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MX Tutorial 3

Refinement and Validation of the crystal structure of Hen Eqg White Lysozyme

Pedro Matias, Célia Romao, José Brito

@ gbnova

In this tutorial, the crystal structure of Hen Egg White Lysozyme will be refined using REFMAC and

PHENIX, and the resulting structure analyzed using the validation tools in PHENIX.

ECS7 - 7th European Crystallographic School - July 13, 2022

Getting started

(o]

Login to your account and start a shell terminal;

0 Type the command:

%cd ECS7/Lysozyme .J

O Start CCP4i

% ccpdi &




Overview of the CCP4i interface - recap

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

A LN R

3 ccPainterface 7.1.012 running on Snoopy  Project: BaE-2021

- o x
Change Project | Help

Experimental Phasing

=

B Daia Preparation

P Automated Search & Phasing

B Heavy Atom Location

B Phasing & Refinement

P Visualisation

. o

» Uuizes

Project Database Job List - currently no jobs

Directories&ProjectDir

View Any File
View Files from Job —]
Search/Sort Database..

Graphical View of Project
DeleteiArchive Files..

Kill Job 4
ReRun Job..
Edit Job Data —
Preferences

Svstem Administration

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;

This window contains buttons for acting on jobs and interface management;
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Start the REFMACS5 job window

0 Select the Refinement program group and click on Run Refmac5

[= CCPainterface 7.1,018 running on ishtaritqb.unl.pt Project: ECS7_Lyso
Refinement. —
P Modol Proparation Y
» Restraint Preparation. r
Run Refmacs
Run NCS Phiased Refinement
Run Low Resolution Refinement.
¥ Modoi Complstion & Amaysis i — | tow resolution refinement)
1 Run libg to generate  extemal restraints (DNA/RNA) automatically  — |
i Run 10 wialers 1o refined structure.
s [E TN O IR input reflection file |
i — | Sigma. =
MTZout ECS7_Lyso — | Browse | vew
PDBIn ECS7 Lyso — || Browse | Vew
/)| PDBOut ECS7_Lyso _.I Browse | Mew
uBin ECS7_Lyso — | Merge LIBINS | Bowse | vew
Outputlib ECST_Lyso — || Bowse | vew
Refmac keyword file ECS7_Lyso — || Browse | Mew
Fl
F
F]
Fl
a
Fl
Fl
ol
Save or Restore Cose |
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The REFMACS5 job window — an overview

0 Select the Refinement program group and click on Run Refmac5

[= CCPalnterface 7.1.018 running on ishtaritqb.unl.pt Project: ECS7_Lyso -ax

Refinement —
B Hodel Proaration. o [N | Help
P Restraint Proparation r Job title |
Run Refmacs Il oo restrained refinement — |using no prior phase information — [input
Run NCS Phased Refinement 1 Input fixed TLS parameters
Run Low Resolution Refinement | = _‘mm
B Model Complation & Anaysis i Use Prosmart: no — | (tow resolution refinement)
i Runlibg to generale _ external restraints (DHA/RNA) automatically  — |
i Run o waters.
MTZin ECS7_Lyso — || Bowse || vew
P — | Sigma. =]
L BT B | | output reflection file |
Posk [EcSiyen = vl K|
/|| PoBout Ecs7_iyso — vows | [y |
LiBin ECS7_Lyso — | Merge LIBINs | Browse | \iew
Output i ECS7_Lyso — || Browse | Vew
Refma keyword file ECS7_Lyso — || Bowse || vew |
Fl
F]
Fl
Sotep Won-Crystallograptic Symmelry (HCS) Restraints F]
F
Manitoring and Gufput Optians. a
a
ol

s
!
i

The REFMACS5 job window — an overview

0 Select the Refinement program group and click on Run Refmac5

[= CCPainterface 7.1,018 running on ishtaritqb.unl.pt Project: ECS7_Lyso

Refinement. —
P Model Properation )l /S | Hep
P Bestraint Preparation r Job titie |
Run Refmacs || 1los  rostrained refinement — | using 10 prior phass information - [mpu
Run NCS Phased Refinement 1 Input fixed TLS parameters
Run Low Resolution Refinement | no — |twin refinement
P Modei Compltion & Acaysis s aa st no — | tow resolution refinement)
1 Run libg to generate  extemal restraints (DNA/RNA) automatically  — |
i Run to wialers 1o refined structure.
MTZin ECS7_Lyso — || Browse
i — | Sigma.
MTZoul ECS7_lyso — Browse
|| oo EcsTve —f o input coordinates file
PDBoul ECS7_Lyso — Browse
uBin ECS7_Lyso — | Merge LIBINS | Browss
Output i ECST Lyso — || Mo
Refmac keyword file ECS7_Lyso — || Browse

Data Harvesting

Refinement Paramelers

Sotup Geometris Restraints.

Sotup ion-Crystakigraptic Symmetry (WCS) Restraints
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The REFMACS5 job window — an overview

0 Select the Refinement program group and click on Run Refmac5

[= CCPaInterface 7.1.018 running on ishtaritgb.unl.pt Project: ECS7_Lyso -aK
Refinement —

B odel Properation [N | Heip

V Restraint Prepasation Fi Job titie |

Run Refmacs | [floo restrained refinement — |using o prior phase information — |impu

Run NCS Phased Refinement 1 input fixed TLS parametors

Run Low Resolution Refinement | = _‘mm

B teodal compiesion & Aaysts i T no — | tow resolution refinement)
1 Runlibg to gencrate _ extemal restraints (DNA/RNA) automatically  — |
i Run o waters
MTZin ECS7_lyso — | Browse ll
P — | Sigma. =]
MTZout ECS7_Lyso — Browse LI
PDBin ECS7_lyso — | Bowse | vev |
POBOU ECST_Lyso — wow || < output coordinates file
UBin ECS7_Lyso — || Merge LIBINs |  Browse M
Output i ECS7_Lyso — || Browse il
Refma keyword file ECS7_Lyso — || Browse |

I.I.I.I-I-I.I.I.g

The REFMACS5 job window — an overview

0 Select the Refinement program group and click on Run Refmac5

[= CCPainterface 7.1,018 running on ishtaritqb.unl.pt Project: ECS7_Lyso

Refinement —
P Mool Proparation =N | e
P Bestraint Preparation r Job titie |
Run Refmacs || 1los  rostrained refinement — |using o prior phase information — |input
Run NCS Phiased Refinement 1 Input fixed TLS parameters
Run Low Resolution Refinement | no — | twin refinement
¥ Modoi Complstion & Amaysis i Use Prosmart: no — | tow resolution refinement)
1 Run libg to generate  extemal restraints (DNA/RNA) automatically  — |
i Run 0 wiaters o refined structure
MTZin ECS7_Lyso — || Browse.
i — | Sigma.
MTZoul ECST_Lyso — Browse
PDBin ECS7 Lyso — || Browse
/| PoBout Ecs7_tysa — Browse
B EELD = ) [0S ) Ceo | < Input dictionary file
Output i ECS7_Lyso — | Mo
Refmac keyword file ECS7_Lyso — || Browse

Data Harvesting

Refinement Paramelers

Sotup Geometris Restraints.

