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Proteins (polymers) are made up of
Amino Acids (monomer units)

+ There are Twenty different Amino
Acids with different shape, size and
electrostatic properties.

+ T hese amino acids form covalent
bonds to form a linear polypeptide
chain.

Made by A-PDF PPT2PDF






Glutamic Acid
(Negatively charged)
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Arginine
(Positively charged)




Amino Acids are
joined together by
covalent bonds,
called peptide bond,
which is structurally
very important
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Forces Stabilizing Compact Structure of
Biomolecules (Proteins and Nucleic Acids)

+ Electrostatic Interaction
— Specific: attractive between unlike charges
» Hydrophobic Interaction

— Non-specific: polar out and non-polar in
— Partially van der Waals forces

+ Hydrogen bond

— Diarectional electrostatic
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Hemoglobin: formed by several helices




Nucleic Acid Backbone is Connected to
Either of Four Different Bases
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RNA polymerase Promoter

-
o _ - _sequence

-

Made by A-PDF PPT2PDF



Central Dogma of Molecular Biology

Gene regulatory

protemns: CAP, RNA polymerase Ribosome
TBP ete. : ;
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Reverse Transcriptase

CAP, TBP etc.
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Biomolecular Structures
Determination

+ X-Ray Crystallography

* Nuclear Magnetic Resonance Spectroscopy
+ Neutron Difiraction Study

+ Raman Spectroscopy

And also by theoretical methods
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Netropsin like drugs bind in the B-DNA
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Actinomycin D like drugs make their place in between two
stacked base pairs by distorting the DN A double helix

Made by A-PDF PPT2PDF



DNA kinks by
90° at the dyad
location while

binding to two
subunits of
Catabolite
Activator
Protein (CAP)
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TATA-box
binding
protein
transforms the
interfacing
DNA region to

A-DNA like
structure



Theoretical Modeling of
Biomolecules

» Statistical method based on knowledge of
X-ray crystallographic structures

»Quantum Mechanics based methods

lar Mechanics methods
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Quantum Mechanics
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Hartree product Wave function
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Macromolecular Force Field
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Most time-consuming Calculation: Long
Range Electrostatics Interactions

Two-dimensional array of charges in
periodic box

i

1 1
_-JI________‘___l__________.I-a.-.---n----l———

Made by A-PDF PPT2PDF <L



Deterministic Method: Molecular Dynamics
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Leapirog Verlet Algorithm

X(t+ At)=x(t)+ V(£ + At/2)Ar
Vit +At/2)= (t &t/2)+a(t)At

—va ()

Temperature and Pressure controlled by:
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An approximation better than
Truncated Taylor’s series
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Time scale of Vibrational Motions

Type Wave no (em1) Period T/ (fs)
T (Ae) (fs)

O-H, N-H stretch 3200-3600 0.8 3.1
C-H Stretch 3000 11.1 3.3
0-C-0 Asymumn. Stretch | 2400 13.9 4.5
C=C, C=N stretch 2100 15.9 5.1
C=0 (carbonyl) stretch 1700 19.6 6.2
C=C stretch
H-O-H bend 1600 20.8 6.4
C-N-H, H-N-H bend 1500 222 7.1
C-N stretch (amides) 1230 26.2 8.4
Water Libration (rocking) | 700 41.7 13
C=C-H bending
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Simple Pendulum

Period of

measurement of
position : ~2.3 T

Recommended period of
measurement ~T /10

Average Position of
e | E;mt‘lIP ﬂi:"ﬂf:lulmn
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Duration of Stmulation

* Protemn Folding requires 1us to 1ms
* Ligand binding/dissociation requires 1us
* No. ofsteps=1ms/dt=1073s/10-1°s =101

» Need of faster computer
» Engaging several computers in parallel
» Increasing ot by Shake, Rattle or Lincs algorithms
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Special Decomposition

CPU 2
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Gromacs benchmarks
GROMACS v 3.3.1
July 2006
Benchmark 1: 1024 DPPC lipids with 23 water molecules per lipid,
totalling to 121856 atoms. A twin-range group based cut-off 1s used, 1.8

nm for electrostaties and 1.0 nm for Lennard-Jones mteractions. The

long-range contribution to electrostatics 1s updated every 10 steps. 3000
steps = 10ps.

As , this 15 a particularly scalable benchmark.

Made by A-PDF PPT2PDF



35

Gromacs 3.3.1
d.dppc benchmark
B ——p2800 gige ~ |
= p2B00 Myr
- 02200 gige
5000 02200 myr = |
=== 02800 gige
- 02800 b
w4000
e
:
£ 3000
]
E
=
2000
1000 -
u L T T
0 3 10 15 20 25 30
# procEssors

Made by A-PDF PPT2PDF




Amber 10 Benchmarks: Factor IX
May 2008. The Factor IX constant pressure benchmark from the
. A TIP3 water solvated system with 90,903 total atoms

and PME used with a direct space cutoff of & Angstroms.

