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INTRODUCTION:  
Generally, considering viruses for example 

influenza in research center tests has been difficult for the 
reason that reactions produce intermediate products 
which are interim and excessively unsteady to catch. 

Likewise, past endeavors at stimulating these frameworks 
were beyond the range of supercomputers, because of the 
intricacy of reproducing billions of particles under the right 
environmental conditions 

 

 
Figure 1: Static structure of the constructed H1N1 virion 

 
At the Institute of Process Engineering, Chinese 

Academyof Sciences (CAS-IPE) in Beijing, scientist have 
utilized a GPU-based heterogeneous supercomputer to 
make the world's first re-creation of an entire H1N1 flu 
virus at the nuclear level. 

With this new level of perceivability, researchers 
can help bridge over any barrier between biology, virology, 
epidemiology, & drug development at the sub-atomic level, 
possibly expediting new and more effective medication 
medicines &vaccines to battle influenza. 
 
CURRENT INVESTIGATION OF INFLUENZA VIRUS:  

Today, there is a huge gap between the way 
research researchers study viruses & the way 
pharmaceutical designers make antiviral pills &vaccines. 
Virologists furnish a general picture of virion particles by 
testing structural updates throughout the virus' life cycle 
(e.g., binding to the cell, uncoating the viral molecule, 
recreating itself utilizing the hereditary material of the cell, 
assembling & discharge from the host cell). Influenza 
virions are profoundly polymorphic, with sizes extending 
from circular particles with a diameter of approx. 100 to 
150 nm, to filamentous molecule with a length of a few 
millimeters1. The surface of the influenza virion is 
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described by distinctive spikes, HA (hemagglutinin) and NA 
(neuraminidase), with a rough proportion of four HA to one 
NA. 
                   Notwithstanding, research at this level furnishes 
just restricted information. It doesn't furnish profound 
understanding into the inner compound structure or 
biological conduct of the influenza virion, which is solicited 
to assist pharmaceutical companies to develop more 
effective vaccines & drugs. 
                    On the molecular level, biologists resolve the 
structure of crux proteins of the virion molecule and find 
potential focuses inside these proteins, which helps 
pharmaceutical designers who outline anti influenza drugs 
& vaccines. The 3D structures of all the trans-membrane 
proteins, for example NA, HA, and M2, have already been 
determined, however some other protein structures are 
not yet complete. Eight ribonucleoprotein (RNP) complexes 
display normal helical conformations  individually, and are 
spotted in the interior of the virion.2 
                      Drug developers analyse the properties of the 
trans-film proteins, discover their potential targets & 
design anti influenza drugs dependent upon these 
proposed targets. Certain drugs, for example zanamivir & 
oseltamivir, are designed to restrain NA action, while other 
antiviral pills are designed consistent with the structure of 
different proteins inside a virus. Adamantanes, for 
instance, work by obstructing the M2 channel. 
Despite the fact that both research researchers focused on 
essential biology & pharmacologists focused on clinical 
improvement of pills welcome the support from each 
other, it is still demanding to bridge their studies since the 
exploratory facilities & studies are exorbitant and have 
confined resolving  power of time, space & environment 
(the situation where the virion lives: temperature, PH, ionic 
focus, and so forth). 
 
BUILDING A MODEL:  

Previously, molecular dynamic (MD) recreation has 
been utilized as a “computational microscope” to test the 
nuclear structure of biological molecules and discover 
dynamic courses of action on little spatio-temporal scales. 
To begin the recreation, the first stage is to develop a static 
molecular model of the complete virion molecule. The 
compound, structural, and biological  informative data 
have  recently given a stationary picture of the 3D structure 
of influenza virions.The model, however, is still unpleasant 
and the structures of some component molecules are still 
obscure, or information on them is fragmented. These 
missing items ought to be recreated to furnish a nuclear 
structure of the virion, then after that an unequivocal 
solvent MD study ought to be performed to further 
discover the dynamics of the virion in vivo. 

Taking into account the model of influenza vRNPs, the 
whole nuclear structure of a single nucleoprotein particle is 
first developed utilizing the crystal structure, and second, 
nucleoprotein monomers are put in a helical structure. On 
the surface of every protein platform, a pressed single-
stranded negative-sense RNA strand with 924 to 2,377 
nucleotides3 is tightly placed as helical structures. Each of 
the eight vRNPs are nearly divided to structure the inner 
part of the virion. The circular protein layer of M1, which 
covers the vRNPs, is built utilizing numerous duplicates of 
the crystal structure of a single M1 molecule4 spotted in a 
sphere. Since dipalisitoyl phosphatidyl choline (DPPC) is a 
fundamental part of the membrane, the DPPCs are equally 
divided on a circular surface with double layers, bringing 
about a globular film with an outer diameter of 106 nm. 
                   Three trans-membrane proteins—NA, HA, and 
M2—are developed emulating comparative methods. In 
particular, a specific macromolecular structure is 
reproduced at the nuclear-scale, accompanied by planning 
of a network of the macromolecules on a circular surface. 
Just the endodomains of NA and HA have been determined 
by X-ray crystallographic techniques, relating to residues 83 
to 468 of NA5 and residues 11 to 325 of HA.6 The 
endodomains, in any case, are challenging to crystallize 
since they are insoluble. Consistent with protein structure 
prediction,7 residues 11-31 of NA and residues 14-40 of HA 
ought to be the trans-membrane fragment and be helical in 
shape, while the other endodomain residues tend to be 
random curls. The 3D structures of the endodomain are 
therefore developed utilizing PyMol (Schrödinger) and 
Visual Molecular Dynamics.8 

After a short time for dynamic reproduction, a 
comparative stable structure of the protein can be 
achieved. 374 HA and 98 NA particles are placed on a 
sphere with their tails inserted in the lipid membrane as 
applicable. M2 is a single-pass membrane protein, and the 
proton channel is framed by four parallel monomers. The 
structure of an entire proton channel was first developed 
constructed upon NMR results,4 and afterward numerous 
duplicates are spotted on the circular surface with the 
trans-membrane sections implanted in lipids. After 
deletion of overlapped particles, the fake H1N1 virion 
seems developed with 2,363 proteins, 63,471 DPPC 
particles, and 8 RNA strands (Figure 1). 
 
