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Supplemental Methods 

Yeast two-hybrid (Y2H) Screens - HCV genes and gene fragments were cloned into 

the yeast two-hybrid DNA-binding domain (DBD) plasmid pOBD2 by homologous 

recombination in the yeast strain R2HMet (MATa ura3-52 ade2-101 trp1-901 leu2-3,112 

his3-200 met2∆::hisG gal4∆ gal80∆) and verified by PCR and sequencing 1-4. The DBD-

HCV fusion proteins were tested for their ability to activate expression of the yeast two-

hybrid reporter gene HIS3 (self-activation) by growth on medium lacking histidine and 

containing a range of concentrations of 3-amino-1,2,4-triazole (3-AT); the lowest 3-AT 

concentration that inhibited yeast growth was used for the yeast two-hybrid assays. 

Yeast two-hybrid screens were performed by mating with yeast strain BK100 (MATa 

ura3-52 ade2-101 trp1-901 leu2-3,112 his3-200 gal4∆ gal80∆ GAL2-ADE2 

LYS2::GAL1-HIS3 met2::GAL7-lacZ, a derivative of PJ69-4A) 3, 5, 6 that contained a 

human liver yeast two-hybrid library cloned into the activation domain (AD) plasmid 

pOAD.103 7, 8.  Positive colonies were selected on synthetic dropout (SD) medium 

lacking tryptophan, leucine, uracil, and histidine, and containing 3-AT at the 

concentration determined above (SD–TLUH + 3-AT). All screens were performed at 

least in duplicate. Human gene fragments from colonies that grew on SD–TLUH + 3-AT 

were PCR-amplified, sequenced from the 5’ end, and identified using Cross_Match to 

query the human RefSeq database (downloaded 3/4/08) 9. To confirm the interactions in 

the yeast two-hybrid assay, PCR products encoding the human AD inserts were cloned 

into pOAD.103 by homologous recombination in BK100. Each clone was arrayed in 

384-spot format in quadruplicate, mated with yeast expressing the DBD-HCV fusions, 

and selected for growth on (i) SD–TLUH + 3-AT and (ii) SD medium lacking tryptophan, 
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leucine, uracil and adenine (SD–TLUA) as described 7. In parallel, all HCV-DBD fusion 

proteins were screened against a set of human genes identified in a similar screen with 

dengue virus (DENV) proteins 7. 

Split-luciferase assays - The full-length NS5B gene was cloned in frame with the N-

terminal fragment of firefly luciferase in p424-BYDV-NFLUC. Human gene fragments 

from activation domain plasmids isolated from positive yeast two-hybrid colonies were 

inserted into plasmid p424-BYDV-CFLUC between sequences encoding three FLAG 

epitope tags and the C-terminal fragment of luciferase. Fusion proteins were expressed 

in vitro in wheat germ extract (Promega) and the relative expression level analyzed by 

densitometric analysis of western blots using ImageJ software (http://rsbweb.nih.gov/ij/) 

10. Binding assays were performed by combining equivalent amounts of NFLUC and 

CFLUC fusion proteins in PBS supplemented with 1% BSA and protease inhibitor 

cocktail (Roche), incubated for 16 hours at 4°C and assayed for luciferase activity. 

Co-purification assays. The full-length NS5B gene was cloned as a 3’ fusion to the 

maltose binding protein (MBP) gene in a modified pMALc-4e plasmid engineered to 

encode a C-terminal hexahistidine (6X-His) tag. MBP-6X-His and MBP-6X-His-NS5B 

were expressed in Rosetta E. coli (Novagen) and purified with His-Pur Cobalt resin 

(Pierce) according to the manufacturer’s protocol. Fusion proteins were eluted in PBS 

supplemented with phenylmethylsulfonyl fluoride and 150 mM imidazole. For pull-downs, 

equimolar amounts of MBP-6X-His and MBP-6X-His-NS5B were incubated with 

amylose resin overnight at 4°C with rotation, washed with PBS + 100uM 

phenylmethylsulfonyl fluoride  + 0.5% Triton X-100, and distributed to individual tubes. 

Equivalent amounts of in vitro expressed 3XFLAG/C-FLUC-human prey protein were 
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added to each binding reaction, incubated for 4 hours at 4°C with rotation, washed 

vigorously three times and eluted in Laemmli sodium dodecyl sulfate-polyacrylamide gel 

electrophoresis loading buffer for analysis by western blot.  

siRNA knockdown experiments. RNAi assays to assess the contribution of cellular 

proteins to HCV replication were performed as previously described 11, 12.  To assess 

the role of cellular proteins in DENV replication, Huh7 cells (10,000 cells/well of a 96 

well plate) were transfected in triplicate with siRNA pools (Dharmacon) using RNAiMax 

transfection reagent (Invitrogen). At 48 h post-siRNA transfection, cells were infected 

with DENV2 16681 at a multiplicity of infection of 0.5. Virus production at 24 h post 

infection was assessed by plaque assays on BHK cells. Percentage change in DENV 

release from siRNA-treated cells was normalized to nonspecific siRNA-treated cells. 

Cell viability of siRNA-treated cells was measured using the CellTiter-Glo Luminescent 

Cell Viability Assay (Promega). Significance determined by one-tailed, unpaired t-test 

using the GraphPad Prism 5 software. 
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SUPPLEMENTAL DISCUSSION 

Targets in replication and assembly. Formation of membrane-associated replication 

compartments is a universal feature of positive-sense RNA virus replication 13. The 

emerging picture of RC formation is revealing critical roles for host factors such as the 

endosomal sorting complex required for transport (ESCRT) machinery 14. ESCRT and 

mutlivesicular body formation have been implicated in diverse viruses, including HSV1 

15; HIV 16, 17; the arenaviruses, Lassa virus and lymphocytic choriomeningitis virus 18; 

filoviruses 19, 20; and hepatitis E virus 21, suggesting it is a common pathway for 

coordinating viral replication, assembly and egress. One ESCRT protein, TSG101, in 

particular appears to be a common target upon which numerous viruses have 

converged 21-23. We identified interactions between TSG101 and three non-structural 

proteins, NS5A, NS5B and NS3, that are required for replication and initiation of viral 

assembly.  

HCV NS3 also binds to a number of partners that may be directly relevant to viral 

replication and egress: SESTD1, a key regulator of the membrane turnover and 

assembly of membrane channels 24; MYH14, a non-muscle myosin required for 

cytokinesis, which may have a role in the tropomyosin-regulated reorganization of actin 

filaments 25; and a tropomyosin, TPM4 26. These genes have been implicated in 

previous studies in HCV and other viruses. SESTD1 was shown to bind NS3 of HCV 1a 

in a previous Y2H screen 27 and its transcription in cultured cells is significantly up-

regulated in response to HCV 2a infection 28. TPM4 transcription and translation are 

also up-regulated during HCV 2a infection in cell culture 28. Furthermore, SESTD1 and 

TPM4 have been implicated in the replication of HIV by genome-wide siRNA screens 29. 

Electronic Supplementary Material (ESI) for Molecular BioSystems
This journal is © The Royal Society of Chemistry 2013



	   6	  

MYH14, on the other hand, has not been implicated in HCV infection previously, but has 

been reported to interact with the vaccinia virus (VACV) C6 protein 30. The repeated 

identification of these proteins in independent data sets and their role in the replication 

of other viruses strongly suggest a role for them in HCV replication. Furthermore, the 

interaction of these proteins with NS3 suggests a role for NS3 in regulating the 

membrane and cytoskeletal rearrangements required for HCV replication and trafficking 

of viral and cellular factors to and/or from the site of viral replication.   

Extracellular targets: clotting and complement. The complement system acts as a 

link between the adaptive and innate immune system and there is increasing interest in 

complement as a common viral antagonist and a major target in viral immune evasion 

(reviewed in 31). In the context of HCV infection, liver injury resulting from the immune 

modulatory activities of complement and the subsequent action of clotting and 

coagulation factors have been implicated in the development of pathologies associated 

with chronic HCV infection 32. Decreased serum levels of complement proteins are 

associated with the development of more severe disease, including cirrhosis and 

fibrosis 33, 34. Furthermore, hepatic inflammation resulting from HCV core expression is 

blocked in mice when complement activation is inhibited 35. Consistent with these 

observations, complement and coagulation proteins were over-represented in the set of 

human proteins that bound to HCV GT 2a. The complement proteins C3, C4, 

Complement factor H (CFH) and the C3-like protein, LOC100133511, were all identified 

in this screen (Figs. 4B and 5C). Other viruses, including herpes simplex virus (HSV) 36, 

variola, and vaccinia 37 also target the complement pathway through direct physical 

interaction. Circulating NS1 from the flaviviruses inhibits complement activation by 
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targeting CFH and C3 and this activity has been associated with increased severity and 

shock in patients infected with DENV 38, 39. C3 deficiency exacerbates West Nile virus 

(WNV) pathogenesis by delaying antibody responses 40.  

The role of the complement proteins in HCV infection is not well understood, 

however a number of observations support a role for complement and coagulation in 

HCV-related disease progression and severity 35, 41. There is also evidence that 

complement transcription is targeted by HCV. Reduced levels of complement genes has 

been demonstrated during HCV infection and appears to be the direct result of 

transcriptional repression by NS5A 42, 43. Until now, no direct links have been observed 

between complement and HCV proteins. These interactions may represent an 

antagonistic relationship similar to that observed in other viral systems. 

HCV targets proteins that regulate metabolism. Our study revealed targeting of 

pathways governing cell survival and anti-apoptotic activities by HCV (Figs. 4B and 5B). 

Among these targets were canonical and non-canonical activators of the 

mechanistic/mammalian Target of Rapamycin (mTOR), and two downstream, anti-

apoptotic transcription factors, b-catenin and TCF7L2. The PI3K-Akt-mTOR pathway 

integrates diverse metabolic signals resulting in the regulation of cell proliferation, 

autophagy and immune activation 44. The activation of mTOR also drives cell growth, 

proliferation and metastasis in many types of cancer including HCC 45-47. Numerous 

observations have identified roles for Akt-mTOR activation during infection of HCV 

(122)48-51 as well as other tumorigenic viruses that establish chronic infection 52-57. 

