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Talk outlines

* Main format files for protein crystallography software
» Reflection data format (MTZ)
» Structural data format (PDB and PDBx/mmCIF)
» Restrain file (CIF)
» Primary sequence format (fasta)

e Collaborative Computational Project No.4
» CCP4 important tools
» Structural solution by Phaser
» Structural refinement by Refmac

* PHENIX
» Structural solution (PHASER-MR)
» Structural solution (MRage/MR-Rosetta)
» Model improvement by Autobuild
» Structural refinement by Refine




From lab to publishable structure

Protein crystallization

| ‘F/
Protein production J
cloning, transformation/transfection,
expression, purification, quality
control Crystal shipment

X-ray diffraction data collection
Validation and
Diffraction data deposition
Model
improvement

Phasing

Data ARP/WARP
reduction Autobuild
Refmac
Refine

Molprobity
PDB_REDO

XDS
DIALS
HKL-2000
Mosflm

Booster




The MTZ file: where it all begins

MTZ file hierarchy

m Crystal Dataset Datalist

Software for mtz file handling and dump
* mtzdmp (dump)
» sftools (manipulation)

* freerflag (reflection tagging for Ry..)

Readable by mtzdmp * mtz2various (file conversion)
(it is a binary file)

Main file format for
diffraction data storage

MTZ Data and

format file metadata




MTZ file contains

H

—

-<UJJ>§'UH'II-§QUCD'”7<

data (table of reflections)
metadata (cell dim, wavelength, symmetry info...)

Column Description
types

index h,k,|

intensity

intensity associated with one member of an hkl -h-k-I pair, I(+) or I(-)

structure amplitude

structure amplitude associated with one member of an hkl -h-k-I pair, F(+) or F(-)

anomalous difference

standard deviation of J,F,.D

standard deviation of a column of type K

standard deviation of a column of type G

structure amplitude divided by symmetry factor (“epsilon”)
phase angle in degrees

weight (of some sort)

phase probability coeffcients (Hendrickson/Lattman)
BATCH number

M/ISYM, packed partial/reject flag and symmetry number

H, K, L

M/ISYM

BATCH

I/SIGI
FRACTIONCALC
IMEAN/SIGIMEAN
FP/SIGFP

FC
FPH<n>/SIGFPH
DP/SIGDP
DPH<n>/SIGDPH

PHIC

PHIB

FOM

WT
HLA,HLB,HLC,HLD
FREE

Miller indices

Partiality flag

Batch number

Intensity/sigma(l)

Calculated partial fraction of spot

Mean intensity/sigma(IMEAN)

Native F value/sigma(FP)

Calculated F

F value for derivative <n>/<n>sigma(F<n>)
Anomalous difference for native data/sigma(DP)

Anomalous difference for derivative
<n>/<n>sigma(DEL<n>)

Calculated Phase

Phase from experimental phasing
Figure of merit

Weight

Hendrickson-Lattman (HL) coeffcients

Free R-flag



Structural format - PDB

Protein Data Bank format is the main file format for structural data storing

Title section

Primary
sequence
section

HEADER

OXIDOREDUCTASE 09-FEB-11 3QNS

COMPND MOL_ID: 1;

COMPND 2 MOLECULE: DYP PEROXIDASE;
COMPND 3 CHAIN: A;

COMPND 4 ENGINEERED: YES

REMARK
REMARK
REMARK
REMARK
REMARK
REMARK

SEQRES
SEQRES
SEQRES
SEQRES
SEQRES

DATA USED IN REFINEMENT.

RESOLUTION RANGE HIGH (ANGSTROMS) : 1.40
RESOLUTION RANGE LOW (ANGSTROMS) : 33.93
DATA CUTOFF (SIGMA(F)) : 0.000
COMPLETENESS FOR RANGE (%) : 98.9
NUMBER OF REFLECTIONS : 108165

w wwwww

1A 353 GLY SER HIS MET PRO GLY PRO VAL ALA ARG LEU ALA PRO
2 A 353 GLN ALA VAL LEU THR PRO PRO SER ALA ALA SER LEU PHE
3 A 353 LEU VAL LEU VAL ALA GLY ASP SER ASP ASP ASP ARG ALA
4 A 353 THR VAL CYS ASP VAL ILE SER GLY ILE ASP GLY PRO LEU
5A 353 LYSALA VAL GLY PHE ARG GLU LEU ALA GLY SER LEU SER

Linkage
section

Crystallographic
transformation
section

Coordinate
section

-
\
PROTEIN D\l B\\l\
LINK NE2 HIS A 226 FE HEM A351 1555 1555 2.02
LINK FE HEM A 351 O HOHAS507 1555 1555 2.12
SSBOND 1 CYS A2 CYSB2 1555 1555 2.02

CRYST1 127.699 127.699 178.242 90.00 90.00 120.00 H 3 2 18

ORIGX1 1.000000 0.000000 0.000000 0.00000
ORIGX2  0.000000 1.000000 0.000000 0.00000
ORIGX3  0.000000 0.000000 1.000000 0.00000
SCALE1 0.007831 0.004521 0.000000 0.00000
SCALE2 0.000000 0.009042 0.000000 0.00000
SCALE3  0.000000 0.000000 0.005610 0.00000
ATOM 1 N VALA 5 -61.802 33.704-10.209 1.00 34.05
ANISOU 1 N VALA 5 3920 4291 4724 -139 38 -203
ATOM 2 CAVALA 5 -60.768 32.718 -10.663 1.00 33.25
ANISOU 2 CAVALA 5 3772 4213 4647 -204 -8 -215
ATOM 3 C VALA 5 -59.359 33.309-10.505 1.0031.78
ANISOU 3 C VALA 5 3659 3989 4426 -224 27 -161

N0 zZ22



Structural format - PDB

Protein Data Bank format is the main file format for structural data storing

ORIGXn represents the transformation matrix to get
the submitted coordinates from the orthogonal

coordinates

Xsub =011X+012Y +013Z + OT1
Ysub = 021X+ 022Y + 023Z + OT2
Zsub = 031X + 032Y + 033Z + OT3

CRYST1 127.699 127.699 178.242 90.00 90.00 120.00H 3 2

1 ORIGX1
Crystallographic ey

transformation  oricx3
. SCALE1
section SCALED

SCALE3

SCALEnN represents the transformation matrix to get

LB

PROTEIN DATA

1.000000 0.000000 0.000000
0.000000 1.000000 0.000000
0.000000 0.000000 1.000000
0.007831 0.004521 0.000000
0.000000 0.009042 0.000000
0.000000 0.000000 0.005610

0.00000
0.00000
0.00000
0.00000
0.00000
0.00000

the fractional coordinates from the orthogonal

coordinates

Xfra =S11X+S12Y +S513Z + ST1
Yfra = S21X + S22Y + S23Z + ST2
Zfra =S31X +S32Y + S33Z + ST3

BANK

18



Structural format - PDB

1 2 4 5 6 8
Coordinate 12345678901234567890123456789012345678901234567890123456789012345678901234567890
ATOM 1 N VALA 5 -61.802 33.704 -10.209 1.00 34.05 N
section
ATOM 2 CA VALA 5 -60.768 32.718 -10.663 1.00 33.25 C
ATOM 3 C VALA 5 -59.359 33.309 -10.505 1.00 31.78 C
COLUMNS DATA TYPE FIELD DEFINITION COLUMNS DATA TYPE FIELD DEFINITION
1-6 Record name "ATOM , _ 1-6 Record name "ANISOU"
7-11 Integer serial Atom serial number. . .
7-11 Integer serial Atom serial number.
13-16 Atom name Atom name.
L 13-16 Atom name Atom name.
17 Character altLoc Alternate location indicator. L.
} ) 17 Character altLoc Alternate location indicator
18 -20 Residue name resName Residue name. . i
) o . 18 - 20 Residue name resName Residue name.
22 Character chainlD Chain identifier. . . .
: 22 Character chainID Chain identifier.
23-26 Integer resSeq Residue sequence number. .
. . . . 23-26 Integer resSeq Residue sequence number.
27 AChar iCode Code for insertion of residues. . .
) : 27 AChar iCode Insertion code.
31-38 Real(8.3) X Orthogonal coordinates for X in Angstroms.
. . 29-35 Integer u[0][0] u(1,1)
39-46 Real(8.3) y Orthogonal coordinates for Y in Angstroms.
. . 36-42 Integer u[1][1] u(2,2)
47 - 54 Real(8.3) z Orthogonal coordinates for Z in Angstroms.
43 -49 Integer ul2][2] U(3,3)
55-60 Real(6.2) occupancy Occupancy.
50-56 Integer u[0][1] u(1,2)
61-66 Real(6.2) tempFactor Temperature factor.
. . s 57 -63 Integer u[0][2] u(1,3)
77 -78 LString(2) element Element symbol, right-justified.
79 -80 LString(2) charge Charge on the atom 64-70 Integer ul1li2} u(2,3)
& g g ’ 77 -78 LString(2) element Element symbol, right-justified.
79 - 80 LString(2) charge Charge on the atom.

