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Cyprinid herpesvirus 3 (CyHV-3) was identified by Bretzinger,
Fischer-Scherl, Oumouma, Hoffmann, and Truyen (1999) and Hedrick
et al. (2000) as the aetiological agent of a viral disease termed
KHVD, which can cause mortality as high as 80%-100% in common
carp Cyprinus carpio (Reviewed in Gotesman, Kattlun, Bergmann, &
El-Matbouli, 2013). CyHV-3 is a double-stranded DNA virus consist-
ing of a 295 kB genome encoding164 putative open reading frames
(ORFs), and mass spectrometry analysis of viral particles has identi-
fied 40 proteins packaged in a mature virion including 22 structural,
3 capsid, 2 tegument and 13 envelope proteins (Michel, Leroy, et al.,
2010). Furthermore, the immunogenic and vaccine potentials of sev-
eral epitopes of CyHV-3 have been investigated, including Orf12
(Kattlun, Menanteau-Ledouble, & EI-Matbouli, 2014) which is read-
ily recognized by the immune system of carp and Orf81 for which
conflicting evidence exists (Kattlun et al., 2016; Zhou et al., 2014), al-
though little such research has been conducted in goldfish (Carassius
auratus). In previous reports, our group elucidated pathogen-host
interactions in CyHV-3-infected C. auratus through the use of mono-
clonal antibody-linked pulldown assay followed by electro-spray
jonization mass spectrometry (ESI-MS) as described in Gotesman,

Menanteau-Ledouble, and EI-Matbouli (2016). C. auratus is a
non-symptomatic carrier of CyHV-3, and previous studies demon-
strated that in C. auratus, several host defence proteins interact with
CyHV-3 (Bergmann et al., 2010; Gotesman, Abd-Elfattah, Kattlun,
Soliman, & El-Matbouli, 2014). Interestingly, several of these pro-
teins were not found to interact in the common carp, the susceptible
carp host for CyHV-3 (Gotesman, Soliman, & El-Matbouli, 2013). A
recent study by Torrent et al. (2016) has demonstrated that the IgMs
of asymptotic CyHV-3 surviving carp recognize an epitope derived
from the amino-terminal of the glycoprotein coded by the ORF149
of CyHV-3 (Orf149). Monoclonal antibodies (mAbs) were generated
by immunizing mice with purified CyHV-3 particles (Cabon et al.,
2017), and these mAbs were used to detect the virus in common
carp brain cells by enzyme-linked immunosorbent assay (Bergmann
etal., 2017).

Pulldown assays use antibodies to capture a “bait” protein in
an affinity resin, and in the present study, we applied a pulldown
assay to investigate the proteins interacting with the Orf149 epi-
tope: Orf149 mAbs were linked to N-hydroxysuccinimide (NHS)-
activated agarose columns (Gotesman et al., 2016) to capture and
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identify host proteins interacting with CyHV-3. Kidney samples

of C. auratus previously infected by intraperitoneal injection with
200 ul of CyHV-3 virus at a concentration of 10* TCID,, (Kattlun
et al., 2014, 2016) were lysed using a Tissue Lyser (Qiagen). The
sample were resuspended in non-denaturing buffer (Gotesman
et al., 2014; Gotesman, Soliman, et al., 2013) and passed through
the columns by gravity filtration to expose the extracted host pro-
teins to the agarose-linked mAbs. The columns were rinsed 8 times
with phosphate-buffered saline (PBS) to ensure that unbound ex-
tracts were washed away as measured by spectrophotometry,g,
(OD =0) and the bound proteins were eluted from the column using
glycine (pH 3) into microcentrifuge tubes containing neutralizing
Tris base (pH 8). The entire eluted fraction was analysed by liquid
chromatography tandem mass spectrometry LC-MS/MS analysis
(performed at the VetMedUni VetCore facilities) to elucidate host
proteins that putatively interact with Orf149.

