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| - Schedule of the X-ray crystallography practical
Sunday June 23, 14:00 - 18:00

Presentation of the practical (10mn)
Formation of the two groups
Each group can chose the steps to be performed among the list below

A - Data processing (~60 min)
Data :
15-05-13-lyso/lyso-Gd_SAD (anomalous Gd, 300 frames, 1.65 A)
Soft : xds, xdsgui

B - SAD phasing, phase improvement & automated model building (~60 min)
Données : lyso-Gd_SAD
Soft : ccp4

C - Completing automatically built model / refinement (~60 min)
Data : lyso-Gd_SAD, partial lysozyme model
Soft : coot, refmac

D - Phasing with the Molecular Replacement technique (~45 min)

Données : lyso-Gd_SAD or BM30A-2014-11-19 , divers modéles : lyso incomplet
de poule ou modéle complet “basse” homologie (boeuf)

Soft : phaser

E - Construction des parties manquantes / affinement (~60 min)
Données : BM30A-2014-11-19, modéle lyso incomplet ou lyso de boeuf
Soft : coot, refmac

F - Locating Gd atoms, completing Lysozyme-Gd model (~30 min)

Data : lyso-Gd_SAD, partial lysozyme model
Soft : coot, refmac
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Il - Presentation of the Data

Diffraction data collected on a Gd derivative of a lysozyme crystal on beamline FIP (ESRF)

Reason for the choice of gadolinium:
at the LIIT edge (A=1.711 A) f" =28 e-, at L = 1.54, " = 12e-

The fluorescence of Gd was measured with a Roentec MCA at the Gd LIII edge. Raw data are in
Edge/lyso 1 Gdl (columns 5 and 7)

and the plot vs Energy in
Edge/lyso 1 Gdl.jpg
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The spectrum was processed with Chooch. Final drawing of calculated f' and {" is in
Edge/final. jpg

input file for Chooch, Gd L3 edge
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Anomalous scattering factors?

Toom (2) " ol " 1 i L
Redtraw (5] T2A0 7260 ToR0

P2 file {p] ¥_rvav Bhnerey [eV)
Quit {q) (—ray Energy (eV)

Based on that, beam energy was tuned to 7242.6 eV, and a single-wavelength dataset was collected

(300 frames, 1 deg each). Frames (compressed with bzip2) are named
img/e000 prefix 1 00xxx.img.bz2
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lll - Steps proposed for the practical

A - Data processing with the XDS package
Introduction to XDS

XDS is a suite of programs dedicated to the reduction of macromolecular crystallography data. The
suite of programs includes:

xds: data processing, from images to unmerged h,k,I,Intensities, sigma(Intensities)

xscale: scaling and merging Intensities from either one or several data sets.

xdsconv: converts reflection data files as obtained from xds or xscale into various formats required
by software packages for crystal structure determination like CCP4, CNS (X-PLOR), or SHELX.
2c¢bf: converts a detector image file to CBF format. (not often used)

merge2cbf: converts a series of detector image files to CBF format. (not often used)

cellparm: used to determine the mean of the cell parameters obtained from processing several data
sets from the same crystal form. (not often used).

Only xds, xscale and xdsconv will be used here.

xds requires

- diffraction images

- a parameter file called XDS.INP that contains all the necessary information regarding the
experimental setup.

Most of the time, an XDS.INP file is generated automatically when you launch a data collection at a
synchrotron. However, the file XDS.INP needs some editing during the data processing, but only a
few input parameters require to be looked at. See the commented XDS.INP file for further details.

The whole data processing includes 7 steps define in the JOB= command line. Each step generates a
log file named with the .LP suffix.

XYCORR: computes a table of spatial correction values for each pixel: allows to precisely localise
each pixel of the detector. Fully automatic, to be done once.
files created:

X-CORRECTIONS.cbf

Y-CORRECTIONS.cbf

XYCORR.LP

INIT: determines an initial background for each detector pixel and finds the trusted region of the
detector surface. Needs 5 to 10 images to run properly (look at BACKGROUND RANGE=
command) .To be done once.
files created:

BKGINIT.cbf

BLANK.cbf

GAIN.cbf

INIT.LP
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COLSPOT: collects strong diffraction spots from a specified subset of the data images (see
SPOT RANGE= command).
files created:

FRAME.cbf

SPOT.XDS

COLSPOT.LP

IDXREF: interprets observed spots from COLSPOT by a reciprocal lattice and refines all
diffraction parameters (cell dimensions, orientation matrix, crystal-detector distance, etc ...).
files created:

XPARM.XDS

IDXREF.LP

DEFPIX: defines the trusted region of the detector, recognizes and removes shaded areas, and
eliminates regions outside the resolution range defined by the user.
files created:

BKGPIX.cbf

ABS.cbf

DEFPIX.LP

XPLAN: helps planning data collection. Tells you what data to collect in order to get the most
complete data set. Only useful when at the synchrotron beamline, before launching the data
collection.
files created:

XPLAN.LP

INTEGRATE: collects 3-dimensional profiles of all reflections occurring in the data images and
estimates their intensities
files created:

INTEGRATE.HKL

INTEGRATE.LP

CORRECT: corrects intensities for decay, absorption and variations of detector surface sensitivity,
merge symmetric observations (but do not store them) and reports statistics of the collected data set
and refines the diffraction parameters using all observed spots.
files created:

ABSORP.cbf

DECAY .cbf

DX-CORRECTIONS.cbf

DY-CORRECTIONS.cbf

GX-CORRECTIONS.cbf

GY-CORRECTIONS.cbf

MODPIX.cbf

GXPARM.XDS

XDS ASCILLHKL

CORRECT.LP

The different steps are presented in a series of directories, for sake of clarity. In practice, they can be
performed in a single directory by successive modifications of the input files and running the XDS
package programs at the command line. Another method is to use xdsgui (graphical interface for
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XDS) to run the different steps of XDS and have some graphics to checks data quality: this
interface will be used.

