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Stepl Lauch MoProGUI

MoPro Graphical User Interface
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| oProSuite_ :

— File Edit MoPro VWMoPro MoProViewer WMollynx Help
N ' MoPro Input File x
bin-linwa2

- mopro.inp 1| -Files

. bin-linuxbd Files '
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i [] Constraints
|='| moproviewer.log
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Remaove

Add...
| |

|| RunMeoProGUI _ [| Restraints
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Requires JAVA, which can be downloaded at:
https://www.java.com/fr/download/



Step 2

n

| Documentation
References

1 Update

1 Tutorial

About

Ctrl-H

Ctrl-U
Cirl-T

Cirl-A

t

al steps : follow the GUIDE

E MoPro Guide

i

| Set working directol |

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

4| Set Working Directory...
g ry

Look In: | alamet_tutorial -
R i Import to MoPro molecular coordinates file
—')
Look In: | alamet_tutorial -

Bm@

1 MoProGUI - DAUsers\Christian\Desktop\j

File Edit MoPro VMoPro MoProViewer Mollynx Help
[ MoProInput File x

2l

T o

- mopro.inp 4/ Files
Files

alamet_00.par

” Browse...

< previous

:| [¥] Molecular structure |

:| [ Reflections hki |

” Browse... |

” Browse... |

:| [ Bulk solvent Fhki |

Atomic Table |

D:\WoProSuite\LibMoPro'mopro.tab ”

Browse... | Edit |

Wave Functions | D:\MoProSuite\LibMoProWAVEF

| Browse.. | Edit |

Anomalousasf_Kisml| Dr\WoProSuitelLibMoPro\asf_Kissel dat ”

Browse... |

CommentiActivate

[] Constraints |

” Browse... | Edit |

‘| [] Restraints |

” Browse... | Edit |




Step 3

3 MoPro Guide

Set working directory |

Import molecular file |

Set molecular file |

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

Display molecule with MoProViewer

File Options Tools View Help

r;J ANGLE( TBRSID?‘ RB Uu OBOND >
I ) @ A [z\,E

N WA

[ Generate Ortep: | 55501

[ Generate Symmetry op. : MK; L3

v]+CE\| translations: a 0

Bt Switch to: [eshadiolfoo‘par '][ previous ][ next

)

2D contour map
Map Properties Plane Parameters
Plane Definidon

Atom name - Residue nb Crtep Sym,

Origin | o1 ¥ | sss01 -
Dir 1|21 x| 55501

Dir 2 |01 | 55501 =

Plane options

g x

Kill VMoPro

Xmin Xmax Ymin fmax
-3.0000 5 3.00000 5 -3.0000 % 3.00001%
Flane type Sampling Z-elevation Show

0.05000(% 0.00 |- Flane
Contributing symmetry operations
Use symmetries from plane definition - ]
55501 Add [ Del
55501
Auto-Load

Output grid file  grid orid file
OutputPs file  ploti.ps Open YMoPro.out

CURRENT WORKING DIRECTORY = D:/Users/Christian/Desktop/jelsch_pavia/estradiel_tutorial

LABEL ©EYTER INFO  ENERGY

S & 28

b o

e

SLiCE

?‘h »




Step4 Select reflections file

FE MoPro Guide ﬂ

Set working directory

Import molecular file

Set molecular file

Display molecule

Refine scale factor

Database transfer

Refine structure

| Prepare constraints/restraints ‘

Refine charge density

[ ] Deconstrain charge density

| Refine all parameters ‘

| Publish ‘

| Run MoPro ‘

r
E Select molecular parameters file...

Look In: |[CJ alamet_tutorial G | | T i

[} alamet.ih

Select Directory :  |alamet.lhkl

Files of Type: Reflections file *hkl -
Open Cancel

h k| lobs sigma(lobs)
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3 MoPrGUL O hitian Deskto e vl el . ==