The majority of the proteins identified (Table 1A) were identical
to proteins previously identified in C. carpio (Gotesman, Soliman,
et al., 2013) as well as using a different epitope of CyHV3 species
(Gotesman et al., 2014), including cytoskeletal, elongation fac-
tors and enzymatic proteins (Table 1A). The cytoskeletal protein
actin (Sandquist, Kita, & Bement, 2011), which was detected in
both CyHV-3-positive and CyHV-3-negative samples, serves as a
track for both conventional and unconventional myosins (Moen,
Johnsrud, Thomas, & Titus, 2011) and plays a role in intracellular
translocation and cell remodelling (Gotesman, Hosein, & Gavin,
2010, 2011).

Another protein identified was the eukaryotic elongation factor
1 alpha (eEF1A) which has a diverse set of functions in the cell in-
cluding interactions with the cytoskeleton (reviewed in Sasikumar,
Perez, & Kinzy, 2012). Interestingly, certain RNA viruses interact
with eF1A directly to aid in viral replication (Sasikumar et al., 2012)
and this could explain the recovery of cytoskeletal protein actin by
the pulldown assay. Because eEF1A’s activity is hijacked for viral
propagation, it is plausible that an antibody targeting the glyco-
protein Orf149 that interacts with the cell membrane of the host

TABLE 1

protein would also detect this cytoskeletal protein. This explanation
is further supported by the fact that eEF1A was also pulled down by
this assay.

Myeloid protein 1 is the final member of previously identified
proteins. It is no surprise that a haemoglobin protein was recov-
ered in the CyHV-3-positive samples (Table 1A) because CyHV-3 is
detectable in various regions of the circulatory system (Reviewed
by Michel, Fournier, Lieffrig, Costes, & Vanderplasschen, 2010) in-
cluding the hematopoietic tissue in the spleen (Lee et al., 2016).

The results from this trial also suggested that the mAb was able
to capture the same metalloendopeptidase (metalloendopeptidase
042326) in both the infected and non-infected samples (Table 1B).
More importantly, a unique, mitochondrial cytochrome c protein
(mitochondrial cytochrome C X4Z1X5) was also detected in the
CyHV-3-positive samples. Intriguingly, this protein had not been
previously implicated in CyHV-3 infections (Table 1C). In our pre-
vious study, we identified interactions of CyHV-3 with mitochon-
drial enzymes involved in ATP synthesis (Gotesman et al., 2014;
Gotesman, Soliman, et al., 2013), and in this study, another mito-
chondrial protein was shown to interact with CyHV-3. Cytochrome
c-like metalloendopeptidase is known to coordinate with metal ions
for correct functions and has implications in immune function and
disease (Bond & Jiang, 1997), and it is interesting to speculate what
role the mitochondria plays in CyHV-3 infection. Whether CyHV-3
alters the activity of the mitochondrial machinery to produce
higher amounts of ATP (Murata et al., 2000) or modulates apopto-
sis factors (Cotter & Blaho, 2009) to either increase viral replication
(Aubert, Pomeranz, & Blaho, 2007; Zhou & Roizman, 2000) or the
release of mature viruses via apoptosis (Zhang, Tang, & Xu, 2014),
respectively, remains unclear. Interestingly, some viruses such as
spring viremia of carp virus (SVCV) are known to modulate ROS
(reactive oxidative species) production (Liu et al., 2017; Shao et al.,
2016). Antimycin A (a small molecule inhibitor of cellular respira-
tion) is known to inhibit the mitochondrial complex Ill, reducing
ROS production in SVCV-infected cells and inhibiting the transcrip-
tion of SVCV glycoprotein and viral replication (Zhao et al., 2018).