Sotup ion-Crystakigraptic Symmetry (WCS) Restraints
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The REFMACS5 job window — an overview

0 Data harvesting option (I turn it off)

- Run Refmac5 “ox

| Hop

Joh title |
Do restrained refinement — |using no prior phase information

— |input

I Input fixed TLS parameters

no — | twin refinement

Use Prosmart: no

iy

— | dow resolution refinement)

i Run libg to generate 4|
I Run wraters to refined structure

MTZin ECS7 Lysa — ]

— | sigma

oo | e |

FP
MTZout ECS7 Lyso — ||

view

Browss
Browse

PDBin ECST Lyso — |

view

PDB out ECS7_Lyso — |

LIBin ECS7_Lyso — |

oo ows | v | e |

Output lib ECS7_Lyso — |

oown | e |

Refmac keyword file ECS7_Lyso — ||

rowse | view |

Dria Harvestiog.
Create harvest file in project harvesting directory —~|

Harvest project name [ECS7_Lyso and dataset name |

Sefuy Goomeiric Restraints

ke ek
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The REFMACS5 job window — an overview

0 Refinement parameters (the defaults are usually OK)

- Run Refmacs “ox

| Hep

no — | twin refinement

Use Prosmart: no

3]

— | tow resotution refinement)

i Run libg to generate _A|
1 Run O« 0 waters to refined structure

MTZin ECS7 Lyso — ||

P — | Sigma

==

MTZout ECS7_lyso — ||

il
§

PDBIn ECS7_Lyso — ||

PDBout ECS7_lyso — ||

uBin ECS7_Lyso — |

Output v ECS7_Lyso — ||

ey I
s

Refmac keyword file ECS7_Lyso — ||

Data Harvestig

Fl

Refinement Parameters
Do [10 cycles of maximum likelihood restrained refinement

i Resolution range from miniwum | to |

W Use automatic weighting M Use experimental sigmas to weight Xray terms
1 use jeliy-body refinement with sigma |0.0Z

Refine isotropic — | temperature factors

M Exclude data with freeR label

Use hydrogen atoms: generate all hydrogens — |and s output to coordinate file

— | with vaiue of [0

Setup Geomelric Resirants

Setep Non-Crystatograptic Symmetry (NCS) Restraints

Run — ‘Save or Restore
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The REFMACS5 job window — an overview

0 Setup geometric restraints (the defaults are usually OK)

- Run Refmacs

no — | twin refinement

| use Prosmart: no — | tow resotution refinement)
‘J Run libg to generate  extemal restraints =]

| 4 Run © waters to refined structure

MTZin ECS7_Lyso — || . Browse |_\m_|
P — |Sigma =
MTZout ECS7_Lyso — || erowse | Vew
PDBin ECS7_Lyso — || Browse | Vew
PDBout ECS7_Lyso — || Bowse | vew |
UBin ECS7_Lyso — || Merge LBINs | srowse | vew
Output b ECS7 Lyso — | | Browse | Vew
|Refmac keyword file ECS7_Lyso — | Browe | Vew
ey 3
Serup Geomenic Restants _ -
Checking against dictionary: Rely on user's naming convention =]

1f the following features are found in coordinate file then make restraints fo meintan fhem:
}_annrh W cis-peplide W Links between symmetry related atoms

Amino acids and DNARNA it defined in file only =]

Sugar-sugar and sugar-peptide it defined in file or residues are close =

Al others i defined in file only =] i
n-Cryst ) ) Restraints r
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The REFMACS5 job window — an overview

0 NCS restraints (should be used if more than one copy in the asymmetric unit.)

- Run Refmacs o

Job title |

Do — |using no prior pl — |put

1 Input fixed TLS parameters

no — | twin refinement

Use Prosmart: no

1 Run libg to generate =]
i Run 10 waters 10 refined structure

MTZin ECS7 Lyso —

— | Sigma

P
MTZout ECS7_Lyso — ||

PDBIn ECS7_Lyso — |

PDBout ECS7_Lyso — ||

LiBin ECS7 Lyso — |

Outputlib ECS7_Lyso — ||

Refmac keyword file ECS7_Lyso — ||

Data Harvesting

Setup Geomelric Resiraints

'.I.l.\.f

Satup Non-Crysialographic Symmelry (NCS) Resirails
1 use automatically generated  local NCS restraints  — | NCS restraints
Ho NCS restraints are currently defined

£
z
Ll
E
g

=

Lennitawton aet Puitrert Datinns.

Run —~ Save or Restore.

N

i
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The REFMACS5 job window — an overview

(the default settings are usually OK)

0 Scaling between |F,, .| and |F

obs calcl

- Run Refmac5s —aw

MTZin ECST Lyso — | ovse i]
w — |sgma =
MTZout ECS7_Lyso — Browse | Mew
PDBIn ECS7_Lyso — || o | vew
POBout ECST_Lyso — || sove | vew
UBin ECS7_Llyso — | Merge LIBINS I Browse | View ]
| output i ECS7_Lyso — movee || wev |
Refimac keyword file ECS7_Lyso — || Bovse | vew |
Data Harvesting

Y.