File Edit MoPro VMoPro MoProViewer Mollynx Help

Step 5 Refine SCAle factor

- mopro.np : i block name
Files
Options
Werbose

RESOLUTION SELECTION (applies until a new selection is made)
Refinement scale |
Output [[] Resolution Range d{A} to [] Reciprocal Resolution sin 8/A (A-") to

|sca\e H SET ‘

MANUAL SELECTION OF PARAMETERS TO REFINE
I [lusefile: | Browse.. | Edit. | |

SELECTION OF PARAMETERS TO REFINE
Scale factors [IT] xvz L] Thermal parameters Others I%
| Set working directory | ["] Occupation Factors E Anharmonicity S Extinction
Valence E i i ical KP1 i KP2
| Import molecular file | [] valence populations ~ Multipoles (] Al []DIP [JQua [J]OCT []HEX
CI | C k on SELECTION OF CONCERNED ATOMS
| Set molecular file | ” . ’” [ ] Isatropic only [] Anisotropic only
mOprO Input fl Ie Water [ only [] exclude
| Display molecule | & Hydrogen [] only [ ] exclude
Chemical type [] only [[] exclude
Sat hkl file | 27 . 124 Disorder [l only [] exclude
| mopro OUtpUt flle Limitation on thermal B-Factor [ | Beq> A [ Beq< Az
i Refine scale factor s LRz o
S S
Combination of selections [] + (] + []
Database transfer |

REFINEMENT OPTIONS

X . @ Full Matrix Inversion
Prepare constraints/restraints |

|
|
| Refine structure
|

) Conjugate gradients [ sparse Matrix Distance cutoff(A) E [ Diagonal Matrix [ Block diagonal
1 | il | [» Number of refil cycles 2E|, O ing factor of rs shifts El
CommentiActivate
[ test -_shiftisigma) >
Remove
Refine charge density | Add... Compute R-factors Statistics

[] Deconstrain charge density

| el prnmeales | T MoProGUI - DAUsers\Christian\Deskiopljelsch_pavia\estradiol_tutarial @

. File Edit MoPro VMoPro MoProViewer Mollynx Help
Publish - e—

MoPro Input File MoPro Output File x

_ mopro.out S ———m : --- Writing new ocutput file : mopro_00l.out fol
FILE PARA estradiol_00.par Last molecular file : D:\Users‘\Christian\Desktop\jelsch_pavia\estradiol_tutorialhestradiol_|

FILE DATA estradiol.Ihkl 4] M I ™|

FILE TABL D:\WWoProSuiteiLibMoProimopro.tab Tam
FILE WAVE D:\WoProSuite\LibMoProtWAVEF :

" FILE AMOM D:\WoProSuite\LibMoProlasf_Kissel dat )
FILT1.0 5358 .
VERB SHELL 10 E I t f R_f t
SELE 50A ; volution o actors
o~ REFILS 3 | H
WRIT RFAC Q| wh2L
WRIT FOUR || gl F
RF_fr
| wBIF fr
Scan mopro.out : 13832
- : c#ol 2 3 =
Kill MoPro : 14 3 3 3 1}




Step 6 Preparation of constraints & restraints

e.g. H-X distances for Hydrogen atoms

i Y
3 MoProGUI - DiUsers\Christian\Desktopljelsch_paviatalamet_tutorial E‘Elg

File Edit MoPro VMoPro MoProViewer Mollynx Help
' MoPro Input File x

I&Prﬂ Gui: E - mopro.inp ; Files

Files
oetions | ] Molecular struct | lamet_01 H B | Edit i
o e =
| Set working directory | Verhose olecular structure dlamet_U1.par rowse. previous
Preparation : next >
| Import molecular file | i
| Set molecular file | Reflections hkl | alamet.hkl H Browse... ‘
| Display molecule | I =
| C)Buk sowventrn | | Browse.. |
| Set hkl file | :
| Beliescileacioy | | [¥] Atomic Table | DMoProSuitelLibMoPro\mopro.tab H Browse... | Edit |

Database transfer

_ i [v] Wave Functions | D:\MoProSuite\LibMoProWWAVEF || Browse... | Edit |

| Refine structure |

fi Anomalousasf_l(issel| DiMoProSuite\LibMoPro\asi_Kissel.dat || Browse... ‘

N | O ———
| Refine charge density | CommentiActivate
il Docoastrain cliarge deasily I —— I Constraints I | COMSTRAIM bt H Browse... | Edit |

| Refine all parameters | Add...

