3D structure prediction and conformational analysis
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Clean3D Method Abstract

Clean3D is a project at the Department of Organic Chemistry, E6tvos The method determines atom coordinates in  Multiple atom fusing multiple conformations can be stored in a Development status: Numerous theoretical method in the field of computational chemistry falls back

Z . . . . . . T on the availability of 3D structural information about compounds. Determining
Lorand University, Budapest, Hungary which aims the automated 3D a step-by-step manner by fragments. It is database. During the building process fast T olseUlaretiicture without RUMERENTETact o e e Sy

coordinate/conformer generation from coordinate-less structure aimed to determine multiple energetically Two connected multiple-atom fragments database access can be implemented by |n the current version of Marvin a single-atom several techniques, like QSAR, 3D pharmacophore analysis, reaction
information for small to medium sized structures. favorable structures (conformers) for will be joined together. The connecting using structural fingerprints. fuse based cleaning process is deployed. prediction, etc. Current computational tools used for structure determination
fraaments bonds bpossible orientations (fOI’ each With th dded hel hods th I including force-fields and quantum chemical methods, even require a complete
o _ v g : P _ _ _ _ Ith the added helper methods the overa set of initial 3D coordinates. The efficiency of 3D structure based HTS tools also
Clean3D is integrated into the software package Marvin® from fragments) can be determined. These Direct coordinate generation through efficiencyis compelling for small and medium can be enhanced by employing conformational analysis to yield multiple valid
ChemAxon as a part of GUI and as a stand-alone component. It is Build steps usually results multiple overlapping directions can help to align multidimensional Minkowski-space sized structures structures.
also callable from custom applicaton through API. _conformers. If the resultlr_lg cor_lfo_rmer count the fragments. _ _ _ | | | | @lr approach utilize a composition of severallmetota T T e
Is greater than a predefined limit, some of A direct method was developed which The Minkowski-based coordinate generation based (as classified in [3]) multi dimensional distance geometry method
them will be ignored in the further process. Fragmentdatabase query allows the efficient 3D coordinate process is implemented and verified, but its (described in [1]) to data based stored substructure lookup features in a flexible
With this conformer count limit the coordinate eneration for rigid, compact structures dep| follow th lizati f Software framework. The actual implementation 15/ aSON U RECECE S
_ e _ ge ; gia, P ep _Oyment mus_t ollow te realization o software, which fits a broad scale of applications: it is used in small web drawing
generation process have a scalability The frequently occurrent fragments with with tensions. multiple atom fusing capabilities. applets (available at [2]) as well as standalone database processing
parameter which affects the quality of - component.
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resultlng structures. [/J . - 2/1 T 4 =8 : z | The coordinate determination process can be best characterized by the “divide
e e e v - e ¥y . and conquer” approach: the structure is composed of fragments, which are
Build steps can characterized as below: : : : (J r . jo!neg together. From tht? available fraalgdme_nt cor?fo;mgrs the con_{_c;]rm?rs of the
joine structures can be generate uring the using step. e ragment
2 ", . f ted either through further fragmentation or with an
) ) 4 . e conformers are generate g g
Slngle atomfusmg “ odilia 4 p {:.-" Q’ - Mﬁ d{:}' o J.Q elementall structure{cqnformer prediction methoq, consequgntly the
? 'C., { ':.. - {“‘t (}1 *{::S b **f_? 7 -CJ_. ﬁ " q{h‘ ﬁ conformational analysis is an inherent part of the building process (in contrast
. ' A e L8 4 o T S T X o T with methods proceeds from 3D initial structures like [4]). The novelty of our
Tht?] base fragtmdentt wil gte ?Xte?ded 2 O € {1 o e : e ﬂﬁ dq:} oY o} ;Q w0 W W ﬂ < AR ¢ approach lies in the diversity of utilised such elemental methods and the arisen
- Wi nn m. rting from &-1 : ) ili i
Two cause initiated the development at the begining: jg connected: ato arting 1ro 1 , SRy LG G oY L YR SEE ST N S scalability options.
multiple fragment conformers, multiple | @ ‘ p > - ’ 43 Gk b ek 9 9 W
- S : - possible atom orientations will be 3 e Wiy ‘l:f {3 @3 O e gk eh e | pererences
At first, Marvin is |mple_>mented in JAVA: the same C(_)mplle_d code runs determined for each of them. Several p ,_f s =l P L JE *\3‘ 2 ot L [1] G Imre, G.Veress, A. Volford and O. Farkas, "Molecules from the
on many platforms (without recompilation or reconfiguration) and this - - ) Y ‘g-{ Q '{:? J . " 2 v\rg ::}' t;' S S Minkowski Space: An approach to building 3D molecular structures”,
is required from all modules. limiting heuristics are developed to \ 7 (7 {} b 7§ t? - I IHelk SITE (TR, SHe-en, sl-es 2 2
balance conformational diversity and R 503 23 2] http:/iwww.chemaxon.com/marvin
conformer count.

