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OUTLINES

o The SIR2.0 Program

o The Al Initio Pipeline in SIR2.0:
DM, PATTERSON, DSR, RELAX, FREE LUNCH

o The Molecular Replacement Pipeline in SIR2.0:
REMO, SYNERGY, CAB
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INTRODUCINGIR2.0

Latest release of the SIR software suite for Q_ e
crystal structure determination from 9,
single-crystal diffraction data. ¢ Sirgmumuze,
®-0 @ ICPI

Con: glN

Automatic and semi-automatic structure - Wy el e
solution for targets ranging from small

molecules to macromolecules. , — w
SIR2.0 is available for:

ml oo »
Integrated crystallographic package . 6
combining phasing, phase and map o —

improvement, preliminary refinement, and
model building. @ l—:—' a

N\ Computational Core Graphical Interface Open-Source Licence

Fortran + C++ GTK — Qt + OpenGL GNU LGPL v3
Download SIR2.0 | ‘°

www.ba.ic.cnr.it/softwareic/sir/sir-download/
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SIR2.0 AT A GLANCE: FROM INPUT TO WORKFLOW

A Minimal input requirements
Reflection data, unit cell, space group and basic chemical/structural information.

©

AN

o

Minimal input for small -moleculestructure solution N

8

%structure tachi -

%ijob test structure: paracetamol (Form II) 9

o

%data N

cell 11.8237 7.3971 17.1526 90.00 90.00 90.00 8

space pbca ﬁ

Space group: Pbca conter_lt (C8 H9 N 0O2)8 <
Cell: a=8.187 b=14.277 ¢=15.693 reflections paracetamol.hk| £
Chemical Formula: C;H,NO, fosq s
Cell Formula Units: 8 Y%phase 5
Reflection Type: F2, GF?2 %continue -
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SIR2.0 AT A GLANCE: FROM INPUT TO WORKFLOW

A Minimal input requirements
Reflection data, unit cell, space group and basic chemical/structural information.

Minimal input for macromoleculestructure solution

T 20-23 July 2026

» . | Yostructure myo
) A W %job test structure: OXY - MYOGLOBIN
%data

sequence myo.fasta

S P12,1
pace group: P 1 2, hetatm (C34 H32 Fe N4 04 S O4)

Cell: a=63.80 b=30.81 ¢=34.35 b=105.8

International AIC School 2026

Sequence: miz myo.mitz
VLSEGEWQLVLHVWAKVEADVAGHGQDILIRLFKSHPETLEKFDRFKHLK label H K L FP SIGFP
TEAEMKASEDLKKHGVTVLTALGAILKKKGHHEAELKPLAQSHATKHKIP 0

IKYLEFISEAIIHVLHSRHP GDFGADAQGAMNKALELFRKDIAAKYKELGY Yophase

Ligand: HEM; SO4 %continue

Reflection Type: F, (OF
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SIR2.0 AT A GLANCE: FROM INPUT TO WORKFLOW

A Minimal input requirements

Reflection data, unit cell, space group and basic chemical/structural information.

Minimal input for macromoleculestructure solution

Y &

Spacegroup:P 12,1
Cell: a=63.80 b=30.81 c=34.35 b=105.8

Sequence:
VLSEGEWQLVLHVWAKVEADVAGHGQDILIRLFKSHPETLEKFDRFKHLK
TEAEMKASEDLKKHGVTVLTALGAILKKKGHHEAELKPLAQSHATKHKIP
IKYLEFISEAIIHVLHSRHP GDFGADAQGAMNKALELFRKDIAAKYKELGY

Ligand: HEM; SO4
Reflection Type: F, (OF
Model: 1mbc.pdb

'

%ostructure myo
%ijob test structure: OXY - MYOGLOBIN
%data

sequence myo.fasta
hetatm (C34 H32 Fe N4 O4 S 0O4)
mtz myo.mtz
label HKLFP SIGFP
o%semo
fragment 1mbc.pdb
%continue

T 20-23 July 2026
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SIR2.0 AT A GLANCE: FROM INPUT TO WORKFLOW

A User-friendly graphical interface

Simple graphical interface guiding the user through input preparation, strategy

selection and output inspection.