-
e
et

PROTEIN DATA BANK




PDB format is not suitable for large

Towards PDBx/mmCIF

macromolecular complexes

Atom number field < 5 characters

(ONLY model < 99.999 atoms)

Polypeptide chains field =1 character

(ONLY models < 62 chains)

Moreover, PDB doesn't know
what a "Chemical Bond" is
(interpretation by molecular
graphic programs)

PDBx/mmCIF
MacroMolecular Crystallographic Info format
born in 1997 as a derivative format of the CIF file

+He
QUG

This format overcomes
limitations of the legacy PDB file

format and supports:

* Large structures
Large » Complex chemistry
is better * Hybrid experimental methods



PDBx/mmCIF token

loop

_atom site.
.1d
_atom site.
_atom site.
_atom site.
_atom site.
_atom site.
_atom site.
.label seq id

.pdbx PDB ins code

_atom_site

_CATEGORY.ATTRIBUTE

_atom_site
_atom_site
_atom_site
_atom_site
_atom_site
_atom_site

_atom site.
.pdbx formal charge
.auth seq id
.auth comp id
.auth asym id
.auth atom id
.pdbx PDB model num

_atom_site
_atom_site
_atom_site
_atom_site
_atom_site
_atom_site

PDBx/mmCIF also includes
restrain information for ligand
by _chem_comp category

ATOM 1
ATOM 2
ATOM 3

PDBx/mmCIF data are arranged in

group PDB

Tabular style
type symbol

label atom id
label alt id
label comp id
label asym id
label entity id Key value style

_cell.entry id pdb 00004hhb

.Cartn_x _cell.length a 63.150
.Cartn_y _cell.length b 83.590
.Cartn:z _cell.length c 53.800
.occupancy

B iso_or equiv

N N . VAL A 1 1 ? 6.204 16.869 4.854 1.00 49.05 2 1 VAL A N
C CA . VALAI1lI1 ? 6.913 17.759 4.607 1.00 43.14 2 1 VAL A CA
c € . VAL A 11 ? 8.504 17.378 4.797 1.00 24.80 2 1 VAL A C

PDBx/mmCIF

1
1
1



CIF restrain file
00

Peaks of electron density are not well
separated in the case of high B values and/or
low data resolution.

Restraints retain chemistry of molecule,
enabling optimal description of the electron
density.

If restraints are not used, molecule will show
unreasonable geometry

-10 -3 0 3 10 15

Atom Distance
Moreover, restrains allow to reduce the number
——atoml ------ atom2 ——resulting electron density

of parameters respect to the observations



CIF file generation

Draw your molecules (pdb, smiles, mol) 2)Restrain file generation
Q ﬁ --- LIST OF MONOMERS ---

Edit View Insert Atom Bond Structure Calculations Services Help # .
e ® MC XDEB & & QR |- @ oOR ;:ata_comp_'l.lst

loop_
chem comp.id

2D I I _chem_comp.three_letter_ code
mO eCU e _chem_comp.name
~chem_comp.group
CHz _chem_comp.number_atoms_all
T 0] _chem_comp.number_atoms_nh
y H2 ~chem _comp.desc level
I C 9JU 9JU FMIXYCCDMAGPLE-AFJPGINASA-N . 66 31
= NG data_comp_9JU
0 (0] HN CH CH2 loop_
" ~chem comp atom.comp id
[1- | | | _chem_comp_atom.atom_id
B - _chem_comp_atom.type symbol
/CH\ HZC\ /CH2 _chem_comp_atom.type_energy
W HO CH CH, C ~chem comp atom.partial charge
- H _chem_comp_atom.x
| | 2 _chem_comp_atom.y
~chem _comp atom.z
HZC\ /CH\ 9JU 0l 00 0.000 -0.544 1.676 -2.552
CH PH, 2 R I . . 9JuC9 CcC 0.000 B.675 1.771 -2.411
9JU N2 N NH1 ©0.000 1.566 ©0.987 -3.030
| ) egu arlzatlon 9JU H14 H HNH1 0.000 2.546 1.143 -2.819
CH 9JU Cle C CT ©0.000 1.286 -0.091 -3.995
3 9JU C19 C CH2 0©0.000 0.558 ©.465 -5.225
9JU H28 H HCH2 0.000 -0.392 0.928 -4.963
9JU H29 H HCH2 0.000 1.135 1.263 -5.689
9JU C14 C CH1 ©0.000 0.302 -0.664 -6.233
9JU H20 H HCH1 0.000 -0.214 -0.257 -7.101
9JU C13 C CH2 0.000 -0.559 -1.742 -5.580
9JU H19 H HCH2 0.000 -1.531 -1.340 -5.208
9JU H18 H HCH2 0.000 -0.784 -2.535 -6.293 3) Restrain CheCk

PDB, CCDS, Int. Table of
Crystallography C

3D geometrical-optimized molecule



O OO Q PEPTIDE O 0O

BONDS

Sequence file format A

O RMINO
RCIDS

>MCHU - Calmodulin - Human, rabbit, bovine, rat, and chicken
Format Extension Phenix MADQLTEEQIAEFKEAFSLFDKDGDGTITTKELGTVMRSLGQ

faa, .fa.
FASTA ’ | P1: brotei
fasta : protein sequence
>P1:CRAB ANAPL F1: Protein fragment
NBRF/PIR oir ‘ L, ALPHA CRYSTALLIN B CHAIN (ALPHA(B)-CRYSTALLIN). DL: Linear DNA seqence
MADQLTEEQIAEFKEAFSLFDKDGDGTITTKELGTVMRSLGQ ~ DC: Circular DNA sequence
RL: Linear RNA sequence
SEQ .seq, .txt @ @ \\ RC: Circular RNA sequence

MADQLTEEQIAEFKEAFSLFDKDGDGTITTKELGTVMRSLGQ



The job of a Crystallographer

Diffraction experiment
(experiment space)

Data processing
(reciprocal space)

Miller index h,k,l
Structure factor |F,|?, o(|F,l?)

Phase Py

Position on the image X,y FT

Amplitute Ly

Data processing, model building
(direct space)



From handcrafted electron density models to Al

1940 2026

Al exploited for crystal formation monitoring, model
preparation, diffraction pattern evaluation, DL for phase
problem...

Dorothy Hodgkin's innovative three-dimensional electron
density model of penicillin



Crystallographic expertise remains essential

The case of Set7, the HMTase methylating
the lysine 37 on H3 histone (H3K37)

Exploit the 3KMA search model in
its dimer form ...

S.G.: P 6.22
Unitcell: a=b=66.18 A, c = 257.70 A ‘ "‘r"‘ . ut cund
Resolution: 1.999 A Unique MR solution was foun

MR search model: 3KMA (23% sequence homology)

90° Solution procedure:

1. Phase refinement procedure by REVAN in
SIR2014 (EDM, VLD, and REFMAC)

2. Polyalanine remodeling executed via COOT

3. FREE LUNCH procedure (FL)

4. Medel rebuild by BUCCANEER

Chain A Chain B Structure, 2019, 27(4), 631



25T
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.......................................................................................

