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Fragment Descriptorsςa Golden 
Standard in Drug Design

O-C*C*C-N     1
O-C*N*C-N    1
ȣ

·Example: ISIDA Sequence and Augmented Atom counts

·Pros: Open-ended, comprehensive &
intuitive capture of structural information
(atoms & bondsɀscaffold-oriented)

·Cons: Atom symbols are not informative
of the actual chemical context of the
atom. Context information is not lost, but
dispersedȣ

·Insensitive to the actual ionization status



FuzzypH-dependent Pharmacophore 
Triplets (FPT)
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Di(m) = total occupancy of basis triplet i in molecule m.

·Pros: Explicit labeling of groups by
their physico-chemical nature, pH-
sensitive,fuzzy (scaffold hopping)

·Cons: Fixed format/sizes



Property-Labeled Fragments: 
Combining the best of two worlds

·Open-ended enumeration of linear (Sequences) or
branched (Augmented Atoms) fragments, while labeling
atoms by their context-dependent physico-chemical
properties:

·PharmacophoreType

·GasteigerCharge-basedTopological Potential

·logPcontributions (in progress)

·pH-dependence granted by fingerprinting each populated
microspecies, then returning the population -weighted
averagefingerprint

·Fuzzinesssupported by the useof Ȱ×ÉÌÄÃÁÒÄȱatoms
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If exception, retry without
TakeResonantStructures

For each 
molecule 

&ÏÒ ÅÁÃÈ ЪÓÐÅÃÉÅÓ ÏÆ 
population level >1%  

Submit to 
pKa plugin
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Force Field 
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Add population value & flag strings as 
new property fields of molecule 

Write molecule with property fields

End loop 

The Typing Tool

aRomatic, 
Hydrophobic, 

Acceptor, Donor, 
Negative, Positive

CVFF-types
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....
M  END
>  <POP1>
95

>  <PHTYP1>
H;H;A;D;R;R;R;R; A/D ;R;R

>  <FFTYP1>
c3;c';o';n;cp;cp;cp;cp;oh;cp;cp

>  <EPTYP1>
0;n/0;N;0;n/0;n/0;n/0;n/0;N;n/0;n/0

>  <POP2>
5

>  <PHTYP2>
H;H;A;D;R;R;R;R; A/N ;R;R
....
$$$$



Topologicalelectrostaticpotentials
·For eachatom i, the potential Vi is:

with qj the partial charge of j, dij the topological
distance,and do the ȰÏ×Îfield ÄÉÓÔÁÎÃÅȱ(0.4)

·In function of Vi, atom i will be classified into : N
(strongly negative), n (negative), 0 (neutral ), p
(positive), P (strongly positive)

NN/n

-0.32 -0.28 0.08 0.12

-0.12 -0.08 0.28 0.32
V

n n/0 0 o/p p p/P P



Molecular Fingerprint

Microspecies-SpecificLabelingof 
CǊŀƎƳŜƴǘǎΧ

A-R*R*R*R-D    +95
D-R*R*R*R-D    +95
A-R*R*R*R-D    +95
D-R*R*R*R-D    +95
A-R*R*A*R-D    +95
D-R*R*A*R-D    +95
ȣ

Population: 95% 5%
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N-R*R*R*R-D    +5
N-R*R*A*R-D    +5
ȣ

Ъ3ÐÅÃÉÅÓ ÉÎÃÒÅÍÅÎÔ ÃÏÕÎÔÅÒÓ ÏÆ ÃÏÎÔÁÉÎÅÄ ÆÒÁÇÍÅÎÔÓ ÂÙ ÔÈÅÉÒ ÐÏÐÕÌÁÔÉÏÎ ÌÅÖÅÌÓLower & Upper 
Fragment sizes are 

user-defined



SequencingOptions: (1) The Bond 
Information Toggle

With Bond 
Info

A-R*R*R*R-D
D-R*R*R*R-D
A-R*R*A*R-D
D-R*R*A*R-D
ȣ

R

R/A

A/D

R

R

D

User may decide to capture (-b f lag) or ignore bond information.

Without 
Bond Info

ARRRRD
DRRRRD
ARRARD
DRRARD
ȣ



SequencingOptions: (2) Wildcard
atomsfor FuzzinessControl

Strict Typing

ARRRRD
DRRRRD
ȣ

With the wildcard option (-w f lag), non-terminal sequenceatoms are also
matched by the genericwildcard typeȰȩȱ

Wildcards Allowed

ARRRRD 
A?RRRD AR?RRD ARR?RD ARRR?D
A??RRD A?R?RD A?RR?D
AR??RD AR?R?D ARR??D 
AR???D A??R?D AR???D
A????D
ȣ
DRRRRD
D?222$ ȣ ȣ
ȣ

R

R

A/D

R

R

D

A4DɀPair Counts may be explicitly (and exclusively) generated by the fragmentor.



AugmentedAtomsΧ

Strict Typing with 
Bond Info (-b)

D(-R(*R)* R)(-H( -H)=A)
D( -R(*R)* A)(-H( -H)=A)

Branched fragments, representing an atom and (an user-defined number of ) its 
successive coordination spheres

H

RR/A R

D A

H

Strict Typing, no
Bond Info

D(R(R) R)(H(H)A)
D(R(R) A)(H(H)A)

All but Central and 
Terminal Atoms may be 

wildcards (-b -w) 

D(-R(*R)*R)( -H( -H)=A)
D(-?(*R)*R)( -H( -H)=A)
D(-?(*R)*A)( -H( -H)=A)

ȣ

Ȱ4ÒÅÅȱ ÄÅÓÃÒÉÐÔÏÒÓ ÈÁÖÅ 
wildcards for all but 
Central & Terminal:

D(-?(*R)*A)( -?(-H)=A)
ȣ



FragTypein a Nutshell
·Uses atom typing schemes (symbols, pharmacophore

types, electrostatic potential ɀothers to follow), where
oneatom may representseveraltypes.

·Severalatom typing schemesare allowed for a molecule
ɉЪÓÐÅÃÉÅÓ-specific,weighted by population level at pH)

·The ChemAxonAPI is aversatileatom typing tool .

·Generateseither sequencesor augmented atoms, which
may include or ignore bond information .

·With the wildcard option, all the generic fragments
ignoring oneor more atom typesarealsocounted:

·Sequencesź Fuzzywildcardsequencesź TopologicalPairs

·AugmentedAtomsź Fuzzybranchedfragmentsź Trees


