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Overview

Definition of “the problem”
Description of PRODRG

What goes in and what comes out
Building with PRODRG

Example: from 0.5 mM to 50 nM
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What is the problem??
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What do we need?

Understand chemistry from different input formats
(not just conversion)

Chemical info -> coordinates
Chemical info -> topologies

Model building, refinement, docking, modelling,
simulation and analysis

Consistency — same chemical understanding of
ligand throughout the various steps

Automatic, fast & reliable
Free and easily accessible



What is PRODRG?

» Version 1 (1995)

— Takes PDB file and generates ‘MOLDES’ and
MD topologies

* Version 2 (2004)

— Additional input formats

— Additional output formats, including topologies
for crystallographic software




What is PRODRG?

« Generates information about small

molecules

PDB file

Molfile

Human

Molecular descripton

Atomic coordinates
Chemical types
Connectivity

Bond orders / aromaticity
Hybridisation

Formal charges
Atomic charges

Force field parameters
Hydrogen atoms

Free torsions
Hydrogen bonding

PRODRG

Model building
/& refinement

Molecular
dynamics

Docking
& analysis

Visualisation



How do | benefit from this?

* For many small molecules, we can go from
imagination to a usable topology in minutes

i 8 B + Topologies for SHELX,

G:su; REFMACS5, CNS, O.
A LN TNT, ...
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How does PRODRG work?

. Analysis of input

Chemical typing
(atoms/bonds)

Addition of hydrogens
Atom reordering

Topology generation
Formal and partial charges
Coordinates (minimisation)
Output



How does PRODRG work?

* Most steps use ‘chemical pattern matching’
 Example: hydrogen generation

C C
| > Add 1+sp(x)-ncon(x) hydrogens
N C
N
N SN=—=n=—n
\XA N N
X==N(sp) Do nothing
\ v
CHs;
' |
Add 1 hydrogen > HN CH




How does PRODRG work?

* Currently all Hs generated by 17 ‘rules’

* Chemical knowledge in data, not code
= More flexible

= Potentially user-configurable



Limitations

Few supported atom types
— C,H,N,0,P,S,F,CI,Br,l only
Other chemical limitations

— No more than 4 connections/atom
— Standard version limited to <=300 atoms

Ilgnoring hydrogens and bond types may
lead to unexpected results

(Apolar hydrogens as second-class atoms)



Basic usage: web server

* Four easy steps:

1 . GO to http://davapcl.bioch.dundee.ac.uk/programs/prodrg
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Basic usage: web server

* Four easy steps:

1 . GO to http://davapcl.bioch.dundee.ac.uk/programs/prodrg

2. Paste input




Basic usage: web server

* Four easy steps:

1 . GO to http://davapcl.bioch.dundee.ac.uk/programs/prodrg

3. Edit sedtti ngs —"'
» Chirality restraints? [

» Reduced charges?
= Coordinates?

Chirality: Fill chatzes ;o)

minimizaton

Bootnaks



Basic usage: web server

* Four easy steps:

1 . GO to http://davapcl.bioch.dundee.ac.uk/programs/prodrg

2. Paste input
3. Edit settings
4. Run it
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Basic usage: web server

our easy steps:

G @) to http://davapcl.bioch.dundee. ac.uk/programs/prodrg

. Paste input
. Edit settings
. Run it

uccess!
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 PDB coordinates (discouraged!)
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Input: Text Drawing

« Atoms represented by their element symbols
« Connected by bonds

— Single: - or |

— Double: =or”

— Triple: #
» Change case of symbol to invert chirality

P P
cl:—c—c c-0 <|:—c—c c-0
t=o &= t=o &=
: :

D-Tyr L-Tyr



Input: JME Editor

Dundee P! JRG Server

avapcl.bioch.dundee.ac.uk/programs/prodrg/

Energy and __products UK Apple .Mac Amazon eBay Yahoo! Newsrw

LICi JME




Input: MDL Molfile

1213 0 0 0 0 0 0 0 0333 V2000

-I515- 110302144221
2.4083  -1,8503
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0,7642  -1,8485
1,9982 -1,1391
1.,1782 -1,1427
0,766 -0,4356
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Controlling PRODRG

* Normally things work plug and pray

» Additional commands/hints in input file:
— PATCH (hybridisation)
— INSHYD and DELHYD
— PATCH (chirality)
— PATCH (torsions)
— BUILD



Hybridisation hints

PATCH <atom> <number>

Number Hybridisation
1 sp (triple bond)
2 Sp?
3 sp?

10 sp (allene)

20 sp? (amide N)

21 sp? (not amide N)



Hybridisation hints

PATCH <atom> <number>

« Useful if PDB analysis did not quite work

 Allows to nudge PRODRG in right
direction:

PRODRG> WARNING: multiplicity of generated moleculeis not 1.
PRODRG> WARNING: bond type assgnment failed at CAF .

