ARP/WARP version 7.3

Tim Wiegels
EMBL Hamburg m



About EMBL

e Established in 1974 to reflect the need for a European centre for
research and training in molecular biology

* A basic research institute funded by public research monies
from 20 member states h

* Over 1300 employees from 60 nations

e Approximately 80 independent research groups

Austria 1974
Belgium 1990
Croatia 2006
Denmark 1974
Finland 1984
France 1974
Germany 1974
Greece 1984
Iceland 2004

Ireland 2003
Israel 1974

Italy 1974
Luxembourg 2007
Netherlands 1974
Norway 1985
Portugal 1998
Spain 1986
Sweden 1974
Switzerland 1974
United Kingdom 1974

EMBL’s mission
 Basic Research in Molecular Biology
e Advanced Training at all Levels
 Development of New Technologies and Instruments
* Services and Facilities for the Community
® Technology Transfer Discoveries

Check www.embl.de for PhD and postdoctoral job opportunities

4
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http://www.embl.de
http://www.embl.de

The EMBL Units

EBML Heidelberg (Main Laboratory)

e Gene Expression
e Cell Biology
 Structural and Computational Biology

* Developmental Biology Austria 1974

Belgium 1990
Croatia 2006
Denmark 1974
Finland 1984
France 1974
Germany 1974
Greece 1984

0 Ty
. \‘:‘

EMBL Grenoble 5 o e
e Structural Biology . <

EMBL Monterotondo
e Mouse Genetics

o=l 19600
Sweden 1974
Switzerland 1974
United Kingdom 1974

EMBL / EBI Hinxton (“Cambridge”)
¢ Bioinformatics

EMBL Hamburg
e Structural Biology
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Model Building: Approaches
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Model Building: Approaches
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Model Building: Approaches

Skeletonisation
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Model Building: Approaches
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Model Building: Approaches

Secondary structure templates
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Model Building: Approaches

Secondary structure templates
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Model Building: Approaches
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Model Building: Approaches

Free atoms / Chain tracing
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Free atoms / Chain tracing
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Methods for Building Protein Structure

phases a(hkl)

Skeletonisation:

_ 0 N Greer (1974)
J o i . W -3 Core-tracing - Swanson (1994)
wek b Mol. scene analysis - Fortier et al., (1997)

crystal h k1 |F| Nix.y.2) structure

Molecular-graphics packages:
FRODO - Jones (1978)
O - Jones et al., (1991)

Secondary structure:
an exhaustive search
by ESSENS -
Kleywegt and Jones,
(1997)

Chain tracing:

ARP/WARP - Perrakis et al., (1999)

Concept of ‘free atoms’ — Agarwal and Isaacs (1985)

Excellent refinement engine, REFMACS5 — Murshudov et al., (1997)

TEXTAL/CAPRA - loerger et al., (1999)
CONFMATCH - Wang (2000)
RESOLVE - Terwilliger (2000)

MAID - Levitt, (2001)

FSM - Pavelcik (2003)

LAFIRE - Yao et al., (2006)
BUCCANEER - Cowtan (2006)

Tim Wiegels Ol.11.12




What is this “ARP/wARP”’?

Lamzin,V.S. & Wilson, K.S. (1993)
Automated refinement of protein
models. Acta Cryst. D49, 129-147.

* one of the leading
MX software
projects

* building structures

of proteins,
nucleotides,

ligands and their
complexes

® pattern recognition
to build models
from MX electron

density maps
Tim Wiegels Ol.11.12




Methods for Building Protein Structure

Gndd

IS S ARP/WARP RESOLVE / ACMI
Buccaneer
Cx (Di-) Peptides Fragments

Tim Wiegels
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The Hybrid Model

* Partial model is used together with a free=-atom model

* Chemically assigned parts provide restraints for refinement

Tim Wiegels Ol.11.12




The Atom Update

* Removal and addition of atoms based on density at atomics centers

{I)
s

<
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The fundamental ARP/wWARP concept

p

Real space

Real space

* Hybrid model: atoms having chemical identity and free atoms

* Model update: removing and adding parts of the model

Tim Wiegels Ol.11.12




The fundamental ARP/wWARP concept ﬂ
2

Real space Diffraction space

Diffraction space
* Unrestrained refinement of free parts of the model

* Restrained refinement of chemically assighed atoms

Tim Wiegels Ol.11.12




The fundamental ARP/wWARP concept

Pattern space I Real space Diffraction space

Pattern space

p

* Electron density: local object interpretation

* Hybrid Model: local motif interpretation

Tim Wiegels Ol.11.12




The fundamental ARP/wWARP concept

Pattern space I Real space Diffraction space

* forming unified process of model building and refinement
* Scheme of restraints and free atoms are iteratively updated

p

* Hybrid model is converging to the final model

Tim Wiegels Ol.11.12




Autotracing: Recognising peptide units

~ The task:
Separating true peptides
from false ones.

