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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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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 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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The task of ligand fitting .
- Locate /A(RP“‘ L.L@al/\,d 1

\

- Ildentify

« Fit
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Researcher’'s Needs #1 - Identification

CCP4BB:

ILs there a Simple way Co delerrine cwhether / /Sana/
1S bowund or not Ay COM/?ar/ng Zhe diffraction

ﬁdf Zerns Aefween / /:9dna’ ~free ( SCructire ,énowr» and
/ /gdna/ —~sSoaked protein crySfa/ 5?7 T wouwld like 2o
sSolve the / /gana/ 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

November 2M 2012 C. Carolan: Ligand building in ARP/WARP




Telg

t

Ica

Ing site identif
The difference density map at a low contour threshold.

Ind

IcC b

Automat

, s
5|

‘

/

D
AN;

=
~R

=

o O AL N S
SR
K2 . { &W\MW&WW; ”
IR N,
AT 7 RN
IR SERGA
BT SN e

=
o

X ?g

M ‘.@w.,.vﬂvu S Q

> N =) %, .\v".« =
Ao
RN SN

C. Carolan: Ligand building in ARP/WARP

s S S v AT | & ,
RSN A A i,
PRI IACAIK PN X KX 7 ART7 SN
SR S
- IS ¢ SN
\EZIN = @ N S
IPia =" 7 l»b»_ﬂ%
g 3 % 7S SO

i A
2

AN h..\.\L
' —— ’5”’\\“&\\“«‘& 2

R R R o R ERAR S
TIGHARROONK s@g P
%d\ 1.9/ 52 a:vcmw s»ﬂv@m«@h

94

; ‘1 v < 15 ¢
W 0sS s

Qe : ,
MVWA”“ A ;.“W\%& mfvwﬁﬁv!,&%ﬁ Q)
DI A ESIITY 57 X
ST S XA % 2
LR By .
AV ST Y e 1778 °
NS SN o % Dd ;
NIRRT, DA :
SPIFERAASI P ) DS % -
G N i g O :
7 24 Qf\\k N WA ”,mv u\& p S
o) NESER IR =



Automatic binding site identification

The difference density map at a medium contour threshold.
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Automatic binding site identification

The difference density map at a high contour threshold.
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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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Binding Site Identification in ARP/WARP
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Researchers needs #2 - ldentification

CCP4BB:

We are wor,é/nﬁ oNn profe/n/ /n/lféffor Ciomp/ ex
Structure. However, e did £ind a Strange density at
the active Site, it looks reall (Vi /ike GSY/, the nalwural
Co —enzy/rne of this proz‘e/n . We Cried o wuse \/e/‘y

S /‘Mﬁ/ e solution to 332‘ Crys 2a/ Chen exclude the
/905\5/‘5// /‘Zy of” bufFer moleciles ) bet hat a/enS/Z‘y
IS dleoays Chere.

I wart Co identi~ y /s /iqand . 4 re Chere any
melhods o do ¢hrs a)orZ7

Mary many Chanks!!!
X /aopeng
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It's all in the shape baby!!!

November 2" 2012




High throughput ligand identification

Projection/normalisation

_ Calculation of shape
Density map descriptors

Ranking . “7#  Comparison g, g /8
e

Fs3 Feg

Ligand

/4

Database
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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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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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Important things to consider!

m
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Important things to consider!

Flexibility — Ligand Conformations!
» Full ligand flexibility is considered

» Currently, a database of 50 of the most common ligands
In crystallography is screened.

- Beware of multiple ligands, possibly covalently bound,
and coordinated solvent among other things!

