Phenix Introduction

Macromolecular Crystallography School
Madrid, May 2017

Paul Adams

Lawrence Berkeley Laboratory and
Department of Bioengineering UC Berkeley

/) N
.Los Alamos i

NATIONAL LABORATORY ﬁﬁ%ﬂl}g

@ UNIVERSITY OF
¢» CAMBRIDGE




The Phenix Project

Lawrence Berkeley Laboratory

Paul Adams, Pavel Afonine,
Dorothee Liebschner, Nigel
Moriarty, Billy Poon, Oleg

Los Alamos National Laboratory

Tom Terwilliger, Li-Wei Hung

A

» Los Alamos

NATIONAL LABORATORY

Sobolev

s
i
rereerrrr

BERKELEY LAB

5 UNIVERSITY OF
¢% CAMBRIDGE

Randy Read, Airlie McCoy,
Tristan Croll, Rob Oeffner

u B Duke University

'Hm dlv\"“

Jane & David Richardson,
Chris Williams,Vincent Chen,

Cambridge University

An NI /NIG.MS ﬁ'mded Adams PD et al., PHENIX:a comprehensive Python-
Program Pro]ect based system for macromolecular structure
solution. Acta Cryst. 2010, D66:213-221.

Bradley Hintze

“~
- \
Frererrr -

BERKELEY LAB Phen?x



Phenix - a Structural Biology Hub

® We have nucleated the development of new computational
methods for structural biology
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What is PHENIX?

® Package for automated structure solution

® Modern programming concepts and new algorithm
development

® Designed to be used by both novices and experienced users

® | ong-term development and support

® Why is it called PHENIX?

® Python Hierarchical ENvironment for Integrated Xtallography
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Key Features

® Python
® FEasy scripting of repetitive tasks
® FEnables rapid prototyping and development

® Advanced algorithms

Experimental phasing

Molecular replacement

Automated model building and rebuilding
Structure refinement and validation

Ligand coordinate and restraint generation

® Rapid development and bug fixing
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Automation of Structure Solution

phenix.autosol

phenix.xtriage

=

phenix.autobuild

molprobity

Labelit

&

phenix.automr /

phenix.refine

|

%

phenix.ligandfit 4 4/\
Acta Cryst. 2002, D58:1948-1954. phenix.elbow ligand screen
= J.Appl. Cryst. 2002, 35:126-136.
rm "'| Acta Cryst. 2010, D66:213-221
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Command Line Tools

® Data validation
e phenix.xtriage porin fp.mtz
® Automated structure solution

° phenix.autosol data=peak.sca seq file=nsf-d2.seq

® Automated model building

° phenix.autobuild data=scale.mtz model=mr.pdb
seq file=correct.seq

® Automated ligand fitting

@ phenix.ligandfit data=nsf-dZ2.mtz model=noligand.pdb
ligand=atp.pdb

® Structure refinement
° phenix.refine nsf-d2.mtz nsf.pdb

® Building ligand coordinates and restraints
° phenix.elbow —--smiles=%"C1l2CC3CC(C2)CC(C1l)C3”
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Phenix GUI

° Central GUI to view jOb control and launch new ]obs

NIX home
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Coot/PyMOL integration

® Most results can be opened directly in graphics apps

AR
i. Open in Coot | 7N

b Open in PyMOL

® Any PDB file listed in GUI can also be opened

round! . pdh EE erner masal A !
- Dpen atext ecitor
Open 2 PyMOL

Configuration A Open' COOT :

splay structu
High-resalution limit : 2.1 Number of n

® AutoSol, AutoBuild, and phenix. refne will update Coot
continuously while running

® Coot must have Python support (default on Mac)

® Specific paths to executables usually required on Linux

s
n
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® Preferences->Graphics->Full path to Coot [...PyMOL]
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Recent Developments

* Automated structure solution with weak * Real space refinement (for X-ray and
anomalous data cryo-EM)
* Translational NCS corrections in SAD
phasing * Low resolution refinement algorithms:
* Rosetta refinement
* MR_Rosetta and morphing for rescuing * Reference model
poor MR solutions * Torsion NCS
e Translational NCS corrections in MR * Structure restraints
» Automated model building for cryo-EM * Feature Enhanced Maps to improve
maps interpretability
* Polder maps for better ligand density
* New Rosetta methods for RNA e Ensemble refinement to understand
rebuilding (ERRASER) dynamics and structural variability
* Automated ion placement in refinement * New validation methods for cryo-EM
* Automated ligand pipeline models
* DIALS included in Phenix distribution * Support for mmCIF format (for

structure deposition)
* Video Tutorials
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Challenges

® | ow resolution structure solution and refinement

® Structure completion

® Automated identification, fitting and refinement of ligands,
metals, ions, and water

® |dentification, fitting and refinement of discrete disorder
(multiple conformations)