' Restraintsl | RESTRAIN it H Browse... | Edit |
| Publish | -
| Run MoPro |

Edit and have a look at the generated
CONSTRAIN.txt & RESTRAIN.txt files



Step 7 Refine structure

SCA XYZ Ull are selected
SCAle factor, Positions & Thermal motion parameters

-
T MoProGUI - DA\Users\Christian\Desktop\jelsch_pavia\alamet_results E@u
id File Edit MoPro VMoPro MoProViewer Mollynx Help
ide
T aC A eA  MoProOutputFile |
= mopro.inp : Refinement block name sl
Files E
| Setworking directory | Options | struct || Sl |
erbose : ) i o
| Import molecular file | [Renement stoct )| RESOLUTION SELECTION {applies until a new selection is made)
Output :| [ Resolution Range d(A) to ] Reciprocal Resolution sin 8/ A (A-") to
| e | MANUAL SELECTION OF PARAMETERS TO REFINE
" Use file : Browse... Edit...
| Display molecule | n ‘ I I |
X SELECTION OF PARAMETERS TO REFINE
| Set hkl file | ;
Scale factors Thermal parameters Others =
| T | [_] Occupation Factors [] Anharmonicity [] Extinction
Valence Expansion/Contraction [ | Spherical KP1 [] Multipolar KP2
| Database transfer | [] valence populations Multipoles [ ] Al []DIP [JQuA []OCT [JHEX
| Prepare constraints/restraints | SELECTION OF CONCERNED ATOMS 3
| Remeswowe | e
|| water [] only [[] exclude
| Refine charge density | ‘|| Hydrogen Lonly [ exclude
|| cnemical type [ only [ exclude
['] Deconstrain charge density Disorder [] only [] exclude
|| Limitation on thermal B-Factor [ | Beq> A [|Beqg= Az
| Refine all parameters | :
Manual Selection O
| Publish |
Combination of selections [7] + [+ [
| Run MoPro | REFINEMENT OPTIONS
[[] Don't show this guide on startup (] 1] [ I» : () Full Matrix Inversion
fogpentiacinate ;|  ® Conjugate gradients [_] Sparse Matrix Distance cutoff(A) . [] Diagonal Matrix [] Block diagonal .
femose Number of refi t cycles 1[]5, Damping factor of parameters shifts 0 TE
Add... ;

[4]

_ |_| convergence test max({parameter_shift/sigma) >
Al i ]




Step 8 Compute a Fourier Residual Electron Density 2D map

B8 MoProViewer - alamet_00.par rs Contour Map Preview lilér

File Options Tools View Help
,- A.NG\_E TORSION «B Uy -BOND LAEEL GE"TE" INFO ENERGY 3 cp arid [
For S W EYHE R 24
- Fourier Density efA3: alamet_02.FOUR of: alamet_00.par ; Z = 0.00000
b = €0 [=

[ cenerateortep: | ssso1 [ Generate symmetry op.: [, vz v]+c||n slations: 2 0 || b 0 VU@D \f
Switch to : [alamet_nn‘par v” previous ][ next ]
20 contour map g X

Map Properties

e —
Property ‘ Fourier Synthesis _
| —

Of type * | Deformation (full deformation)

Map

Critical Points
Type of critical points : | Bond

Around:

CP file name : cp.dat Auto-oad file

Fourier Map

.
Use Fourier file amet_resultsfalamet_02.FOUR | Browse ‘ I I C k O n
Data are Totally merged A /

Resolution range 0.0 <sinfg)fl < 2.0 A-1

o A L.
AL -
Use coefficents L0 Fobs - 1.0 Fealc 3 atol I ls ‘._"'\.
Auto-Load
Output grid file grid
.g id fle ¢\ . Iso-contours | Atoms, CPsand bonds | Labels |
ouutps e poris to define posiive Negate 20

Cancel Kill VMoPro ‘; Dash [C] - Dash [C] - Dash Color
S —
a p I a n e Contours levels 0,05 Ea;‘:;E;’ZVal'-'E hlni;;uln;;galue
D Use Logarithmic contours Antialiasing D

Scale factor : 42 = Open grid ] [ Close ]

2D map:
Select Map Property : Fourier Synthesis

Select Fourier file : alamet_02.FOUR . , , _
Data are Merged Click on ”Run VMoPro” to start caIcuIat|09n



Step 9 HIGH ORDER refinement

High resolution data d<0.7 A, |

Hydrogen not refined

The MoPro commands

I <refinement> structural

RESO 0.25 0.7 —
SELE XYZ UlJ NOH

REFI CG 10 DAMP 0.7

WRIT RFAC

of structure

RESO 0.25 900

3 MoProGUI - D:\Users\Christian'Desktopjelsch_pavia\alamet_results

File Edit MoPro VMoPro MoProViewer Mollynx Help
MoPro Input File x MoPro Output File ] *mopro.inp* £