Collaborative Computational Project n.4 or,
easily ... CCP4

CCP4 suite: compressed size (GB, compressed) versus releases in time

= CCP4 aims:

* Facilitate the collaboration of MX software
developers

e Distributing MX software

* Promote MX teaching
CCP4 Study Weekend, online and in-person workshops

* Promote and support crystallographic

community
CCP4 bulletin board

USB memory stick storage capacity (2006)

CD-ROM slorage capacity (2002)

---------------------------------------------------------------------

42 5.0 6.0 6.1 6.2 6.3 64 6.5 7.0 71 80
2002 2003 2006 2007 20Mm 2012 2013 2014 2016 2020 2022

00P4




CCP4: past and present

CCP4i CCP4i2

Tel/Tk ar/eyside 4N CCP4 cloud
(P4 12’ v\

L Pk b B0 v e ey e L Femprnd HALL ece Qccpﬂua?apm Vewe demo_doc

uz = Test for AICS2026
| Ty Praes]  Hele
- Task menu Expanpfqecl Hun Run on server  Clone job Hsh B|b||agvaphy Export MTZ Shnwloghle
------ L T e T T o PR A P

LR b Okl ' 1 erw oy e Fne omysmgﬁﬁm lty ofﬂ‘fl I’@ﬁwa‘ﬁd 4®'b§r + " bbtanlol93Tes]

crysthl contents, alignments or coordinates

e iy by = ] © JobiFile g 3 _ __ _ sEvaluaion | Task List
o - r ——— *““Automatic popt{xﬁf-rdn@ﬁwnputs outputs from previous jobs

rimental phasiny Suggested tasks ~ Alltasks AZ
Trapie.n roes ol Smpei I

——— Split of large I\/F'Egz;ﬂggnmto important column sets defining panstwwlar data types

E L | = Model building and Graphics
fare o Pl A R P PR Y B e Taw I

e il , « Programs are inearporated into tasks E

Workflows for starting a Project
Refine (Refmac5) with optional restraints (Prosmart)
[T Y =T - f ) L Y
R T T e I

,m Molecular Qe;ln:en-n‘ with MiBump or MoRDa
| | == ] * Improved repor@aﬁm@t&%ﬁmen |nd|V|duaI programs. .

8 “ Molecuiar 3e;lns>'ln=rr with J[n,Foid Mode!
Ry e T — Subtract a defied fraction of an atom map from an input map b.
Reads a set of map map, ai

a and m
it by subtracting some fraction 0F.the FC map corresponding to a set of

coordinates that have been provided. The output is a set of modified may

8 sm pre'H@ ular Replacement w\‘r)sam Mode!
coefficients

Dimgle }/anavR placement
Low Resolution Rannsmenl Plpsllns (LORESTR)
Low

2
Pipeiine (LORESTR) a
Rigid bady refinement - PHASER A2

i~ Define rigid bodies for refinement (Phaser), fiil partial residues (Cool) anc
®Y  refine (Refmac) n

|rs||fsuf

Automated Expenmental Pulrg with Crank-2

Workflows for using within a Project
» «. Ligands ﬂ 8
» £ Validation and analysis

+ . Export and Deposition 8
» 5" Reflection data tools

» ¥} Coordinate data tools

New job Cancel

Help  Cose



CCP4: from diffraction experiment to str

AUSPEX (Acta Cryst. D73, 2017, 729) Data pathology detection

POINTLESS (Acta Cryst. D62, 2006, 72) S.G determination

AIMLESS (Acta Cryst. D62, 2006, 72) scale and merge

CTRUNCATE (Acta Cryst. D62, 2006, 867) Intensity to structure factor module conversion

DIALS (Acta Cryst. D69, 2013, 1260) in xia2 and xia2.multiplex pipeline. Also for SX, X-FEL, electron diffraction

MOSFLM

MOLREP (Acta Cryst. D66, 2010, 22)
PHASER (J. App. Cryst, 2007, 40, 658)
AMoRe (Acta Cryst. D64, 2008, 11)
MrBUMP (Acta Cryst. D63, 2007, 447)
SIMBAD (Acta Cryst. D76, 2020, 1)
BALBES (Acta Cryst. D64, 2008, 25)
DIMPLE (Acta Cryst. D69, 2013, S299

ARP/WARP (Nat. Struct. Biol., 1999, 6, 458)
Buccaneer (Acta Cryst. D62, 2006, 1002)

Refmac (Acta Cryst. D67, 2011, 355)

ucture

H | K | L [Intensity| o(Intensity)
0[1]1 450 3
11212 200 50
20(35( 40 546 24




AMoRe approach

MR idea = o+

Trasformation function

AMOoRe steps
1. Model is included in a large P1 unit cell




AMoRe approach (divide and conquer)

. O’ —_
MR idea = o+ > mi [n Ll Gll ll I)]
Transformation function

Structure factors are used to caculate Patterson
7

— ||2—2(++)

AMOoRe steps
1. Model is included in a large P1 unit cell . ﬂ
2. Structure factors are calculated
3. The best rotation function (RF(R)) is determined ()= ( )
4. The best translation function (TF(T)) is determined
5. Rigid-body refinement ﬂ
T ()= ( (.))



AMOoRe step-by-step

Wilson plot

' Truncate - Convert Intensities to SFs > ) X
Help

Job title |

Input data are intensities from Scala _-|

_1 Use old Truncate program

_1 Ensure unique data & add FreeR column for |0.05 fraction of data.

MTZ in AICS2026 — | Browse | ‘iew |

MTZ out AICS2026 — || Browse | ‘iew |

Identifier to append to column labels l—

Clrunicate oplions =

Output MTZ Labels = W

Run _.| Save or Restore —-| Close |

Cell Content Analysis

Matthews - Cell Content Analysis

ORONS

Reset Run Now Close

| Help
Job title | A
Calculate Matthews coefficient for protein only =
W Read crystal parameters from MTZ file
MTZ file AICS2026 — | Browse | View
Space group ,7
Cella| b c| alpha | beta| gamma|
_I High resolution Iimitl—
Use molecular weight entered in Daltons - |
Molecular weight of protein or nucleic acid |0
Solvent conlent analysis
A
7=

amore HKLIN ../../indexing/data_uniquel.mtz HKLPCKO data_uniquel.hkl << eof > 0_preparation.amore
SORTFUN RESOL 30.0 3.5

LABI FP=FP SIGFP=SIGFP

eof

amore XYZIN1 ../../models/1LYZ_mod.pdb XYZOUT1 searchrot.pdb TABLE1 search.tab << eof >1_pdb_hackout.amore
VERBOSE

TABFUN

CRYSTAL 75.9700 75.9700 34.8700 90.0000 90.0000 90.0000 ORTH1

MODEL 1 BTARGET 60 #BREPLACE 0 BADD O

SAMPLE 1 RESO 3.5 SHANN 2.5 SCALE 4.0

eof

amore TABLE1 search.tab HKLPCK1 search.hkl hklpckO data_uniquel.hkl CLMN1 search.clmn CLMNO data_uniquel.cimn
MAPOUT amore_cross.map << eof > 2_Rotation.amore

ROTFUN

VERBOSE

TITLE : Generate HKLPCK1 from MODEL 1

GENERATE 1 RESO 30.03.0 CELL_MODEL 90 90 90

CLMN CRYSTAL ORTH 1 FLIM 0.EO 1.E8 SHARP 0.0 RESO 10.0 3.5 SPHERE 18

CLMN MODEL 1 FLIM 0.EO 1.E8 RESO 10.0 3.5 SPHERE 18

ROTA CROSS MODEL 1 BESLIMI 6 120 STEP 2.5 PKLIM 0.5 NPIC 100 BMAX 90

eof

amore TABLE1 search.tab HKLPCKO data_uniquel.hkl MAPOUT amore_transjunkl.map << eof > 3_translation.amore
TRAFUN CB NMOL 1 RESO 6 3.0 PKLIM 0.5 NPIC 10

SYMM P43212

VERBOSE

CRYSTAL ORTH 1 FLIMI0.EQ 1.E8 SHARP 0.0

@2_Rotation.solution

eof

amore TABLE1 search.tab HKLPCKO data_uniquel.hkl MAPOUP junk.map << eof > 4 _rigid_body.amore
FITFUN NMOL 1 RESO 50 2.8 ITER 100