Before lauching xdsgui:

going the proper directory:
check that you are in the home directory by typing:
pwd

(/home/tp should be the result)
then type:
cd DATA-RX/lyso-Gd_15May2013

list the content of this directory by typing:
Is

img directory contains diffraction images
xds_step0_default_ XDSINP directory contains the XDS.INP input file necessary for data
processing with XDS and an annotated input file for explanations (XDS.INP_sav)

now, dupplicate xds_step0_default_ XDSINP and name it xds_2019:
cp -r xds_step0_default XDSINP xds_2019

then go in the directory xds_2019:
cd xds_2019
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Data processing with XDS in graphic/automated mode

Graphic mode, using xdsgui

In xds_2019
Run xdsgui by typing:
xdsgui &

Menu  Help

Projects Frame XDSINP  XYCORR INIT COLSPOT  IDXREF DEFPIX  INTEGRATE CORRECT tools statistics  XDSCONY  XSCALE

Folder with XDS configuration and output files

Drefault is the current directory. The title bar of the XDSGUI window shows the currently used folder

Load recent project

Choase er create new folder

fhame/data/Oleron201 T/lyso-Gd_15May 2013 /xds_xdsGUL
a) First click on “Choose or create a new folder”, and select xds 2018

b) Then look at one image by clicking on “Frame” tab, and then load
€000 prefix 1 _00001.img in the img folder)
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XDSGUI 2017-61-25 running in .l"hnme!cihdiissetﬂDm:umem.i!‘lP-RXLZOi&'d:ta_M)\'ilysn}Gd_ 15May2013/xds 2018

‘Menu  Help

Projets  Frame | xpsine | xvcor | mir | couspor | ioxeer | DEFei | iNTEGRATE | CORRECT | tools | statistics | xosconv | xscaie |

l.oad ||fhome.rdhoussetwa:Lmerlts.m’-Rx-Zslsrdata_nxﬂyso-Gd_1suay2813.fimqfeaee_prefix_l_ﬂeael.img ]1 =
‘generate m?l |untrusted areas [set with right mouse button) ¥
=] - Pixel Value::
value= @

x= 3321, y= 1787

—
~Contrast

21

H—

/hame/dhousset/Documents/TP-RX-2018/data_MX/lyso-Gd_15May2013/xds 2018 4

Questions:
What is the darker ring in the middle of the diffraction image

Are there ice diffraction spots or rings?
Is there diffraction up to the edge of the detector?
Does the crystal seem to be unique?

c¢) Edit XDS.INP file by clicking on the “XDS.INP” tab.

From there, all steps described above can be performed, starting with the edition of the XDS.INP
parameter file.

As we expect anomalous signal, the Friedel mates will differ. So uncomment the line

FRIEDEL'S LAW=FALSE

You may add a spot_range, in order to have 2 ranges, 90° apart: this should improve unit cell
accuracy in IDXREF step

SPOT _RANGE=91 110

You may choose which parameters are refined during IDXREF, INTEGRATE and CORRECT
steps by adding (if not already present) the following commands:

INE(IDXREF)ZBEAM ORIENTATION CELL AXIS POSITIONEI

<EFINE(INTEGRATE)=DISTANCE BEAM ORIENTATION CELL

REFINE(CORRECT)=POSITION BEAM AXIS ORIENTATION CELL[=]|
L—
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If not specified, default values are used (may change with versions of XDS). For these data it is
important to refine crystal-detector distance at the IDXREF step, as the value provided in XDS.INP
is not very accurate. Thus, it may be wise to add:

= FINE(IDXREF):BEAM ORIENTATION CELL AXIS POSITIONE
= =1

Once all the desired changes are made, click “Save” and “Run XDS”

Menu  Help

Profects Frame XDSINP | XYCORR INIT COLSPOT  IDXREF DEFPIX  INTEGRATE CORRECT tools statistics  XDSCONY  XSCALE

Sove Hun XD5 stop xds

FRIEDEL'S_LAWSFALSE
STARTING_ANGLE=0.000000 STARTING_FRAME=1

NAME TEMPLATE OF DATA_FRAMES=. . /img/e000_prefix 1 ???77.img
DATA_BAN 1 0

BACKGROU
SPOT_RAN

INDEX_ORIGIN= O 0 0

VALUE_RANGE FOR_TRUSTED_DETECTOR_PIXELS= 7000 30000

TRUSTED_REGION= 0.0 1.41
INCLUDE RESOLUTION RANGE=50.0 0.0

REFINE (INTEGRATE) =DISTANCE BEAM ORIENTATION CELL
DELPHI= 5.000000

Shome/data/Oleren2017/lyso-Gd_15May2013/xds_xdsGUI

tabs written in grey turn black once the task corresponding to the tab is completed.
When JOB= ALL is specified, all the tasks will be performed:
ECORR INIT COLSPOT IDXREF DEFPIX XPLAN INTEGRATE CORRECT

However, if the indexation step (IDXREF) does not satisfy some criteria (less than 50% of the spots
indexed, for example: check the terminal window or the IDXREF tab to see IDXREF log) job
will stop here.
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Menu_elp
progects | prame | kosane | sorcomn | mar | coiseor  towRer | oo || pmesni | commct | took | statmics | amscase | sscnie |

2 x==T48,=-187 ras=1,50238R

o1 [187,123] [195,72(1)3] (211,1432] |214,14 (1)32]

E: |

m csclillacion range to prevent angular overlap at high reselutlen limit

cpi time used
—clock time
I IKSUFFI

L
ofranae
L [ start 4

N

It does not necessarily mean that the indexation fails (XDS criteria are known to be very strict), but
may need inspection before continuing by replacing:

JOB=ALL

by :

JOB=|= FPIX XPLAN INTEGRATE CORRECTE ‘
(=] (=
If this occurs, just update XDS.INP, save, and run XDS again.

