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INTRODUCTION 

Hepatitis C virus (HCV)泊fectionoften causes chronic Jiver diseases， including 

chronic hepatitis， liver cirrhosis and hepatocellular carcinoma (HCC). HCV infects 

approx. 130-170 milIion people worldwide (2.2%-3% of the globa1 population)， 

based on出.eWorld Hea1th Organization estimation. Therefore， HCV infection poses 

extensive globa1 pubJic hea1th problems. Many viruses modulate various cellular 

pathways by manipulating ubiquitylation叩 ddeubiquitylation machineries to enhance 

viral repJication and pathogenesis. It was reported白血tsevera1 other HCV proteins， 

inc1uding NS5A protein， are also degraded白rough血eubiquitin-proteasome 

pathway. However， the physiologica1ゃlesof ubiqui刷瓜ionand deubiq凶刷ationin 

HCV infection are largely unknown. To elucidate the roles of ubiquitylation and 

deubiquitylation in HCV infection， we soughtωiden甘かadeubiquitinase(DUB)也at

can interact with HCV proteins. 

In the present study， we aimed to identi今 DUBproteins involved in HCV 

repJication or viral pathogenesis. Here we identified OTUD7Bぉ anNS5A-binding 

protein. OTUD7B is a 93-kDa member of the ovarian tumor protein (OTU) domain-

A20・likeDUB farnily and wide1y expressed in many tissues， iric1uding the liver. We 

investigated a role ofOTUD7B in HCV repJication and vira1 pathogenesis. 

METHODS 

1. The human hepatoma cell lines Huh-7， H曲・7.5cells and Huh-7 cells stably 

harboring組 HCV・lbRNA repJicon (FGR) derived合omConl were used. The 

expression plasmids for NS5A， a series of deletion NS5A mut組 ts鎚 HA-taggedand 

myc-tagged proteins， the substitution mutan包 ofHA-NS5A(1・126)were used. To 

express the OTUD7B protein as a FLAG-tagged fusion protein in marnmaJian cells， 
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INTRODUCTION 

Hepatitis C virus (HCV) infection often causes chronic liver diseases, including 

chronic hepatitis, liver cirrhosis and hepatocellular carcinoma (HCC). HCV infects 

approx. 130-170 million people worldwide (2.2%-3% of the global population), 

based on the World Health Organization estimation. Therefore, HCV infection poses 

extensive global public health problems. Many viruses modulate various cellular 

pathways by manipUlating ubiquitylation and deubiquitylation machineries to enhance 

viral replication and pathogenesis. It was reported that several other HCV proteins, 

including NS5A protein, are also degraded through the ubiquitin-proteasome 

pathway. However, the physiological roles of ubiquitylation and deubiquitylation in . 
I . 

HCV infection are largely unknown .. To elucidate the roles of ubiquitylation and 

deubiquitylation in HCV infection, we sought to identify a deubiquitinase(DUB) that 

can interact with HCV proteins. 

In the present study, we aimed to identify DUB proteins involved in HCV 

replication or viral pathogenesis. Here we identified OTUD7B as an NS5A-binding 

protein. OTUD7B is a 93-kDa member of the ovarian tumor protein (OTU) domain-

A20-like DUB family and widely expressed in many tissues, including the liver. We 

investigated a role ofOTUD7B in HCV replication and viral pathogenesis. 

METHODS 

1. The human hepatoma cell lines Huh-7, Huh-7.5 cells and Huh-7 cells stably 

harboring an HCV-lb RNA replicon (FGR) derived from Coni were used. The 

expression plasmids for NS5A, a series of deletion NS5A mutants as HA-tagged and 

myc-tagged proteins, the substitution mutants of HA-NS5A(1-126) were used. To 

express the OTUD7B protein as a FLAG-tagged fusion protein in mammalian cells, 



pCAG-FLAG-OTUD7B was constructed. 

2. Cells were Iysed in RIPA buffer and sonicated at 40C. Lysates were subjected to 

imrnunoprecipitation with either anti-FLAG-M2 agarose or appropriate antibodies 

followed by incubation with Protein A Sepharose 4 Fast Flow. Samples were 

separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis and 

transferred to polyvinylidene difluoride membrane. The membranes were incubated 

with appropriate primary and secondary antibodies and then visualized using ECL 

Westem blotting detection reagents. 

3. Cells were transfected wi也 pCAG-FLAG-OTUD7B担 dthen infected wi血 HCV

J6/JFH1. At 24 h postinfection， cel1s. were washed with phosphate-buffered saline 

(PBS)， fixed with 4% paraforrnaldehyde and perrneabilized with 0.1% Triton X-lOO. 

The coverslips were incubated wi血血eappropriate primary and secondary antibody， 

then counterstained and exarnined under a BZ-9000 microscope and組 LSM700 

confocal microscope. The coverslips were also incubated with appropriate primary 

antibody and PLA probes， and then processed for probe ligation， signal amplification， 

and mounting fol1owing the manufacturer's instructions for in si知PLAAssay.

