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Spherical Atom Model

Fourier Residual Electron Density:
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Usual crystallography : spherical atoms

Resolution 0.5A or sing/i=1A1

Residual peaks
on covalent bonds

2-(indol-3-yl)-1,1,3,3-tetramethylthiouronium
nitrate Lutz et al. Acta Cryst. (2008). C64,



Multipolar Atom Model
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Acta Cryst. A34, 909
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Multipoles & Detormation Electron Density

Example : sp? Carbon atom Octupole
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Deformation of Electron Density

A,O = Pmolecule ~ Plisolated atoms

multipolar  neutral & spherical

£

Static :
computed for
atoms at rest




The MoPro software for

electron density analysis




MOPRO  Crystallographic

Refinement Software

Subatomic Resolution  Structure & Electron Density

~0.5A

Atomic Resolution Structure with Hydrogen Atoms

0.7-14A Transfer Electron Density Databank

Small Compounds & Biological Macromolecules

Developped at CRM2 laboratory, Nancy, Lorraine University

Jelsch etal. J. Appl. Cryst. (2005) 38, 38-54

Guillot Acta Cryst A. (2012). A68, s204.
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LEAST SQUARES MINIMIZATION

Program MoPro Minimizes RESTRAINTS :

introduce
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Some RESTRAINTS/ CONSTRAINTS in MoPro

R/C
R/C
R/C

R/C
R/C
R/C

P~ Ptarget P= I:’target

Distance
Angle
Planarity

Similar Distances D1 =~ D2
Similar Angles Al =~ A2

Similar Valence Populations
Similar Multipoles

Similar Expansion/ Contraction coef

Stereo-
chemistry

Charge
density
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Experimental Charge Density

of Small Compounds Crystals

Database of
Multipolar Atoms

TRANSFER

PROTEINS
or SMALL COMPOUNDS
at lower Resolution

Compute Molecular
Properties




Derived Properties

Exemple of applications
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Electrostatic Potential derived from

the Multipolar Atom Model
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Electrostatic Interaction Energy
between dimers

in the crystal packing

Paracetamol
Dimer Atom | Atom  Distance Symmetry Eaes
# 1 2 (A) kcal/mol
1 04 H7 19275 X% Y+ 7% 15.23
H7 04 X+% Y+ Z+%
2 08 H4 1 6966 X% Y+ Z+% 1115
H4 08 X+% -Y+% Z-%
3 H92 | 08 2 7062 X+ YV 2432 986
08 Hoz | 7 X+ - YAV -Z+Y2
4 H92Z | H4 2 6565 X2 -Y -Z+1 (inv) -5.69
5 H93 | H2 2 5015 X+5[2 - Y-V -Z+3)2 -0.32
H2 H93 | X522 - Yals 7432
6 H6 H6 2 2263 X+ =Y -Z+1 (inv) -0.01
Bouhmaida et al. 7 H5 H4 2 7269 X+32  Y-Ve -Z+% 171
H4 H5 XD - Yrls 7+
Acta Cryst B
Closest
2009 ) )
Interacting

atoms



Topological Analysis V2
Laplacian /02

Total electron density p P, comtow 521 510 n= 10,12
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Topological Analysis : Critical Points

Places where the gradient of total electron density is zero

.y ﬁgg
E »
Saddle CP

- Permits to caracterize nature & force of interactions (hydrogen bonds)

. ),

T axox.

Diagonalization of Hessian matrix:

Ellipticity of a covalent bond : ® bonding
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5) Practical presentation of

the software MoPro

MoProSuite Molecular Viewer & GUI

o I_IMﬂPrgGUIlqﬂ?ar
. hm |IFILI1-:'3.2 . MoProViewer-linux32 e ey o e O S o O T S 'I
. bin-linuxt4 . MoProViewer-linudbd + Doc
. bin-mac . MoProViewer-rmac | examples

) ) _ _ . LibMaPro
. bin-win32 . MoProViewer-win32

; MoProGUI
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MoProSuite

MoProGUI

Import2MoPro

MoPro

VMoPro

MoProViewer

Software components

general Graphical User Interface
read .cif .pdb .xyz .res files
Crystallographic refinements

Calculation of Molecular Properties

(density, potential, Laplacian..)