Log files are available in the “XYCORR”, “INIT”, ... windows, with graphical display of the
statistics:

o

Maonu  Help

~ -
##%ss CORRECT **%*+ (VERSION May 1, 2016 BUILT=20: 1/sigma (unmerged data)

INFUT PARAMETER VALUES 15f

...................... 2k

SPACE_GROUP_NUMBER= 1 &8s used in the INTEGRATE : 13

UNIT_CELL_CONSTANTS= 38.732 77.272 77.299 o i

FRIEDEL'S LAW=FALESE R T R PR T R e P TS T T T TR R
PROFILE_FITTING= TRUE

OVERLOAD= 65000 MINPK= 75.00000  WFACI= RESOLUTION RANGE
INCLUDE_RESOLUTION RANGE= 50.000 0.000 e
NAME_TEMPLATE_OF_DATA_FRAMES=../img/e000_prefix 1_° Chin2

DATA_RANGE= 1 300

ROTATION_AXIS= -0.999997 -0.000150 -0.002371 ;

OSCTILLATION_RANGE= 1.000000

ETARTING_ANGLE= 0.000 STARTING_FRAME=S 3 <
X-RAY_WAVELENGTH= 1.711888 3 PR 3’ -.t ", ; ; .‘ ‘, ST
INCIDENT_BEAM DIRECTION= -0.001436 -0.002067 0.58¢ ""-);"o; M g0, ey T g g TR T g 00, 00, 05 00,2
FRACTION_OF_POLARIZATION=  0.950 RESOLUTION RANGE
POLARIZATION PLANE NORMAL= 0.000000 1.000000 0.1

AIR=  0.00100

SR EeTORSADED R-FACTOR observed

SILICON= 19,154665 SENSOR_THICKNESS= 0.000000 -

NUMBER. OF DETECTOR SEGMENTS 1 - E% J-
< > ~

Shame/data/Oleron201 7/lyso-Gd_15May 2013 fxds_xdsGUI

extra statistics are available running xdsstat in the “statistics” window:
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Menu  Help

Projects Frame XDSINP  XYCORR INIT COLSPOT  IDXREF DEFPIX ° INTEGRATE CORRECT tools statistics | XDSCONY  XSCALE
num xdscel? | | xdsecl? -cdef -nbin 3 -t 1 XDS_ASCILHKL > XDSCC12 1P view ¥
run xdsstat echo XDS_ASCILHKL | xefsstat 1000 1 > XDSSTATLP
a8
4
T o2
u
2 24
3 16
08
o i i " L
0 0B L& 24 32 4 a8
frame numter
900 B A AN e fprrtnnmn o i AN A prcnsdm s AN AN A e pttom et N S D ity
750 —— frels
600 Emisfits
bt #rmeas
300
150 Sunigue
pé I e e S e ;
45 20 135 180 225 270 e

hame/data/Oleron201 T/ lyso-Gd_15May2013/xds_xdsGUT
Once this first run of data processing is completed, check the following output:

IDXREEF for indexation
INTEGRATE for integration
CORRECT for scaling and merging

First look at the data statistics

Reminder: here, the data processing has been performed with no prior knowledge of the crystal
symmetry. For IDXREF and INTEGRATE steps, the refinement of parameters was one assuming
P1 space group.

Questions:

For all these steps, find out the relevant statistics and make your own opinion the data.
What are the possible Bravais lattices for your crystal and possible related space groups?
When no space group information is given, CORRECT is testing different Laue class.
What is the Laue class selected by CORRECT?

Is this choice OK?

What are the space groups compatible with the selected Laue class?

Check the information about possible systematic extinction in CORRECT output.

What are the possible space groups for these data?

If you wish to save this data processing, go on the “tools” tab, “Saving and comparing good results”
and click on:
“backup files to ./save”

Optimization of data processing
You may improve data processing by introducing information on the crystal symmetry and refined
cells and experimental setup parameters determined by CORRECT for the INTEGRATE step.

a) update cell and experimental setup parameters by:
go on the “tools” tab, “Optimizing data quality” and click on:
“copy latest geometry description over previous one”
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“copy BEAM DIVERGENCE, ...”
b) Go to XDS.INP tab, and replace

JOB=ALL

by :

JOB=[= FPIX XPLAN INTEGRATE CORRECT/|=]|
 —  —

also update space group and unit cell information:

After checking for extinctions (helices), you should have found out that you may either have space

group 92 (P4(1)2(1)2) or space group 96 (P4(3)2(1)2): just enter the one you want in XDS.INP:

SPACE_ GROUP_NUMBER=96
UNIT_CELL_CONSTANTS=77.268 77.268 38.704 90.000 90.000 90.000

Then, click on “Save” and “Run XDS”

Questions:
Compare present and previous CORRECT output.

Has the data processing actually been improved?

