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Determination of the crystal structure of Hen Eqg White Lysozyme by the

Molecular Replacement method

Pedro Matias, Célia Romao, José Brito

In this tutorial, the crystal structure of Hen Egg White Lysozyme will be determined by the Molecular
Replacement method, using as phasing model the 3D structure of the related protein from Bos taurus

(cow).
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Getting started

o0 Login to your account and start a shell terminal;

o Type the command:

%cd ECS7/Lysozyme .

0 Check that the tutorial files are present in this directory:

% Ils 4

2z2Tt-model .pdb - coordinates of the Lysozyme from cow

alignment.aln - alignment between the sequence of both proteins (cow lysozyme on top)
Cu_Lyso testl 1 Om.prp - logfile with the data processing statistics

Cu_Lyso testl 1 Om.sca -diffraction data

Lysozyme.pir - aminoacid sequence in 1-letter format



Start CCP4i and create a new project

. ﬂ CCPdInterface 7.1.012 running on Snoopy Project: PROJECT - o X
(@) Sta rt CCP4| | change Project | Help
Experimental Phasing — | [Project Database Job List - currently no jobs Directories&ProjectDir
P Data Preparation r View Any File
- p Automated Search & Phasing View Files from Job —|a
0 —
A) CCp4 i & ‘J : Gl e :;: Search/Sort Database..
Phasing & Refinement
’ Visualisation r Graphical View of Project
) Utiiies - Delete/Archive Files..
Kill Job
ReRun Job..
Edit Job Data — |
Preferences |
Svstem Administration |~
CCP4 is up to date
Manage Updates | Exit

O Click on the Directories&ProjectDir button

[} ccPainterface 7.1.018 Directories & Project Directory - X

Enter one-word alias and full directory path for your Project directory(s).
Deleting these project definitions will not delete the actual direciories.
Project|PROJECT  uses directory: |C:rccp41emp Browse. .

L= 1 = | = 1

] Editlist —i | Ada project
! Project for this session of CCP4interface 7.1.018 PROJECT —_ |
E Enter one-word alias and full directory path for other directories you use regularly. I
Alias: TEMPORARY for directory: |C:rccp41emp E 1
Editlist — | Add directory atias | -

1 = .

&




Start CCP4i and create a new project

0 Click on the Add Project Button [/} cCP4interface 7.1.018 Directories & Project Directory - X

Enter one-word alias and full directory path for your Project directory(s).
Deleting these project definitions will not delete the actual directories.
Project| PROJECT  uses directory: |C:h:cp41em p Browse. .

Projectl uses director]r:| Browse

Edit list —1 | Add project
Project for this session of CCP4Interface 7.1.018  PROJECT — |
Enter one-word alias and full directory path for other directories you use regularly.

Alias: TEMPORARY for direc‘tory:lc:r{:cmtemp Browse..
Edit list — | Add directory alias

[ ooty | |

O In the Project box you can type a word to YT T ——— = —— o x
name the project (e.g., ECS7). Click on the [ ccpeneruce 71018t . et N e L
Browse button near the empty box and select | freromeworate sy oy it ooy, e ‘:&’_4 e
Full Path as shown. You should see the files = e ,b“m
listed. Click OK to close the directory selection Zﬁ;ﬂ;’fﬁiﬂﬂﬁmﬁﬁ'ﬁ:fmmf;s,.Tml WE:: = s
window. Then, click on the Project for this B == - ' o
session button, select the name you gave to Aowexe] || oo | i | - o

r

this project and click Apply&Exit ——



Start CCP4i and create a new project

0 Click on the Add Project Button [/} cCP4interface 7.1.018 Directories & Project Directory - X

Enter one-word alias and full directory path for your Project directory(s).
Deleting these project definitions will not delete the actual directories.

Project| PROJECT  uses directory: IC:h:CMtemp Browse. .

Projectl uses director]r:| Browse

Edit list —1 | Add project

Project for this session of CCP4Interface 7.1.018  PROJECT — |

Enter one-word alias and full directory path for other directories you use regularly.
Alias: TEMPORARY for directory: |C'.r{:|:p4tem p Browse..

