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We present a suite of programs, including functioepresentations of the following long-
range structural restraints in the form of expligibrid potentials that are included in the total
energy function of an energy minimization, resteaginmolecular dynamics or simulated

annealling approach:

Residual dipolar couplings
Residual Chemical Shift Anisotropy
Paramagnetic Residual Dipolar Couplings
Paramagnetic Pseudocontact Shifts
Curie-Dipole Cross Correlated Relaxation
R./R; Auto-Relaxation Rates

Sculptor was specifically written to allow maximéexibility in the development of

conformational search algorithms using long-rangactural restraints. As many of these
interactions depend on second rank tensorial ictierss (alignment tensors, magnetic
susceptibility tensors or rotational diffusion ters, particular attention is paid to the

treatment of this kind of tensor in the program.

The program was originally interfaced in its inlittarmat to the program Discover, and has
now been entirely rewritten, updated to includertiast recent developments of tensor-based
constraints for NMR structure refinement, and ifaeed to CNS version 1.2, a popular
program for crystallographic and NMR structure deieation. Sculptor-CNS is distributed

free of charge to academic users.
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OUTLINE

We present Sculptor (Structure Calculation Usingid-oange, Paramagnetic, Tensorial and
Orientational Restraints) a program that allows tiee of liquid crystal-induced and

paramagnetic residual dipolar couplings, residua¢nacial shifts, paramagnetic pseudo
contact shifts, paramagnetic relaxation effects amdrelaxation R2/R1 ratios, to determine

or refine protein and nucleic acid structures.

Sculptor was specifically written to allow maximéexibility in the development of
conformational search algorithms using long-ranggactural restraints. The program was
originally interfaced, in its initial format to th@rogram Discover, and has now been entirely
rewritten and updated to include the most recem¢ldpments of tensor-based constraints for
NMR structure refinement. The program is now emleedoh CNS version 1.2, a popular
program for crystallographic and NMR structure deieation and is distributed free of

charge to academic users.
Implementation of Sculptor Restraints into CNS

Molecular dynamic programs allow the simulatiortlué evolution of atoms in a molecule as
a function of time using a simplified potential ege function that decribes both covalence
and through space interactions in a simple butiefit form. They can also be used to drive a
molecular structure into a conformation in agreenveith experimental data using a hybrid
energy function with compenents deriving from thhygical energy, and from the

experimental constraint:

Etot = Ephysical"' Eexperimental

Each of the six constraint types introduced in Biwl is described in terms of a
harmonic potential of the form :

Sculptor-CNS Manual and documentation 3/39



where k represents the force constant, N is thabewn of constraints,X ™ the

experimental value of the constraintX,”° the calculated value of constraint i aogis the

experimental error associated with constraint i.
Sculptor-CNS and Second Rank Tensors

As many of these interactions depend on second tangorial interactions (alignment
tensors, magnetic susceptibility tensors or rotatialiffusion tensors), particular attention is
paid to the treatment of this kind of tensor in ftegram. Tensor parameters are treated as
independent pseudomolecules, and are read indemtgndéthe coordinates of the molecule
of interest. Eigenvalues and eigenvectors are ddegeparately, such that one two-point
molecule represents each of the eigenvalues ardr@y 8 point orthogonal axis system
represents the orientation, (3, y) of each tensor, so that each term could be mbatgul
independently. An alternative description was @stesing the lengths of the axes to define
the tensor eigenvalues, but this description wamdoto be less stable. Any number of
independent alignment tensor functions are aval#idt can be used separately for restraints
from different alignment media or paramagnetic nwor to refine different regions of a
macromolecule independently if differential ordersuggested to exist in different molecular

subdomains.

0—0

c—=0
o—=0

Note that for tensors with zero trace, only twoeenplues are defined, and that for the
orientation of the tensor only two axes are re@luirEhe axes orientations therefore only

require a three atom representation.
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Gradient Calculation

Calculations of the change of energy as a funatib@artesian coordinate displacement are
essential for energy minimization and molecularaidgits calculations. In Sculptor-CNS this

can be achieved either analytically or numerica#iyfollows :

9 k) =lim f (XX, +h,...,xnr2— f(Xy0eeesX1een X, )

)¢

Addition of new constraints
CNS already treats a number of NMR constraint tyfmsexample:
* NOE distances
* NOE intensities
» Torsion angle restraints
» Scalar coupling constants
* Chemical shifts
« 13Cq - 1*Cp secondary shifts
* RDCs
° RJRg

As we can see, SANI (RDC) and DANI (R2/R1) are adie handled in CNS. The aim of
Sculptor is not to usurp these protocols, but tovigle an alternative that has a slightly
different way of handling the restraints. The mdifierences are in the way the tensors are

treated and the way the constraint types are man@ge below).

Sculptor-CNS is of course completely compatiblehvell existing restraint types available in
CNS version 1.2.

Sculptor Constraint types

1) R2/R1 restraints are given by :
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R, 5[4J(0)+J(a, —ay)+33(ay) +6J(a,) +6J(a,, +ay)]+<[43(0) +3I(ay)]
R d[J(C‘)H _C‘)N)+3‘J(C‘)N)+6J(C‘JH +C‘)N)]+CJ(C‘)N)
2 2 232
_1( M) YaVah _2 2,,2p2
=—|—| —/—/ c=—I\o,-0o B J(w
10(477_) rSH 15( I D) yS ( ) zAkl_l_wzz_k
J : spectral density function M, - permitiivity of free space
« = )B : frequency y : gyromagnetic ratio
B : magnetic field (Tesla) h : Planck’s constant
ry - internuclear NH distance (A) (0, - 05)=160ppm

2) Residual dipolar couplings induced by diluteuldcrystal are given by :

VVJ,UO
DIJ =-S——— 8773 3 [Azzco§t9+ Ayysm Gsin ¢ + A, sin® 6?c052¢]
__NYiko { }
D.=-S 3cog6-1)+> D sin® Bcos
1 =S L] 23005 0D @)

)

By convention [Ay|>|Ay[>|A| and

1 At A
Da:_(AZZ— XX AW]: 222

3 2

=3 (o)
DXX + Dyy + DZZ = O

Yi,¥; :gyromagnetic ratio of nucleii and |

D : axial componant of the alignment tensor

: rhombic componant of the alignment tensor

6,¢ : polar coordinates df in the alignment tensor frame
r. : distance between spiiis

. local motional oder parameter
h : Planck’s constant
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U : permitiivity of free space

RDCs can be introduced between any atoms in thecula.