4. Huh-7.5 cel1s were transfected with 10 or 20 pmol of either OTUD7B・specific

small interfering RNA using Lipofectamine RNAiMAX. 

5. The total RNA was ex住acted企omthe cells and the cDNA was synthesized企om

one 問 oftota1 RNA and subjected to a quantitative real-time PCR analysis. As an 

internal con仕01，the human GAPDH gene expression levels were measured. 

RESULTS 

HCV NS5A proteIn interacts witb OTUD市.

To deterrnine whether HCV NS5A protein physically interacts with OTUD7B protein 

in cultured cells， we cotransfected Huh-7 cells with the myc-His6-tagged NS5A 

plasmid together wi出 theFLAG-OTUD7B plasmid. The imrnunoprecipitation 

analysis revealed that NS5A protein was co・imrnunoprecipitatedwith FLAG-

OTUD7B protein. In ∞ntrast， HCV core protein was not co・imrnunoprecipitatedwi由

FLAG-OTUD7B protein. These results suggest出atNS5A protein specifically 

interacts with OTUD7B. 

To deterrnine whether HCV NS5A protein expressed from replicating HCV c飢

interact with endogenous OTUD7B， we used HCV Ib full・lengthreplicon (RCYMl). 

Immunoprecipitation analysis revealed白紙 NS5Abut not ∞re protein was co-

immunoprecipitated with endogenous OTUD7B using anti-OTUD7B pAb. These 

results suggest也atHCV NS5A protein specifically interacts with endogenous 

OTUD7B in HCV-replicating cells. 

HCV NS5A protein colocalizes with OTUD7B protein 

To deterrnine whether NS5A protein colocalizes wi出OTUD7Bin cel1s， Huh-7.5 cells 

were cotransfected wi也FLAG-OTUD7Bexpression plぉmidand血eninfected wi也

HCV J6/JFH1. Immunofluorescence 由 iningdemonstrated that OTUD7B localizes 

mainly in血ecytoplasm and also in the nucleus to some extent without HCV 

infection. In the HCV-infected cells， NS5A and OTUD7B were colocalized血也e

cytoplasm. Interestingly， we observed that the HCV-uninfected cel1s exhibited 

approx. 40% nucle町十cytoplasmiclocalization. In con回 st，HCV・infectedcel1s 

showed more血an90% nuclear+cytoplasmic localization. These results suggest that 

pCAG-FLAG-OTUD7B was constructed. 

2. Cells were lysed in RIPA buffer and sonicated at 4°C. Lysates were subjected to 

imrnunoprecipitation with either anti-FLAG-M2 agarose or appropriate antibodies 

followed by incubation with Protein A Sepharose 4 Fast Flow. Samples were 

separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis and 

transferred to polyvinylidene difluoride membrane. The membranes were incubated 

with appropriate primary and secondary antibodies and then visualized using ECL 

Western blotting detection reagents. 

3. Cells were transfected with pCAG-FLAG-OTUD7B and then infected with HCV 

J6/JFHl. At 24 h postinfection, cells. were washed with phosphate-buffered saline 

(PBS), fixed with 4% paraformaldehyde and permeabilized with 0.1% Triton X-IOO. 

The coverslips were incubated with the appropriate primary and secondary antibody, 

then counterstained and examined under a BZ-9000 microscope and an LSM 700 

confocal microscope. The coverslips were also incubated with appropriate primary 

antibody and PLA probes, and then processed for probe ligation, signal amplification, 

and mounting following the manufacturer's instructions for in situ PLA Assay. 

4. Huh-7.S cells were transfected with 10 or 20 pmol of either OTuD7B-specific 

small interfering RNA using Lipofectamine RNAiMAX. 

S. The total RNA was extracted from the cells and the cDNA was synthesized from 

one Jlg of total RNA and subjected to a quantitative real-time PCR analysis. As an 

internal control, the human GAPDH gene expression levels were measured. 

RESULTS 

HCV NS5A protf{~ interacts with OTUD7B. 

To determine whether HCV NSSA protein physically interacts with OTUD7B protein 

in cultured cells, we cotransfected Huh-7 cells with the myc-His6-tagged NSSA 

plasmid together with the FLAG-OTUD7B plasmid. The imrnunoprecipitation 

analysis revealed that NSSA protein was co-imrnunoprecipitated with FLAG­

OTUD7B protein. In contrast, HCV core protein was not co-imrnunoprecipitated with 

FLAG-OTUD7B protein. These results suggest that NSSA protein specifically 

interacts with OTUD7B. 

To determine whether HCV NSSA protein expressed from replicating HCV can 

interact with endogenous OTUD7B, we used HCV Ib full-length replicon (RCYMI). 

Immunoprecipitation analysis revealed that NSSA but not core protein was co­

immunoprecipitated with endogenous OTUD7B using anti-OTUD7B pAb. These 

results suggest that HCV NSSA protein specifically interacts with endogenous 

OTUD7B in HCV-replicating cells. 