SYMM P43212

VERBOSE

CRYSTAL ORTH 1 FLIMI 0.EO0 1.E8 SHARP 0.0

REFSOL AL BE GA X Y Z BF

@3_translation.solution

eof

pdbset xyzin searchrot.pdb xyzout soll.pdb <<eof

CELL 75.9700 75.9700 34.8700 90.0000 90.0000 90.0000
spacegroup 'P 4321 2"

rotat euler 18.72 60.34 325.51

shift fractional 0.0270-0.2498 0.0711

chain A

end

eof



MOLREP approach

MOLREP steps MOLREP is a more sophisticated and more versatile version of AMoRe
1. Model preparation AMORE VIOLREP
2. Rotation search °
3. Translation search Rotation spherical harmonic + FFT More real-space correlation driven
4. Packing check Function Parameter sensitive Less parameter sensitive
5. Rigid body refinement
Translation FFT phased translation functions
Function Dependency to tabulation (TABFUN) Adaptive scoring
AMORE MOLREP
O/-t Very fast method Very automatic method
Parameter tuning Robust by using real data

Sensitive to model quality Less required parameter tuning




MOLREP

Search model preparation step and packing function

ECIEESORSEE

Alignment of search and target models (higher weights for buried residues)
Search model residues in the target gaps are removed

Atoms of search model that have no counterpart in the target are removed
Electron density smearing according to the surface accessibility S (ADP=15A2+V/*S)
Residue renumbering

Weighing of X-ray data according to sequence homology and Rg

Combined Translation Function (CTF(r))

PF(r) packing function _
0 overlapped molecules ( ) ( ) ( )
1 no clashes



MOLREP step-by-step

MOLREP function

Rotation search step output

4 Molrep EEE
| Help
Jak it === Peaks of Rotation Function ===
o [ e “epmemem> | theta  phi chi |RE/sigma |
Use et . - - }
Data ( th) <:wm“ /hamesbhdanlioSoarlcatlAIC52026/Software_Packages_for_B E@> 1 1.82 30.83 173.20 5.64
2 1.97 12.87 172.79 5.57
F SlaF ER SIaFR 3 177.36 -142.10 97.21 5.27
M Od el (pd b) {[ madel Full path.. momembdanlmcarlcawmcszoaexwﬂwarew View > 4 178.09 -154.73 96.96 4.98
bl ) > L] 178.97 -1632.73 96.597 4.84
w /hame/bhdanlio/ScarlcatlVAICS2026/Soltware_Packages_for_ B~ Browse Wiew 5 137.84 145. 60 119.17 3.13
PP Browse | View | 7 137.37 146.35 118.44 3.12
8 8T.16 185.10 62.83 3.01
Sequence Automatic output fllename 9 140.66 -135.42 172.57 2.97
Solutlon  Full path.. phyistrutiura_ ploilysozymeiphasing/MOLRER/mod_mol | Browse | iew | 16 B.dy P48 3.5 8.0
(fasta) 11 16.0% 89.75 98.89 2.90
Search Options | 12 16.13 86.34 98 .84 2.886
Number of coples to find 13 69.26 20.85 91.486 2.82
Number of RF peaks to us®in TF 14 46.73 77.48 53.07 2.71
~ 15 41 .86 32.04 157.27 2.70
Molecule to P~ BEE CObEs | Sk 16 75.16 118.06 54.48 \ 2.67 |)
Lacked Rotatlon Functlon: Do Mot Use
Sea rCh Dlameter of search model
Pseudo-Translatlon: Auto
Experimental Data |
Chanae default behaviour for
High resolutlon cut-off .
Down-welghting high resalution data Matchi ng of observed and
Down-wre g hitlng lowr resolutlon data
- calculated Patterson map
Mode! =
Infrequently used options =
Run = | Save or Restore = | Clase

molrep -f data_uniquel.mtz -m 1LYZ_mod.pdb -s 6W8E.fasta -po out



MOLREP step-by-step

TransMbnimhM’ gftnement step output

——= Summarw
+_ - —
| RE TF theta phi chi
.!._ - —
=== Pmaks of Reotation Function ——-— :g
theta phi chi |RE/zigma | _1"
1 1.82 30.83 173.20 5.64 &
2 1.97 12.87 172.79 5.57 2
3 177.36 -142.10 57.21 5.27 4
4 178.09 -154.73 96.96 4.98 7
5 178.97 -163.73 96.57 4.84 &
[ 137.84 145.80 119.17 3.13 4
7 137.37 146.35 118.44 3.12 5
8 87.16 185.10 6Z.83 3.01 3
9 140.68 -135.42 172.57 2.97 7
10 95.27 108.48 64.55 2.95 ||°
11 16.09 89.75 98.89 2.90 7
12 16.13 B6.34 98.84 2.88 7
13 69.26 90.85 91.48 2.82 2]
14 46.75 77.48 93.07 2.71 8
15 41 .88 32.04 157.27 2.70 —
16 75.16 115.086 54.48 \ 2.87
carrF = 0.5539
TF /=iy = 9.26
Final €C = 0.5539
Packing Coaf = 1.0000
Contrast = 17.88
After stick correction:
Matchingitohserred and
calculst€d Patterson map” "~
Hmon RE  TF thata phi chi tx ty tz TF/sg wRfac Score
1 1 1 177.56 -104.17 96.86 0.248 0.029 -0.181 9.26 0.507 0.554



Phaser approach

Maximum likelihood-based strategy

AMOoRE and MolRep are based on the idea that
rotations and translations can lead to F . =F .

This situation very rarely occurs due to
experimental errors, incorrect models, and
other factors.

A better approach is based on bringing F_,,.
close to F,, rather than requiring them to be
exactly equal.

<

Low sensibility to sequence
homology and experimental errors

(]
C | e (=

=D +
= +

2

Find the model parameters that maximize (

g is the error mainly related to the model N(0,02))
vy is the error mainly related to the model yN(0,0:2))

|
T
—

(1 e % )

The integral allows to elide

)

) (

)

From Model
From o, (Acta Cryst. D73, 2017, 729)

From measurements

Measurements errors

contribution



Maximum likelihood: an example

Model A: explains the data well but ignores the uncertainty
Model B: explains the data a little less “perfectly”, but is consistent with experimental errors

Maximum likelihood strategy could prefer B

It is not enough to properly fit the data (AMoRE and MOLREP),
you have to be compatible with the real quality of the data

Real c_ase data are featured by Therefore, it doesn't make
[ .
noise sense to claim
* measurement errors F =F
calc =~ ' obs

* |imited resolution



Data input file

X [0 Phaser-MR (Project: AIC52026)
File Actions Settings Utilities Help

A ? e (X h::.‘ l‘ # & a /,,;;,

Preferences  Help Run Abort Xtriage  Ensembler Sculptor Simple GUI  MRage

Configure phaser_1

Search models

1]
al
x|

X [0/ Phaser-MR (Project: AIC52026)

File Actions Settings Utilities Help

A ? ST B ™ B e & & =

Preferences  Help Run Abort Save Xtriage  Ensembler Sculptor Simple GUI  MRage

Input and general options = Models = ASU contents | Search procedure ‘

Title :

Phaser mode: Automated molecular replacement ¥ | Output... | Other seningsl

Input files
DRCIEs |Ihome/bbdaniIo/Scaricau/Software,Packages,for,B Browse... | A
Unitcell: 75 57 75.97 34.57 90 90 90

Space group : Pa3212 ¥ Data labels : LSIGI -
High resolution : High resolution limit for refinement :

Use partial solution from previous job: - v|® j

Number of parallel threads: |7 El

Output
Output directory : |/home/bbdanilo/Scaricati/Software_Packages_for B Browse... [ ‘A

All output files will be placed in subdirectories named phaser_XX

© 1dle Project: AICS2026

ASU content

conﬂgure\ phaser_1 4 bx

Input and general options | Models | ASU contents | Search procedure L

Model 1 i

Model ID : [J Disable similarity check [J Coordinates match solution and won't be MR searche

Multi-model are not recc ded for AlphaFold models.
Expected model quality is expressed either as RMSD or sequence identity, set through 'Change
error'. Appropriate REMARK records in the file can be used automatically instead.

Add file | Remove ﬁ|e| Change ermr[ O Preserve heteroatoms (ligands)

X [0 Phaser-MR (Project: AIC52026)
File Actions Settings Utilities Help

?2 L 0 W H OoE & ¥ 2

Preferences  Help Run Abort save Xtriage  Ensembler Sculptor Simple GUI  MRage

Configure | phaser_1

Input and general options | Models - ASU contents | Search procedure |

The asymmetric unit (ASU) contents specifies the actual contents of the crystal in terms of
scattering mass, independent of the atomic coordinates or search parameters. This is important for
the likelihood calculations used by Phaser. All methods of defining the ASU contents are equivalent,
but it is important to estimate this as accurately as possible. Over- or under-estimation of the ASU
contents may result in incorrect solutions or misleading LLG scores.

