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Isolation, genome analysis and comparison of a novel parainfluenza virus 5 from a Siberian tiger (Panthera tigris)
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Paramyxoviruses are important pathogens affecting various animals, including mammals and humans. Parainfluenza virus 5 (PIV5)—a member of the family Paramyxoviridae—is a major threat to the health of mammals and humans. However, studies on terrestrial wild animals infected with PIV5 are scanty. In this study, we utilized reverse transcription PCR to detect PIV5 infection in the visceral organ tissues of a Siberian tiger (Panthera tigris ssp. altaica) with vomiting, diarrhea, and dyspnea before its death. A novel PIV5 (named SR strain) with a slowly progressive cytopathic effect was isolated in Vero cells and validated using a transmission electron microscope. Full-length sequencing and analysis revealed that the whole genome of the PIV5 SR strain contained 15,246 nucleotides (nt) and seven non-overlapping genes (3’-N-V/P-M-F-SH-HN-L-5′) encoding eight proteins. Phylogenetic analysis of three PIV5 strains identified in the same zoo confirmed that PIV5 strains SR and ZJQ-221 shared the closest genetic relationship as they were clustered in the same branch, while the recently found Siberian tiger strain SZ2 kept a certain distance and formed a relatively unique branch. Furthermore, mutations of nt and amino acids (aa) between strains ZJQ-221, SR, and SZ2 were identified. In summary, we report the identification and genomic characterization of a novel PIV5 strain SR isolated in a Siberian tiger, which may help future research on interspecific transmission mechanisms.
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Highlights

• A novel PIV5 strain (named SR) was isolated from a Siberian tiger (Panthera tigris ssp. altaica) with clinical symptoms.

• PIV5 SR strain infection was diagnosed by molecular biology and caused a slowly progressive cytopathic effect in Vero cells, the virions of which were imaged using a transmission electron microscope.

• Full-length sequencing and analysis of the PIV5 SR strain genome were performed for alignment and phylogenesis.

• Mutations of nucleotides and predicted viral proteins were found in ZJQ-221, SR, and SZ2 isolated from the same zoo, which might help to explore the potential pattern of evolution and interspecies transmission.



Background

Parainfluenza virus 5 (PIV5)—originally known as canine parainfluenza virus (CPIV) and simian virus 5 (SV5) for its first identification in primary monkey kidney cells in 1956 (1)—is a member of the genus Rubulavirus in the family Paramyxoviridae (2, 3). With a virion diameter of 50–200 nm, PIV5 has a non-segmented negative-sense single-stranded RNA of ~15,246 nucleotides (nt), which contains seven genes and encodes eight proteins (NP, V/P, M, F, SH, HN, and L) (4–7). The V and P proteins of PIV5 share the same genomic encoding region and are encoded by a specific RNA editing mechanism (8).

Paramyxoviruses (PVs) represent important zoonotic pathogens with implications for the central nervous system, encephalitis, and respiratory systems, posing risks for both animal and human health (9–12). They are members of the Paramyxoviridae family and exhibit a global prevalence in various animal populations, including PIV5 in Korean porcine (13) and in Switzerland cattle populations (9). In addition, peste des petits ruminant viruses have been identified in the Comoros Archipelago (14), canine distemper virus (CDV) in captive Siberian tigers and red pandas (15), and novel PVs of the Jeilongvirus genus in bats from China (16). Notably, Nipah and Hendra viruses were predicted to have the potential to cause the next zoonotic pandemic (10). Zoonotic pathogens, such as PVs, have demonstrated the ability to cross species boundaries, leading to zoonotic outbreaks and posing a public health risk over the past two decades. Particularly, PVs exhibit a wide range of common hosts, suggesting a heightened potential for interspecies transmission. The role of the tick as an intermediate host has been proposed, promoting the transmission of PVs among mammals (17). Nonetheless, the evolutionary dynamics of PVs during interspecies transmission remain inadequately studied. This knowledge gap underscores the need for further research to enhance our understanding of the mechanisms underlying the evolution of PVs in the context of interspecies transmission.

To investigate the etiology of the death of the Siberian tiger (Panthera tigris ssp. altaica) exhibiting symptoms of vomiting, diarrhea, and dyspnea, we utilized RT-PCR, virus isolation, and electron microscopy, ultimately confirming PIV5 infection. Subsequently, we conducted phylogenetic and evolutionary analyzes and compared nt and amino acid (aa) mutations of the successive PIV5 strains SR, SZ2, and ZJQ-221 identified in the zoo. These findings might provide valuable insights into the prevalence and the interspecies transmission mechanisms of PIV5.



Materials and methods


Samples

A 12-year-old male Siberian tiger (~230 kg) died in 2015 at a zoo in Guangdong province in southern China after vomiting, diarrhea, and dyspnea for approximately a month. Lobular pneumonia was observed after necropsy, and tissue samples of the livers, spleen, lungs, and kidneys were collected and stored at −80°C.