Solve Refinedlstructure Info Window Help
New Project ﬁ TR S 2.
5 Load & Go
Load Project
Load Recent Files ’
Load Examples

&
S
>
3
X
S
The graphical interface allows -
users to prepare or load input data, 8
launch and monitor the structure- =
solution and refinement processes £
in real time, and control each stage O
through dedicated menus and 3
toolbars. S
g
L
k=
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SIR2.0 AT A GLANCE: FROM INPUT TO WORKFLOW

A User-friendly graphical interface

Simple graphical interface guiding the user through input preparation, strategy

selection and output inspection.

&

S

>

3

X

S

The graphical interface allows -
users to prepare or load input data, 8
launch and monitor the structure- =
‘| solution and refinement processes £
in real time, and control each stage O
through dedicated menus and 3
toolbars. S
g

L

k=
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SIR2.0 AT A GLANCE: FROM INPUT TO WORKFLOW

A User-friendly graphical interface
Simple graphical interface guiding the user through input preparation, strategy
selection and output inspection.

&
&
=
3
S
Load Sir Input File _ o x ) ) 8
el — : The graphical interface allows =
- aEe e users to prepare or load input data, g
P i launch and monitor the structure- 2
solution and refinement processes £
in real time, and control each stage O
through dedicated menus and =
toolbars. S
S
L
k=
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SIR2.0 AT A GLANCE: FROM INPUT TO WORKFLOW

A User-friendly graphical interface
Simple graphical interface guiding the user through input preparation, strategy
selection and output inspection.

step (1500 pu g J- J- J K epaisoo] b

Dedicated tools are provided to
complete and refine the structure
through least-squares refinement
and Fourier recycling,

edit the model, automatically generate
hydrogen atoms, and visualize 3D
electron-density maps.

International AIC School 2026 1 20-23 July 2026
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SIR2.0 AT A GLANCE: FROM INPUT TO WORKFLOW

A User-friendly graphical interface
Simple graphical interface guiding the user through input preparation, strategy
selection and output inspection.

&
, S
{ B® -
; Dedicated tools are provided to ~
] | - complete and refine the structure ©
E - through least-squares refinement S
v o . . re)
< and Fourier recycling, S
n
i s = i . . O
. edit the model, automatically generate <
Info: Finished! B . . ('5
s hydrogen atoms, and visualize 3D 5
electron-density maps. &
£
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SIR2.0 AT A GLANCE: FROM INPUT TO WORKFLOW

A User-friendly graphical interface
Simple graphical interface guiding the user through input preparation, strategy
selection and output inspection.

&

| Q

A T | To optimize the structure solution £
- process, users can explore alternative §
solutions, launch new trials, or o

change the solution strategy. ©

S

g

[&]

The Info menu gives access to O

output files, structure summaries, =

and detailed geometrical information S

. ©

on atoms, bonds, angles, torsions, =

£

and contacts.

«r ] Consiglio Nazionale
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SIR2.0 AT A GLANCE: FROM INPUT TO WORKFLOW

A Support for different data types

X-ray, neutron or electron diffraction data, with tools adapted to different

structure sizes and resolutions.

%Structure natro

%Job Test on Natrolite

%Data
Cell 18.8278 18.667 6.6414 90 90 90
Content [ Na2 Al2 Si3 010 (H20)2]8
Space Fdd?2
Reflections natrolite.hkl

Electrons

%continue

NaPAIFSIFOg -QHFO

International AIC School 2026 1 20-23 July 2026
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SIR2.0 AT A GLANCE: FROM INPUT TO WORKFLOW

A Dedicated pipelines
Tallored workflows covering the full range from small molecules to macromolecules.

(o]
AN
o
N
Small molecules Macromolecules Ny
Reflection data + unit cell + space group + chemical formula Reflection data + unit cell + space group + sequence and search model ,3
(%2]
By
l . Sequence 8
=) ]

s"k\ <d and

OF<9= +

] 1 [0} Y V Search model

| =

0 0 1 1523 25 - = ,J,’ a” &
O Peptides and Flexible Structures ™9 éi%/ i B

a a E 2 &

; s ? ,;j > Reflection data + unit cell + space group + known molecular geometry L i -
Reflection data Unit cell Space group Chemical formula

(diffraction intensities) (a,b,c,a,B,y) P2,/c (composition) ¢ Reflection data Unit cell Space group Sequence and