Molecular Viewer & GUI
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‘ Import molecular file

‘ Set molecular file

‘ Display molecule

‘ Set hkl file

‘ Refine scale factor

‘ Database transfer

‘ Prepare constraints/restraints

‘ Refine structure

‘ Refine charge density

[ | Deconstrain charge density

‘ Refine all parameters

‘ Publish

‘ Run MoPro

[ ] Don't show this guide on startup

MoProGUI menu

MoPro Input File x

File Edit MoPro VMoPro MoProViewer

Mollynx Help

- mopro.inp
Files

] Il [ »

Comment/Activate

Remove

Add...

|| Files
.3

[] Molecular structure |

Browse... < previous
T

[] Reflections ki | | Browse.. |

[l Bulk solventFhid | | Browse.. |

[¥] Atomic Table | D:uneauyapan_data_2012vefli_mar2014_3lKappatsimoprotab | Browse.. | Eait |

V| Wave Functions | Diluneauljapan_data_2012\sphWAVEF_Thaki999 bt | Browse.. | Eat |

[v] Anomalous asf_Kissel| DiMoProSuite_1303\LibMoPralasf_Kissel dat | Browse.. |

[] constraints | | Browse.. | fan |

[] Restraints | || Browse... | Edit |
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—

VFiIES )

Preparation
Verhose

Options

Database Transfer
Reset | Zero
Modification
Constraints
Restraints

Refinement
Automatic Refinement
Sohment

Analysis
Outpurt

Manual Commands
ADDR./GOTO / LOOP
INCLude

Stop

Duplicate Block

File declarations

MoPro Input File_x

MoProGUI for Windows XP - D:\acTyr
File Edit MoPro ¥MoPro MoProViewer Help

MoPro Output File |

MoProGUI / MoPro Main Menus.

Stop
Duplicate Block

i 4/ Files
N .4
Files 2
Analysis 2
il [#] Molecular structure | || Browse... Edit < previous
: next >
[_] Reflections hkl | || Browse...
. []Bulk solvent Fiki | || Browse...
[v] Atomic Table | DoimoProSuite_1107LikMoProtimoprotab || Browse... Edit | Apply
[v] Wave Functions | CoimoProSuite_1107LibMoP rotiaEF || Browse... Edit | Apply
nnnmalnusasf_Kissel| DimMoProSuite_1107\LibMoProvast_Kissel.dat || Browse...
[ Constraints | || Browse... Edit |
[] Restraints | || Browse... Edit |
Files
Preparation
Verbose
Options
Modification
Constraints
Restraints
Refinement
Solvent
Comment/Activate Analysis
Remove Output
After item }| Manual Commands
Add...
Mtormatic Refi
Open... - |
GOTO /LOOP /INCLude
Save as...
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MoProViewer

developed by Benoit Guillot, University Lorraine

INFO ENEF.GY 3

ANGLE TORSION NB U“ BOHD 3 LABEL CENTER
X
ke & % s

Generate Ortep : 55502

| Generate Symmetry op. : "1(, Y Z

hd |+Ce|| translations: a 0

Switch to : |mhechol_11.par '" previous H next |

2D contour map

. Map Properties | Plane Parameters |

g X

Plane Definition

Atom name - Residue nb
Origin [cz — J
Dir 1[c3 1 v
Dir 2|c:4 1 - |

Plane options

Contributing symmetry operations

xmin Xmax fmin ‘fmax
-3.00005 34000 5 44000 - 4,09001 -
Plane type Sampling Z-elevation 7 Show
[t ~| o.05000% 0.00 2 = Plane

COrtep Sym.
55501 -
55501 -

55501 -

|U5E symmetries from plane definition

55501 Add [ Del

55501

Qutput grid file  grid

CutputPs file  plotl.ps

Cancel Kill VMoPro

| Auto-Load
¥ arid file

Open YMoPro.out
| Run VMoPro

CHRRERT WARKTRIG MREFTARY — M il hanlk thanlratarhal ~i Canke O

‘1’
Elba

MULT KAPPA

SLiCE WAL
a0 o

E Contour Map Preview

| grid | arid | | grid [© |

- DEF Static Density of: catechol_11.par ; Z = 0.00000

Iso-contours | Atoms, CPsand bonds l Labels |
Positive

o

Contours levels 0,05

MNegative Zero

Dash [] - Dash [¥] Color ]

Maximum value Minimum value

0.92383815 -0.567502
Ij Use Logarithmic contours

Antialiasing [7]

Scale factor : 13 B

Cpen grid I | Cloze I

23



MoProViewer : a recent functionnality

Automatic calculation of Hirshfeld surface
of a molecule In its crystal packing

;: ,\_’ : )( ]
Coloring according to interior or exterior atom types

Statistical analysis of crystal contacts
cf Jelsch etal. IUCrd (2014). 1, 119-128
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RECENT extensions/improvements in MoPro

* Multipoles beyond hexadecapoles L=5 & L=6

* Several Kappa2 parameters for an atom
(each multipole level)

* Enhanced rigid-bond restraints
(Thorn, Dittrich & Sheldrick, {4

2012, Acta Cryst A) AU, =0 AU, =0

AU, = 0; AU, =0

* Eigenvalue filtering [ Radek Kaminski, Warsaw ]

* Block diagonal refinement
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