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One Year Passed Since A Bile Acid Transporter (Sodium Taurocholate
Cotranspoting Peptide [NTCP] Was Nominated as A Hepatitis B Virus
(HBV) Entry Receptor; Has the NTCP Has Been as A Real HBV Receptor?
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Abstract

About one year ago, one important report in the virology field was published. It was a report by Yan et al. that an
entry receptor for hepatitis B virus (HBV) was isolated and identified. It was also verified that this molecule termed
sodium taurocholate cotransporting peptide (NTCP) was functionally active as an HBV receptor when it was introduced
into hepatocyte originated hepatocellular carcinoma cell lines such as HepG2 and Huh7 cells. There has been,
however, only one report published from the same group after this exciting report and the others are several short
commentaries and no report to show the reproducibility. Recently, Meier et al. reported that the ligand region of the
HBV membrane protein for NTCP, myristoylated preS1: 2-48 aa (myr2-48) could bind mouse hepatocyte but it was
functionally inactive. Yan et al. reported that a functional determinant was the short amino acid sequence from 84 to 87
aa of NTCP. If so, what does this difference affect the function of NTCP as a HBV receptor. Thus, there are a lot of to
do in order to understand how the HBV receptor works though we need to prove its reproducibility.

Isolation and identification of HBV entry receptors seemed to be
one of the biggest questions in the virology field. This molecule must be
important to understand the real life cycle of HBV and to explore new
drugs preventive against HBV infection.

We know that HBV infects parenchymal hepatocytes but HBV
infection was not reproduced in vitro by using hepatocyte originated
hepatocellular carcinoma cell lines and a functional HBV receptor
had not been identified for a long time, although these hepatocellular
carcinoma cells could be totally deviated from normal well-differentiated
hepatocytes. Yan et al. solved this question finally [1]. They identified
that NTCP was a functional HBV entry receptor last year. They used
a photoactivated myristoylated preS1 peptide which is agreed to be a
viral ligand interacting with a cellular receptor on the surface to clone
an HBV receptor [2]. This kind of approach, including the same region
expressed in E. coli and purified, could have been performed by other
researchers. It might be a wonder and of course a good news for them
to successfully identify the HBV receptor.

There should be now a glorious road to be open for HBV research
by establishing convenient and simple infection system of HBV in
vitro and in vivo. Currently, however, reports proving that NTCP
is reproducibly working as an HBV entry receptor have not been
published after the report by Yan et al. except several reports from the
same group and a few short commentaries or reviews [3-7].

Homology between human vs mouse and human vs monkey
NTCP is about 75% and 97% (Figure 1A and 1B), respectively, but
functionally distinctive in terms of HBV infection. Monkey NTCP
(mkNTCP) seems to be actually identical but mkNTCP does not allow
HBV to attach [1]. Well-differentiated hepatocytes, either human or
mouse, express NTCP on the cell surface but not human hepatocellular
carcinoma originated cell lines such as HepG2 cells. HepaRG cells,
which become susceptible to HBV infection after differentiation with
2% dimethyl sulfoxide (DMSO) for several weeks, does not express
NTCP without differentiation [8]. Both human and mouse can bind
with HBV preS1 but only human NTCP (hNTCP) expressed on
hepatocyte is competent for HBV entry [3, 9]. Yan et al. reported that
his functional discrimination was attributed to differences of short
amino acid sequence from 84 to 87 and 157 to 165 [1, 3]. Especially,
the former could be important for HBV uptake and entry irrespective
of the binding and taurocholate transportation [3]. Some replacement
mutants of human NTCP with mouse one lose binding activity with

HBYV. To the contrary, replacement mutants of mouse NTCP (mNTCP)
with hNTCP at the same region keep binding activity with HBV and
infection [3].

Thus, the binding activity of NTCP with HBV should be agreed, but
it needs further investigation to understand how NTCP works at the
HBV attachment and entry step. Nevertheless, there should be reports
showing that NTCP is reproducibly a key factor for HBV attachment
and entry into cells. Otherwise, there could be missing some other
cofactors required for HBV infection like coreceptors for human
immunodeficiency virus-1 (HIV-1).
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A human 1 MEAHNASAPFNFTLPPNFGKRPTDLALSVILVFMLFFIMLSLGCTMEFSKIKAHLWKPKGLAIAL YIGIMPLTAFVLGKVFRLKNIEALAILVCGCSPGGNLSNV
: tupaia 1 MEAHNLSAPLNFTLPPNFGKRPTDQALSVILVVMLLIMMLSLGCTMEFSKIKAHFWKPKGLAIALLAQYGIMPLTAFALGKVFPLNNIEALAILVCGCSPGGNLSNV
monkey 1 MEAHNASAPFNFTLPPNFGKRPTDLALSIILVFMLFFVMLSLGCTMEFSKIKAHLWKPKGLAIALYAQYGIMPLTAFVLGKVFQLNNIEALAILVCGCSPGGNLSN