3) Residual chemical shifts induced by dilute kbenystal are given by :

d= % = {Augicos b}

k=x,y,z1=1,2,3

(x,y,2) : axes of the alignment tensor

o : eigenvalues of the CSA tenson, ando 33 are taken from Markwick et al (J. Am.

Chem. Soc., 126, 11424 -11425, 20@%). is calculated on the basis of the isotropic ft

outlined in this publication.
A . eigenvalues of the alignment tensor
8y :angle between the axes of the csa and aligntersbrs

4) Residual dipolar couplings induced from intrinser paramagnetic susceptibility
anisotropy are given by :

Wyih ) 3 2 }
= B2 - B?)S Ay.(3cos 8-1)+ =Ay, sin® 8cos 2p
1j 8n215NAkBTr,J3( 2 l) Xa( ) 2 Xy

Yi,y; :gyromagnetic ratio of nuclei i and j

Ay, :axial composant of the magnetic susceptibilitisatropy tensor (fimol)
Ay, :rhombic composant of the magnetic susceptibditisotropy tensor (Fmol)
6,¢ : polar coordinates df in the alignment tensor frame

r. : distance between spiiis

: local motional oder parameter

h : Planck’s constant
Ho . permitiivity of free space
T : temperature

B,,B, : static field (if two, otherwise one can be seréro)
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Ky : Boltzmann’s constant

Na : Avogadro’s number
DYy + D)
AXa:(AXzz_¥J A)(r :(AXXX_Any)

(D), + DX, + DX, =0 ; tensor eigenvalues)

5) Pseudo contact shifts induced from paramagnesceptibility anisotropy are given by :
-1
RPN, =

Constants as in (4)

[A)(a(3co§ -1)+ g'A)(r sin? 00052;0J

6) Curie-dipole cross correlated relaxation is giMey :

e :Z(&TL yﬁgyN B 3008;2 6-1
’ S\4m) 2mr;_y Mi-s
X : magnetioc susceptibility
B, :magnetic field
T, : correlation time
r,.s - distance between paramagnetic spin S and pkdton
7] . angle between vectors H-N et H-S

The value of the magnetic susceptibilitys treated as a scalar value in SCULPTOR, that can
be optimized during the calculation.
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Command structures of Sculptor CNS

Seven command structures have been added to thdadi&age in order to account
for the 6 new constraint types. These commandss&/gntax is described in more detail in
the annexe are listed below :

e Thecommand STENSOR :

The command STENSOR (SCULPTOR-Tensor) allows thdadation of tensors.
Using this command we can define all of the reléwdiaracteristics of the tensor :

- hame
- definition of the molecule representing the tenmancipal axis system

- definition of the molecules representing the eigdnes of the tensor

- definition of the constants allowing the calculatiaf the tensor eigenvalues.
- definition of a harmonic potential restraining #igenvalues

Once the tensor has been declared it is possiblesptrify the experimental
orientational constraints via one of the commardBS, SRELAXATION, SPARA,
SCURIE, SDPL, SCSA, refering to the name of thelated tensor, facilitating the
declaration of the constraints. STENSOR thus alltwesdeclaration of as many tensors as are
required.

The STENSOR command is organised around five suiy@nds : ALIGNMENT,
CURIE, DELTGRAD, RELAXATION et SUSCEPTIBILITY. Thes will be described
briefly here, while the syntax is presented in di@te¢he Annexe.

- Sub-commands ALIGNMENT, RELAXATION and SUSCEPTIBTY :

These three commands allow declaration and exaimmat the tensor properties
For each sub-command there are five respectivdiadali sub-commands :

0 sub-commanddeclare declares a new tensor: tensor namanie),
molecule representing the tensor principal axigesgs(rientation),
definition of the molecules representing the eigdmes of the tensor
(eigenvalues), definition of the constants allowing the caldida of
the tensor eigenvaluegvgalcul) definition of a harmonic potential
restraining the eigenvaluesy/(estraints).

0 reset removes all declared tensors
o0 print presents all tensor properties
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0 order presents the tensor using standard conventiorsafsave)

-  The command CURIE :

The command CURIE allows declaration and examinatid the properties of
molecules that approximate the value of the caefiicy for associated restraints (Curie-
dipole cross correlated relaxataion. Although thegpam represents this as a scalar it has
been included in the STENSOR section.

CURIE proposes four sub-commands:

0 declare declares a new moleculaame), molecule atomsn{olecule)
nad parameters defining restraintsydkhirestraints).

0 reset removes all such declarations
0 print presents tensor properties.

- The command DELTGRAD :

DELTGRAD sets the numeric value of the step usethtoulate the gradient

e Thecommand SRDC :

The command SRDC (SCULPTOR Residual Dipolar Comdjraallows the
declaration, treatment and visualization of RDCssoeed in dilute liquid crystalline media.

We thus find 12 sub-commands dedicated to this canaim
0 nrestraints declares the maximum number of this type of redtra
o0 dedtgrad fixes the step for gradient calculation.