Reverse transcription PCR (RT-PCR)

Tissue samples of the Siberian tiger were tested for the possible presence of PIV5, feline parvovirus (FPV), feline coronavirus (FCoV), and CDV using RT-PCR according to previous studies (18). Total RNA of tissue homogenates was extracted using a RNeasy Lipid Tissue Kit (Qiagen, CA, United States) and reverse transcribed using the Transcriptor First Strand cDNA Synthesis Kit (Roche Diagnostics, Mannheim, Germany) according to the manufacturers’ recommendations. PCR assays were carried out to detect viral nt using a pair of detection primers named PIV5-1-F/R, and full-length genome sequences were amplified using a set of 12 pairs of primers following our previous study (19). Complementary DNA (cDNA) samples as templates were added to a total volume of 25 μL using PrimeSTAR® Max DNA Polymerase (TaKaRa, Japan) according to the manufacturer’s protocol. PCR reactions were performed using the following conditions: 95°C for 4 min; 35 cycles of 95°C for 30 s, 55°C for 30 s, and 72°C for 45 s to 2 min; and final extension of 72°C for 10 min.



Gel electrophoresis, sequencing, and similarity analysis

To separate the indicated DNA fragments, the prepared PCR products were added to a 1% agarose gel with Golden View™ (TaKaRa) and electrophoresed with DL2000 DNA marker (TaKaRa) at 120 V for approximately 25 min, as we reported (20). PCR band products were visualized using a Gel Doc™ EZ imaging system (Bio-Rad, CA). Positive PCR products were purified (MiniBEST Agarose Gel DNA Extraction Kit, TaKaRa), tailed with “A”-overhang tails (DNA A-Tailing Kit, TaKaRa), and cloned into the pMD19-T vector (TaKaRa). Positive recombinant plasmids were sequenced by Ruibiotech Co., Ltd. (Beijing, China). Nucleotide sequences were blasted against sequences deposited in GenBank using the basic local alignment search tool, nt (BLASTn)1 for similarity analysis.



Virus isolation

Tissue samples were homogenized in sterile phosphate-buffered saline (PBS, pH 7.4) in a ratio of 1/10 (w/v) and centrifuged at 5,000 × g for 10 min at 4°C. Then, supernatants filtered with 0.22-μm membrane were inoculated onto 90% monolayer Vero cells with Dulbecco’s minimal essential medium (DMEM, Gibco) and incubated at 37°C under 5% CO2 for 1 h. Cells were then maintained in DMEM containing 3% fetal bovine serum (FBS, Gibco) and 1% Pen-Strep (21, 22) at 37°C under 5% CO2 and monitored daily for the cytopathic effect (CPE). Cell supernatants were collected after a freeze–thawing cycle three times when the CPE reached ~70% and stored at −80°C as virus stock.



TEM scanning

To observe virus particles in infected cells, cytopathic Vero cells infected with virus stock were scraped gently and fixed using 2.5% glutaraldehyde fixation fluid at 4°C for 4 h. Finally, ultrathin sections of the infected cell aggregate samples were stained with 2% uranium acetate and 2.6% lead citrate and then scanned on a Hitachi TEM system (Hitachi H-7000FA, Japan).



Sequence alignment and phylogenetic analysis

Nucleotide sequence alignment based on different rubulavirus species genome sequences was performed using DNAStar Lasergene 7.10 (Madison, WI, United States), and phylogenetic analysis was performed using MEGA 7 (23) with the maximum likelihood algorithm. Bootstrap values were calculated with 1,000 replicates. Geneious Prime (Version 2021.1.1) was used to compare sequences of nt and related encoding proteins of PIV5 SR, ZJQ-221, and SZ2 strains isolated in the same zoo, and then the results of nt and aa mutations were organized using Adobe Photoshop CC 2019.




Results


Isolation and identification of PIV5 from Siberian tiger

A Siberian tiger in a zoo of southern China died after vomiting, diarrhea, and dyspnea, and tissue samples of which were collected during necropsy and tested for virus infection. RT-PCR revealed the positive presence of PIV5 nt in the Siberian tiger tissue samples (Figure 1A), which were negative for FCoV, FPV, or CDV (data not shown). The supernatants of tissue homogenates were prepared for virus isolation by inoculating Vero cells with a 90% monolayer for several passages. Compared with uninfected cells, Vero cells inoculated with virus stocks from tissue homogenates for 5 days post-infection (dpi) showed loose attachment, roundness, and random orientation, which indicated a slowly progressive CPE (Figure 1B) of this PIV5 strain. PIV5 infection in Vero cells was further confirmed by TEM, which exhibited spherical particles with a diameter of 50–200 nm (Figure 1C). Thus, the PIV5 strain from the Siberian tiger was isolated and named SR.
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FIGURE 1
 Identification of a paramyxovirus isolated from a Siberian tiger. (A) PIV5 viral nucleotides (nt) were detected in a Siberian tiger sample using reverse transcription PCR (RT-PCR). M, DL2000 DNA marker; −, negative control; S, Siberian tiger sample. (B) Vero cells of mock infection (left) and PIV5 infection (right) using an inverted microscope. Bar, 100 μm. (C) Transmission electron microscopy images of Vero cells inoculated with PIV5 virus stock. Bar, 10 μm or 50 μm; black arrow, viral particles.




