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Electron density map interpretation
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Methods for automated model building

Most current methods search for different patterns that are then used to build and extend a

main chain:

Buccaneer

(3
L4
e _0_ 0
000000000

ARP/WARP i

* L ]
®egege”®
o

RESOLVE

Ca

(Di-) Peptides

Fragments
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ARP/wWARP workflow
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ARP/wWARP workflow
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ARP/WARP workflow
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ARP/wWARP workflow
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ARP/wWARP workflow
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ARP/WARP workflow
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ARP/WARP workflow

Even after a successful automated model-building run, some regions of known start, end, length
and amino-acid sequence remain to be built, and ARP/wWARP builds these loops by:

.

3 Missing residues

Check: -angles
-density

Check: -distance
-density
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ARP/WARP workflow

ARP/wWARRP iterates between main chain tracing, refinementand model update to build models
that converge to the final model:

60
50 ' o=
40 “Residues / 10
¢ “Fragments
30 “~R-Factor (%)
20 | | s e
0 ._b_\‘\d—d\i_-
0
0 1 2 3 4 5 6 7 8 9
Building Cycles
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ARP/wWARP workflow
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ARP/wWARP workflow
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ARP/wWARP workflow
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ARP/wWARP workflow
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Diffraction

ARP/wWARP workflow
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Low resolution limit
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Low resolution limit

ARP/wARP methods work very well

100

Percentage/%

at high-resolution

2.5 3.5

@&® Model correcteness

®&=® Fragmentation

Resolution

Grzegorz Chojnowski
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1 @ Reset View [ Display Manager = 8.
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Low resolution limit

(@] o X\ Coot 0.8.7 EL (ccpd)
File Edit Calculate Draw Measures Validate HID About Extensions Ligand ]

) Reset View [ Display Manager - §.
y g

ARP/wWARP methods work very well
at high-resolution

2.5 3.5

(o] o X Coot 0.8.2 EL (ccpd)
File Edit Calculate Draw Measures Validate HID About Extensions Ligand —

100 @&® Model correcteness

@ Reset View [ Display Manager - §.

®&=® Fragmentation

Percentage/%
& @ 45 B D

D7 IcE

Resolution
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Secondary structure modelling

At low resolution, one can try to find secondary structure elements on the map:

* Short helix/strand fragments
(3 to 5 Ca candidates)are built

* Traces are clustered, averaged,
and extended

* Defaultbelow 2.7Aresolution
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NCS Detection and Extension

Non-Crystallographic Symmetry occurs if there are multiple subunits in the asymmetric unit of
a crystal and some of them adopt almost the same tertiary structure:

We can use this information to extended fragmented models!

&

\
\I
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DipCheck: main-chain geometry validation

Pereira, J., & Lamzin, V.
under review

Disadvantages:

@] o
- Does not account for all degrees of freedom

- Dipeptide units are perfectly geometrised
- No coordinate error included

... as it is not suitable for lower resolution.
Grzegorz Chojnowski

6 December 2017



DipCheck: main-chain geometry validation

Pereira, J., & Lamzin, V.
under review

103

102

Count

10?

10°

-
O
O
® o . ©
Two kinds of distances ° @ °
- ‘fixed distances’: include coordinate error

- ‘flexible distances’: describe conformation
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How to get better models at lower resolution?

Grzegorz Chojnowski
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New side-chain building module

Side-chain electron-density volume changes correlate with residue type.

Grzegorz Chojnowski
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New side-chain building module

Resolution: 2.5A Resolution: 3.2A

Mean phase error: 20deg Mean phase error: 40 deg
Docked residues: 99% Docked residues: 69%
old algorithm: 70% old algorithm: 40%

Grzegorz Chojnowski 6 December 2017




New loop building algorithm
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New loop building algorithm
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New loop building algorithm

Grzegorz Chojnowski

6 December 2017

Reciprocal-space refinement with REFMAC
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RNA/DNA Model Building

with ARP/wARP
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Tracing RNA/DNA chains with ARP/wARP

o o ce

‘ l ’ Backbone phosphates detection
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Tracing RNA/DNA chains with ARP/wARP

o o ce

‘ l ’ Backbone phosphates detection
& Machine learning algorithm

< 2 ) Phosphate-ribose-phosphate units placement
& Updated geometry restrains

& lterative chain tracing (like for proteins)
‘ 3 ’ Bases building
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Fitting recurrent RNA/DNA fragments with Brickworx