On the other hand, at the beginning of this project, we had a great
idea, which was worth to develop...
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With the functionality given through the
public API (Application Programming
Interface) the 3D coordinate generation
3D structures and conformers can be \ can be easily invoked from custom
generated in Marvin’s drawer and viewer |\ applications. Fine tuning of the cleaning
applications — EETIEITECTE— e process can be done by passing : .
and applets. | parameters. Batch processing of multiple structures
flcan be automated through provided
‘ | /| command line tools, where the fine tuning
m i o 1:: voi d cl eanAndQut ( Mol ecule m) { possibility is also present.
Clnsaos % m cl ean(3,” {conforners}”);
The processing sequence of atoms has a significant impact onthe | ™. T String sdfstr = mtoFormat(”sdf”);
overall performance of the cleaning process. The most important R Systemout. print( sdfstr ); >mol convert sdf -3:”S{fine}[tinestanp]”
aspect considering the sequencing is the minimization the built JQ ) 2Dstructures. smiles > 3Dstructures. sdf
fragments conformational flexibility and the correct handling of : =
critical stereo centers. f:“‘ ;{I";

By growing the determined fragment, the connected neighbor : . : :
candidates are ordered by priorities, which are briefly introduced : Diversity of explored conformational Sl
below (highest priority at first): / flawed by the consequences of topological _H.;;Heﬂ :
/ equivalences found in most of the real | .7
Neighbor of a placed atom with locked parity or having more ’ REtliEsUniess they are nolrecogHigen ,.
Uil e com Donent hlel’al’Chy | An algorithm developed which try to map H “jz“:%/
Neighbor ofan Sp2 atom ] fragment conformers to each other by | = * C o
Atomwhichwillclose aring s _ permutating atoms allowed by their | e
Ring atom GUI API Command line equivalence groups. (Equivalence groups |y I
Other atoms determined using the Morgan-algorithm®.) To i j
—— " 7 reduce the permutation space to discover in
- \ B el case of differing conformers, a 3D geometry
: _ _ _ _ e Topology analysis and ' based limiting heuristic utilized.
Inthe current deployed version the Smgle atom fusmg functlonallty Tl . sequencing 'Morgan, H. L., .Generation of a unique machine description for chemical structures-a
used for coordinate genera’[ion_ During a fuse step, multiple technique developed at Chemical Abstracts Service., J. Chem. Doc., 1965, 5, 107-113
possible fused atom orientation will be disclosed for every stored -
- - : - fuivalence ——
conformer with the following steps: rmament-atomfiss Local heuriiin e

Iterative redundant internal coordinate transformation series can be used to adjust
structures when a goal can be formulated for defined coordinates. After iterations,
the defined internal coordinates will be loaded with the same magnitude of error.

Determine possible values of internal coordinates (bond
angles, lengths, dihedral angles) by local heuristics

Try to satisfy most important coordinate variations via
triangulation

If triangulation fails, use iterative redundant internal coordinate

RICT

Fragment-fragment
fuse

At the current version RICT used only at single atom fuse, when important internal
coordinate values (bond lengths, angles) can not be satisfied (for example, some
ring closures). The method can be utilized for adjust multiple atoms (at ring closure