Genome characterization of PIV5 SR strain

A set of 12 pairs of primers was designed to amplify the full-length amplification of genome sequences from Siberian tiger tissue samples (Figure 2) as previously reported. After sequencing, alignment, and high similarity analysis, a full genome of the PIV5 SR strain with 15,246 nt was obtained, encompassing a 3′ leader sequence (55 nt), a non-overlapping encoding area (15,160 nt), and a 5′ trailer sequence (31 nt). The encoding area was predicted to encode seven viral proteins, including the NP gene (position: 152–1,681), V/P gene (position: 1,850–2,518), M gene (position: 3,141–4,274), F gene (position: 4,530–6,185), SH gene (position: 6,303–6,437), HN gene (position: 6,584–8,281), and L gene (position: 8,414–15,181), and six non-coding interval sequences between each gene. The complete genome sequence of the PIV5 SR strain was deposited in GenBank under the accession number KY685075.
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FIGURE 2
 Full-length genome sequence of the PIV5 SR strain was amplified using RT-PCR. M, DL2000 DNA Marker; 1–12, 12 pairs of primers were used to amplify the full-length of the PIV5 SR strain.




Sequence alignments and phylogenetic analysis of PIV5 SR strain

Whole-genome sequence alignment showed that the PIV5 SR strain had the lowest nt similarity (~97.13%) with the D277 strain of canine-origin (GenBank: KC237065) from South Korea and the highest nt similarity (~99.76%) with the ZJQ-221 strain of lesser panda (GenBank: KX100034) isolated from the same zoo. Phylogenetic analysis further confirmed the close genetic relationship between SR and ZJQ-221, as they were clustered in the same branch (Figure 3). Interestingly, the PIV5 SZ2 strain (GenBank: OQ939949.1), recently isolated from another dead Siberian tiger in the same zoo using Metavirome sequencing, kept a distance from the branch of SR and ZJQ-221 strains and formed an individual branch, indicating that SZ2 might have been evolved in a different way.
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FIGURE 3
 Phylogenetic analysis of the PIV5 SR strain based on the nucleotide sequences of the complete viral genome sequence. The nucleotide sequences of various parainfluenza virus strains were aligned using MEGA 7. One thousand bootstrap replicates were subjected to nt sequence distance and neighbor-joining analyzes, and a consensus phylogenetic tree was generated. Red triangles indicate strains found in the same zoo.




Nt and aa comparisons of PIV5 ZJQ-221, SR, and SZ2 strains

Since Siberian tiger strains SR and SZ2, as well as lesser panda strain ZJQ-221, were all found in the same zoo, these three strains might be helpful in exploring the potential pattern of evolution and interspecies transmission of PIV5. Thus, ZJQ-221, SR, and SZ2 sequences were analyzed using Geneious Prime (Version 2021.1.1), and mutation sites of nt and aa between strains are listed in Supplementary Table S1. The three PIV5 strains had several sense mutations in viral encoding areas (Figure 4). Intriguingly, no sense mutation in F or SH was found between ZJQ-221 and SR, while the newly found PIV5 strain SZ2 had 6 and 5 sense mutations in each viral protein, respectively. Furthermore, compared with ZJQ-221 and SR strains, three aa mutations of the PIV5 SZ2 strain in SH (13: Ala to Thr), HN (447: Ser to Asp), and L (2,229: Val to Met) resulted from two nt mutations in each codon (Figure 4).
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FIGURE 4
 Sense mutations of lesser panda PIV5 strain ZJQ-221 and Siberian tiger PIV5 strains SR and SZ2 identified from the same zoo. Amino acid (aa) sequences of ZJQ-221, SR, and SZ2 strains were analyzed using Geneious Prime (Version 2021.1.1). The schematic diagram of the PIV5 genome structure and aa mutations was illustrated. Aa sense mutations resulting from two nt site mutations in one codon are shown in red. Yellow box, viral protein encoding area and direction in the genome. NP, nucleocapsid protein. V/P, V protein/phosphoprotein. M, Matrix protein. F, fusion protein. SH, small hydrophobic protein. HN, hemagglutinin-neuraminidase protein. L, large protein, or RNA-dependent RNA polymerase.





Discussion

The Paramyxoviridae family boasts a broad spectrum of viral reservoirs and is implicated in various diseases, including mumps and measles in humans, Newcastle disease in poultry, and distemper in carnivorous animals (24–26). Since its identification in 1954, PIV5 has evolved into a globally infectious agent over the past half century. Research has revealed that PIV5 can infect a diverse array of mammals, including humans, dogs, pigs, rats, rabbits, foxes, and cats, across different countries and regions. Despite the extensive knowledge of the infectivity of PIV5 in various species, the evolutionary dynamics of PVs during interspecies transmission remain elusive. While the virus has demonstrated its ability to traverse species boundaries, the mechanisms and factors influencing its evolution in the context of interspecies transmission are yet to be fully elucidated. This knowledge gap underscores the need for further investigations to unravel the intricacies of the evolutionary pathways of PVs during interspecies transmission.

