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Introduction

Among different organisms, many similar but non-identical 
cellular molecules exist that show the same functions. Even in 
a single species, the expressed molecules are dependent on cell 
types. This is the case with virus receptors, which are cellular 
components involved in viral attachment to and invasion into 
cells for viral replication [1, 2]. Thus, viral infections show 
specificity with regards to host ranges, tissues, and cell types, 
indicating that the identification of virus receptors is useful 
for the molecular explanation of the viral tropisms [3]. The 
identification of virus receptor has been performed by various 
methods, which are roughly classified into three categories: (I) 
speculation based on knowledge obtained from experiments 
[4-7]; (II) screening of libraries based on gain-of-function 
or loss-of-function criteria [8-10]; and (III) identification of 
interactive cellular molecules by peptide sequencing or mass 
spectrometry [11-13].

We have established an efficient, low-cost method for 
identification of cell surface molecules recognized by 
antibodies [14], in which cellular cDNA libraries were 
screened by a technique called “panning”. “Panning” is a 
classical experimental technique for separation of a specific 
subpopulation from a mix population [15] but can be applied 
to various fields with a variety of modifications. In the review, 
I would like to introduce our application of the panning to 
identify virus receptors, which belong to the category II 
described above with gain-of-function criteria.

1st generation panning for virus receptor 
identification

We have developed an efficient, low-cost cellular cDNA 
library screening method using a classical panning to identify 
virus receptors (hereafter referred to as 1st generation panning 

for virus receptor identification or simply 1st generation 
panning) [16-18]. In 1st generation panning, cellular cDNA 
libraries are stably expressed in non-adherent cell lines by 
using a retroviral vector, which integrates genes into cellular 
genomes with no or low cytotoxicity and do not inhibit cell 
growth, and screened based on colony formation of target 
cells on viral particle-coated dishes. From genome of colony-
forming cells, cDNAs encoding molecules which confer 
adhesiveness onto viral particles to non-adherent cells are 
recovered by polymerase chain reaction (PCR) with primers 
targeting retroviral vector sequences flanking to cDNA library. 
Therefore, interaction between viral particles and surface 
molecules of target cells that is strong enough to trap target 
cells onto viral particle-coated dishes is a prerequisite for the 
method. The method was also applied to identify a receptor of 
a protozoa Plasmodium falciparum [19].

2nd generation panning for virus receptor 
identification

For viruses for which the interaction with target cells is 
not strong, we have developed another efficient screening 
method to identify virus receptors (hereafter referred to as 2nd 
generation panning for virus receptor identification or simply 
2nd generation panning) [20, 21]. In 2nd generation panning, 
same as in 1st generation panning, cellular cDNA libraries are 
stably expressed in non-adherent cell lines by using a retroviral 
vector, but two additional non- or low-cytotoxic retroviral/
lentiviral vectors which bear intended viral envelope proteins 
and whose genome encode either a membrane spanning 
protein or a fluorescence protein as a reporter are used for 
screening. Upon inoculation of library-expressing cells with a 
first screening vector encoding a membrane spanning protein, 
target cells would be specifically infected with the vector, 
express the reporter stably on cell surface, and form colonies 
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on anti-reporter antibody-coated dishes during cell culture. 
Because infrequent infection of non-target cells with the 
screening vectors would occur and result in colony formation 
as authentic target cells, resultant colonies are superinfected 
with a second screening vector whose genome encode a 
fluorescence protein to eliminate false positive. Fluorescent 
colonies are found out under a fluorescence microscope and 
inserted cDNA recovered by PCR like with 1st generation 
panning. The ability to produce moderate to high titers of 
retroviral/lentiviral vectors bearing intended viral envelope 
proteins is a perquisite for 2nd generation panning.

3rd generation panning for virus receptor 
identification

We have experienced cases in which some viruses did not 
meet the prerequisites for the above described two methods 
and for which virus receptors could not be identified by 
our methods. One of such examples was severe fever with 
thrombocytopenia syndrome (SFTS) virus [22]. In the current 
taxonomy SFTS virus is classified as follows: species, Dabie 
bandavirus; genus, Bandavirus; family, Phenuiviridae, and 
order, Bunyavirales (https://talk.ictvonline.org/taxonomy/). 
In infection of SFTS virus, non-evident cytopathic effects 
are characteristically observed in in vitro short cell culture  
[23-26]. The genome of the genus members is composed of 
three negative sense RNAs of large (L), middle (M), and small 
(S) segments, which encode viral proteins (RNA-dependent 
RNA polymerase, glycoprotein [GP], and nuclear and non-
structural proteins, respectively). The rescue of SFTS virus 
with or without mutations from cDNA (reverse genetics) has 
been reported [27]; in that study, five plasmids expressing 
three anti-genome RNAs and two viral proteins (RNA-
dependent RNA polymerase and nuclear protein) were used. 
As an application of the reverse genetics, a virus-like particle 
(VLP) assay was recently reported to assess the reassortment 
potential of SFTS virus with its related viruses [28]. By 
combining our 2nd generation panning for virus receptor 
identification [20, 21] and the reverse genetics for SFTS virus 
[27, 28], we recently succeeded in performing screening of 
SFTS virus receptors with a cellular cDNA library [22]. In the 
screening, infectious VLP (iVLP), which has most of SFTS 
virus components but is replication-incompetent due to the 
replacement of GP gene with a reporter gene for selection, is 
used like retroviral/lentiviral vector in 2nd generation panning 
for virus receptor identification [22]. Similar strategies might 
be applicable to SFTS virus-related viruses such as Heartland 
virus, Uukuniemi virus, and other viruses, if a prerequisite that 
iVLP produced shows moderate to high titers and shows no or 
weak cytopathic effects upon infection is fulfilled.