Final data scaling and merging with XSCALE

Once the data are processed, XSCALE is used to scale and merge (to produce a file with unique

reflections being the results of averaging all measurements equivalent by symmetry)

Go to XSCALE tab, update XSCALE.INP by adding below “OUTPUT FILE=...” command:
FRIEDEL'S LAW=FALSE

MERGE=TRUE

save & run xscale

Changing data format for ccp4

We need to provide ccp4 with data in a specific file format (named MTZ format, that is binary),
while the file create by XSCALE is an ascii file. Moreover, for historical reason, the anomalous
information may be stored in two ways:

a) explicitly providing F* and F*

b) providing the anomalous difference F* - F~ (named Dano)

Since different programs within the ccp4 suite use either F" and F* or Dano, we should have both in

our MTZ file.

a) Use XDSCONYV to generate reflection files in CCP4 FP/DANO format (F, SigF, Dano, SigDano):

goto XDSCONYV tab and update XDSCONV.INP:

INPUT FILE=lyso-Gd.ahkl XDS ASCII
OUTPUT _FILE=temp_ccp4.hkl CCP4
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FRIEDEL'S LAW=FALSE

save and run XDSCONV

b) XDSCONV generates the input file F2MTZ.INP needed by f2mtz (CCP4 package) for the final

conversion to binary mtz format. To run the CCP4 programs f2mtz just type the command:
f2mtz HKLOUT temp ccp4.mtz < F2MTZ.INP

¢) Use XDSCONYV again to generate reflection files in CCP4 F+/F- format (F, SigF, F+, SigF+, F-,
SigF-):
goto XDSCONYV tab and update XDSCONV.INP:

INPUT_FILE=lyso-Gd.ahkl XDS ASCII

OUTPUT FILE=temp ccp4 f.hkl CCP4 F

FRIEDEL'S LAW=FALSE

GENERATE FRACTION OF TEST REFLECTIONS=0.05

save and run XDSCONV

d) Then run CCP4 program f2mtz
f2mtz HKLOUT temp ccp4 f.mtz < F2MTZ.INP

e) Then, to run CCP4 programm cad (to convert indices to the CCP4-asymmetric unit),

cad HKLIN1 temp ccp4.mtz HKLIN2 temp ccp4 f.mtz HKLOUT Lyso-

Gd _SAD.mtz <<EOF
LABIN FILE 1 El1=FP E2=SIGFP E3=DANO E4=SIGDANO E5=ISYM
LABIN FILE 2 E1=F(+) E2=SIGF(+) E3=F(-) E4=SIGF(-) E5=FreeRflag
END

EOF

Lyso-Gd_SAD.mtz is the file you will be using in ccp4
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B - Quick SAD phasing with Phaser in ccpd4i

Go back to DATA-RX/lyso-Gd_15May2013:
cd..

Create a new directory ccp4 2018, move there
mkdir ccp4_2019
cd ccp4_2019

Copy Lyso-Gd_SAD.mtz:
cp ../xds_2019/Lyso-Gd_SAD.mtz .

Important Warning: SHELX does not like too long path and may fail is the ccp4 folder is too far
in the directory tree. If this happens, you may have to create a symbolic link closer (ie in the
$HOME (/home/tp) directory, with such a command:

cd /home/tp

In -s /home/tp/Data/RX/lyso-Gd_15May2013/ccp4_2018 ccp4

And use this link in the ccp4 project (see below)

Launch

ccp4i &
and define a new project with
~/DATA-RX/lyso-Gd_15May2013/ccp4 2019

as working directory

Phaser SAD Pipeline to determine experimental phases

In “Experimental Phasing” tab, select “Phaser SAD Pipeline” (button highlighted in blue in Figure
1) (~330 sec elapsed time).

Then enter the following parameters:

- reflexion file: Lyso-Gd_SAD.mtz (field highlighted in blue in Figure 2)

- sequence in fasta format, in the directory data (field highlighted in green in Figure 2)

- heavy atom type: GD (field highlighted in red in Figure 2)

- wavelength: 1.7119 (field highlighted in orange in Figure 2)

15/29



=

Run - I Saye or Restore  — Close |

Figure 2

What does this pipeline ?

Y= CCP4Interare 6,5.008 running on lintx-11vilSite  Project: LysoGd_SAD 2 e 134 |
List of jobs for project. Double-click on a job displays the log file, shift-double-click reruns the job. | Change Project | Help |
Experimental Phasing =[5 14 May 15 FINIEHED phaser TNCS [No title [N Directories&ProjectDir |
¥ Data Preparation = [Xfa 14 May 15 FINISHED rafmacs Restrained
~ Adtomaled Search & Ph m = & 14 May 15 FINISHED phaser EP [Ne title View Any File J
SHELX C/D/E pipeline | View Files from Job ==
Crank-2 - enhanced EP pipeline | Search/Sort Database.. |
Graphical View of Project |
Delete/Archive Files., |
Kill Job |
ReRun Job.. |
Edit Job Data -
Preferences |
System Administration = o
_ 1 new updales available
/
vl= I = | Manage Updates | Exit
Figure 1
‘» Maimum Likeliiood Expenimental Phasing nital parameters from homeidaals 0513 hsolyso-6d S, = =~ =]
| | Help
Job title ][Mo title given] A
Mode for experimental phasing Single-wavelength ancmalous dispersion {SAD) — I
Phaser SAD pipeline
H Run SHELXD I before Phaser
B Run Parrot {density modification) after Phaser @ Run Buccaneer (model building) after Parrot
MTZin Full path.. ome/ data/15-05-13-lysoflyso-Gd_SAD/xds_stepd/Lyso-Gd rowse | View |
Crystal [unknown belonging (o PTojeet GMRNown
Dataset name |unknown140515
Fi+) F(+) —i |SIGF(+) SIGF(+) =
F() () — |SIGF(-) SIGF(:) — |
FP FP — |SIGFP SIGFP — |
FREER FreeRilag =
_i Resalution [38635 A to[1648 A, Wwelengﬂqgr)
Space group read from miz file 'P 43 21 2'; _| Enantiomorph ce Both - I
g from 1 scan (default is to calculate 1" and 1° from wavelength)
Atom sites run ShelxC/D = [
Findld  heavy atoms of lyp
| Crystal contains cluster pound
H LI..G-map wmplallun on: all atom types: = |
comp sttion of the asymmetric untt "
Total scattering determined by components in asy c unit — |
Component #1 P | | sequence file — |Number in asymmetric unit |1
SEQfile Full path. . &fhome/dalai15-05-13-lysollyso-Gd_SADIcepd MR/A93L fas) e | view |
Edtlist | Define another component |
Expert paramelers al|