peptide peptide non-peptide
good fit but poor fit but good fit

Tim Wiegels Ol.11.12



Autotracing: Recognising peptide units

2
Y = E Wi(pobs,i — ptemplate,i)

i=1,N

A peptide density shape is described by ~ 1,000
parameters, which are then reduced to | parameter

1.9A resolution

Target density
Weight function g

Similarity searched for

Tim Wiegels Ol.11.12



ARP/WARP Protein Model Building  “Modern Classic Version”

= i;\‘. =4, B Initial phases
Free Atoms o P AT
y /4 =1

Free atoms model Initial model

/
Hybrid model
N\ l g

s 3
Reciprocal-space

NS

o »
o)
hi¥

Pattern Recognition

minimisation
: J
& 1
[ ] (" \
H)’bl‘ld MOdGlS @ Model update
. J
(] ' " ‘ N
SR Vi | Chain tracing
AT \ ’
] |

Iterations

s R

Sequence docking

<

Loop building
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ARP/WARP Model Buﬂdmg “Modern Classic Version”

60
Free Atoms 50 | ——"
40 ““Residues / 10
¢ “Fragments
30 “R-Factor (%)
Pattern Recognition 20 -~ paadn N
10 N\'\.’—w\_'_-
0
Hybrid Models 01 2 3 4 5 6 7 8 9
Building Cycles
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Dependence on Data Resolution

Tim Wiegels Ol.11.12




Dependence on Data Resolution

Results from the ARP/wARP 7.2 webservice (tracing performance)

e

Estimated fraction of automatically built protein

Resolution structure (October 2011 — March 2012)
1.5 A and higher 98% and higher

1.5-2.0A 91 — 98%

2.0-25A 81-91%

2.5-3.0A 67 - 81%

3.0-35A 51-67%

Tim Wiegels Ol.11.12




Ease of Access - ARPnavigator ﬂ
Z2

X\ about arpnavigator

This is ?he
r? ArpNanator

”

\ Sels nl 0\
written by Gerrit G lLange1 @ EMBL Hamb\ul’gmll

R ‘_?.

.\. m
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Ease of Access - ARPnavigator

igator Files Actions Displa

ArpNavigator

Use the Files menu to open files.

Use the Actions menu to build a protein model, fit a Ilgand N
build helices and strands, model solvent or start CCP4.

Right click and drag to move objects.
Right click on a loaded file to change its parameters.
Right click on the background for quick actions.

Keyboard shortcuts (withleft mouse button):
r - Rotate 4s,- Scale d - Depth. f - Front b - Back

Tim Wiegels 01.11.12 EMBI®



Ease of Access - ARPnavigator

ArpNavigator Files Actions | Display Options Help
Fit a Ligand
Build Helices and Strands
Model Solvent
Classic Model Building
Start CCP4

ArpNavigator

%\, CCP4 Program Suite 6.1.13 CCP4Interface 2.0.6 running on MacPeterBookPro Project: CCP4_projects
| change Project | Help

Model Building Project Database Job List - currently no jobs Directories&ProjectDir

Buccaneer - autobuild/refine View Any File

Rapper - confonmer modelling ’ l
View Files from Job —

Sequins - sequence validation

Search/Sort Databhase..

FFFear - Fragment Searching
FFJoin - Merge fragments Graphical View of Project
| XtalViewxfit
* ARPAYARP Classic Kill Job

ARP/wARP Expert System ReRun Job..

ARP/wARP Quick Fold Edit Job Data

ARP/wARP Side Chains Preferences

ARP/WARP Loops System Administration

ARPfwARP DNA/RNA
V ARPfwARP Ligands

ARPwARP Solvent

DeletefArchive Files..

ARP Navigator - Mail CCP4

Tim Wiegels Ol.11.12




Ease of Access - ARPnavigator

Navigator Files Actions Disp Options Help

e 0 N\ Build helices and strands

Build ... _1 helices and strands and start from
MTZ fle input |
F .)

tein model, fit a ligand, \

’ 2 none £ none vent or start CCPA4.

