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Abstract 

The NSP6 protein of SARS-CoV-2 is a transmembrane protein, with some regions lying outside 

the membrane. Besides, a brief role of NSP6 in autophagosome formation, this is not studied 

significantly. Also, there is no structural information available till date. Based on the prediction 

by TMHMM server for transmembrane prediction, it is found that the N-terminal residues (1-

11), middle region residues (91-112) and C-terminal residues (231-290) lies outside the 

membrane. Molecular Dynamics (MD) simulations showed that NSP6 consisting of helical 

structures, whereas membrane outside lying region (91-112) showed partial helicity, which 

further used as model and obtain disordered type conformation after 1.5 microsecond. Whereas, 

the residues 231-290 has both helical and beta sheet conformations in its structure model. A 

200ns simulations resulted in the loss of beta sheet structures, while helical regions remained 

intact. Further, we have characterized the residue 91-112 by using reductionist approaches. The 

NSP6 (91-112) was found disordered like in isolation, which gain helical conformation in 

different biological mimic environmental conditions. These studies can be helpful to study NSP6 

(91-112) interactions with host proteins, where different protein conformation might play 

significant role. The present study adds up more information about NSP6 protein aspect, which 

could be exploited for its host protein interaction and pathogenesis. 

Keywords: SARS-CoV-2, NSP6, Conformational dynamics, membrane mimetic environment, 

non-transmembrane regions 

  

.CC-BY-ND 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted July 7, 2021. ; https://doi.org/10.1101/2021.07.06.451329doi: bioRxiv preprint 

https://doi.org/10.1101/2021.07.06.451329
http://creativecommons.org/licenses/by-nd/4.0/


Graphical Abstract: 

 

Graphical Abstract: The schematic representation of NSP6 membrane topology and 

conformational dynamics of residue 91-112. The N-terminal and C-terminal are shown in 

cytoplasmic side based on the experimental evidence on coronaviruses reported by Oostra et al., 

2008. The membrane anchoring domain are shown based on the TMHMM server prediction.  

Introduction 

Severe acute respiratory syndrome-coronavirus 2 (SARS-CoV-2) has positive-sense single-

stranded RNA genomes�(~�30 kilobases), which encodes sixteen nonstructural proteins (1). 

There are numerous articles which described in details about the SARS-CoV-2 life cycle, 

genome, proteome, and functioning mechanisms (2–5). Among non-structural proteins (NSPs), 

very less is known about NSP6, specifically there is no 3D structure is available till date. Gordon 

et al., stated that NSP6 interact with host proteins, although the mechanism still remains elusive 

(4). A yeast two hybrid assays shows that NSP6 interact with other non-structural viral proteins 

of SARS-CoV (6). The information on NSP6 protein is very limited such as structural studies, 

host protein interactions and many other, which are still needed to address. It is reported that The 

NSP6 protein is a six-pass membrane spanning protein facing it’s both terminal at cytosolic side 
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(7–9). The NSP6 protein along with NSP3 and NSP4 is found to form double  membrane vesicle 

(10).  

The coronaviruses (CoV-1 and CoV-2) NSP6 protein interacts with sigma receptor 1 (SIGMAR1) 

(4). Further, it has been reported for CoV-1 NSP6 that it plays role in autophagy, even in the 

absence of its C-terminal region (8). Considering the NSP6 interaction with host proteins, the 

structural characterization of either full length or partial NSP6 domain is necessary to understand 

the SARS-CoV-2 pathogenicity mechanism. However, the surrounding environment play 

important role in the conformational dynamics of protein or its interacting regions (11). The 

change in conformation is governed by the covalent (i.e., phosphorylation, ubiquitination) and/or 

non-covalent events i.e., binding of ions, lipids, drugs, proteins etc. and environmental influences 

such as macromolecular crowding, osmolyte, pH, and temperature (11–16). Factors influencing 

the change in proteins conformational dynamics ultimately decide the fate of subsequent protein 

signaling event (11, 17). 

In the present study, we have used TMHMM server to predict the regions lying outside the 

membrane for their potential to interact with host proteins. Based on computational modelling 

and simulation, we have characterized NSP6 full length, membrane outside lying region of NSP6 

and NSP6-C terminal region (CTR). We experimentally investigated the synthetic peptide of 

membrane outside faced region (residues 91-112) and studied in isolation for its conformational 

dynamics to validate our predicted results. The short peptide sequence give invaluable 

information regarding their conformation in terms of their capabilities to regulate the cellular 

process or in context of complete global structure (18, 19). Our studies found that this region is 

disordered like in isolation and gain helical conformation in the presence of TFE and SDS, 

suggest its propensity to gain structure while interaction with particular partners.  