Scatig
Use simple — scaling
Simple solvent scaling for resolution range | o |
| Determine scaling using the working — |set of reflections W Use experimental sigmas.
® Calculale the contribution from the solvent region
For the solvent mask calcuition:

Increase VDV radius of non-ion atoms by [

Increase ionic radius of potential ion atoms by [

Shrink the area of the mask by | after calculation

| Goammtric paramotors r

Run — ‘Sawve or Restore Close

r
r
r
9 (NCS) Rostraints. r
r
r
=
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Load the refinement files

0 Click on the Browse button to select the input reflection and coordinate files to be used in the refinement
0 Notice that the output filenames are automatically generated by the program
F! CCPaiInterface 7.1.018 running on ishtaritgb.unl.pt Project: ECS7_Lyso
Refinement —
P Mot Preperation r | Hep
P Bestraint Froparation Fl Job titte |
Run Refmacs Do restrained refinement —-|usm o prior phase infonmation Alhm
Run NCS Phased Refinement I Input fixed TLS parameters
Run Low Resolution Refinement no s | twin refinement
¥ ot Comptotion & araysss s o o | tow resolution refinement)
I Run libg _,|
Mizin EcsTtyso — [eutysotesttomme  Lbewe | e
™ =gy srar: =i
)
Browse i
UBin ECS7 Lyso — | Merge LIBINS | Browse | ew
Output i ECS7_Lyss — |[ECS7_Lyso_B.1.cif Browse | \iew
Refmac keywond file ECS7_Lyso — || ovee | uee |
r
)
4
ICS) Restraits F
F
r
r
=L
Save or Restore Qose
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Load the refinement files

0 Adark orange background indicates a missing mandatory file or a file that already exists and will be

overwritten if the program is executed.

] ccpalnterface 7.1.018 running on ishtaritqb.unl.pt Project: ECS7_Lyso
Refinement =5
P okl Preperation | Hew
P Bestraint Proparation Job titke |
Run Refmacs Do restrained refinement — |using o prior phase information — imput
Run NCS Phased Refinement i Input fixed TLS parameters
Run Low Resolution Refinement no — | twin refnement
P tads! Complotion & Aralysis. Use Prosmart: no — | (tow resolution refinement)
i Run libg. |
1 Run Coot:findvaters (o automatically addiremove Waters 1o refined structure
MIZin ECS7_Lyso — |cu_Lyso_testi_1_om.miz v | vew
P F 1 — | sigma. SIGF 1 =]
MIZout ECS7_Lyso — [cu_Lyso_testi_1_0m_refmacd.mtz Browse | vew
PDBin ECS7_Lyso — |[ECST_Lyso 8.1 pib Browse | vew
7 lPoB out ECS7_Lyso — [[ECS7_Lyso 8.1 refmact b Browie | e
T ECST TS0 PP TTETE BT
Outputlib ECST_Lyso — [ECST_Lyso_8.1.cif erovse | vew
Refmac keywond file ECS7_Lyso — | movie | wew |
Dafa Harvesting r
Retiement Parsineters F
Sotup Geometric Restraints r
sotp Ty r
Extornad Resrasnts Fl
ontoring and Ouipor Options r
Scatng r
Goome!ric paramelers o 7
Run = Save or Restore Qose
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Running the REFMACS job and looking at the results

0 Click on the Run button, select Run Now from the drop-down menu and then click the Close button.
O When the program is FINISHED in the central GUI window, click on the View Files from Job button and inspect the

results.

CCP4Interface 7.1.018 running on ishtaritgb.unl.pt Project: ECS7_Lyso

Refinement —|[10" 07 Ju1 22 refnacs i [N o
Yookl P 9 07 Jul 22 FINISHED refnacs ined
: S 8 07 Jul 22 FINISHED phaser MR [No title View Any File
festraint Freparation 7 07 Jul 22 FINISHED sculptor [No title
e — | 6 07 Jul 22 FINISHED refmacs Restrained | || View Files from Job = [X,
5 07 Jul 22 FINISHED phaser MR [No title iew Job Resulls (new si
Run NCS Phased | |la 07 Ju1 22 FOMISHED  refmacs Restrained T We(b 5o
TR TR et | 3 07 Jul 22 FINISHED phaser MR [No title View Browser
2 07 Jul 22 FINISHED sculptor [No title View LogSummary in Web Browser
I B Mods! Compretion & Analysis 1 07 Jul 22 FINISHED import_scaled [No title

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

Ioput fites ..

ECS7_Lyso_8.1.pdb
cu_Lyso_testl_1_Om.mtz

Duiput fies ..
ECS7_Lyso_8.1_refmacl pdh
cu_Lyso_test]_1_Om_refmac3.mtz

View result of refinement in Coot
View result of refinement in CCP4mg.

View Command Scripts
Addl otebook eniry

Log files and graphs

Open a Coot window with the
coordinate and maps from the
refinement
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Running the REFMACS job and looking at the results

0 Click on the View Log file (old style) button and scroll down to the bottom.

-Llfmv:qmlﬂ
sl;nmtryvsuyulu“l?ﬂglﬂllz
s Ncyc Rfact Rfree FOM -LL -LLfree ymsBOND zBOND rmsANGL zANGL rmsCHIRAL $§
0 |D0.4700 0.4372 | 0.496 76147 3823.6 | 0.0178 1.542 1.964 1.255 0.644
1 |0.4489 0.4288 | 0.507 75636 3808.6 | 0.0070 0.512 1.444 0.894 0.556
2 |0.4333 0.4229 | 0.527 75238 3794.8 | 0.0064 0.460 1.559 0.950 0.534
3 | 0.4209 0.4153 547 74864 3779.8 | 0.0064 0.456 1.623 0.984 0.523
4 |0.4093 0.4064 | 0.569 74406 3761.8 | 0.0065 0.460 1.647 0.998 0.518
5 |0.3955 0.3973| 0.592 73955 3744.9 | 0.0079 0.548 1.721 1.045 0.515
6 |0.3839 0.3900 | 0.613 73575 3729.4 | 0.0085 0.584 1.733 1.054 0.512
7 |0.3714 0.3810 | 0.635 73093 3709.9 | 0.0092 0.646 1.738 1.060 0.510
8 |0.3663 0.3776 | 0.642 72953 3706.8 | 0.0090 0.619 1.780 1.083 0.509
9 |0.3624 0.3752 | 0.646 72826 3702.5 | 0.0092 0.634 1.803 1.096 0.509
s 10 | 0.3593 0.3733 | 0.649 72736 3700.3 | 0.0092 0.639 1.813 1.102 0.508
TEXT:Result: $§ Final results $§
Initial  Final
Rflchnr 0.4700 0.3593
R free 0.4372 0.3733
Rns BondLength 0.0178 0.0092
Rnms Bondingle  1.9641 1.8130
58 BRns ChirVolume 0.6441 0.5082
Harvest: NO PNAME KEYWRD given - no deposit file created
Refmac: End of Refwac_5.8.0267
Times: User: 23.0s System:  0.0s Elapsed: 0:23
</pre>
</html>

Time for some Cooting...