In this study, a novel PIV5 strain named SR, with a full length of 15,246 nt and exhibiting spherical particles with a diameter of 50–200 nm consistent with previously reported studies (7, 13), was isolated from a captive Siberian tiger with clinical symptoms. The isolated PIV5 SR strain conforms to Koch’s postulates (Supplementary Table S1). Meanwhile, alignment and high similarity analysis demonstrated that this novel PIV5 SR strain shared the same genome structure and had the highest nt similarity (~99.76%) with the ZJQ-221 strain of lesser panda (GenBank: KX100034) from the same zoo. Additionally, the PIV5 SR strain was predicted to encode a small hydrophobic (SH) protein, which is a type II membrane protein of 44 aa residues, including a 5-aa C-terminal ectodomain, a 23-aa transmembrane domain, and a 16-aa N-terminal cytoplasmic region (13, 27). The SH protein was absent in PIV5 strains isolated from pigs, dogs, calves, and cells (19), implying that this protein might be dispensable in the lifecycle of PVs (28–31). However, the absence of SH protein in PIV5 induced apoptosis of infected cells by activating tumor necrosis factor-alpha expression (32). Interestingly, the role of SH protein in the inhibition of apoptosis, which contributes to the virulence of PV members, was further confirmed in the J paramyxovirus (JPV), mumps virus, and respiratory syncytial virus (RSV) (33). Our study identified the presence of the SH protein in tiger PIV5 strains SR and SZ2. The presence of this protein is speculated to play a role in reducing apoptosis and contributing to virulence throughout the lifecycles of these strains, thereby facilitating transmission among diverse host species.

One specific mutation in proteins might play an important role in the lifecycle, pathogenesis, evolution, and even interspecies transmission of viruses (34). It has been previously reported that mutations in the F fusogenic peptide (G3A) and near the F transmembrane domain (S443P) not only enhanced viral fusion activity but also increased viral susceptibility to antibody-mediated neutralization (35). A point mutation of glutamine at position 202 of the RNA-binding domain of human parainfluenza virus type 2 (hPIV2) nucleocapsid protein (NP) enhanced polymerase activity by approximately 30-fold, whereas a recombinant hPIV2 possessing the NP Q202A mutation could not be recovered from cDNA (36). Moreover, leucine at position 302 of the M protein of hPIV3 played a crucial role in viral RNA synthesis by regulating inclusion body formation (12). Hemagglutinin-neuraminidase (HN) of PV is a multifunctional protein mediating hemagglutination, neuraminidase, and fusion promotion activities. A study of PIV5 HN ectodomain structure revealed that V81T and L85Q mutations in the stalk region significantly impaired cell–cell fusion, while the D398L mutation within the head domain showed reduced fusion activity (37). A second receptor binding site on hPIV3 HN contributed to the activation of the fusion mechanism during host cell invasion (38). However, the creation of a second receptor binding site by site-specific mutagenesis at residue 523 on hPIV1 HN did not significantly affect the growth or fusion activity of the recombinant virus (39). pH-dependent (acid-activated) channel activity of human RSV SH proteins in transiently expressing HEK 293 cells was abolished when both His22 and His51 residues of the SH protein were mutated, but not when either was present (40). An additional mutation in E1658D of the PIV5 L protein might enhance virus replication in Vero cells when PIV5 without the conserved C-terminal of the V protein was inserted with hemagglutinin from the H5N1 Influenza A virus between the HN and L genes in the genome (41). Post-translation modification of specific residues of viral proteins also plays a vital role in virus transmission in hosts. The phosphoprotein status of PIV5 viral phosphoprotein (P) acted as a replication switch during virus replication (42), while SUMOylation played a key role in the growth of PIV5. Mutation of the P protein at 254 lysine to arginine (K254R) reduced PIV5 minigenome activity and the SUMOylation level of the P protein (43). The present study compared nt and protein mutations, which may help in exploring mechanisms underlying the evolution and interspecies transmission of PIV5.

In the current study, a novel PIV5 strain, designated SR strain, causing slowly progressive CPEs in Vero cells was isolated from a dead Siberian tiger with clinical symptoms including vomiting, diarrhea, and dyspnea. Virions of the PIV5 SR strain in infected cells were imaged using a transmission electron microscope (TEM). The full genome of the SR strain showed a classical PIV5 genome structure characteristic and the closest genetic relationship with a lesser panda strain, ZJQ-221, isolated in the same zoo. Furthermore, mutations of nt and aa in SR, SZ2, and ZJQ-221 strains were identified. Our study findings provide insight into the epidemiology and genomics of PIV5 and highlight the urgent need to control PIV5 in zoo animals to avoid interspecies transmission. The occurrence of PIV5 mutations in these wild animals might provide potential candidates for future research on the molecular mechanisms underlying virus evolution and interspecies transmission.