Macromolecule (1)

A sequence or sequence file is strongly recommended, but you may alternatively supply the
number of residues or molecular weight.

Chain type: protein ¥ Number of copies : ll— ﬂ

Specify the ASU contents as : Sequence file = |

Sequencefile: |lhome/bbdan|lolScaricati/Software,Packages_for_B Brows: 2

Add macromolecule(s)| Add heavy atom(s)

© 1dle Project: AICS2026

< | i}
Add PDB model| Add map modell
® 1dle Project: AICS2026
MR search strategy
"X [ 0] Phaser-MR (Project: AICS2026) - _lalx

File Actions Settings Utilities Help

?2 v Q@ & W o & F oz .

Preferences  Help Run Abort save Xtriage  Ensembler Sculptor Simple GUI  MRage

Configure | phaser_1 4%

Inputand general options | Models | ASU contents | Search procedure’ AEh

Protocol
Strategy :
Search | Copies to search for | Specify the different components for which you want
2 to search. If more than one ensemble is listed for a
& m—lAdd Search component Phaser will try them all as alternative
< component 1 _, 1 & models for that component.

b @ mon Delete...

[ Determine search order automatically

Search options
Also try alternative space group(s) :

Enantiomeric spacegroup only |'¥ More...

© 1dle Project: AICS2026

Phaser
step-by-step

Options:

* All possible in the same point group
* Enantiomeric space group

e Listed space group only

* No alternative

Data reduction may have been done in the
wrong space group

v’ Systematic absences issues
v" Chiral Model/space group
incompatibility



Data input file

X [©] Phaser-MR (Project: AICS2026)

-(0]%
Eile Actions Settings Utilities Help
9 = ' s wh
A 2?2 O O w HB ¥ x ¥F 5 .
Preferences  Help Run Abort Save Xtriage  Ensembler Sculptor Simple GUI  MRage
Conﬁguu‘ phaser_1 4%

Input and general options = Models = ASU contents ‘ Search procedure ‘

b CHll[Lysozyme]

Phaser mode: Automated molecular replacement ¥ | Output... | Other seningsl

Input files
Data file:

I/homelbbdaniIo/Scari:ati/Software_Packages,for_B Browse... [ A

Unitcell: 75 57 75.97 34.57 90 90 90

Space group : Pa3212 ¥ Data labels : 1SIGI =
High resolution : High resolution limit for refinement :

Use partial solution from previous job: - v|® ﬂ

Number of parallel threads: |7 El

Output
Output directory : |/home/bbdanilo/Scaricati/Software_Packages_for_B Browse... =y

All output files will be placed in subdirectories named phaser_XX

© 1dle Project: AICS2026

ASU content

X [©] Phaser-MR (Project: AICS2026)
Eile Actions Settings Utilities Help

? Q9 W Wl o s & Y

Search models

| X @] Phaser-MR (Project: AICS2026)
File Actions Settings Utilities Help

A 7?7 © O Wb W ¥ & F 2.

Preferences  Help Run Abort Save Xtriage  Ensembler Sculptor Simple GUI  MRage
conﬂgure;‘ phaser 1| A
Input and general options | Models | ASU contents | Search procedure GlK
Model 1 i

Model ID : [ Disable similarity check [J Coordinates match solution and won't be MR searches

Multi-model are not rec for AlphaFold models.
Expected model quality is expressed either as RMSD or sequence identity, set through 'Change
error'. Appropriate REMARK records in the file can be used automatically instead.

PDB file name

Add file | Remove ﬁlel Change errorl O Preserve heteroatoms (ligands)

1 | i

Add PDB model| Add map mudell
® 1die

Project: AICS2026

preferences  Help Run Abort save Xtriage  Ensembler Sculptor Simple GUI  MRage
Configure | phaser_1 S
Input and general options | Models - ASU contents | Search procedure | 4k
The asymmetric unit (ASU) contents specifies the actual contents of the crystal in terms of
scattering mass, independent of the atomic coordinates or search parameters. This is important for
the likelihood calculations used by Phaser. All methods of defining the ASU contents are equivalent,
but it is important to estimate this as accurately as possible. Over- or under-estimation of the ASU
contents may result in incorrect solutions or misleading LLG scores.
Macromolecule m & X

A sequence or sequence file is strongly recommended, but you may alternatively supply the
number of residues or molecular weight.

Chain type: protein ¥ Number of copies : ,1— EI
Specify the ASU contents as : Sequence file = l
Sequence file :

llhome/bbdan|IoIScaricatilSoftware_Packages_for_B Brows:

Add macromolecule(s)[ Add heavy atom(s)
© 1die

Project: AIC52026

MR search strategy

X [©] Phaser-MR (Project: AICS2026)

Eile Actions Settings Utilities Help

? o wm Mo & &%

preferences  Help Run Abort save Xtriage  Ensembler Sculptor Simple GUI  MRage
Configure | phaser_1 4 kX
Input and general options | Models | ASU contents i; search nrué&ure‘ b
Protocol
Strategy:
Search | Copies to search for | Specify the different components for which you want
P to search. If more than one ensemble is listed for a
"~ < Add Search component Phaser will try them all as alternative
< component 1 _I 1 & models for that component.

b ﬁ mol1_Delete...

Determine search order automatically

Search options
Also try alternative space group(s) :

Enantiomeric spacegroup only ¥ | More... |
Search method : Fast — More
© 1dle Project: AICS2026

Phaser
step-by-step

Results

| X [©] Phaser-MR (Project: AICS2026)

Eile Actions Settings Utilities Help

4 A 2 Ay bt
A ?2 U O W\ HOoE & ¥ 2.
preferences  Help Run Abort Save Xtriage  Ensembler Sculptor Simple GUI  MRage

| Configure | phaser_1

Runstatus | Graphs | Results

Summary

Phaser has found 1 MR c Run phenix.refine

Top LLG: 209.926

TopTFZ: 170 p Run AutoBuild

Spacegroup: P43212

Output files
Title: Lysozyme

Directory: /home/bbdanilo/Scaricati/Software_Packages_for_Biological Macromolecules_Cr

Logfle Config file

File name Contents
{ AICS2026_phaser.1.mtz Phases and maps
L AICS2026_phaser.1.pdb Output model

|

_J « Onenin Cont | [ onen in PvMOI
[

© 1die

Project: AICS2026

[




Best Rotation function solution
P h a S e r O U t p Ut (to assess if the top one differs

from the others)

Cell content analysis Rotation Function /

Composition is of type: PROTEIN
MW to which Matthews applies: 14298
Resolution for Matthews calculation: 2.68
Z MW VM % solvent rel. freq.
1 14298 1.76 30.09 1.000 <== most probable

<--- relative frequency --->
0.0 0.1 ©.2 0.3 0.4 0.5 0.6 0.7 ©.8 0.9 1.0
| | | | | | |

?ﬁg RFZ
v Very good
EEC RO 5

S Good

VM histogram

1.72 ** (COMPOSITION*1)
1.67 -
1.61 -
1.56 -
1.52 -
1.47 -
1.43 -
1.39 -
1.35 -
1.32 -
1.28 -
1.25 -

Acta App. Cryst, 2007, 40, 658

Summary of the Top solution

RF score = Rotation Function Score

RFZ score = Rotation Function Z-Score
how many o of RF the solution is far from the RF distribution




Best Translation function solution

P h a S e r O u t p Ut (to assess if the top one differs

from the others)
TF score = Translation Function Score

Translation Function

TFZ score = Translation Function Z-
Score

how many o of TF the solution is
far from the TF distribution

TFZ

Very good
8

7

plausible

Summary of the Top solution

Acta App. Cryst, 2007, 40, 658

unlikely



b
' score

[ " has to be as low as possible

Phaser output

Packing analysis

Packing Table

o)

Solutions accepted if pairwise clashes less than 10 $ of trace atoms
#in #out Symm TEF-SET ROT TFpk# TF TFZ SpaceGroup
>H0. 08

1 Topl -= 1 1 1 -392.69 9.03 P 43 21 2

2 - —- 1 1 2 -496.38 7.54 P 43 21 2 LLG Log-Likelihood Gain
Clash% how much your model better explains the
— experimental data than a random model.
Very unlikely
= = 3.8 * Not rigid universal threshold
10% High LLG - probable correct sol