Material and methods 

Chemicals and reagents  

The NSP6 peptide (residues 91–112) “-NH2-VMRIMTWLDMVDTSLSGFKLKD-COOH-”, 

with purity >88% was purchased from Gene script, USA. Organic solvents such as 

Trifluoroethanol (TFE) with ≥99% purity was purchased from Sigma-Aldrich. Lyophilized 

peptide was dissolved in 10 mM sodium phosphate buffer at a concentration of 10 µM. 
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Molecular Dynamics (MD) Simulation 

We have utilized I-TASSER, PepFold, and RaptorX (20–22) web-servers for constructing the 3D 

models for the NSP6 full-length (NSP6-FL), NSP6 (residues 91-112) and NSP6-CTR, 

respectively. The resultant models were then prepared using Chimera by adding missing 

hydrogens and missing sidechains were completed in residues (23). We have utilized 

Charmm36m forcefield in Gromacs v5 on high performance cluster (HPC) of IIT Mandi, where 

simulation setup was built by placing the protein structure (NSP6 91-112 and NSP6-CTR) in a 

cubic box with a distance of 10Å from each edge along with SPC water model and 0.15M NaCl 

salt concentration. NSP6 is a membrane bound protein, therefore for full length NSP6 model 

lipid membrane environment was provided. The simulation setup for NSP6 full-length was built 

using CHARMM-GUI web server, where 250 molecules of neutrally charged lipid, 

Dioleoylphosphatidylcholine (DOPC) (24). After solvation, all systems were charge neutralized 

with counterions. The steepest descent method was used to attain an energy minimized 

simulation system until the system was converged within 1000 kJ/mol. Further, the equilibration 

of the system was done to optimize solvent in the environment. Using NVT and NPT ensembles 

within periodic boundary conditions for 100ps each, the system was equilibrated. The average 

temperature at 300K and pressure at 1 bar were maintained using Nose-Hoover and Parrinello-

Rahman coupling methods during the simulation. All bond-related constraints were solved using 

SHAKE algorithm. The final production run was performed for 100ns, 1500ns (1.5 microsecond; 

µs), and 200ns, for NSP6-FL, NSP6 (91-112), NSP6-CTR, respectively.  

All trajectory analysis calculations and visualizations were performed using Chimera, maestro, 

vmd and Gromacs command for calculating the helicity, root mean square deviation (RMSD), 

root mean square fluctuation (RMSF), and radius of gyration (Rg) for protein structure 

compactness. 

Liposome preparation 

The liposomes were prepared, as described earlier (15). Briefly, the neutral lipid DOPC 

(dioleoyl-phosphatidyl-ethanolamine) was purchased from Avanti Polar Lipids (Alabaster, AL). 

The chloroform from the lipid solution was removed using a rotary evaporator at 40oC, and the 

dry lipid films were hydrated in 50 mM phosphate buffer (pH 7.4). The final concentration of the 

DOPS liposomes was 24.69 mM, respectively. The resulting suspension was freeze-thaw-vortex 
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in liquid nitrogen and water at 60 °C, following which the lipids were extruded 25 times through 

the mini extruder (Avanti Polar Lipids, Inc. USA) through cut off filter of 100nm polycarbonate 

membrane to prepare uniform Large unilamellar vesicles (LUV). 

Circular Dichroism spectroscopy 

JASCO machine (Jasco J-1500 CD spectrometer) was used for CD data recording. 5 μM peptide 

sample were prepared in 10 mM phosphate buffer, pH 7.0. The peptide was kept in organic 

solvents (TFE) with increasing concentration from 0 to 50%, and far-UV (190–240 nm) spectra 

were recorded in 1 mm quartz cuvette. Similarly, the peptide (10 µM) was assessed for structural 

changes in Sodium Dodecyl Sulfate (SDS) and liposome DOPS. All the spectra were recorded at 

a scan speed of 50 nm/min with a response time of 1s and 1 nm bandwidth and three technical 

repeats. The equivalent spectra of buffers were recorded and subtracted from the spectra of the 

test samples. Further, the smoothing of CD spectra was done by Savitsky-Golay fitting at 5 

points of smoothing window and second polynomial order. 