Check the variation of R and Rfree

Check the geometry statistics

7/13/2022
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Refining the structure with PHENIX — creating a new project

Phenix.refine runs much slower but is much more flexible than REFMAC for crystal structure refinement.

0 Exit ccpdi or start a new shell terminal

-
File Projects Utilities Help

O Start the PHENIX GUI

PHENIX home

© A ?

i3] ?
- it Preferences  Hel Citations coot MOL KNG | Othertools  Askforhel
% phenix & o E :
Projects ‘ Favorites =
Show group:  All groups v | wanage | AlphaFold (predicted models)
‘ Select | ) Delete ”.;.Newproject ‘lasanlngs ‘ Crystals: Data ysis and P
™ [tast modied Validation and map-based comparisons

[#ofjobs [Rtree |
o

o Test Jul 10 2022 09:49 ...

Experimental phasing

0 You will probably have already a

Molecular replacement

Maps (

project named Test on your

Enhanced maps (Polder, FEM, density-modifie

computer, but you need to create

Model building

Refinement

a new one for the present tutorial

Ligands

in the same directory where the

Cryo-EM: Map

1
y

i
4 Y,

tutorial files are located

b

and P

d comparisons

Map improvement

0 Click on the New project button

Current directory: |/home/school/BgE2/Test

wascrlﬂ

PHENIX version 1.20.1-4487-000

Project: Test

18
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Refining the structure with PHENIX — creating a new project

0 Fill out the information as shown and click on the OK button

- Create project - ox

Please choose a simple project ID (alphanumeric and underscore
characters only) and project directory. The directory should not
overlap with a previously defined project directory. PHENIX will
store settings and files specific to this project in a subdirectory

named ‘.phenix'.
Project ID :

Project directory :
Sequence file :

Add to group :

[Ecs7_Lyso

ImameischoollﬂqEZ/ECSTILysozyme

Browse... il

]MOmerschoolquEz,'EcswLysozymell.ysozyme.pir

None

[Browse.. | 4|

Switch to this project

Set up tutorial data.,.l

19

File Projects Utilities Help

Refining the structure with PHENIX — creating a new project

0 You now have created your PHENIX project for this tutorial session

PHENIX home

© A ?

-

# A

Quit  Preferences  Help | Citations PyMOL KiNG Othertools  Ask for help
‘ml Job history | :
Projects J Favorites =
Show group: Al groups. |v| Manage.. | AlphaFold (predicted models)
i Select H"'”'“:';“; He« New project ”95ettlngs I Crystals: Data analysis and manipulation
D [ Last modified [# ofjobs |eree I Validation and map-based comparisons
Test Jul 102022 09:49 ... 0 Experimental phasing
l«” ECS7_Lyso Jul 10 2022 09:57 ... O Molacular replaceme“t
Maps ( , ipul )
Enhanced maps (Polder, FEM, density-modifie
Model building
Refinement B
Ligands
Cryo-EM: Map lysis, Ty, ipulation
and p-b d
Map improvement a
< I 3]
Current | 2/E y Browse... | =

PHENIX version 1.20.1-4487-000

Project: ECS7_Lyso 7

20
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Refining the structure with PHENIX — adding hydrogen atoms

0 Click on the Refinement bar to open it and click on the ReadySet button to open its GUI

- PHENIX home =X
File Projects Utilities Help
5 . ¢ -
© A ? -« F s B
Quit Preferences Help Citations. Coot PyMOL KING. Othertools ' Ask for help
J Actions | Job history |
=
Projects | Enhanced maps (Polder, FEM, density-modifie
Show group: All groups ~| manage... | Model building
« Select ‘0 Delete H¢.. New project ”6 Settings | Refinement
D [Lastmodified [ #ofjobs [ Aefree | phenix.refine
Test |0l 102022 09:49 .. © Automated refinement using diffraction data (X-ray, neutron, ...}
- ECS7_Lyso Jul 10 2022 09:57 ... 0 -
Real-space refinement
c using real-sp maps (Cryo-EM, X-ray, ...) ¢
Ensemble refinement
?‘ Time-averaged melecular dynamics refinement - models disorder using a combinai
of multiple models and TLS
Rosetta refinement
f Hybrid af for i X-ray crystal structuras
ReadySet
Utility for ing PDB files for - ically g ang|
add hydrogens
e g
(5] | —|
Current directory: |/home/school/BQE2/ECST/Lysozyme Browse... | il
PHENIX version 1.20.1-4487-000 Project: ECS7_Lyso 4

7/13/2022
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Refining the structure with PHENIX — adding hydrogen atoms

0 Click on the Refinement bar to open it and click on the ReadySet button to open its GUI (it takes a few seconds!)

O Load the PDB file from REFMAC and
COOQT in the PDB file window

0 Make sure only the indicated check
boxes are ticked

0 Click on the Run button.

ReadySet (Project: Test)
File Actions Settings Utilities Help

A ?2 L O & % @

Preferences Help Run Abort Refine eLBOW ' Ask for help

Configure !

Input options

This will run phenix.ready_set, which uses Reduce to generate hydrogens on protein and nucleic acids, and eLBOW
to generate ligand hydrogens, as well as creating appropriate restraints for any unknown ligands. If you use the
latter feature, we highly recommend examining the restraints manually, e.g. using REEL (in the Utilities menu, or
type phenix.reel on the command line).