Conclusion

In this review, we introduced our efficient methods for 
identification of virus receptor. We hope the review will be 
useful for various viruses, while the methods are still being 
improved with some modifications.

Acknowledgements

We thank all members in Department of Veterinary 
Microbiology, Faculty of Agriculture, University of Tokyo, 
Division of Virology, Institute of Medical Science, University 
of Tokyo, and Special Pathogens Laboratory, Department of 
Virology I, the National Institute of Infectious Diseases for 
their indispensable to support this work.

References

Brennan, B., P. Li, S. Zhang, A. Li, M. Liang, D. Li and R. M. 
Elliott (2015) Reverse genetics system for severe fever with 
thrombocytopenia syndrome virus. Journal of Virology, 89: 3026-
3037.

Cao, W., M. D. Henry, P. Borrow, H. Yamada, J. H. Elder, E. V. 
Ravkov, S. T. Nichol, R. W. Compans, K. P. Campbell and M. 
B. A. Oldstone (1998) Identification of alpha-dystroglycan as a 
receptor for lymphocytic choriomeningitis virus and Lassa fever 
virus. Science, 282: 2079-2081.

Casasnovas, J. M. (2013) Virus-receptor interactions and receptor-
mediated virus entry into host cells. Subcellular Biochemistry, 68: 
441-466.

Dalgleish, A. G., P. C. L. Beverley, P. R. Clapham, D. H. Crawford, 
M. F. Greaves and R. A. Weiss (1984) The CD4 (T4) antigen is 
an essential component of the receptor for the AIDS retrovirus. 
Nature, 312: 763-767.

Feng, Y., C. C. Broder, P. E. Kennedy and E. A. Berger (1996) 
HIV-1 entry cofactor: functional cDNA cloning of a seven-
transmembrane, G protein-coupled receptor. Science, 272: 872-
877.

Klatzmann, D., E. Champagne, S. Chamaret, J. Gruest, D. Guetard, T. 
Hercend, J. C. Gluckman and L. Montagnier (1984) T-lymphocyte 
T4 molecule behaves as the receptor for human retrovirus LAV. 
Nature, 312: 767-768.

Kobayashi, K., K. Kato, T. Sugi, D. Yamane, M. Shimojima, Y. 
Tohya and H. Akashi (2009) Application of retrovirus-mediated 
expression cloning for receptor screening of a parasite. Analytical 
Biochemistry, 389: 80-82.

Li, W., M. J. Moore, N. Vasilieva, J. Sui, S. K. Wong, M. A. Berne, M. 
Somasundaran, J. L. Sullivan, K. Luzuriaga, T. C. Greenough, H. 
Choe and M. Farzan (2003) Angiotensin-converting enzyme 2 is 
a functional receptor for the SARS coronavirus. Nature, 426: 450-
454.

Lupberger, J., M. B. Zeisel, F. Xiao, C. Thumann, I. Fofana, L. Zona, 
C. Davis, C. J. Mee, M. Turek, S. Gorke, C. Royer, B. Fischer, 
M. N. Zahid, D. Lavillette, J. Fresquet, F. L. Cosset, S. M. 
Rothenberg, T. Pietschmann, A. H. Patel, P. Pessaux, M. Doffoël, 
W. Raffelsberger, O. Poch, J. A. McKeating, L. Brino and T. F. 
Baumert (2011) EGFR and EphA2 are host factors for hepatitis 
C virus entry and possible targets for antiviral therapy. Nature 
Medicine, 17: 589-595.

Makino, A., M. Shimojima, T. Miyazawa, K. Kato, Y. Tohya and H. 
Akashi (2006) Junctional adhesion molecule 1 is a functional 
receptor for feline calicivirus. Journal of Virology, 80: 4482-4490.

Manel, N., F. J. Kim, S. Kinet, N. Taylor, M. Sitbon and J. L. Battini 
(2003) The ubiquitous glucose transporter GLUT-1 is a receptor 
for HTLV. Cell, 115: 449-459.

McMullan, L. K., S. M. Folk, A. J. Kelly, A. MacNeil, C. S. 
Goldsmith, M. G. Metcalfe, B. C. Batten, C. G. Albariño, S. R. 
Zaki, P. E. Rollin, W. L. Nicholson and S. T. Nichol (2012) A new 
phlebovirus associated with severe febrile illness in Missouri. The 
New England Journal of Medicine, 367: 834-841.