Limit the resolution _{

MNumber of residues in the asymmetric unit I 0 '
2 Its parameters.
Keep all settings of this interface ] Show results in real time . .
P 2 a a ick actions.

button):

r - Rotate .s.- Scale d - Deth f - Front b - Back
-

C/

-
T
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Ease of Access - ARPnavigator
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Ease of Access - ARPnavigator
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Ease of Access - ARPnavigator
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Ease of Access - ARPnavigator
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Ease of Access - ARPnavigator
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Modelling Secondary Structure

e Short helix/strand
fragments (3 to 5 Cx

k
candidates) are built. />\ |

* Longer traces are

formed or which the
best are kept (in red)

¢ Traces are clustered

e Assemblies are
averaged

Tim Wiegels Ol.11.12




1c48_3.0.mtz
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Automatic NCS Detection / Extension

* historically, the development of automatic modeling software has been
focused on solving high resolution structures
* applied at low resolution, the solution is often highly fragmented

335res
5chn

Tim Wiegels Ol.11.12



Automatic NCS Detection / Extension

* historically, the development of automatic modeling software has been
focused on solving high resolution structures
* applied at low resolution, the solution is often highly fragmented

2/5res
| 9chn

avg: 14

Tim Wiegels Ol.11.12




Automatic NCS Detection / Extension




Automatic NCS Detection / Extension

14 protein test structures with resolution 1.9 to 3.2 A, NCS order 2 - 10

Model Residues / Sequence

Completeness Fragment Coverage
Top Results +19.5% + 220% + 56%
Average in 7.3 + 7.0% + 40% + 8%

Tim Wiegels

Ol.11.12
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Improvements by PNSextender

e 1.95 A data

e poor initial phases
\_ P P J

4 )

* 42% completeness

\_

Data courtesy of Florian Sauer [ ARPIWARP j

Tim Wiegels Ol.11.12




Improvements by PNSextender

4 o )
e |.95 A data

_* poor initial phases )

4 )
* /5% completeness

\_

[ ARP/wARP + PNSext ]

Data courtesy of Florian Sauer

Tim Wiegels Ol.11.12




Modelling loops with a priori knowledge

Chain fragments are built and docked to sequence

* using knowledge of angles between anchors
* check with density to see if modeled loops are valid

Tim Wiegels Ol.11.12




Modelling loops with a priori knowledge

Chain fragments are built and docked to sequence

* using knowledge of angles between anchors
* check with density to see if modeled loops are valid

TPDCVTGKVEYTKYNDDDTFTVKVGDKELFTNRWNLQSLLT,
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Modelling loops with a priori knowledge

Chain fragments are built and docked to sequence

* using knowledge of angles between anchors
* check with density to see if modeled loops are valid

TPDCVTGKVEYTKYNDDDTFTVKVGDKELFTNRWNLQSLLT,
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Modelling loops with a priori knowledge

Chain fragments are built and docked to sequence

* using knowledge of angles between anchors
* check with density to see if modeled loops are valid

[TPDCVTGRVEYTKYNDDDTFTVKVGDKELFTNRWNLOSTLLL

Tim Wiegels Ol.11.12




Modelling loops with a priori knowledge

Chain fragments are built and docked to sequence

* using knowledge of angles between anchors
* check with density to see if modeled loops are valid

2?27

TPDCVTGKVEYTKYNDDDTFTVKVGDKELFTNRWNLQSLLT,

Tim Wiegels Ol.11.12




Use some Bioinformatics?

‘

Tim Wiegels 0l1.11.12



Filling gaps at medium resolution

When no sequence has been
docked - no loop building!

* |dentify loop regions
e start / end

Tim Wiegels Ol.11.12




Filling gaps at medium resolution

When no sequence has been
docked - no loop building!

* |dentify loop regions
* start / end
* length
* Search for missing fragments
in a structural database

* Devloped together with Marco
Biasini (Schwede group,
SWISSmodel)

* Using the given density
information

Tim Wiegels Ol.11.12




Filling gaps at medium resolution
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Filling gaps at medium resolution
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Filling gaps at medium resolution
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Filling gaps at medium resolution
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Filling gaps at medium resolution
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FittOFF Workflow

