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Importance of Electrostatics

» Electrostatic inferactions are among the most
important factors 1o be considered when analyzing
the function of biological molecules

» The ONLY long-range force to provide guidance of
long distance




Mathematical Model: The PB Equation

V- [e(X)VD(X)] - k(x)* = -4mp(x) (1)

Solvent 4 — Mobile Ions

Where @ (x): the electrostatic potential

£(x): the spatial dielectric function
s 81 TEQl
E(X)_ {82 = (83) TEQZ and Q3

Ion-exclusion layer

k(x): a modified Debye-Huckel parameter
0 re;and Q,

(6= {\/@ k rel;

o(x): the charge distribution function

Q1: molecule with fixed ions, €,

Q2: exclusion layer (no ions), &,=¢;

Q3: solution with mobile ions, &;
Assume that all ions in solution are

On Ty, = Q1NQ5, @1 (1) = 5(1), e,V (1) - N= VP, () - n univalent: q=te,
ON T3 = QuNQ3, P2 (1) = P3(1), 2V, (1) *N= £3VD3 (1) 1

The appropriate boundary conditions for the infinite domain Q = Q; uQ, U Q; = R3 are ®(«)=0.



Numerical Method

Let Ko(xo ¥o, 29) O€ an arbitrary grid point away from the boundary of Q.
Applying finite difference formulation yields an iteration equation for egn.1:

__ i = Pi+4Tige/n
S Sinh () 2]
D,

¢ & T (kh)?

@, is the potential at Kj;
®; is the potential at the six nearest neighboring grids of Kj;

g; IS the dielectric constant at the midpoint between ®, and @;;

q, is the charge assigned to Kj;
his the grid spacing between grid points.

Egn.2 can be written in matrix form as

¢=Tp +Q )
Where T is the coefficient matrix;
¢ and Q are column vectors.

Klapper, I., et al., Focusing of electric fields

in the active site of Cu-Zn superoxide dismutase:
Effects of ionic strength and amino-acid
modification.

Proteins: Structure, Function, and Bioinformatics,
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An Example of Large Proteins

adeno-associated virus (PDB code: 3KIC) with
484,500 atoms
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“Checkboard” Ordering

» Each grid point is assigned as odd or even by the sum of its grid coordinates.
» The six nearest neighbors to any grid point must be of opposite nature.

» Every even point is surrounded by odd points and vice verse.

» This technique was presented in a paper written by Anthony Nicholls and Barry Honig.
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“Checkboard” Ordering, cont.

Provided L an odd number,

q)even] Qeven]
= e 5
¢ [Cl)odd < Qodd )

0 T
" [ odd 6

ool ©)
After reordering ¢ and Q,

(Dg;eln = TOdchgdd + Qgpen (7)

¢=Tp+Q (3]
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Contiguous Memory Mapping

» Map the odd and even points separately info two contiguous memory/arrays.
» This technique was presented in the paper written by Anthony Nicholls and Barry Honig

Mapping




Parallelizing lteration:
An Algorithmic Parallelization Technique for GS/SOR lterations

» Parallelizing egn.”

q)g;eln o TOddq)gdd + Qgven (7)

n+1 __ n+1
CIDOdd .y TEven(bEven - QOdd

CPU(i) CPU(i+1)
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Infroduction to DelPhi Program

» Open-source finite difference solver utilizing GS and SOR iterations
to model electrostatics in molecular biology.
» DelPhiwas developed in Dr. Barry Honig's lab at Columbia University in 1986 and

has been contfinuously improved in Dr. Emil Alexov's lab at Clemson University

DelPhi Software Management and Development
Supported by a grant from NIGMS, NIH, grant number: R01 GM093937

Drelphi Download
Delphi 7.0 Manual (PDF)
Delphi Compilation Manual Please refer to our Wikipedia page for more help.
Delphi Developer Manual
Delphi Examples
Parameter Files
DelPhi Taols
Delphi Mavies
Clemson Robot Files
DelPhi Web Server

http://compbio.clemson.edu/delphi
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Numerical Experiments

Performed using a dedicated queue on Palmetto cluster at Clemson University
1 node with 100 GB memory (master process)
100 nodes with 30 GB memory (slave process)

Used one CPU per node in order to avoid potential memory competition on one
node.

gcc version 4.5.1
MPICH2 version 1.4

All idenftical runs were repeated § times and their averages are reported here in
order to reduce random fluctuations caused by system workload and network
communication.

Both sequential and parallel experiments were given enough memory in order
to avoid possible data exchange between memory and hard disk.



Implementation Resulis

Obiject: the protein of human adeno-associated virus 3KIC

CPU timing of parallelized delphi tested on protein 3KIC
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Number of processors (in log-scale)

Execution (purple) and iteration (red) time for Resulting Electrostatic Field

solving the linear PBE, compared to execution (orange)
and iteration (blue) fime for solving the nonlinear PBE.



Special thanks to Dr. Emil Alexov and Dr. Chuan Li!

Grant: "New Generation DelPhi: large systems and beyond electrostatics”
(NIH grant #: SROT1GM093937-07) for developing in DelPhi parallel
computing algorithms and numerical methods for solving fime-
dependent differential equations with numerous applications in
molecular biology.
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