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Abstract 

Hepatitis C Virus (HCV) is the main causative factor for liver cirrhosis and the 
development of liver cancer, with a confirmed ~ 180 million infections worldwide. E2 is an 
HCV structural protein responsible for virus entry to the host cell. Heat Shock Protein A5 
(HSPA5), also termed BiP and GRP78, is the master regulator of the unfolded protein response 
mechanism, where it mainly localizes in the lumen of the Endoplasmic Reticulum (ER) in 
normal conditions. Under the stress of HCV infection or carcinogenesis, HSPA5 is upregulated. 
Consequently, HSPA5 escapes the ER retention localization and translocates to the cytoplasm 
and plasma membrane. Pep42, a cyclic peptide that was reported to target explicitly cell-surface 
HSPA5 in vivo.  Owing to the high sequence and structural conservation between the C554-C566 
region of HCV E2 and the Pep42, then we propose that the HCV E2 C554-C566 region could be 
the recognition site. The motivation of this work is to predict the possible binding mode between 
HCV E2 and HSPA5 by implementing molecular docking to test such proposed binding. 
Docking results reveal the high potent binding of the HCV E2 C554-C566 region to HSPA5 
substrate-binding domain β (SBDβ). Moreover, the full-length HCV E2 also exhibits high 
binding potency to HSPA5 SBDβ. Defining the binding mode between HCV E2 and HSPA5 is 
of significance, so one can interfere with such binding and reducing the viral infection.  
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Introduction 
Hepatitis C Virus (HCV) is a chronic disease that is widely spread in the last three 

decades, with almost 180 million infections globally (A. A. Elfiky, A., & M., 2016; Suzuki, Ishii, 
Aizaki, & Wakita, 2007; P. L. Yang, Gao, Lin, Liu, & Villareal, 2011). Chronic HCV is the 
leading cause of liver cirrhosis and hepatocellular carcinoma (HCC) (A. A. Elfiky et al., 2016; 
Ganesan & Barakat, 2017; Gonzalez-Grande, Jimenez-Perez, Gonzalez Arjona, & Mostazo 
Torres, 2016; P. L. Yang et al., 2011). HCV is transmitting through direct blood  to blood 
contacts, for example, during the uncontrolled blood transfusion, usage of unsterilized dental 
equipment, injecting drugs, and from infected mother to infants at delivery (Gonzalez-Grande et 
al., 2016; Powdrill, Bernatchez, & Gotte, 2010). The current development in the Direct Acting 
Antivirals (DAA) reduced the harmful side effects accompanied the immunomodulation therapy 
(interferon) (Abdo A Elfiky, 2019; Gonzalez-Grande et al., 2016; P. L. Yang et al., 2011).  Viral 
infection or carcinogenesis induces various cellular stress responses, e.g., autophagy and 
Unfolded Protein Response (UPR), to help cellular adaptation to stress either by restoring 
homeostasis or promoting apoptosis. Chaperoning system or Heat Shock Proteins (HSP) are 
upregulated to alleviate the stress of accumulating misfolded proteins (Ibrahim, Abdelmalek, & 
Elfiky, 2019). HSPA5 or the Glucose Regulating Protein 78 (GRP78), is one of the HSP70 
family that is considered as the master regulator of the Endoplasmic Reticulum homeostasis 
(Gething & Sambrook, 1992; Ibrahim et al., 2019; Lee, 2005; Li & Lee, 2006; Quinones, Ridder, 
& Pizzo, 2008; Rao et al., 2002). Upon cell stress, HSPA5 dissociates from and activating the 
three UPR sensors, Activating Transcription Factor 6 (ATF6), Protein kinase RNA-like 
Endoplasmic Reticulum Kinase (PERK), and Inositol-requiring Enzyme 1 (IRE1), to trigger 
downstream signaling that will aid in cell fate decision.  (Ibrahim et al., 2019; Shen, Chen, 
Hendershot, & Prywes, 2002). Accordingly, HSPA5 is able to escape the ER retention and 
translocate to the plasma membrane and associate with other cellular proteins over the cell 
membrane (cell-surface HSPA5) (Bailly & Waring, 2019; Ibrahim et al., 2019; Wu et al., 2014). 
The cell-surface HSPA5 acts as a signaling receptor to multiple pathogens through binding to the 
viral envelope or spike proteins or fungal coat proteins (Booth et al., 2015; A. A. Elfiky, 2020a, 
2020b; Gebremariam et al., 2014; Ibrahim et al., 2019; Ibrahim, Abdelmalek, Elshahat, & Elfiky, 
2020).  The E2 of HCV is the main protein responsible for host cell recognition and entry; it was 
appeared to be complexed with chaperones. Meanwhile, HSPA5 is reported to overexpress in 
liver cells upon HCV infection. At the same time, its knockdown reduces the viral load in vivo, 
revealing crosstalk and interaction between HCV E2 protein and cell-surface HSPA5 (Liberman 
et al., 1999). By knowing that, A cyclic peptide of length 13 amino acids CTVALPGGYVRVC 
(Pep42) can deliver doxorubicin to cancer cells (Ibrahim et al., 2019; Martin et al., 2010) by 
targeting the cell-surface HSPA5 in vivo (Kim et al., 2006).  Thus, one can predict the binding 
site between cell surface HSPA5 and viral E2 protein based on the sequence, and hence the 
structural, similarity between Pep42 and HCV E2 protein. 