PDB file : [memersct 7_Lyso_8.1_buccanet  Browse... ﬂ;]ﬂ
Restraints (.cif) file : | Bowse... | A -| 4|
Restraints directory : [ Browse... il |

output file base : |

Add hydrogens to model if absent | [J All hydrogens to the nitrogens of Histidine

Neutron refinement options :  All hydrogen -

[!Generate ligand restraints|
[ Optimize ligand geometry [ Use the code in the model to generate restraints
[0 Metal ion coordination restraints options... [0 remove waters from model
O output edits determined by LINK records

Random seed : |@395694100:

Optimise final geometry of hydrogens

@ Idle

Project: Test A

22
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Refining the structure with PHENIX — adding hydrogen atoms

0 After a few seconds the job will be finished, and you can view the file in COOT

- ReadySet (Project: Test)
Eile Actions Settings Utilities Help

A ?2 2 Q@ & % @

Preferences  Help

Run Abort Refine ‘elBOW Ask for help

Configure | ReadySet_1

Run status | Results |

4 bx

4 b

Output files
Directory: /home/school/BqE2/Test/ReadySet 1

File name [ contents

% ECS7_Lyso_8.1_buccaneerl_refmacl-coot-O.upd... Processed PDB file

“® Open in Coot | m Run phenix.refine

©® ldle

Project: Test

7/13/2022
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Refining the structure with PHENIX — running phenix.refine

0 Now click on the File menu and select close (you can also click on the x) and click on the phenix.refine button

File Actions Settings Utilities Help

=] phenix.refine (Project: Test) —oox

?  © W B ¢

» % W

Xtriage I Ask for help

Preferences Help Run Abort Save Graphics  ReadySet TS Restraints
' configure| dpx
Input data | Refinement settings | Output | Amber | av

Job title : |

“Input fil

File path Format

Data type

Add file | Remove ﬁl:| Modify file data type... | Use symmetry from selected ﬁIeI

Space group : l—j unit cell : |

X-ray data and experimental phases

Highresolution: [ Lowresolution: [
Wavelength : I Options...

Neutron data
@ Idle

Data labels : - 'w| Rfree label : - v | Testflagvalue : l—

Phase labels : -

Project: Test

N El |

24
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0 We need to load a reflection and a coordinate file using the add file button

Refining the structure with PHENIX — running phenix.refine

O PHENIX can identify the file type automatically and complains if it cannot recognize the input file.

File Actions Settings Utilities Help

- phenix.refine (Project: Test)

7/13/2022

A 2?2 O

B ¢ . & W ©

Preferences  Help Run Graphics  ReadySet s Restraints. Xtriage | Ask for help
J cnnﬂuure‘ 4 bx
J Input data | Refinement settings | Output | Amber | 4 b
Job title : |
0 Notice that the reflection and PDB files | Inputfiles
. . File path Format Data type
haVe been correctly Identlfled and that 2, ihomejschool/BAE2/ECS7/Lysozymejcu_Lyso_testl_1_Om.mtz cepa_mtz X-ray data, X-ray Rfree
Q S7_Lyso 8.1 | _ref... PDB Input model

the crystal information has been read

in.

Add file I nemwefilel Modify file data type | Usesymmen'yfmmse(ec!edﬁlel

0 PHENIX uses the diffraction intensities

. . X-ray data and experimental phases
in the refinement by default.

Wavelength : Options...

‘Neutron data
© idle

Space group : [P43212 L‘ Unit cell : |75,453 78.453 37.162 90 90 90

Project: Test

Data labels : IMEAN_x1 SIGIMEAK v | R-free label : FreeR_flag v | Testflagvalue: [o
High resolution : (1.680) Low resolution : (22.228)  Phase labels: - -

[

25

Refining the structure with PHENIX — running phenix.refine

0 Click on the Refinement Settings tab, make sure that only the XYZ (reciprocal space) and Individual B-factors boxes are
checked and change the Number of cycles to 5.
phenix.refine (Project: Test)
File Actions Settings Utilities Help
0 Next, click on the Automatic linkin ; e - E
: e [A 2 © W H € + & H o
Options button . Preferences Help Run Abort save Graphics  Readyset TS Restraints Xtriage Ask for help
| cnnﬁgurel 4 X
Vlnput data Refinement settings  Output |Amber | |
‘Strategy m
| 5h‘“‘ﬂyl [ XYZ (reciprocal-space) I [J XYZ (real-space)  [] Rigid body j
[J Group B-factors amns 0o O groups
Number of cycles ﬂ
Select Atoms| Note: selections can only be made for enabled options (e.g. NCS groups are available if "Use NCS" box is checked)
Targets and weighting
| Target function : Automatic v [ optimize X-ray/stereochemistry weight [ Optimize X-ray/ADP weight
[J use NCS NCS type :  torsion-angle| »
[ Reference model restraints [0 Use secondary structure restraints [E] Use experimental phase restraints
| Mnemeﬂttalgetweighls...l Model interpretalinn...] NCS th-unsl j
‘Other options Ll
[0 Automatically add hydrogens to model [ Update waters Place elemental ions :
[ simulated annealing (Cartesian) [ simulated annealing (Torsion angles) ~ Scattering table : n_gaussian v
R e S A T s ot | p— e S T —— (=I5 =l
© ide Project: Test A
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Refining the structure with PHENIX — running phenix.refine

- Automatic Linking Options -ox

| Automatic covalent linking
| You may choose to run with the defaults or use the buttons below to select all or none of
the linking options. Alse, you may enable individual link types separately and adjust the
cutoff values to fine-tune the link candidates.
[ Link metals
exit this menu. [0 Link amino acids in special ways such as cyclic and side-chain to side-chain links
[ Link any RNA/DNA to amino acid possibities
[ Link carbohydrates to protein and other carbohydrates

[ Link ligands to protein

0 Click on the Link none then on the OK buttons to

[ Link small molecules such as S04, PO4 to protein

Maximum distance for automatic linking of metals :

3.5
Distance cutoff for automatic linking of aminoacids : 1.9
2.2

Distance cutoff for automatic linking of other residues :

Distance to add to intra_residue_bond_cutoff if one or more element is in the second (or more) row : (0.5

Carbohydrate bond cutoff : 1.99
| Ligand bond cutoff : 1.99
smaill molecule bond cutoff : 1.98

Link all ml
user level: v| 8 cancel || <“ok I
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Refining the structure with PHENIX — running phenix.refine