NUCLEAR REPLICA OF H1N1:  

After development of the molecular model with 
nuclear items, the whole complex is solvated in water with 
a suitable concentration of ions to act for environment in 
vivo. The framework has 300 million particles finding in a 
periodic cube with every side measuring 148.5 nm long. 
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Universal CPU-based MD programming and hardware are 
unequipped for recreating the flow of this extensive 
biological framework, as the substantial number of CPU 
junctions needed for timely results would be costly and 
space restrictive. Notwithstanding, scientist have been able 
to incredibly build computing power for molecular 
dynamics and other investigative requisitions by utilizing 
effective, heightened-performance graphics processors 
(GPUs) that serve as companion processors to the CPU. 
  These high-performance hybrid supercomputing 
frameworks not just permit analysts to run complex 
scientific requisitions and simulations significantly speedier 

than on CPU-only systems, they also permit the simulation 
of large, reasonable biological systems that previously not 
been possible. To decrease computational burden, prior 
viral recreations generally utilize a coarse-grained strategy, 
treating tens or even countless particles as one bead. On 
the other hand, the experimental parameterization of the 
dots indicated that the re-enactment outcomes were less 
reliable. Notwithstanding giving researchers far more 
fabulous visibility into the molecular structures and 
biological behaviors of the virus, re-enactments can now 
be run in hours or days, instead of weeks or months.

 

 
 

Figure 2: The Mole-8.5 supercomputer at the Institute of Process Engineering, Chinese Academy of Sciences 

 
To re-enact the H1N1 virus on the nuclear level, 
researchers at CAS-IPE utilized the GPU-based 
supercomputer, Mole-8.5 (Figure 2), which empowered 
them to watch the dynamic structure of H1N1 virion. 
The Mole-8.5 supercomputer can convey a peak 
demonstration of over 1 petaflops, which puts it 21st on 
the TOP500 record of the world’s most  influential 
supercomputers. It is moreover stacked up ninth on the 
annual Green500 record, which tracks the world's most 
energy-efficient supercomputers. 

With an exception MD programming package,9 
CAS-IPE researchers ran the influenza recreation on 288 
level crossover processing junctions comprising of 1,728 
NVIDIA Tesla C2050 GPUs, which reach at a speed of 0.77 
ns/day with a combination time step of 1 femtoseconds. 
Beginning from the predefined structure, the virus 
encounters critical shape and energy change over the 
timescale reproduced until one acquires a stable energy 
minimized conformation. The structural and overwhelming 
alterations of every part can then be examined from the 
dynamic computations. 

 
PROSPECT: 
              Utilizing this model, scientist can more effortlessly 
explore different avenues regarding a mixture of protein 

targets & drug candidates under diverse environment and 
conditions, and observe in awesome details, how potential 
medicines interrelate with the influenza virion. 

Moreover, potential targets could be distinguished 
with an investigation of the atoms and portions of the 
protein molecules that play key roles in the essence cycle 
of the virus. In the meantime, new drugs could be designed 
to bind more viably and powerfully to the targets, bringing 
about expanded efficacy, wellbeing, and a reduced life 
cycle for the virus. Beginning from re-enacting a certain 
number of drug candidates in result, specialists can look at 
the coupling procedure of drugs to the potential targets, 
and the succeeding conduct of the virion molecule to 
prioritize which drug candidates may be most secure and 
most effective in vivo. They can likewise use this model to 
research the reaction of the virion to an outer mechanical 
force, e.g., inhalation or expulsion. 

All these studies require longer simulation times, 
from tens to hundreds of nanoseconds, or longer. With the 
added performance of GPU-based hybrid supercomputers 
and further optimization of scientific algorithms, virus 
simulations could run at a higher speed even while 
evaluating larger systems of interest. Alternatively, 
researchers can simulate in a coarse-grain fashion for some 
sub-parts of the virion that are assumed to be non-pivotal, 
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while analyzing the most important molecules within the 
virion more rigorously at atomic scale. 

All these studies need longer simulation times, 
from tens to hundreds of nanoseconds, or longer. With the 
included exhibition of GPU-based hybrid supercomputers 
and further enhancement of scientific algorithms, virus 
recreations might run at a higher speed even while 
assessing larger frameworks of interest . Diversely, scientist 
can mimic in a coarse-grain fashion for some sub-parts of 
the virion that are assumed to be non-urgent, while 
dissecting the most essential molecules inside the virion 
more meticulously at nuclear scale. 
This type of approach to the simulation of large, complex 
biological systems holds great promise for science, 
potentially enabling a wave of new breakthroughs in the 
ability to understand and battle infectious disease. 
This sort of methodology to the recreation of large, 
complex organic frameworks keeps extraordinary promise 
for science, reasonably empowering a wave of new 
breakthroughs in the capacity to grasp and fight infection 
disease. 
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