Activation of the canonical PI3K-Akt-mTOR pathway has been suggested as a means to 
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limit replication of HCV RNA to low levels, facilitating the establishment of chronic 

infection 48.  

In this study, we observed a previously characterized interaction between HCV 

NS5A and PIK3R1 58, 59. Binding of PI3KR1 by NS5A causes activation of Akt and 

mTOR through the canonical pathway 47. This activation subsequently inhibits the 

expression of pro-apoptotic genes, such as the BCL2 homologue, Bad, and caspase 9 

60. In addition to the interaction with PI3KR1, we also identified interactions between 

HCV NS5B and NS3 with MYCBP2, an E3 ubiquitin ligase that activates mTOR through 

two, non-canonical, Akt-independent mechanisms. MYCBP2 can activate mTOR though 

ubiquitination and degradation of its repressor, the small GTPase, Rheb 45 and tuberin 

61. The identification of these interactions further emphasizes the important role that this 

pathway likely plays in HCV. 

Activation of Akt also positively regulates the activity of two anti-apoptotic genes 

identified in our screen, b-catenin (CTNNB1) and T-cell factor 7-like 2 (TCF7L2). Once 

translocated to the nucleus, b-catenin, in combination with other factors in the TCF/Lef 

family, including TCF7L2, drives transcription of genes involved in cell proliferation and 

survival including c-myc, survivin and cyclin D1 62, 63. Additionally, TCF7L2 and CTNNB1 

play specific regulatory roles in the inhibition of adipogenesis by TNFα 64 and TCF7L2 

has been implicated in the development of type 2 diabetes 65. The interactions of HCV 

proteins with these transcription factors may contribute to the development of HCV-

related steatosis and diabetes.  

Finally, we observed interactions between NS5A and NS5B with EIF4G2, or 

death-associated protein 5, which appears to play a key role in regulating cellular 
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translation in response to diverse stress signals and controlling the balance between 

apoptosis and survival. EIF4G2 promotes IRES-mediated translation following caspase 

activation 66, 67 and in cases of ER stress 68. It also promotes the translation of 

prosurvival genes, Bcl-2 and CDK1 during mitosis 69. 
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SUPPLEMENTAL FIGURE LEGENDS 

SI Fig. 1. Entire list of annotation terms significantly enriched among the cellular targets 

of HCV. Enriched features in the set of human proteins that interacted with HCV 2a 

were identified using the DAVID Bioinformatics Database. Graph shows the –log10-

transformed Benjamini-corrected p-values for each term. Terms were considered 

significantly enriched if the Benjamini-adjusted P-value was less than 0.05. 

 

SI Fig 2. Heatmap summarizing the annotation terms enriched in the set of human 

proteins that interacted with HCV GT 2a. Terms were identified using the DAVID 

Bioinformatics database and GSEA enrichment analyses. Blue squares represent the 

association of a protein with an annotation term. Dendrograms indicate the hierarchical 

clustering of annotation terms by their associated proteins (top), and proteins according 

to their associated annotation terms (left). These clusters were used to generate Fig. 

4B. 

 

SI Fig. 3. The complete set of HCV 2a-human interaction identified in this study and 

DENV-human interactions identified in parallel Y2H screens. Human proteins are shown 

as white rectangles. Viral proteins are shown as black rectangles with DENV on the left 

and HCV proteins on the right. Human proteins that interacted with both HCV and 

DENV are shown in the center column while interactions unique to either virus are 

shown in the outer columns.  The total number of cellular proteins in the unique and 

shared groups are shown below each column. Cellular proteins that interacted with the 

same viral protein(s) were grouped together. 
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SI Fig. 4. Workflow employed for analysis of HCV and DENV comparative analysis. 

Either the unique and shared targets (left) or the entire interactome for each virus (right) 

were used to identify cellular functions targeted by the two viruses. The results of these 

analyses are shown in Fig. 7. 

 

SI Fig. 5. Cellular toxicity assay data for HCV (A) and DENV (B) siRNA experiments. 

Cell viability of siRNA-treated cells was measured using the CellTiter-Glo Luminescent 

Cell Viability Assay (Promega) or the MTT assay, for the HCV and DENV experiments, 

respectively. 

 

Electronic Supplementary Material (ESI) for Molecular BioSystems
This journal is © The Royal Society of Chemistry 2013



	   12	  

Supplemental References. 

1. P. Uetz, L. Giot, G. Cagney, T. A. Mansfield, R. S. Judson, J. R. Knight, D. 
Lockshon, V. Narayan, M. Srinivasan, P. Pochart, A. Qureshi-Emili, Y. Li, B. 
Godwin, D. Conover, T. Kalbfleisch, G. Vijayadamodar, M. Yang, M. Johnston, S. 
Fields and J. M. Rothberg, Nature, 2000, 403, 623-627. 

2. H. Ma, S. Kunes, P. J. Schatz and D. Botstein, Gene, 1987, 58, 201-216. 
3. D. J. LaCount, M. Vignali, R. Chettier, A. Phansalkar, R. Bell, J. R. Hesselberth, 

L. W. Schoenfeld, I. Ota, S. Sahasrabudhe, C. Kurschner, S. Fields and R. E. 
Hughes, Nature, 2005, 438, 103-107. 

4. D. J. LaCount, Methods Mol Biol, 2012, 812, 121-145. 
5. P. James, J. Halladay and E. A. Craig, Genetics, 1996, 144, 1425-1436. 
6. M. Vignali, A. McKinlay, D. J. LaCount, R. Chettier, R. Bell, S. Sahasrabudhe, R. 

E. Hughes and S. Fields, Malar J, 2008, 7, 211. 
7. S. Khadka, A. D. Vangeloff, C. Zhang, P. Siddavatam, N. S. Heaton, L. Wang, R. 

Sengupta, S. Sahasrabudhe, G. Randall, M. Gribskov, R. J. Kuhn, R. Perera and 
D. J. LaCount, Mol Cell Proteomics, 2011, 10, M111 012187. 

8. S. Lee, L. Salwinski, C. Zhang, D. Chu, C. Sampankanpanich, N. A. Reyes, A. 
Vangeloff, F. Xing, X. Li, T. T. Wu, S. Sahasrabudhe, H. Deng, D. J. Lacount and 
R. Sun, PLoS Pathog, 2011, 7, e1002297. 

9. P. Green. 
10. C. A. Schneider, W. S. Rasband and K. W. Eliceiri, Nat Meth, 2012, 9, 671-675. 
11. K. L. Berger, J. D. Cooper, N. S. Heaton, R. Yoon, T. E. Oakland, T. X. Jordan, G. 

Mateu, A. Grakoui and G. Randall, Proc Natl Acad Sci U S A, 2009, 106, 7577-
7582. 

12. G. Randall, M. Panis, J. D. Cooper, T. L. Tellinghuisen, K. E. Sukhodolets, S. 
Pfeffer, M. Landthaler, P. Landgraf, S. Kan, B. D. Lindenbach, M. Chien, D. B. 
Weir, J. J. Russo, J. Ju, M. J. Brownstein, R. Sheridan, C. Sander, M. Zavolan, T. 
Tuschl and C. M. Rice, Proc Natl Acad Sci U S A, 2007, 104, 12884-12889. 

13. S. Miller and J. Krijnse-Locker, Nature Reviews Microbiology, 2008, 6, 363-374. 
14. X. Wang, A. Diaz, L. Hao, B. Gancarz, J. A. den Boon and P. Ahlquist, J Virol, 

2011, 85, 5494-5503. 
15. M. Caduco, A. Comin, M. Toffoletto, D. Munegato, E. Sartori, M. Celestino, C. 

Salata, C. Parolin, G. Palu and A. Calistri, J Virol, 2013, 87, 692-696. 
16. L. A. Carlson and J. H. Hurley, Proc Natl Acad Sci U S A, 2012, 109, 16928-

16933. 
17. H. L. Hu, Z. F. Meng, X. Y. Zhang and J. X. Lu, Bing Du Xue Bao, 2011, 27, 129-

134. 
18. G. Pasqual, J. M. Rojek, M. Masin, J. Y. Chatton and S. Kunz, PLoS Pathog, 

2011, 7, e1002232. 
19. Y. Liu, M. S. Lee, M. A. Olson and R. N. Harty, Adv Virol, 2011, 2011. 
20. A. Makino, S. Yamayoshi, K. Shinya, T. Noda and Y. Kawaoka, J Infect Dis, 2011, 

204 Suppl 3, S871-877. 
21. S. Nagashima, M. Takahashi, S. Jirintai, T. Tanaka, T. Nishizawa, J. Yasuda and 

H. Okamoto, J Gen Virol, 2011, 92, 2838-2848. 

Electronic Supplementary Material (ESI) for Molecular BioSystems
This journal is © The Royal Society of Chemistry 2013



	   13	  

22. Y. Ariumi, M. Kuroki, M. Maki, M. Ikeda, H. Dansako, T. Wakita and N. Kato, 
PLoS One, 2011, 6, e14517. 

23. P. P. Luyet, T. Falguieres, V. Pons, A. K. Pattnaik and J. Gruenberg, Traffic, 
2008, 9, 2279-2290. 

24. S. Miehe, A. Bieberstein, I. Arnould, O. Ihdene, H. Rutten and C. Strubing, The 
Journal of biological chemistry, 2010, 285, 12426-12434. 

25. S. S. Jana, S. Kawamoto and R. S. Adelstein, Journal of Biological Chemistry, 
2006, 281, 24662-24670. 

26. E. Golomb, X. Ma, S. S. Jana, Y. A. Preston, S. Kawamoto, N. G. Shoham, E. 
Goldin, M. A. Conti, J. R. Sellers and R. S. Adelstein, Journal of Biological 
Chemistry, 2004, 279, 2800-2808. 

27. B. de Chassey, V. Navratil, L. Tafforeau, M. S. Hiet, A. Aublin-Gex, S. Agaugué, 
G. Meiffren, F. Pradezynski, B. F. Faria, T. Chantier, M. Le Breton, J. Pellet, N. 
Davoust, P. E. Mangeot, A. Chaboud, F. Penin, Y. Jacob, P. O. Vidalain, M. Vidal, 
P. André, C. Rabourdin-Combe and V. Lotteau, Molecular Systems Biology, 
2008, 4. 