HCV NS5A protein colocalizes with OTUD7B protein 

To determine whether NSSA protein colocalizes with OTUD7B in cells, Huh-7.S cells 

were cotransfected with FLAG-OTUD7B expression plasmid and then infected with 

HCV J6/JFHl. Immunofluorescence staining demonstrated that OTUD7B localizes 

mainly in the cytoplasm and also in the nucleus to some extent without HCV 

infection. In the HCV-infected cells, NSSA and OTUD7B were colocalized in the 

cytoplasm. Interestingly, we observed that the HCV-uninfected cells exhibited 

approx. 40% nuclear+cytoplasmic localization. In contrast, HCV-infected cells 

showed more than 90% nuclear+cytoplasmic localization. These results suggest that 



HCV infection enhances the nuclear localization ofOTUD7B. 

To further investigate the presence and localization of NS5A-OTUD7B 

interactions in the context of the HCV infection， we performed an in situ PLA.ηle 

result of PLA demonsなateda bright red signal in the cytoplasm where NS5A protein 

and OTUD7B protein showed a physical interaction. Taken toge血er，せleseresults 

indicate也atHCV NS5A protein colocalizes wi出 OTUD7Bin HCV-infected cells. 

The NS5A domain 1 interacts with the OTUD7B protein 

To determine the OTUD7B・bindingdomain on NS5A protein， we performed co-

immunoprecipitation analyses using a series ofNS5A deletion mutants. When血eN・

terminal deletion mutants of NS5A were used， all of the HA・NS5Aproteins except 

HA-NS5A(357-447)， HA羽田A(250--447)，or HA-NS5A(214-447) were co・

immunoprecipitated with OTUD7B.百leseresults suggest出at血edomain 1 ofNS5A 

consisting of aa 1 to 213 is impo託antforせleOTUD7B binding. 1n addition， FLAG-

OTUD7B was co・immunoprecipitatedwi血 NS5A(l-126)-myc-His6and NS5A(I-

147)・myc-His6，but not with HA-NS5A(l-83)， HA・NS5A(I-100)，or HA-NS5A(l-

120).百lesedata suggest白紙theregion from aa 121ω126 ofNS5A is essential for 

the specific inter百，ctionwith OTUD7B. 

To identify the specific aa residues of NS5A民q凶redfor interaction with 

OTUD7B， we used alanine substitution mutants of HA-NS5A(1・126).ηle

immunoprecipitation analysis revealed that bo也 mutantHA-NS5A V121A(1・126)

andHA・NS5AV124A(1・126)おiledto interact with FLAG-OTUD7B. These results 

suggest that NS5A Val121 and Val124 are crucial for the interaction between NS5A and 

OTUD7B. 

Knockdown of endogenous OTUD7B by RNAi increases HCV replication. 

To investigate the role of OTUD7B in HCV replication， we used an RNA interference 

(RNAi) technique.百leexpression of endogenous OTUD7B was efficiently knocked 

down by siRNA. The intracellular HCV RNA levels in也eHCV J6/JFHl・infected

cells were slightly increased after siRNA紅'ansfection.百leex仕ac氾llularHCV 

infectious titer was increased 2・foldcompared to the con柱。1cells. These data suggest 

血atOTUD7B has some negative effects on HCV replication and也，eproduction of 

HCV infectious p釘ticles.

HCV NS5A enhances OTUD7B deubiquitinase activity. 

To determine whether HCV NS5A affects OTUD7B DUB activity， we cotransfected 

Huh-7 celIs with myc-His6・taggedNS5A plasmid together with the FLAG-OTUD7B 

plasmid and HA-Ubiquitin plasmid. Transfection ofthe HCV NS5A plasrnid resulted 

in a remarkable decrease in ubiquitylation signals. These data suggest that HCV 

NS5A enhances the OTUD7B DUB activity. 

DISCUSSION 

Here we identified OTUD7B as a novel NS5A-binding protein. Our 

immunoprecipi~tion analys巴srevealed白紙HCVNS5A pmtein specificalIy interacts 

wi也 OTUD7Bina仕組sientexpression system阻 din HCV RNA replicon celIs.百le

immunof1uorescence staining analysis and the in situ PLAぉsayr巴vealed也atHCV

NS5A protein colocalizes with OTUD7B in the cytoplasm. We also obtained 

evidence suggesting也atthe nuc1ear localization of OTUD7B is enhanced in HCV・

infected cells. Together these findings suggest that the NS5A-OTUD7B interaction 

Hev infection enhances the nuclear localization ofOTUD7B. 

To further investigate the presence and localization of NSSA-OTUD7B 

interactions in the context of the Hev infection, we performed an in situ PLA. The 

result ofPLA demonstrated a bright red signal in the cytoplasm where NSSA protein 

and OTUD7B protein showed a physical interaction. Taken together, these results 

indicate that HeV NSSA protein colocalizes with OTUD7B in Hev -infected cells. 