Brickworx builds recurrent RNA and DNA structural
motifs into medium-and low-resolution electron-density
maps.

ricks

RNA motifs taken from 8-’ RN :
http://iimcb.genesilico.pl/rnabrick

A web-server and standalone version available at
f ) {‘;; T A .
http://iimcb.genesilico.pl/brickworx
<p
2 BrickworX Home Help  Downloads
- / BrickworX web server builds RNA and DNA models into electron density maps at phosphorus atom positions (predicted internally by default),
i 4 resolutions as low as 4 A On input the program requires a MTZ file with structure On output Brickworx provides two files in PDB format; the predicted phosphorus
| factor ampliitudes and phases. Optionally, the user may provide phosphate group atom pattern (if applicable) and a model in a full-atom representation.
Input data Job 5e192a62ce7caa54c1e03a674102f36097471811
’
Input MTZ file  ChocseFile  4jrt_besttis.mtz & Linktothisjob & Phosphates .pdbfile & Model .pdb file
(maximum size SOMB):
Nucleic acid type: | NA
o Phosphorus atoms Choose Fie  No file chosen Job finished.

(optional PDB file): /10 (3 points/0.56A rmsd/cc 0.1434)
m 0/10 (3 points/0.68A rmsd/cc 0.1113)

a Load example ched motifs/residues: 2/20

AR (1/3)

--> Found a loop! (1vx6_loop_363_mcannotate.pdb.gz, score = 6.66)
AN (2/3)
MAP labels -=> Found a loop! (1vy1_loop_348_mcannotate.pdb.gz, score = 8.81)
AAA (3/3)
MAP labels: FWT,PHWT ==> Found 18 residues and 4 chain segments|
Finished.
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Building ligands
with ARP/wARP

6 December 2017



Ligand fitting with ARP/WARP

We have:

* electron density map (good
resolution)

* protein model (refined)

* difference density map
* shows excess density not
explainedby the protein model
* to fit the appropriate ligandinto
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Ligand fitting with ARP/WARP

We have:

* electron density map (good
resolution)

* protein model (refined)

* difference density map
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Ligand fitting with ARP/WARP

We have:

* electron density map (good
resolution)

* protein model (refined)

* difference density map
* shows excess density not
explainedby the protein model
* to fit the appropriate ligandinto
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Ligand fitting with ARP/WARP

Challenges:

* different resolutions and data
quality
* different ligand complexity /

topology
* partial disorder of a ligand

L
.
_(r
(7' v
-d P
s
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Ligand fitting with ARP/WARP

What we know at the beginning will determine the protocol:

Binding site

Known  Unknown 1 ligand density 1 ligand

-
=
@)
-

\'d

Ligand identity

Unknown
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Ligand fitting with ARP/WARP

Organised as a pipeline of core modules for specific sub-tasks following an
intuitive approach

* Prepare Sparse density map
* Generate ligand topology

Prepare

N~
))d;' * Construct ensemble of ligand model:
* fit sparse density

» Refine ligand coordinates
* Choose best model

Grzegorz Chojnowski 6 December 2017




Ligand fitting with ARP/WARP

* Uses the full density and topology information
* Employs a gradient method to optimise fit to density and ligand
geometry simultaneously

Grzegorz Chojnowski 6 December 2017




Ligand fitting with ARP/WARP

What we know at the beginning will determine the protocol:

Binding site

Known Unknown

-
=
@)
-

\'d

Ligand identity

Unknown
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Ligand fitting with ARP/WARP

* The difference density map from low to high contour threshold
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Ligand fitting with ARP/WARP

An electron density map calculated from the ligand to be fit is comparedto
each potential density cluster:

Find the matching cluster for this ligand!

i 1 e R |
£ 74 ‘T F ¥
g £ 8 ¥ 5 '

F B4 74 7 /

| o / X
r P ¢ 4 b 3
. ;. £ 2 —
. e b

123456
7

TR ié' RS T Surface to volume ratio
ST tEzEs o I.I”l Bounding box limits
o 123450 Moments of inertia
| Rotation match score
i Eigenvalues
| II Distance histogram
l Geodesicdistance

histogram

Decision is based on feature vectors
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Ligand fitting with ARP/WARP

What we know at the beginning will determine the protocol:
N ligand candidates

Binding site 1/%{ b
Known Unknown f%?

1 ligand density

-
=
@)
-

\'d

Ligand identity

\)/X‘ab{?

