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Grid Representations
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Simulation-Based Modeling
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Knowledge-Based Modeling
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Knowledge-Based Modeling
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Knowledge-Based Modeling
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1.22053-0.876966-0.5358040.918988-0.1476971.8662-0.745799Avg

1.60392000.673981 01.91391 0MPD

1.20346000.887196 -0.228735 1.7987 0TRS

1.11404-0.865757 00.888044 -0.267681 1.81995 0EPE

1.11674-0.888176 00.908781 -0.179099 1.80551 0MES

1.072270-0.600485 0.888299 -0.0765689 1.90591 0AMP

1.028910-0.497058 1.07771 -0.109433 1.85449 0ADP

1.00640-0.517955 1.12217 -0.0841064 1.85844 0ATP

1.61848000.905717 -0.0882554 1.97266 -0.745799 HEM

AvgSPONCHClass

Average #stddevs above/below mean of predicted binding site
at positions of ligand atoms for each ligand and element type
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Matching with Grid Correlation
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Fast Rotational Matching
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Fast Rotational Matching (2D)
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Fast Rotational Matching (3D)

��������������$��,���6

& ���$��,�������<'=:*�#��=,=,="�!����������
�<'=>*

& ���$��,�����#�;�"
�(/(7 �
!�$�
!�
���#�?#���!�+�����	��

& ���$��,�����
!�$�
!�
���#�?�����

������������$��,����'�������
�����
!�*6

�8:�

�87@

�8��

�$������
5�!

�8��

�87�

�8�7

����(
�	���$��

:8:�

�8�@

�8��

;�"
�(/(7

��
�#��

�������������!

7�8��

�8:�

�8�9

������
�����

98>:787�78:7�@,7�@,7�@

�8�@�87��8@>:,>:,>:

�8�9�8�7�8�9�,9�,9�

�������!�
�����

�$������
A���
���

��,

B�

'!�"���*

5�!

2����	���


'��,���*

Fast Rotational Matching (3D)

��������������$��,���6

& ���$��,�������<'=:*�#��=,=,="�!����������
�<'=>*

& ���$��,�����#�;�"
�(/(7 �
!�$�
!�
���#�?#���!�+�����	��

& ���$��,�����
!�$�
!�
���#�?�����

������������$��,����'�������
�����
!�*6

�8:�

�87@

�8��

�$������
5�!

�8��

�87�

�8�7

����(
�	���$��

:8:�

�8�@

�8��

;�"
�(/(7

��
�#��

�������������!

7�8��

�8:�

�8�9

������
�����

98>:787�78:7�@,7�@,7�@

�8�@�87��8@>:,>:,>:

�8�9�8�7�8�9�,9�,9�

�������!�
�����

�$������
A���
���

��,

B�

'!�"���*

5�!

2����	���


'��,���*

Fast Rotational Matching (3D)

��������������$��,���6

& ���$��,�������<'=:*�#��=,=,="�!����������
�<'=>*

& ���$��,�����#�;�"
�(/(7 �
!�$�
!�
���#�?#���!�+�����	��

& ���$��,�����
!�$�
!�
���#�?�����

������������$��,����'�������
�����
!�*6

�8:�

�87@

�8��

�$������
5�!

�8��

�87�

�8�7

����(
�	���$��

:8:�

�8�@

�8��

;�"
�(/(7

��
�#��

�������������!

7�8��

�8:�

�8�9

������
�����

98>:787�78:7�@,7�@,7�@

�8�@�87��8@>:,>:,>:

�8�9�8�7�8�9�,9�,9�

�������!�
�����

�$������
A���
���

��,

B�

'!�"���*

5�!

2����	���


'��,���*

Outline

0
��!	����


.�
!�
"��������!���
"�%����"�!�

& ���	�����
( ���!

& 1
�%��!"�( ���!