Moderate LLG - possible sol
= 04 100 LLG negative - wrong model

To be cheked

e useful for comparing solutions in the

5% same work
Goo Final Summary
Solution annotation (history)
SOLU SET RFZ=3.8 TFZ=9.0 L.G=77 TFZ==9.8 LLG=210 TFzZ==17.0 PAK=5 LLG=210 TFz==17.0

Acta App. Cryst, 2007, 40, 658



Phaser output and helpful plots

Solution annotation
RFZ=3.8

SOLU SET

Rotation Function Component #1 (mol1)

75 RF Number vs LL-gain

5.0
2.5
0.0 ‘
-2.5
5.0
-7.5 e *—g
-10.0

-12.5

(history) :
TEZ=9.0
TFZ2==9.8
TEFZ==17.0

Translation Function Component #1 (mol1)

PAK=5

PAK=5

Rotation step
Translation step
Refinement step

LLG=77
LLG=210
LLG=210

Refinement After Placing Component #1 (mol1 2.68A)

LG —o— UG
TF Number vs LL-gain Solution Number vs LL-gain

400
209.90

-420
209.85

440

_460 209.80

480 209.75

-560 T T T T T T T T T T T

1.0 1.2 1.4 1.6 1.8 2.0 0.96 0.98 1.00 1.02 1.04

—eo— final-LLG
initial-LLG

Number

Number



AAAAMHM!!
THIS RESEARCH
& IMPOSSBLE!!

Model refinement by Refmac

PDB Deposition and
maybe ...
and hopefully PhD Model/data match improvement

Keep chemistry

* It's not just minimization of R-factor

_all =1l

ol |

3
d
Q
s
3
N
W
&
1S

e Use maximum likelihood

SOMEONE
ALREADY DD
— !

| > I” mak( | )

e Take into account the experimental error

Starting model * More robust than older methods

Diffraction data

WWW.PHDCOMICS.COM



ropic B factors

ing no prior phase information — |input

npu parameters
no — |twin refinement

Use Prosmart: no — |{low resolution refinement)

external restraints (DNA/RNA) automatically —-|

_| Run libg to generate
_| Run Coot:findwaters to automatically add/remove waters to refined structure

iy

MTZ in Full path.. — |fhome/bbdanilo/Scaricati’Software_Packages_for_Biological_Macromolecules_Crystallography/stru | Browse || View

FP . F  |Sigma SIGFP =

MTZ out Full path.. — |fhome/bbdanilo/ScaricatifSoftware_Packages_for_Biological_Macromolecules_Crystallography/sti  Browse | View

PCB in Full path.. — |fhome/bbdanilo/Scaricati’Software_Packages_for_Biological_Macromolecules_Crystallography/strL | Browse || View

-
Wiew

Browse

PDB out Full path.. — |fhome/bbdanilo/Scaricati/Software_Packages_for Biological Macromolecules_Crystallography/st

Merge LIBINS Browse | WView

ILIB in AICS2026 —-|

Cutput lib  Full path.. — |/fhome/bbdanilo/Scaricati’Software_Packages_for Biological Macromolecules_Crystallography/: | Browse | Wigw |
Erowse | Wiew |

Refmac keyword file AICS2026 —

Dala Harvesling =
Refinement Paramelers L
Do W cycles of maximum likelihood restrained refinement I
Use hydrogen atoms: generate all hydrogens — |and _| output to coordinate file
_| Resolution range from minimum W to W

Use automatic weighti i i = _ +
Refine isotropic — |tempefature factors
W Exclude data with freeR label FreeR_flag —i |with value of |07
Seiup Geomelric Restrainls =
Selup Non-Crystatlographic Symimelry (NCS) Resiraints =
Externial Restrainls =
Monitoring and Oulput Oplions =
Scaling =
Geomelric paramelers =

Run — Save or Restore — Close |

=

Refmac
input and output

Review restrain
Restrained refinement
Unrestrained refinement
Rigid body refinement
Structure idealization
TLS+restrained refinement

Cif file containing the
restrain info for unknown
ligand

Refmac cycles

Jelly-body refinement
very useful at low resolution

Isotropic/anisotropic refinement
very useful at high resolution



weight

0.009
0.008
0.007
0.006
0.005
0.004
0.003
0.002
0.001

2

Refmac: input and output

4 6
ncycle

8

10

12

For each refinement cycle (CGMAT)

Weight matrix 3.79247451E-03
Actual weight 9.18843079

is applied to the X-ray term

Restraint type N restraints Rms Delta Av (Sigma)

Bond distances: refined atoms 1021 0.030 0.012
Bond distances: others 939 0.015 0.016
Overall R factor = 0.4127
Free R factor = 0.4102
Overall figure of merit = 0.6254



STEXT:Result: $$ Final results

Ncyc

0

1

2

3

4

5

6

7

8

9

10

$3
R factor
R free

Rms BondLength
Rms BondAngle
Rms ChirVolume

Initial
0.4522
0.4761
0.1806

11.6021
0.7555

R-factor and R-factor free decrease over the refinement

Refmac: input and output

-LL

16323.
15758.
15450.
15277.
15100.
14929.
14846.
14771.
14743.
14671.
14663.

$S

Final
.2988
.3434
.0059
.5789
.2762

O OO O

Final table
-LLfree rmsBOND
891.4 0.1806
862.5 0.0296
846.9 0.0090
840.8 0.0073
839.2 0.0071
837.3 0.0069
836.2 0.0064
833.8 0.0063
834.6 0.0062
830.0 0.0061
831.8 0.0059

zBOND

16.
.503
. 754
.627
.618
.615
.578
.570
.560
.549
.537

N

O O O O O oo o o

R-factor free < 105% of R-factor

284

11,
.046
.725
.210
> 937
o 159
.706
.663
.628
-59Y
257Y

N

N Y e e e e S

602

~J

O O O O ook~ FPDN

rmsANGL zANGL
.039
.244
.458
.164
.019
.936
.913
.890
.870
.854
.842

rmsCHIRAL
.756
.305
.292
.289
.288
.286
.284
.282
.280
.278
.276

O O O O O O O o o o o

0.8
0.7
0.6
0.5 &
0.4
0.3
0.2
0.1

weight

14
12
10

rms
oN B O ®

f(

|
[ ]
AT EEE

ncycle

W R-factor
+ R-factor free
FOM

10 12

— Bond
Angle
— Chiral

o
[\8]

ncycle

10 12



Refinement in Phenix by Refine

X o phenix.refine (Project: AICS2026)

File Actions Settings Utilities Help

X ) phenix.refine (Project: AIC52026)

File Actions Settings Utilities Help

, f " ' "
“ B & . 5 | O W mE L% W O
A ?2 Ok B & 4 % B © e A2 0 Q a & o e
Preferences Help Run Abort Save Graphics ReadySet TLS Restraints Xtriage Help Chat Preferences Help Run Abort Save Graphics ReadySet TLS Restraints Xtriage Help Chat
Configure | R ‘ Configure | R
Refinement settings : Output \ Amber Sh L Input data Output | Amber Sh L
B Strategy
Job title: | XYZ (reciprocal-space) XYZ (real-space) [ Rigid body Individual B-factors
Refinement strategy :
O Group B-factors O TLS parameters Occupancies [0 Anomalous groups
Input files -
P er of cycles: |3 H
File path Format Data type . ]
A /home/bbdanilo/Scaricati/Software_Packages_for_Biologic. PDB Input Model (X-ray) Select Atoms c:ecl-(ed) D only be made for enabled options (e.g. NCS groups are avai

-\ /home/bbdanilo/Scaricati/Software_Packages_for_Biologic.. ccp4d_mtz

X-ray data, X-ray R-free

Add file | Remove file] Modify file data tvne,..l Use symmetry from selected ﬁlel

Spacegroup: (P43212 Vl Unit cell : |75.97 75.97 34.87 90 90 90

-ray data and experimental phases

Data labels : FP.SIGFP = R-freejjabel :

ow resolution

Twin law :

—
—

Wavelength :

Neutron data

Data labels : R-free label :

High resolution :

Options...

Electron data

| Nata Inhale + |

©® 1die

I

D fraanlahal -

Low resolution :

FreeR flag + | Testflagvalue:
: I— Phase labels :

Options...