= 0a

Unknown
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Ligand fitting with ARP/WARP

Projection/n
ormalisation

Density map (or
otherwise surface of Calculation of shape

Nnrntain nAanl at) deSCFiptorS
h’lll

277 .
T

Ranking Compariso
g o e,
53 Fgg
Ligand Wrssy
Or your own u 84 of the most
cocktail... I,,, common ligands C. Carolan & V. Lamzin,

Database in crystallography Acta D (July 2014)
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Ligand fitting with ARP/WARP

* 84 of the most common ligands in crystallography

C. Carolan & V. Lamzin,
Acta D (July 2014)

Ligand three-letter code Ligand common name

Ligand three-letter code Ligand common name

Ligand three-letter code Ligand common name

017 Darunavir
1PE Pentacthylene glycol
2GP Guanosine 2-monophosphate
2PE Nonacthylene glycol
5GP Guanosine 5-monophosphate
A3p* Adenosine 3',5-diphosphate
ACO* Acetyl coenzyme A
ADE Adenine
ADN Adcnosine
ADP Adcnosine 5'-diphosphate
AKG 2-Oxoglutaric acid
AMP Adecnosine monophosphate
ATP* Adenosine 5'-triphosphate
B3P 2-[3-(2-Hydroxy-1,1-dihydroxymethyl-cthylamino)-
propylamino|]-2-hydroxymethyl-propane-1,3-diol
BCL Bacteriochlorophyll A
BTB Bis-tris buffer
BTN Biotin
C2E* Cyclic diguanosine monophosphate
CAM Camphor
CDL Cardiolipin
CHD Cholic acid
CIT Citric acid
CLA Chlorophyll A
CMP Adenosine 3.5 -cyclic monophosphate
COA Cocnzyme A
CXS 3-Cyclohexyl-1-propylsulfonic acid
CYC Phycocyanobilin
DIO 1,4-Dicthylene dioxide
DTT 1,4-Dithiothreitol
EPE HEPES
HEPES 8.
S
hN/\/ “OH

HO.___oH
Glycerol

Grzegorz Chojnowski

F38
FAD*
FMN*

GOL

S Mgy

" COo0H

Fe+S, cluster

Flavin-adenine dinucleotide

Flavin mononucleotide

Farnesyl diphosphate

Glycerol

Glutathione

5,6.7,8-Tetrahydrobiopterin

para-Coumaric acid

Haem A

2-Hydroxyethyl disulfide

Haem

Imidazole

Phenol

Lauryl dimethylamine-N-oxide

2-(N-Morpholino)ethanesulfonic acid

Malonate ion

p-Malate

(45)-2-Methyl-2 4-pentanediol

Phosphonic acid mono-(2-amino-5,6-dimercapto-4-
oxo0-3,7.8A 9,10,10A-hexahydro-4H-8-0xa-1,3.9,
10-tetraaza-anthracen-7-yimethyl)ester

Myristic acid

Nicotinamide adenine dinucleotide

Nicotinamide adenine dinucleotide phosphate

PLM Palmitic acid

PLP Pyridoxal-5'-phosphate

POP Pyrophosphate”™

PYR Pyruvic acid

RET Retinal

SAM* S-Adenosylmethionine

SF4 Iron-sulfur cluster

SIA O-Sialic acid

S04 Sulfate ion

SPO Spheroidene

STU* Staurosporine

TAM Tris(hydroxycthylJaminomethane
THP Thymidine 3',5-diphosphate
TLA L-(+)-Tartaric acid

TPP Thiamine diphosphate

TRS Tris buffer

TYD Thymidine 5'-diphosphate

ulo Coenzyme Q10

UPG Uridine 5'-diphosphate-glucose

Uridine 5"c{tf50.?5¢te'3[ucose

Cobalt hexammine(11I) 0
2-(N-Cyclohexylamino)ethanesulfonic acid
Oleic acid HO
Orotic acid HO 0 HN
Hexacthylene glycol 2\ |
Di(hydroxyethyl)ether HO [0) N
Phosphocnolpyruvate HO
Tetracthylene glycol CysS O\ P /O\ P /O
2-Phosphoglycolic acid s, NS
§-1,2-Propanediol Fe—S NaO E\) N aé O 0
Benzyl chlorocarbonate / \ \