0 class declares a new class containing a type of restrailass name
(name), force constant f¢rceconstant), RDC type [(dctype),
alignment tensor associated with this clagsgorname), declaration
of the experimental valueassign)

0 reset removes all such declarations of this type ofraast

o print prints all experimental and calculated values lo$ tclass of
restraint

0 rccconstant, rccO, rchconstant, rchO, rcnconstant, rcnO,
rnhconstant andrnhO define whether CC, CH, CN NH RDCs should
be calculated from the structure or held constafiked values.

For the energy calculation three options are pssib
0 option 1< classical harmonic potential

Sculptor-CNS Manual and documentation 11/39



0 option 2 < allows values to be smaller than the constrainie (tb
mobility)

Xexp _ Xcalc 2
If X9 > X" then E =0 ; els€& = k| ——————

g

"0

0 option 3< unsigned potential

_‘xcalc

{‘Xexp }2
E=kl——W——
g

These different options are selected when the insts declaredassign under the
command class)

e Thecommand SRELAXATION :

SRELAXATION (SCULPTOR Relaxation) treats RR; constraints.

The structure, declarations and potential typethefSRELAXATION command are
very similar to the command SRDC. See above.

« Thecommand SPARA :

SPARA (SCULPTOR Paramagnetic) treats RDCs due tanpagnetic alignment, its
structure, declaration and potential types areragjanilar to SRDC.

e Thecommand SCURIE :
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The command SCURIE (SCULPTOR Curie) treats Cunmidi cross correlated
relaxation restraints and is again simular in d$tme&; declaration and potential types to
SRDC.

e Thecommand SDPL :

The command SDPL treats pseudo contact shifts duehé presence of a
paramagnetic centre and is again simular in stractdeclaration and potential types to
SRDC.

e Thecommand SCSA :

SCSA (SCULPTOR Chemical Shift Anisotropy) treatsideal chemical shifts due to
partial molecular alignment and is again simulastiucture, declaration and potential types
to SRDC.

Qutput

. Sub-command print of commands SRDC, SRELAXATIONABR, SCURIE, SDPL
and SCSA

The syntax of th@rint command :
print threshold <real®lass <classname»utput <output>format module|humaend
where <classname> :== <word> | all
<output> ;== <filename> | screen
<filename> :== <word>
This command prints constraint violations aboveecsied threshhold. Additional options :
- «class<classname> » selects the class (« all » carbalspecified).
- «output <output> » : screen or filename
- «format module|lhuman » selects between MODULE format loerot

. Sub-command print of commands ALIGNMENT, CURIE ,I[EXATION and
SUSCEPTIBILITY of module STENSOR

print data <data>tensor <tensornamemsutput <output>end
where <data> :== angles | coordinates | eigensdlat
<tensorname> :== <word> | all
<output> :== <filename>|screen

<filename> :== <word>

Shows tensor parameters. Additional options :
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- «data <data> » selects properties of tensor moleculgsifgalues/angles).
- «tensor <tensorname> » selects tensor

- «output <output> » selects output (screen/file)

Sub-command print of the command CURIE

Syntax :
print data <datacurie>urie <curiename>utput <output>end
where <datacurie> :== coordinates | khivalue | all
<curiename> ;== <word> | all
<output> :== <filename>|screen

<filename> :== <word>

Options
- «data <datacurie> » selects properties of tensor mosscul
- «curie<curiename> » selects scalars to be outpur

- «output <output> » type, screen or file.
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ANNEXE

Sculptor CNS commands syntax
1. Introduction

CNS language consists of an instruction set desgrib the « syntax manual » of the
on-line documentationhftp://cns.csb.yale.edu/v1.2/ This description is in the form of
Backus Naur Form notation (seéttp://en.wikipedia.org/wiki/Backus Naur_forrfor more
details).

CNS instructions are organized around the maimunsgon :

cns_solve {<cns-statement>} stop

2. New commands

SculptorCNS patch adds seven new command strudtuthe CNS program :

<cns-statement> :==
stensor {<tensor-statement>} end
srdc {<srdc-statement>} end
srelaxation {<srelaxation-statement>} end
gpara {<spara-statement>} end
scurie {<scurie-statement> }end
sdpl {<sdpl-statement>} end
scsa {<scsa-statement>} end

The syntax of these seven new commands is desdrdded.

a. Stensor command

<tensor-statement> :==
alignment {<tensor-alignment-statement>} end # Define alignment tensors
curie{<curie-statement>} end # Definey tensors

deltgrad <real> # Define step value used to calculate some gradientserically
# Default=0.00001
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relaxation {<tensor -r elaxation-statement>} end # Define relaxation tensors
susceptibility {<tensor-susceptibility-statement>} end # Define susceptibility

# tensors
<tensor-alignment-statement> :==
declar e <alignment-declar e-statement> end # Declare or update an alignment
# tensor

order <alignment-order-statement> end # Print ordered alignment tensors
# (the order in eigenvalues is changed
# so that :
# |Dxx|<IDyy|<|Dzz| where
# Dag= 1/3 (Dz — (Dxx + Dyy) 1 2)
# and D= 1/3 (Dxx - Dyy) )
print <alignment-print-statement>end # Print alignment tensors

reset # Erase the alignment tensor table

<alignment-declar e-statement> :==
name <wor d> # Name of the alignment tensor to declare or tatgd
orientation <atom-selection> <atom-selection>
<atom-selection>  # Define the 3 atoms (o x z ) of the orientation
# molecule
eigenvalues <atom-selection> <atom-selection>
<atom-selection> <atom-selection> # Define atoms (ox1 x1,
# 0z1 z1) of the 2 eigen
# value molecules
evcalcul <real> <real> # Define min / scale values used in the eigenvalue
# calcul :
# Dy, = min + scale x norm(ox1-x1)
# D, = min + scale x norm(oz1-z1)
# Default : min = - 10.0 ; scale = 10.0
evrestraints <real> <real> <real>
<real> <real> <real> # Define Daamin, Daamax, Daascale,
# Dramin, Dramax, Drascale values used
# in the potential on eigenvalues.
# This potential is defined as follows:

# if DiDaamar> E = Daascale(DaamaKDaa)2
# if Da<Daamin=> E = I:).';las,c::lle(Daamin_Daa)2
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# if Daamir< Dag<Daamax=>E =0

# if Dy2>Dramax=> E= Diascate(Dramax—Dra)”
# if D1a<Dyami=> E = Dascate(Dramin— Dra)’
# if Dramin< Dra<Dramax=>E = 0

# Default : Bamin= - 4.00 ; Qamax= 4.00 ;
# Daascaie= 100.0 ; Dyin=- 4.00 ;

# Dramax= 4.00 ; Dascae= 100.0

<alignment-order -statement> :==
tensor <tensorname> # Name of the tensor to print

output <output> # Output (file or screen)

<alignment-print-statement> :==

data <data> # Data to print (angles, eigenvalues, coordinatesl|p
tensor <tensorname> # Name of the tensor to print
output <output> # Output (file or screen)

<curie-statement> :==
declare <curie-declare-statement>end # Declare or updatecurietensory

# approximation
print <curie-print-statement> end # Print % tensor”
reset # Erase thg tensor table

<curie-declare-statement> ;==

name <wor d> # Name of the; tensor to declare or to update
molecule <atom-selection> <atom-selection> # Define 2 atoms (0 x)
#of tensor

# (norm of molecule

# will be equal to the

# for magnetic

# susceptibility tensor in

# its isotropic

# approximation)

khirestraints <real> <real> <real> # Defineymin, ymax,yscale values used

# in the potential o coefficient.
# This potential is defined as followed:

# ity > Ymax => E =¥scale (Xmax- X)2
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# if % < min=> E =xscate Qtmin —1)°

#f Ymin <X <max=>E =0

# Default ymin = 1.00 ;}max= 5.00 ;
# Yscale= 1.0

<curie-print-statement> :==

data <datacurie>  # Data to print (khi value, coordinates or both)

curie <curiename> #y tensor to print

output <output> # Output (file or screen)

< tensor -r el axation-statement> ;==

declar e <r elaxation-declar e-statement> end

order <reaxation-order-statement> end

print <relaxation-print-statement> end

reset # Erase the relaxation tensor table

<relaxation-declar e-statement> :==

# Declare or updateralaxation
#tensor

# Print ordered relaxation tensors
# (order recalculated

# so that Ryx<Dyy<Dzy)

#a, B, yamended accordingly

# Print relaxation tensors

name <wor d> # Name of the relaxation tensor to declare or tatg

orientation <atom-selection> <atom-selection>

<atom-selection>  # Define the 3 atoms (0 x z) of the orientation

# molecule

eigenvalues <atom-selection> <atom-selection>

<atom-sdlection> <atom-selection>

<atom-selection> <atom-selection> # Define atoms (ox1 x1,

#oylyl, ozl z1) of 3

# eigenvalue molecules

evcalcul <real> <real> # Define min / scale values used in the eigenvalue

# calculation :

# D = min + scale x norm(ox1-x1)

# Dyy = min + scale x norm(oy1-y1)
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# Dy = min + scale x norm(oz1-z1)
# Default : min = 0.05 ; scale = 0.10

evrestraints <real> <real> <real>
<real> <real> <real>

<real> <real> <real>

<relaxation-order-statement> :==
tensor <tensorname>
output <output>

<relaxation-print-statement> :==
data <data>
tensor <tensorname>
output <output>
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# Define Dxxmin, Dxxmax, Dxxscale,
# Dyymin, Dyymax, Dyyscale, Dzzmin,
# Dzzmax, Dzzscale values used in the
# potential on eigenvalues.

# This potential is defined as followed:
# if Dix>Dixmax =>

# E = Doscate (Dxumax—Dxx)°

# if Dyx<Dyxmin =>

# E = Duscate(Dxamin~ Dxx)°

# if Dyymin < Dxx < Dymax=>E =0

# if Dyy>Dyymax =>

# E = Dyscate(Dyymax—Dvv)?

# if Dyy<Dyymin =>

# E = Dyscale(Dyymin— Dyy)°

# if Dyymin < Dyy < Dyymax=>E =0

#if Dzz>Dyzmax=>

# E = Discate(Dzzmax—Dz2)?

# if Dzz<Dzmin =>

# E = Dyzscate(Dzzmin— Dz2)”

#if Dyzmin < Dzz< Dyzmax=>E =0

# Default : Qymin = 0.05 ; Dymax= 0.25;
# Dyxscale= 100.0 ; Qymin = 0.05 ;

# Dyymax = 0.25 ; Dyscaie= 100.0 ;

# Dmin= 0.05 ; Dzmax= 0.25 ; Dyscae= 100.0

# Name of the tensor to print

# Output (file or screen)

# Data to print (angles, eigenvalues, coordinates!p
# Name of the tensor to print

# Output (file or screen)
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<tensor-susceptibility-statement> :==
declar e <susceptibility-declar e-statement> end # Declare or update susceptibility
# tensor
order <susceptibility-order-statement>end  #Print ordered susceptibility tensors
print <susceptibility-print-statement> end # Print susceptibility tensors

reset # Erase the susceptibility tensor table

<susceptibility-declare-statement> :==
name <wor d> # Name of the susceptibility tensor to declareoanpdate
orientation <atom-selection> <atom-selection>

<atom-selection>  # Define the 3 atoms (0 x z ) of the orientation

# molecule
eigenvalues <atom-selection> <atom-selection>

<atom-selection> <atom-selection># Define the atoms (ox1 x1,
# 0z1 z1) of the 2 eigen
# value molecules
evcalcul <real> <real> # Define min and scale values
# calculation :
# Dy, = min + scale x norm(ox1-x1)
# D, = min + scale x norm(oz1-z1)
# Default : min = - 10.0 ; scale = 10.0
evrestraints <real> <real> <real>