-/ mopro.inp /| Refinement block name
Files ¢ |
Options §§ |struc’[ " EA
Verbose

: . i mad
Eeﬁnement struct 3 made}
Refinement i Resolution Range d(A) [0.25 | to[o.7 | [_] Reciprocal Resolution sin

Output &
/|  MANUAL SELECTION OF PARAMETERS TO REFINE
{| [Jusefile: | Browse.. | Edit.. |

SELECTION OF PARAMETERS TO REFINE
[] Scale factors XYZ Thermal parameters

[] Occupation Factors [_] Anharmonicity [] Extinction

:|| valence Expansion/Contraction [ | Spherical KP1 [] Multipolar KP2
[] Valence populations Multipoles [ J Al [JDIP [JQUA []OCT []HEX

SELECTION OF CONCERNED ATOMS

[] Isotropic only [_] Anisotropic only
Water ] only [] exclude
Hydrogen [] only exclude

WRIT FOUR \

Write a Fourier reflections file
for all resolution

3 MoProGUI - DAUsers\Christian\Desktop\jelsch_pavia\alamet_results

File Edit MoPro VMoPro MoProViewer Mollynx Help
MoPro Input File x MoPro QOutput File ] *mopro.inp* &3

= mopro.inp /| - Refinement block name
Files B |
Options :

Verbose . . L
Refinement struct RESOLUTION SELECTION (applies until a new selection is r

Rennement | | | [ Resolution Range () [0.25 | to|900
Output :

RAARINIAL CF1 F/ATEAR A MANARACTEN S T DETRr
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Step 10 Compute a Fourier Residual Electron Density

after High-Order refinement

2D contour map 5 X

-
: BR Contour Map Preview Iilé

Map Properties

Property : | Fourier Synthesis 2 grid grid @ grid

Of type : | Deformation (full deformation)

Map

- Fourier Density efA3: alamet_03.FOUR of: alamet_03.par ; £ = 0.00000

Critical Points %U {\:}(@ T
I

Type of critical points : Bond

Around: ALL {::I
CP file name : cp.dat Auto-oad file @ "
Fourier Map i
=i
|se Fourier file met_resultsfalamet_03.FOUR j, @ @ @
Data are [Toiall\yI merged hd ]
Resolution range 0.0 < sin(g)fl < 1.2 A-1 @
Use coeffidents 1.0 Fobs - 1.0 Fealc ™

) ) Auto-Load
Output grid file  grid grid file 3; O
CutputPs file  ploti.ps

@,
Kill vMoPro Run YMoPro ™

: _ il 07
Stronger residual electron density | | [/l
visible on covalent bonds iy

=
e




Step 11 Compute a Fourier Residual map at LOW resolution

after High-Order refinement

B8 contour Map Preview

T |

grid grid grid [

2D contour map g X
Map Properties Plane Parameters
Map
Property : [Fourier Synthesis i
Of type : | Deformation (full deformation)
Critical Points
||
Type of critical points : Bond
Around: =LL i
CP file name : cp.dat Auto-oad file
Fourier Map
Use Fourier file amet_resultsfalamet_03.FOUR
Data are Totally merged - ]
Resolution range 0.0 < sin{g)fl < 0.8 A-
Use coefficents 1.0 Fobs - 1.0 Fealc
) ) Auto-Load
Output grid file  grid arid fie
OutputPs file  plotl.ps Open VMoPro.out
Kill ¥MoPro Run VMoPro

- Fourier Density e/A3: alamet_03.FOUR of: alamet_03.par ; Z = 0.00000

Iso-contaurs | Atoms, CPsand bonds | Labels |

Positive MNegative Zero
Dash [ - Dash [C] - Dash Calor
Contours levels 0,05 Maxdmum value Minimum value
0.341709 -0.119505
I:‘ Use Logarithmic contours Antializsing |:|

l

Scale factor : 42 | Open grid ] ’ Close

sin@/A < 0.8 A1

resolution
d>0.6A

Bonding
Electron
Density

is clearly

visible

12



Step 12 Refinement of charge density

Set working directory

Import molecular file

Set molecular file

Display molecule

Set hkl file

Refine scale factor

Database transfer

Prepare constraintsirestraints

Refine structure

Refine charge density

["] Deconstrain charge density

| Refine all parameters |

| Publish |

] MoProGUI - DAUsers\Chris

MoPro Input File X

- mopro.inp
Files
Options
Verbose

hutu Refinement

Cutput

Comment/Activate

|..| I [ vl

Remove

File Edit MoPro VMoPrc

M

i
K

Refine ALL charge density parameters succesively Block diagonal
VAL PLM KP1 KP2

105 number of times

Damping factor of parameters shifts | 04

[] Convergence test max(parameter_shift/sigma) >

* Block diagonal: variables are decorrelated
and can be refined together
* Damping to avoid divergence