a) SHELXD will use the anomalous difference Patterson map and check the presence of peaks.
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PH(ﬁ>: Z (|FPH(§)|_|FPH(_§)|)2eXp[_2inﬁ'g]

h,k,l

from the position of these peaks in the anomalous difference Patterson map, the position of Gd
atoms in the asymmetric unit will be calculated (deconvolution of the Patterson map).

b) PHASER will calculate the experimental phases thanks to the Gd atoms located by SHELXD

¢) PARROT will improve the phases through several density modification methods (solvent
flattening, ...)

d) BUCCANEER proceed to automated model building from the electron density map generated by
PARROT and the amino-acid sequence sequence provided in input)

=> ~80% of residues built automatically

Upon completion of the job, and to analyze the log file, select the “Phaser EP” job in the list
(button highlighted in blue in Figure 3). Then, from the “View Files from Job”, select “View Job
Results (new style)” (button highlighted in red below)

COOT for model building

Experimental map, sub-structure of anomalous atoms and model can be displayed with Coot:

Run
coot
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1

4 CCP4inierface 6.5.008 running on linux-11vu.sile  Project: LysoGd. SAD SIS

List of jobs for project. Double-click on a job displays the log file, shift-double-click reruns the job. | Change Project | Help
Experimental Phasing — |I5 14 May 15 FINISHED phaser TNCS No title [A| Directories&ProjeciDir |
| Data Preparation a [Rl 2 il ek sedaaingd) || =

>| View Any File |

w Automated Search & Phasing ® <
i+ SHELX C/D/E pipeline |
Crank-2 - enhanced EP pipsline | q

. View Files from Job

iew Job Results (new style)

i Crank - automatic EP pipeline

i Phaser SAD pipeline I View Annotated Log in Web Browser
— [ View Log File (old style}

[ Heary Atotn Location . trput s .

b Phasing & Refinement 4 Lyso-Gd_SAD.mtz

> visuaiisation A | ot

b Utiities = Output files

LysoGil_SAD 3 _shebehkl
LysoGil_SAD 3.1.pudb

| LysnGd_SAD_3_shelx_falst

~/| LysoGd_SAD 3.hand sol

“| LysoGd_SAD 3.1.handmiz

| LysoGd_SAD_3.1.hant pdb

LysoGd_SAD J.sum

Lys0GH_SAD_3_shels_fa.hkl

LysoGd SAD 3 sheke fapdh

LysoGd_SAD_3.sol

LysnGd_SAD 3 shebe.sca

LysoGd 3AD 3 buccaneerhand.pdh

LysoGd_SAD 3 parrotantz

LysoGd_SAD 3.7.miz

Lys0Ga_SAD_3_shelz_fains

LysoGd_SAD 3 shelx fares

LysoGd_SAD 3_parrol hand.miz

LysoGil_SAD_3_buccaneerpdh

Z
\

View Command Scripts
Add notebook entry

at the command line, and load pdb files (button highlighted in blue in Figure 4) and mtz files
(button highlighted in red in Figure 4) as listed below:

Sub structure of Gd atoms is in
LysoGd_SAD 3.1.pdb

Experimental map coefficients are in
LysoGd_SAD 3.l.mtz

and after automated density modification with parrot
LysoGd_SAD 3 parrot.mtz

The model built automatically (80% of the residues) is available in
LysoGd_SAD 3 buccaneer.pdb

When running COOT with LysoGd_SAD 3 parrot.mtz and
LysoGd_SAD_ 3 buccaneer.pdb, two maps are shown:

Map coefficients FWT and PHWT essentially correspond to F.s and ., , as calculated by
PHASER (shown in purple below). A standard contour level is +1c.

Map coefficients parrot.F phi.F and parrot.F phi.phi correspond to the improved experimental
map, as calculated by PARROT (shown in cian below). A standard contour level is +1c.
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mol. no: 0) CA /1/A/28 TRP occ: 1.00 bt 39.48 ele: C pos: (24.02, 5.80, 6.66)

Questions:

compare both maps: which is the one that seems the easiest to build a model in it?

Start model building in the experimental map as model and the experimental map are good enough
to start manual building.

Alternatively, run Refmac for a first refinement and manual rebuilt with
LysoGd_SAD 3 buccaneer.pdb

as pdb input file.

Warning: Depending on the initial choice of space group (92 or 96), the files above may be the one

corresponding to correct or the wrong hand. You have to look also at
LysoGd_SAD 3 parrot.hand.mtz
LysoGd_SAD 3 buccaneer.hand.pdb

and check which is the correct hand and finalize space group determination.

