
Simulating a flexible 
infectious viral protein
Disordered proteins play important roles in various diseases, 
including cancer and certain viral infections. These proteins  
can change shape depending on their biological context,  
making them challenging to study. Through an ARCHER2 
Pioneer Project, researchers from University College London, 
King’s College London, and the Francis Crick Institute 
conducted extensive, computationally demanding simulations 
to characterise a specific region of a protein from SARS-CoV-2, 
the virus responsible for causing COVID-19. These simulations 
provided the team with detailed insights into this protein, and 
the findings may also contribute to a better understanding of 
other disordered proteins and their roles in various diseases. 
Ultimately, this research could pave the way for new  
therapeutic strategies to treat such diseases.
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SARS-CoV-2 virion: The virus responsible for COVID-19, which carries the instructions to produce the ORF6 
protein that helps it evade the immune system. Image Credit: BlenderTimer/ Pixabay.



Intrinsically disordered proteins (‘disordered proteins’) play 
important functional roles in many biological processes and are 
involved in various diseases, including cancer and viruses such as 
SARS-CoV-2. Unlike folded proteins that generally have a well-
defined single structure, disordered proteins are flexible and can 
change shape depending on their biological context, making them 
challenging to study (Fig 1).

One important feature of disordered proteins is the high abundance 
of a constituent amino acid, proline (Fig 2), which generally breaks 
structures, and exists in two forms, called cis and trans (Fig 3). The 
switching between these cis and trans states can result in large 
conformational changes of proteins and is a slow process that adds 
complexity to understanding disordered proteins4.

To study disordered proteins, scientists o!en use computer 
simulations. In particular, all-atom molecular dynamics (MD) 
simulations are regularly employed to visualise the structures  
of disordered proteins at an atomic resolution. However,  
because the switching process of proline is slow,  
simulating both the cis and trans states can be  
di"icult to achieve using standard approaches. 

Figure 1: Example structures 
of a folded protein1 (le!) and a 
disordered protein ensemble2 
(right). 

Figure 2: Prolines (P) have an almost two-fold higher abundance in 
disordered proteins than in folded proteins. Figure adapted from3. 

Figure 3: cis and trans forms of proline.



In our research, we focused on understanding a specific part of 
ORF6, a disordered protein that is made in cells infected by the 
SARS-CoV-2 virus. The C-terminal region of ORF6 (ORF6CTR) contains 
a single proline (P57), which might influence the virus’s interactions 
with human proteins and its role in disease5. In order to allow 
us to study both cis and trans states of the proline in ORF6CTR, an 
enhanced sampling technique called metadynamics was used6. By 
combining metadynamic MD simulations with experimental data, 
we were able to accurately describe this part of the protein. Our 
findings revealed that the cis form of the proline results in a slightly 
more compact conformation of the protein than the trans form, 
although both forms are highly dynamic and flexible (Fig 4).

Having access to ARCHER2 over the course of two years through 
the Pioneer Project made it possible to gain detailed insights into 
ORF6CTR with high accuracy and precision. The significant CPU 
allocation provided by ARCHER2 and its advanced architecture 
enabled us to run extensive metadynamic simulations on ORF6CTR. 
These simulations demand substantial computational power due 
to the complexity and slow timescales of proline conversions in 
ORF6CTR. 

We used the GROMACS package7 to perform our MD simulations, 
patched with the open-source, community developed PLUMED 
library8. The input and analysis scripts used for our metadynamic 
MD simulations can be found at https://github.com/hansenlab-ucl/
orf6-ctr_cis_trans_conformers/tree/master. 

The insights gained from using ARCHER2 are valuable not only for 
understanding this specific flexible protein from SARS-CoV-2 but 
may also be important for studying other disordered proteins, 
proline isomerisation, and their potential roles in various diseases. 
Our research may help scientists uncover important information 
about how proline-containing disordered proteins contribute to 
disease, potentially leading to new therapeutic strategies.

Figure 4: Characterisation 
of the ORF6CTR cis (pink) 
and trans (green) forms by 
simulation. Both the cis 
and trans conformations 
are highly flexible and lack 
secondary structure.



About ARCHER2
ARCHER2 is the UK’s National Supercomputing Service, a world 
class advanced computing resource for UK researchers. ARCHER2 
is provided by UKRI, EPCC, HPE and the University of Edinburgh. 
ARCHER2 is the latest in a series of National Supercomputing 
Services provided to UK researchers.

More ARCHER2 case studies can be found at:  
https://www.archer2.ac.uk/research/case-studies/
This project was an ARCHER2 Pioneer Project, awarded by UKRI 
to conduct computationally intensive modelling, simulation and 
calculations to deliver ambitious and pioneering projects.
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