.�
!�
"������������
"�%����"�!���������


& �����������
���������
"

������
"���!��� ����%����"�!���"
��	��

& ��%���$���	����"
��	�

2��	���

/���	����


Searching a Database 

<
�( �(�
��������
"�������%�#����"��!��� ���

Best Match

Database of
Binding Site Models

New 
Binding Site

Model



1010

Searching a Database 

���$	�����"
��	��#�� �
!�
"�������
!�
������#���������������"
��	����
�!��� ���

New 
Binding Site

Model
Best Match

Database of
Binding Site Models

1.37
4.5

22.6
0

35.1
938
3
:

Signature

Searching a Database

/���� ���$�$������#�������	�����"
��	��6

& ��
����

& C	����������$	��

& 0
!�,� ��

& 0
��
����������
����

& 0
����
�������
�#������
�

& /������
���
"

& ��
��������

Binding Site
Model

1.37
4.5

22.6
0

35.1
938
3
:

Signature

Searching a Database

����D	�������
����������	������#�
!�$���� �����������
�
!�$�#���!������!��������
���#������ ������
!�!����

Signature
Similarity

Best Matches

Database of Molecules

Query Indexed Search

Pairwise Matching

Candidates

Grid
Similarity

Searching a Database

����D	�������
����������	������#�
!�$���� �����������
�
!�$�#���!������!��������
���#������ ������
!�!����

Best Matches

Database of Molecules

Query Indexed Search

Pairwise Matching

Candidates

Wigner-D-1

Matching

Harmonic
Shape

Descriptor

Power Spectrum Signature

5���
��%��$����
��)

Protein

Power Spectrum Signature

78�.	��!���!�����#� �
!�
"������

Model of
Binding Site

Protein



1111

Power Spectrum Signature
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Test Data Set

7�>� �
!�
"�������+�7:���"�
!��$���'�������*

ATP (11) FMN (6)ADP (15) AMP (10) GTP (5)

HEM (24) NAG (17)MES (17) EPE (12) FAD (7)

CIT (18) TAR (5) LDA (6) GLC (23)

Classification Experiment

3E����(�
�(�	�4�������#������
��,$����
�

& �������������"�
!�"��
������������������
�!�������

& E�"���3���4�%��
� ����������$�#���������������


& 2�$���$���
��"���#������'��������������#��!���"�
!�*

...

Query 1st 2nd 3rd 4th

Nearest Neighbor Matches
“HIT”

Classification Results

������#������
����6
��������� F�9�G

��<� F�7�G

���A� F�79G

�B� F�77G

������ F�7�G

2�
!��� F����G

Best Matches:
(White = Self match)

(Yellow = Nearest Neighbor)
(Orange = 1st tier match)

Classification Results

������#������
����6
��������� F�9�G

����5�! F�9�G

��<� F�7�G

���A� F�79G

�B� F�77G

������ F�7�G

2�
!��� F����G

Best Matches:
(White = Self match)

(Yellow = Nearest Neighbor)
(Orange = 1st tier match)

Classification Results

������#������
����6
����5�! F�9�G

������" F���G

Best Matches:
(White = Self match)

(Yellow = Nearest Neighbor)
(Orange = 1st tier match)

Classification Results

������#������
����6
���$$�!5�! F�>�G

���$$�!��" F��7G

����5�! F�9�G

������" F���G

Best Matches:
(White = Self match)

(Yellow = Nearest Neighbor)
(Orange = 1st tier match)
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Classification Results

������#������
����6
E�"�
!5�! F��:G

E�"�
!��" F�@�G

���$$�!5�! F�>�G

���$$�!��" F��7G

����5�! F�9�G

������" F���G

Best Matches:
(White = Self match)

(Yellow = Nearest Neighbor)
(Orange = 1st tier match)

Classification Results

����5�! C N

O P

Raw
Knowledge-Based

Distributions 
Predicted for
Box around

1kp8-1-H-ATP-1-_

Classification Results

���$$�!5�! C N

O P

Normalized
Knowledge-Based

Distributions 
Predicted for

Clipped Volume of Ligand
1kp8-1-H-ATP-1-_

Classification Results

E�"�
!5�! C N

O P

Raw
Distributions 

Observed for Ligand
1kp8-1-H-ATP-1-_

Conclusion
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Conclusion
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Raw
Knowledge-Based

Distributions 
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Box around
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Conclusion

C N

O P

Normalized
Knowledge-Based

Distributions 
Predicted for

Actual Ligand Volume of
1kp8-1-H-ATP-1-_

Discussion
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