C - Refinement / construction

Using Refmacb to refine the (uncomplete) model
Based on the model built by BUCCANEER, and possibly completed by you (using COOT), you
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can initiate REFMAC to refine the structure of your model.
select Run Refmac5 tab in Refinement:

i LysoGd'

| Change Project | Help |

List of jobs for project. Double-click on a job display the log file, shift-double-click reruns the job.
Refinement — I3 11 May 18 FINISHED phaser_EP SAD Phasin
T R T 2 11 May 18 FAILED phaser_EP SAD Phasin:
¥ Model Preparation 4 1511 11 May 18 FINISHED sftools change spa
» Restraint Preparation. i
Run Refmac5
Run NCS Phased Refinement h
SR L DU G
b Model Completion & Analysis -
i i =

|

Directories&ProjectDir |

View Any File |
= |rS

View Files from Job
Search/Sort Database.. [
Graphical View of Project |

Delete/Archive Files.. |

|
I

Kill Job
ReRun Job..
Edit Job Data ~|
Preferences |
System Administration ~]

Manage Updates |  Exit |

Refmac requires (i) an mtz file that contains structure factors or intensities and a free reflection set
(FreeRflag): use the initial mtz file generated after XDS, and (ii) a pdb file of a model, that will be
refined. After refinement, the refined model PDB file will be named as indicated on line « PDB
out ». The amplitudes, and electron density map coefficient will be stored in the mtz binary file
indicated on line M'TZ out.

Save or Restore — |

Output MTZ File | Help |
Job title |Refinement A
Do restrained refinement — |using no prior phase information ~ |input
_I Input fixed TLS parameters
no — |twin refinement

Use Prosmart: no — ](Iaw resolution refinement)
_I Run libg to generate external restraints (DNA/RNA) automatically —x‘
_| Run Coot:findwaters to automatically add/remove waters to refined structure
MTZin LysoGd — [LysoGd 3 parrot.hand.mtz Browse | View |
FP FP — | sigma SIGFP — |
MTZ out LysoGd — ||LysoGd_s_parro!.handgre!maﬂ.rnlz Browse ] View
PDBin LysoGd --|[LysuGd_3_huccaneer.hand.pdh Browse | View!
PDB out LysoGd _-[|LysoGd_3__buccaneer.hand_refmac1Apdb Browse | View |
LBin LysoGd | Merge LIBINS | Browse | View |
Qutput lib  LysoGd _-|[LysoGd_a_buccanear.hand.cif Erowse | ‘Wewl
Refmac keyword file LysoGd | Browse | View |

=

o |

A |

lographic Symmetry (NCS) Restraints. 4l
F
| v

Close |

Press Run to start the calculation. As previously, you can open the output file by double click on the

job line (or with the tab "View Files from Job"):
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"qtRView 1.16 - job 4: Refinement

File Edit Window Help

ez B & @ « 7 O
Print PDF/PS  Refresh = refmacs5 CCP4 Preferences  Exit
Job 4: Refinement
“Rerlinement OT Macromoleculiar STFUCTUres Dy CNe Maximum-L1Keiinood Mecnod: " =
G.N. Murshudov, A.A.Vagin and E.J.Dodson, (1997) i
Acta Crystallogr. D53, 240-255
EU Validation contract: BIO2CT-92-8524
(=1 Result
Initial Final §
R factor 0.4835 ©.4156
R free 0.5141 0.4744
Rms BondLength 6.0216 06,0131
Rms BondAngle 2.5795 1.6529
Rms ChirVolume 0.0676 0.0975
n Ny
Graph Data = VR, S e T B s R ) s 7
& Cycle 1. Rfactor analysis, F distri... 9,500 :Q-—_ ]
@ Cycle 1. FSC and Fom(<cos(DelP... | 0.45.00 e —— ]
& Cycle 10. Rfactor analysis, F dist... | 0,40.00 + 4
& Cycle 10. FSC and Fom(<cos(Del... | o (3500 I 1
& Cycle 11. Rfactor analysis, F dist... = -
© Cycle 1. FSC and Fom(<cos(Del... || | g 030.00 F ] ||
= Rfactor analysis, stats vs cycle a 02500 + 8
<Rfactor 2 02000 L i
Rfact [ £ e b .
| Rfree | v 0,15.00 :‘ ‘
= FOM vs cycle 0,10.00 + ‘
& -LL vs cycle ‘[ 0.05.00 L ]
a1 -LLf I I I 1
01 2 3 4 5 6 7 8 9 10
raw data | Print || Export | copy | P
I 1.63:0412
(4] i ]rl':
Ready
Questions:

What are the statistical criteria that provide information about the refinement behaviour?
What do you think about your refinement cycle?

Press the “Coot” tab in "Output files" section (bottom of the window) to open automatically the

output files (pdb and mtz files) in coot.
Files automatically opened are the ones mentioned in MTZ out and PDB out
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Important notice:

In this map, the phases are the ones derived from the model, and no longer the experimental ones.
Map coefficients FWT and PHWT essentially correspond to0 2F s — Feae and @cac (shown in blue
above). A standard contour level is +10.

Map coefficients DELFWT and PHDELWT essentially correspond to Fo,s — Feae and Qe (Shown in
green (positive) and red (negative) above). A standard contour level is +/- 30.

At some point in the refinement, the model phases become closer to the real phases than the
experimental phases; It is up to you to decide when you think the model phases contains more
information than the experimental phases.

Questions:

What does a positive peak (green) in the difference Fourier map indicate?
What does a negative peak (red) in the difference Fourier map indicate?
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Completing the model with COOT

Use COOT again to continue model building. Usually, numerous cycles of refinement and manual
model modifications are required to finalize the refinement process and obtain the most complete

model, including solvent molecules, ligands, etc ...
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D - Phasing with the MR technique

For molecular replacement, a target sequence a model and a dataset are required.