Edit list _:lnddlim:tnryﬁas

Aoplysexit

ooty | |

O Inthe Project box you can type a word to
name the project (e.g., ECS7). Click on the
Browse button near the empty box and select
Full Path as shown. You should see the files
listed. Click OK to close the directory selection
window. Then, click on the Project for this
session button, select the name you gave to
this project and click Apply&EXxit

[ cCP4interface 7.1.018 Directories & Project Directory - X
Help
Enter one-word alias and full directory path for your Project directory(s).
Deleting these project definitions will not delete the actual directories.
Project|PROJECT uses directory: |C:rccp4temp Browse..
Project CoLaIJZZI uses directory: |D:rCoLab22 K
Edit list —i | Add project
Project for this session of CCP4Interface 7.1.018 ColLab22 — |
Enter one-word alias and full directory path for other directories you use regularly.
Alias: TEMPORARY for directory: |C:rccp41emp Browse..
Edit list — | Add directory alias

Applysext| ool |




Overview of the CCP4i interface

This is what the main window of the CCP4 GUI looks like:

BA ccPainterface 7.1.012 running on Snoopy  Project: BgE-2021 - O X
| change Project | Help
Experimental Phasing 1 —i [eroject Database Job List - currently no jobs Directories&ProjectDir
P Data Preparation -l: View Any File
P Automated Search & Phasing I View Files from Job — | A
(Ve As Locoton s Search/Sort Database..
: Fhasing & Refement :: Graphical View of Project
D utiides 2 Delete/Archive Files..
Kill Job 4
ReRun Job..
Edit Job Data _:l
Preferences li
3 System Administration =y | W/
CCP4 is up to date
Manage Updates I Exit

This button selects groups of programs;
Buttons in this window open a program list or select a program in the group;
This window lists all the run and running jobs in the current project;

IR

This window contains buttons for acting on jobs and interface management;



Importing the diffraction data into CCP4

Select the Data Reduction and Analysis group of programs in 1, click on the Import Integrated Data subgroup and then
select the Import Merged Data task:

[d importScaled - Import Scaled Data from Denzo or d*trek - O X

Help

Job title |
Convert scaled data output from Scalepack (DENZO) — |into MTZ format

¥ Use anomalous data

¥ Run Ctruncate — | to convert intensities to structure factors

¥ Keep the input intensities in the output MTZ file

[ Ensure unique data & add FreeR column for [0.05  fraction of data. [~ Copy FreeR from another MTZ
[ Extend reflections to higher resolution: I—

In Colab22 — I Browse | View
QOut Colab2z — l Browse | View

Use dataset name — |as identifier to append to column labels

MTZ Project, Crystal, Dataset Names & Data Harvesting I
Create harvest file in project harvesting directory — |

Crystal | belonging to Project |CoLab22

Dataset name |

Extra Information for MTZ File I

Space groupl

Cell dimensions | | | | | |

Data collected at wavelength I— Angstroms

Estimated number of residues in the asymmetric unit l—

Edit or Transform Input Data r

Log File Output I'

Run — Save or Restore — (ml




Importing the diffraction data into CCP4

Load the .sca file and complete the remaining empty boxes as shown :

[l importScaled - Import Scaled Data from Denze or d*trek - O it

Help

Jobtitlel

Convert scaled data output from Scalepack (DENZO) — | into MTZ format

¥ Use anomalous data

¥ Run Ctruncate — |to convert intensities to structure factors

¥ Keep the input intensities in the output MTZ file
¥  Ensure unique data & add FreeR column for |D.I}5 fraction of data. [ Copy FreeR from another MTZ
[~ Extend reflections to higher resolution: I

In Colab22 — IColab22_1ﬁm.5ca Browse | View
Out Colab22 —IICoIah22_16m.mtz Browse | View

Use dataset name — |a5 identifier to append to column labels

MTZ Project, Crystal, Dataset Names & Data Harvesting T
Create harvest file in project harvesting directory =] |

Crystal |Lysozyme belonging to Project |COLab22

Dataset name |x1

Extra Information for MTZ File 74

Space group Nﬁlm | | | | | Click on the Run button, select Run Now from the drop-
Cell dimensions |77.495 77.495 37617 90.000 90.000 90.000 .
Data collected at wavelength [1.5418 _ Angstroms down menu and then click the Close button. When the

Estimated number of residues In the asymmetric unt 124 program is FINISHED in the central GUI window you have
Edit or Transform Input Data [ . .
now converted the .sca (text) file to the .mtz (binary)

Log File Output [
B format used in CCP4 and most crystallographic programs.

