, 1977) with some restrictions.

AMBER  The format usedby the moleculardynamicsprogram
AMBER (Singhet al, 1986; \ery similar to PDB).

Distanceconstraintandangleconstraintarereadin theformatusedby
DYANA.

A [range;] A [rangey] [conditior

Remae constraintdor distancedetweermtomsspecifiedoy A range;
andatomsspecifiedby A, range,. Optionally, only constraintshatfulfill
oneor severalconditionsareremoved. Theformatof a conditionis the
sameasfor the commanddistances . The commandcanonly be used
for distance constraints.

Ay Ay [range]
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Changdhenameof atomsor anglesA into A,. As anexample thethree
commands
rename HB2 XXX

rename HB3 HB2
rename XXX HB3

exchange the names of the atoms HB2 and HB3.

A [range;] A, [range;] [conditior]

Retainonly constraintdor distancedetweeratomsspecifiedA, range;
andatomsspecifiedoy A, range,. Optionally, only constraintsghatfulfill
oneor several conditionsareretained.The format of a conditionis the
sameasfor the commanddistances . The commandcanonly be used
for distance constraints.

Write anoutputCartesiarcoordinatedistanceconstraint,or anglecon-
straintfile with thesamenameandthesameformatastheinputfile from
which the data as read.

[A... Ay * Ag... A4l [range]

Sort atoms,distanceconstraints,or angle constraintsIf thereare no
atomor anglespecification®on the commandine, the itemsaresorted
accordingto adefault order Otherwisetheitemsaresortedinto the or-
dergivenby theatomor anglespecification®n the commandine. The
asterisk'*” representall atomsor angleswvhicharenotexplicitly given.

[maco]

List the contentsf the macrofile(s) thatmatchthe givenmacio specifi-
cation.A macio specifications a macrofile name possiblycontaining
wildcard characters,ub excluding the gtension “.cfm”.

file

Write anangleconstraintoutputfile in the formatusedby the program
DyaNA (seeabove). This commandcanonly be usedwith anglecon-
straint files.



writeamber

writedco

writedg

writelongdco

writepdb

@macio

Istring

. CoFIMA

file

Write a Cartesiancoordinateoutputfile in AMBER format, the format
usedby the moleculardynamicsprogramAMBER. This commandcan
only be used with coordinate files.

file

Write adistanceconstrainutputfile in theformatusedby the program
DvaNA. Theresiduenameandnumberof thefirst atomof theconstraints
arenotrepeatedf they arethe sameasfor the previousconstraint.This

command can only be used with distance constraint files.

file

Write a Cartesiarcoordinateoutputfile in DG format, the formatused,
for example,by the programDYANA. This commandcanonly be used
with coordinate files.

file

Write a distanceconstrainbutputfile in theformatusedby the program
DyANA. Theresiduenameandnumberof thefirst atomof all constraints
arewritten out. Thiscommandcanonly beusedwith distanceconstraint
files.

file

Write a Cartesiarcoordinateoutputfile in PDB format,theformatused
by the Brookharen ProteinDataBank. This commancdcanonly beused
with coordinate files.

Executea maco, i. e. a file containingCorFiIMA commandsA macio
specificationis thefile specificationof the macrofile excludingthe ex-
tension “.cfm”.

Repeathe last commandthat startedwith string. The string mustnot
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contain spaces.
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Installation

The programis deliveredas a tar-file (dyana-1.5.tar), possiblygzip-
compresse@dyana-1.5.tar.gz) or compresseddyana-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 follaving data:

dyana DyaNA source files

inclan INCLAN source and help files
macro DyAaNA 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 a particularcomputersystemby theshell
scriptconfigure using the Wiix command
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Jconfigure [optiong [install-directory]

that automaticallyrecognizesnary UNIX computersystems.The op-
tional parameteinstall-directory denoteghe directorywherelibraries,
macrosandon-linehelpfileswill beinstalled.Thedefaultinstall-direc-
tory is SHOME/lib where SHOME is the value of the corresponding
UNIX environmentvariable. The install-directory should be different
from the directory in which the tar fileag unpac&d. Optionsinclude:

-d Use double precision (64 bit) for real numbers §d#j.
-f Use the Brtran 90 compiler (instead obRran 77).

-g Prepare xecutables for delgging.

-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 given computerntype Possibletypesare
listedin thefile “scripts/identify” whichis usedto deter-
mineautomaticallythetypeof the currentcomputersys-
tem.

Thescriptconfigure assumeshatthe nameof thedirectorywherethe
progranresidess of theform dyana-version All parametersetby the
configurationscriptarelistedandstoredin thefile “make.config”.Exe-
cutionof the configure scripthasno othereffect thancreatingthefile
“make.config”.

The program package is thenilbby theUNIx command

make

and installed in the directoigstall-directorydyana-1.5 by
make install

The directoryin which the tar file wasunpacled canbe removed after
this step.

Executableshell scriptsto startthe programswill be createdand in-
stalled in the directorpin-directoryby

cd install-directorydyana-1.5
Jsetup [bin-directory

The default bin-directoryis $HOME/binwhere$HOME is the value of
the correspondingNix ervironment \ariable.



s Installation

To have easyaccesgo the programDYANA, the bin-directoryshouldbe
includedin thesearchpathof the UNix shell.If DYANA wascorrectlyin-
stalledandthe directory containingthe executabless includedin the
UNIX searchpath,thenthe programscan be startedsimply by typing
their name.

If the programDYANA can be startedbut doesnot display the prompt
(“dyana>"), the installation is not correct and should be repeated.
To remave all files created bgnake, the command

make clean

maybeusedAfter make clean it will benecessaryo runthe configu-
rationscriptagain. After copying the programfrom onecomputeito an-
other it is importantto perform make clean before running the
configuration script. Similarly

make uninstall
removes all files created hyake install , and
make recompile

completelyrecompileghe programsout preseresexecutablegor other
computer types that are already present.
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