Higher order parity

transformation steps to construct an initial condition for a = - Conmainakag handling OptmizaEee steps, move not only the one closing atom, or at fragment-fragment fusing, align
geometry optimization (this will load the internal coordinate Tl 4 fragment joins)
values with the same magnitude of error) Database i PO ctioal back "
Do geometry optimization if required query/build Stereo criteria B LACKTOUNEL:
Throw identical conformers handling The finite displacement, which is available in internal coordinates (Dg) can be transformed into a 3D Cartesian displacement
Select conformers to survive for the next step (Dx) using an iterative process, due to thagqcurvnlnear nature of internal coordinates: Bdx =dq P Dx » B"'Dq
i i i ] X Where B is the Wilson B-matrix: 8, ,=—-* = dg=Bdx
— Direct Minkowski Selection and Molecule mechanic T,
. placement ring close heuristic Force field (Dreiding) 'Farkas, O "Fast and robust geometry optimization algorithm for large systems", CESTC 2004, Tihany, Hungary
Fragment-fragment fusing is currently under development. In Ty
many cases, the stored conformer count can be reduced 7
dramatically (for the same quality; in contrast with the pure single | Unederlzi/ing Aflexible interface connects molecular mechanics force fields to the software, which
atom fuse build process) if parts are built separated and joined | = s By e can help to automatize the extension to multidimensional Minkowski space.
together 7 )T : : Frorlizonlirs JAVA VM ChemAxon API Debug framework P P

Currently the Dreiding’ force field is implemented, but using others too is planned.

This problem can be solved by means of the following tools:

revealed by the machinery deployed for single atom fuses
Abest alignment of the fragments (without changing them) can
be calculated

Aligned fragments can fit using iterative redundant internal
coordinate transformation steps or geometry optimization
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At the beginning of the Clean3D development a good idea arisen which was worth to develop. The described method* was
Implemented and verified and planned to integrate into the current version.

The method aims the generation of valid 3D coordinates for structures given by topology.

X
Distance criteria can be established from topology. Atom-atom distance “wishes” mainly comes from estimated o X & ReSU ItS
or determined internal coordinates (bond lengths, bond angles, dihedral angles). These local assumptions A _
about the 3D geometry may contain inconsistency: 3D coordinates satisfy all of them can not exists. w2 d 3y The latest released version of
! Clean3D was tested on the NCI
: : : : : - : : (National Cancer Institute) database
A .non chlldean spaf:e can be pleflned where all of the internal distance requirements can be satisfied. Define the metric w tensor of August 2000 version with
as. =1 U0 AU S ~250.000 molecules.
w=el Quzeo w, Oy
: i & ; (Wo=-1) v T The coordinate generation failed
0 O +lg &0 O 0 3 1
© © e - Vg Wy <0 with the default time limit on less
Accordingly, the norm of a vector (square of “distance”, metrid) is d*(a)=a"wa va Wv, =0 than 0.1 % ofinputstructures.
V
- TS - - - - - - i v Wv, >0 From them with increased time limit
This definition induces the presence of singlar directions: in these directions a vector _ 3 3 .
(wy=+1) value only 42 structures failed.

with non-zero coordinates have 0 or negative metrid. The illustration shows a 3D
minkowski space with metric tensor (1,1,-1). Vectors lying on the depicted cone surface
has 0 metrid values, vectors originating form origo and pointing inside the dual cone
has negative metrid values.

(W2: +1)

For N nodes, any (N-1)*(N-1) internal distance matrix can be satisfied in at most N-1 (not necessity real) dimensions. For this, a
straight algorithm is given, which can assign such coordinates for a point which satisfy any distance vector to previously placed
points with arbitrary coordinates.

After Minkowski coordinates assigned a geometry optimization used to reduce
dimensionality. This optimization step will destroy some of the established distances,
but if we choose the used force field properly, the resulting structure will be a low
energy, valid conformer.

The main attribute of the used force field is the slight forces pointing from over-3D extra
dimensions to zero, which will collapse the structure into 3D. For keeping the structure
valid a molecule mechanics or pseudo molecule mechanics is responsible. This can be
a classical force field (like Dreiding) extended to multiple dimensions or a pseudo force
field based on the original inner distance matrix. Extending a real-world force field is a
simple task considering the energy components used can be represented in an at most
3D dimensional subspace.
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This method - as expected - can produce valid coordinates for structures with heavy
tensions too, but the generation is slow, since te total dimensionality to optimize is
proportional to the square of atom count.
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