(A) Proteins identified that were overlapping from previous studies (Gotesman et al., 2014; Gotesman, Soliman, et al., 2013). (B)

Proteins identified in both the positive and negative samples that were non-overlapping from previous studies. (C) Unique proteins identified

in this study from CyHV-3-positive samples

Uniprot Ref. # Role Coverage [%] # Peptides MW [kDa] calc. pl
(A) Overlapping from previous studies (Gotesman et al., 2014; Gotesman, Soliman, et al., 2013)
P53479 Actin, alpha skeletal muscle Cytoskeletal protein 12 4 41.9 5.39
P83750 Actin, cytoplasmic 1 Cytoskeletal protein 12 4 41.7 5.48
Q800W9 Elongation factor 1-alpha Transcription Factor 4 2 50 9.09
M9T843 Haemoglobin alpha Circulatory protein 13 3 15.6 8.85
Q9DGE4 Myeloid protein-1 Circulatory protein 19 2 17.5 9.55
(B) Non-overlapping from previous studies (Gotesman et al., 2014; Gotesman, Soliman, et al., 2013)
042326 Metalloendopeptidase Enzymatic 7 2 31.3 9.42
(C) Unique to CyHV-3 infected samples
X4Z1X5 Mitochondrial cytochrome ¢ Mitochondrial 28 3 11.5 9.54
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Alternatively, CyHV-3 may curtail the production or release of ROS
by the mitochondria to reduce the cell's natural viral defence mech-
anism (Gonzalez-Dosal, Horan, & Paludan, 2012; Gonzalez-Dosal
et al., 2011). Such viral strategies have been previously reported,
for example, among the important viral diseases that affect domes-
ticated poultry, the fusogenically activated F and HN glycoproteins
of Newcastle disease perturb mitochondrial fusion/fission haemo-
stasis (Ren et al., 2019). The fact that CyHV-3 can putatively in-
teract with this aforementioned enzyme and other mitochondrial
components raises interesting questions regarding how this virus
modulates the natural host immune response and mitochondria for
increased viability.

Pulldown assays have demonstrated good specificity in the past,
and, because of the extensive cleaning steps, it is unlikely that our
assay would have detected proteins that did not interact with the
Orf149 protein. Indeed, using a different bait protein resulted in a
different set of purified proteins. This confirmed that interactions
between bait and prey proteins were critical in the purification pro-
cess. In future research, it would be interesting to further investigate
the interactions of CyHV-3 with host proteins in different species,
for example using other immunoprecipitation methods such as
co-immunoprecipitation.

The aquamedicine field is rapidly adapting unconventional ap-
proaches for the detection, characterization and treatment of emer-
gent threats to marine and aquaculture industries (Reviewed by
Gotesman, Menanteau-Ledouble, Saleh, Bergmann, & El-Matbouli,
2018). Interactions with host cells are one of the most critical as-
pects of viral infections; therefore, such studies can greatly improve
our understanding of the disease. Moreover, such studies could po-

tentially suggest new therapeutic possibilities.

ACKNOWLEDGEMENTS

Antibodies were obtained from the Freidrich Loefler Institute. This
Research was partially funded by a 2018 PSC-CUNY Adjunct/CET
Professional Development Fund Award granted to MG. This re-
search was also supported by the Austrian Science Funds (Fonds zur
Forderung der wissenschaftlichen Forschung), project P28837-B22.
The funding body did not contribute to the study's design or analysis
of the data.

CONFLICT OF INTEREST
None.

DATA AVAILABILITY STATEMENT
The data sets used and/or analysed during the current study are

available from the corresponding author on reasonable request.

ORCID
Simon Menanteau-Ledouble
org/0000-0002-3435-9287
https://orcid.org/0000-0002-3343-0301
https://orcid.org/0000-0002-6785-9034
https://orcid.org/0000-0001-8148-0218

https://orcid.

Ebrahim Razzazi-Fazeli
Sven M. Bergmann
Mansour EI-Matbouli

[ Journal of 3
|Fish Diseases =7~ ‘}_Wl LEY

REFERENCES

Aubert, M., Pomeranz, L. E., & Blaho, J. A. (2007). Herpes simplex virus
blocks apoptosis by precluding mitochondrial cytochrome c re-
lease independent of caspase activation in infected human epithe-
lial cells. Apoptosis, 12(1), 19-35. https://doi.org/10.1007/s1049
5-006-0330-3

Bergmann, S. M., Engler, C., Wang, Q., Zeng, W., Li, Y., Wang, Y., ...
Reichert, M. (2017). Investigation on antigen ELISA for detection
of the envelope glycoprotein coded by ORF 149 of different Koi
Herpesvirus isolates obtained from cell cultures. Journal of Veterinary
Science and Medicine, 5(1), 7.