<real> <real> <real> # Define Daamin, Daamax, Daascale,
# Dramin, Dramax, Drascale values used
# in the potential on eigenvalues.
# This potential is defined as followed:
# if Daz>Daamax=> E = Diascae(Daamax—Dad”
# if Daz<Daamin=>E = Diascate(Daanin—Dad)”
# if Daamin<Dasx<Daamax=>E = 0
# if Dr>Dramax=> E = Dascate(Dramax—Dra)”
# if Dra<Dramin =>E = Dascate(Dramin —Dra)”
# if Dramin<Dra<Diamax="E = 0
# Default : Qamin= - 4.00 ; Ramax= 4.00 ;
# Daascae= 100.0 ; Rymin=- 4.00 ;
# Dramax= 4.00 ; Dascae= 100.0
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< susceptibility -order -statement> :==
tensor <tensorname> # Name of the tensor to print

output <output> # Output (file or screen)

< susceptibility -print-statement> ;==
data <data> # Data to print (angles, eigenvalues, coordinateslp
tensor <tensorname> # Name of the tensor to print

output <output> # Output (file or screen)

<tensorname> :==
<word>|all

<curiename> ;==
<word>|all

<data> :==

angles | coordinates | eigenvalues | all

<datacurie> ==
coordinates | khivalue | all

<output> ==
<filename> | screen

<filename> : == <word>

b. Srdc command

<sdrc-statement> :==
class <class-statement> end # Declare or update a class of RDC
# restraints

deltgrad <real> # Define step value used to calculate some
# gradients numerically
# Default=0.00001

nrestraints <integer> # Number of slots for residual dipolar coupling restts to
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# allocate in memory
# Default=2000

print <print-statement> end # Print residual dipolar coupling restraints

r ccconstant <boolean>

rccO <real>

rchconstant <boolean>

rchO <real>
rcnconstant <boolean>

rcnO <real>

rnhconstant <boolean>

rnhO <real>
rnnconstant <boolean>

rnn0 <real>

rhhconstant <boolean>

rhhO <real>

# Define if C-C distances are constant (and equedd0) or
# calculated

# Default = true
# Default = 1.53

# Define if C-H distances are constant (and equattO) or
# calculated

# Default = true
# Default = 1.08

# Define if C-N distances are constant (and equattO) or
# calculated

# Default = true
# Default = 1.33
# Define if N-H distances are constant (and equahh0) or
# calculated
# Default = true
# Default = 1.04
# Define if N-N distances are constant (and equahhO) or
# calculated
# Default = false
# Default = 1.00
# Define if H-H distances are constant (and equahh0) or
# calculated
# Default = false

# Default = 1.00

reset # Erase the RDC assignment table
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<class-statement> :==
assign <atom-selection> <atom-selection> <real> <real>

<real> <integer> # Declares a new RDC restraint :
# Parameters 1 and 2 : atoms concerned ;
# Parameter 3 : value of the RDC
# restraint
# Parameter 4 : error
# Parameter 5 : S value
# Parameter 6 : type of potential to use (bés
# classical harmonic potential, 1 is such that

# mobility is taken into account and 2 is the
unsigned

# potential useful for example for H-H RDCs)
for ceconstant <real> # Default = 1.00

name <wor d> # Name of the RDC restraint class to declare aptiate
rdctype nhjchjcclcn|nnjhh  # Declare the type of RDC restraints (allows towno

# which distance constant to use for the class)

tensorname <wor d> # Name of the tensor

<print-statement> :==
threshold <real>  # Print RDC violations greater than the specifie@shold
class <classname> # Only violations of the specified RDC class arated
output <output> # Output (file or screen)

format modulelhuman # Outputformat (module format or human readable format)

<classname> ;==

<word>|all

<output> :==

<filename>|scr een

c. Srelaxation command

<srelaxation-statement> :==
class <class-statement> end # Declare or update a class of relaxation restraints

csaval <real> # Value of CSA used in relaxation
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# (the actual value is —csaval Xl ppm)
# Default = 160.0

deltgrad <real> # Define step value used to calculate some gradiantserically
# Default = 0.00001

nrestraints <integer> # Number of slots for relaxation restraints to alkecia memory
# Default=2000

rnhconstant <boolean> # Define if N-H distances are constant (and ar@)oin
# calculated
# Default = true

rnhO <real> # Default = 1.04
print <print-statement> end # Print relaxation restraints

reset # Erase the relaxation assignment table

<class-statement> :==
assign <atom-selection> <atom-selection>
<real> <real> # Declare a new relaxation restraint :
# Parameters 1 and 2 : atoms concerned ;
# Parameter 3 : value of the relaxation restraptR;
# ratio)
# Parameter 4 : error
field <real> # Value relative to the magnetic field expressetHifrequency
# (the actual value is field/600.0 x 600.1429%)10
# Default = 400.0

forceconstant <real> # Default = 1.00
name <word> # Name of the class to declare or to update
tensorname <word> # Name of the tensor

<print-statement> :==
threshold <real>  # Print relaxation violations greater than the et threshold
class <classname> # Only violations of the specified relaxation clase printed
output <output> # Output (file or screen)

format human # Outputformat (human readable format)

<classhame> ;==
<word>|all
<output>:==

<filename>|scr een
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d. Sparacommand

<spara-statement> :==
class <class-statement> end # Declare or update a class of RDC
# restraints
deltgrad <real> # Define step value used to calculate some gradiantserically
# Default=0.00001
nrestraints <integer> # Number of slots for residual dipolar coupling rasits to