Run — Save or Restore —




Preparing the bos taurus model for MR

Select the Molecular Replacement program group, click on the Model Generation line in 2 to expand its program list
and then click on the Sculptor button:

Hm CCPdInterface 7.1.018 running on Snocpy Project: Colab22 — O >
| change Project | Help
Molecular Replacement — 09:18:58 FINISHED import scaled [No title Directories&ProjectDir
- A
i--. Edit Protein Structure = View Any File
i D8 Molecular Replacement Model Improvement - O X
i--« Phaser Model Generation {q
: Hell
=+ Sculptor - MR model improvel | -
i... Ensembler - MR ensemble ge e 1Jtle|
Run Sculptor using Predefined protocols —
Phaser MR -
PDBin ColLab22 — l Browse | View
Run Molrep - auto MR —I—
Use alignments:
Run MrBUMP
Edit list — | Add alignment
Run Balbes
General 5
Run AMPLE
Renumber according to  target sequence —
i Run smBAD
= Rename residues v
Keep hetero residues:
Edit list —1 | Add residue name
| use protocols [
; Specify individual protocols — |
Use protocoli2 — |
Edit list — | Add protocol

Run —'| Save or Restore —t Clnsel




Preparing the bos taurus model for MR

Select the Molecular Replacement program group, click on the Model Generation line in 2 to expand its program list
and then click on the Sculptor button:

ﬂ] Molecular Replacement Model Improvement — O »
Help

Job title
Run Sculptor using Predefined protocols — |
FoAm| Colah?? = pirmodelpd Eelie | |oad the 2z2f-model.pdb file in the PDB in window, click on
Use alignments:
Alignmentin  Colabzz — [alignment.ain sem|vis] = the Add alignment button and load the alignment.aln file in
Target index |2 . . .

Editlist Z|aaaigmen| ~ the Alignment in window. Use Target Index 2 and select
General = Specify individual protocols and protocoll to be used in the
Renumber according to  target sequence — . .
sname resstues [ calculation. Click on the Run button and select Run Now from
Keep hetero residues: .

ot the drop-down menu and then click the Close button.
Use protocols v
Specify individual protocols — |

Use protocoll —l|

Edit list _||Alltlpmtnml

Run —l| Save or Restore —l| Clusel

You should now have a new PDB file in your project directory which has been edited to remove the largest expected

differences with your unknown 3D structure, based on the sequence alignment.



Running the MR calculations

[ Maximum Likelihood Molecular Replacement - O *
Enter job title (use only alphanumeric, spaces, brackets and underscores) Help
Job title | &

Mode for molecular replacement automated search —

I~ Number of processors |4 {only relevant if phaser compiled with openmp option}

Define data |
MTZ in ColLab2z2z — ICoIaIJZZ_16m.th Brmel View

¥ Input data are merged intensities (preferred)

I IMEAN_x1 — | SIGI SIGIMEAN_x1 —

Space group read from mtz file P43 21 2 ; Run Phaser with miz space group and enantiomorph —l |

Define ensembles (models) v
Ensemble # 1 |
Ensemble Name [ensemble1  Define ensemblevia  pdbfile(s)  — | I~ Use HETATM atoms
PDB#1 Colab22 —i i(‘.oLabZZ_Z_ZlZl-modeIJ .pdb Browse | View |
Similarity of PDB #1 to the target structure  sequence identity ~— W
Edit list —i | Add superimposed PI]Bﬂetuﬂleensmﬂel
Edit list = | Add ensemble
Define composition of the asymmetric unit IV
Total scattering determined by components in asymmetric unit — |
Component 1 protein — | sequence file — | Number in asymmetric un'rt|1—
SEQfile ColLab22 — I Lysozyme.pir Browse: | View
Edit list = | Define another component
Search parameters =
Perform searchusing  ensemblel ~ —' | Numberof copiestosearchfor[t
Edit list = | Add another search
Additional Search parameters I
User parameters |
Run — Save or Restore — | ﬂl

Close the Model Generation program group and click on Phaser
MR to open a new window. Load the Colab22_16m.mtz file into
the MTZ in window; notice the program automatically selects the
measured structure factor intensities and their estimated errors.