Negrete, O. A., E. L. Levroney, H. C. Aguilar, A. Bertolotti-Ciarlet, 
R. Nazarian, S. Tajyar and B. Lee (2005) EphrinB2 is the entry 
receptor for Nipah virus, an emergent deadly paramyxovirus. 
Nature, 436: 401-405.

Nishimura, Y., M. Shimojima, Y. Tano, T. Miyamura, T. Wakita and 
H. Shimizu (2009) Human P-selectin glycoprotein ligand-1 is a 
functional receptor for enterovirus 71. Nature Medicine, 15: 794-



Panning-based Virus Receptor Screening � 7

797.
Parrish, C. R., E. C. Holmes, D. M. Morens, E. C. Park, D. S. Burke, 

C. H. Calisher, C. A. Laughlin, L. J. Saif and P. Daszak (2008) 
Cross-species virus transmission and the emergence of new 
epidemic diseases. Microbiology and Molecular Biology Reviews, 
72: 457-470.

Rezelj, V. V., T. J. Mottram, J. Hughes, R. M. Elliott, A. Kohl and B. 
Brennan (2019) M segment-based minigenomes and virus-like 
particle assays as an approach to assess the potential of tick-borne 
phlebovirus genome reassortment. Journal of Virology, 93: e02068-
18.

Shen, S., X. Duan, B. Wang, L. Zhu, Y. Zhang, J. Zhang, J. Wang, T, 
Luo, C. Kou, D. Liu, C. Lv, L. Zhang, C. Chang, Z. Su, S. Tang, 
J. Qiao, A. Moming, C. Wang, A. Abudurexiti, H. Wang, Z. Hu, Y. 
Zhang, S. Sun and F. Deng (2018) A novel tick-borne phlebovirus, 
closely related to severe fever with thrombocytopenia syndrome 
virus and Heartland virus, is a potential pathogen. Emerging 
Microbes Infections, 7: 95.

Shimojima, M., A. Takada, H. Ebihara, G. Neumann, K. Fujioka, T. 
Irimura, S. Jones, H. Feldmann and Y. Kawaoka (2006) Tyro3 
family-mediated cell entry of Ebola and Marburg viruses. Journal 
of Virology, 80: 10109-10116.

Shimojima, M., S. Sugimoto, S. Taniguchi, T. Yoshikawa, T. Kurosu 
and M. Saijo (2020) Efficient functional screening of a cellular 
cDNA library to identify severe fever with thrombocytopenia 
syndrome virus entry factors. Scientific Reports, 7: 5996.

Shimojima, M., T. Miyazawa, Y. Ikeda, E. L. McMonagle, H. Haining, 
H. Akashi, Y. Takeuchi, M. J. Hosie and B. J. Willett (2004) Use 
of CD134 as a primary receptor by the feline immunodeficiency 
virus. Science, 303: 1192-1195.

Shimojima, M., T. Miyazawa, Y. Sakurai, Y. Nishimura, Y. Tohya, Y. 
Matsuura and H. Akashi (2003) Usage of myeloma and panning in 
retrovirus-mediated expression cloning. Analytical Biochemistry, 
315: 138-140.

Shimojima, M., U. Ströher, H. Ebihara, H. Feldmann and Y. Kawaoka 
(2012) Identification of cell surface molecules involved in 
dystroglycan-independent Lassa virus cell entry. Journal of 
Virology, 86: 2067-2078.

Stone, J. D. (1948) Prevention of virus infection with enzyme of V. 
cholerae; studies with viruses of mumps-influenza group in chick 
embryos. Australian Journal of Experimental Biology and Medical 
Science, 26: 49-64.

Sun, Y., Y. Qi, C. Liu, W. Gao, P. Chen, L. Fu, B. Peng, H. Wang, 
Z. Jing, G. Zhong and W. Li (2014) Nonmuscle myosin heavy 
chain IIA is a critical factor contributing to the efficiency of early 
infection of severe fever with thrombocytopenia syndrome virus. 
Journal of Virology, 88: 237-248.

Takaki, H., H. Oshiumi, M. Shingai, M. Matsumoto and T. Seya 
(2017) Development of mouse models for analysis of human virus 
infections. Microbiology and Immunology, 61: 107-113.

Taniguchi, S., A. Fukuma, H. Tani, S. Fukushi, M. Saijo and M. 
Shimojima (2017) A neutralization assay with a severe fever with 
thrombocytopenia syndrome virus strain that makes plaques in 
inoculated cells. Journal Virological of Methods, 244: 4-10.

Tatsuo, H., N. Ono, K. Tanaka and Y. Yanagi (2000) SLAM (CDw150) 
is a cellular receptor for measles virus. Nature, 406: 893-897.

Wysocki, L. J. and V. L. Sato (1978) "Panning" for lymphocytes: a 
method for cell selection. Proceeding of the Natural Academy of 
Science of the United States of America, 75: 2844-2848.