Indeed, identifying the binding site and the interaction mode of HCV E2 with cell-surface 
HSPA5 is critical in order to deter the HCV propagation. Protein/peptide (HSPA5/ HCV E2 
C554-C566) and protein/protein (HSPA5/ full-length HCV E2) docking are employed in this 
study to explore such binding using the state-of-the-art molecular docking techniques. The 
protein/protein docking software, HADDOCK, utilizes solvation and Molecular Dynamics 
Simulation (MDS) in refining the interacting residues (binding site) after docking, for ensuring 
the reliability of the formed interactions (van Dijk & Bonvin, 2006). 
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Materials and methods 
The HCV E2 solved-structure protein data bank (PDB) file and its sequence file 

(FASTA) (released in the year 2014 with resolution 2.4 Ǻ) are downloaded from the Protein 
Data Bank database (PDB ID: 4WEB) (Berman et al., 2000). The water, ions, and other chains 
were removed from the PDB file of protein chain E utilizing PyMOL software (DeLano, 2002). 
Additionally, the full-length, wildtype HSPA5 (2.99 Ǻ resolution) in the open configuration 
(PDB ID: 5E84) is downloaded and prepared for the docking experiment (J. Yang, Nune, Zong, 
Zhou, & Liu, 2015; J. Yang et al., 2017). Multiple sequence alignment is performed using the 
Clustal Ω web server for the available HCV E2 protein  sequences in the National Center for 
Biotechnology Information (NCBI) protein database of the National Institute of Health (NIH) 
(NCBI, 2020). The Clustal Ω web server is also utilized to align sequences of HCV E2 protein 
and the peptide Pep42 (Sievers et al., 2011), while ESpript 3.0 is used to represent the alignments 
(Gouet, Courcelle, Stuart, & Metoz, 1999). The C554-C566 region of HCV E2 protein that fits 
well with Pep42 (38.5 % identity) is further analyzed by the ProtScale webserver (ExPASy 
bioinformatics resource portal) (Garg et al., 2016; Gasteiger et al., 2005).  

The Pep42 cyclic peptide model is built using the I-TASSER web server (Zhang, 2008). 
The protein/peptide docking software HpepDock (Zhou, Jin, Li, & Huang, 2018) is utilized to 
dock Pep42 and HCV E2 (C554-C566) peptide into HSPA5. Rigid docking scheme is used 
without the binding site determination for HSPA5 to scan the possible binding sites. Moreover, 
the HADDOCK web server (van Dijk & Bonvin, 2006) is used to test the binding of the full-
length HCV E2 (PDB ID: 4WEB chain E) to HSPA5 Substrate Binding Domain β (SDBβ) (PDB 
ID: 5E84 chain A). For HSPA5, the active residues involved in the interaction are I426, T428, 
V429, V432, T434, F451, S452, V457, and I459 (J. Yang et al., 2015). On the other hand, HCV 
E2 active residues are selected to be the region C554-C566. Furthermore, the residues 
surrounding the active residues are chosen to be the passive residues in HADDOCK. Protein-
Ligand Interaction Profiler (PLIP) webserver (Salentin, Schreiber, Haupt, Adasme, & Schroeder, 
2015) is used to assess the interactions established after docking. 

