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Why Ligands?

* Endogenous substrates and analogues thereof
- Known drugs and biological modulators

* Probe molecules

- Post-translational modifications

- Buffer constituents
N\ L o

/‘/ \
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Structure based drug design

V4 "Nk A\ « Structural work, principally involving
| MX and NMR, allows the elaboration of
a lead to a candidate drug.

» High-throughput crystallography is an
up-and-coming technique in lead
generation (e.g. fragment based drug
design). It requires rapid and
automated ligand identification and
construction, however.

 Elaboration of a lead to produce a
drug depends on accurate knowledge

Purple: A lead for the inhibition of of ligand binding modes, and can also

PDE4D; be aided by automated ligand building

procedures.
Yellow: the end result from SBDD.

Card et al. (2005) Nat. Biotechnal.
23: 201-207

3 Lo
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The task at hand
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electron density map (good resolution)
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electron density map (good resolution) + protein
model

excess density

not
accounted for
by the protein
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difference density map...

... into which we have

the
APPROPRIATE
ligand
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The task of ligand fitting

Challenges to be addressed...
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- Different resolutions and data quality
- Different ligand complexity/topology
- Partial disorder of a ligand

- Different ligands at the same site?
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The protocol of a modeling task

Fundamental initial knowledge determines the protocol.

Binding site

1 density cluster 1 ligand

Ligand identity
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The protocol of a modeling task

Fundamental initial knowledge determines the protocol.

N density clusters

Binding site

1 ligand

Ligand identity
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The protocol of a modeling task

Fundamental initial knowledge determines the protocol.

N ligand candidates

Binding site

1 density cluster

Ligand identity

s
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The protocol of a modeling task

Fundamental initial knowledge determines the protocol.

N density clusters N ligand candidates

Binding site

Ligand identity
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Researcher’s needs - #1

CCP4BB: Sep 30t 2008
L anrt Z‘ry/‘ng Zo Solve a structure of a protein ewith
Some intubitor. I want to knoew hoew I can U 17
“% /‘n/II‘A/‘Z‘o/‘ in Che dens /‘Z‘y Mep of the data T Sof A
can See Sonme dens /‘fy in Che active Site where Che
infubitor showld be.....I anrt not Sure of how Zo do
iZ.

7T hank's,
Anstet/ ArvoastH
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Constructing the ligand

- To address more broadly the different ligand sizes and
complexities encountered, to increase the robustness of
the software...

2 separate construction methods get used:

Q Label swapping on a sparsed grid
Q Metropolis search in conformation space
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The workflow of ligand fitting in ARP/WARP —
"he simplest case

e Binding site identified by user.
e Sparse density map and
generate ligand topology.

e Construct ensemble of
ligand models in
plausible conformations
to fit sparsed density.
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"he workflow of ligand fitting in ARP/WARP —
"he simplest case

* Binding site identified by user.
e Sparse density map and
generate ligand topology.

e Construct ensemble of
ligand models in
plausible conformations
to fit sparsed density.

* Refine ligand coordinates to
satisfy geometric constraints
and to maximise fit to density.

* Choose best model.
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Constructing the ligand: Graph search

Uses a sparse grid representation of the electron density at the chosen binding
site & topology of known ligand.

Knowledge about ligand

Knowledge about grid
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Constructing the ligand: Graph search

‘Label swapping’

e The ligand is expanded on the sparse density preserving
connectivities.

e Every dummy ‘atom’ of the sparse grid is tried as a start point.

* An exhaustive graph search is performed.

e Models are scored by their fit to density and expected
stereochemical features.

Start atom

December 9th 2011 C. Carolan: Ligand building in ARP/WARP




Constructing the ligand: Graph search

Index of starting grid point

Z
o
o,
‘.g.
Q
=
(o
=X
(o]
3
7))
Dead -ST
branches o
(o}
Start atom

Surviving start points
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Constructing the ligand: Metropolis search

Perform a random walk in parameter space biased towards the optimum of a
score function.
Parameter space: Position, Orientation and Conformation.

Score function: ‘Pseudo’ map correlation.
Advantage: Less degrees of freedom.

Rigid groups Rotatable bonds
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Construction with a Metropolis method

» The evolution of a model during a metropolis optimisation.