Data availability statement

The datasets presented in this study can be found in online repositories. The names of the repository/repositories and accession number(s) can be found in the article/Supplementary material. The data presented in the study are deposited in the NCBI repository, SRA accession number: SRR27458479.



Ethics statement

The animal study was approved by Guangzhou Zoo Ethics Committee. The study was conducted in accordance with the local legislation and institutional requirements.



Author contributions

NZ: Project administration, Writing – original draft, Writing – review & editing. LC: Project administration, Writing – original draft. CW: Data curation, Formal analysis, Writing – original draft. MeL: Project administration, Writing – original draft. FS: Investigation, Methodology, Writing – original draft. WL: Methodology, Project administration, Writing – original draft. YW: Investigation, Methodology, Writing – original draft. XD: Methodology, Writing – original draft. JF: Data curation, Writing – original draft. MiL: Data curation, Writing – original draft. MS: Methodology, Writing – original draft. JC: Data curation, Writing – original draft, Writing – review & editing. JZ: Writing – original draft, Writing – review & editing. WC: Writing – original draft, Writing – review & editing.



Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This study was supported by Guangzhou Zoo (Grant No. YL202201), the Guangdong Provincial Department of Science and Technology (Grant No. 2022B1111040001), and the Forestry Administration of Guangdong Province (Grant No. 202301023).



Acknowledgments

The authors thank Xiangxiang Gao, Jiaqi Sa, and Weijun Xie for their kind support of this study. The authors thank the Home for Researchers editorial team (www.home-for-researchers.com) for the language editing service.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fvets.2024.1356378/full#supplementary-material



Footnotes

1   https://blast.ncbi.nlm.nih.gov/Blast.cgi




References

 1. Hull, RN, Minner, JR, and Smith, JW. New viral agents recovered from tissue cultures of monkey kidney cells. I. Origin and properties of cytopathogenic agents S.V.1, S.V.2, S.V.4, S.V.5, S.V.6, S.V.11, S.V.12 and S.V.15. Am J Hyg. (1956) 63:204–15. doi: 10.1093/oxfordjournals.aje.a119804 

 2. Choppin, PW. Multiplication of a Myxovirus (Sv5) with minimal cytopathic effects and without interference. Virology. (1964) 23:224–33. doi: 10.1016/0042-6822(64)90286-7 

 3. Evermann, JF, Krakowka, S, McKeirnan, AJ, and Baumgartner, W. Properties of an encephalitogenic canine parainfluenza virus. Arch Virol. (1981) 68:165–72. doi: 10.1007/BF01314569 

 4. Wignall-Fleming, E, Young, DF, Goodbourn, S, Davison, AJ, and Randall, RE. Genome sequence of the parainfluenza virus 5 strain that persistently infects AGS cells. Genome Announc. (2016) 4:e00653-16. doi: 10.1128/genomeA.00653-16 

 5. He, B, Paterson, RG, Ward, CD, and Lamb, RA. Recovery of infectious SV5 from cloned DNA and expression of a foreign gene. Virology. (1997) 237:249–60. doi: 10.1006/viro.1997.8801 

 6. Choppin, PW, and Stoeckenius, W. The morphology of Sv5 virus. Virology. (1964) 23:195–202. doi: 10.1016/0042-6822(64)90282-X

 7. Terrier, O, Rolland, J-P, Rosa-Calatrava, M, Lina, B, Thomas, D, and Moules, V. Parainfluenza virus type 5 (PIV-5) morphology revealed by cryo-electron microscopy. Virus Res. (2009) 142:200–3. doi: 10.1016/j.virusres.2008.12.017 

 8. Thomas, SM, Lamb, RA, and Paterson, RG. Two mRNAs that differ by two nontemplated nucleotides encode the amino coterminal proteins P and V of the paramyxovirus SV5. Cell. (1988) 54:891–902. doi: 10.1016/S0092-8674(88)91285-8

 9. Hierweger, MM, Werder, S, and Seuberlich, T. Parainfluenza virus 5 infection in neurological disease and encephalitis of cattle. Int J Mol Sci. (2020) 21:498. doi: 10.3390/ijms21020498 

 10. Gazal, S, Sharma, N, Gazal, S, Tikoo, M, Shikha, D, Badroo, GA , et al. Nipah and Hendra viruses: deadly zoonotic paramyxoviruses with the potential to cause the next pandemic. Pathogens. (2022) 11:1419. doi: 10.3390/pathogens11121419 

 11. Ibrahim, YM, Zhang, W, Werid, GM, Zhang, H, Pan, Y, Zhang, L , et al. Characterization of parainfluenza virus 5 from diarrheic piglet highlights its zoonotic potential. Transbound Emerg Dis. (2022) 69:e1510–25. doi: 10.1111/tbed.14482 