 

Results and discussion 

Sequence and Structural Alignment 

 Pep42 is reported to target cell-surface HSPA5 selectively and is used to deliver 
doxorubicin to cancer cells. The sequence, and hence the structural similarity of HCV E2 with 
Pep42, supports its potential to bind to the cell-surface HSPA5 by the same recognition site. 
Figure 1 shows the Multiple Sequence Alignment (MSA) between the Pep42 and the 237 
different sequences of HCV E2 found in the NCBI (figure S1 shows the complete MSA of the 
237 sequences). As shown in Figure 1, Pep42 is adequately aligned (high sequence conservation) 
with the C554-C566 (numbering scheme of PDB ID: 4WEB). The consensus sequences 
CTWMN and TGFTKTC show the preservation of the C554 (forming disulfide bond to C510), 
G561 (flexible residue crucial for the turn formation), and C566 which forms another disulfide 
bond with C496,  while some of the aligned sequences stop at T565 (Figure S1). On the structural 
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side, the C554-C566 region folds into β-hairpin (PDB ID: 4WEB), like the Pep42 model, 
suggesting being the recognition site for HSPA5 SBDβ.  

 

Figure 1: Multiple Sequence Alignment (MSA) between Pep42 and some HCV E2 sequences 
downloaded from the NCBI protein database. The full MSA is presented in the supplementary 
figure S1. Sequences are aligned using the Clustal Ω web server and represented by ESpript 3 
software. Red highlights indicate identical residues found while; residues written in red are 
conserved. Consensus motifs are depicted in blocks for clarity.  

 

 Figure 2A depicts the structural alignment between the HCV E2 C554-C566 region 
(green cartoon) and the Pep42 model built by I-TASSER (red cartoon). Identical amino acids are 
labeled (three-letter codes). As represented in the figure, the β-hairpin structure persists in the 
Pep42 and HCV E2 C554-C566 region. The Root Mean Square Deviation (RMSD) of the 
superposition is 2.05 Å. High structural conservation is shown in the figure solidify our 
suggestion of the functional similarity between Pep42 and that part (C554-C566) of HCV E2. 
The presence of glycine residue at position 8 of the Pep42 (G561 in HCV E2) is crucial for the β-
turn formation. Also, the presence of terminal Cystine residues (C554 and C566) is a must for a 
disulfide bond to be formed. Kyte & Doolittle hydropathy parameters (Kyte & Doolittle, 1982) 
of the Pep42 and HCV E2 C554-C566 are shown in the bar graph of figure 2B. HCV E2 C554-
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C566 region is less hydrophobic compared to the Pep42 peptide, especially at the center of the 
peptide (the turn region).  

 

Figure 2: (A) Structural alignment of the Pep42 model (red cartoon), built by the I-TASSER 
web server, and the HCV E2 C554-C566 region (PDB ID: 4WEB) (green cartoon). Identical 
residues in both structures are labeled using the three-letter codes. (B) Hydrophobicity plot (Kyte 
& Doolittle) for both Pep42 and HCV E2 C554-C566 peptides. 

 

Protein/peptide docking 

PyMOL software is utilized to prepare the peptides (Pep42 and HCV E2 C554-C566 
region) and the proteins (HSPA5 and HCV E2). Missing H-atoms are added, water molecules 
and ions are removed from the PDB files.  A redocking experiment is performed, as a control, to 
test the performance of the docking software. The RMSD of the re-docked complexes shows 
good agreement with the experimental structures (1.97 Å and 1.51 Å for HpepDock and 
HADDOCK).  

Pep42 peptide and HCV E2 C554-C566 region (PDB ID: 4WEB) are docked (using 
HpepDock webserver) into the substrate-binding domain β of HSPA5 (PDB ID: 5E84). The 
binding site of HSPA5 is defined to be I426, T428, V429, V432, T434, F451, S452, V457, and 
I459. On the other hand, the entire peptide (Pep42 or HCV E2 C554-C566 region) is identified to 
be the binding site and treated as rigid, in order not to lose the structural folding.  