0 Back on the main menu, click on Run and then on Run locally from the drop-down menu.

) . - phenix.refine (Project: Test) Sox
0 A Coot window will open, and the Ble. actions| Settings Usities. Help
. . "] A ' 7
refinement will start A2 kAl B &£ A B
Preferences Help Ru Ru: ::tid)'(md raphics  ReadySet LS Restraints Xtriage Ask for help
J conﬁgurel Edit parameters and run... b 4 bx
Coot Is being started with the Phenix extensions pre-loaded. :
Depending on computer speed, it may take several seconds input data | Refinement settings | Output. | Amber | o
for the program to open. Strategy |
ge again| iprocal - I- Rigi Individual B-f:
O/ Don’t show this message agail e . [£] XYZ (reciprocal-space) [ XYZ (real-space) [ Rigid body Individual B-factors ﬂ

B cancel - [ Group B-factors ans - = o e
— Number of cycles : ’5_ Bl

Select Atoms| Note: selections can only be made for enabled options (e.g. NCS groups are available if "Use NCS" box is checked)

0 The Coot window will be updated

| Targets and weighting
Target function: Automatic v | [] Optimize X-ray/stereochemistry weight  [] Optimize X-ray/ADP weight

0 YOU can move around the molecule bUt [J Use NCS NCS type : torsion-angle vl Automatic linking options
[0 Reference model restraints O use secondary structure restraints [B] use experimental phase restraints.

during the refinement

any changes you make to the model
Refinement rarge(weigvs...l Model interpretation...| NCS oprionsl ﬂ

will not be saved

. Other options L
[ Automatically add hydrogens to model [ Update waters Place elemental ions :
[ simulated annealing (Cartesian) [ Simulated annealing (Torsion angles) ~ Scattering table : n_gaussian v
e S . S e — e e o (P A (5 =]
@ Idle Project: Test 7
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Refining the structure with PHENIX — running phenix.refine

Q wodbnore

0 The Run status tab shows the refinement statistics.

I phenix.refine (Project: Test) o
0 Due to some reason, the R-work and 1 File Actions Settings Utities Help
the R-free will often increase in the 1A 2 ST > B ™ B @ a B [ 4] i3
Preferences Help Run Abort Save Graphics  ReadySet s Restraints Xtriage Ask for help
first 2-3 cycles and sharply decrease ] configure | Reine 2| T
afteI’Wa rds Log output jLIIm sl‘zll.s Results | MolProbity | Real-space comelation | Atomic properties | b
4 Refinement status
+ FINISHED
Fle Edit Calculate Draw Measures Validate About Ligand PHENIX Easoition: 22.23 - 1.68
E3 - Resetview [ Display Manager — . | |Hydrogens on - + of refiactions: el
R-work: 0.272 3
R-free: 8.2843 &
RMS(bonds): 0.00661
RMS(angles): 0.832
Clashscore: 1.5

Ramachandran favored:  97.64
Ramachandran outliers: 6.00
Rotamer outliers: 0.00

7‘ {|)Pause H Abort H View log H%"Show graphics ‘

@ idle Project: Test A

- m E G DNe TR E00E
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Refining the structure with PHENIX — running phenix.refine © nobrove

0 The 2F-F. map should look a lot better, but you can still go through the whole structure again
to fix any problems you may notice. You will notice many green spheres of electron density

(positive F-F, peaks). These are water molecules.

phenix.refine {Project: ECS7_Lyso)

File Actions Settings  Utilities Help
0 Inthe next PHENIX run, we're A 9 > B & E n 1] o
going to add water molecules Preferences  Hielp Fun Abort Save Graphics  PeadySet  TLS  Pestaints | Xtiage  Askforhelp
Configure Refine_3 k%
automatically to the structure. [ioput data)| Aefincment sattings | Output. | Amber 4
0 Use as input coordinates the Job title : |
output coordinate file from the
Input files
previous run (or the one from File path [ Format [ Data type |
[h fschoolBaE2/ECSTL U Lysg test] 1 Omomtz ccpd_mtz X-ray data, X-ray R-free
Coot). | . fhor VBEZ/ECS T Lysozy 2/ECST Lyso_refine 2 pdb | POB Input model
Add file | Remeve file| Modiry fle dats o Use symmetry from selected file
Space group : (P43 212 :I Unit cell : |7a.453 78.453 37.162 98 96 98
X-ray data and experimental phases
Data labels : IMEAN x1SIGIM ¥ | R-free label : FreeR _flag w| Testflagvalue: |0
High resolution : | Low resolution : i Phase labels : - -
Wavelength : | Dptlnns...l
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Refining the structure with PHENIX — running phenix.refine

phentx.rafine (Pr

Lile fctions geltings Utilities Help
A ?2 o 0 kL BB & i % H O
Preferences Help Fun Abart Save Graphics  ReadySet TS Restraints Hiringe sk for help
; Configure | Fefine_3 ok x

Inpit data | Refinement settings | Cutput | Amber ‘0
Strategy

XYZ (reciprocal- XYZ (real-space] id bod Individual B-factors
Refl ’H‘EI (recipr space} [ { space) [ Rigi y &= T ﬂ

O Group B-factors OITLS parameters [ Occupancies [ Anomalous groups
Number of cycles : [5  [3]

Note: selactions can only be made for enabled options (e.9. NCS groups are available if "Use NCS®
Seloct AMOMS| 15 is checked)

Targets and weighting
Target function : Automatic v | [] Optimize X-ray/stereochemistry weight (] Optimize X-ray/ADP weight

[ Use NCS NCS type : torsinnangle|» Automatic linking options|

[ Reference model restraints O Use ¥ structure s =l Use exp phase

Refinement target wainhls...l Model Inwrpralaunn...l NCS annn'\sl ﬂ

0 Keep the same Refinement settings as
Other options

before but check the Update waters box. -, mascaiy ad nyarogens to morel e
O Simulated annealing (Cartesian) [ simulated annealing {Torsion angles)  Scattering table : n_gaussian vi
&l Automatically correct N/Q/H errors. Twin law : [— Number of processors : |1_ E! ﬂ

Global refinement paramebers...l Modify start mudel...l All Daramehers...| ﬂ

31

Refining the structure with PHENIX — running phenix.refine

wfine (Project: ECS7 Lysa)

flle Actions gettings Utilities Help

A 2?2 - 0 kW EH E . w E ©

Preferences  Help Run Abort Save | Graphics  ReadySet s Restraints Xtriage | Ask for help

Confiqure | Refine 3 Refine 5 4 bx
Log outpUE i'ii[n}i's'ii'm"s'i Results | MolProbity | Real-space ¢ i | aromic i | 4t
Refinement status

FINISHED

Resolution: 22.23 -k1.68

# of reflections: 13688

R-work: 8.1983

R-free: 8.2168 .