s\ /s— Fe — Scys HO OH OH

Fe—S HO

Biofin

6 December 2017
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Ligand fitting with ARP/WARP

A. B,
Vo= WVDWE(rT’;—r—g)+WMEE(r)
ij \'ij i,j

i

C. D, q.; -r’
_U_Tg)'l'v‘/elecz[g(qlq)] )+WVOZE(Si‘/j+Sj‘/i)eXp(222)
i.j

T

12
B Ty i T

K134A
[157A z J D106A
T “r P . :,(a\G’l 08A

// ] AL
Y i {1
A < ) A5
X - v e :
LIPS / N L
A 0
/ b =
’ . -
.
s’
&

F158A

G81A
Ligand guessing without (yellow skeleton) and with (blue 5. Beshnova. . Pereira. V.

skeleton) the use of the estimated energy as an additional Lamzin, Acta D (2017)
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ARP/wWARP for cryo-EM

6 December 2017
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ARP/WARP for cryo-EM

After ARP/WARP (4 hours of CPU time)
~ 93% (3800 out of 4088) of the
residues traced and docked

B-galactosidase @ 2.2 A resolution (EMD-2984,5a1a)
ARP/wWARP model
deposited coordinates

67 6 December2017
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ARP/wARP
tips and tricks
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ARP/wWARP tips and tricks
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ARP/wWARP tips and tricks
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ARP/wWARP tips and tricks

0] ] N\ Coot 0.8.2 EL (ccpd)
File Edit Calculate Draw Measures Validate HID About Extensions Ligand

@ Reset View [ Display Manager - .

@ H5 DD

D@ 3 2P e

Successfully read coordinates file sad_arp_warpNtrace.pdb. Molecule number O created.

Grzegorz Chojnowski 6 December 2017




ARP/wWARP tips and tricks

Resolution
best results above 2.7A,
but phases can be poor

Data completeness
as high as possible.

Space group
double check if model
building fails

Grzegorz Chojnowski
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ARP/wWARP tips and tricks

Resolution
best results above 2.6A,
but phases can be poor

Data completeness
as high as possible.

Space group
double check if model
building fails

Data quality (outliers, ice rings)
always check Wilson plot

Grzegorz Chojnowski

[ NON | N\ Loggraph 1_wilson.loggraph
Hle Appearance Edit LUtilities Help “
Log<Intensity= vrs Resolution
12 4
1.5
11 4
105
316 2.;24
Resolution (A)
1.61,9.692
Tables in File
Wilson plot statistics | ]
i
Graphs in Selected Table
Log<Intensity> vrs Resolution 3
ChiSquare vrs Resolution
|I_observed/l_standard ratio vrs Resolution
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ARP/wWARP tips and tricks

ol '\ ARP/WARP Version 7.6: Model Building and Density Improvement
Resolution L rep
b e St r e SU ItS ab OV e 2 i 6 A, Jobh title |autumated model building starting from experimental phases ﬂ
b ut p h ase S Ca n be poo r' Run ARPfwARPF for automated model building starting from experimental phases — |
MTZin  LTEST — || Browse | Wiew
Fobs —i | Sigma — |
Data completeness e —[FoM =
as h |g h as pOSS| ble . Seqm?nce in ::ST — || Browse | me:
There are I— total residues in the AU, which belong to |1_ molecule(s).
Do IT cycles of model building Iﬁ cycles in total).
Space g I‘OU p Use in REFMACS the Maximum Likelihood — | target function and do  notuse — | the Free R flag
double check if model ARPIWARE flow paramoters F
. . . Refimac paramelers o
building fails e o
|
Data q Ua| ity (Outl iers, ice ri nQS) eposited protein for validation or testing
1 ambirg Clister |
always CheCk WI |Son p|0t _1 Submit the job for remote execution at the Hambury cluster _/
Run ~ Save or Restore — &l
Check intermediate models

use keepjunk option
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ARP/wWARP tips and tricks

Resolution
best results above 2.6A,
but phases can be poor

% complete ) and 831 restraints for refining 813 atoms.