Test flag value :

Twin law :

—
- =

= = |7

| I—

Trct flamvinlinn -

Project: AICS2026

N

Targets and weighting

Target function: Automatic | ¥ [ Optimize X-ray/stereochemistry weight [0 Optimize X-ray/ADP weight

[ Use NCS

NCS type: torsion-angle| ¥

[ Reference model restraints [ Use secondary structure restraints

Refinementtargetweights...| Model interpretation...| NCS optxonsl j

Other options

[ Automatically add hydrogens to model [0 Update waters

[ Simulated annealing (Cartesian)
Automatically correct N/Q/H errors

Global refinement parameters...[ Modify start model...| All parameters...| ;l

©® 1die

Automatic linking options

[=] Use experimental phase restraints

[ Simulated annealing (Torsion angles)

Number of processors: |1 EI _7J

Place elemental ions :
Scattering table: n_gaussian| ¥

Project: AICS2026




Refinement in Phenix by Refine

X @ phenix.refine (Project: AICS2026)

File Actions Settings Utilities Help

A ? | &

Preferences  Help Run

O W B8

Abort Save

Graphics

ReadySet  TLS

~ B

Restraints

Xtriage

ol

Help Chat

Configure | Refine_8 | Refine_9 | Refine_10

Log output

Refinement status
FINISHED

Run status| Results

MolProbity | Real-space correlation

Atomic properties

X | @/ phenix.refine (Project: AIC52026)

File Actions Settings Utilities Help

A 2?2 O w B E .

Preferences  Help Run Abort save Graphics Readyset  TLS

- B o e

Restraints | Xtriage Help Chat

Configure | Refine_8 | Refine_9 | Refine_10

Logoutput | Runstatus | Results | MolProbity | Real-space correlation!| Atomic properties

Real-space correlation

If you have a graphics window open, clicking a residue in the list will recenter iii Mul erion P|°t
the display (you may disable this in the "Graphics” section of the preferences).

Overall CC: 0.757

Residue Type: piqtein w | Show CCbelow: |p.3 Save all results to file

Residue ‘ B_iso ‘ Occupancy ‘ 2Fo-Fc ‘ Fmodel | cC ‘

A 6 CYS 74.11 1.00 2.17 2.04 @.774

A 14 ARG 71.09 1.00 1.34 1.65 @.789

A 41 GLN 70.55 1.00 9.91 1.64 @.758

A 43 THR 86.17 1.00 0.54 1.52 @.749

A 44 ASN 74.94 1.00 1.47 1.74 @.762

A 45 ARG 98.49 1.00 0.45 1.21 @.615 -

Note: Water outliers include possibly mislabeled atom=<
X | Q| phenix refine (Project: AICS2026)

File Actions settings Utilities Help

A 0?2 0 O kd

Preferences  Help Run Abort save

3

Graphics Readyset

(1]

chat

Configure | Refine_8 | Refine_9 | Refine_10
Logoutput | Runstatus | Results | MolProbity | Reakspace correlation
| summary | Basicgeometry | Protein | Clashes

Validation summary-

Atomic properties

Resolution: 37.98 - 2.68 0.15
# of reflections: 3124 g
R-work: 0.2708
R-free: 0.3901 2 _
0.50 =3 - =
RMS(bonds): 0.0145 N
3 0.45 A
RMS(angles): 1.503 £ =
= 0.40
Clashscore: 20.4 £ o
H
Ramachandran favored: --- “ o0
Ramachandran outliers: 3.94 D A A S A SR A
Rotamer outliers: 11.43 =l E\ Jalp AN
fuele
‘ H H View log
X | @/ phenix.refine (Project: AIC52026)
Actions  Settings Utilities Help
f " —
K] = ¢ ~
A 7?7 0k B E on W L
Preferences  Help Run Abort Save Graphics ReadySet  TLS Restraints | Xtriage Help Chat
Configure | Refine_8 | Refine_9 | Refine_10
Logoutput | Runstatus | Results| MolProbity | Realspace correlation | Atomic properties
Output files
Directory:  /home/bbdanilo/Scaricati/Software_Packages_for_Biological_Macromolecules_Crystallography/st
® 1de Project|__L09fle Config file
File name Contents

- AICS2026_refine_010.cif

-\ AICS2026_refine_010.geo

<\ AICS2026_refine_010_info.txt
-\ AIC52026_refine_010.mtz

Convert map coefficients MTZ to CCP4 maps ‘

Refinement statistics

mmCIF model for PDB depos...
Geometry restraints beforer...
Run summary in text format
Map coefficients for Coot

¢/.Compare statistics ‘ | ily Plot statistics by cycle

Before and after refinement:

Starting Final
©0.4384 0.2708
Rfree | ©.4728 0.3901

R-work

Bonds ©.181
11.514

0.014

Angles 1.503

X-ray statistics by resolution bin:

R-work R-free

37.98- 2.68 0.2708 0.3901

%complete,  FOM

Phase error Scale factor  #work #test

99.3% ©.81 24.43 1.00 2964 160

These statistics are computed using the same underlying distributions as the MolProbity web
server. The overall score represents the experimental resolution expected for a model of this

PROBITY  quality; ideally the score should be lower than the actual resolution.

Basic statistics for AICS2026_refine_010.pdb:

Ramachandran outliers: 3.94% (Goal:<0.2%) Ramachandran favored: 86.61% (Goal:>98%)
Rotamer outliers: 9.52% (Goal:1%) (Goal: 0)
Clashscore: 19.92 Overall score: 3517

Rama-Z (Ramachandran plot Z-score, RMSD)

whole(N=127): -3.99 (0.57)

helix (N =41):

-3.32 (0.52)

Missing atoms
No missing non-hydregen atoms detected.



ake it easy... there’s Autobuild 12 o

AutoBuild Core modules l
Automated model-building and refinement ~ ®  building a new model into an ED map .
* rebuilding an existing model $ AUtﬂBUlld
Autobuild carries out cycles of * Refinement '
model-building, refinement, and
model-based density Standard procedure
modification to provide a * model-building/completion from exp. phases
EEEIA i R e el © rebuilding from scratch (with/without exp. phase)
* rebuilding in place !

* NCS copies match (P
* Model expected and data ED match

Res<2.5A complete model

2.5<Res<3.0A partially complete model Build and refine

|

Final model
(cc model/ED)

Res>3.0A quite incomplete model



Autobuild interface

AutoBuild (Project: phenix_test)
File Actions Settings Utilities Help

File Actions Settings Utilities Help

AutoBuild (Project: phenix_test)

A ?2 00K Bl ¥« 0 @

Preferences Help Run  Abort Save Xtriage Coot PyMOL Help Chat

A ?2 U0kl £ % 0 @

Preferences Help Run  Abort Save Xtriage Coot PyMOL Help Chat

Configure | AutoBuild_run_2_ | AutoBuild_run_3_ | AutoBuild_run_4_

Other options

Input files

You can add input files by either dragging them from the desktop into this window, or clicking the ‘Add file' button
and selecting a file from the browser. All reflection file formats, PDB files (starting model, heavy atoms, or ligands),
CIF (restraint) files, and phenix.refine parameter files are supported. Please see the documentation ("Help" button
on the toolbar) for instructions on what files are required to run the program.

Jobtitle: |
File path Format
o
< /home/bbdanilo/Scrivania/phenix_test/1LYZ/solution_from_phaser_refmac1.pdb PDB
<, /fhome/bbdanilo/Scrivania/phenix_test/1LYZ/1LYZ fasta Sequence

Add file | Remove file| Modify file data type...| Input file options...

Output

Output directory : |/home/bbdanilo/Scrivania/phenix_test/4GCD

All output files will be placed in directories named AutoBuild_*_

Remove temporary files after run

[ Send e-mail notification when building is done E-mail address to use: |None

Browse... | 4

Configure | AutoBuild_run_2_ | AutoBuild_run_3_ | AutoBuild_run_4_
Input/Output  Other optior};

Crystal info and general parameters

75.97 75.97

Space group: ¥ | Unitcell:

High-resolution limit : 2.0 NCS copieg

Number of processors: [ . ITI Map file FOM :

Quick mode Map file has been density-modified

Model-building and refinement

Refinement cycles : ’3— ﬂ

Chain type: Auto + | Rebuildin place:
R-free flag value :

[ Skip free R flags hexdigest

Include input model

O Build helices and strands only

Build outside model

Refine model during building \_ Place waters in refinement

Twin law :

Model building... ‘ Refinement... ‘ All parameters...