PLIP web server is used to analyze the established interactions upon docking. Four 
Hydrogen bonds and four hydrophobic contacts are formed between HSPA5 and Pep42 peptide, 
with the interacting residues C1, T2, V3, A4, L5, and Y9 of Pep42. Seven Hydrogen bonds and 
two hydrophobic contacts are set in the case of HCV E2 C554-C566 peptide, with T555, W556, 
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N558, and S559 as the HCV E2 interacting residues. The mode of the interaction in the case of 
HCV E2 peptide is less hydrophobic, but more H-bonds are established. As a consequence, the 
HpepDock binding score for HCV E2 C554-C566 peptide is more negative (-111.2), which 
means it has a better binding affinity to HSPA5 compared to the Pep42 peptide (-72.4). Figure 3 
demonstrates the interactions that established after docking of HCV E2 C554-C566 peptide (red 
cartoon) into HSPA5 SBDβ (green cartoon). The interactions with the peptides are maintained by 
the H-bonding and hydrophobic contacts of HSPA5 (green sticks) with the peptides (red sticks).  

 

Figure 3: Peptide-HSPA5 docking experiment using HpepDock. HSPA5 solved structure 
(5E84), represented in the green cartoon, is docked with HCV E2 C554-C566 peptide (red 
cartoons). Residues from HSPA5 SBDβ that involved in the interaction with the peptide are 
labeled and represented in green sticks while these interacting residues from the peptide are 
represented in red sticks.  

 

HSPA5/ full-length HCV E2 docking 

HADDOCK web server is used to test the binding affinity and the mode of interaction of 
HSPA5 SBDβ (PDB ID: 5E84, chain A) and HCV E2 full-length protein (PDB ID: 4WEB, chain 
E). The residues, I426, T428, V429, V432, T434, F451, S452, V457, and I459, are selected as 
the active residues from HSPA5 while, C554, T555, W556, M557, N558, S559, S560, G561, 
Y562, T563, K564, T565, and C566 are selected as active residues in HCV E2 protein. Passive 
residues are chosen to be the surrounding of the active residues in both proteins.   

A total of 167 docked structures are clustered to 5 clusters according to HADDOCK 
docking scores. Every cluster has a different number of docked structures (from 6 (cluster 5) up 
to 119 (cluster 1)). The HADDOCK score for each cluster varies from -107.5 ±3.1 (the best-
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scored cluster 1) to -74.7 ±11.6 (cluster 3), while the score in the case of HSPA5/Pep42 complex 
is -66.4 ±8.0. 

Utilizing PLIP software, we checked the docking mode of the top-ranked cluster (cluster 
1). Table 1 lists the interactions that formed between HCV E2 and HSPA5 SBDβ in the best four 
docking structures of cluster 1. H-bonding and hydrophobic interactions are the two established 
communications between HCV E2 and HSPA5. The most stable H-bonds are that formed 
through S560 and K564 from HCV E2, and E427, G430, and T458 in the HSPA5 SBDβ. For the 
hydrophobic interactions, Y562 from HCV E2 contacts the hydrophobic batch of HSPA5 SBDβ 
at residues I426, V429, F451, and V457. These are the same hydrophobic batch that recognizes 
unfolded proteins (Ibrahim et al., 2019; Martin et al., 2010).   

Figures 4A and 4B show the interactions established in a representative docking complex 
from cluster 1. Surface representation in figure 4A shows how the HSPA5 (green surface) 
recognizes HCV E2 (blue surface), while the C554-C566 region of E2 is shown in the red 
cartoon for clarification. The C554-C566 part of HCV E2 (red cartoon) is embedded between the 
SDBβ loops. Cartoon representation for the same complex is depicted in figure 4B using PyMOL 
with the same coloring scheme. The interacting amino acids are represented in red (HCV E2) and 
green (HSPA5 SBDβ) colored sticks and labeled using their three-letter code. For HCV E2, the 
residues S560, Y562, and K564 (red marked sticks) are the central interacting residues among 
the C554-C566 region. These residues form H-bonds and hydrophobic contacts with I426, E427, 
F451, and T458 (green and labeled sticks) of the HSPA5 SBDβ.  
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Figure 4: Full-length HCV E2 – HSPA5 docking experiment using HADDOCK. (A) HSPA5 
solved structure (5E84) is described in the green surface, while the full-length HCV E2 solved 
structure (4WEB) is depicted with the other surface and the red cartoon. The C554-C566 region 
of HCV E2 is represented in a red cartoon for clarification. (B) An enlarged panel of the same 
docking complex with a cartoon representation of the two interacting proteins. Residues from 
both HSPA5 and HCV E2 that involved in the interactions are labeled and represented in colored 
sticks. The N-terminal Cys residue that lies near the HSPA5 binding site is represented in yellow 
stick in the center of the enlarged panel.  