28. S. D. Woodhouse, R. Narayan, S. Latham, S. Lee, R. Antrobus, B. Gangadharan, 
S. Luo, G. P. Schroth, P. Klenerman and N. Zitzmann, Hepatology, 2010, 52, 
443-453. 

29. A. L. Brass, D. M. Dykxhoorn, Y. Benita, N. Yan, A. Engelman, R. J. Xavier, J. 
Lieberman and S. J. Elledge, Science, 2008, 319, 921-926. 

30. L. Zhang, N. Y. Villa, M. M. Rahman, S. Smallwood, D. Shattuck, C. Neff, M. 
Dufford, J. S. Lanchbury, J. Labaer and G. McFadden, J Proteome Res, 2009, 8, 
4311-4318. 

31. K. A. Stoermer and T. E. Morrison, Virology, 2011, 411, 362-373. 
32. A. W. Tarr, R. A. Urbanowicz and J. K. Ball, Viruses, 2012, 4, 1-27. 
33. M. Atta, M. Cabral, G. Santos, R. Paran√° and A. Atta, Inflammation Research, 

2012, 61, 1101-1106. 
34. B. Gangadharan, R. Antrobus, R. A. Dwek and N. Zitzmann, Clinical Chemistry, 

2007, 53, 1792-1799. 
35. M. L. Chang, C. T. Yeh, D. Y. Lin, Y. P. Ho, C. M. Hsu and D. M. Bissell, BMC 

medical genomics, 2009, 2, 51. 
36. H. M. Friedman, L. Wang, N. O. Fishman, J. D. Lambris, R. J. Eisenberg, G. H. 

Cohen and J. Lubinski, J Virol, 1996, 70, 4253-4260. 
37. M. K. Liszewski, M. K. Leung, R. Hauhart, R. M. Buller, P. Bertram, X. Wang, A. 

M. Rosengard, G. J. Kotwal and J. P. Atkinson, J Immunol, 2006, 176, 3725-
3734. 

38. E. J. Nascimento, A. M. Silva, M. T. Cordeiro, C. A. Brito, L. H. Gil, U. Braga-
Neto and E. T. Marques, PLoS One, 2009, 4, e6782. 

39. P. Avirutnan, N. Punyadee, S. Noisakran, C. Komoltri, S. Thiemmeca, K. 
Auethavornanan, A. Jairungsri, R. Kanlaya, N. Tangthawornchaikul, C. Puttikhunt, 
S. N. Pattanakitsakul, P. T. Yenchitsomanus, J. Mongkolsapaya, W. Kasinrerk, N. 
Sittisombut, M. Husmann, M. Blettner, S. Vasanawathana, S. Bhakdi and P. 
Malasit, J Infect Dis, 2006, 193, 1078-1088. 

40. E. Mehlhop, K. Whitby, T. Oliphant, A. Marri, M. Engle and M. S. Diamond, J 
Virol, 2005, 79, 7466-7477. 

Electronic Supplementary Material (ESI) for Molecular BioSystems
This journal is © The Royal Society of Chemistry 2013



	   14	  

41. D. J. Kittlesen, K. A. Chianese-Bullock, Z. Q. Yao, T. J. Braciale and Y. S. Hahn, 
The Journal of Clinical Investigation, 2000, 106, 1239-1249. 

42. B. Mazumdar, H. Kim, K. Meyer, S. K. Bose, A. M. Di Bisceglie, R. B. Ray and R. 
Ray, J Virol, 2012, 86, 2221-2228. 

43. A. Banerjee, B. Mazumdar, K. Meyer, A. M. Di Bisceglie, R. B. Ray and R. Ray, J 
Virol, 2011, 85, 4157-4166. 

44. S. Kaur, L. Lal, A. Sassano, B. Majchrzak-Kita, M. Srikanth, D. P. Baker, E. 
Petroulakis, N. Hay, N. Sonenberg, E. N. Fish and L. C. Platanias, The Journal of 
biological chemistry, 2007, 282, 1757-1768. 

45. C. Maeurer, S. Holland, S. Pierre, W. Potstada and K. Scholich, Cellular 
Signalling, 2009, 21, 293-300. 

46. R. M. Memmott and P. A. Dennis, Cellular signalling, 2009, 21, 656-664. 
47. A. Sekulić, C. C. Hudson, J. L. Homme, P. Yin, D. M. Otterness, L. M. Karnitz 

and R. T. Abraham, Cancer research, 2000, 60, 3504-3513. 
48. P. Mannova and L. Beretta, Journal of virology, 2005, 79, 8742-8749. 
49. L. Peng, D. Liang, W. Tong, J. Li and Z. Yuan, The Journal of biological 

chemistry, 2010, 285, 20870-20881. 
50. R. X. Shao, L. Zhang, L. F. Peng, E. Sun, W. J. Chung, J. Y. Jang, W. L. Tsai, G. 

Hyppolite and R. T. Chung, Journal of virology, 2010, 84, 6060-6069. 
51. S. Shrivastava, J. Bhanja Chowdhury, R. Steele, R. Ray and R. B. Ray, J Virol, 

2012, 86, 8705-8712. 
52. A. Sodhi, S. Montaner, V. Patel, J. J. Gomez-Roman, Y. Li, E. A. Sausville, E. T. 

Sawai and J. S. Gutkind, Proceedings of the National Academy of Sciences of 
the United States of America, 2004, 101, 4821-4826. 

53. S. Li, D. Carpenter, C. Hsiang, S. L. Wechsler and C. Jones, The Journal of 
general virology, 2010, 91, 858-866. 

54. X. Li, S. Chen and R. Sun, Journal of virology, 2012, 86, 6668-6676. 
55. P. A. Ndour, G. Brocqueville, T. S. Ouk, G. Goormachtigh, O. Morales, A. Mougel, 

J. Bertout, O. Melnyk, V. Fafeur, J. Feuillard, J. Coll and E. Adriaenssens, 
Journal of virology, 2012, 86, 3934-3943. 

56. L. Peng, T. T. Wu, J. H. Tchieu, J. Feng, H. J. Brown, J. Feng, X. Li, J. Qi, H. 
Deng, I. Vivanco, I. K. Mellinghoff, C. Jamieson and R. Sun, The Journal of 
general virology, 2010, 91, 463-469. 

57. D. Saggioro, M. Silic-Benussi, R. Biasiotto, D. M. D'Agostino and V. Ciminale, 
Frontiers in bioscience : a journal and virtual library, 2009, 14, 3338-3351. 

58. Y. He, H. Nakao, S. L. Tan, S. J. Polyak, P. Neddermann, S. Vijaysri, B. L. 
Jacobs and M. G. Katze, Journal of Virology, 2002, 76, 9207-9217. 

59. A. Street, A. Macdonald, K. Crowder and M. Harris, The Journal of biological 
chemistry, 2004, 279, 12232-12241. 

60. A. C. Hsieh, Y. Liu, M. P. Edlind, N. T. Ingolia, M. R. Janes, A. Sher, E. Y. Shi, C. 
R. Stumpf, C. Christensen, M. J. Bonham, S. Wang, P. Ren, M. Martin, K. 
Jessen, M. E. Feldman, J. S. Weissman, K. M. Shokat, C. Rommel and D. 
Ruggero, Nature, 2012, 485, 55-61. 

61. S. Han, R. M. Witt, T. M. Santos, C. Polizzano, B. L. Sabatini and V. Ramesh, 
Cellular signalling, 2008, 20, 1084-1091. 

Electronic Supplementary Material (ESI) for Molecular BioSystems
This journal is © The Royal Society of Chemistry 2013



	   15	  

62. A. Street, A. Macdonald, C. McCormick and M. Harris, Journal of virology, 2005, 
79, 5006-5016. 

63. A. Macdonald and M. Harris, The Journal of general virology, 2004, 85, 2485-
2502. 

64. W. P. Cawthorn, F. Heyd, K. Hegyi and J. K. Sethi, Cell Death Differ, 2007, 14, 
1361-1373. 

65. S. F. A. Grant, G. Thorleifsson, I. Reynisdottir, R. Benediktsson, A. Manolescu, J. 
Sainz, A. Helgason, H. Stefansson, V. Emilsson, A. Helgadottir, U. Styrkarsdottir, 
K. P. Magnusson, G. B. Walters, E. Palsdottir, T. Jonsdottir, T. Gudmundsdottir, 
A. Gylfason, J. Saemundsdottir, R. L. Wilensky, M. P. Reilly, D. J. Rader, Y. 
Bagger, C. Christiansen, V. Gudnason, G. Sigurdsson, U. Thorsteinsdottir, J. R. 
Gulcher, A. Kong and K. Stefansson, Nat Genet, 2006, 38, 320-323. 

66. S. Henis-Korenblit, N. L. Strumpf, D. Goldstaub and A. Kimchi, Molecular and 
Cellular Biology, 2000, 20, 496-506. 

67. S. Henis-Korenblit, G. Shani, T. Sines, L. Marash, G. Shohat and A. Kimchi, Proc 
Natl Acad Sci U S A, 2002, 99, 5400-5405. 

68. S. M. Lewis, S. Cerquozzi, T. E. Graber, N. H. Ungureanu, M. Andrews and M. 
Holcik, Nucleic acids research, 2008, 36, 168-178. 