We will solve the tetragonal Lyso_Gd crystal by molecular replacement with bovine or human
lysozyme as search model.

Hen white lysozyme share 60.9% identity with human lysozyme and 54.5% identity with bovine
lysozyme. Lysozyme is a very conserved protein...

CLUSTAL 2.1 MULTIPLE SEQUENUE ALIGNMENT

File: Mome/tp/Tutorials-RX/yso-Gd _15May2013_udated2017/data/Hen.ps Date: Mon Jun 26 16:29:34 2017
Page Lol ]l s wakas Padks L kkEEkk ckkkdk . ckdkhkk o kk . .

iovine KVFERCELAR ESTDYGIFQINS]
luman ém EL T -_

Bovine lysozyme (PDB 2z2f) or Human lysozyl (PDB 1ip1) can be used as search model.The
coordinates can be retrieved from PDB (www.rcsb.org) or can be found in:
~/DATA-RX/lyso-Gd_15May2013/data

The sequence of Hen lysozyme is in the same directory

If you did not already use ccp4 for step B or C, then do the following:

Create a new ccp4 project called “MR” with project directory
~/DATA-RX/lyso-Gd 15May2013/ccp4 2019

Choose the “Molecular Replacement” group of programs at the left in ccp4i interface.

First, we need to estimate how many molecules there is in the asymmetric unit. This is important to
know how many molecules to search. Empirical estimate by Matthews coefficient can be done by
opening menu “Cell content analysis”

Required parameters are the cell dimension (which can be extracted from the data mtz file), the
estimated molecular weight (which can be calculated from the sequence) and the space group of the
crystal.
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CCPAInterface 7.0,039 running on workshop Project: MR

- 4 X

| Change Project | Help |

MolecL_llar Re_ p[acernem =" |

|vAm{ysb w [N
i~ Cell Content Analysis

i Phaser Cell Content Analysis
i Phaser TNCS/Twin Detection

FINISHED

i~ Analyse Data for MR
i~ Self RF in polars

- Phaser Analyse Models for MR

= Self RF with molrep.

» Model Generation
Phaser MR
Run Melrep - auto MR

Run MrBUMP

Run Balbes
Run AMPLE

» Arcimboido
P AMoRe Suite

» Utilities
Phaser Single Atom MR

2 16:37:18 FINISHED phaser_ MR
1 16:33:41

matthews

/| Add notebook entry

| Directories&ProjectDir

View Any File
View Files from Job

=
View Job Results (new style)

View LogFile in Web Browser
View LogSummary in Web Browset
View Log Graphs

View Annotated Log in Web Brows
View Log File (old style)

fnpm‘ files ..
Lyso-Gd_SAD.miz
Z2z2(.pub
193L.fasta
Output files ..
MR_2.1.pb
MR_2.s0l
MR_2.1.miz

View result of MR in Coot.

View Command Scripts

-

Matthews - Cell Content Analysis

| Hep|
Job title | [N

Calculate Matthews coefficient for

protein only

—|

M Read crystal parameters from MTZ file

- + x

Space group P 43 212

MTZ file Full path.. —-||fhomeftprutorials-F{}(f’Iyso-Gd_15May2013_udated2017#xds_step3_XSCA Browsel Viewl

Cella |77.2700 b |77.2700

c38.7000

M High resolution limit |1.648

—|

alpha 90.0000 beta|80.0000 gamma 90.0000

Cell wolume:

1 2.02

Reset |

231064.250

39.23 1.00

Run Now |

Use molecular weight estimated from sequence file
Sequence file (protein) MR _n||193L.1asta Browse | View |
Sofvent cortent anafysis

Molecular weight estimated from sequence: 14280 Da

Molecular weight estimated automatically by the program: {}
Nmol/asym Matthews Coeff Zsolwvent F{1l.65)

F{tot)

1.00

|

=l

Close |

In this case, there is only 1 molecule in the asymmetric unit. This corresponds to 39.23% of solvent
which is expected in macromolecular crystals (ranging from 30 to 60% usually).

When the cell content analysis is done, close the window.

Then, choose the Phaser MR menu.

Several files are required:

-the data mtz file

-the target sequence
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-the model pdb file
In phaser, search models are defined as “ensemble”.

In our case, the asymmetric unit is composed of only one molecule and we will search only one
ensemble (ensemblel) in the asymmetric unit. The model is bovine 2zbf.pdb structure

Press Run to launch the program

¥ Maximum Likelihood Molecular Replacement - + X

| Help
Job title | N

Mode for molecular replacement automated search — |
_| Number of processors |4 (only relevant if phaser compiled with openmp option)
Defire dala =

MTZin  Full path. — [/home/tp/Tutorials-RX/lyso-Gd_15May2013_udated2017/xds ' Browse || View |

_| Input data are merged intensities (preferred)
F FP — | SIGF SIGFP —|

Space group read from mtz file P 43 21 2 ; Run Phaser with mtz space group and enantiomorph —-|

Define ensembles (modeis) |
Ensemble # 1 L

Ensemble Name ensemblei Define ensemble via pdb file(s) — | _| Use HETATM atoms

PDB #1 Full path.. — [fhome/tp/Tutorials-RX¥/lyso-Gd_15May2013_udated2017/da Erowse | View |

Similarity of PDB #1 to the target structure sequence identity — |0.54

Edit list — | Add superimposed PDB file to the ensemble |
Edit list ~| Add ensemble |
Define composition of the asymimeltic unit o
Total scattering determined by components in asymmetric unit — |
Component 1 protein — sequence file — |Number in asymmetric unit |1
SEQfile MR  —|[193L.fasta Browse | View |
Edit list — | Define another component |
Search paramelers -
Perform search using ensemble — | Number of copies to search forD
Edit list —-| Add another search |
Additioral Search paramelers =
User paramelers =
Owutput controf =
Expert parainelers =
Developer paramelers =

Run — Save or Restore — Close |

The solution is found quickly, with high Z-scores for rotation and translation function.