Tim Wiegels 25.09.12




FittOFF Workflow

Docking results

TPDCVTGKVEYTKYNDDDTFTVKVGDKELFTNRWNLOSLLLSAQITGMTVTIKTNACHNGGTFSEVIFR

CCCCCCEEEEEEEECCCCEEEEEECCEEEEECCCCHHHHHHHEEECCEEEEEECCCCCCCCCEEEEEEC

sliding window highest similarity
>

(lIIIIICCEEEEEECCCCCCCCCCCCEEE?)

partially built protein fragment

Tim Wiegels 25.09.12




FittOFF Workflow

Docking results

T

Distance statistics

D
o

S
o

Probability (in %)

11 13

Gap Distance (in A)

Tim Wiegels 25.09.12




FittOFF Workflow
Docking results

Density check

Tim Wiegels 25.09.12




FittOFF Workflow

Docking results e
1

~
Free atoms model | [ Initial model
|
-
Hybrid model *—\
N\ 4 ‘-\

4

Reciprocal-space
minimisation

Distance statistics

7 N
Chain tracing

N ) 4

(- N

Sequence docking
- /

<

Loop building

Density check q

Tim Wiegels 25.09.12




FittOFF Workflow

Docking results

10 protein test structures with resolution 3.0 to 3.8 A, up to 300 residues

Model
Completeness

Residues /
Fragment

Sequence
Coverage

Top Results

+ 2%

+ 98%

+ 59%

Average

+ 4%

+ 25%

+ 7%

Tim Wiegels

25.09.12




Tracing RNA/DNA Chains
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Tracing RNA/DNA Chains

e The 30S ribosomal subunit
e Resolution: 3.05 A
* Experimental phases (MCC 0.73)

e Automatic model building with ARP/wARP
* modelled 1,302 out of 1,513 nucleotides (86%)
e backbone r.m.s.d. to reference: 0.7 A
e Located I,121 nucleobases with 0.6 A accuracy
in location and 12° in orientation '

* Backbone fragmented in 75 chains 4
* Built in around 6h
* (cf. several months of manual work)

Tim Wiegels Ol.11.12



Ligand Building Methods

Sparse grids Conformational fit Fine skeletons

Rigid groups

Tim Wiegels Ol.11.12




Where Can | Get This???

http://www.embl-hamburg.de/ARP

ARP

by European Molecular Biology Laboratory

s ARP/wWARP: Crystallographic ¢

Macromolecular Model Building
4 p

Builds proteins

. ANN ML | ARP wARP wed sorvices
chains, loops, T———————
YLy L /1o D4-AaMBAG Do | ARPRARD et -ACT D NS e Q 'y
Download available (il Mont Visied » | Geoming Sewved L) Lotewt bendinen = | Lt Crows - POLYVEW - 30 B aane  +]
and Linux. ARP/WARP web service

IO

WARF wed e

Plaate note Tt 1 uee o T S6VI0E NEQUISE YOU T CONMNt 10 e CONSEON and IOETMe Agreements Mtated N

MAILING LISTS

| have viewed e Snclume, have and 1he ARPIGARD liarme, hiid B curvert COPL Siarae agres %
T condiions sisted Pharen and wish 1o proceed with T remote secvice

\_ 4
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http://www.embl-hamburg.de/ARP
http://www.embl-hamburg.de/ARP

...0Or...

4|b + @ hp [ www (D4 A uk/downloads /Sownioad - test/ 0% = mag c Q-

e D Bl Kino-Fanpl aassungen DELUCKE (FRE rian Keene  227RMSD calcrse EMBL | ARP/  ob services Zingzing TV n TV Cuide MNachook - . Forumscom RCSE Prodein Data Bank  EMEL imtern. hips - EMBL  [verything mow Leopard »

Qccp4 CCP4 Download pages ™

MacOSX CNU/Linux MSWindows Generic (source code only)

——

Binary downloads for Apple Mac OS X

Binary packages for Apple Mac OS X are avallable below. ARP/wARP requires a separate license from EMBL-Hamburg, so you will first be redirected to their website.

‘CCN + E CCP4 Program Suite v6.3.0 and ARP/WARP v7.3 Agres to License: @)

‘ ccp4 CCP4 Program Suite v6.3.0 Agree 1o License: Q

E ARP/WARP v7.3 Agree to License: Q)
B rOEQ Database for Balbes (Data Files) w“ﬂio Download size: 1172 MB
COOT v0.6.2 wule Download size: 292 MB
.“
‘;" . CCP4 Molecular Graphics v2.6.0 Dowdooducnlo/ Download size: 339 MB
A B

——

Click here for the MD5 checksums of all files.