69. N. Liberman, L. Marash and A. Kimchi, Cell Cycle, 2009, 8, 204-209. 
 
 
 

Electronic Supplementary Material (ESI) for Molecular BioSystems
This journal is © The Royal Society of Chemistry 2013



	   16	  

 
Supplemental References for HCV Interactions from HCVpro database (Refers to 
Figure 6) 
 
HCV Genotype 1a Interactions: 
1. Abe T, Kaname Y, Hamamoto I, Tsuda Y, Wen X, Taguwa S, Moriishi K, Takeuchi O, 
Kawai T, Kanto T, Hayashi N, Akira S, Matsuura Y. Hepatitis C virus nonstructural 
protein 5A modulates the toll-like receptor-MyD88-dependent signaling pathway in  
macrophage cell lines. J Virol. 2007 Sep;81(17):8953-66. Epub 2007 Jun 13. PubMed 
PMID: 17567694; PubMed Central PMCID: PMC1951400.  
2. Alisi A, Giambartolomei S, Cupelli F, Merlo P, Fontemaggi G, Spaziani A, Balsano C. 
Physical and functional interaction between HCV core protein and the different p73 
isoforms. Oncogene. 2003 May 1;22(17):2573-80. PubMed PMID: 12730672.  
3. Allander T, Forns X, Emerson SU, Purcell RH, Bukh J. Hepatitis C virus envelope 
protein E2 binds to CD81 of tamarins. Virology. 2000 Nov 25;277(2):358-67. PubMed 
PMID: 11080483.  
4. Arima N, Kao CY, Licht T, Padmanabhan R, Sasaguri Y, Padmanabhan R. 
Modulation of cell growth by the hepatitis C virus nonstructural protein NS5A. J Biol 
Chem.  2001 Apr 20;276(16):12675-84. Epub 2001 Jan 19. PubMed PMID: 11278402.  
5. Barth H, Schafer C, Adah MI, Zhang F, Linhardt RJ, Toyoda H, Kinoshita-Toyoda  A, 
Toida T, Van Kuppevelt TH, Depla E, Von Weizsacker F, Blum HE, Baumert TF. 
Cellular binding of hepatitis C virus envelope glycoprotein E2 requires cell surface 
heparan sulfate. J Biol Chem. 2003 Oct 17;278(42):41003-12. Epub 2003 Jul 16. 
PubMed PMID: 12867431.  
6. Borowski P, Kühl R, Laufs R, Schulze zur Wiesch J, Heiland M. Identification and 
characterization of a histone binding site of the non-structural protein 3 of hepatitis C 
virus. J Clin Virol. 1999 Jun;13(1-2):61-9. PubMed PMID: 10405893.  
7. Bürckstümmer T, Kriegs M, Lupberger J, Pauli EK, Schmittel S, Hildt E. Raf-1 kinase 
associates with Hepatitis C virus NS5A and regulates viral replication. FEBS Lett. 2006 
Jan 23;580(2):575-80. Epub 2005 Dec 29. PubMed PMID: 16405965.  
8. Chen CM, You LR, Hwang LH, Lee YH. Direct interaction of hepatitis C virus core 
protein with the cellular lymphotoxin-beta receptor modulates the signal pathway of the 
lymphotoxin-beta receptor. J Virol. 1997 Dec;71(12):9417-26. PubMed PMID: 9371602; 
PubMed Central PMCID: PMC230246.  
9. Chen SY, Kao CF, Chen CM, Shih CM, Hsu MJ, Chao CH, Wang SH, You LR, Lee 
YH. Mechanisms for inhibition of hepatitis B virus gene expression and replication by 
hepatitis C virus core protein. J Biol Chem. 2003 Jan 3;278(1):591-607. Epub 2002 Oct 
24. PubMed PMID: 12401801.  
10. Chen TY, Liu M, Chen YR, Lin SM, Ye F, Zhang X, Liu JF, Zhao YR, Zhang SL. 
[Cellular localization of HCBP1 and its interaction with HCV core protein in vivo]. Nan 
Fang Yi Ke Da Xue Xue Bao. 2007 Dec;27(12):1809-13. Chinese. PubMed PMID: 
18158989.  

Electronic Supplementary Material (ESI) for Molecular BioSystems
This journal is © The Royal Society of Chemistry 2013



	   17	  

11. Chen W, Zhang Z, Chen J, Zhang J, Zhang J, Wu Y, Huang Y, Cai X, Huang A. 
HCV core protein interacts with Dicer to antagonize RNA silencing. Virus Res. 2008 
May;133(2):250-8. doi. 10.1016/j.virusres.2008.01.011. Epub 2008 Mar 5. PubMed 
PMID: 18325616.  
12. Cheng PL, Chang MH, Chao CH, Lee YH. Hepatitis C viral proteins interact with 
Smad3 and differentially regulate TGF-beta/Smad3-mediated transcriptional activation. 
Oncogene. 2004 Oct 14;23(47):7821-38. PubMed PMID: 15334054.  
13. Cheng YQ, Wang L, Cheng J, Liu Y, Xu DP, Zhong YW, Qu JH, Tian JK, Dai JZ, Li 
XD. [Screening and identification of proteins interacting with HCV NS4A via yeast 
double hybridization in leukocytes and gene cloning of the interacting protein].  
Zhonghua Shi Yan He Lin Chuang Bing Du Xue Za Zhi. 2007 Mar;21(1):47-9. Chinese.  
PubMed PMID: 17429534.  
14. Choukhi A, Ung S, Wychowski C, Dubuisson J. Involvement of endoplasmic 
reticulum chaperones in the folding of hepatitis C virus glycoproteins. J Virol.  1998 
May;72(5):3851-8. PubMed PMID: 9557669; PubMed Central PMCID: PMC109609.  
15. Chung KM, Lee J, Kim JE, Song OK, Cho S, Lim J, Seedorf M, Hahm B, Jang SK. 
Nonstructural protein 5A of hepatitis C virus inhibits the function of karyopherin beta3. J 
Virol. 2000 Jun;74(11):5233-41. PubMed PMID: 10799599; PubMed Central PMCID: 
PMC110877.  
16. Chung YL, Sheu ML, Yen SH. Hepatitis C virus NS5A as a potential viral Bcl-2  
homologue interacts with Bax and inhibits apoptosis in hepatocellular carcinoma.  Int J 
Cancer. 2003 Oct 20;107(1):65-73. PubMed PMID: 12925958.  
17. Dolganiuc A, Oak S, Kodys K, Golenbock DT, Finberg RW, Kurt-Jones E, Szabo G. 
Hepatitis C core and nonstructural 3 proteins trigger toll-like receptor 2-mediated 
pathways and inflammatory activation. Gastroenterology. 2004 Nov;127(5):1513-24. 
PubMed PMID: 15521019.  
18. Domitrovich AM, Felmlee DJ, Siddiqui A. Hepatitis C virus nonstructural proteins 
inhibit apolipoprotein B100 secretion. J Biol Chem. 2005 Dec 2;280(48):39802-8. Epub 
2005 Oct 3. PubMed PMID: 16203724.  
19. Domitrovich AM, Diebel KW, Ali N, Sarker S, Siddiqui A. Role of La autoantigen and 
polypyrimidine tract-binding protein in HCV replication. Virology. 2005 Apr 25;335(1):72-
86. PubMed PMID: 15823607.  
20. Erdtmann L, Franck N, Lerat H, Le Seyec J, Gilot D, Cannie I, Gripon P, Hibner U, 
Guguen-Guillouzo C. The hepatitis C virus NS2 protein is an inhibitor of CIDE-B-
induced apoptosis. J Biol Chem. 2003 May 16;278(20):18256-64. Epub 2003 Feb 20. 
PubMed PMID: 12595532.  
21. Ferreon JC, Ferreon AC, Li K, Lemon SM. Molecular determinants of TRIF 
proteolysis mediated by the hepatitis C virus NS3/4A protease. J Biol Chem. 2005  May 
27;280(21):20483-92. Epub 2005 Mar 14. PubMed PMID: 15767257.  
22. Foy E, Li K, Wang C, Sumpter R Jr, Ikeda M, Lemon SM, Gale M Jr. Regulation of 
interferon regulatory factor-3 by the hepatitis C virus serine protease. Science. 2003 
May 16;300(5622):1145-8. Epub 2003 Apr 17. PubMed PMID: 12702807.  

Electronic Supplementary Material (ESI) for Molecular BioSystems
This journal is © The Royal Society of Chemistry 2013



	   18	  

23. Gale MJ Jr, Korth MJ, Tang NM, Tan SL, Hopkins DA, Dever TE, Polyak SJ, Gretch 
DR, Katze MG. Evidence that hepatitis C virus resistance to interferon is  mediated 
through repression of the PKR protein kinase by the nonstructural 5A protein. Virology. 
1997 Apr 14;230(2):217-27. PubMed PMID: 9143277.  
24. Gao L, Tu H, Shi ST, Lee KJ, Asanaka M, Hwang SB, Lai MM. Interaction with a  
ubiquitin-like protein enhances the ubiquitination and degradation of hepatitis C virus 
RNA-dependent RNA polymerase. J Virol. 2003 Apr;77(7):4149-59. PubMed PMID: 
12634373; PubMed Central PMCID: PMC150629.  
25. Georgopoulou U, Tsitoura P, Kalamvoki M, Mavromara P. The protein phosphatase 
2A represents a novel cellular target for hepatitis C virus NS5A protein. Biochimie. 2006 
Jun;88(6):651-62. Epub 2006 Jan 18. PubMed PMID: 16460864.  
26. Ghosh AK, Majumder M, Steele R, Ray R, Ray RB. Modulation of interferon 
expression by hepatitis C virus NS5A protein and human homeodomain protein PTX1.  
Virology. 2003 Feb 1;306(1):51-9. PubMed PMID: 12620797.  
27. Ghosh AK, Majumder M, Steele R, Yaciuk P, Chrivia J, Ray R, Ray RB. Hepatitis C 
virus NS5A protein modulates transcription through a novel cellular transcription factor 
SRCAP. J Biol Chem. 2000 Mar 10;275(10):7184-8. PubMed PMID: 10702287.  
28. Herzer K, Weyer S, Krammer PH, Galle PR, Hofmann TG. Hepatitis C virus core 
protein inhibits tumor suppressor protein promyelocytic leukemia function in human 
hepatoma cells. Cancer Res. 2005 Dec 1;65(23):10830-7. PubMed PMID: 16322229.  
29. Hidajat R, Nagano-Fujii M, Deng L, Tanaka M, Takigawa Y, Kitazawa S, Hotta H. 
Hepatitis C virus NS3 protein interacts with ELKS-{delta} and ELKS-{alpha}, members 
of a novel protein family involved in intracellular transport and secretory pathways. J 
Gen Virol. 2005 Aug;86(Pt 8):2197-208. PubMed PMID: 16033967.  
30. Hirano M, Kaneko S, Yamashita T, Luo H, Qin W, Shirota Y, Nomura T, Kobayashi 
K, Murakami S. Direct interaction between nucleolin and hepatitis C virus NS5B. J Biol 
Chem. 2003 Feb 14;278(7):5109-15. Epub 2002 Nov 9. PubMed PMID: 12427757.  
31. Houshmand H, Bergqvist A. Interaction of hepatitis C virus NS5A with La protein 
revealed by T7 phage display. Biochem Biophys Res Commun. 2003 Sep 
26;309(3):695-701. PubMed PMID: 12963047.  
32. Hsieh TY, Matsumoto M, Chou HC, Schneider R, Hwang SB, Lee AS, Lai MM. 
Hepatitis C virus core protein interacts with heterogeneous nuclear ribonucleoprotein K. 
J Biol Chem. 1998 Jul 10;273(28):17651-9. PubMed PMID: 9651361.  
33. Ishido S, Hotta H. Complex formation of the nonstructural protein 3 of hepatitis C 
virus with the p53 tumor suppressor. FEBS Lett. 1998 Nov 6;438(3):258-62. PubMed 
PMID: 9827557.  
34. Iwai A, Hasumura Y, Nojima T, Takegami T. Hepatitis C virus nonstructural protein 
NS3 binds to Sm-D1, a small nuclear ribonucleoprotein associated with autoimmune 
disease. Microbiol Immunol. 2003;47(8):601-11. PubMed PMID: 14524621.  
35. Jin DY, Wang HL, Zhou Y, Chun AC, Kibler KV, Hou YD, Kung H, Jeang KT. 
Hepatitis C virus core protein-induced loss of LZIP function correlates with cellular 