The NS5A domain I interacts with the OTUD7B protein 

To determine the OTUD7B-binding domain on NSSA protein, we performed co­

immunoprecipitation analyses using a series ofNSSA deletion mutants. When the N­

terminal deletion mutants of NSSA were used, all of the HA-NSSA proteins except 

HA-NSSA(3S7-447), HA-NSSA(2S0--447), or HA-NSSA(214-447) were co­

immunoprecipitated with OTUD7B. These results suggest that the domain I ofNSSA 

consisting of aa 1 to 213 is important for the OTUD7B binding. In addition, FLAG­

OTUD7B was co-immunoprecipitated with NSSA(l-126)-my~-His6 and NSSA(I-

147)-myc-His6, but not with HA-NSSA(l-83), HA-NSSA(I-100), or HA-NSSA(l-

120). These data suggest that the region from aa 121 to 126 ofNSSA is essential for 

the specific interaction with OTUD7B. 

To identify the specific aa residues of NSSA required for interaction with 

OTUD7B, we used alanine substitution mutants of HA-NSSA(I-126). The 

immunoprecipitation analysis revealed that both mutant HA-NSSA VI21A(I-126) 

and HA-NSSA VI24A(I-126) failed to interact with FLAG-OTUD7B. These results 

suggest that NSSA Val 121 and Val124 are crucial for the interaction between NSSA and 

OTUD7B. 

Knockdown of endogenous OTUD7B by RNAi increases HCV replication. 

To investigate the role of OTUD7B in HeV replication, we used an RNA interference 

(RNAi) technique. The expression of endogenous OTUD7B was efficiently knocked 

down by siRNA. The intracellular HeV RNA levels in the HeV J6/JFHI-infected 

cells were slightly increased after siRNA transfection. The extracellular HCV 

infectious titer was increased 2-fold compared to the control cells. These data suggest 

that OTUD7B has some negative effects on Hev replication and the production of 

Hev infectious particles. 

HCV NS5A enhances OTUD7B deubiquitinase activity. 

To determine whether HeV NSSA affects OTUD7B DUB activity, we cotransfected 

Huh-7 cells with myc-His6-tagged NSSA plasmid together with the FLAG-OTUD7B 

plasmid and HA-Ubiquitin plasmid. Transfection of the Hev NSSA plasmid resulted 

in a remarkable decrease in ubiquitylation signals. These data suggest that HCV 

NSSA enhances the OTUD7B DUB activity. 

DISCUSSION 

Here we identified OTUD7B as a novel NSSA-binding protein. Our 

immunoprecipi~tion analyses revealed that HeV NSSA pmtein specifically interacts 

with OTUD7B in a transient expression system and in Hev RNA replicon cells. The 

immunofluorescence staining analysis and the in situ PLA assay revealed that HCV 

NSSA protein colocalizes with OTUD7B in the cytoplasm. We also obtained 

evidence suggesting that the nuclear localization of OTUD7B is enhanced in HeV­

infected cells. Together these findings suggest that the NSSA-OTUD7B interaction 



affects the subceIlular localization of OTUD7B and/or the stabiIity of OTUD7B泊the

nuc1eus. 

Using a series of NS5A deletion mutants， we demonstrated that domain 1 of 

NS5A is important for the interaction with OTUD7B. Domain 1 of NS5A is highly 

conserved among aII the HCV genotypes， and has a conserved te凶 .cysteinez加.c-

binding motif that is essential for HCV RNA repIication， with an N-terminal 

amphipathicα-heIix that is responsible for membrane association.百leNS5A domain 

1 has been shown to interact wi也 manyhost proteins. Our mapping study of也巴

OTUD7B・bindingdomain on NS5A protein also demonstrated that也eregion ftom aa 

121 to 126 ofNS5A is essential for也.einteraction wi也OTUD7B.NS5A Val121 and 

Val124 in particular are crucial for the interaction with OTUD7B. Okamoto et al. 

reported that NS5A Vall21 is important for the interaction with FK506・bindingprotein 

8 (FKBP8) and is crucial for HCV repIication. Interestingly， the NS5A V124A 

mutation disrupted the interaction with OTUD7B， but not with f卦~F-lαor FKBP8. 

These findings may give us a c1ue to understand the roles of NS5A in physical and 

functional interactions with these three different host factors， i.e.， FKBP8， HNF・1α，

andOTUD7B. 

We used an RNAi technique to investigate the role of OTUD7B in HCV 

repIication and the production of infectious HCV partic1es. The efficient knockdown 

of endogenous OTUD7B resulted in sIight increases of HCV repIication and the 

production of infectious HCV partic1es. Further studies are required ωvaIidate the 

role of OTUD7B in HCV repIication and也.eproduction of infectious HCV p紅tic1es.

We also obtained evidence suggesting也atHCV NS5A enhances OTUD7B DUB 

activity. There訂eat least two possibiIities to explain this result. First， the interaction 

between OTUD7B and NS5A protein may enhance the DUB activiザ ofOTUD7B.

Second， NS5A may affect也巴subceIluIarlocalization of OTUD7B， thereby reducing 

the ubiquitylation. 

CONCLUSION 

HCV NS5A protein interacts with OTUD7B， thereby modulating its DUB activity. 