Bergmann, S. M., Lutze, P., Schiitze, H., Fischer, U., Dauber, M., Fichtner,
D., & Kempter, J. (2010). Goldfish (Carassius auratus auratus) is a sus-
ceptible species for koi herpesvirus (KHV) but not for KHV disease
(KHVD). Bulletin of the European Association of Fish Pathologists, 30(2),
74-84.

Bond, J. S., & Jiang, W. (1997). Membrane metalloendopeptidases in
immune functions and diseases. In S. Ansorge, & J. Langner (Eds.),
Cellular Peptidases in Immune Functions and Diseases, Vol. 421 (pp.
1-6). New York, NY: Spirnger Publishing. https://doi.org/10.1192/
bjp.111.479.1009-a

Bretzinger, A., Fischer-Scherl, T., Oumouma, M., Hoffmann, R., & Truyen,
U. (1999). Mass mortalities in koi carp, Cyprinus carpio, associated
with gill and skin disease. Bulletin of the European Association of Fish
Pathologists, 19(5), 182-185.

Cabon, J,, Louboutin, L., Castric, J., Bergmann, S., Bovo, G., Matras, M.,
... Morin, T. (2017). Validation of a serum neutralization test for de-
tection of antibodies specific to cyprinid herpesvirus 3 in infected
common and koi carp (Cyprinus carpio). Journal of Fish Diseases, 40(5),
687-701. https://doi.org/10.1111/jfd.12550

Cotter, C. R., & Blaho, J. A. (2009). Detection of Herpes Simplex Virus
Dependent Apoptosis. In P. Erhardt, & A. Toth (Eds.), Apoptosis,
Methods and Protocols (pp. 371-387). Totowa, NJ: Humana Press.
https://doi.org/10.1007/978-1-60327-017-5.

Gonzalez-Dosal, R., Horan, K. A., & Paludan, S. R. (2012). Mitochondria-
derived reactive oxygen species negatively regulates immune innate
signaling pathways triggered by a DNA virus, but not by an RNA
virus. Biochemical and Biophysical Research Communications, 418(4),
806-810. https://doi.org/10.1016/j.bbrc.2012.01.108

Gonzalez-Dosal, R., Horan, K. A., Rahbek, S. H., Ichijo, H., Chen, Z. J.,
Mieyal, J. J., ... Paludan, S. R. (2011). HSV infection induces produc-
tion of ROS, which potentiate signaling from pattern recognition re-
ceptors: role for S-glutathionylation of TRAF3 and 6. PLoS Path, 7(9),
€1002250. https://doi.org/10.1371/journal.ppat.1002250

Gotesman, M., Abd-Elfattah, A., Kattlun, J., Soliman, H., & EI-Matbouli,
M. (2014). Investigating the interactions of Cyprinid herpesvirus-3
with host proteins in goldfish Carassius auratus. Journal of Fish
Diseases, 37(9), 835-841. https://doi.org/10.1111/jfd.12172

Gotesman, M., Hosein, R. E., & Gavin, R. H. (2010). A FERM domain in a
class XIV myosin interacts with actin and tubulin and localizes to the
cytoskeleton, phagosomes, and nucleus in Tetrahymena thermophila.
Cytoskeleton, 67(2), 90-101. https://doi.org/10.1002/cm.20426

Gotesman, M., Hosein, R. E., & Gavin, R. H. (2011). MyTH4, independent
of its companion FERM domain, affects the organization of an in-
tramacronuclear microtubule array and is involved in elongation of
the macronucleus in Tetrahymena thermophila. Cytoskeleton, 68(4),
220-236. https://doi.org/10.1002/cm.20506

Gotesman, M., Kattlun, J., Bergmann, S. M., & EI-Matbouli, M. (2013).
CyHV-3: the third cyprinid herpesvirus. Diseases of Aquatic Organisms,
105(2), 163-174. https://doi.org/10.3354/dao02614