(diffraction intensities) (a, b, c apy P2,2,2, search model
(molecular information)

I
a

T 1

0 0 1 1023 18
0 1 o 1567 2
1 0 0 20 19
11 0 89 2
1 o A

1% 17

International AIC School 2026

Reflection data Unit cell Space group
(diffraction intensities) (a,b,c,a B y) P2,/n

Known molecular geometry
(connectivity, bond lengths
and angles; variable torsions)
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SIR2.0ATAGLANCEFROMPHASINGIO OUTPUT

A Multiple phasing strategies
Direct Methods, Patterson-based approaches, Molecular Replacement and
model-based global optimization (Simulated Annealing).

©
S
Selecting a solution route according to the information available for the target N
>
S
s
C . T Experimental Model-based Q
Ab initio phasing Global optimization P . o
phasing approaches o
AN
[ No prior structural model J [ Trial molecular model J [ Anomalous signal available J [ Prior structural information J —
hDA'Be“;t) Methods (SDM / ® Simulated Annealing ® Anomalous scattering ® Molecular Replacement
® patterson deconvolution ® direct-space optimization ® SAD / MAD information ® ;(;t:rtclgn + translation
® yLD* torsions / position / ® suitable atoms / wavelengths ® search model refinement

orientation

when anomalous differences
are measurable

small molecules = selected
macromolecular cases

\> e _— N—— /

[ Starting phases = interpretable maps }

small molecules * peptides * ED data macromolecules

International AIC School 2026

Information used by each route

none trial model experimental signal search model Consi lio NaZiona le
* VLD: Burla et al, j. Appl. Cryst. (2010, 2011, 2012) r g.
delle Ricerche



SIR2Z.0ATAGLANCEFROMPHASINGTO OUTPUT

A Phase and map improvement tools
DSR, RELAX and Free Lunch procedures to improve map interpretability.

Phasing is like solving a puzzle where the missing pieces are the phases.

.

Random pieces Unclear p.

Initial phasing . Additional
/2 Tools

Innovative Algorithms for
Phases Extension/Refinement
& Map Improvement

International AIC School 2026 1 20-23 July 2026

Diffraction pattern Initial ED map Improved ED map Molecular model

-
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SIR2Z.0ATAGLANCEFROMPHASINGTO OUTPUT

A Output ready for further analysis and refinement
Result-inspection files, graphical representations of the structure, and standard-
format files for structural models and phased reflections: SHELX, CIF, and PDB
for models; SHELX, CIF, and MTZ for reflections.

loganin.out 5 0 @

L HERETIE)

loganin

loganin.sir

File Solve Refine Structure info Window Help

G ot &3 Fsteonson oo f 4 K Kstepso i

Direct cell:

T 20-23 July 2026

Plot
=) a= 8.187 b= 14.277 c = 15.693
Final FOM vs R% alpha = 90.000 beta = 90.000 gamma = 90.000
Cell volume = 1834.29
crystal family orthornombic
ar Space group (noncentrosymmetric) P 21 21 21
Symmetry-operations N
= : oo L o e L e o
N 3) x+1/2, -y+1/2, -z 4 -x . ytl/2,  -zil/2 (q\]
. : : o
“ S Seminvariant condition : g g g
: 2 o
o
S Space Group Number - 19 c
&3
P-lattice: (0,0,0) O
| 4 1 0
Allowed origin translations
(0,0,0) (1/2,0,0) (0,1/2,0) (0, 0,1/2) ( >
(0.,1/2,1/2) (1/2, 0 ,1/2) (1/2,1/2, 0) (1/2,1/2,1/2
o <
" 12 13 14 Selected asymmetric unit : J—
A% 0.000 < x < 0.500 ©
0.000 < y < 0.500 c
info: Finished! 0.000 <z < 1.000 o
MDM Selected asymmetric unit of the Patterson map : —
solving strategy: smalk-sze structure 0.000 < x < 0.500 [
| Threshold on R%: 25.00 0.000 < y < 0.500 c
Number of trials: 100 0-000 <z < 0500 —
| wak 1 Unit cell content ]
it R %: 12.99 in trial 1 e
| 12.83in trial 1 Atom Symb. Numb. in cell Atom. Numb. Weight Mu/rho  Radius o=
Final R % 12.83 intrial 1 Hydrogen H 104 1 1.008  0.373  0.320 -
carbon c 68 6 12.011 0.576  0.770
| oxygen ) a0 8 15.999  1.220  0.730
| X-ray scattering factor constants
£=sum ( a(i) * exp(-b(i)*s2) ) i=1,4 +c
| (International Tables Vol C Table 6.1.1.4)
| a( b(1) a(2) B(2) a(3) B(3) a(a) b(a) c
| H 0.48992 20.65930  0.26200 7.74039  0.19677 49.55190 0.04988  2.20150  0.00130 . .
c 2.31000 20.843%0 1.02000 10.20750 1.58860 0.56870 0.86500 51.65120  0.21560 ‘ o SI llo Nazlonale
o 3.04850 13.27710 2.28680 5.70110 1.54630 0.32390 0.86700 32.90891  0.25080