Srer Ty N WU
A B C D L
pd
750 C_D\
A a
700 ;
2 Mo
0 850 N
o >
° =
9 600 £ S
& w
550 _‘>°
, 3
7
500 @ o
a 500 1000 1500 2000
moves Final result: 9000 moves + refinement
A B C D
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Real space refinement

» Uses the full density and topology information
 Employs a gradient method to optimise fit to density
and ligand geometry simultaneously
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Running a task through the CCP4 interface

The ligand building as part of ARP/WARP has its own GUI. Protocol
N\ ARP/wWARP Version 7.2.0: Ligand Build
| Help
Job title demonstration case E E
Build the ligand around an approximate XYZ position —
MTZin PROJECT — | — —wowse | vew || || Diffraction data
Fobs — | Sigma — |
Protein model without ligand ~ PROJECT — || < sovse— e Protein without
Ligand molecule coordinates PROJECT || \ Browse | Wiew | I [ga nd
Ligand output file PROJECT || se | View
Parameters = | Template ligand
Use with REFMACS the Fast — | protocolanddo notuse — | the Free R flay
Search for ligand around X 0. Y 0. zo. , in a radius of |5.u
|z— Ligand building cycles
_1 Assume partial occupancy of ligand
Refmac parameiers o
Crysial paramelers o
Test and comparison paramerers oL/
Run —~| Save or Restore — | Close
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ArpNavigator Files Actions Displa Options Help

., Fit a ligand

Build the Iigand’ _1 in the most likely place near the protein J and start from
MTZ file input ﬂ Molumes/Datalvince/arpwarp/examples/Ligands/1cbs.mtz

Get phases of difference map with refmacs &

F + SIGF [Ei: || = sicep

Limit the resolution  _§

R
Protein model UNOIumes/Data/uincefarpwarp!exampleleigandsHCBS_noligand. rotein model, flt a |igand’

Ligand termplate | /Volumes/Datalvincefarpwarp/examples/Ligands/RETINGICACI solvent or start CCP4.

Input a user-defined library file for refmac  _{

MNumber of ligand building cycles cts.

ge its parameters.
quick actions.

Consider partial ligands ~ _|

Keep all settings of this interface 7 Show results in real time 7

se button):
f - Front b - Back

Run now Cancel
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Researcher’s needs - #2

CCP4BB: May 29t 2007

ILs there a Simple way Co delerrine cwhether / /Sana/
1S bowund or not Ay comparing Che difFraction

ﬁdf Zerns 5efween / /5&/70’ ~free ( SCructire ,énowr» and
/ /Sdna/ —~sSoaked protein crySfa/ 5?7 T wouwld like 2o
sSolve the / /:9ana/ bownd protein Structure, bt
before I do so, I have 2o £ind owt /¥ the //Bana/ 1S
actuall (V4 bouwund and i£ so, where. Thank oL Very
ricichH!

Best )
Joe
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Automatic binding site identification

The difference density map at a medium contour threshold.
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L

S

December 9th 2011 C. Carolan: Ligand building in ARP/WARP



Automatic binding site identification

The difference density map at a high contour threshold.

A
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Automatic binding site identification

Capturing the dependence of the difference density map on changing the
contour thresholds: Fragmentation tree.

V3 = (%”) Gz[ln((Zn)‘3a‘6ZZ) —21n(t)]
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Shape features to measure similarity

To assign a likelihood to a site knowing the ligand.
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Decision is based on feature vectors.
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ArpNavigator I

ArpNavigator Files Actions Displa: Options Help

% / -] 1|no,—rn A0 1A 2
\ . ) Move Detached Model Only

[

1¢cc6_apo.pdb 2% | 1ccB.mtz 20111207_093749/gridout pab_1 2%
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Researcher’s needs - #3

CCP4BB: March 14th 2011
We are wor,é/ng on profe/n/ /‘n/lféffor Ciomp/ ex
Structure. However, e did £ind a Strange density at
the active Site, it looks reall v/ ke (GSY/, the natural
Co—enzyre of this proz‘e/‘n . We Cried o wuse \/ery
S /‘Mﬁ/ e solution to 332‘ Crys 2a/ Chen exclude the
poS\S/‘A// /Zy of” buffer moleciles ) but that a/en\S/Z‘y
1S al. way/s Zhere.
7T wart o identi y Zhs /iqand. 4 re Chere any
melhods o do s worZ7

Mary many Chanks!!!
X /aopeng
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Automatic Ligand Identification?