CCP4 Software Suite may also be configured, downloaded and automatically installed with the Package Manager :

Package Manager Dovmlooduouloj Download size: 14 MB

Tim Wiegels Ol.11.12




...0Or...

4 » + O hp [ S D4 A uk/downloads /Sownioad < 1est/ SO% = mac c Q-

&3 [0 Bl ino-Fadwpl _aMassungen DELUGCE (FRE riam Keene 202RMSD calcose  EMEL | ARP/  eb services Zingzing TV _in TV Cuide  Machook Forums.com RCSE Prodein Data Bank  EMEL imtern. hips - EMBL  [verything  mow Leopard »

~» CCP4 Package Manager

Collaborative Computational Project No. 4
Science and Technology Facilities Council

Rutherford Appleton Laboratory

Didcot, Oxon, OX11 OFA, United Kingdom

http:/ fwww.ccpd.ac.uk

CCP4 Software Suite

Version 6.3

Setup

This program will guide you through the setup process and
install CCP4 Software Suite on your computer.

Press "Next" button to continue.

( Next ) (Cancel)

Tim Wiegels Ol.11.12




...0Or...

- + O hp [ S D4 A uk/downloads /Sownioad < 1est/ SO% = mac c Q-

3 [0 Bl ino-Fadwpl _aMassungen DELUGCE (FRE riam Keene 202RMSD calcose  EMEL | ARP/  eb services Zingzing TV _in TV Cuide  Machook Forums.com RCSE Prodein Data Bank  EMBL Imtern. hips - EMBL  Cverything  sow Leopard »

8006 - CCP4 Package Manager

CCP4 setup, step 1 out of 5

Choose components to install:

[Component Full size . CCP4 core packages. Collection of over 200 usefull

T CCP4 Program Suite v6.3.0 1.2 GB programs, written by various authors, which

ARP/WARP v7.3 205.0 MB provides tools for all sta.ges 9f structure solutlo_n
process, plus software libraries and accompanying

COOT v0.6.2 350.0 M8 data. Core packages are needed for other

Balbes Database 3.0GB applications in the list.

CCP4mg v2.6.0 920.0 MB

Total 2 components selected, 1.4 CB

4 A £ b )
L Back ) (( Next ) ( Cancel )

Tim Wiegels Ol.11.12




...0Or...

- + O hp [ S D4 A uk/downloads /Sownioad < 1est/ SO% = mac c Q-

3 [0 Bl ino-Fadwpl _aMassungen DELUGCE (FRE riam Keene 202RMSD calcose  EMEL | ARP/  eb services Zingzing TV _in TV Cuide  Machook Forums.com RCSE Prodein Data Bank  EMBL Imtern. hips - EMBL  Cverything  sow Leopard »

8006 - CCP4 Package Manager

CCP4 setup, step 1 out of 5

Choose components to install:

CCP4 core packages. Collection of over 200 usefull
T CCP4 Program Suite v6.3.0 1.2 GB programs, written by various authors, which
provides tools for all stages of structure solution
: : process, plus software libraries and accompanying
yuaU. o data. Core packages are needed for other
Balbes Database applications in the list.
CCP4mg v2.6.0 920.0 MB

Total 2 components selected, 1.4 CB

4 A £ b )
L Back ) (( Next ) ( Cancel )
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Collaboration with CCP4

J[

(9 ‘ 7.3
Ll

* Joint release
e CCP4 6.3 and ARP/WARP 7.3
* one installer, no worries ;)

Tim Wiegels Ol.11.12




Towards structural systems biology

ok 1026 atoms
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The people - the power!

Developers

EMBL Hamburg: Ciaran Carolan, Saul Hazledine, Philipp Heuser,
Victor Lamzin, Tim Wiegels

NKI Amsterdam: Krista Joosten, Tassos Perrakis

Former ARP/WARP team members

Collaborators

EMBL Hamburg: Gleb Bourenkov, Santosh Panjikar
MRC Laboratory, Cambridge : Garib Murshudov’s group
Rutherford Appleton Laboratory: CCP4 team

L5 Y i
X * Bundesministerium lA;'..--»"' ‘7D \é\
esesesese . 2% 1 fiir Bildung D — e
EMBL .: und Forschung oy .'_.\! LO ;:'
NKI-AVL 58

Tim Wiegels Ol.11.12




...if you are ever in town

Thank You for Listening!!!

wiegels@embl-hamburg.de
carolan@embl-hamburg.de
victor@embl-hamburg.de

1 "‘TI
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