Gotesman, M., Menanteau-Ledouble, S., & El-Matbouli, M. (2016).
Proteomic analysis of cytoskeleton proteins in fish. In R. H. Gavin
(Ed.), Cytoskeleton Methods and Protocols SE - 21, (Vol. 1365,
pp. 357-372). New York, NY: Spirnger Publishing. https://doi.
org/10.1007/978-1-4939-3124-8_21


https://orcid.org/0000-0002-3435-9287
https://orcid.org/0000-0002-3435-9287
https://orcid.org/0000-0002-3435-9287
https://orcid.org/0000-0002-3343-0301
https://orcid.org/0000-0002-3343-0301
https://orcid.org/0000-0002-6785-9034
https://orcid.org/0000-0002-6785-9034
https://orcid.org/0000-0001-8148-0218
https://orcid.org/0000-0001-8148-0218
https://doi.org/10.1007/s10495-006-0330-3
https://doi.org/10.1007/s10495-006-0330-3
https://doi.org/10.1192/bjp.111.479.1009-a
https://doi.org/10.1192/bjp.111.479.1009-a
https://doi.org/10.1111/jfd.12550
https://doi.org/10.1007/978-1-60327-017-5
https://doi.org/10.1016/j.bbrc.2012.01.108
https://doi.org/10.1371/journal.ppat.1002250
https://doi.org/10.1111/jfd.12172
https://doi.org/10.1002/cm.20426
https://doi.org/10.1002/cm.20506
https://doi.org/10.3354/dao02614
https://doi.org/10.1007/978-1-4939-3124-8_21
https://doi.org/10.1007/978-1-4939-3124-8_21

MENANTEAU-LEDOUBLE ET AL.

4 Journal of \
Wi LEY—{ Fish Diseases >

Gotesman, M., Menanteau-Ledouble, S., Saleh, M., Bergmann, S. M., &
El-Matbouli, M. (2018). A new age in AquaMedicine: Unconventional
approach in studying aquatic diseases. BMC Veterinary Research,
14(1), 178. https://doi.org/10.1186/s12917-018-1501-5

Gotesman, M., Soliman, H., & EI-Matbouli, M. (2013). Antibody screening
identifies 78 putative host proteins involved in Cyprinid herpesvirus
3infection or propagation in common carp, Cyprinus carpio L. Journal
of Fish Diseases, 36(8), 721-733. https://doi.org/10.1111/jfd.12073

Hedrick, R. P, Gilad, O., Yun, S., Spangenberg, J. V., Marty, G. D,
Nordhausen, R. W.,, ... Eldar, A. (2000). A herpesvirus associated
with mass mortality of juvenile and adult koi, a strain of common
carp. Journal of Aquatic Animal Health, 12(1), 44-57. https://doi.
org/10.1577/1548-8667(2000)012<0044:AHAWMM>2.0.CO;2

Kattlun, J., Menanteau-Ledouble, S., & El-Matbouli, M. (2014). Non-
structural protein pORF 12 of cyprinid herpesvirus 3 is recognized
by the immune system of the common carp Cyprinus carpio. Diseases
of Aquatic Organisms, 111(3), 269-273. https://doi.org/10.3354/
dao02793

Kattlun, J., Menanteau-Ledouble, S., Gotesman, M., Abd-Elfattah, A.,
Way, K., Soliman, H., ... EI-Matbouli, M. (2016). Inmunogenic poten-
tial of a membrane protein encoded by the viral gene located at ORF
81 of Cyprinid Herpesvirus-3. Wiener Tierarztliche Monatsschrift,
103(3-4), 3-12.