Amberl0: Factor IX benchmark

; n o ZB00 gige
oo 1— —— o280, ip
oLBMEL, ghge

Time in seconds
|

_.
El T T T T T
o i B 2 16 20 24 2B 3z 36
#f processors

Made by A-PDF PPT2PDF



CPU activities
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Eight nodes engaging 2 Physical
CPUs per node
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Eight nodes engaging 4 cores per
node (2xPhysical dual-core CPUs)
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Development of Computer Graphics

» Techtronics pen-plotter/phosphorescence
Screen devices

+ HPGL — pen plotting language
+ Evans & Sutherland

+ Silicon Graphics — era of Raster graphics:
Pixel image

» Concept of Geometry Engine and Graphics
Language
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J.A. van Meela, A. Arnolda, D. Frenkelb, S.F. Portegies
Zwartc, and R.G. Bellemand

Harvesting graphics power for MD simulations
Molecular Simulation, Vol. 34, No. 3, March 2008, 259-266

isation of current NVIDIA GPUs, While registers are bound to a thread, all

Made by A PDF PPT2PDF vared memory, and all threads on all MPs have access 1o the global memory



Architecture of NVIDIA graphics
card

- -- m The computational grid consist of a
| 1 grid of thread blocks

m Each thread executes the kernel

m The application specifies the grid and
block dimensions

m The grid layouts can be 1, 2, or
3-dimensional

m The maximal sizes are determined by
GPU memory and kernel complexity

m Each block has an unique block ID
m Each thread has an unique thread I1D

‘within the block)
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CUDA C programming LLanguage

CPU Program CUDA Program

void add matrix _global __ add satrix
{ floats a, floats b, {loate c, int N ) { ( floats a, floate b, floate c, int X ) {
int indar; int i = blockldr.x = blocklkin.x + throadlds.x:
for ( 4t 1 = D: 3 € N: 3 ) int j = blecklds.y » blocklin.y + threadldx.y:
for (int § =0; J < N, »+} ) { int indax = i + jek;
indexr = i + je=N; if (i<W bhkj<i)
clindaz] = alindex] + blindax]; clindex] = alindax] + blindax];
¥ }
}
ant sainl) {
int smin() { din3d disBlock{ blocksize, blocksiza ):
add patrix{ a, b, c, N ); dind dislrid( N/disBlock.x, N/dinBlock.y ):
} add satrizx<<<dimlrid, dizBleck>>>( a, b, €. ¥ };
” }

i
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CUDA exposes all the different types of memory on the GPU:
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CUDA Software Development Kit

Optimized libraries: Integrated CPU and
math.h, BLAS, FFT GPU source code

CUDA C Compiler (nvec)

Machine independent

EEEE-I"I'IHY (pT'K} CPU Host Co

_ode
Standard C compiler
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GPU accelerated molecular dynamics simulation
of thermal conductivities
Juekuan Yang, Yujuan Wang, Yunfel Chen
Journal of Computational Physics 221 (2007) 799-804
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ACEMD : Accelerating bio-molecular dynamics in the
microsecond time-scale

M. J. Harvey, G. Giupponi, and G. De Fabritiis,

arXiv:0902.0827v1 [physics.comp-ph] S5Feb 2009

Tesla
CRT0 (GS0)

Tesla

C1060 (G200)

[ntel

Xeon 5492

Cores 128 240 4
Clock (GHz) 1.350 1.206 3.4
AMem bandwidth (MB/s)|77 102 21

Gflops 512 (sp) 933 (sp) 78 (dp) 54 (dp)
Power (W) 171 200 150
Year 2007 2008 2008

TABLE I: Summary of characteristics of first and second generation Nvidia GPU compute
devices, with a contemporary Intel Xeon shown for comparison. Data taken from
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Program |CPU Cores & GPUs ms/step

ACEMD |1 CPU, 1 GPU (240 cores)|17.55
ACEMD |3 CPU, 3 GPU (720 cores)|7.56

NAMD2.6(128 CPU (64 nodes) 9.7
NAMD2.6|256 CPU (128 nodes) 7.0
Desmond |32 CPU (16 nodes) 11.5
Desmond |64 CPU (32 nodes) 6.3
Gromacsd [20 CPU (5 nodes) 7

TABLE III: Performance of ACEMD on the DHFR benchmark. GPUs are Nvidia GTX
280, NAMD, Desmond and Gromacs performances are indicative of the orders of
magnitude speed-up obtained with GPUs and ACEMD as they are all performed on
different CPU systems (from Refs®® Gromacs figures interpolated from Figure 6 of®).

[physics.comp-ph] S5Feb 2009
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Molecular Dynamics of proteins
on GPU

System|CPUs & GPUs ns/day

DHFR |1 CPU, 1 GPU (240 cores) (19.7
DHFR |1 CPU, 3 GPUs (720 cores)|45.7
apoAl [1 CPU, 1 GPU (240 cores) |4.6

apoAl |3 CPU, 3 GPUs (720 cores)| 10,6
Villin |3 CPU, 3 GPUs (720 cores)|66.0

TABLE V: Performance of ACEMD on the DHFR, apoAl benchmark and Villin test on 1
and 3 GPUs up to 720 cores. ACEMD run using Nvidia GTX 280 GPUs on a real
production runs (R = 94, PME every step, time step 4 fs, constraints and langevin

thermostat ).
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Present GPU status

* NVIDIA Tesla C1060 or S1070 GPU cards
connected to PCl-express slots

* 30x the compute performance of a standard cluster

* Upto 960 cores and 4 teraflops m a 1U Massive
Parallel Processor

» Cost: within 7 lakh (HP Z800) workstation with

two GPU cards, 5x 1TB SATA HDD, 2 x quad
CcOore Xeon
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