RMS(bonds): 0.0104 ™

RMS{angles): 1.861 0.28

Clashscore: 11.2 _!L 0.2

Ramachandran favored: 99.21 : 0.24

Ramachandran outliers: 6.80 : o2

Rotamer outllers: 8.95 o
| i/ }Pause || 9 Abort || View log || ?«"Shnn graphiics |

0 Note the large decrease in R-work and R-free when the first group
of water molecules are added.
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Refining the structure with PHENIX — running phenix.refine

Coot 0.9.6 EL {ccpd)
file Edit calculate Draw Measures Validate About Ligand PHENIX

K1 71 Resetview [=] Display Manager == S |Hydmgens on |Connected to PHENIX

it

Is this a water molecule?

| ——— S 1 L] L L — 81
maol. no: 31) O f1/5/1 HOH occ: 1.00 bf: 5.12 ele: O pos: (-8.27.-31.39.1.65)

LR SR YT

[ONENITIE T a ICT

7/13/2022
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Refining the structure with PHENIX — running phenix.refine

Coot 0.9.6 EL (ccpa)
Ele Edit Caleulate Draw  Measures Validole About Ligand  PHENIX

[ 2 ResetView £ Dizplay Manager < £ | [Hydrogens on [Connected to PHENIX

Is this a water molecule?

maol. no: 31) O /1/S/6 HOH occ: 1.00 bi: 9.99 ele: O pos: (8.06,-14.16,-3.49)

R/RC
Map
© |
@
T |k
o
L3 t
3 I
N
g |
& N
e
&

@ LR
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Refining the structure with PHENIX — running phenix.refine

Next, we can try TLS refinement of anisotropic thermal motion parameters.

phenix. rafine

Hle ctions setings ytlities tielp

A 2?2 - O kb R $ i 0w EH ©
Abort  Save s

Prefererces Help Auin Graphics  ReadySet Restrmints | Kirisge  Ask for help
First, load the final coordinate file after || configure | Refine.3. | Refine_5 il
. . . || Input data Refinement settings | Cutput | Amber 1t
the last Coot edit. This file contains only [~
the isotropic thermal motion parameters. fob titia |
Input files
File path [ Format [ Data type [ |

o thomelschoolBgE2/ECSTILyss; efeu L testl 1 Omimtz copd mtz X-ray data, X-ray R-free
E - fhomejusersimatiasECS7/Lysozyme/Refine 3/ECST Lyso refine 3.pdb _ PDB I Input mode|

_Add fiio | Remove fiie| Modity filc data type...| Use symmetry fram seiectad file|

Space group : (P43212 | Unit cell : |1a.4u 78.453 37,162 99 90 98

X-ray data and experimental phases

Data labels : IMEAN_x1,51GIM vI R-free label : FreeR_flag 'rl Test flag value : |8

High resclution ; Low resolution ; Phase labels : - -
Wavelength ; Options...
Neutron data

Data labels : - 'I R-free label @ - 'I Test flag value :
High resolution : Low resolution : Bntlons...l

@ idle Project: ECST_Lysa
—
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Refining the structure with PHENIX — running phenix.refine

phenix.refine (Project: ECS7_Lyso)

Elle Actions Settings Utilities Help

A ? - O W i & N ©

Preferences Help fumn

Save Graphics  PeadySat Miriage mh;ﬂup
| configure | Retina 3 | Rafine 5 | Refine 7 1ex
Next, in the Refinement settings tab ;“:;:‘" | Refinemant settings| Outgut | Amber | s
egy
check the TLS parameters box and click . [B%YZ (reciprocalspace) [ XYZ (reakspace) [IRigidbody [ Individual B-factors
Refinement Stratedy * 1 Group 6-tactors ClOccupancies 1 Anomalous groups B

the Select Atoms button. lmsime b piae S

Salact .ntnmsI :s:\lmgi‘ can only be made for enabled options (e.g. NCS groups are avallable If "Use NCS®

Targets and weighting
Target function : Automatic | [J Optimize X-ray/stereochemistry weight [0 Optimize X-ray/ADP weight

0 Use NCS NCS type : torionanale v | Automatic linking eptions
[ Reference model restraints [ Use secondary structure restraints =] Use experimental phase restraints.
For a proper comparison we should | Refinement target welghts. .| Model interpretation..| 175 optone 7]
uncheck the Update waters box. Other options
[ Automatically add hydrogens to model Place elemental fons : |
0 Simulated annealing (Cartesian) [ Simulated annealing (Torsion angles)  Scattering table : n_gaussian =
; [ Automatically correct N/Q/H errors Twin law : Number of processors : |1 |?| j

fF Glubuireﬂnwnenr.parametm..l Modify start rnodel...l Allnuume(e(s_..l ﬂ

@ 1 jobis) mnning Project: ECS7_Lyso .
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Refining the structure with PHENIX — running phenix.refine

Now, in the Refinement Strategy tab
select TLS and then click on the Find TLS
button.

When the list of rigid body groups
appears, click on the Save and Close
button to exit this menu.

! - g

¥y = B N4 VAN ¢ B
Saveand Close | load  Export | Validate Syntax  Sequence  Model Help
ModeTfile: tias/ECST/L [Refine_3/ECST_Lyso_refine_3.pdb
Custom i Strategy

Xz | Individual ApP | TLS

Selection

021 groupfehain

Add Selection| Delete Selection

chaln 'A' and {resld 1 through 14}
chain "A" and (resid 15 through 24)
chaln 'A' and {resld 25 through 50)
chain ‘A" and (resid 51 through 68 )
chain "A" and (resid 69 through 78)
chaln 'A' and (resld 79 through B8)
chain ‘A" and (resid 89 through 99)
chain ‘A’ and {resid 100 through 114 )
chain 'A" and {resid 115 through 129)

7/13/2022
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Refining the structure with PHENIX — running phenix.refine

Eile Actions Settings Utilities Help

A ? -':..igil{.l‘iiﬁﬂﬂ

Is it reasonable to assume TLS as a valid approach?