The identification of OTUD7B as the NS5A・bindingprotein may ∞ntribute to a 

better understanding of the ubiquitylation and deubiquitylation in the HCV Iife cyc1e 

as weIl as pathogenesis. To our knowledge，出isis the first report of a specific 

¥intぽactionbetween HCV protein and DUB. 

affects the subcellular localization of OTUD7B and/or the stability of OTUD7B in the 

nucleus. 

Using a series of NS5A deletion mutants, we demonstrated that domain I of 

NS5A is important for the interaction with OTUD7B. Domain I of NS5A is highly 

conserved among all the HCV genotypes, and has a conserved tetracysteine zinc­

binding motif that is essential for HCV RNA replication, with an N-terminal 

amphipathic a-helix that is responsible for membrane association. The NS5A domain 

I has been shown to interact with many host proteins. Our mapping study of the 

OTUD7B-binding domain on NS5A protein also demonstrated that the region from aa 

121 to 126 ofNS5A is essential for the interaction with OTUD7B. NS5A Val 121 and 

Val124 in particular are crucial for the interaction with OTUD7B. Okamoto et al. 

reported that NS5A Vall21 is important for the interaction with FK506-binding protein 

8 (FKBP8) and is crucial for HCV replication. Interestingly, the NS5A Vl24A 

mutation disrupted the interaction with OTUD7B, but not with HNF-Ia or FKBP8. 

These findings may give us a clue to understand the roles of NS5A in physical and 

functional interactions with these three different host factors, i.e., FKBP8, HNF-Ia, 

andOTUD7B. 

We used an RNAi technique to investigate the role of OTUD7B in HCV 

replication and the production of infectious HCV particles. The efficient knockdown 

of endogenous OTUD7B resulted in slight increases of HCV replication and the 

production of infectious HCV particles. Further studies are required to validate the 

role of OTUD7B in HCV replication and the production of infectious HCV particles. 

We also obtained evidence suggesting that HCV NS5A enhances OTUD7B DUB 

activity. There are at least two possibilities to explain this result. First, the interaction 

between OTUD7B and NS5A protein may enhance the DUB activity of OTUD7B. 

Second, NS5A may affect the subceIlular localization of OTUD7B, thereby reducing 

the ubiquitylation. 

CONCLUSION 

HCV NS5A protein interacts with OTUD7B, thereby modulating its DUB activity. 

The identification of OTUD7B as the NS5A-binding protein may contribute to a 

better understanding of the ubiquitylation and deubiquitylation -in the HCV life cycle 

as well as pathogenesis. To our knowledge, this is the first report of a specific 

\interaction between HCV protein and DUB. 
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World Health Organization estimation.四位.efore，HCV infection poses exter凶iveglobal 

public health problems. Many viruses modulate various cellular pathways by manipula:出g

ubiquitylation and deubiquitylation machineriesωenhance viral replication and 

pathogenesis. It was repo由:dthat several other HCV proteins， including NS5A protein，紅e

also degr司ded也rough也.eubiquitin-proteasome pathway. However， the physiological roles 

ofubiquitylation and deubiquitylation泊HCVir由ctionare largely unknown. To elucidate 

the roles of ubiquitylation and deubiq凶tyl組onin HCV infection， the偲 ndidatesought to 
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identified ovarian tumor protein 7B (OTUD7B) as an NS5A-binding protein. OTUD7B is a 
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tissues， including the liver. To determine whether HCV NS5A protein physi，ωlly interac包
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inlmunoprecipitation analysis revealed that NS5A pro飴:inwぉ co-immunoprecipitatedwi也

FLAG-OTUD7B protein. In∞n国威， HCV core protein was not∞-immunoprωipita総d

with FLAG-OTUD7B protein.τhese results suggest也atNS5A protein specifically 

in匂ractswi也 OTUD7B.To deterroine whether HCV NS5A protein expressed企om

repliω出gHCV c釦 inter百ctwith endogenous OTUD7B，世lecandid且.teused HCV lb 

お1l-1eng血 replicon(RCYMl). Immunoprecipitation analysis revealed也atNS5A but not 

core protein was co・出munoprecipita路dwith endogenous 0'抗JD7Bus泊ganti・OTUD7B

pAb. These results suggest也atHCV NS5A protein specifically interacts with endogenous 

OTUD7B in HCV-replicating cells. To deterroine whether NS5A prote泊∞，10ωlizeswith. 

OTUD7B in cells， H油・7.5cells were co紅ansfectedwith FLAG-OTUD7B expression 

plasmid and then infected with HCV J6/JFHl. Immunofluorescence staining demo回国t吋

that OTUD7B localizes mainly in the cytoplasm and also泊世lenucleus to some extent 

without HCV infection. In the HCV-infected cells， NS5A血 dOTUD7B were colocalized 

in the cytoplasm. Interestinglぁthecandidate observed白紙偽.eHCV-uninfected cells 

exhibited approx. 40% nuc 
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Hepatitis C virus (HCV) infection often causes chropic liver diseases, including chronic 

hepatitis, liver cirrhosis and hepatocellular carcinoma (HCC). HCV infects approx. 