The present study predicts how the binding can establish between HCV E2 and the cell-
surface exposed chaperone, HSPA5, protein. In addition, the N-terminal of the HCV E2 is 
flanking near the binding site (yellow stick in the center of the enlarged panel of figure 4B). The 
N-terminal of protein is determinant of its in vivo half-life, and the masking of the chaperone 
HSPA5 to the viral protein N-terminal may increase its half-life (i.e., reduce its degradation rate) 
(A. Varshavsky, 1997; Alexander Varshavsky, 2019). Molecular dynamics study is suggested as 
future work to quantify the dynamics at the binding site with and without binding inhibitors 
(Abdo A. Elfiky, 2020).  

 

Conclusion 

Chronic HCV is one of the widely spread diseases that can cause cirrhosis and 
hepatocellular carcinoma. The viral protein E2 is the central host cell recognizing protein that 
facilitates viral entry to the liver cell. Simultaneously, HSPA5 overexpression is reported to 
increase the viral load. The present approach suggests the HSPA5/HCV E2 binding site by using 
the molecular docking technique, recommending HSPA5 as an under-explored target against 
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HCV infection. Molecular dynamics study will be involved as future work to quantify the 
dynamics at the binding site with and without binding inhibitors. Further experimental work is 
required to assess the provided binding site and to test more HSPA5 inhibitors for HCV 
resistance. 

 

Competing Interest 
The authors declare that there is no competing interest in this work. 

 

Data availability 
All data and images are available upon request from the authors. 

 

References 
Bailly, C., & Waring, M. J. (2019). Pharmacological effectors of GRP78 chaperone in cancers. Biochem 

Pharmacol, 163, 269-278. doi:10.1016/j.bcp.2019.02.038 
Berman, H. M., Westbrook, J., Feng, Z., Gilliland, G., Bhat, T. N., Weissig, H., . . . Bourne, P. E. (2000). The 

protein data bank. Nucleic Acids Research, 28(1), 235-242.  
Booth, L., Roberts, J. L., Cash, D. R., Tavallai, S., Jean, S., Fidanza, A., . . . Dent, P. (2015). 

GRP78/BiP/HSPA5/Dna K is a universal therapeutic target for human disease. J Cell Physiol, 
230(7), 1661-1676. doi:10.1002/jcp.24919 

DeLano, W. L. (2002). PyMOL. 
Elfiky, A. A. (2019). Novel Guanosine Derivatives as Anti-HCV NS5b Polymerase: A QSAR and Molecular 

Docking Study. Medicinal Chemistry, 15(2), 130-137.  
Elfiky, A. A. (2020a). Human papillomavirus E6: Host cell receptor, GRP78, binding site prediction. J Med 

Virol, in press. doi:10.1002/jmv.25737 
Elfiky, A. A. (2020b). Human papillomavirus E6: Host cell receptor, GRP78, binding site prediction. J Med 

Virol, n/a(n/a). doi:10.1002/jmv.25737 
Elfiky, A. A. (2020). Natural products may interfere with SARS-CoV-2 attachment to the host cell. Journal 

of Biomolecular Structure and Dynamics, 1-10. doi:10.1080/07391102.2020.1761881 
Elfiky, A. A., A., G. W., & M., E. W. (2016). Hepatitis C Viral Polymerase Inhibition using Directly Acting 

Antivirals, A Computational Approach. In M. A (Ed.), Software and Techniques for Bio-Molecular 
Modeling (pp. 197). USA: Austin publishing group.  