You can directly launch coot with the MR solution and phases by pressing “View result of MR in
Coot in the right menu results “View files from job”
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CCPAInterface 7.0,039 running on workshop Project: MR

i 2l - 4 X
Display the log file from a selected job | Change Project | Help |
Molecular Replacement — [z 16:37:18 FINISHED phaser MR [No title .|| Directories&ProjectDir

= — D = il 16:33:41 FINISHED matthews Calculatio -
|v_Amqfsb O View Any File
- Cell Content Analysis .V‘ T —— : "S
_ t ew Files from Jo —
& Phaser Cell Content A_nal_ysis l | 1
i Phaser TNCS/Twin Detection ilew Job Rasitia (hew 3ye)
_ View LogFile in Web Browser
e VO L T R View LogSummary in Web Browset
Analyse Data for MR View Log Graphs
i~ Self RF in polars View Annotated Log in Web Brows
= | Self RF with moirep. | View Log File (old style)
|» Model Generation 5 Inpee s .
Phaser MR Lyso-Gd_SAD.miz
Run Melrep - auto MR 2z2(.peb
Run MrBUMP Ll
— — Outpuit files ..
Run Balbes MR_2.1.pdb
Run AMPLE MR_2.s0l
» Arcimboldo =t LA R
b AMoRe Suite View result of MR in Coot
» Utilities d
Phaser Single Atom MR bl | p¥ISw Sommand Serpss
i< /| Add notebook entry
7 ] = o !

E - Refinement / construction

very similar to step C, but here, the pdb file required for the refinement step will be the one
obtained from the molecular replacement solution. The mtz file required is the one used for

previous (MR) step.

F - Locating Gd atoms

If the Gd-derivative data are used, the unit cell contains a certain number of Gd atom. You may use
different approaches to locate them:

- anomalous difference Patterson map

- {2F obs -F, calc} 5> Qcale MAp

- anomalous difference Fourier map (with either experimental or model phases)

CCP4 and coot will help us to carry out these 3 ways of locating Gd atoms
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Other useful information

CuUBIC
a=b=c

o= p=y=90°

TETRAGONAL
a=b=c
a=p=y=90*

ORTHORHOMBIC

azbszc
05:'3:}.-:%"

HEXAGONAL
a=b=zc
o=p=9%°
y=120°

MONOCLINIC
azbzc
o.=y=90°
p=120°

TRICLINIC
azb#c
oxpeys90°

Crystal System
Triclinic
Monoclinic
Orthorhombic

Trigonal

0 -
L]

Minimum Symmetry*

None

One 2-fold (along b)
Three 2-folds (along a,b.c)

3-fold (along c)

Tetragonal 4-fold (along c)

Hexagonal 6-fold (along c)

TRIGONAL
a=b=c
a=pB=y=90°

4 Types of Unit Cell
= Primitive
I = Body-Centred
E= Face-Centred
C=Side-Centred

Fi
7 Crystal Classes
— 14 Bravais Lattices

Constraints on unit cell

None

a=y=90

a=pB=y=90

a=b.a=p=90; y=120
a=b;a=p=y=90
a=b.:a==90; y=120

Cubic Four 3-fold axes a=b=c;a=p=y=90
(along body diagonal)
System Laue class Space Groups
Triclinic 1 P1
Monoclinic 2 p2,P2, C2
Orthorhombic 222 P222,P222, P2,2,2,P2,2,2, C222,, C222,F222,
1222 L2,z 2
Quadratic 4 P4,P4,, P4, P4, 14,14,
422 P422 P42,2,P4,22,P4,2,2,P4,22, P4,2,2,P4,22,
P4,2,2,1422,14,22
Trigonal 3 P3,P3,,P3, R3,
32 P312,P321,P3,12, P3,21, P3,12, P3,21, R32
Hexagonal 6 P6,P6,, Pbg, P6,, P6,, PE,,
622 P622,P6,22, P6 22, P622,P6,22, P6 22
Cubic 23 P23, F23,1I23,P2,3,12,3,
432 P432,P4,32,F432,F4,32,1432,P4,32,P4,32,14,32
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P 43 2 1 2 D4 422 Tetragonal
NO. 96 P41 2| 2 Patterson symmetry P4/mmm
. - i
. b ! Q W2
%t | N P~ ) 10
1 N O- O+
i— —1 C_) i* Q
} O
! A Qi-
i/ / ‘*\ i-O
H L I
N 4. - +O o)
i{\ii/\li/\ O+ O
i i © ©
Origin on2[110] at 2, 1(1,2)
Asymmetricunit  0<x<l; 0<y<l; 0<:z<i
Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
8 b 1 (Dxyz (2) £F,z2+% B F+tx+ic4+7 By+ii+rz+7 00 [=4n
(ME+iy+4i4] @ r+ig+ii+d (Dwns (8) 7.5,5+1 ho0: h=2n
Special: as above, plus
4 .2 xx,0 55 T+4x+13 x+he+ b4 Okl - [=2n+1
or 2k4+1=4n
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