mouse 1 MEAHNVSAPFNFSLPPGFGHRATDTALSVILVVMLLLIMLSLGCTMEFSKIKAHFWKPKGVIIAIVAQY GIMPLSAFLLGKVFHLTSIEALAILICGCSPGGNLSNLF

rat 1 MEVHNVSAPFNFSLPPGFGHRATDKALSIILVLMLLLIMLSLGCTMEFSKIKAHLWKPKGVIVALVAQEGIMPLAAFLLGKIFHLSNIEALAILICGCSPGGNLSNLFTLA

D T T R e —

human 121 VMTTCSTFCALGMMPLLLYIYSRGIYDGPLKDKYPYKGIVISLVLVLIPCTIGIVLKSKRPQYMRYVIKGGMIIILLCSVAVTVLSAINVGKSIMFAMTPLLIATSSLM
tupaia 121 AMTTCSTFFALGMMPLLLYIYSKGIYDGD] KDKVPYVGIVISLILVLIPCTIGIFLKSKRPQYVPYVTKAGMIIILLLSVAITVLSVINVGKSIMFVMTPHLLATSSLMPF
monkey 121 VMTTCSTFCALGMMPLLLYLYTRGIYDGDLKDKVPYGRIILSLVPVLIPCTIGIVLKSKRPQYMRYVIKGGMIIILLCSVAVTVLSAINVGKSIMFAMTPLLIATSSLM
mouse 121 VMTTCSSFTALGMMPLLLYIYSKGIYDGPLKDKYPYKGIMLSLVMVLIPCAIGIFLKSKRPHYVPYVLKAGMIITFSLSVAVTVLSVINVGNSIMFVMTPHLLATSS
rat 121 VMTTCSSFSALGMMPLLLYVYSKGIYDGDIUKDKVHYKGIMISLVIVLIPCTIGIVLKSKRPHYVPYILKGGMIITFLLSVAVTALSVINVGNSIMFVMTPHLLATSSLMP

Fkkkk KRRk RRRRRR k RkRkR kR Kk Kk Rkkkk dkk kkkkkk k% K kkkk Rk ok Rk ok Rk ok ok dkkkkk ek Rk K

human 241 SALFCLNGRCRRTVSMETGCQNVQLCSTILNVAFPPEVIGPLFFFPLLYMIFQLGEGLLLIAIFWCYEKFKTPKDKTKMIYTAATTEETIPGALG----------mmeeeeeeemm
tupaia 241 STLFRLNAQCSRTVSMETGCQNVQLCSTILNVTFRPEVIGPLFFFPLLYMIFQLGEGLLLIAIYRCYEKIKTSKDKTKVIYTAATTEETIPGTLGNSTHKCEEYSPYT
monkey 241 SALFCLNGRCRRTVSMETGCQNVQLCSTILNVAFPPEVIGPLFFFPLLYMIFQLGEGLLLIAMFRCYEKFKTPKDKTKMIYTAATTEETIPGALG-
mouse 241 SALFRLNPSCRRTISMETGFQNVQLCSTILNVTFPPEVIGPLFFFPLLYMIFQLAEGLLFIIIFRCYLKIKPQKDQTKITYKAAATEDATPAALE-------
rat 241 SALFQLNPSCRRTlSMETGFQNIQLCSTILNVTFPPEVIGPLFFFPLLYMIFQLAEGLLIIIIFRCYEKIKPPKDQTKITYKAAATEDATPAALE .........................

Hokk Kk k Kk Rk Kk Fkkk ok kk ok ok Rk Kk K Kk Kk kK

human 336 -----NGTYKGED--CSPCTA------r-mmrmmmemmmemmmemane 349

tupaia 361 PSTVGNGTYKGEE--CSPGTA 379

monkey 336 --—--NGTYKGED--CSPCTA--- 349

mouse 336 -----KGTHNGNNPPTQPGLSPNGLNSGQMAN —mmmmeee 362

rat 336 —————KGTHNGNIPPLQPGPSPNGLNSGQMAN 362

B. NTCP human tupaia monkey mouse rat

human 80.5(88.0) 96.6 74.6 74.9
tupaia 79.2(87.1) 73.6 71.5
monkey 73.5 73.4
mouse 91.4

Figure 1. Comparison of animal NTCP. A. Alignment of human, tpaia, monkey, mouse and rat NTCP. *:identical amino acids. . : similar amino acids. The
red rectangle represents a region responsible for HBV entry [1; 3]. The blue rectangle shows a region responsible for HBV attachment to NTCP. B. Homology
level among animal NTCPs.
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