| Final R value is 12.83% in trial 1

delle Ricerche




SIR2Z.0ATAGLANCEFROMPHASINGTO OUTPUT

A Output ready for further analysis and refinement
Result-inspection files, graphical representations of the structure, and standard-
format files for structural models and phased reflections: SHELX, CIF, and PDB

1 O
.
for models; SHELX, CIF, and MTZ for reflections. &
N
File Sglve Refine Structure Info Window Help %
G bbbt &3 Fsternson e f 4 K Fsteppson| b 1)
= e REM AN
S REM 5Shelx file produced by Sir201% on Wed Mar 15 2023 at 12:47:14 CID
| s, REM Structure name: loganin (q\]
\; P TITL Test on Loganin '_
:: CELL  0.71073 8.1870 14.2770 15.69%30 90.0000 90.0000 90.0000
ZERR 4 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 ©
3 3 LATT -1 g
[ i SYMM 1/2-X,-¥,1/2+32 N
A 2 SYMM 1/2+X,1/2-Y,-2 —_
a 2 IYMM -X,1/2+Y,1/2-3 8
£ SFAC C H O =
Y UNIT &8 104 40 [&]
L.s. 5 (7))
WGHT 0.1
° FMAP 2 9
PLAN 25 <
FVAR 1.0 ©
info: Finished! ol 3 0.23552 0.03406  0.94€15 11.00000 0.03093 [
3 0.46142 -0.02817 1.00599 11.00000 0.02738 o
; SO o 3 0.45004 -0.01767 1.15315 11.00000 0.03018 T
3 0.63457 0.14220 0.9859% 11.00000 0.03372 c
| 3 -0.11561 0.02684 0.94165 11.00000  0.04455 CT)
| 3 0.14387 0.26937 0.86244 11.00000 0.03511 =
3 0.5738% -0.36348 1.08265 11.00000 0.046€90 =
| 3 0.92220 0.03034 1.21338 11.00000 0.04444
| 1 0.49415 0.26692 0.8644€ 11.00000 0.03566
1 0.38052 0.05506  0.99243 11.00000 0.03566
| 1 0.13634 0.11694 0.93121 11.00000 0.029%65
| 1 0.50522 -0.16951 1.08388 11.00000 0.0356&6
1 0.39747 0.20854 0.91767 11.00000 0
1 0.41263 -0.0747¢ 1.08315 11.00000 O

, : : ) ) Toar0s <(r1 Consiglio Nazionale
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DIRECT METHODS IN SIR2.0

The Direct Methods approach

The phases of the structure factors can be directly estimated from

their moduli through statistical relationships. S
probabilistic approach / reciprocal space / equiprobable X
i L ( 3D electron density Wi Electron density i ;
g ¢ pOSItIVIty (surface map) (contour map) N
Hypothesis: oftheEDmap |, _ S
o y © 2
e atomicity 100, | S
~| 80 n
60 / 1 O
o ' <
°p ©
” Electron Density J | ‘9 S
T[|Fl ] =p(r) wmp Y414 AP
map : / K+ g
x (A) = 500 i y (A) 06 10—200 30 ;o—éo
\k S N x(A) J

«r ] Consiglio Nazionale
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DIRECT METHODS IN SIR2.0