Electronic Supplementary Material (ESI) for Molecular BioSystems
This journal is © The Royal Society of Chemistry 2013



	   19	  

transformation. EMBO J. 2000 Feb 15;19(4):729-40. PubMed PMID: 10675342; 
PubMed Central PMCID: PMC305611.  
36. Johnson CL, Owen DM, Gale M Jr. Functional and therapeutic analysis of hepatitis 
C virus NS3.4A protease control of antiviral immune defense. J Biol Chem. 2007 Apr 
6;282(14):10792-803. Epub 2007 Feb 8. PubMed PMID: 17289677.  
37. Kao CF, Chen SY, Lee YH. Activation of RNA polymerase I transcription by hepatitis 
C virus core protein. J Biomed Sci. 2004 Jan-Feb;11(1):72-94. PubMed PMID: 
14730212.  
38. Kien F, Abraham JD, Schuster C, Kieny MP. Analysis of the subcellular localization 
of hepatitis C virus E2 glycoprotein in live cells using EGFP fusion proteins. J Gen Virol. 
2003 Mar;84(Pt 3):561-6. PubMed PMID: 12604806.  
39. Kim CS, Seol SK, Song OK, Park JH, Jang SK. An RNA-binding protein, hnRNP A1, 
and a scaffold protein, septin 6, facilitate hepatitis C virus replication. J Virol. 2007 
Apr;81(8):3852-65. Epub 2007 Jan 17. PubMed PMID: 17229681; PubMed Central 
PMCID: PMC1866118.  
40. Kim SJ, Kim JH, Kim YG, Lim HS, Oh JW. Protein kinase C-related kinase 2 
regulates hepatitis C virus RNA polymerase function by phosphorylation. J Biol Chem. 
2004 Nov 26;279(48):50031-41. Epub 2004 Sep 13. PubMed PMID: 15364941.  
41. Kittlesen DJ, Chianese-Bullock KA, Yao ZQ, Braciale TJ, Hahn YS. Interaction  
between complement receptor gC1qR and hepatitis C virus core protein inhibits T-
lymphocyte proliferation. J Clin Invest. 2000 Nov;106(10):1239-49. PubMed PMID: 
11086025; PubMed Central PMCID: PMC381434.  
42. Kou YH, Chou SM, Wang YM, Chang YT, Huang SY, Jung MY, Huang YH, Chen 
MR, Chang MF, Chang SC. Hepatitis C virus NS4A inhibits cap-dependent and the viral 
IRES-mediated translation through interacting with eukaryotic elongation factor 1A. J 
Biomed Sci. 2006 Nov;13(6):861-74. Epub 2006 Aug 23. PubMed PMID: 16927014.  
43. Kyono K, Miyashiro M, Taguchi I. Human eukaryotic initiation factor 4AII associates 
with hepatitis C virus NS5B protein in vitro. Biochem Biophys Res Commun. 2002 Apr 
5;292(3):659-66. PubMed PMID: 11922617.  
44. Lan KH, Lan KL, Lee WP, Sheu ML, Chen MY, Lee YL, Yen SH, Chang FY, Lee SD. 
HCV NS5A inhibits interferon-alpha signaling through suppression of STAT1 
phosphorylation in hepatocyte-derived cell lines. J Hepatol. 2007 May;46(5):759-67. 
Epub 2006 Dec 14. PubMed PMID: 17275127.  
45. Li K, Wang L, Cheng J, Lu YY, Zhang LX, Mu JS, Hong Y, Liu Y, Duan HJ, Wang G, 
Li L, Chen JM. Interaction between hepatitis C virus core protein and translin protein--a 
possible molecular mechanism for hepatocellular carcinoma and lymphoma caused by 
hepatitis C virus. World J Gastroenterol. 2003 Feb;9(2):300-3. PubMed PMID: 
12532453.  
46. Li K, Wang L, Cheng J, Zhang L, Duan H, Lu Y, Yang J, Liu Y, Xia X, Wang G, 
Dong J, Li L, Zhong Y, Hong Y, Chen J. [Screening and cloning gene of hepatocyte  
protein interacting with hepatitis C virus core protein]. Zhonghua Shi Yan He Lin 

Electronic Supplementary Material (ESI) for Molecular BioSystems
This journal is © The Royal Society of Chemistry 2013



	   20	  

Chuang Bing Du Xue Za Zhi. 2002 Dec;16(4):351-3. Chinese. PubMed PMID: 
12665903.  
47. Lin W, Choe WH, Hiasa Y, Kamegaya Y, Blackard JT, Schmidt EV, Chung RT. 
Hepatitis C virus expression suppresses interferon signaling by degrading STAT1.  
Gastroenterology. 2005 Apr;128(4):1034-41. PubMed PMID: 15825084.  
48. Liu Y, Cheng J, Bai GQ, Yan FM, Wu SH, Wang L, Zhang LX. [Screening and 
cloning of hepatitis C virus non-structural protein 4B interacting protein gene in 
hepatocytes]. Zhonghua Shi Yan He Lin Chuang Bing Du Xue Za Zhi. 2005 
Sep;19(3):248-51. Chinese. PubMed PMID: 16261208.  
49. Liu Y, Bai GQ, Cheng J, Wu SH, Wang L, Yan FM, Zhang LX, Cui YF. [Screening 
and cloning of hepatitis C virus non-structural protein 4A interacting protein gene in 
hepatocytes]. Zhonghua Gan Zang Bing Za Zhi. 2005 Oct;13(10):738-40. Chinese. 
PubMed PMID: 16248944.  
50. Lu W, Lo SY, Chen M, Wu Kj, Fung YK, Ou JH. Activation of p53 tumor suppressor 
by hepatitis C virus core protein. Virology. 1999 Nov 10;264(1):134-41. PubMed PMID: 
10544138.  
51. Ma HC, Lin TW, Li H, Iguchi-Ariga SM, Ariga H, Chuang YL, Ou JH, Lo SY. 
Hepatitis C virus ARFP/F protein interacts with cellular MM-1 protein and enhances the 
gene trans-activation activity of c-Myc. J Biomed Sci. 2008 Jul;15(4):417-25. doi. 
10.1007/s11373-008-9248-9. Epub 2008 Apr 9. PubMed PMID: 18398700.  
52. Macdonald A, Crowder K, Street A, McCormick C, Harris M. The hepatitis C virus 
NS5A protein binds to members of the Src family of tyrosine kinases and regulates 
kinase activity. J Gen Virol. 2004 Mar;85(Pt 3):721-9. PubMed PMID: 14993658.  
53. Mai RT, Yeh TS, Kao CF, Sun SK, Huang HH, Wu Lee YH. Hepatitis C virus core 
protein recruits nucleolar phosphoprotein B23 and coactivator p300 to relieve the 
repression effect of transcriptional factor YY1 on B23 gene expression. Oncogene. 2006 
Jan 19;25(3):448-62. PubMed PMID: 16170350.  
54. Majumder M, Ghosh AK, Steele R, Zhou XY, Phillips NJ, Ray R, Ray RB. Hepatitis 
C virus NS5A protein impairs TNF-mediated hepatic apoptosis, but not by an anti-FAS 
antibody, in transgenic mice. Virology. 2002 Mar 1;294(1):94-105. PubMed PMID: 
11886269.  
55. Majumder M, Ghosh AK, Steele R, Ray R, Ray RB. Hepatitis C virus NS5A 
physically associates with p53 and regulates p21/waf1 gene expression in a p53-
dependent manner. J Virol. 2001 Feb;75(3):1401-7. PubMed PMID: 11152513; PubMed 
Central PMCID: PMC114046.  
56. Mamiya N, Worman HJ. Hepatitis C virus core protein binds to a DEAD box RNA 
helicase. J Biol Chem. 1999 May 28;274(22):15751-6. PubMed PMID: 10336476.  
57. Masumi A, Aizaki H, Suzuki T, DuHadaway JB, Prendergast GC, Komuro K, 
Fukazawa H. Reduction of hepatitis C virus NS5A phosphorylation through its 
interaction with amphiphysin II. Biochem Biophys Res Commun. 2005 Oct 
21;336(2):572-8. PubMed PMID: 16139795.  

