A supplement of an article accepted for publication in the 2004 Web Server Issue of
Nucleic Acids Research of Oxford University Press

Supplementary Article of ProteMiner-SSM!

Darby Tien-Hau Chang, Chien-Yu Chen*, Wen-Chin Chung, Yen-Jen Oyang*
Department of Computer Science and Information Engineering,
National Taiwan University, Taipei, Taiwan, R.O.C.

Hsueh-Fen Juan
Institute of Biotechnology
and Department of Chemical Engineering
National Taipei University of Technology, Taipei, Taiwan, R.O.C.

Hsuan-Cheng Huang
Institute of Biological Chemistry
Academic Sinica, Taipei, Taiwan, R.O.C.

1. Illustration of the filtering process
The main distinction with respect to the software design of ProteMiner-SSM is the filtering process incorporated
to expedite the analysis. The filtering process exploits the novel kernel density estimation algorithm that we have
recently proposed [1, 2] to identify the crucial substructures on the contours of the protein tertiary structures that
the analysis should focus on. In the design of ProteMiner-SSM, structural analysis is conducted at the residue
level with each residue represented by its alpha carbon in the vector space. The efficient kernel density estimation
algorithm treats the set of residues of a protein {s, $2,..., ,} as n samples randomly taken from a probability dis-
tribution in the 3-dimensional vector space and employs the learning algorithm proposed in [1, 2] to construct an
approximate probability density function of the following form:

~ n " 2

P m
where
(i) wvisavector in an m-dimensional vector space,

(i) A is the parameter that controls the smoothness of the approximation function,
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R(s;) is the k-th nearest neighbors of s;,and £ is a parameter to be set by the user.

o0 h 2
(111) A= h;w exp{— 2’7} )

and

As the approximate probability density function presented in equation (1) is a continuous and smooth function
in the vector space, we can expect that the function values at the residues located on the contour of the protein

tertiary structure will generally be smaller than the function values at the inner residues. Accordingly, we can set
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a threshold of the function values to distinguish those residues that are located on the contour of the protein terti-
ary structure from those that are not. Fig. 1 depicts a 2-dimensional example to illustrate the effect of the filtering
process. In this example, a 2-dimensional object is composed of a number of primitive instances represented by
dots in the figure. Fig. 1(a) shows the instances that are identified as on the boundary of the object by the filtering
process.

With the residues on the contour of the protein tertiary structure been successfully identified, the next task of
the filtering process is to further classify each of these residues depending on whether it is located in a cave of the
protein tertiary structure or not. This task can be carried out by applying equation (1) again but with a larger S
value. Applying equation (1) with a larger £ value implies that the approximate probability density function ob-
tained is smoother. As a result, the function values at those residues that are located in a cave will be generally
higher than the function values at those residues that are on the contour of the protein tertiary structure but not in a
cave. Accordingly, a threshold can be set to classify these residues. Fig. 1(b) shows the final result obtained in

this example and Fig. 2 shows the pseudo-code of the filtering process.

2. Time complexity of the filtering process

As far as the time complexity of the filtering process is concerned, in equation (1) we need to identify the &
nearest neighbors for each of the n residues. If the kd-tree structure [3] is incorporated, then the average time
complexity for constructing a kd-tree with » residues is O(n log n), provided that k is considered as a constant.
One practical implementation employed in this paper for evaluating equation (1) is to include only the nearest &’
residues of vector v, since the influence of the Gaussian function decreases exponentially. With this practice, the
time complexity for evaluating the approximate function value at one residue is therefore O(k’ log n) and the
overall average time complexity of the filtering process is O(nlogn), if both k and £’ are considered as constants.
Concerning the structural alignment process, as the geometric hashing algorithm narrows down its search space to
only the coordinate systems defined by the residues located in the caves of the reference protein and the target

protein, the time complexity for comparing the crucial substructures of these two proteins is O(n{n} (n{ +q)),
where n; and n) are the numbers of residues identified as in the caves of the two proteins, respectively, and ¢ is

the number of residues in the binding sites of the reference protein.

3. Parameter settings

Table 1 shows how the parameters are set for the filtering process in our experiment and the criteria for successful
alignment of two alpha carbons in the geometric hashing algorithm. One may wonder whether these parameters
should be set differently, if different sets of proteins are to be analyzed. According to our experiences, when an-
other reference protein is given, the only parameter values in Table 1(a) that need to be adjusted are », and ;.
That is, except the values of 7, and 7, the user basically can adopt the parameter values listed in Table 1(a), when

a different reference protein is given. The main reason why only 7| and », need to be taken into account is that the
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parameter setting just represents a subjective tradeoff between the accuracy of the analysis and the magnitude of
speedup obtained. By setting 7 to 1 and r,to 0, we basically keep all the residues. On the other hand, by setting
either 7, to 0 or r,to 1, we can eliminate all the residues. Since we can realize our view of tradeoff without any
limitation through adjusting the values of r; and r,, there is no need to manipulate other parameters. Basically,
when given a reference protein, the user needs to try a number of possible combinations of 7 and r,, and select
one that can accurately extract the residues in the binding site of the reference protein.

The last issue that deserves further discussion is the magnitude of speedup due to the filtering process, which
range from 3.11 to 9.79 times in our experiments. Since the expediting mechanism works by reducing the number
of residues to be included in the analysis process, in principle, we could set the parameters listed in Table 1 with a
conservative view and an insignificant magnitude of speedup would result. On the other hand, if we set the pa-
rameters listed in Table 1 with a more aggressive view, then we could obtain a higher level of speedup but might

lose some degree of analysis accuracy as a consequence.