# allocate in memory
# Default=2000

print <print-statement> end # Print residual dipolar coupling restraints

rccconstant <boolean>  # Define if C-C distances are constant (and aré)roc
# calculated
# Default = true

rccO <real> # Default = 1.53

rchconstant <boolean>  # Define if C-H distances are constant (and aré)roh
#calculated
# Default = true

rcho <real> # Default = 1.08

rcnconstant <boolean>  # Define if C-N distances are constant (and aré)ron
#calculated
# Default = true

rcn0 <real> # Default = 1.33

rnhconstant <boolean> # Define if N-H distances are constant (and ar@)wain
# calculated
# Default = true

rnhO <real> # Default = 1.04

rnnconstant <boolean> # Define if N-N distances are constant (and ar@)ion
# calculated

# Default = false
rnn0 <real> # Default = 1.00
rhhconstant <boolean> # Define if H-H distances are constant (and ar@Yylain

#calculated

# Default = false
rhh0 <real> # Default = 1.00
reset # Erase the RDC assignment table
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<class-statement> :==
assign <atom-selection> <atom-selection> <real> <real>

<real> <integer> # Declare a new RDC restraint :

# Parameters 1 and 2 : atoms concerned ;

# Parameter 3 : value of the residuabldir coupling
# restraint
# Parameter 4 : error
# Parameter 5 : S value
# Parameter 6 : type of potential to use (bés
# classical harmonic potential and 1 is such that

# mobility is taken into account)

fiel <real> # Magnetic field (in Tesla)
# Default = 9.4
fie2 <real> # Magpnetic field (in Tesla)
# Default = 14.1
forceconstant <real> # Default = 1.00
name <word> # Name of the RDC restraint class to declare aptiate

rdctype nhjchjcc|cn|nn]hh # Declare the type of RDC restraints (allows towno
# which distance constant to use for the class)
temperature <real> # Temperature
# Default = 300.0
tensorname <word> # Name of the tensor

<print-statement> :==
threshold <real>  # Print RDC violations greater than the specifte@shold
class <classname> # Only violations of the specified RDC class ariated
output <output> # Output (file or screen)

format modulelhuman # Outputformat (module format or human readable format)

<classhame> ;==
<word>|all
<output>:==
<filename>|screen
e. Scuriecommand

<scurie-statement> ;==

class <class-statement> end # Declare or update a class of Curie restraints
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deltgrad <real> # Define step value used to calculate some gradiantserically
# Default=0.00001

nrestraints <integer> # Number of slots for Curie restraints to allocateriemory
# Default=2000

print <print-statement> end # Print Curie restraints
reset # Erase the curie assignment table
rnhconstant <boolean> # Define if N-H distances are constant (and ar@)oin

# calculated

# Default = true
rnhO <real> # Default = 1.04

toc <real> # Correlation time of the protein
# Default = 10.0

<class-statement> :==
assign <atom-selection> <atom-selection>
<real> <real> # Declare a new Curie restraint :
# Parameter 1 : atom N concerned
# Parameter 2 : atom H concerned

# Parameter 3 : value of the Curie restraint

# Parameter 4 : error

field <real> # Magpnetic field (in Tesla)
# Default = 9.4
forceconstant <real> # Default = 1.00
name <word> # Name of the Curie restraint class to declar® aipdate

paramagneticcenter <atom-selection> # Paramagnetic center
curiename <word> # Name of the tensor

<print-statement> :==
threshold <real>  # Print Curie violations greater than the speciftegéshold
class<classname> # Only violations of the specified Curie class priated
output <output> # Output (file or screen)

format human # Outputformat (human readable format)

<classname> :==
<word>|all

<output> :==

<filename>|scr een
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f. Sdpl command

<sdpl-statement> :==
class <class-statement> end # Declare or update a class of pseudo contact shifts

deltgrad <real> # Define step value used to calculate some gradiantserically
# Default=0.00001

nrestraints <integer> # Number of slots for pseudo contact shift restraints
# Default=2000

print <print-statement> end # Print pseudo contact shift restraints

reset # Erase pseudo contact shifts assignment table

<class-statement> :==
assign <atom-selection> <real>
<real> # Declare a new pseudo contact shifts:
# Parameter 1 : atom concerned ;

# Parameter 2 : value of the pseudo contact shifts

# Parameter 3 : error

forceconstant <real> # Default = 1.0
name <word> # Name of the pseudo contact shifts class to dedato
# update

paramagneticcenter <atom-selection> # Paramagnetic center

tensorname <word> # Name of the tensor

<print-statement> :==
threshold <real>  # Print pseudo contact shifts violations greatantthreshold
class<classname> # Only violations of the specified pseudo conté#itts class
output <output> # Output (file or screen)
format human # Outputformat (human readable format)

<classhame> ;==

<word>|all

<output> ==
<filename>|scr een
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0. Scsacommand

<scsa-statement> ==
class <class-statement> end # Declare or update a class of chemical shift
# anisotropy restraints
deltgrad <real> # Define step value used to calculate some gradienteerically
# Default=0.00001

nrestraints <integer> # Number of slots for CS anisotropic restraints to

# allocate in memory
# Default=2000

print <print-statement> end # Print chemical shift anisotropy restraints

reset # Erase the CSA assignment table

<class-statement> :==
assign <atom-selection> <atom-selection> <atom-selection>

<atom-selection> <real> <real> <real> <integer>
# Declares a new CSA restraint :
# Parameters 1 and 2 : define the first axis opthae
# Parameters 3 and 4 : define a vector in the plane
# Parameter 5 : value of the chemical shift restrai
# Parameter 6 : error
# Parameter 7 isotropic chemical shift valumepfdm)
# Parameter 8 : type of potential to use (Bes
# classical harmonic potential, 1 is such that

# mobility is allowed for

for ceconstant <real> # Default = 1.00
name <wor d> # Name of the CSA restraint class to declare apaate
tensor name <wor d> # Name of the tensor