November 2M 2012 C. Carolan: Ligand building in ARP/WARP




Multiple Ligands
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. ArpNavigator
ArpNavigator Files Actions Displa Options Help

2 N 2a40_reference_ATP_1 pdb o
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Researcher’s needs - #3 — Model Building

CCP4BB:

Z am ry/‘nﬁ Zo Solve a structure of a protein ewith
Some intubitor. I want to knoew hoew I can U 17
% infubitor in 2he dens 1y map of the data T Sof A
can See Sore dens /‘Z‘y in Che active Site where Che
inhibitor showld be.... T arr 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 —

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
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Constructing the ligand: Graph search

Index of starting grid point

Dead
branches

paose|d swoje puebi| jo ON

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.

a X ’/ | /1\:// £ j L, /m
Srer Ty N WU

A B C D KD L
Z

750 (_)\

A a

700 ;
2 Mo
0 650 N
o >
8 >
9 600 £ S
b w
550 _‘>°

3

w

500 o o

( 500 1000 1500 2000
moves Final result;: 9000 moves + refinement
A E 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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S u CCe S S rate S Fragmentation-tree density representation for

crystallographic modelling of bound ligands.
Tested on > 20k PDB entries from EDS Langer GG, Evrard GX, Carolan CG, Lamzin VS.

J Mol Biol. 2012 Jun 8; 419(3-4): 211-22.

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

(Current Version 7.2)

correctly built ligand

4%

17%

f— o
. — ey —

i | 53%
j . I?’ v 73% 75%

5...6 atoms, 7...100 atoms, 10...40 atoms, 20...40 atoms,
any map cofrr. any map corr. map corr. > 80% map corr. > 80%
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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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Researcher’'s needs - #4 — partial ligands

CCP4BB:

I have a /. /:962/70/ in Che A/na//nﬂ poc,éef and medioc re
data. The core of the / /iganc/ 1S well defined,
hoeoever Chere are chans / ails of the /. /Bana/ which
are not....

7 he ?L(&S lion here 15 how Che chans / lals shoe/d
be modelled (if at a//)

Fl-‘ancfé £. ( eyeS
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Partial disorder, partially occupied ligands

Built automatically
with ARP/WARP when
the full ligand is given

Built when partial ligand
functionality is invoked

ATP into 1wOh at 1.6A

Compound chosen in

cocktail case
Artificial cocktail:
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A little something new for your perusal
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A little something new for your perusal
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Building from 3-letter ligand ID

e NoO '\ ARP/wWARP Version 7.3.0: Ligand Build

| Help |

Job title lautomated ligand building

Build the ligand in the most likely place of the complete asymmetric unit —

MTZin examples || Browse View

Fobs — | Sigma — |

Protein model without ligand  examples || Browse iew

Ligand molecule coordinates examples | Browse View
Browse View

|

Use with REFMACS the Fast | protocol and do notuse - | the Free R flag

IZ_ Ligand building cycles

_I Assume partial occupancy of ligand

_I Keep waters

Refimac paramelers v

Crysiaf paramelers o

fest and comparison paramelers I

Run — Save or Restore .
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Specification of restraints Wlth external cif

OO0 [zsh] MALLORCA::/Users/carolanc

(~)auto_ligand.sh

Mon 22 Oct 2012 18:15:13 CEST

Usage:

dataf11e {e1ther mtzflle or mapflle}
fil

[ligandcode {3 letter code of a llgand molecule,

the code must be present in the refmac library}]
[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 radlus {radlus in angstroms}]

[extralibrary {user_defined_library_for_ RefmacS}, addltlonally
if this library contains data for the ligand to be built, then these

parameters are used to derive ligand topology to the highest level
of priority (ahead of REFMAC cif or coordinate-derived topology)]

model partially occupied ligand (giving 4 would mean to consider
4-atoms as the smallest ligand fragment)]
[keepwaters {1 for keeping them before computing the difference map}]
[parfile {parfilename_if_only_parfile_is_to_be_created}]

- 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)

(carolanc@MALLORCA)-(06:15P-:-10/22)--
(carolanc@MALLORCA)-(06:16P-:-10/22)--
-

PR A A A A

s s

Note that in general,
all that is required for
ligand fitting,
whether started from
ARPNavigator,
CCP4l or the
command line, is a
protein PDB file and
either a map or MTZ
file!

See the tutorial later!
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