Have a look at resulting molecular .par file

ATOMS 30

ATOM 1 NT ala 1 0.427429 0.050030 0.613817 1.0000 1N
ZX CA H1 OCT K1 VO MO QO

UANI 0.013163 0.010518 0.009881 -.000244 0.005418 -.000507
5.07251 0. 0. 0. -017 -0300. 0. 0. O.

0173 0. 0 0. 0 01280

XYZ Pval =valence PIm = multipole populations




Step 13 Compute a Static Deformation Electron Density map

MoProViewer - alamet_04.par

File Options Tools View Help

;) ANGLE  TORSiON RB U
d ¥ N @

BOND

Q >
10 leE N

Generate Ortep : 55501

[ Generate Symmetry op. : ]@

next

Switch to : glamet_ﬂﬂr.par ;’ previous E >

2D contour map g X
Map Properties Plane Parameters
Map
Property : || Static Electron density A ]
Of type : || Deformation {full deformation) 'J

Critical Points
Type of critical points : Bond

Around: ALL

CP file name : cp.dat

Fourier Map

Use Fourier file

amet_results/alamet_03.FOUR | | Browse

Auto-oad file

OutputPs file  plotl.ps

Cancel

Kill vMoPro

Data are Totally merged
Resolution range 0.0 < sin(g)fl < 1.2 A-1
Use coefficents 1.0 Fabs 1.0 Fealc
) ) Auto-Load
Output grid file  grid arid fle

Open ¥YMoPro.out
(e
Qg oty |

Choose
appropriate
molecular
file

E Contour Map Preview

grid @

- DEF Static Density of: alamet_04.par ; Z = 0.00000
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Step 14 Refinement of all parameters

i 'MuF‘ru Guide u
(= o

Set working directory

Import molecular file

Set molecular file

Display molecule

Refine scale factor

Database transfer

Prepare constraintsirestraints

Refine structure

| |
| |
| |
| |
| Set hkl file |
| |
| |
| |
| |
| |

Refine charge density

[_] Deconstrain charge density

| Refine all parameters |

| Publish |

'roGUI - DU sers\ChristianhDesktophjelsch_pavialalamet_results

-
File Edit MoPro VMoPro MoProViewer Mollynx Help
. MoPro Input File x MoPro Output File ]
= mopro.inp : Automatic Refinement
Files :
Options 5 Refine ALL parameters succesively Block diagonal
Verbose SCA XYZ UlJ VAL PLM KP1 KP2
hutn Refinement : with High Order refinement of XUZ UlJ of non-H atoms
Output B
P : 105 number of times
: Damping factor of parameters shifts | I:I.3|
[ ] Convergence test max({parameter_shiftisigma) >
Mo High Order refinement

- Block diagonal & damp : refine all parameters together

- Else : refine them successively

e

u Further R-factor drop

whl

wof F

EF_fr
whIF_fr

15



Step 15 Deconstrain charge density

Removes

e Local symmetry of multipoles
e Atoms equivalencies : similar atoms have same charge density

Set working directory

Import molecular file

Set molecular file

Display molecule

Refine scale factor

Prepare constraints/restraints

Refine structure

‘ Set hkl file

Database transfer ‘
Refine charge density ‘
N\

Deconstrain charge density

‘ Refine all parameters

‘ Publish ‘

[_] Don't show this guide on startup

MoPro Input File x

= mopro.inp
Files
Cptions
Verbose
Auto Refinement
Cutput

Constraints Application

Distances

Angles

® automatic
) constrain
_ de-constrain
(® automatic
) constrain
_ de-constrain

® automatic

Riding Thermal Uiso Factor for Hydrogen (' constrain

55 / Local symmetry of Multipoles\

Chemical Equivalence of Atoms

{Same Valence & Multipoles)
Chemical Equivalence of Atoms

Same Kappa's

\ (One Kappa per atom) j
: \

_ de-constrain

_ automatic

) constrain

{® de-constrain

» automatic

) constrain [] Only Hydrogen atoms
(® de-constrain [_| Except Hydrogen atoms
) automatic