Load the PDB file from Sculptor into the PDB#1 window and
specify a sequence identity of 55.0% (from the PDB file header).
Load the sequence file Lysozyme.pir into the SEQ file window.
Scroll down the job window and select ensemblel in the Search
parameters pane.

Click on the Run button and select Run Now from the drop-down
menu and then click the Close button.

Once the program is FINISHED, click on View Files from Job and
then on View Result of MR in Coot to Load the output PDB and
MTZ files in Coot and inspect the results. Can you see any
problems with the model and/or electron density?



How do | know MR worked?

Top Peaks Withoat Clustering

Select peaks over 67.5% of top (i.e. 0.675%(top-mean)+mean)
#lso store peaks over 52.5% of top

There were 116 sites over 52.5% of top

116 peaks selected

The sites over 52.5% are:

# Fulerl Euler? Euler3d FS5 2-score h' h h f h . f . | | .

1 64.4 73.0 168.4 100.000 &.05 < -

1 64.4 1.0 1684 100.000 6.05 A Z-score higher than 4 for the rotation function calculations.
3 64.0 72.0 165.6 97.471 5.90

#5ites = 116: omtput trimcated to 3 sites

Top Peaks Without Clustering

Select peaks over 67.5% of top (1.e. 0.675%{top-mean)+mean}
There were 8 sites over 67.5% of top

8 peaks selected

The sites over b7.5% are:

# Frac ¥ Frac Y Frac 2 F55 2-score . . . .

1 0.237 0.754 0.458  465.14 16.13 < A Z-score higher than 8 for the translation function calculations.
2 0.238 0.754 0.215 259,27 8.91

3 0.238 0.754 0.367 258.07 B.97

#Sites = §: output trmmcated to 3 sites

Packing Table

Solutions accepted if pairwize clashes less than 10 % of trace atoms

#in #out Clash-% Symn TF-SET ROT TFphd TF TFZ  SpaceGroup

1 Topl 0.428 -- 1 1 1 222.42 16.13 P 43 21 2 :

2 2 9.519 - 101 2 10.43 8.69 P 43 21 2 Very few or no packing clashes.
3 3 1.604 -- 1 1 3 -8.82 8.87 P 43 21 2

3 accepted of 3 solutions
3 pack of 3 accepted solutions

Refinerment Table ([Sorted)

Refinement to full resolution

#out =fout #in =T (Start LLG Rval TFZ) (Refined LLG Rval TFZ-=) ' Cntrst - i 1 i
pout “hout din art LG Rval 152 ined LLC fval If2.) SpaceCrowp Cntrst The R-value is not very informative because

there is no scaling between F_ and F_



How do | know MR worked?

STEXT:MR Result: 55 Bavbles Marlap 55

*#* STNGLE solution <«

233 Sﬂ?utiun written to S0L file: /‘homefusersi/matias/ECS?/Lysozyme/ECS7 Lyso 3.so0l

** Solution written to POB file: /‘home/users/matias/ECS7/Lysozyme/ECS7_Lyso_3.1.pdb

*=* Splutiom written to MIZ file: /‘home/users/matias/ECS7/Lysozyme/ECST Lyso 3.1.mtz
Solution ammotation (history):
SOLU SET RFZ=6.1 TF2=16.1 PAK=0 LLG=275 TFZ==16.5 LLG=495 TFZ2==24_.8 PARE=1 LLG=495 TFZ-==24.8
SOLU SPAC P 43 21 2
SOLU 6DIM ENSE ensemblel EULER 151.4 71.6 168.4 FRAC -0.25 -0.25 0.22 BFAC -0.26 #TF2==24.8
SOLTU ENSEMBLE ensemblel YRMS DELTA +0.0143 #RMSD 0.76 #VBMS 0.77

Narber LLE Z-Score

$5 loggraph §5 Rotation function: 20.00
20.00 6.13

2 L.18 4.24

Eﬁ 4.02 4.10

Nurber LLG 2-Score Translation function: 222.42

$$ loggraph 55
292.42 16.13

2 10.43 8.69

3 -8.82 8.87

L1

Nmnher final-LLG initial-LLG final-R initial-R

$$ loggraph 5%
27460 299 42 3921 41.49

Refinement to 3.8 A resolution: 276.40

2 83.50 10.43 47.60 49.12
3 76.13 -8.82 48.34 50.23
55

Mumber final-ILE initial-IL6 final-R initial-R
$$ loggraph 5%
$$ 494 .81 494 .72 50.82 50.82

Refinement to 1.68 A resolution: 494.81

This is also a good sign.