4. Illustration of user interface

This section illustrates the user interface of ProteMiner-SSM with an experiment. In this experiment, the bio-
chemist is given the crystal structure reported in [4], which consists of an integrin protein bound with a peptide
ligand containing Arg-Gly-Asp, and wants to check whether some proteins in the caspase family contain a similar
substructure as the binding site of integrin aVB3. The biochemist therefore submitted a query to ProteMiner-
SSM as demonstrated in Fig. 3(a). Fig. 3(b) shows the output generated by ProteMiner-SSM. On the web page
presented in Fig. 3(b), the user can click the protein that is of particular interest to examine the detailed mapping
of the residues in the reference protein and in the target protein, as demonstrated in Fig. 3(c). It is typical that
multiple possible alignments are found for each target protein and the user can examine these possible alignments

with the 3-D viewer as demonstrated in Fig. 3(d).
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(b) The effect after the instances in the caves of the object have been identified.
Fig. 1. An example that illustrates the effects of the filtering process.

Algorithm kernel density estimation based filtering
Input: A set S= {sy, 55, ..., s,} of instances in the vector space and parameters S, 5, k, 71, and r,.
Output: S, a subset of S.

Set S« 5.
For each s; € S do the following:

Compute /} (s;) according to equation (1) with S= 5.
Set w« max{f(s,-)} .
1<i<n
For each s; € S do the following:
If f(s;)2r-w,then § « S—{s;}.
For each s; € S do the following:
Compute /} (s;) according to equation (1) with S = .
Set w« max{f(si)} .
1<i<n
Foreachs; € S do the following:
If f(s,)<r,-w,then § « S—{s;}.

Return (3' ).
Fig. 2. The pseudo-code of the kernel density estimation based filtering process.
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There are 5 proteins in PDB that match the query specification. You can
view these proteins by clicking here.

The on-line version of ProteMiner-5SM can handle 30 proteins at
maximum in one run. Do you want to refine your query?

PDE ID: |1FIJ IFSE 110
+

Query keyword(s): |

refine query go to next step

Please verify your specification of the reference protein:

PDE ID of the reference protein: 1L5G.pdb
Substructure of interest:
# of target protein(s): 3

If you want to submit the task with the default parameter values, please
click submit.

set parameter values submit

You may provide the preferred parameter values in the following and
then submit the task. (For description of these two parameters, please
refer to the technical documents).

Parameter value of r1: [o4

Parameter value of r2: [ng

submit

iai Submission of a ﬂuei to ProteMiner-SSM.

PDE ID of the Reference protein: D:ybufy1LgG.pdb
Substructure of interest:
# of target protein(s): 3
Parameter value of ri: o.q
Parameter valua of re: 0.8

PDB | Matched substructures in |Download and open file
ID the target protein for 3D viewer

1F1] 123456878910 hide 2D viewer

1FgE 12345678010hide 3D wiewer

1JHO 12345678210 hide 3D viewar

If you want to view the alighment in the 3D vector space, you nesd to
download the 30 viawvar.

(b) Output page of ProteMiner-SSM.
Fig. 3. Demonstration with an experiment (To be continued).
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PDB ID of the Reference protein: D:\bufy1L5G.pdb
Substructure of interest:
# of target protein(s): 3
Parameter value of r1: o.q
Parameter valua of re: 0.8

Download and
open file for 3D
viewer

PDB | Matched substructures in the
ID target protein

12345678a1chide
Format of residue specification:
Chain|Indesx|Type

ref target |PAMz5o0
15o | ASP 545 |GLN
178|TYR |B| 541 |[PHE
o165 |ALA|B| g5 |ALA
218 | ASF 484 |GLN
11 | ASF z18 | ASF
124| ASF 403 | ASF
127 | ASP 149 | ASP
215 | ASH |B|ga7 | ASF
214 | ARG |B| 548 | ARG
217 | ASP gad | ASN
218 |ALA |B|g7o|ALA
215 |PRO|B| 580 |PRO
51| ASF z16 |GLIT
1FoE 1293458780 10hide 3D viewer
1JHQ 1234567 8210hide 2D wigwrer
If you want to view the alignment in the gD vector space, you nesd to
dewnload the 2D wiewer.

1F1J 3D wriswer
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(c) The detailed mapping of the residues in integrin (the reference protein) and in caspase-8 (the target protein).
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(d) How the residues in the corresponding substructures of the protein with PDB ID = 1L5G and of the protein with PDB ID
= 1F1J are aligned.
Fig.3. Demonstration with an experiment (continues).
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Parameter settings in the experiment.

Table 1.

Parameter Value

S 1 in pseudo code 0.45

[ in pseudo code 0.9

k in equations (1) and (2) 30

k’: the number of nearest Gaussian functions involved in evaluating 30

equation (1) or (2)
ry in pseudo code 0.45
7, in pseudo code 0.63
(a) Parameter settings for the filtering process.

V-V < TA
16,~ 6."] £0.2 radian
16,~ 6,"| £0.2 radian

|v/—=v"| < 6A
v’and v" are the vectors from the origin to the two alpha carbons, respectively.
6.”and 6," are the angles between axis x and the two vectors v”and v”, respec-
tively. 6,”and 6," are the angles between axis y and the two vectors v”and v",

respectively.
(b) Criteria for successful alignment of two alpha carbons in the geometric hashing algorithm.
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