130-170 million people worldwide (2.20/0-3% of the global population), based on the 

World Health Organization estimation. Therefore, HCV infection poses extensive global 

public health problems. Many viruses modulate various cellular pathways by manipulating 

ubiquitylation and deubiquitylation machineries to enhance viral replication and 

pathogenesis. It was reported that several other HCV proteins, including NSSA protein, are .. 

also degraded through the ubiquitin-proteasome pathway. However, the physiological roles 

ofubiquitylation and deubiquitylation in HCV infection are largely unknown. To elucidate 

the roles of ubiquitylation and deubiquitylation in HCV infection, the candidate sought to 

identify a deubiquitinase (DUB) that can interact with HCV proteins. Here the candidate 

identified ovarian tumor protein 7B (OTUD7B) as an NSSA-binding protein. OTUD7B is a 

93-kDa member of the OTU domain-A2O-like DUB family and widely expressed in many 

tissues, including the liver. To determine whether HCV NSSA protein physically interacts 

with OTUD7B protein in cultured cells, the candidate cotransfected Huh-7 cells with the 

myc-His6-tagged NSSA plasmid together with the FLAG-OTUD7B plasmid. The 

immunoprecipitation analysis revealed that NSSA protein was co-immunoprecipitated with 

FLAG-OTUD7B protein. In contrast, HCV core protein was not co-immunoprecipitated 

with FLAG-OTUD7B protein. These results suggest that NSSA protein specifically 

interacts with OTUD7B. To determine whether HCV NSSA protein expressed from 

replicating HCV can interact with endogenous OTUD7B, the candidate used HCV Ib 

full-length replicon (RCYMl). Immunoprecipitation analysis revealed that NSSA but not 

core protein was co-immunoprecipitated with endogenous OTUD7B using anti-OTUD7B 

pAb. These results suggest that HCV NSSA protein specifically interacts with endogenous 

OTUD7B in HCV-replicating cells. To determine whether NSSA protein colocalizes with • 

OTUD7B in cells, Huh-7.5 cells were cotransfect~d with FLAG-OTUD7B expression 

plasmid and then infected with HCV J6/JFHl. Immunofluorescence staining demonstrated 

that OTUD7B localizes mainly in the cytoplasm and also in the nucleus to some extent 

without HCV infection. In the HCV-infected cells, NSSA and OTUD7B were colocalized 

in the cytoplasm. Interestingly, the candidate observed that the HCV-uninfected cells 

exhibited approx. 40% nuclear+cytoplasmic localization. In contrast, HCV-infected cells 

showed more than 90% nuclear+cytoplasmic localization. These results suggest that HCV 

infection enhances the nuclear localization ofOTUD7B. To further investigate the presence 

and localization ofNSSA-OTUD7B interactions in the context of the HCV infection, the 



ぬndidateperfonned an ID. situ pro話mityligation assay (PLA).百leresult of PLA 

demons甘ateda bright red signal泊 thecytoplぉmwhere NS5A protein and OTUD7B 

protein showed a physical interaction. Taken together， these results indi，ω.te白atHCV 

NS5A protein∞10ωIizes with 0抗JD7Bin HCV-infectedω11s. To detennine由e
OTUD7B-binding domain on NS5A protein， the candidate perfonned 

co・immunoprecipitationanalyses using a series of NS5A deletion mu飽n包.When正he

N・飴ロ凶naldeletion mutants of NS5A were used， all of the HA・NS5Aproteins except 

HA-NS5A(357-447)， HA・NS5A(250-447)， or HA-NS5A(214-447) were 

∞-immunoprecipitated with 0机JD1B.τ'heseresults suggest白紙 thedomain 1 of NS5A 
∞nsis也19of aa 1 to 213 is important for也.eOTUD7B binding. In addition. 
FLAG-OTUD7B was co・immunoprecipitated wi也 NS5A(I-126)-myc-His6 and 

NS5A(l-147)-myc-HiS6， but not with HA・NS5A(l-83)， HA-NS5A(I-100)， or 

HA-NS5A(I-120). These data suggest也atthe region企omaa 121 to 126 of NS5A is 

essen制 for也.especific interaction wi血 OTUD7B.To identify the specific銅 residuesof 

NS5A required for interaction wi血 O百JD7B，也ecandidate凶 edalanine substitution 

mu凶 .tsofHA羽田A(1・126).τ'heimmunoprecipitation analysis revealed伽 tbo也mutant

HA-NS5A V121A(1・126) and HA羽S5AV124A(1・126) failed to interact wi血

FLAG-OTUD7B. These r，ωults到毘est也atNS5A Val121 and Va1124 are crucial for也e

interaction between NS5A佃 dOTUD7B. To investigat巴therole of OTUD7B in HCV 

repIication， th巴岨ndidateused姐 RNAin総rference侭NAi)technique. The expression of 

endogenous OTUD7B was efficient1y knocked down by siRNA. The in回 .cell叫arHCV

RNA levels in也.eHCV J6/JFH1-infec句dce11s were sIight1y increased after s浪NA

仕留lSfection.The配位協e11叫釘HCV泊fectioustiter was increased 2・foldcompared to tl1e 

con位。1ce11s.τ1鴎sedata suggest也且tOTUD7B has some negafive effects on HCV 

repIica討onand the production of HCV in:fi郎tiousparticles. To deぬrminewhether HCV 

NS5A affects OTUD7B DUB activity， we ∞回nsfectedHuh-7ωl1s withmyc・His6・tagged

NS5A plasmid toge血.erwith也.eFLAG-OTUD1B plasmid and HA-Ubiquitin plas凶d.