The LLG (Log-likelihood gain) must
increase during the calculations



Automated model editing and rebuilding with buccaneer

L Chan tracing/reinement sing Buccancer/Refmac . H:., The next step is to edit the model according to the Lysozyme

Jonﬁuel—l sequence. Remember, only 55% of the aminoacids are

Perform model building/reginement starting from  molecular replacement — | phases. . . .

Data for {unsolved) work structure: {Note: perform phase improvement/density modification first) Identlcal between the tWO StrUCtures' ThIS Can be done

Use MR model to lace and name chains and | provide initial molel .. | manually in Coot or in a more automated way using

MR model PDBin  Colab22 —IFOLab22_3.1.pdh Browse | View

[~ Specify an initial model to be extended. Buccaneer'

Work SEQin  Full path.. — iD:rCoLaIJZZJ'Lysozyme.pir Ehmel\ﬁen

Work MTZin  Colab22 — [Colab22_3.1.mtz Browse | View Select the Model Building program group, click on the
F_x1 —1 | SIGFP SIGF_x1 =

o PHIC — |Fom FOM = Buccaneer button and fill out the data as shown (be sure to

F FWT — | PHI PHWT —

- = - select the Molecular Replacement mode in the first line):

Use Free-Rflag: ¥ Use map coefficients: Use PHIFOM instead of HL coefficients: [V

Work PDB out  ColLab22 —liCOLab22_3.1_huccaneer1.pdb Browse | View

Options 5

¥  Apply anisotropy correction to input data.

[~ Build Selenomethionine (MSE instead of MET).

Calculation options:

Number of cycles of building/refinement to run: |5—

™ use[2  CPUsfor calculation. ¥ Use fastest methods.

Model building parameters = Click on the Run button and select Run Now from the drop-

Refinement parameters r

R r down menu and then click the Close button. When the

Run — Save or Restore Close program is FINISHED you can inspect the results in Coot.




Automated model editing and rebuilding with buccaneer

[ Run Refmacs = O * . . .

Enter job title (use only alphanumeric, spaces, brackets and underscores) Help TO m a ke | Ife ea S I e r’ Iet u S fl rSt d O a ro u n d Of

Job e | refinement using Refmac5. Select the Refinement

Do restrained refinement — |using no prior phase information — |input

™ Input fixed TLS parameters program group, click on the Run Refmac5 button
no — |twin refinement

Use Prosmart: no — | {(low resolution refinement) and f|” OUt the data aS Shown (yOU Only need tO

[~ Run libg to generate external restraints (DNA/RNA) automatically — . . .

[ Run Coot.'ﬁ:dwaterstoautomaticallyaddrremmrewatersto refined structure | supply the datafl |es for the ”MTZ ln” a nd ”PDB In”

MTZin Colab22 — iColahZZ_ﬂim.mtz Ehumel Wiew bOXGS) .

FP F_x1 — | Sigma SIGF_x1 — '

MTZout ColLab2z — ‘IColah22_16m_reh1lac1 .mtz Bmmel WView

PDBin Colab22 — lCoLahZZ_3.1_huccaneer1 .pdb Browse | View

PDBout ColLab2z — ‘ICoLah22_3.1_bu{:{:aneer1_reh1lac1 .pdb Bmvnel\l’iew

=1
z

LIBin Colab22 —ll Merge LIBINs
Qutputlib Colab22 —IICoLab22_3.1_buccaneer1.cif

Refmac keyword file  Colab22 _.l

1

=
:

Click on the Run button and select Run Now from

Data Harvesting
Refinement Parameters

Sewwp Geometric Restraints

Setup Non-Crysialiographic Symmetry (NCS) Restrainis
External Restraints

Scaling

Geometric parameters

the drop-down menu and then click the Close

button. When the program is FINISHED you can

inspect the results in Coot. Click on View Files from

0 o e B e O

Job and then on View result of refinement in Coot.

Run — Save or Restore — Clnsel

NEXT STEPS — correct the model in Coot (today) and continue the refinement in Refmac5 (tomorrow)