Electronic Supplementary Material (ESI) for Molecular BioSystems
This journal is © The Royal Society of Chemistry 2013



	   21	  

58. Matsumoto M, Hsieh TY, Zhu N, VanArsdale T, Hwang SB, Jeng KS, Gorbalenya 
AE, Lo SY, Ou JH, Ware CF, Lai MM. Hepatitis C virus core protein interacts with the  
cytoplasmic tail of lymphotoxin-beta receptor. J Virol. 1997 Feb;71(2):1301-9. PubMed 
PMID: 8995654; PubMed Central PMCID: PMC191185.  
59. Meola A, Sbardellati A, Bruni Ercole B, Cerretani M, Pezzanera M, Ceccacci A, 
Vitelli A, Levy S, Nicosia A, Traboni C, McKeating J, Scarselli E. Binding of hepatitis C 
virus E2 glycoprotein to CD81 does not correlate with species permissiveness to 
infection. J Virol. 2000 Jul;74(13):5933-8. PubMed PMID: 10846074; PubMed Central 
PMCID: PMC112089.  
60. Mohd-Ismail NK, Deng L, Sukumaran SK, Yu VC, Hotta H, Tan YJ. The hepatitis C 
virus core protein contains a BH3 domain that regulates apoptosis through specific 
interaction with human Mcl-1. J Virol. 2009 Oct;83(19):9993-10006. doi.  
10.1128/JVI.00509-09. Epub 2009 Jul 15. PubMed PMID: 19605477; PubMed Central 
PMCID: PMC2748021.  
61. Moorman JP, Prayther D, McVay D, Hahn YS, Hahn CS. The C-terminal region of 
hepatitis C core protein is required for Fas-ligand independent apoptosis in Jurkat cells 
by facilitating Fas oligomerization. Virology. 2003 Aug 1;312(2):320-9. PubMed PMID: 
12919737.  
62. Nanda SK, Herion D, Liang TJ. The SH3 binding motif of HCV [corrected] NS5A 
protein interacts with Bin1 and is important for apoptosis and infectivity. 
Gastroenterology. 2006 Mar;130(3):794-809. Erratum in. Gastroenterology. 2006 
Aug;131(2):687. PubMed PMID: 16530520.  
63. Nattermann J, Nischalke HD, Hofmeister V, Ahlenstiel G, Zimmermann H, Leifeld L, 
Weiss EH, Sauerbruch T, Spengler U. The HLA-A2 restricted T cell epitope HCV core 
35-44 stabilizes HLA-E expression and inhibits cytolysis mediated by natural killer cells. 
Am J Pathol. 2005 Feb;166(2):443-53. PubMed PMID: 15681828; PubMed  Central 
PMCID: PMC1602324.  
64. Ohkawa K, Ishida H, Nakanishi F, Hosui A, Ueda K, Takehara T, Hori M, Hayashi N. 
Hepatitis C virus core functions as a suppressor of cyclin-dependent kinase-activating 
kinase and impairs cell cycle progression. J Biol Chem. 2004 Mar 19;279(12):11719-26. 
Epub 2004 Jan 7. PubMed PMID: 14711830.  
65. Okamoto T, Nishimura Y, Ichimura T, Suzuki K, Miyamura T, Suzuki T, Moriishi  K, 
Matsuura Y. Hepatitis C virus RNA replication is regulated by FKBP8 and Hsp90. 
EMBO J. 2006 Oct 18;25(20):5015-25. Epub 2006 Oct 5. Erratum in. EMBO J. 2006 
Nov 29;25(23):5634. PubMed PMID: 17024179; PubMed Central PMCID: PMC1618089.  
66. Otsuka M, Kato N, Moriyama M, Taniguchi H, Wang Y, Dharel N, Kawabe T, Omata  
M. Interaction between the HCV NS3 protein and the host TBK1 protein leads to 
inhibition of cellular antiviral responses. Hepatology. 2005 May;41(5):1004-12. PubMed 
PMID: 15841462.  
67. Owsianka AM, Patel AH. Hepatitis C virus core protein interacts with a human  
DEAD box protein DDX3. Virology. 1999 May 10;257(2):330-40. PubMed PMID: 
10329544.  

Electronic Supplementary Material (ESI) for Molecular BioSystems
This journal is © The Royal Society of Chemistry 2013



	   22	  

68. Park KJ, Choi SH, Lee SY, Hwang SB, Lai MM. Nonstructural 5A protein of hepatitis 
C virus modulates tumor necrosis factor alpha-stimulated nuclear factor kappa B 
activation. J Biol Chem. 2002 Apr 12;277(15):13122-8. Epub 2002 Jan 30. PubMed 
PMID: 11821416.  
69. Pavio N, Romano PR, Graczyk TM, Feinstone SM, Taylor DR. Protein synthesis 
and endoplasmic reticulum stress can be modulated by the hepatitis C virus envelope 
protein E2 through the eukaryotic initiation factor 2alpha kinase PERK.  J Virol. 2003 
Mar;77(6):3578-85. PubMed PMID: 12610133; PubMed Central PMCID: PMC149509.  
70. Prikhod'ko EA, Prikhod'ko GG, Siegel RM, Thompson P, Major ME, Cohen JI. The  
NS3 protein of hepatitis C virus induces caspase-8-mediated apoptosis independent of 
its protease or helicase activities. Virology. 2004 Nov 10;329(1):53-67. PubMed PMID: 
15476874.  
71. P√∂hlmann S, Zhang J, Baribaud F, Chen Z, Leslie GJ, Lin G, Granelli-Piperno A, 
Doms RW, Rice CM, McKeating JA. Hepatitis C virus glycoproteins interact with  DC-
SIGN and DC-SIGNR. J Virol. 2003 Apr;77(7):4070-80. PubMed PMID: 12634366; 
PubMed Central PMCID: PMC150620.  
72. Rho J, Choi S, Seong YR, Cho WK, Kim SH, Im DS. Prmt5, which forms distinct 
homo-oligomers, is a member of the protein-arginine methyltransferase family. J Biol 
Chem. 2001 Apr 6;276(14):11393-401. Epub 2001 Jan 10. PubMed PMID: 11152681.  
73. Sabile A, Perlemuter G, Bono F, Kohara K, Demaugre F, Kohara M, Matsuura Y, 
Miyamura T, Br√©chot C, Barba G. Hepatitis C virus core protein binds to 
apolipoprotein AII and its secretion is modulated by fibrates. Hepatology. 1999 
Oct;30(4):1064-76. PubMed PMID: 10498661.  
74. Saito K, Meyer K, Warner R, Basu A, Ray RB, Ray R. Hepatitis C virus core protein 
inhibits tumor necrosis factor alpha-mediated apoptosis by a protective effect involving 
cellular FLICE inhibitory protein. J Virol. 2006 May;80(9):4372-9. PubMed PMID: 
16611896; PubMed Central PMCID: PMC1472009.  
75. Sarcar B, Ghosh AK, Steele R, Ray R, Ray RB. Hepatitis C virus NS5A mediated  
STAT3 activation requires co-operation of Jak1 kinase. Virology. 2004 Apr 
25;322(1):51-60. PubMed PMID: 15063116.  
76. Scarselli E, Ansuini H, Cerino R, Roccasecca RM, Acali S, Filocamo G, Traboni C, 
Nicosia A, Cortese R, Vitelli A. The human scavenger receptor class B type I is a novel 
candidate receptor for the hepatitis C virus. EMBO J. 2002 Oct 1;21(19):5017-25. 
PubMed PMID: 12356718; PubMed Central PMCID: PMC129051.  
77. Shi ST, Polyak SJ, Tu H, Taylor DR, Gretch DR, Lai MM. Hepatitis C virus NS5A 
colocalizes with the core protein on lipid droplets and interacts with apolipoproteins. 
Virology. 2002 Jan 20;292(2):198-210. PubMed PMID: 11878923.  
78. Sklan EH, Staschke K, Oakes TM, Elazar M, Winters M, Aroeti B, Danieli T, Glenn 
JS. A Rab-GAP TBC domain protein binds hepatitis C virus NS5A and mediates  viral 
replication. J Virol. 2007 Oct;81(20):11096-105. Epub 2007 Aug 8. PubMed PMID: 
17686842; PubMed Central PMCID: PMC2045567.  

Electronic Supplementary Material (ESI) for Molecular BioSystems
This journal is © The Royal Society of Chemistry 2013



	   23	  

79. Stone M, Jia S, Heo WD, Meyer T, Konan KV. Participation of rab5, an early 
endosome protein, in hepatitis C virus RNA replication machinery. J Virol. 2007 
May;81(9):4551-63. Epub 2007 Feb 14. PubMed PMID: 17301141; PubMed Central 
PMCID: PMC1900164.  
80. Street A, Macdonald A, Crowder K, Harris M. The Hepatitis C virus NS5A protein 
activates a phosphoinositide 3-kinase-dependent survival signaling cascade. J Biol 
Chem. 2004 Mar 26;279(13):12232-41. Epub 2004 Jan 5. PubMed PMID: 14709551.  
81. Suzuki R, Sakamoto S, Tsutsumi T, Rikimaru A, Tanaka K, Shimoike T, Moriishi  K, 
Iwasaki T, Mizumoto K, Matsuura Y, Miyamura T, Suzuki T. Molecular determinants for 
subcellular localization of hepatitis C virus core protein. J Virol. 2005 Jan;79(2):1271-81. 
PubMed PMID: 15613354; PubMed Central PMCID: PMC538550.  
82. Taguchi T, Nagano-Fujii M, Akutsu M, Kadoya H, Ohgimoto S, Ishido S, Hotta H. 
Hepatitis C virus NS5A protein interacts with 2',5'-oligoadenylate synthetase and inhibits 
antiviral activity of IFN in an IFN sensitivity-determining region-independent manner. J 
Gen Virol. 2004 Apr;85(Pt 4):959-69. PubMed PMID: 15039538.  
83. Taguwa S, Okamoto T, Abe T, Mori Y, Suzuki T, Moriishi K, Matsuura Y. Human 
butyrate-induced transcript 1 interacts with hepatitis C virus NS5A and regulates viral 
replication. J Virol. 2008 Mar;82(6):2631-41. Epub 2007 Dec 26. PubMed PMID: 
18160438; PubMed Central PMCID: PMC2259004.  
84. Tanaka N, Moriya K, Kiyosawa K, Koike K, Aoyama T. Hepatitis C virus core protein 
induces spontaneous and persistent activation of peroxisome proliferator-activated 
receptor alpha in transgenic mice. implications for HCV-associated 
hepatocarcinogenesis. Int J Cancer. 2008 Jan 1;122(1):124-31. PubMed PMID: 
17764115.  
85. Taylor DR, Shi ST, Romano PR, Barber GN, Lai MM. Inhibition of the interferon-
inducible protein kinase PKR by HCV E2 protein. Science. 1999 Jul 2;285(5424):107-10. 
PubMed PMID: 10390359.  
86. Tsao ML, Chao CH, Yeh CT. Interaction of hepatitis C virus F protein with prefoldin 
2 perturbs tubulin cytoskeleton organization. Biochem Biophys Res Commun. 2006 Sep 
15;348(1):271-7. Epub 2006 Jul 24. PubMed PMID: 16876117.  
87. Tsutsumi T, Suzuki T, Shimoike T, Suzuki R, Moriya K, Shintani Y, Fujie H, 
Matsuura Y, Koike K, Miyamura T. Interaction of hepatitis C virus core protein with 
retinoid X receptor alpha modulates its transcriptional activity. Hepatology. 2002 
Apr;35(4):937-46. PubMed PMID: 11915042.  
88. Tu H, Gao L, Shi ST, Taylor DR, Yang T, Mircheff AK, Wen Y, Gorbalenya AE, 
Hwang SB, Lai MM. Hepatitis C virus RNA polymerase and NS5A complex with a 
SNARE-like protein. Virology. 1999 Oct 10;263(1):30-41. PubMed PMID: 10544080.  
89. Wang J, Tong W, Zhang X, Chen L, Yi Z, Pan T, Hu Y, Xiang L, Yuan Z. Hepatitis C 
virus non-structural protein NS5A interacts with FKBP38 and inhibits  apoptosis in Huh7 
hepatoma cells. FEBS Lett. 2006 Aug 7;580(18):4392-400. Epub 2006 Jul 17. PubMed 
PMID: 16844119.  