C=C-C

I I >
‘ ‘N C-C=N \_




Hybridisation hints

PATCH <atom> <number>

« Useful if PDB analysis did not quite work

 Allows to nudge PRODRG in right
direction:

0 o

C=C-C \
N I I > A \
‘ ‘ C-C=N .

o)

PATCH NAG 21



Adding/removing hydrogens

INSHYD <atom>
DELHYD <atom>

 Allows to override default protonation
» Often not actually what you want

C-C=0 > PRODRG> Cannot assign type to atom ' OAD".
l ERRDRG> Error in GROMOS atom names/types.
(@) PRODRG> Drug topology not made, sorry!

INSHYD OAD



Adding/removing hydrogens

INSHYD <atom>
DELHYD <atom>

 Allows to override default protonation
» Often not actually what you want

C-C=0
| >

o) \ |

PATCH OAD 3

-



Modifying chirality
PATCH <atom> -1

* |[nverts stereocenter <atom>, useful for
PDB input

PATCH <atom> <pattern>

. : : : N c-C N c-C
* ‘Absolute’ chirality | |
. Cc-C-C C-O C-C-C C-O
for certain classes L L) I
of molecules ! !
PATCH CA L PATCH CA D

L-Tyr D-Tyr



Adding dihedral restraints

PATCH <atom> ><pattern>

» After EM pyranose rings often found in
undesirable conformations

« PATCH statement introduces additional
dihedral restraints to fix conformation

C-C-0-C-0 .
| | I
O C-C-C
| | |
00O

PATCH C1 ALPHA o 3 .
PATCH C2 D |
PATCH C3 L - '

PATCH C4 D A 2

PATCH C5 D D-GI
PATCH C1l >4C1 a-D-Glucose




Output

» Coordinates: PDB, GRO (etc.)

* Topologies: SDF, MOL2, O, REFMAC,
Coot, CNS, SHELX, GROMOS,
GROMACS, WHATIF, AUTODOCK (etc.)
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Protein-ligand H-bonds

« PRODRG plug-in for WHAT IF
» Automatic protein-ligand H-bond tables

Table 1. Details of Argifin Binding to Family 18 Chitinases

Argifin

AFChiB1

Binding/inhibition (M) Kag = 0.46/1Cs=1.1
Buried surface (A%) 112

Internal energy (KJ/maol) -212

H bonds (protein)

3,051 W137,Ne1 (0.80)
1,011 Y¥245,0n (0.66)

1,0 R301,Nn1 (0.16)
1,0 R301,Nn2 (0.44)
1,N12 D175,052 (0.55)
1,N12 E177,0€2 (0.37)
1,Nn1 E177,0€2 (0.70)
1,Nn2 D246,052 (0.53)

1.Ne E177,0e1 (0.71)



Generating 2D structures

* Modified (internal) coordinate generator

iﬁ%{ ~

Allosamidin Stlll allosamidin



Building

« PRODRG can add molecular fragments to
existing molecules:

BUILD <atom> <fragment>

TSN » BUILD CB PHI gn BUILD CZ OH e
> : >

» »

N\ \ N

L-Ala L-Phe L-Tyr



Building

* Allows quick alterations to existing molecules
 Preserves coordinates of root structure

* Fragment libraries contain text drawings —
easy to define:

FRAG OH
X-0
FRAG PHI
X-C-C=C
"

C-C=C

FRAG ...



Building

» Can also be used to generate oligopeptides
and oligosaccharides, using BUILD and

START <fragment>

START bdGLC .
BUILD O4 adMAN1 >
BUILD OOF bdNAG1 ‘

PATCH Cl1 >4cCl1
PATCH COB >4C1 ‘ l
PATCH C1B >4Cl1 '



Searching SDFiles

» Pattern matching to select compounds from
‘compound database’ (SDF / internal
format)

* Powerful, reasonably fast, multipattern
queries
Compound
library

PRODRG
Query » Pattern ——— | SDFSCAN

SDFile with
results



Docking with PRODRG

 Building/matching useful for ligand design

* We require energy minimisation in the
context of the receptor

* Integration into PRODRG?
= LIGTOR

» Extremely simple docking program
» Grid-based, uses Autodock 3 force field
 Fast, but not very powerful



LIGTOR in building
O
 BUILD adds fragments -~ .
« Growing protocols ;

 Example: allosamidin




H
-NH,
-NHCH,
-N(CH,),
-NHC,H,
-N(CH;)C,H,
N(C.H ).

#tor AG / kcal/mol

-11.5
-11.8

-12.5
-13.4
-12.8
-13.7
-13 7

W NN -~ = 0O

AGpgr / kcal/mol

-12.1
-12.5

13.2
141
13.5
14.4
14 4

RMSD,, / A

0.37
0.38

0.36
0.38
0.38
0.44
0 42



What's next?

Release of PRODRG as part of CCP4

Coot plug-in for on-the-fly topologies
SMILES in/out

Better (proper) treatment of stereochemistry

Release of LIGTOR
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