DIRECT METHODS

Highly effective for small- and medium-sized

ch

—

The D

Q Best suited for small- and medium-sized structures

Q Particularly effective for structures composed
mainly of light atoms

T[| Fhl,(ph] = p(l‘) q 0 Requires high-resolution, preferably

atomic-resolution, diffraction data

The phases 9 2d from ©
AN

the Q

>

probabilisf \ble X

8

N\ =

" Electron density ©

; o pOSIt d i (contour map) N
HyPOtheSIS' Light-atom structure High-resolution diffraction data E
e atom| - N <

n

)

<

©

S

o

Direct Methods -
From diffraction intensities to
g an ab initio structural model. ) @ Consiglio Nazionale

delle Ricerche




SDMvs MDM

SDM selects promising trials early; MDM judges any single trial after refinement

Standard Direct Methods (SDM) Modern Direct Methods (MDM) “ program-

/ C * Positive triplet and negative quartet invariants  Positive triplet and negative quartet invariants
< ’ ommon ; ; A ;

O basi estimated with the P10 formula estimated with the P10 formula’ ©
asis N
e Random starting set (random assignment of phases e Random starting set (random assignment of phases Q
to a set of strong reflections) to a set of strong reflections) =
]
. LY m
Classical tangent formula Modified tangent formula g
/\/ Phase : : : . : : : . «
o, Phases are derived from triplet relations using Phases are derived actively using ¥ and negative i
estimation the classical tangent formula. triples in the tangent formula with a modified ©
weighting scheme. o
AN
II Multisolution Explores many DM trials. Generates one DM trial at a time. 3
& FOMs DM trials are ranked according to the early figure of é
merit (eFOM). O
Q Refiarment After ranking by eFOM, the best phase set(s) are Refines every DM trial. j—é
passed to refinement. Each DM trial is directly submitted to refinement. S
5
. . . . . & E
© Stopping In both cases, the process stops when the solution is considered satisfactory: 5
criterion e Ry drops below the threshold value (small molecule case) =

e FinalFOM (fFOM) reaches the threshold value (macromolecular case)

1 Cascarano, G. L., et al. (1984). Acta Cryst. A40, 278-283. (ﬂ Consiglio Nazionale

delle Ricerche




DIRECT METHODS IN SIR2.0

[ RESEARCH PAPERS

Aia Cryst. (2009). B65, 86-95 -
hitps://doi.org/10.1107/S0108768108041827 tmp.sir - o X

Gited by

Probing the shapes of chiral bis-(o-naphthalimidobenzoyl) systems using X-ray and circular dichroism methods

U. Rychlewska, A. Plutecka, M. Hoffmann, P. K and J.

Plot @6

CD (circular dichrolsm) and X-ray investigations have been carried out in arder to identify the prevalent conformations and define the forces that determine the molecular and supramolecular organization of the alkyl-bridged bichromophoric
[NAB, ortho-{1,8-naphinalimidojbenzoy] Units, ach consisting of the benzoyl substitLted in the Ortho position with the: 1,8-naphthalimide group. The results feveal that NAB bichromophores incorporated into the same molecule exist in a variety
of conformation/helicty combinations. The molecular structures are largely stabilized by local L,3-CHICO dipole—dipole interactions, while the crystal packing besides dispersive H. . H interaciions is mostly governed by multiple C—H. . O(=C)

and C—H.. “The relatively small of . i comes from a painvise off-face stacking between naphthalimie rings or from painwise carbonyL . 1t Al these types of have
been summarized quantitatively by means of a Hirsheld surface analysis.

Final FOM vs R%

Keywords: 1,8-naphthalimides: chiral diols and amines; weak hydrogen bonds; dipole-dipole interactions: circular dichroism

}i ©
W % Q O W o Q@ N
5 o
@X o e Formula - I\
CasHzo N2 Og 1y 2 | =
>
) (o)
Space Group: P 3,21, - = D
Cell: a11.873 b 11.873 ¢ 43.046, 4 Q
U90 h902120 % _ )
¥ N
Overlay Info —
Matches
Atom  Coordinates Distance Atom x.y,z (choror_noH) .0.‘.—
01 0.2350.0580.121 0.008 O1A 0.2350.0580.121 1'5 2'0 2‘5 3'0 3'5
02 0.251-0.1990.023 0.005 04A 0.251-0.199 0.023 R%
03 0.1710.2460.118 0.004 O1 0.1710.2460.118
Info: Finished! @6