[0 Use 2Fo-Fc map in rebuilding (try with twin law)

Autobuild output:

Autobuild_run_* *.log
Autobuild_warnings.log
Overal_best_final_refine_*** mtz/pdb

Max. iterative build cycles : [ [<] Max. iterative rebuild cycles : ’—15 I?I

O Morph input model into density
Refine input model before rebuilding

[0 Use simulated annealing

overall log file
warning log file
post refinement file



Before AutoBuild After AutoBuild

|Fo|-|Fc|<-3c

Resolution 2.6A

Molecule 0: solution_from_phaser_refmaci.pdb fit vs. Map 1 Molecule 0: overall_best_final_refine_001.pdb fit vs. Map 1

W 80 90 100 5 50 60 W 20 30 —

.EII:IUEIDEIDDDDDDDDD:H:H:I=I:II:ID|:|D
40 50 60




What’s next Autobuild

* Check R/Rfree (they could be higher than expected because come

from EDM and not refinement)

* Check NCS copies similarity (if NCS is present)

* Refinement
* Add Ligand/water

PHENIX validation tool (MOLPROBITY)

werage B

Configure [ Manrnbity_S‘

Runstatus | Modeland data| MolProbity | Real-space correlation | Atomic properties

Basic statistics
PDB file : ‘/home/bbdanilo/Scrivania/phenixitest/1LVZ/AutoBuild71| LS

Reflection file: ‘/home/bbdanilolScrivania/phenix,test/lLVZ/AutoBuildgl 2

Data labels: F-obs, SIGF-obs Resolution:
R-work: 0.2302 R-free:

RMS (bonds): 2.01 RMS (angles):
Avg. B-factor: 75.56

By default, if you have not defined other map types, Coot and PyMOL will display the 2mFo-DFc and mFo-DFc maps
that were generated for real-space correlation calculations; these are essentially the same as the maps created by
phenix.refine, but without missing Fobs filled in. (Note: you must turn on XPLOR map output for the maps to appear
in PyMOL.)

@ Open in Coot Hh\ Open in PyMOL H ¢\ Compare statistics H /4 sequence viewer ‘

Detailed statistics

X-ray statistics by resolution bin: ‘ iil Plot statistics hy resolution ‘

R-work ‘ R-free ‘%:nmpl:te‘ FOM ‘Phas::rrnl‘Sﬁal:fa:tnl| Hwork | Htest |
37.99- 576 @.2582 0.3528 98.6% 0.80 23.73 1.00 326 28
575- 4.57 9.2228 ©.3223 99.1% .84  20.54 .99 313 13
457- 4.00 0.2056 ©.4398 99.7% 0.90 19.22 1.02 292 17
3.99- 363 2.2052 ©.3960 98.7% 9.88 29.40 1.05 310 5
363- 337 0.2194 ©0.3915 99.7% .87 14.56 0.94 289 19
337- 317 0.2512 ©.3932 99.7% 0.85 25.32 0.93 282 19
317- 3.01 0.2511 ©0.4@891 99.7% 0.86 22.39 1.07 291 22
3.01- 288 0.2643 ©.5392 99.7% 0.86 14.25 1.02 285 9

v

»6.4
5.6
05.

2

R-free
8.1655
8.3790
0.4378

SERVER

RMSD(bonds)
0.000
0.014
0.048

Validation

™oL

PRrROBITY

CheckMyMetal (CMM): Metal Binding Site Validation Server

R-work
0.1231

4096

7.100

RMSD(angles)
0.00
1.70
4.24

Jummmmmmm Clashscore

14.286
28.360

Multi-criterion validation

POLYGON

Multicriterion plot

a 100

140

120

100

8 factor

o«
® Ramachandran
Rotamer
C-beta

Bad clash
— B-factor

.n

-
— Fo-DFC




“One call can add y

benn nilo.belviso@cnr.it




PDB-PDBx/mmCIF correspondence

PDB PDBx/mmCIF PDB PDBx/mmCIF
Section Data Records Category Section Data Field Name Token
Title and HEADER - Records
. COMPND _entity Section _atom_site.group PDB
experimental - - —
descrition REMARK 3 _refine Serial_No _atom_site.id
P Atom_Name _atom_site.auth_atom_id
Primary _entity_poly Alt_Loc _atom_site.label_alt_id
SEQRES - - - ,
sequence _entity_poly_seq Residue_Name _atom_site.auth_comp_id
Linkage LINK struct conn Strand_ID _atom_site.auth_asym_id
g SSBOND - - Residue_No _atom_site.auth_seq_id
_cell Ins_Code _atom_site.pdbx_PDB _ins_code
. CRYST1 -
Crystallographic _symmetry X _atom_site.Cartn_x
information ORIGn _database PDB_matrix Coordiantes ATOM/ Y _atom_site.Cartn_y
SCALENn _atom_sites HETATM VA _atom_site.Cartn_z
Occupancy _atom_site.occupancy
T _Factor _atom_site.B_iso_or_equiv
Sigma_X _atom_site.Cartn_x_esd
Sigma_Y _atom_site.Cartn_y_esd
Sigma_Z _atom_site.Cartn_z_esd

https://mmcif.wwpdb.org/docs/pdb_to_pdbx_correspondences.htmI#ATOMP

Sigma_Occupancy

_atom_site.occupancy_esd

Sigma_T_ Factor

_atom_site.B_iso_or_equiv_esd

Symbol

_atom_site.type_symbol

Charge

_atom_site.pdbx_formal_charge




CIF restrain file

. . . . . . #
Restrain information are written in Crystallographic % .. LIST OF MONOMERS ..
Information Framework format (CIF File) Hata_comp_List
Too Only ‘printable’” ASCII characters
. hem .id i i
CIF format is a standard format based on data chem comp. three letter code standard alphanumeric and punctuation
oo i . . o chem_comp. name characters on a US computer keyboard
dictionaries and relational rules expressible in different chem_comp.group
. . . . . chem comp.number atoms all
machine-readable manifestations, including, but not chem_comp. number_atoms_nh
chem comp.desc level
restricted to, Crystallographic Information File. data comp ooy AGPLE-ATIPGINASA-IL . 66 31
loop_

chem comp atom.comp id
chem comp atom.atom id
chem comp atom.type symbol

655 chem comp atom.type energy
chem comp atom.partial charge
Acta Cryst. (1991). A47, 655-685 chem comp atom.Xx
International Union of Crystallography chem_comp_atom.y
chem comp atom.z
Commission on Crystallographic Data 9Ju 01 0O 0.000 -0.544 1.676 -2.552
Commission on Journals 9Ju C9 CC 0.000 0.675 1.771 -2.411
Working Party on Crystallographic Information 9JU N2 N NH1 0.000 1.566 0.987 -3.030
The Crystallographic Information File (CIF): a New Standard ggg E%g EI El-hrlHl g ' ggg i ’ ggg lﬂlggl :§ ’ gég
Archive File for Crystallography* 9JU C19 C CH2 ©0.000 0.558 0.465 -5.225
By Sypnevy R. HaLL 9JU H28 H HCH2 ©.0600 -0.392 0.928 -4.963
) ) versiy , - o 9JU H29 H HCH2 0.0600 1.135 1.263 -5.689
Crystallography Centre, University of Western Australia, Nedlands 6009, Australia 0JU C14 C CH1 ©.000 0.302 -0.664 -6.233
FRANK H. ALLEN 9JU H20 H HCH1 ©.000 -0.214 -0.257 -7.101
Crystallographic Data Centre, University Chemical Laboratory, Lensfield Road, Cambridge CB2 1EW, England 9JU €13 C CH2 ©.060 -0.559 -1.742 -5.580
9JU H19 H HCH2 ©.000 -1.531 -1.340 -5.298
AND L DAVID BROWN 9JU H18 H HCH2 0.000 -0.784 -2.535 -6.293
Institute for Materials Research, McMaster University, Hamilton, Ontario L8S 4M |, Canada noomnmmommm ann mmen ~oonr o
(Received 8 April 1991, accepred 28 June 1991) < > M aX 80 Ch a ra Cte rs