(' constrain [] Only Hydrogen atoms

@ de-constrain [_| Except Hydrogen atoms

16



e T T

EF

FI
whI
aof F

RF_fI’
| wREF_fr

C#
L#

1
1

1
2

211
211

111111
223344

L —

11111111
S6ATTERS

11111111111111111111111=>
200113333443 94471333 REE0

Check max Shift/sigma

Step 16 Refinement of all parameters till convergence

Check R-factor evolution

[£] MoPro Log EE PG
17 1 19/ 20 3.8971 11198 191 -0.805 5Scale fc 1 a
cycle loop WEZ (I) Noks HNwvar maxShift/Sigma wvariable N
1/ 1 18/ 20 3.6962 11198 324 0.413 MONOP 1 2 N
cycle loop WEZ (I) Noks HNwvar maxShift/Sigma wvariable
1/ 1 20/ 20 3.6951 11198 g Scale fc
cycle loop WEZ (I) Nobs
1/ 1 20/ 20 3.6942 11198

MoPro job finished =

Validate & increment mol. file: 0506 | | Cancel & restart from ver. 05

17



Step 17 Check Static Deformation Electron Density 2D maps

rr- ANGLE  TORSION NB U“_ (..‘EOND & ﬁ ? } LABEL CEMTER INF(?) ENERGY 3 c
- =] i e > 7 f
o og W N @ b ™ NP K PO

SLICE VAL  MULT KAPPA
2 H s = =
A A i

| Generate Ortep : l 55501 [ Generate Symmetry op. @ |[!|:I ¥, Z "']+CE|| translations: a 0 3 b o : cld =

Switch to : [a|amet_06-par '][ previous ” next ]

- -
5 Contour Map Preview M

|m@|m@|m@|w@|

- DEF Static Density of: alamet_06.par ; 2 = 0.00000

Choose
Triplets of connected atoms

to define planes

18



Step 18

Fast Fourier Transform 3D map

. TORSION Us BOND ? ¥
fela YN @ Rie N ?

LABEL CENTER

| GenerateOrtep: | 55501

[ Generate Symmetry op. : |[1¢f Y, Z

v]+Cva|| translations: a 0 :

Switch to : [alamet_UG.par T ][ previous ][ next ]
3D isosurface map @ UL E Pl e
gridmap.xplor_0 |
Map Properties 30 Box Parameters Surface Hirshfeld | Map File D:fUsers/Christian/Desktop fielsch_paviafalamet_results/gridmap. xplor
REMARK — Fourier Density (e/A3): alamet_06.FOUR of alamet_06.par
Map Isosurface 1
Property : ll%stFourier Transform 'J
- - Isovalue 0,244
Static Electron density
OF type : Electrostatic Potential
7= | Fourier Synthesis Cull back Two faces Tnvert ’ . ~
Fast Fourier Transform faces lightring O normals [ Filed Transp.: 0 5
Laplacian of Electron density
Surface Color isosurface 1 according to [Nona V]
Fourier Map
Use Fourier file amet_results/alamet_06.FOUR 7] Limit surface print property on surface :
Data are Totally merged - ]
Pl f Isosurface 2

Resolution range 0.0 < sin{g)l < 2.0 A-1

Use coefficents 1.0 Fobs - 1.0 Fealc
Oversampling 3.0
Qutput file name : gridmap

| |0/119 Auto-Load map

Cance'

Kill VMaPro

-0.244

Cull back Two faces
faces lightning (&

V) Isovalue

Invert = gy Transp. : 0

normals

Parameters
Maimum
Minimum
Average

Std. dewv.