 12. Zhang, S, Cheng, Q, Luo, C, Qin, Y, and Chen, M. Human parainfluenza virus type 3 matrix protein reduces viral RNA synthesis of HPIV3 by regulating inclusion body formation. Viruses. (2018) 10:125. doi: 10.3390/v10030125 

 13. Lee, YN, and Lee, C. Complete genome sequence of a novel porcine parainfluenza virus 5 isolate in Korea. Arch Virol. (2013) 158:1765–72. doi: 10.1007/s00705-013-1770-z 

 14. Cetre-Sossah, C, Kwiatek, O, Faharoudine, A, Soule, M, Moutroifi, YO, Vrel, MA , et al. Impact and epidemiological investigations into the incursion and spread of Peste des Petits ruminants in the Comoros archipelago: an increased threat to Surrounding Islands. Transbound Emerg Dis. (2016) 63:452–9. doi: 10.1111/tbed.12296 

 15. Zhang, H, Shan, F, Zhou, X, Li, B, Zhai, JQ, Zou, SZ , et al. Outbreak and genotyping of canine distemper virus in captive Siberian tigers and red pandas. Sci Rep. (2017) 7:8132. doi: 10.1038/s41598-017-08462-4 

 16. Su, H, Wang, Y, Han, Y, Jin, Q, Yang, F, and Wu, Z. Discovery and characterization of novel paramyxoviruses from bat samples in China. Virol Sin. (2023) 38:198–207. doi: 10.1016/j.virs.2023.01.002 

 17. Yang, M, Ma, Y, Jiang, Q, Song, M, Kang, H, Liu, J , et al. Isolation, identification, and pathogenic characteristics of tick-derived parainfluenza virus 5 in Northeast China. Transbound Emerg Dis. (2022) 69:3300–16. doi: 10.1111/tbed.14681 

 18. Romanutti, C, Gallo Calderon, M, Keller, L, Mattion, N, and La Torre, J. RT-PCR and sequence analysis of the full-length fusion protein of canine distemper virus from domestic dogs. J Virol Methods. (2016) 228:79–83. doi: 10.1016/j.jviromet.2015.11.011 

 19. Zhai, JQ, Zhai, SL, Lin, T, Liu, JK, Wang, HX, Li, B , et al. First complete genome sequence of parainfluenza virus 5 isolated from lesser panda. Arch Virol. (2017) 162:1413–8. doi: 10.1007/s00705-017-3245-0 

 20. Zhai, J, Wu, Y, Chen, J, Zou, J, Shan, F, Li, W , et al. Identification of Amblyomma javanense and detection of tick-borne Ehrlichia spp. in confiscated Malayan pangolins. Int J Parasitol Parasites Wildl. (2021) 14:107–16. doi: 10.1016/j.ijppaw.2021.01.008 

 21. Kolakofsky, D, Pelet, T, Garcin, D, Hausmann, S, Curran, J, and Roux, L. Paramyxovirus RNA synthesis and the requirement for hexamer genome length: the rule of six revisited. J Virol. (1998) 72:891–9. doi: 10.1128/JVI.72.2.891-899.1998 

 22. Liu, Y, Li, N, Zhang, S, Zhang, F, Lian, H, and Hu, R. Parainfluenza virus 5 as possible cause of severe respiratory disease in calves. China Emerg Infect Dis. (2015) 21:2242–4. doi: 10.3201/eid2112.141111 

 23. Kumar, S, Stecher, G, and Tamura, K. MEGA7: molecular evolutionary genetics analysis version 7.0 for bigger datasets. Mol Biol Evol. (2016) 33:1870–4. doi: 10.1093/molbev/msw054 

 24. Bale, JF Jr. Measles, mumps, rubella, and human parvovirus B19 infections and neurologic disease. Handb Clin Neurol. (2014) 121:1345–53. doi: 10.1016/B978-0-7020-4088-7.00091-2 

 25. Dimitrov, KM, Ramey, AM, Qiu, X, Bahl, J, and Afonso, CL. Temporal, geographic, and host distribution of avian paramyxovirus 1 (Newcastle disease virus). Infect Genet Evol. (2016) 39:22–34. doi: 10.1016/j.meegid.2016.01.008 

 26. Martinez-Gutierrez, M, and Ruiz-Saenz, J. Diversity of susceptible hosts in canine distemper virus infection: a systematic review and data synthesis. BMC Vet Res. (2016) 12:78. doi: 10.1186/s12917-016-0702-z 

 27. Hiebert, SW, Richardson, CD, and Lamb, RA. Cell surface expression and orientation in membranes of the 44-amino-acid SH protein of simian virus 5. J Virol. (1988) 62:2347–57. doi: 10.1128/jvi.62.7.2347-2357.1988 