@ Idle Project: ECST_Lyso

Preferences. Help fun save Graphics  PeadySet  TLS  Restraits  iage | Ask for help
R-work and R-free w/o TLS: Sori e D TN ] Rafine. 7| : . o
Logoutput | Run status Aesults ity | Real-sp Aramic 4
Bl L Refinement status
0.2168 FINISHED : i
Resolution: 22.23 - 1.68 es f e
# of reflections: 13686 L\ Z
Eiml s g
R-work: 8. 1826 5 | \ 1 e | -
' . 1 A £
R-free: 8.2176) i \ . oy e 5 P R e )
RMS (bonds): 6.0086 1N [ s
A —
RMS(angles): 0,970 sl AT ™
& i B e e B e ]
Clashscore: 7.7 Tan
Ramachandran favored: 98.43 i 8.
Ramachandran outliers: .00 0] e
| Rotamer outliers: 9.00 [ R T -~
I“I yPause :| ¢ Abort || View log ||§"5llnw graphics |
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Refining the structure with PHENIX — validation

phenix.refine (Project: ECS7 Lysa)

Flle Actions gettings Utiliies Help

o . e ' '
A 0?2 08 & R E . on W ©
Preferences  Help Pun Abort save Graphics  ReadySet s Restraints Kiriage | Ask for help
Confiqure | Refine 3 Refine 5 4 b x
Log outpUE :'ii[n}i's'iirﬁs'i Results | MolProbity | Real-space ¢ i | Aromic i e
Refinement status
FINISHED o
—a -

Resolution: 22.23 -k1.68 \?' e
# of reflections: 13688 3 / e [

t J poeu |
R-work: 0.1983 H . u
R-free: 0.2168 £ 0

sy =

RMS(bonds): 0.0104 B vy = S = A== = 0.008
RMS(angles): 1.861 o] T |\
Clashscore: 11.2 ¥on] o \

= s,
Ramachandran favored: 99.21 g ey

Fon Ak +
Ramachandran outliers: .08 T

0.0

Rotamer outlliers: 08.95
L) Pause || 9 Abort || View log ||?(°'Shn|nr gmphlcs|

0 Once we're satisfied that the structure cannot be improved any further, it’s time to look at
the Validation tools.

39

Refining the structure with PHENIX — validation

0 The Validation summary gives an overall view of the validation statistics, but we can inspect the details in

each of the tabs Basic Geometry, Protein and Clashes.

J Summary‘ Basic geometry | Protein ‘ Clashes | 4 b

Validation summary

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

Basic statistics for ECS7_Lyso_refine_5.pdb:
Ramachandran outliers: 0.00% (Goal:<0.2%) Ramachandran favored: 99.21% (Goal : > 98%)
Rotamer outliers: 0.95% (Goal : 1%) C-beta outliers: [¢] (Goal : 0)
Clashscore: 11.23 Overall score: 1.57

Rama-Z (Ramachandran plot Z-score, RMSD)
whole (N = 127): 0.26 (0.72)

helix (N = 45): -0.84 (0.67)
sheet (N =10): -1.19 (1.23)
loop (N = 72): 1.36 (0.77)

8 Show validation in KiNG
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Refining the structure with PHENIX — validation

0 Everything is fine, except for slightly distorted peptide dihedral angles between PHE3 and GLY4, and
between TRP62 and TRP63.
Summary  Basic geometry Protein | Clashes 4
Number of restraints: 611
RMS (deviation): 12.184 . ’i‘

Max. deviation: 81.797 !x,
of = 2

List of outliers (sorted by deviation):

Coot 0.9.6 EL (ccpa)

Fle Edit Calculate Draw Measures Validate About Ligand PHENIX |[——
Reset View [=] Display Manager = £, | [Hydrobens an -

A 3 PHE CA, A 3 PHE C , A 4 GL... 188.8080 159.797 4.8
A 62 TRP CA, A 62 TRP C , A 63 TR... 188.868 .154.932 5.8

0 However, this unusual geometry is validated by the electron

density map.

imol. no: 471 HBZILASTS LEU oce- 1.00 bi: 23.36 ele: H pos: (0.73.-17.20.-4.55)
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Refining the structure with PHENIX — validation

0 Another flagged issue is a bad rotamer (side-chain conformation) at ARG73

Summary | Basic geometry | Probein | Clashes

No

Rotamer analysis

View Chil-Chi2 plots| {only for residues with bath Chil and Chi2 angles)

Note that although a residue may lie in the favored reglons of the Chil-Chi2 plot. outliers are flagged based on
the distribution of all non-branched Chi angles in a residue.

Zero outliers is not the goal. Rotamer outliers can be justified by sufficiently strong electron density, van der
Waals packing, andfor hydrogen bonds.

Rotamer outliers:

Chain |Residue Score Chil Chiz Chi3 Chi4 I

2568.6

0 We can see that the guanidinium group is in the wrong place
and that there is a water molecule where one of the nitrogen
atoms should be. We should delete the water molecule, adjust
the side chain and run another refinement to fix this issue.
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Refining the structure with PHENIX — validation

0 Finally, there are several “bad contacts” listed. Many involve hydrogen bonds but not all. It may be worth
while to inspect these to see if they can be eliminated by tweaking the structure, but it will very likely be

impossible to get rid of all of them.

Summary | Basic geometry | Protein | clashes | 1
All-atom contact analysis
-Coot display

[z Show Probe dots in Coot [ Only show bad overlaps Reload ““I Re-run PROBEI

Bad contacts from PROBE: 22 overlapping atom pairs

This list summarizes all severe clashes (more than 0.4 Angstrom non-H-bond overlap) found by PROBE; you can
view these graphically in Coot. If no hydrogens were present, REDUCE was used to add them prior to running
PROBE.

5 0 :
ARG  HD2 5 79 HOH O B.
VAL HG12 5 55 HOH 0 8.
ARG NH1 S 135 HOH O a.
GLN HG3 5 162 HOH 0O B.
VAL (Gl S 55 HOH 0O a.
ARG NH1 5 73 HOH O B.
ARG NE 5 B0 HOH 0 8.
ARG CZ S 79 HOH 0 a.
ARG NH2 5 164 HOH O B.
A 129 LEU C 5 156 HOH 0 0.544 =
Save to text ..

7/13/2022
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