Nx, Ny, Nz

Dimensions

0.550

-0.620

0.000

0.081

176 74 212
13.1x5.3x15.9

Extend (fractional coordinates)

X: 0,00
Y: 0,00
Z: 0,00

Use PEC
Show Box ||

Delete
Map

SLICE

o

WAL

) RIS

Residual Electron Density
map in unit cell

MULT KAPPA




Step 19 Stereochemical analysis

T MoProGUI - DAUsers\C|

File Edit MoPro VMol

MoPro Input File x

= mopro.inp
Files

Fefinement

Analysis

R

. MoPro Input File x

- mopro.inp
Files
Refinement

qnalysis

- MoPro Output File X

Refinement block name
| | s |

RESOLUTION SELECTION (applies until 2 new selection is made)
[ | Resolution Range d{A) o

MANUAL SELECTION OF PARAMETERS TO REFINE

[ ] Reciprocal Resolution sin 8/ A |

[lusefile: | Browse.. | Edit.. |

SELECTION OF PARAMETERS TO REFINE

Scale factors XYZ Thermal parameters
[] Occupation Factors [ ] Anharmonicity [ ] Extinction

Valence Expansion/Contraction  [_] Spherical KP1 ] Multipolar KP2
[ ] valence populations Multipoles [ [Al [ |DIP [ |QUA [ |OCT [ ]|HEX

Analysis

M metry
Distances

[ ] Angles
[ ] Dihedral angles
[] Plane

[] Chiral volumes

Molecular Connectivity
ATOM1 ATOMZ SYM2 DIST 3igDIST
NT ala 1 CL alae 1 1.481091 0.001594
NI ala 1 H2 ala 1 1.030136 0.001247
NI ala 1 H3 ala 1 1.034194 0.002353
NI ala 1 H1l ala 1 1.036034 0.001237
CL ala 1 C ala 1 1.525269 0.000535

refined
KYE HYZ
+H+
+H+ +++
+H+ +++
+H+ +++
e

Refine
at first
structure
to obtain
sigmas

of distances
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Step 20

|
BOND
e A Y I 2 N
1 X
DIST 4 V ¥ a k OVE
Generate Ortep @ 55501 | Generate Symmetry op. : "1(, Yz
Switch to : |alamet_06.par - " previous ]I next |
2D contour map g X
Map Properties Flane Parameters |
Map
~
Property | [Elect'csmh'c Potential ¥ |
Generated by § lToiaI Electron Density (Nuc & Cor &Pval &1 ¥ ] )
Critical Points
Type of Bond
Around: ALL
p.dat
Use Fourier file amet_results/alamet_03.FOUR | [ Browse
Data are Totally merged
0.0 < gir < 1.2 A-1
L0 Fobs - 1.0 Fealc
! ] =1 Auto-Load
Output grid file grid 1 R

CutputPs file  plotips Open VMoPro.out
Cancel | Kill VMoPra Run VMoPro

2D map of Electrostatic Potential

B8 Contour Map Preview @é

arid £

- Electrostatic Potential of: alamet_08.par- ; Z = 0.00000

21



Step 21 Generate a dimer in MoProViewer

SYMMETRY OPERATIOMS  » Teggle symmetry mates positions

Fill unit cell

Click rlght on view Strictly fill unit cell

[ Delete selected symmetry mates ]

Create cluster around 55501 molecule

SELECTED ATOMS

SELECTED CPs - \(

SELECTION 3

Show all atoms f. l
-
-

Hide all atoms h

Toggle Unit Cell [* # y +

Toggle Labels

Toggle Thermal Ellipsoids k.
ATOM AXIS SYSTEMS » “ |

H3ala1
SYMMETRY OPERATIONS ¥ Toeggle symmetry mates positions
CONSTRAIMTS v Fill unit cell
Strictly fill unit cell
MEASUREMENTS ' Delete selected symmetry mates
e WATER MOLECULES b Create cluster around 55501 molecule Y

2

. PROTEINS & ﬁ‘.
I # y Keep a dimer like 55501 + 65602
b “f Y

Ortep symmetry code

65602
Translation 1a + Ob + 1¢ & symmetry #02
6>1 550 4->-1
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Step 22  Search Intermolecular critical points

MoProViewer - ala p

File Options Tools  View Help

ANGLE  TORSION RB U; BDH‘D {.‘-ENTER INFO 3
AV @ RLACH FEE

Critical Points Search l E

VMoPro MoProViewer

Critical Points Search using VMoPro

Property type

Property : ’Siﬁh’c Electron density A ]

Of type : [Toial electron density ( Cor &Pval & P00 &Plm) ¥ ]

Contributing syrmmetry operations
%II currently active symmetric molecules > - ]