Transfection ofthe HCV NS5A plasmid res凶tedin a remarkable decrease in ubiquitylation 

signals.τh凶ed紙asuggest that HCV NS5A enhances the OTUD7B DUB acti吋ty.

Here the candidaぬ identifiedOTUD1B as a novel NS5A・bindingprotein.τ'he 

ωndidate's也lmunoprωipitationanalyses revealed世mtHCV NS5A protein specifically 

泊lteractswi也O百JD7Bin a回nsientexpression system血 din HCV RNA repIicon ce11s. 

τ'he immunofluorescence staining analys 

subcellular 10ωIization of OTUD7B andlor the錦abi1ityof OTUD7B in the nucleus. Using 

a series of NS5A deletion mutants， we demons回.tedthat domain 1 of NS5A is出IPortant

for也.einteraction with 0叩 D1B.Domain 1 of NS5A is hi酔ly∞nservedamong all the 
HCV geno勿pes，and has a conserved te回 cysteinezinc-bind泊gmotif白紙isessential for 

HCV RNA repIication， wi白血 N-tenninalamphi抑制cα・helixthat is responsible for 

membrane association. The NS5A domain 1 has been shown to interact w地 m佃 yhost 

proteins.τ'he candidate's mapping study of也eOTUD7B-binding domain on NS5A 

protein a1so demons回.tedthat tl1e region企omaa 121 to 126 ofNS5A is essential for也e

interaction with OTUD7B. NS5A Val121 and Vall24 in pぽ恥叫arare crucial for the 

interaction w油 OTUD7B.Okamoωet al. reported that NS5A Val121 is impor凶 tfor也e

interaction with FK506・.bindingprotein 8σKBP8) and is crucial for HCV repliωtion. 

Interestingly， the NS5A V124A mutation disrupted the interaction with OTUD1B， but not 

withHNF・1αorFKBP8. These findings may give the candidate a clue ωunderstand也e

roles ofNS5A in physical and functiona1 interactions with these也reedifferent host factoぉ，

i.e.， FKBP8， l剖F・1α，組dOTUD7B. The回 ndidateused血 RNAitechnique to investigate 

the role of OTUD7B in HCV replication and the production of infectious HCV particles. 

The efficient knockdown of endogenous OTUD7B resulted in slight increases of HCV 

repliωtion and the production of infectious HCV p:紅ticles.Further蜘 diesare I'叫凶redto 

validate the role of OTUD7B in HCV replication and the production of infectious HCV 

P釘ticles.百巴岨ndidatealso ob匂inedevidence suggesting that HCV NS5A e油飢民S

OTUD1B DUB activity.τ'here are at least two possibilities to explain血isresult. First，也e

interaction between OTUD7B組 dNS5A pro包泊 nmyenhance the DUB activity of 

OTUD7B. Seωnd， NS5A nmy affect也.esubcellular 10ωIization of OTUD7B，也ぽeby

reducing the ubiquitylation. HCV NS5A protein泊teractswith OTUD1B， thereby 

mod叫a由19its DUB activity. The identification of OTUD7B as the NS5A・bindingprotein 

nmy∞n凶.buteto a better understanding of tl1e ubiquityla必.on釦ddeubiq凶.tylationin也e
HCV life cycleぉwellaspa血ogenesis.This may be the first I'epo此ofa specific interaction 

be土weenHCV protein and DUB. The candidate， having completed studies on mo1田叫位

basis， with a specialty in in飽ractionbetween HCV protein and DUB， and having advanωd 

the field of knowledge in the area of physiological roles of ubiqui刷ation 組 d

deubiquitylation旭日CVinfection. is hereby reco伊izedas ha吋

candidate performed an in situ proximity ligation assay (PLA). The result of PLA 

demonstrated a bright red signal in the cytoplasm where NS5A protein and OTUD7B 

protein showed a physical interaction. Taken together, these results indicate that Hev 

NS5A protein colocalizes with OTUD7B in HeV-infected cells. To determine the 

OTUD7B-binding domain on NS5A protein, the candidate performed 

co-immunoprecipitation analyses using a series of NSSA deletion mutants. When the 

N-terminal deletion mutants of NSSA were used, all of the HA-NSSA proteins except 

HA-NSSA(3S7-447), HA-NSSA(2S0-447), or HA-NSSA(214-447) were 

co-immunoprecipitated with OTUD1B. These results suggest that the domain I of NSSA 

consisting of aa 1 to 213 is important for the OTUD7B binding. In addition. 