® Representing other forms of disorder
® Automated parameterization of models in refinement
® ADPs, TLS groups, NCS, hydrogens

® Handling different kinds of twinning and integrating it
into the whole structure solution process

Automated understanding of chemistry
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PHENIX Availability

® phenix-online.org | :

PRENIX 1o imsmms e st s

Documentation: (HTML) FAQ Sesrcr Documertren What's New

PHENIX Is 2 software sulte for the automated éctermination of molecular structures using X-ray crystallography and other methods. NEW

® Supported on: "

Download tye latest officlal release (1.11.1) [First request dowrload password) Rocont Thangos
Download te latest nightly Luild or prereleass Fatf

o Linux (RedHat, Fedora) Meip: Emallus Repota Bug Ust Archivis Subscibe to Maling List oo s g U wl ,\;.-

Using PHENIX (release 1.11.5): Moty
- The PHENIX Graphical User Intarface Newsietter

- Assessing data quality with phenix xtriace . R
. IVI O SX -~ AUTOMATEE STUCTUre SOITION with AULDS0! YR
ac - Automated molecular replacement with Mhaser-MR
- Automated model bulding and rebuliding with AutoBulid
- Automated igand Mtng with Lgandft

LS TEWES (TS

= Suuclure 1eflcinet witls

. Wi n d OWS - Ganeration of igand coordinates and restraints with eLBOW

The PHENIX system ako includes SOLVE/RESOLVE, *haser, the CCI Apglications (phenix. xtiage, phenix refine, elbow ard many nore),
componcnta ‘rom Mollfvobity, ond the Corrputational Cryatolicgrophy Toolbox In ¢ MNython fromework.

Citing PHENIX: Contact Us
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® Extensive doCUMENTtAtION | Fi s anmenenve sy bosea sstem for macromeecutar sicture soution. . 0. Adams, V. lorine, G. Bz, V. 8. Chen, L W. 1o sueas seam
Davic, N. Ecrole, J. ). Headd, L-N. Mung, G. ). Mapnl, R. W. Grocce-Vuictiove, A ). McCoy, N. W. Moriarty, R. Oeffner, R. ). Raad, D. C.
Richardson, ;. 5. Richardson, T, C. Terwiliger and P. H. Zwart, Acta Cryst, D66, 213-221 (2010). Acknowieigments

i ing

Fuading for PHENIX: NIH General Medial Sciences
The PHENIX system also can be used for reutron crvstallography. NlH fmdln-g su:ports the dmbment of ths capabllly thro-uqh a grant %o Paul Intranet
Langan (Los Alamos National Laboratory) and Paul Adams, See the M leculr Neytron Crystallegraphy Consortiym site for more detais.

Citation for neutron structure refnement in Phenix: Adams PD, Mustyahmov M, Afomnc P\, Langan P: Genera ucd X-ray and neutron
O ANOGrAPNC ANIMEST MOre JCOUrdte and complcte structyres for Bislogical macromolondos, Aty Cryst, 2000, DES 1567 573,

* Nightly builds: ————— -~

FOr-profit Qroups Can cotain 3CCess o0 FHENLX throagh 3 CONsOIUMm agreement. This provaes 3 [Icese 10 Use FHENLX and reseatn funds to oevelop Hemberc
new features in PHENIX tailored to the needs of commercial wsers, Cownload

Version Date Status Logs Info

% Oa-17  successful [fSlumdcmnxfo e, iobunue25als o4 -contuss, OMElUNNK 2.6 B4-cONOxS, MACNK2L-G- doc; shongsog
ﬁ 22317; sucressful ﬂitﬁeil:limx-z.s-xgbl Cd-zentosi, ir.ttel-limt_iaglo-:dm Gd-zentoss, intel-linux-2.6-cenkoss, mac-intel-osx- docs; zhangzlog
:Ly;—_s (2:2352 successful :.E?-l;:_u‘rtl'w&z.xnﬁ xsdl::::lt::z.;nd.l}(ﬁl‘::: ;lnl-;':.ws,. mac-inbel-0s5-x86_64, inwe -windows-x85 54, intel-linux- docs: changslog
giz'z 2017 successful o mtsllinus 2,6 centaS. 1z windons xB8 €4, i intel ouc 06 64, (0 windows, In Loux 26 docs; chanasios
‘2’2%-1 fgl?l- e mﬁl -eindzws, ci, mac-ine -o5x-x86 xnﬁ n‘ u---l-wm-s-vn -x56_64, intel-linux-2.5-cantass, inte -l ~Lx-2. fi- docs; changziog
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Video Tutorials

{ # wwayoutube.com/channel/UCcAICh T ~gWAZLIW ynx 20 Wgy vide e

You : Sezrcl Q + Q °

Phenix Tutorlals 85
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