Cycle 1: After ref 32 > ©.387) for 813 atoms.
Found 2 S ) ve 10 (10 requested) atoms.
Data completeness refma R 0. 5 (Rf P.379) for 824 atoms.
. . Found 21 (21 e 10 (10 requested) atoms.
aS hlgh aS pOSSIble. Cycle 3: After refm: 4 (Rf .365) for 835 atoms.
Found 13 (21 re ) and 10 (10 requested) atoms.
After refma D7 (Rfre 44) for 838 atoms.
Found ec C 6 (10 requested) atoms.
S; Cycle 5 After ref 0.22 f .336) for 843 atoms.
pace group ound E e 4 (11 requested) atoms.
double check if model \ R 0 o
. . . 1 ides, 3 chains. chain 73 peptides. Score 0.936
bUIIdIng faIIS N 2 chains. g 73 pepti

3 chains. chain 69 pep
chains. chain 73 peptic C
t chain 71 peptides. S

Data quality (outliers, ice rings)
always check Wilson plot T S e

Check intermediate models
use keepjunk option
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ARP/wWARP tips and tricks

Resolution
best results above 2.6A,
but phases can be poor

Data completeness
as high as possible.

Space group
double check if model
building fails

Data quality (outliers, ice rings)
always check Wilson plot

Check intermediate models
use keepjunk option

Use secondary structure modeling
auto_albe.sh or quickfold in CCP4i
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How to use ARP/wWARP?
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Where can | find ARP/wWARP?
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Joint release - one installer, no worries!
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How do | use ARP/wARP?

There are 4 main ways to use ARP/wARP:

nnnnnn
PR ne concmoras srares o fou soms g eieamars [
Lot vy ke Genen e dute g
e 8t v s

— [

ArpNavigator

Intuitive interaction with
automated model
building

Real time visualisation of
model building

Displays the
intermediate steps

Grzegorz Chojnowski

» ) mpert merged date, sequances, stgermests o cooninetes
» U tngrate Keony brages

CCP4 Suite

Model building job saved
in your project
directory

Extra options for
automated model
building

Job submission to
Hamburg cluster

Terminal

Good for expert users

Complete control of the
parameters to use

Check user guide for the
commands
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Web Service

Complete
ARP/wARP
interface

Convenient for
parallel computing




Where can | find ARP/wWARP? http://www.embl-hamburg.de/ARP/

ARP/WARP Copyright 2016
by European Molecular Biology Laboratory

ARP/wWARP: Crystallographic
Macromolecular Model Building
Version 7.6

Builds proteins, RNA/DNA, secondary structure, side
chains, loops, solvent and ligands.

I Download available for Mac Model building also
Sty A and Linux. available over the web.
Click on the images above to zoom. Download / License Web'Service
DOCUMENTATION MaiLing LisTs HEeLp
Download User Guide (pdf) Subscribe to ARP/WARP list Send email to ARP/WARP developers
View User Guide (html) Unsubscribe from ARP/wWARP list Frequently Asked Questions
Download Tutorial (pdf) Send message to ARP/WARP list
Useful Links
Auto-Rickshaw Automated Crystal Structure Determination Platform
ViCi In-Silico Ligand-Based Drug Design
CCP4 Software for Macromolecular X-Ray Crystallography
Refmac Macromolecular Refinement Program
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ARP/wWARP web service
https:/arpwarp.embl-hamburg.de/

ARP/WARP Web Service B

ARP/WARP Arps ARP/wARP My RECENT JOBS

Welome to the ARP/WARP webservice for
Crystallographic Macromolecular Model Building.
Builds proteins, RNA/DNA, secondary structure, side

chains, loops, solvent and ligands. 00256_2ef3el
mj June 21, 2017, 9:58 a.m. -

m 00257_22f949
June 21, 2017, 10 a.m.

Please note that the use of this service requires you
to consent to the conditions and license agreements 00255_81ffb2 )
stated in the disclaimer. Also, please do not forget June 21, 2017, 9:58 a.m.

ite th lications.
to cite the publications B 00254_be77a1
June 21, 2017, 9:51 a.m.

B 00234_e22118

June 20, 2017, 5:10 p.m.

All my jobs ...
ng Pdc ch
P..
Dissemination Level: Software Developers ¢ @)
Please cite:
Langer G, Cohen SX, Lamzin VS, Perrakis A. Automated macromolecular model building for X-ray crystallography using ARP/wARP version 7. (2008) Nat Protoc. 3, 1171-
1179.
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ARP/wWARP team @ EMBL-Hamburg

Collaborators

MRC Laboratory, Cambridge :
Garib Murshudov’s group

Rutherford Appleton
Laboratory: CCP4 team

NKI: Perrakis group

Previous Members

Ciaran Carolan, Tim Wiegels, loan Vancea,
Thomas Margraf, Joana Pereira
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