Fluorescence spectroscopy 

We monitored the intrinsic Trp fluorescence intensity in NSP6 (90-112). A 5μM peptide in 

10mM sodium phosphate buffer (pH 7.0) was prepared with increasing TFE and SDS 

concentration. Emission spectra were recorded from 300 to 500 nm at 295 nm excitation 

wavelength in a Horiba Fluorolog-3 spectrofluorometer. The individual negative blank was 

subtracted from each test sample (14). 

Results and discussion 

TMHMM server predicted NSP6 (residues 91-112) lies outside the membrane 

These outcomes make us to look into the residues 91-112, which lies outside the membrane and 

might play role in interaction with host protein or other unpredicted functions. Therefore, our 

aim was to characterize this region in particular (91-112). Firstly, the TMHMM server was used 

to characterize the amino acid of NSP6 for their transmembrane region, inside and outside of 

membrane region (Figure 1). Similarly, Benvenuto et al., showed 7 transmembrane region in 

NSP6 of coronaviruses by using TMHMM server and investigated the effect of mutation in NSPs 

and orf10 in their adjacent region (7).  
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Figure 1: (A) The primary sequence of SARS CoV-2 NSP6 full length with color pattern

showing the inside, outside and transmembrane region. (B) TMHMM server prediction with

color pattern showing the residue 91-112 lies outside the membrane.  

MD simulations of full length NSP6, NSP6 (91-112) and NSP-CTR 

We have built the 3D model of full length NSP6, NSP6 C-terminal region (CTR) and NSP6

(residues 91-112). Firstly, the model built using different web-servers was simulated for

appropriate simulation time. As shown in Figure 2, the NSP6-FL comprised multiple helical

regions which were predicted to be transmembrane region (shown in red; Figure 2A), outside

membrane regions (shown in green; residues 91-112; Figure 2B) and inside membrane region

(shown in black; residues 231-290; Figure 2C). After 100 ns of MD simulations of NSP6-FL,

the membrane passing helical regions were intact while the regions lying outside of the

membrane showed fewer changes in secondary structure (secondary structure timeline is shown

in supplementary figure 1). In isolation, the structure model of residues 91-112 consisted nearly
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65% of helix in its structure but has shown huge structural changes after simulations. The NSP6

(residues 91-112) lost its helicity after 1.5 µs, which showed its disorder character in isolation

(Figure 2B). This is also confirmed from secondary structure timeline shown in supplementary

figure 2. Interestingly, the C-terminal or cytosolic region (residues 231-290) has predicted to

comprise both helical and beta sheet (243DYL245 and 283CIK285) conformations in its structure

model built using RaptorX. Upon simulating it for 200 ns, the beta sheet structures of the NSP6-

CTR region has converted to loop regions. Additionally, the helical regions were intact upto

200ns (secondary structure timeline is shown in supplementary figure 3). 

Figure 2: (A) Model of the full length NSP6 build from I-TASSER server as no 3D structure

available till date and simulated for 100ns. (B) The NSP6 residues 91-112 in isolation showed

random coil after simulation for 1.5 µs. (C) The NSP6-CTR residues 230-290 helical
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conformation after 200ns. The color pattern in protein models showing the inside (Black), 

outside (Green) and transmembrane region (Red). 

Further, we have analyzed the time-dependent simulation frame analyses through Root Mean 

Square Deviation (RMSD), Radius of gyration (Rg), and Root Mean Square Fluctuation (RMSF) 

values (Figure 3). First, the modeled structure of NSP6 was simulated in the presence of 

membrane to check its conformation, and its RMSD values were deviating initially (up to 

0.35nm till 10ns approx.) and then stabilized at 0.35nm thereafter up-to complete simulation time 

period. These trends were also reflected in the Rg time-dependent parameters, where values were 

fluctuating up to 40ns and stabilized thereafter. According to RMSF trend, the N-terminals 

residues fluctuate heavily. The middle regions and residue nearby to CTR also showed 

fluctuation (Figure 3B). The average helicity calculation for 100 ns simulation has shown intact 

helix with >90% for majority of the helices except small helices which have shown minor 

fluctuations (Figure 3D). 

Next, the inside membrane region of NSP6 (NSP6-CTR) has shown a stable trend in RMSD and 

Rg in initial 90 ns with an approx. average RMSD of 0.45 nm and Rg of 1.18 nm (Figure 3B). 