Automatic Identification of
Appropriate Ligand from
‘Cocktail’ of Candidates

Difference Map Ligand Protein Structure

Combine and pre-process input information

December 9th 2011

Locate the Parametrise the Derive Ligand
binding site density blob Stereochemistry

\

Constructing the Ligand model with 2 different methods

Graph search method, Metropolis method,
“Label Swapping” Conformation search

\

Real space refinement of ensemble models and
calculation of the ensemble average from the best few

Fitted Ligand

C. Carolan: Ligand building in ARP/WARP




Shape features to measure similarity

To assign a likelihood to a ligand knowing the binding site.

Final ligand ranking

PLP ‘

S3P <

142 ‘
SGA ;

FERFF
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A new feature - High throughput ligand
identification

Segmentation

_ Calculation of shape
Density map descriptors e.g. Zernike
moments

G
000 Y

Ranklng ,I, Comparlson Foo Fao B Fo Fo Fy, Fs
(/4

Fs3 Feg

Ligand

disi4
Database
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Use a Combination of Various Features

Any one feature is not discriminative enough

% ¢ Need to analyse a multidimensional feature space
g 80 -
8 G i
o Tyrosine Tryptophan
<
S 60 A ‘
= A
é 401 Phe
> 2
S 20 1 Hi
QE, . His Tyr Trp
S E C
(¥2) o 0 A T
'E T T T T T
E 0 100 200 300 400 500

Second order moment invariant, I

Size

Cytosine
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Third Order Moment Invariants

PCA — 2nd order, symmetric shapes

3"d order: Lo & Don (1989) IEEE Trans. Pattern Anal. Mach.
Intell. 1'1, 1053—1064

+
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Uszg

December 9th 2011

32

200

32

340

60

2255

C. Carolan: Ligand building in ARP/WARP

32

900

46

1228

3049

31

775

3596

45

1130

2850



. ArpNavigator

ArpNavigator Files Actions Displa Options Help

|/\/‘7

_ A

2 N 2a40_reference_ATP_1 pdb o
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Built automatically
/ with ARP/WARP when

N

N —

SAM in 1v2x at 1.5A
Compound chosen in

cocktail case
Artificial cocktail:



ArpNavigator Files Actions Displa Options Help

Fit a ligand

Build the Iigand| 1 in the most likely place near the protein ’I and start from | 1 amiz file

MTZ file input F Molumes/Data/vincefarpwarp/examplesi/Ligands/1vzx.miz Browse
Get phases of difference map with refmacs &

F + SIGF | a4 FP | | i SIGFP

Limit the resolution

Protein model ﬂ Molumes/Datafvincefarpwarp/examples/Ligands/1v2x_apo.pdb Browse Al

S — e i e, S rotein model, fit a ligand,
Ligand t late | Vol /Data/vincef / les/Ligands/SAk.pdb B »
Igana template | olumes/Lata/vincelarpwarp/examples/Ligands, P rowse Olvent Or Start CCP4.

Input a user-defined library file for refmac

MNumber of ligand building cycles ts.

N ge its parameters.
quick actions.

Consider partial ligands & Minimum number of ligand atoms | 4

Keep all settings of this interface & Show results in real time &

se button):

f - Front b - Back
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Success rates
Tested on > 20k PDB entries from EDS

X-ray resolution limits: 1.0 to 3.0A,
Building the largest fully occupied ligand.
Correctness criterion: rmsd < 1.0A

(Current Version 7.2)

7%

17%

> {

39%
[ § 53% |
i v )

5...6 atoms, 7...100 atoms, 10...40 atoms,
any map cofrr. any map corr. map corr. > 80%