 28. Rima, BK, Gatherer, D, Young, DF, Norsted, H, Randall, RE, and Davison, AJ. Stability of the parainfluenza virus 5 genome revealed by deep sequencing of strains isolated from different hosts and following passage in cell culture. J Virol. (2014) 88:3826–36. doi: 10.1128/JVI.03351-13 

 29. Fuentes, S, Tran, KC, Luthra, P, Teng, MN, and He, B. Function of the respiratory syncytial virus small hydrophobic protein. J Virol. (2007) 81:8361–6. doi: 10.1128/JVI.02717-06 

 30. Li, Z, Xu, J, Patel, J, Fuentes, S, Lin, Y, Anderson, D , et al. Function of the small hydrophobic protein of J paramyxovirus. J Virol. (2011) 85:32–42. doi: 10.1128/JVI.01673-10 

 31. He, B, Gp, L, Fau Paterson, RG, Fau Lamb, RA, and Lamb, RA. The paramyxovirus SV5 small hydrophobic (SH) protein is not essential for virus growth in tissue culture cells. Virology. (1998) 250:30–40. doi: 10.1006/viro.1998.9354

 32. Lin, YA, Bright, AC, Rothermel, TA, and He, BA. Induction of apoptosis by paramyxovirus simian virus 5 lacking a small hydrophobic gene. J Virol. (2003) 77:3371–83. doi: 10.1128/JVI.77.6.3371-3383.2003 

 33. Abraham, M, Arroyo-Diaz, NM, Li, Z, Zengel, J, Sakamoto, K, and He, B. Role of small hydrophobic protein of J paramyxovirus in virulence. J Virol. (2018) 92:e00653-18. doi: 10.1128/JVI.00653-18 

 34. Parkhe, P, and Verma, S. Evolution, interspecies transmission, and zoonotic significance of animal coronaviruses. Front Vet Sci. (2021) 8:719834. doi: 10.3389/fvets.2021.719834 

 35. Johnson, JB, Schmitt, AP, and Parks, GD. Point mutations in the paramyxovirus F protein that enhance fusion activity shift the mechanism of complement-mediated virus neutralization. J Virol. (2013) 87:9250–9. doi: 10.1128/JVI.01111-13 

 36. Matsumoto, Y, Ohta, K, Kolakofsky, D, and Nishio, M. A point mutation in the RNA-binding domain of human parainfluenza virus type 2 nucleoprotein elicits abnormally enhanced polymerase activity. J Virol. (2017) 91:e02203-16. doi: 10.1128/JVI.02203-16 

 37. Welch, BD, Yuan, P, Bose, S, Kors, CA, Lamb, RA, and Jardetzky, TS. Structure of the parainfluenza virus 5 (PIV5) hemagglutinin-neuraminidase (HN) Ectodomain. PLoS Pathog. (2013) 9:e1003534. doi: 10.1371/journal.ppat.1003534 

 38. Porotto, M, Fornabaio, M, Kellogg, GE, and Moscona, A. A second receptor binding site on human parainfluenza virus type 3 hemagglutinin-neuraminidase contributes to activation of the fusion mechanism. J Virol. (2007) 81:3216–28. doi: 10.1128/JVI.02617-06 

 39. Bousse, T, and Takimoto, T. Mutation at residue 523 creates a second receptor binding site on human parainfluenza virus type 1 hemagglutinin-neuraminidase protein. J Virol. (2006) 80:9009–16. doi: 10.1128/JVI.00969-06 

 40. Gan, SW, Tan, E, Lin, X, Yu, D, Wang, J, Tan, GM , et al. The small hydrophobic protein of the human respiratory syncytial virus forms pentameric ion channels. J Biol Chem. (2012) 287:24671–89. doi: 10.1074/jbc.M111.332791 

 41. Li, Z, Gabbard, JD, Mooney, A, Chen, Z, Tompkins, SM, and He, B. Efficacy of parainfluenza virus 5 mutants expressing hemagglutinin from H5N1 influenza a virus in mice. J Virol. (2013) 87:9604–9. doi: 10.1128/JVI.01289-13 

 42. Saikia, P, Gopinath, M, and Shaila, MS. Phosphorylation status of the phosphoprotein P of rinderpest virus modulates transcription and replication of the genome. Arch Virol. (2008) 153:615–26. doi: 10.1007/s00705-008-0034-9 

 43. Sun, D, Xu, P, and He, B. Sumoylation of the P protein at K254 plays an important role in growth of parainfluenza virus 5. J Virol. (2011) 85:10261–8. doi: 10.1128/JVI.00389-11 