Afterwards, the fluctuations were increased in mean distances which may be due to change in 

structure of NSP6-CTR, particularly, due to transition of beta sheets to coil. The average RMSF 

of NSP6-CTR is in favorable range with minimal fluctuations in some residues. 

The modeled structure of NSP6 (91-112) was simulated in water as it lies outer surface as per 

predictions. The RMSD, Rg values were found deviating upto 1200ns and stabilized thereafter. 

According to RMSF trend, except the residues 96-99 and residues 102-105, other residues 

fluctuate heavily (Figure 3C). The change in structural regions is also evident from Figure 3D, 

where the helicity has declined from nearly 70% for residues 93-102. This claim is further 

investigated by synthesized peptide based spectroscopic studies. 
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Figure 3: Molecular Dynamics Simulation analysis based on Root Mean Square Deviation

(RMSD), Radius of gyration (Rg), and Root Mean Square Fluctuations (RMSF) of Model NSP6

full-length (A), NSP6 (residues 91-112) (B), NSP6-CTR region (residues 231-290) (C). In figure

(D), the helicity percentage over throughout simulation period is shown for all three simulated

structures. 

NSP6 residues 91-112 intrinsically disordered region in isolation and obtain helicity in the

presence of membrane mimic environment and organic solvent 

Circular dichroism spectroscopy was used to monitor the conformational dynamics of NSP6 (91-

112). In physiological pH and buffer conditions the peptide showed strong negative ellipticity at

198 nm, which is a characteristics of random coil conformations (Figure 4A). Interestingly, in

the presence of organic solvent (TFE) and SDS, peptide showed negative ellipticity at 208nm

and 222 nm, which showed gain in helical conformation of peptide (Figure 4B,C). The results

showed that surrounding environment have strong role in conformational dynamics of NSP6 90-
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112 region. Organic solvent and SDS are well acknowledged for their hydrophobic and

biological membrane mimic properties, respectively (14, 15, 25). Previously, these conditions are

well exploited to study the numbers of protein and peptide, under the influence of hydrophobic

and membrane mimic environment. 

Furthermore, we have used the intrinsic tryptophan present in this peptide as a fluorescence

probe (Figure 4 E,F). Trp in the presence of non-polar/hydrophobic environment give rise to

significant blue shift (25). We have observed that in the presence of TFE and SDS peptide

showed blue shift, which again confirm the tertiary structural changes are happening to the

peptide in these conditions and in accordance with the results obtained from the CD

spectroscopy.    

 

Figure 4: Conformation of NSP6 (91-112) studied with CD and fluorescence spectroscopy. (A)

negative ellipticity of peptide under physiological buffer conditions. Effect of SDS (B) and TFE

(C) showed gain in helical conformation at 222nm. Tertiary structural changes were observed

with florescence spectroscopy in the presence of SDS (D) and TFE (E) showed significant blue

shift under the influence of hydrophobic environment.   

Temperature induces contraction in NSP6 91-112 peptide 
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Further, we have characterized the peptide for its structural rigidity and changes over wide range

of temperature conditions. Higher temperature conditions lead to the structural changes in the

peptide, which can be relate with the gain in helicity at 222nm (Figure 5). At higher temperature

a phenomenon well described earlier known as contraction, which again represent the

hydrophobic forces was responsible for the structural changes (15, 26, 27).  

Figure 5: Temperature induced structural changes in NSP6 (90-112). (A) At higher temperature

negative ellipticity was observed at 222nm shows gain in helical conformation. (B) Negative

ellipticity at 198nm and 222nm shows change in peptide conformation. 

Conclusion 

The protein structure determination by X-ray crystallography, NMR or Cryo-EM gives

advantage to understand the protein in aqueous solution, which is very close to its physiological

conformations. However, certain limitations still exist for certain class of protein to be studied

through these high-end techniques. Similarly, the 3D structure of NSP6 is not determined till

date by any of these techniques. Moreover, the SARS-CoV-2 is emerging with new variants in a

short span of time, thus, the computer-aided protein structure determination is pivotal to

understand the NSP6 protein conformation and for potential drug screening. The

disordered/flexible conformational dynamics of non-transmembrane regions of NSP6 protein are
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in great importance to understand their role in protein-protein interaction and subsequent 

signaling events. 
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