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Exploiting the intrinsic capabilities of proteins 

• Proteins can recognize other proteins/molecules



Proteins on inorganic surfacesProteins on inorganic surfaces

Examples of possible applications

•Use proteins to guide the 
self-assembly of inorganic 
nanodevices (proteins as a 
smart glue)

•Use protein to control the growth of inorganic materials, e.g., to obtain nanocrystals
with new shapes

Complexity of the systems

• Very large systems(103-104 atoms)
• Protein + Inorganic Surface + Solvent

• Require long simulation time
• Instant quantities not useful � averaging 
• Interesting dynamics on long time-scale

• Involve interactions of different origins
• Chemical bonds, Coulomb, dispersion...
• Different methods most suitable for 
different portions

They represent a 
computational challenge:
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Computational strategies

Multiscale modelling
relatively general but
long term

Exploiting extreme 

supercomputer power
feasible for some important cases

Complexity of the system
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Multiscale modelling

AbAb initioinitio

ClassicalClassical
MolecularMolecular DynamicsDynamics

DockingDocking
((rigidrigid proteinprotein, , 
implicitimplicit water)water)

energy 
parameters

averaged
quantities

Several competences 
needed: 

EU project PROSURF

Small 
molecules

Small 
proteins

Large 
proteins
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Exploiting extreme supercomputer power

Protein+Surface+Water all ab initio!

However:
• Exceptional calculation
• Requires very good scalability of the 
code
•Small model proteins, max. tens of ps

20 ps requires ~350 000 cpu h on IBM SP5
(~60 days with 256 cpus and perfect scalability)

Require huge computational resources:
EU initiative DEISA
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System 

Au(111)
surf

Serin-based
B-sheet

Liquid water
bulk

Open questions:

�How is the protein/surface 
interaction? 

�Does the protein bind on surface?

�What is the role of the water?

�Is the nanostructured Au surface 
hydrophobic or hydrophilic?
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System
Simulation details

�ab initio Car-Parrinello MD

�Cell (10.59 x 20.529 x 32.656) Å3

� #atoms = 587

� 4 layers of Au(111) � (112 Au)

� periodic b-sheet � 130 (36 C + 12 N + 23 O + 59 H) 

�115 heavy water molecules � (115 O + 230 D)

� # electrons = 2552

�XC=PBE, USPP, plane waves

�Ecut = 25 Ry, ecutrho = 200 Ry

�Kpt mesh = Gamma 

�Fictitious electronic mass µ=450 au

�Simulation time step δt=1.69 fs

�12 ps of thermal equilibration at T= 400K (Nose’ thermostat) 
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COMPUTATIONAL DETAILS 

�CODE = cp.x (quantum espresso package)

�Running machine =  MareNostrumMareNostrum (Barcelona Supercomputing Center)

�Total CPU time = 350000 CPU hours.

�Total task per run = 200 CPUs

�Array leading dimensions =  (88, 176, 280)

�Total memory allocation = 100Gbyte
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RESULTS (ASAP)

WORK IN PROGRESSWORK IN PROGRESS
SIMULATION STILL RUNNING

(~6 ps of molecular dynamics at 400K)

Enabling of CP code of QE
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Task Groups
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do i = 1, nb

compute parallel fft

end do
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redistribute band

do i = 1, nb, ngroup

compute ngroup fft at the same time 

end do
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Ortho Matrix Multiplication
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Ortho
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Memory Consideration
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