December 9th 2011 C. Carolan: Ligand building in ARP/WARP

correctly identified binding site

correctly built ligand

4%

s

75%

20...40 atoms,
map corr. > 80%

EMBL




Success criterion: r.m.s.d. < 1.0A

Correct

rmsd=0.4A

Incorrect

VA ®
£ =
N <

° QY 2 T rmsd=1 .5140
rmsd=1.8A K Nk

In yellow: the deposited ligand
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Running a task from the command line

Series of jobs can be run this way easily.

b~ |

£ kabushikigaishatamaya — bash — 96x31 1’

Usage:
auto_ligand.sh

to launch the
job with the
default scenario
only 3 files are
needed.

datafile {either mtzfile or mapfile}

protein {starting_PDB_file_without_ligand}

[ligand {PDB_file_with_ligand_to_fit}]

|workdir {FULLPATH_WORKING_DIRECTORY}]

[ligandfileout {output_PDB_file}]

[fp {fp_label}] [sigfp {sigfp_label}] [freer {freer_label}]

[nligandcycles {number_of_ligandbuild_cycles (default is 2)}]

[search_model {PDB_file_with_model_at_expected_ligand_site}]

[search_position {X Y Z}]

[search_radius {radius_in_angstroms}]

[reflist {textfile_with_FULLPATHnames_of_fitted_ligands_for_comparison}]

[extralibrary {user_defined_library_for_Refmac5}]

[partial {® for modelling the whole ligand and 4 or higher number to
model partially occupied ligand (giving 4 would mean to consider
4-atoms as the smallest ligand fragment)]

[parfile {parfilename_if_only_parfile_is_to_be_created}]

P i i, R

- Optional command line arguments are given in square parentheses
- All input files are assumed to be located in working directory
unless they are given with full path
- If workdir is not given, the current directory will be assumed
- ALl output files will be written into workdir/subdirectory
- If no ligand is specified then auto identification of
the ligand will be attempted provided that a search position
is given (experimental)

M15-50:~ kabushikigaishatamaya$ ||
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Model Completion routines in ARP/WARP

As well as ligands, there are modules for the modelling of

DNA,RNA, solvent and unmodelled loops to aid model
completion efforts.

X/ CCP4 Program Suite 6.2.991 CCP4lInterface 2.1.0 running on m15-50.local Project: PROJECT

| change Project | Help |

Buccaneer - autobuild/refine

Rapper - conformer modelling

Sequins - sequence validation

FFFear - Fragment Searching

FFJoin - Merge fragments

ARP Navigator

ARP/wARP Classic

ARP/wARP Expert System

ARP/wARP Quick Fold

ARP/wARP Loops

ARP/wARP DNA/RNA

ARP/wARP Ligands

ARP/wARP Solvent

December 9t | 2011

Project Database Job List - currently no jobs

Al

C. Carolan: Ligand building in ARP/WARP

Directories&ProjectDir |

View Any File I

View Files from Joh — |S

Search/Sort Database..

Graphical View of Project

Kill Job

|
|
DeleteArchive Files.. |
I
|

ReRun Job..

Edit Job Data — |

Preferences |

System Administration — |




DNA/RNA building

 Detection of phosphate
backbone and
nucleobase planes
using pattern
recognition algorithms

December 9t , 2011
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DNA/RNA building

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

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

* Backbone fragmented in 75 chains
* Built in around 6h

December 9t , 2011 C. Carolalagand building in ARP/WARP
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HMAIN and PEPT

Protein chain tracing in ARP/IWARP 7

* HMAIN

* Locates putative peptide units from C* candidates

* Assigns a score based on peptide density shape
* Resolves topology graph of polypeptide chains

* PEPT

* Selects best subset of chains
* Builds main chain and partial side chains
* Fits polypeptides into density map
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Backbone complexity

Dihedral angles in protein and nucleic acid backbones

* Protein: two dihedral angles
* Nucleic acids: six dihedral angles
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The ATOLL Database

Descriptor
calculation for
template and

comparison
with database

values
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Who??7?

Tutorial this afternoon.......
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Matrix-Based Features
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ArpNavigator Files Actions Displa Options Hel Undo Redo

reti_fitted pob B

1 CBS_noligand_refmac pdb_If @I 1CBS_noligand_refmac_diffmap  ¥8% | gridout pdb_1 2 | retionthegrid_M_1 P ‘
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