Copyright
 © 2024 Zhou, Chen, Wang, Lv, Shan, Li, Wu, Du, Fan, Liu, Shi, Cao, Zhai and Chen. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fvets-11-1356378-g003.jpg
o MT890699.1/HUB/YC/2015/PIVS/swine/Chinal2015
MT890696.1/HLI2015/DP1-1/PIVS/swine/China/2015
MT890700.11JX12015/1221/PIV5/swine/Chinai2015
MT890698.1/SHI2015/122/PIV5/swine/China/2015
MT890697.1/HLI2015/DP2-1/PIVS/swine/China/2015
MK028670.1/SHI2015/1202/swine/Chinal2015
OK505006.1/HLY/Sus scrofa/Chinal2020
MWO51776.1/PIVS/TickiHeilongjiang/20191ick/Chinal2019
MH370862. 1/HMZIPanthera tigrs tigris/Chinal2018
 MGS21602.1/PIVS-GD18/PangolinChinal2017
000 MH362816.1/CAN/Pangoiin/China/2018
T A\ KX100034.1/2JQ-22 lesser pandalChinal2015

A\ KY685075.1/PIV5-SR/Panthera tigris altaica/China/2015
MW273368.1/INDIMZ/3013789/Sus scrofalindial2017
KC237064.1/1168-1/canine/South Korea/2009

oo
0.000

0.000

0001

99 [ /Q743319.1/78524/canine/United Kingdom/2014
%Tﬂen:m MK423233.1/T263/swine/South Korea/2016
B

0,004

®

<00 JQ743323.1/H221caninelUnited Kingdom/2014

—or— MN735204.1/CH19-MVH/Bos taurus/Switzerland! 1983

01
100

53 MT604001.1/CU-D20804/canine/ Thailand/2018
& 503 MT603999.1/CU-D133/canine/Thailand2016
%MKAZSMS 1IN163/swine/South Korea/2018

oo 00 MK423232.1/T220/swine/South Korea/2016

0.000
0.001

KCZ37083 108-1990caninlSouth Korea2008

KCZ8T085 D27 TlaninefSuth Korea2008

L S —

100 KY114804.1/CPIV-HeN0718/canine/China/2015
0

Sood ™

b 5a: MK423237.1T434lswine/South Koreal2016

100 E'D 350743321 1/CPI+/canine/USA/ 1980
0.012 JQ743320.1/CP-/canine/USA/1980

0.001
100 55JQ743328.1/SERIswine/Germany/1998

MK423240.1M197/swine/South Koreal2017
KP893891.1/CC-14/canine/Chinal2015
KMOB7467.1/PV5-BC14/callChinal2014
ﬁ@ KC852177.4/KNU-11/ swine/South Korea/2011
003 MK423239.1IM129/swine/South Koreal2017
MT124463.1/China/HBO1/2019/snake/China/2019
- MF170888.1/CarinalswinelSouth Korear2017
MK423238.1/M32/swine/South Koreal2017
MK423241.1/M293/swine/South Koreal2017
- MF170880.1/Rigel/swine/South Korear2017
MK423234.1/T36 Viswine/South Koreal2016
A 00939949.1/522/GD/Tiger/China/2021

100 52 JQ743318. 1WA GelISIUSA/ 1964

NC_006430.1/W3AICDNAIUSA/1998

55 57 JO743326.1IMILHomo sapiens/United Kingdom 1980
oy el
B

JQ743325.1/MELHomo sapiens/United Kingdom/1980
-JQ743322.1/DEN//Homo sapiens/United Kingdom/1980

Q743324 1/LNIHomo sapiens/United Kingdom/1980
MNGB04146.1/XJ033/horse/Chinal2018.

100 WOJQ743327 1/RQ/Homo sapiens/United Kingdom/1976
ol
:

o001
- o004
o oo0
00
o000 |04
oot
o5
00 0003
oo
o0z
o
L 005
003
o000
100 001
0008 |Les [ 0000
o
000
100[ G001
ooit

69 KX060176.1/AGS/cells/lUSA/1983
-
s

203 MT160087.1/LiHomo sapiens/Chinal2017

o181

MK593539, 1/RUS/Moskval2015/cells/Russial2015





OPS/images/fvets-11-1356378-g004.jpg





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Isolation, genome analysis and comparison of a novel parainfluenza virus 5 from a Siberian tiger (Panthera tigris)



		Highlights



		Background



		Materials and methods



		Samples



		Reverse transcription PCR (RT-PCR)



		Gel electrophoresis, sequencing, and similarity analysis



		Virus isolation



		TEM scanning



		Sequence alignment and phylogenetic analysis









		Results



		Isolation and identification of PIV5 from Siberian tiger



		Genome characterization of PIV5 SR strain



		Sequence alignments and phylogenetic analysis of PIV5 SR strain



		Nt and aa comparisons of PIV5 ZJQ-221, SR, and SZ2 strains









		Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary material



		Footnotes



		References



















OPS/images/fvets-11-1356378-g001.jpg
PIVS5 infected

2000 bp-
1000 bp-
750 bp-
500 bp-
200 bp-

100 bp-






OPS/images/fvets-11-1356378-g002.jpg





OPS/images/cover.jpg
& frontiers | Frontiers in Veterinary Science

Isolation, genome analysis and
comparison of a novel
parainfluenza virus 5 from a
Siberian tiger (Panthera tigris)












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
, frontiers Frontiers in Veterinary Science