Electronic Supplementary Material (ESI) for Molecular BioSystems
This journal is © The Royal Society of Chemistry 2013



	   24	  

90. Wang Y, Kato N, Jazag A, Dharel N, Otsuka M, Taniguchi H, Kawabe T, Omata M.  
Hepatitis C virus core protein is a potent inhibitor of RNA silencing-based antiviral 
response. Gastroenterology. 2006 Mar;130(3):883-92. PubMed PMID: 16530526.  
91. Watashi K, Ishii N, Hijikata M, Inoue D, Murata T, Miyanari Y, Shimotohno K.  
Cyclophilin B is a functional regulator of hepatitis C virus RNA polymerase. Mol  Cell. 
2005 Jul 1;19(1):111-22. PubMed PMID: 15989969.  
92. Watashi K, Hijikata M, Tagawa A, Doi T, Marusawa H, Shimotohno K. Modulation  
of retinoid signaling by a cytoplasmic viral protein via sequestration of Sp110b, a potent 
transcriptional corepressor of retinoic acid receptor, from the nucleus. Mol Cell Biol. 
2003 Nov;23(21):7498-509. PubMed PMID: 14559998; PubMed Central PMCID: 
PMC207568.  
93. Yan XB, Battaglia S, Boucreux D, Chen Z, Brechot C, Pavio N. Mapping of the 
interacting domains of hepatitis C virus core protein and the double-stranded RNA-
activated protein kinase PKR. Virus Res. 2007 Apr;125(1):79-87. Epub 2007 Jan 30. 
PubMed PMID: 17267064.  
94. Yi M, Kaneko S, Yu DY, Murakami S. Hepatitis C virus envelope proteins bind 
lactoferrin. J Virol. 1997 Aug;71(8):5997-6002. PubMed PMID: 9223490; PubMed 
Central PMCID: PMC191856.  
95. Yoshida T, Hanada T, Tokuhisa T, Kosai K, Sata M, Kohara M, Yoshimura A. 
Activation of STAT3 by the hepatitis C virus core protein leads to cellular transformation. 
J Exp Med. 2002 Sep 2;196(5):641-53. PubMed PMID: 12208879; PubMed Central 
PMCID: PMC2194001.  
96. You LR, Chen CM, Yeh TS, Tsai TY, Mai RT, Lin CH, Lee YH. Hepatitis C virus 
core protein interacts with cellular putative RNA helicase. J Virol. 1999 Apr;73(4):2841-
53. PubMed PMID: 10074132; PubMed Central PMCID: PMC104042.  
97. Zhu N, Ware CF, Lai MM. Hepatitis C virus core protein enhances FADD-mediated 
apoptosis and suppresses TRADD signaling of tumor necrosis factor receptor. Virology. 
2001 May 10;283(2):178-87. PubMed PMID: 11336543.  
 
HCV Genotype 1b Interactions.  
1. Ahn J, Chung KS, Kim DU, Won M, Kim L, Kim KS, Nam M, Choi SJ, Kim HC, Yoon 
M, Chae SK, Hoe KL. Systematic identification of hepatocellular proteins interacting with 
NS5A of the hepatitis C virus. J Biochem Mol Biol. 2004 Nov 30;37(6):741-8.  PubMed 
PMID: 15607035.  
2. Aoki H, Hayashi J, Moriyama M, Arakawa Y, Hino O. Hepatitis C virus core protein 
interacts with 14-3-3 protein and activates the kinase Raf-1. J Virol. 2000 
Feb;74(4):1736-41. PubMed PMID: 10644344; PubMed Central PMCID: PMC111649.  
3. Barba G, Harper F, Harada T, Kohara M, Goulinet S, Matsuura Y, Eder G, Schaff  Z, 
Chapman MJ, Miyamura T, Br√©chot C. Hepatitis C virus core protein shows a 
cytoplasmic localization and associates to cellular lipid storage droplets. Proc  Natl Acad 

Electronic Supplementary Material (ESI) for Molecular BioSystems
This journal is © The Royal Society of Chemistry 2013



	   25	  

Sci U S A. 1997 Feb 18;94(4):1200-5. PubMed PMID: 9037030; PubMed Central 
PMCID: PMC19768.  
4. Borowski P, Oehlmann K, Heiland M, Laufs R. Nonstructural protein 3 of hepatitis C 
virus blocks the distribution of the free catalytic subunit of cyclic AMP-dependent protein 
kinase. J Virol. 1997 Apr;71(4):2838-43. PubMed PMID: 9060639; PubMed Central 
PMCID: PMC191408.  
5. Borowski P, Heiland M, Oehlmann K, Becker B, Kornetzky L, Feucht H, Laufs R. 
Non-structural protein 3 of hepatitis C virus inhibits phosphorylation mediated by cAMP-
dependent protein kinase. Eur J Biochem. 1996 May 1;237(3):611-8. PubMed  PMID: 
8647104.  
6. Cao Y, Hamada T, Matsui T, Date T, Iwabuchi K. Hepatitis C virus core protein  
interacts with p53-binding protein, 53BP2/Bbp/ASPP2, and inhibits p53-mediated 
apoptosis. Biochem Biophys Res Commun. 2004 Mar 19;315(4):788-95. PubMed 
PMID: 14985081.  
7. Choi SH, Hwang SB. Modulation of the transforming growth factor-beta signal 
transduction pathway by hepatitis C virus nonstructural 5A protein. J Biol Chem.  2006 
Mar 17;281(11):7468-78. Epub 2006 Jan 6. PubMed PMID: 16407286.  
8. Choi SH, Park KJ, Ahn BY, Jung G, Lai MM, Hwang SB. Hepatitis C virus 
nonstructural 5B protein regulates tumor necrosis factor alpha signaling through  effects 
on cellular IkappaB kinase. Mol Cell Biol. 2006 Apr;26(8):3048-59. PubMed PMID: 
16581780; PubMed Central PMCID: PMC1446972.  
9. Chung YM, Park KJ, Choi SY, Hwang SB, Lee SY. Hepatitis C virus core protein 
potentiates TNF-alpha-induced NF-kappaB activation through TRAF2-IKKbeta-
dependent pathway. Biochem Biophys Res Commun. 2001 Jun 1;284(1):15-9. PubMed 
PMID: 11374864.  
10. de Chassey B, Navratil V, Tafforeau L, Hiet MS, Aublin-Gex A, Agaugu√© S, 
Meiffren G, Pradezynski F, Faria BF, Chantier T, Le Breton M, Pellet J, Davoust N, 
Mangeot PE, Chaboud A, Penin F, Jacob Y, Vidalain PO, Vidal M, Andr√© P, 
Rabourdin-Combe C, Lotteau V. Hepatitis C virus infection protein network. Mol Syst 
Biol. 2008;4:230. doi. 10.1038/msb.2008.66. Epub 2008 Nov 4. PubMed PMID: 
18985028; PubMed Central PMCID: PMC2600670.  
11. Dolganiuc A, Oak S, Kodys K, Golenbock DT, Finberg RW, Kurt-Jones E, Szabo G. 
Hepatitis C core and nonstructural 3 proteins trigger toll-like receptor 2-mediated 
pathways and inflammatory activation. Gastroenterology. 2004 Nov;127(5):1513-24. 
PubMed PMID: 15521019.  
12. Drouet C, Bouillet L, Csopaki F, Colomb MG. Hepatitis C virus NS3 serine protease 
interacts with the serpin C1 inhibitor. FEBS Lett. 1999 Sep 24;458(3):415-8. PubMed 
PMID: 10570951.  
13. Evans MJ, Rice CM, Goff SP. Phosphorylation of hepatitis C virus nonstructural 
protein 5A modulates its protein interactions and viral RNA replication. Proc Natl Acad 
Sci U S A. 2004 Aug 31;101(35):13038-43. Epub 2004 Aug 23. PubMed PMID: 
15326295; PubMed Central PMCID: PMC516513.  