Ganesan, A., & Barakat, K. (2017). Applications of Computer-Aided Approaches in The Development of 
Hepatitis C Antiviral Agents. Expert Opinion on Drug Discovery, 12(4), 407-425. 
doi:10.1080/17460441.2017.1291628 

Garg, V. K., Avashthi, H., Tiwari, A., Jain, P. A., Ramkete, P. W., Kayastha, A. M., & Singh, V. K. (2016). 
MFPPI–Multi FASTA ProtParam Interface. Bioinformation, 12(2), 74.  

Gasteiger, E., Hoogland, C., Gattiker, A., Wilkins, M. R., Appel, R. D., & Bairoch, A. (2005). Protein 
identification and analysis tools on the ExPASy server The proteomics protocols handbook (pp. 
571-607): Springer. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 27 October 2020                   doi:10.20944/preprints202010.0543.v1

https://doi.org/10.20944/preprints202010.0543.v1


Gebremariam, T., Liu, M., Luo, G., Bruno, V., Phan, Q. T., Waring, A. J., . . . Ibrahim, A. S. (2014). CotH3 
mediates fungal invasion of host cells during mucormycosis. The Journal of clinical investigation, 
124(1), 237-250.  

Gething, M. J., & Sambrook, J. (1992). Protein folding in the cell. Nature, 355(6355), 33-45. 
doi:10.1038/355033a0 

Gonzalez-Grande, R., Jimenez-Perez, M., Gonzalez Arjona, C., & Mostazo Torres, J. (2016). New 
approaches in the treatment of hepatitis C. World J Gastroenterol, 22(4), 1421-1432. 
doi:10.3748/wjg.v22.i4.1421 

Gouet, P., Courcelle, E., Stuart, D. I., & Metoz, F. (1999). ESPript: analysis of multiple sequence 
alignments in PostScript. Bioinformatics, 15(4), 305-308. doi:10.1093/bioinformatics/15.4.305 

Ibrahim, I. M., Abdelmalek, D. H., & Elfiky, A. A. (2019). GRP78: A cell's response to stress. Life Sci, 226, 
156-163. doi:10.1016/j.lfs.2019.04.022 

Ibrahim, I. M., Abdelmalek, D. H., Elshahat, M. E., & Elfiky, A. A. (2020). COVID-19 spike-host cell 
receptor GRP78 binding site prediction. J Infect, 80(5), 554-562. doi:10.1016/j.jinf.2020.02.026 

Kim, Y., Lillo, A. M., Steiniger, S. C., Liu, Y., Ballatore, C., Anichini, A., . . . Felding-Habermann, B. (2006). 
Targeting heat shock proteins on cancer cells: selection, characterization, and cell-penetrating 
properties of a peptidic GRP78 ligand. Biochemistry, 45(31), 9434-9444.  

Kyte, J., & Doolittle, R. F. (1982). A simple method for displaying the hydropathic character of a protein. J 
Mol Biol, 157(1), 105-132. doi:10.1016/0022-2836(82)90515-0 

Lee, A. S. (2005). The ER chaperone and signaling regulator GRP78/BiP as a monitor of endoplasmic 
reticulum stress. Methods, 35(4), 373-381.  

Li, J., & Lee, A. S. (2006). Stress induction of GRP78/BiP and its role in cancer. Curr Mol Med, 6(1), 45-54. 
doi:10.2174/156652406775574523 

Liberman, E., Fong, Y.-L., Selby, M. J., Choo, Q.-L., Cousens, L., Houghton, M., & Yen, T. B. (1999). 
Activation of the grp78 andgrp94 Promoters by Hepatitis C Virus E2 Envelope Protein. Journal of 
virology, 73(5), 3718-3722.  

Martin, S., Hill, D. S., Paton, J. C., Paton, A. W., Birch-Machin, M. A., Lovat, P. E., & Redfern, C. P. (2010). 
Targeting GRP78 to enhance melanoma cell death. Pigment Cell Melanoma Res, 23(5), 675-682. 
doi:10.1111/j.1755-148X.2010.00731.x 

NCBI. (2020). National Center of Biotechnology Informatics (NCBI) database website 
http://www.ncbi.nlm.nih.gov/.   Retrieved from http://www.ncbi.nlm.nih.gov/ 

Powdrill, M. H., Bernatchez, J. A., & Gotte, M. (2010). Inhibitors of the Hepatitis C Virus RNA-Dependent 
RNA Polymerase NS5B. Viruses, 2(10), 2169-2195. doi:10.3390/v2102169 

Quinones, Q. J., Ridder, G. G. d., & Pizzo, S. V. (2008). GRP78, a chaperone with diverse roles beyond the 
endoplasmic reticulum. Histology and histopathology.  