04 03570.0320.085 0.013 O2A 0.3580.032 0.085
O5  0.0290.0570.046 0.018 O3 0.0280.056 0.047 : . MDMprocetie
Solving strategy: 'small-size structure
Threshold on R%: | 25.0¢

Number of trials: 100

N1 0.1180.268 0.060 0.013 N1 0.1190.268 0.060
C1  0.286-0.2210.074 0.024 N1A 0.284-0.2210.074

06 021204830074 0024 04 021204810074 Phasing trial: 9
%: :
O7 0321-0.2370.125 0.035 O3A 0.318-0.2400.125 CurrentR %: 10.03 nt_nal9
= Best R %: 9.91 Wtrial 9

Distance limit | 0.600 |5 Select model  choror noH ~ Final R %:

9.91in trial 9

Results

(Atoms in choror: 54
Atoms in choror_noH: 54
Matches found: 54
Mean Phase Error: 5.145 using 477 reflections
<Dist>: 0.023
RMSD: 0.027

International AIC School 2026

% Close

Final R value is 9.91% in trial 9 r COhSigliO NaZiOI'Iale
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PATTERSONDECONVOLUTION SIR2.0

The Patterson approach

The moduli of the structure factors contain information on
the interatomic vectors of the crystalline compound.

deterministic approach / direct space / naturally ranked

N
3D Patterson map Patterson map

(contour map)

7 | P(u)
800
700
600 -

T[|Fy)*] =P(u)  Patterson map < &

300
200
100

International AIC School 2026 1 20-23 July 2026
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PATTERSONDECONVOLUTION SIR2.0

sl PATTERSON METHODS

Especially powerful in the presence of heavy atoms
and for macromolecules at high resolution

The mod ation on .
the bund. S
>
dete ked 5
. =
Patterson map —
(contour map)
> Heavy atoms present Patterson map: vector peaks
— reveal interatomic vectors
T[|Fh| | =P(u) § .

Q Preferred when heavy atoms are present (high contrast in Patterson map)

0 Highly effective for macromolecular structures

International AIC School 2026

0 |deal with high-resolution data (atomic or quasi-atomic, up to ~2 A)

. w,
( )
Patterson - Exploits heavy-atom signals and C Consiclio Nazional
el . . onsiglio Nazionalte
] high-resolution data for robust structure solution. | 1(' | delle Ricerche




PATTERSONDECONVOLUTION SIR2.0

Patterson deconvolution for phasing

Automated Patterson deconvolution (APD) / Superposition Minimum Function (SMF)-based approach

N e 5 N % % b Q

1. |EJ? 2. Implication 3. SMF = Superposition 4. Pivot-peak 5. Minimum 6. Initial 7. Rank / selection I~
Patterson functions on Minimum Function exploration superposition phase sets based on pFom >
synthesis Harker domains (combine independent (multi-solution function S(r) =
implication functions) strategy) g

| i 8‘

| o

| 3.
i RO
' b2y
e e

% J 7 N

1
I
I
I
I
I
I
|

v

P "

©

International AIC School 2026

Next step:
Key techniques improving Patterson-map interpretability phase extension
and refinement
e weighted interpolation of Harker sections e reduction of residual Patterson symmetry
e SNIP and CMAP map filtering e FF/PFF maps to improve map interpretability
X 7
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PATTERSONDECONVOLUTION SIR2.0

[B RESEARCH PAPERS

Acta Cryst. (2010). B66, 196-205
hitps:/idoi.org/10. 1107/50108768110004040

cited by [15]
. . I . _ + . - . 5 tmp1.sir = & ¢
1,1"-Fc(4-CgH4CO3Et); and its unusual salt derivative with Z' = 5, catena-[Na*]2[1,1'-Fc(4-CgHsC0O27)2]0.6H20 [1,1'-F¢ = (n5-(CsHg)zFe]
J.F. Gallagher®, S. Alley, M. Brosnan and A. J. Lough!
The neutial diethyl 44(femocene-L.1-diy)dbenzoate. Fe[N-(CsHa)(2-CsHsCOEY]: (1), yields (1) (following base hydrolysis) as the unusual complex salt bis[diethyl 4.4"(f 11 06 m
hydrate] or [Na“]o[Fefn®-(CsH.)-4-CsHaCO?2 2] 0.6H-0 With Z = 5. Compound (1) crystallizes in the triclinic system, space group F1. with two molecules having similar geommetry in the asymmemc unit(Z' = 2). The st complex vi
(I crystallizes in the orthorhombic system, space group Pbea, with the unit comprising 4.4 1,1- trinydrate] or [Na'],o[Fe{nP-(CsHa)-4-CsH,CO2} Plot ®