Electronic Supplementary Material (ESI) for Molecular BioSystems
This journal is © The Royal Society of Chemistry 2013



	   26	  

14. Gao L, Aizaki H, He JW, Lai MM. Interactions between viral nonstructural proteins 
and host protein hVAP-33 mediate the formation of hepatitis C virus RNA  replication 
complex on lipid raft. J Virol. 2004 Apr;78(7):3480-8. PubMed PMID: 15016871; 
PubMed Central PMCID: PMC371042.  
15. Goh PY, Tan YJ, Lim SP, Tan YH, Lim SG, Fuller-Pace F, Hong W. Cellular RNA 
helicase p68 relocalization and interaction with the hepatitis C virus (HCV) NS5B protein 
and the potential role of p68 in HCV RNA replication. J Virol. 2004 May;78(10):5288-98. 
PubMed PMID: 15113910; PubMed Central PMCID: PMC400326.  
16. Griffin SD, Beales LP, Clarke DS, Worsfold O, Evans SD, Jaeger J, Harris MP,  
Rowlands DJ. The p7 protein of hepatitis C virus forms an ion channel that is blocked by 
the antiviral drug, Amantadine. FEBS Lett. 2003 Jan 30;535(1-3):34-8.  PubMed PMID: 
12560074.  
17. G√≥mez-Gonzalo M, Benedicto I, Carretero M, Lara-Pezzi E, Maldonado-
Rodr√≠guez  A, Moreno-Otero R, Lai MM, L√≥pez-Cabrera M. Hepatitis C virus core 
protein regulates p300/CBP co-activation function. Possible role in the regulation of NF-
AT1 transcriptional activity. Virology. 2004 Oct 10;328(1):120-30. PubMed PMID: 
15380363.  
18. Hamamoto I, Nishimura Y, Okamoto T, Aizaki H, Liu M, Mori Y, Abe T, Suzuki T, Lai 
MM, Miyamura T, Moriishi K, Matsuura Y. Human VAP-B is involved in hepatitis  C virus 
replication through interaction with NS5A and NS5B. J Virol. 2005 Nov;79(21):13473-82. 
PubMed PMID: 16227268; PubMed Central PMCID: PMC1262604.  
19. He Y, Nakao H, Tan SL, Polyak SJ, Neddermann P, Vijaysri S, Jacobs BL, Katze  
MG. Subversion of cell signaling pathways by hepatitis C virus nonstructural 5A protein 
via interaction with Grb2 and P85 phosphatidylinositol 3-kinase. J Virol. 2002 
Sep;76(18):9207-17. PubMed PMID: 12186904; PubMed Central PMCID: PMC136456.  
20. Hosui A, Ohkawa K, Ishida H, Sato A, Nakanishi F, Ueda K, Takehara T, Kasahara 
A, Sasaki Y, Hori M, Hayashi N. Hepatitis C virus core protein differently regulates the 
JAK-STAT signaling pathway under interleukin-6 and interferon-gamma stimuli. J Biol 
Chem. 2003 Aug 1;278(31):28562-71. Epub 2003 May 22. PubMed PMID: 12764155.  
21. Huang YP, Cheng J, Zhang SL, Wang L, Guo J, Liu Y, Yang Y, Zhang LY, Bai GQ,  
Gao XS, Ji D, Lin SM, Shao Q. Screening of hepatocyte proteins binding to F protein of 
hepatitis C virus by yeast two-hybrid system. World J Gastroenterol. 2005 Sep 
28;11(36):5659-65. PubMed PMID: 16237761.  
22. Huang YP, Zhang SL, Cheng J, Wang L, Guo J, Liu Y, Yang Y, Zhang LY, Bai GQ,  
Gao XS, Ji D, Lin SM, Zhong YW, Shao Q. Screening of genes of proteins interacting 
with p7 protein of hepatitis C virus from human liver cDNA library by yeast two-hybrid 
system. World J Gastroenterol. 2005 Aug 14;11(30):4709-14. PubMed PMID: 16094715.  
23. Kang SM, Shin MJ, Kim JH, Oh JW. Proteomic profiling of cellular proteins 
interacting with the hepatitis C virus core protein. Proteomics. 2005 May;5(8):2227-37. 
PubMed PMID: 15846844.  
24. Khu YL, Tan YJ, Lim SG, Hong W, Goh PY. Hepatitis C virus non-structural protein 
NS3 interacts with LMP7, a component of the immunoproteasome, and affects its 

Electronic Supplementary Material (ESI) for Molecular BioSystems
This journal is © The Royal Society of Chemistry 2013



	   27	  

proteasome activity. Biochem J. 2004 Dec 1;384(Pt 2):401-9. PubMed PMID: 
15303969; PubMed Central PMCID: PMC1134124.  
25. Kim J, Lee D, Choe J. Hepatitis C virus NS5A protein is phosphorylated by casein 
kinase II. Biochem Biophys Res Commun. 1999 Apr 21;257(3):777-81. PubMed PMID: 
10208859.  
26. Lan KH, Sheu ML, Hwang SJ, Yen SH, Chen SY, Wu JC, Wang YJ, Kato N, Omata 
M,  Chang FY, Lee SD. HCV NS5A interacts with p53 and inhibits p53-mediated 
apoptosis. Oncogene. 2002 Jul 18;21(31):4801-11. PubMed PMID: 12101418.  
27. Lan S, Wang H, Jiang H, Mao H, Liu X, Zhang X, Hu Y, Xiang L, Yuan Z. Direct  
interaction between alpha-actinin and hepatitis C virus NS5B. FEBS Lett. 2003 Nov 
20;554(3):289-94. PubMed PMID: 14623081.  
28. Ludwig IS, Lekkerkerker AN, Depla E, Bosman F, Musters RJ, Depraetere S, van  
Kooyk Y, Geijtenbeek TB. Hepatitis C virus targets DC-SIGN and L-SIGN to escape 
lysosomal degradation. J Virol. 2004 Aug;78(15):8322-32. PubMed PMID: 15254204; 
PubMed Central PMCID: PMC446128.  
29. Nozaki A, Ikeda M, Naganuma A, Nakamura T, Inudoh M, Tanaka K, Kato N. 
Identification of a lactoferrin-derived peptide possessing binding activity to hepatitis C 
virus E2 envelope protein. J Biol Chem. 2003 Mar 21;278(12):10162-73. Epub 2003 Jan 
9. PubMed PMID: 12522210.  
30. Otsuka M, Kato N, Lan K, Yoshida H, Kato J, Goto T, Shiratori Y, Omata M. 
Hepatitis C virus core protein enhances p53 function through augmentation of DNA  
binding affinity and transcriptional ability. J Biol Chem. 2000 Nov 3;275(44):34122-30. 
PubMed PMID: 10924497.  
31. Park KJ, Choi SH, Koh MS, Kim DJ, Yie SW, Lee SY, Hwang SB. Hepatitis C virus 
core protein potentiates c-Jun N-terminal kinase activation through a signaling complex 
involving TRADD and TRAF2. Virus Res. 2001 Apr;74(1-2):89-98. PubMed PMID: 
11226577.  
32. Qadri I, Iwahashi M, Simon F. Hepatitis C virus NS5A protein binds TBP and p53, 
inhibiting their DNA binding and p53 interactions with TBP and ERCC3. Biochim 
Biophys Acta. 2002 Oct 21;1592(2):193-204. PubMed PMID: 12379483.  
33. Ray RB, Steele R, Meyer K, Ray R. Transcriptional repression of p53 promoter  by 
hepatitis C virus core protein. J Biol Chem. 1997 Apr 25;272(17):10983-6. PubMed 
PMID: 9110985.  
34. Rho J, Choi S, Seong YR, Choi J, Im DS. The arginine-1493 residue in 
QRRGRTGR1493G motif IV of the hepatitis C virus NS3 helicase domain is essential  
for NS3 protein methylation by the protein arginine methyltransferase 1. J Virol. 2001 
Sep;75(17):8031-44. PubMed PMID: 11483748; PubMed Central PMCID: PMC115047.  
35. Tan SL, Nakao H, He Y, Vijaysri S, Neddermann P, Jacobs BL, Mayer BJ, Katze 
MG. NS5A, a nonstructural protein of hepatitis C virus, binds growth factor receptor-
bound protein 2 adaptor protein in a Src homology 3 domain/ligand-dependent manner 
and perturbs mitogenic signaling. Proc Natl Acad Sci U S A. 1999 May 11;96(10):5533-
8. PubMed PMID: 10318918; PubMed Central PMCID: PMC21894.  

Electronic Supplementary Material (ESI) for Molecular BioSystems
This journal is © The Royal Society of Chemistry 2013



	   28	  

36. Tong WY, Nagano-Fujii M, Hidajat R, Deng L, Takigawa Y, Hotta H. Physical 
interaction between hepatitis C virus NS4B protein and CREB-RP/ATF6beta. Biochem  
Biophys Res Commun. 2002 Dec 6;299(3):366-72. PubMed PMID: 12445808.  
37. Wang C, Gale M Jr, Keller BC, Huang H, Brown MS, Goldstein JL, Ye J. 
Identification of FBL2 as a geranylgeranylated cellular protein required for hepatitis C 
virus RNA replication. Mol Cell. 2005 May 13;18(4):425-34. PubMed PMID: 15893726.  
38. Wang F, Yoshida I, Takamatsu M, Ishido S, Fujita T, Oka K, Hotta H. Complex 
formation between hepatitis C virus core protein and p21Waf1/Cip1/Sdi1. Biochem 
Biophys Res Commun. 2000 Jul 5;273(2):479-84. PubMed PMID: 10873631.  
39. Zech B, Kurtenbach A, Krieger N, Strand D, Blencke S, Morbitzer M, Salassidis K, 
Cotten M, Wissing J, Obert S, Bartenschlager R, Herget T, Daub H. Identification and 
characterization of amphiphysin II as a novel cellular interaction partner of the hepatitis 
C virus NS5A protein. J Gen Virol. 2003 Mar;84(Pt 3):555-60. PubMed PMID: 12604805   
 
HCV Genotype 2a interactions.   
1. Randall G, Panis M, Cooper JD, Tellinghuisen TL, Sukhodolets KE, Pfeffer S, 
Landthaler M, Landgraf P, Kan S, Lindenbach BD, Chien M, Weir DB, Russo JJ, Ju J, 
Brownstein MJ, Sheridan R, Sander C, Zavolan M, Tuschl T, Rice CM. Cellular 
cofactors affecting hepatitis C virus infection and replication. Proc Natl Acad Sci U S A. 
2007 Jul 31;104(31):12884-9. Epub 2007 Jul 6. PubMed PMID: 17616579; PubMed 
Central PMCID: PMC1937561.  
  

Electronic Supplementary Material (ESI) for Molecular BioSystems
This journal is © The Royal Society of Chemistry 2013