Rao, R. V., Peel, A., Logvinova, A., del Rio, G., Hermel, E., Yokota, T., . . . Bredesen, D. E. (2002). Coupling 
endoplasmic reticulum stress to the cell death program: role of the ER chaperone GRP78. FEBS 
Lett, 514(2-3), 122-128. doi:10.1016/s0014-5793(02)02289-5 

Salentin, S., Schreiber, S., Haupt, V. J., Adasme, M. F., & Schroeder, M. (2015). PLIP: fully automated 
protein–ligand interaction profiler. Nucleic Acids Research, 43(W1), W443-W447.  

Shen, J., Chen, X., Hendershot, L., & Prywes, R. (2002). ER stress regulation of ATF6 localization by 
dissociation of BiP/GRP78 binding and unmasking of Golgi localization signals. Dev Cell, 3(1), 99-
111. doi:10.1016/s1534-5807(02)00203-4 

Sievers, F., Wilm, A., Dineen, D., Gibson, T. J., Karplus, K., Li, W., . . . Söding, J. (2011). Fast, scalable 
generation of high-quality protein multiple sequence alignments using Clustal Omega. Molecular 
systems biology, 7(1), 539.  

Suzuki, T., Ishii, K., Aizaki, H., & Wakita, T. (2007). Hepatitis C viral life cycle. Adv Drug Deliv Rev, 59(12), 
1200-1212. doi:10.1016/j.addr.2007.04.014 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 27 October 2020                   doi:10.20944/preprints202010.0543.v1

https://doi.org/10.20944/preprints202010.0543.v1


van Dijk, A. D., & Bonvin, A. M. (2006). Solvated docking: introducing water into the modelling of 
biomolecular complexes. Bioinformatics, 22(19), 2340-2347. doi:10.1093/bioinformatics/btl395 

Varshavsky, A. (1997). The N-end rule pathway of protein degradation. Genes Cells, 2(1), 13-28. 
doi:10.1046/j.1365-2443.1997.1020301.x 

Varshavsky, A. (2019). N-degron and C-degron pathways of protein degradation. Proceedings of the 
National Academy of Sciences, 116(2), 358-366.  

Wu, C.-T., Wang, W.-C., Chen, M.-F., Su, H.-Y., Chen, W.-Y., Wu, C.-H., . . . Liu, H.-H. (2014). Glucose-
regulated protein 78 mediates hormone-independent prostate cancer progression and 
metastasis through maspin and COX-2 expression. Tumor Biology, 35(1), 195-204.  

Yang, J., Nune, M., Zong, Y., Zhou, L., & Liu, Q. (2015). Close and Allosteric Opening of the Polypeptide-
Binding Site in a Human Hsp70 Chaperone BiP. Structure, 23(12), 2191-2203. 
doi:10.1016/j.str.2015.10.012 

Yang, J., Zong, Y., Su, J., Li, H., Zhu, H., Columbus, L., . . . Liu, Q. (2017). Conformation transitions of the 
polypeptide-binding pocket support an active substrate release from Hsp70s. Nat Commun, 8(1), 
1201. doi:10.1038/s41467-017-01310-z 

Yang, P. L., Gao, M., Lin, K., Liu, Q., & Villareal, V. A. (2011). Anti-HCV drugs in the pipeline. Curr Opin 
Virol, 1(6), 607-616. doi:10.1016/j.coviro.2011.10.019 

Zhang, Y. (2008). I-TASSER server for protein 3D structure prediction. BMC bioinformatics, 9(1), 40. 
doi:10.1186/1471-2105-9-40 

Zhou, P., Jin, B., Li, H., & Huang, S.-Y. (2018). HPEPDOCK: a web server for blind peptide–protein docking 
based on a hierarchical algorithm. Nucleic Acids Research, 46(W1), W443-W450.  

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 27 October 2020                   doi:10.20944/preprints202010.0543.v1

https://doi.org/10.20944/preprints202010.0543.v1