<print-statement> :==
threshold <real>  # Print CSA violations greater than the specifie@s$hold
class <classname> # Only violations of the specified CSA class ariated
output <output> # Output (file or screen)

format modulelhuman # Outputformat (module format or readable format)
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<classname> :==
<word>|all

<output> :==

<filename>|scr een

3. Existing commands modifications

a. Flags command

The CNS flags command is used to include or exchatae terms of energy in the
energy calculations. Because SculptorCNS patch smlde new energetic terms it is
necessary to modify the flags command like this:

<flags-statement> :==
include <energy-term> | *
exclude <energy-term> | *

<ener gy-term> :== bond|angl|dihe|impr|vdw|elec|pvdw|pele|harm|cdsiten]|
xreflnoe|dg|coup|carb|prot|onej|ramalandb|sarjgahoisr € |[spar [scur |sdpl|scsalstal [s
trelstculstsu

srdc : energy term associated with residual dipolar coupling in liquid crystal
environment

srel : energy term associated with R2 / R1 typerestraints

gpar : energy term associated with residual dipolar coupling in a paramagnetic
molecule

scur : energy term associated with curierestraints

sdpl : energy term associated with paramagnetic chemical shift
scsa : energy term associated with chemical shift anisotropy
stal : energy term associated with alignment tensor

stre: energy term associated with relaxation tensor

stcu : energy term associated with curie tensor

stsu : energy term associated with magnetic susceptibility tensor

b. Constants

The gyromagnetic constants used in the orientdti@sdraints are coded in the same
way as CNS constants.
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Output for mats specifications for the Sculptor CNS patch

1. Print subcommand output format for ALIGNMENT, CURIE , RELAXATION

et SUSCEPTIBILITY commands of the STENSOR module

a. print subcommand for ALIGNMENT and SUSCEPTIBILITY commands

o Output format with the data = angles option :

tensorname

scalxz scalar_product xOz angle

o Output format with the data = eigenvalues option :

tensorname
DA eigenvalues
DR eigenvalues

o Output format with the data = coordinates option :

tensorname
@) Xyz
X Xyz
Z Xyz
OX1 xyz
X1 Xxyz
0OZ1 xyz
Z1 Xyz

o Output format with the data = all option:

tensorname
Coordinates
@) Xyz
X Xyz
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Z Xyz
OX1 xyz
X1l Xxyz
0OZ1 xyz
Z1 Xyz

Angles

scalxz scalar_product xOz angle
Eigenvalues

DA eigenvalues
DR eigenvalues

b. Print subcommand for the CURIE command

o Output format with the datacurie = khivalue option:

moleculename
khi khi_value

o Output format with the data = coordinates option :

moleculename
@) XYz
X Xyz

o Output format with the data = all option:

moleculename

Coordinates

@) Xyz
X Xyz
Khi

khi khi_value
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c. print subcommand for the REL AXATION command

o Output format with the data = angles option:

tensorname

scalxz scalar_product x0z angle

o Output format with the data = eigenvalues option:

tensorname
DXX eigenvalue
DYY eigenvalue
Dzz eigenvalue

o Output format with the data = coordinates option:

tensorname
@) XYz
X Xyz
Z Xyz
OX1 xyz
X1 Xxyz
OY1l xyz
Y1 Xxyz
0OZ1 xyz
Z1 Xyz

o Output format with the data = all option:

tensorname
Coordinates
@) XYz
X Xyz
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Z Xyz

OX1 xyz
X1l Xxyz
OY1l xyz
Y1 Xxyz
0OZ1 xyz
Z1 Xyz
Angles

scalxz scalar_product xOz angle

Eigenvalues

DXX eigenvalue
DYY eigenvalue
DzZ eigenvalue
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2. Print subcommand output format for SRDC, SRELAXATION, SPARA,
SCURIE and SDPL commands

a. Human output for mat

Format description

Each lines of this file comprise a set of fieldsdéed below:

* Field 1 : identifier of the segment containing thist atom of the orientational
restraint (this identifier is specified in the péile describing the molecule
structure)

* Field 2 : number of the residue containing thet faom of the orientational
restraint (this number is specified in the pdb filescribing the molecule
structure)

* Field 3 : name of the residue containing the fagim of the orientational
restraint (this name is specified in the pdb filesctibing the molecule
structure)

* Field 4 : name of the first atom of the orientafibmestraint (this name is
specified in the pdb file describing the moleculeicture)

 Field 5 : identifier of the segment containing tsecond atom of the
orientational restraint (this identifier is speediin the pdb file describing the
molecule structure)

* Field 6 : number of the residue containing the sdcatom of the orientational
restraint (this number is specified in the pdb filescribing the molecule
structure)

* Field 7 : name of the residue containing the seatod of the orientational
restraint (this name is specified in the pdb filesctibing the molecule
structure)

» Field 8 : name of the second atom of the orieoati restraint (this name is
specified in the pdb file describing the moleculeicture)

* Field 9 : calculated value of the orientationatnast
* Field 10 : experimental value of the relationatnast

* Field 11 : absolute value of the difference betwiaencalculated value and the
experimental value for the orientational restraint

Important comment for the print subcommand of tha sommand:

For the sdpl restraints (pseudo contact shiftsyéiséraint value is measured between
an atom and a paramagnetic center. For theseingsttiae first four Fields correspond to the
atom of the restraint, and the next four Fieldsespond to the atom corresponding to the
class paramagnetic center.
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When several orientational restraints classesiapmayed, each class will be separated
from the others by a line with the syntax describelbw:

type_classelassclass_restraint_name
wheretype_classvill be equal to srdc, srelaxation, sparamagnstayie or sdpl

o Example
srdc class JNH
1 PHE N 1 PHE HN 7.149 7.149 0. 000
3 THR N 3 THR HN 9. 375 9. 375 0. 000
4 LYS N 4 LYS HN 7.928 7.928 0. 000
5 TRP N 5 TRP HN 1.169 1.169 0. 000
6 PHE N 6 PHE HN 5. 975 5. 975 0. 000
srdc class JCAC
1 PHE CA 1 PHE C 9.212 9.212 0.000
2 PRO CA 2 PRO C 12.144 12.144 0. 000
3 THR CA 3 THR C -19.273 -19. 273 0. 000
4 LYS CA 4 LYS C -10.991 -10.991 0.000
5 TRP CA 5 TRP C 14.036 14.036 0.000
6 PHE CA 6 PHE C -25.215 -25.215 0.000

b. Module output for mat

This format corresponds to the input format of khedule program developed by the
Blackledge laboratory. This format is only avaiglidr the print commands of sdrc and spara
commands.

o Format description

A description of the Fields of each line of thie fis given below:

* Field 1 : number of the residue containing thet faom of the orientational
restraint (this number is specified in the pdb filescribing the molecule
structure)

* Field 2 : name of the first atom of the orientafibmestraint (this name is
specified in the pdb file describing the moleculeicture)

* Field 3 : number of the residue containing the sdcatom of the orientational
restraint (this number is specified in the pdb filescribing the molecule
structure)
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* Field 4 : name of the second atom of the oriemafioestraint (this name is
specified in the pdb file describing the moleculeicture)

* Field 5 : calculated value of the orientationatnaat
* Field 6 : uncertainty on the restraint value

* Field 7 : S parameter value

o Example
3 CA3C -2.127479 0.195 1.00
4 CA 4 C 1.182786 0.349 1.00
5 CA5C 3.222452 0.245 1.00

3. print subcommand output format for the SCSA command

a. human output for mat

o Format description

Each line of this file comprise a set of Fieldsatiésed below :

* Field 1 : identifier of the segment containing thist atom of the orientational
restraint (this identifier is specified in the péile describing the molecule
structure)

* Field 2 : number of the residue containing thet faom of the orientational
restraint (this number is specified in the pdb filescribing the molecule
structure)

* Field 3 : name of the residue containing the fagim of the orientational
restraint (this name is specified in the pdb filesctibing the molecule
structure)

* Field 4 : name of the first atom of the orientafibmestraint (this name is
specified in the pdb file describing the moleculeicture)

 Field 5 : identifier of the segment containing tsecond atom of the
orientational restraint (this identifier is speediin the pdb file describing the
molecule structure)

* Field 6 : number of the residue containing the sdcatom of the orientational
restraint (this number is specified in the pdb filescribing the molecule
structure)

Sculptor-CNS Manual and documentation 37/39



* Field 7 : name of the residue containing the seatod of the orientational
restraint (this name is specified in the pdb filesctibing the molecule
structure)

* Field 8 : name of the second atom of the orieomatdi restraint (this name is
specified in the pdb file describing the moleculeicture)

* Field 9 : identifier of the segment containing thed atom of the orientational
restraint (this identifier is specified in the péile describing the molecule
structure)

* Field 10 : number of the residue containing thedtlatom of the orientational
restraint (this number is specified in the pdb filescribing the molecule
structure)

* Field 11 : name of the residue containing the tlatoim of the orientational
restraint (this name is specified in the pdb filesctibing the molecule
structure)

* Field 12 : name of the third atom of the orientaéibrestraint (this name is
specified in the pdb file describing the moleculeicture)

* Field 13 : identifier of the segment containing tfeurth atom of the
orientational restraint (this identifier is speediin the pdb file describing the
molecule structure)

* Field 14 : number of the residue containing thetfoatom of the orientational
restraint (this number is specified in the pdb filescribing the molecule
structure)

* Field 15 : name of the residue containing the foatom of the orientational
restraint (this name is specified in the pdb filesctibing the molecule
structure)

* Field 16 : name of the fourth atom of the oriemtaal restraint (this name is
specified in the pdb file describing the moleculeicture)

* Field 17 : calculated value of the orientationatraint
* Field 18 : experimental value of the relationatnaist

* Field 19 : absolute value of the difference betwiaencalculated value and the
experimental value for the orientational restraint

When several orientational restraints classes asplayed, each class will be
separated from the others by a line with the sydt&scribed below :

type_classelassclass_restraint_name
wheretype_claswill be equal to scsa

b. module output for mat
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This format corresponds to the input format of khedule program developed by the
Blackledge laboratory.

o Format description

A description of the line Fields of this file isvgin below :

* Field 1 : number of the residue containing thet faom of the orientational
restraint (this number is specified in the pdb filescribing the molecule
structure)

* Field 2 : name of the first atom of the orientatibmestraint (this name is
specified in the pdb file describing the moleculeicture)

* Field 3 : number of the residue containing the sdcatom of the orientational
restraint (this number is specified in the pdb filescribing the molecule
structure)

* Field 4 : name of the second atom of the oriematisestraint (this name is
specified in the pdb file describing the moleculeicture)

* Field 5 : number of the residue containing thedttatom of the orientational
restraint (this number is specified in the pdb filescribing the molecule
structure)

* Field 6 : name of the third atom of the orientagibrestraint (this name is
specified in the pdb file describing the moleculeicture)

* Field 7 : number of the residue containing the flo@atom of the orientational
restraint (this number is specified in the pdb filescribing the molecule
structure)

* Field 8 : name of the fourth atom of the orientadibrestraint (this name is
specified in the pdb file describing the moleculeicture)

* Field 5 : number of the residue containing thedttatom of the orientational
restraint (this number is specified in the pdb filescribing the molecule
structure)

* Field 9 : calculated value of the orientationaknast

* Field 10 : uncertainty on the restraint value

o Example
3 CA3C5NG6H -2.127479 0.195

4 CAA4AC7N9H 1.182786 0. 349
5 CA5C4 N10 H 3. 222452 0. 245
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