FLAG-OTUD7B was co-immunoprecipitated with NSSA(I-126)-myc-His6 and 

NSSA(l-147)-myc-HiS6, but not with HA-NSSA(l-83), HA-NSSA(I-100), or 

HA-NSSA(I-120). These data suggest that the region from aa 121 to 126 of NSSA is 

essential for the specific interaction with OTUD7B. To identify the specific aa residues of 

NSSA required for interaction with OTUD7B, the candidate used alanine substitution 

mutants ofHA-NSSA(I-l26). The immunoprecipitation analysis revealed that both mutant 

HA-NSSA VI21ACl-126) and HA-NSSA VI24A(1-126) failed to interact with 

FLAG-OTUD7B. These results suggest that NSSA Val121 and Val124 are crucial for the 

interaction between NSSA and OTUD7B. To investigate the role of OTUD7B in HeV 

replication, the candidate used an RNA interference (RNAi) technique. The expression of 

endogenous OTUD7B was efficiently knocked down by siRNA. The intracellular HeV 

RNA levels in the HeV J6/1FH1-infected cells were slightly increased after siRNA 

transfection. The extracellular HeV infectious titer was increased 2-fold compared to the 

control cells. These data suggest that OTUD7B has some negative effects on HeV 

replication and the production of HeV infectious particles. To determine whether HeV 

NSSA affects OTUD7B DUB activity, we cotransfected Huh-7 cells with myc-His6-tagged 

NSSA plasmid together with the FLAG-OTUD1B plasmid and HA-Ubiquitin plasmid. 

Transfection of the Hev NSSA plasmid resulted in a remarkable decrease in ubiquitylation 

signals. These data suggest that HeV NSSA enhances the OTUD7B DUB activity. 

Here the candidate identified OTUD1B as a novel NSSA-binding protein. The 

candidate's immunoprecipitation analyses revealed that HeV NSSA protein specifically 

interacts with OTUD7B in a transient expression system and in HeV RNA replicon cells. 

The immunofluorescence staining analysis and the in situ PLA assay revealed that HeV 

NSSA protein colocalizes with OTUD1B in the cytoplasm. The candidate also obtained 

evidence suggesting that the nuclear localization of OTUD7B is enhanced in HeV-infected 

cells. Together these findings suggest that the NSSA-OTUD7B interaction affects the 

subcellular localization of OTUD7B and/or the stability of OTUD7B in the nucleus. Using 

a series of NSSA deletion mutants, we demonstrated that domain I of NSSA is important 

for the interaction with OTUD1B. Domain I of NS5A is highly conserved among all the 

HeV genotypes, and has a conserved tetracysteine zinc-binding motif that is essential for 

HeV RNA replication, with an N-terminal amphipathic a-helix that is responsible for 

membrane association. The NSSA domain I has been shown to interact with many host 

proteins. The candidate's mapping study of the OTUD7B-binding domain on NSSA 

protein also demonstrated that the region from aa 121 to 126 of NSSA is essential for the 

interaction with OTUD7B. NSSA Val121 and Val l24 in particular are crucial for the 

interaction with OTUD7B. Okamoto et al. reported that NSSA Val121 is important for the 

interaction with FKS06-binding protein 8 (FKBP8) and is crucial for Hev replication. 

Interestingly, the NSSA V124A mutation disrupted the interaction with OTUD1B, but not 

with HNF-la or FKBP8. These findings may give the candidate a clue to understand the 

roles ofNSSA in physical and functional interactions with these three different host factors, 

i.e., FKBP8, HNF-la, and OTUD7B. The candidate used an RNAi technique to investigate 

the role of OTUD7B in HeV replication and the production of infectious HeV particles. 

The efficient kn~ckdown of endogenous OTUD7B resulted in slight increases of HeV 

replication and the production of infectious Hev particles. Further studies are required to 

validate the role of OTUD7B in HeV replication and the production of infectious HeV 

particles. The candidate also obtained evidence suggesting that HeV NSSA enhances 

OTUD1B DUB activity. There are at least two possibilities to explain this result. First, the 

interaction between OTUD7B and NSSA protein may enhance the DUB activity of 

OTUD7B. Second, NSSA may affect the subcellular localization of OTUD7B, thereby 

reducing the ubiquitylation. Hev NSSA protein interacts with OTUD1B, thereby 

modulating its DUB activity. The identification of OTUD7B as the NSSA-binding protein 

may contribute to a better understanding of the ubiquitylation and deubiquitylation in the 

HeV life cycle as well as pathogenesis. This may be the first report of a specific interaction 

between HeV protein and DUB. The candidate, having completed studies on molecular 

basis, with a specialty in interaction between HeV protein and DUB, and having advanced 

the field of knowledge in the area of physiological roles of ubiquitylation and 

deubiquitylation in HeV infection, is hereby recognized as having qualified for the degree 

of Ph.D. (Medicine). 