55501

Search
Search options
Type of critical points : Intermolecular - ] a ro u n d
atom
Search options
Mumber of iterations: 400 & H 3 on Iy
Output file name: ¢p.dat Auto-load (fa St
Cance b rmworo | Calculation)  MoProViewer shows CPs & bond paths

23



Step 23

1) Select the carboxylate group

SELECTED CPs

SELECTION »

Show all atoms

SELECTED ATOMS » ‘

Save selection

Add saved selection to current

Hide all atoms Restore saved selection

Select all Ctrl+A
Unselect all Ctrl+U

Toggle Unit Cell

Toggle Labels

Toggle Thermal Ellipsoids Invert selection

Select Current Residues
ATOM AXIS SYSTEMS »
ADVANCED SELECTION 3

SYMMETRY OPERATIONS  » Advanced Tool

CONSTRAINTS 3
MEASUREMENTS 3
WATER MOLECULES 3
HYDROGEN ATOMS 3
PROTEINS

Right click, Selection / SAVE selection

ﬁ MoProViewer - alamet_l]ﬁ.pa!

|Fi|e Options  Tools  View Help

ENERGY

PR
k | r

3) Click on Energy tool

of MoProViewer

Compute electrostatic interaction energy of dimer

J«J’&%d

2) Select the NH3 group

on the other molecule

Interaction Energy Tool

Energy type Total electrostatic energy

Using method ISphericaI integration f Buckingham summation

First group is active selection (4 atoms)
Second group is saved selection (30 atoms)

WMoPro output file :

Energy Computation results :

The energy DENS_TOT * POT_TOT is : -14.3447 kJ/mol sym: 55501 * 65602

The energy DENS_TOT * POT_TOT is : -3.4262 kcalfmol
The energy DENS_TOT *POT_TOT is : -0.0103 e”2/A/mal

Selection : Show saved selection

s

diwaro

Run VMoPro
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Step 24 Discover the Tools of MoProViewer

,f ) SLiCE y \.-"AL MULT KAPPh
e

,,- ANGI_E TORSION %B U ghene )\ LAEEL CE"TE“ INFO EHER.GY
- h 2 ')
DIST rs ;i & y "li"_’ r

@sssnz | Generate Symmetry op. : |[x, v,z '|+CE|| translations: a 0 [+] b0 [ co0 [2
Switthto: [alamet 07par v | previous || next |
Move Show local Compute Compute Equivalence
Stereo- atoms  aXxes system 3D map 2D map Constraints
chemistry for multipoles N of atomic
orientation Crl-t|cal charge
Raints density
Uij
Thermal
ellipsoids
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Step 25 Discover the MoPro Menus
- -
T MoProGUI - DAUsers\Christian\Desktop\jelsch_pavia\alamet_tutarial E=E
[ Eile Edit MoPro VMoPro MoProviewer Mollynx Help
- MoPro Input File x
- mopro.inp :
Files
Options
Verbose
Preparation -
Files | Wodification of Molecule
|| - Shake Molecular Structure
Preparation
[ [] Shake @ All parameters (O XYZ 3 Ui ) KAPpa {_} Kappa1 {_» Kappa2
Verbose
[ . ) VALence O PLM multipoles O DiPoles ) QUAdrupole 0 OCTupole ) HEXadecapole <shift=:
B Options
i Database Transfer | Atoms: [ ]HYDrogenonly [ |NOHydrogen []VIRtualonly []NO Virtual
5 Rezet | Zero [] Set number of scale Factors : D:‘
_ [ Neutralize Electrically. atoms selection
R [] Translate Sequence (Residue Number) :
Constraints : )
N i [] Translate molecule by vector ~ x 0.0 y 0.0 700 Unit: (} Bohr ) Angstrom (@ Fractional
Restraints i
. [] Apply Symmetry Operator. Ortep code 55501
| Refinement g :
; ] Enanthiomorph structure
Automatic Refinement Atoms selection
P | M | ID Solvent [[] Isotropic == Anisotropic |Add... | v Clear
" ivat 2 b Thermal Parameters : [_| Anisotropic = Isotropic |Add... | ¥ Clear
Comment/Activate I 3 i
5 Analysis [] Set Uij positive definite
Remove Before selected item  ¥|| Output | SetMultipole Levet:
Chemical Types Monopole Dipole Quadrupole Octupole Hexadecapole
Manual Commands {0 B o o = o =
: ADDR | GOTO | LOOP { M I
i | INCLude = —————
Stop
Duplicate Block 26