2J5:3H,0. The five independent 1,1'Fe(&-C;HiCO)']z dianions stack in an affset ladder (steppec] arrangement wih the ten benzoates mutualy orented cisoid towards and bonded to a central layer comprising the ten Na* ions and three water
molectles [1,1-F¢ = n>(CsHs).Fe]. The five dianions differ in the cisoid orientations of their pendant benzoate groups, with four having their —CeH,— groups mutually oriented at interpianar angles from 0.6 (3) 10 3.2 (3)° (as Tt . .7 stacked Cq
rings) and inte racﬂng principally with Na ions. The fifth dianion is distorted and opens up to an unprecedented —CeH,— interplanar angle of 18.6 (3)° through bending of the two 4-C5H,CO; groups and with several ionic interactions involving
the three water molecules (arranged as one-gimensional zigzag chains in the lattice). Qverall packing comprises two-Gimensional layers of Na” catians mainly by the ylate O atoms, and water chains. The
non-polar Fo(CoHz)z groups are arranged perpendicular to the layers and mutually interlock through a series of efficient C—H . .1t stacking contacts in a herringbone fashion to produce an overall segregation of polar and non-polar entities:

Final FOM vs R%
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Patterson procedure

mall-size structure
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Threshold on R%:
Number of trials:
Phased trials:
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= Current R %: .84 in trial 3
Distance limit | 0.600 || Select model | alley1 ~ Best R %: 188 trial 3
Results Final R %: 10.18in trial 3

("Atoms in alley1: 68
Atomsin alley1_noH: 66
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Mean Phase Error: 8.981 using 942 reflections
<Dist>: 0.014
RMSD: 0.808
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Refinement of the structure of pseudoazurin from Alcaligenes faecalis S-6 at 1.55 A

CABcycle#2: Rf=0.2991
Adding Heavy atoms

Final Refmac refinement
Final result: Rf=0.2541

19659 input Fobs reflections

19659 independent input reflections
31 31 62 maximum h,k,1 values
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8.97 - 1.55 resolution range (Angstrom)

1.56 effective resolution (Angstrom)
1.00 generated resolution (Angstrom)
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49852 reflections (not in input data) have been added -
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by iteratively modifying electron-density maps.

f \ DSR aims to improve an initial set of phases
N,

Two complementary strategies are used:

( )

standard EDM, which applies real-space constraints
to the observed electron density map;

<

VLD, which exploits difference-density information

to recover missing features and
correct model errors.

\ 5

@/ Together, these procedures refine the map and provide

improved phases for subsequent model building or refinement. @ Consiglio Nazionale

delle Ricerche
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DSR: EDM map modification

" ) b A b
Starting Electron-density EDM step Updated 8
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iterate N
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\Q 8 / remove low density ¢ / invert selected density ; / enhance contrast ‘\‘\/’ flatten solvent region | match density statistics .§
- N = = N <
5
=

[ @ Output: cleaner map and improved phases ]
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DSR: VLD map modification

"4l kS ( o L B

i Diff Updated
@ Partial model e *a : EEESAN o VLD step |, Shates
Pp . Fp, ®p Ap=p-pp modify Ap Brew

L5 S N J \e "

L )

iterate
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Key ideas

Positive A peaks Negative A peaks * Difference syntheses Role
missing atoms / wrong or lllll E=Fp.mFE=Fp, complements

density to add misplaced atoms mF-DFp, Fq standard EDM
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{ @ Output: improved map and refined phase information J

«r ] Consiglio Nazionale
* Burla et al., Acta Cryst. A66 (2010), 347i 361;Burla et al., J. Appl. Cryst. 45 (2012), 1287i 1294. delle Ricerche
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