Lee, X., Yi, Y., Weng, S., Zeng, J., Zhang, H., He, J., & Dong, C. (2016).
Transcriptomic analysis of koi (Cyprinus carpio) spleen tissue upon
cyprinid herpesvirus 3 (CyHV3) infection using next generation se-
quencing. Fish and Shellfish Immunology, 49, 213-224. https://doi.
org/10.1016/j.fsi.2015.12.007

Liu, L., Tu, X., Shen, Y. F., Chen, W. C., Zhu, B., & Wang, G. X. (2017).
The replication of spring viraemia of carp virus can be regulated
by reactive oxygen species and NF-kB pathway. Fish and Shellfish
Immunology, https://doi.org/10.1016/j.fsi.2017.05.068

Michel, B., Fournier, G., Lieffrig, F., Costes, B., & Vanderplasschen, A.
(2010). Cyprinid Herpesvirus 3. Emerging Infectious Diseases, 16(12),
1835-1843. https://doi.org/10.3201/eid1612.100593

Michel, B., Leroy, B., Stalin Raj, V., Lieffrig, F., Mast, J., Wattiez, R., ...
Costes, B. (2010). The genome of cyprinid herpesvirus 3 encodes 40
proteins incorporated in mature virions. Journal of General Virology,
91(Pt 2), 452-462. https://doi.org/10.1099/vir.0.015198-0

Moen, R. J., Johnsrud, D. O., Thomas, D. D., & Titus, M. A. (2011).
Characterization of a myosin VII MyTH/FERM domain. Journal
of Molecular Biology, 413(1), 17-23. https://doi.org/10.1016/j.
jmb.2011.08.036

Murata, T., Goshima, F., Daikoku, T., Inagaki-Ohara, K., Takakuwa, H.,
Kato, K., & Nishiyama, Y. (2000). Mitochondrial distribution and func-
tion in herpes simplex virus-infected cells. Journal of General Virology,
81(2), 401-406. https://doi.org/10.1099/0022-1317-81-2-401

Ren, S., Rehman, Z. U., Shi, M., Yang, B., Liu, P, Yin, Y., ... Ding, C.
(2019). Hemagglutinin-neuraminidase and fusion proteins of viru-
lent Newcastle disease virus cooperatively disturb fusion-fission

homeostasis to enhance mitochondrial function by activating the
unfolded protein response of endoplasmic reticulum and mitochon-
drials. Veterinary Research, 50(1), 37. https://doi.org/10.1186/s1356
7-019-0654-y

Sandquist, J. C., Kita, A. M., & Bement, W. M. (2011). And the dead shall
rise: actin and myosin return to the spindle. Developmental Cell, 21(3),
410-419. https://doi.org/10.1016/j.devcel.2011.07.018

Sasikumar, A. N., Perez, W. B., & Kinzy, T. G. (2012). The many roles of
the eukaryotic elongation factor 1 complex. Wiley Interdisciplinary
Reviews: RNA, 3(4), 543-555. https://doi.org/10.1002/wrna.1118

Shao, J., Huang, J., Guo, Y., Li, L., Liu, X., Chen, X., & Yuan, J. (2016). Up-
regulation of nuclear factor E2-related factor 2 (Nrf2) represses
the replication of SVCV. Fish & Shellfish Immunology, 58, 474-482.
https://doi.org/10.1016/j.fsi.2016.09.012

Torrent, F., Villena, A., Lee, P. A., Fuchs, W., Bergmann, S. M., & Coll, J.
M. (2016). The amino-terminal domain of ORF149 of koi herpesvi-
rus is preferentially targeted by IgM from carp populations surviv-
ing infection. Archives of Virology, 161(10), 2653-2665. https://doi.
org/10.1007/s00705-016-2934-4

Zhang, X., Tang, Q., & Xu, L. (2014). Herpes simplex virus 2 infects human
endothelial ECV304 cells and induces cell apoptosis synergistically
with ox-LDL. The Journal of Toxicological Sciences, 39(6), 909-917.
https://doi.org/10.2131/jts.39.909

Zhao, L., Qi, L., Li, C., Li, L., Jin, L., & Yuan, J. (2018). SVCV impairs mito-
chondria complex Ill resulting in accumulation of hydrogen peroxide.
Fish & Shellfish Immunology, 75, 58-65. https://doi.org/10.1016/j.
fsi.2018.01.053

Zhou, G., & Roizman, B. (2000). Wild-type herpes simplex virus 1 blocks
programmed cell death and release of cytochrome ¢ but not the
translocation of mitochondrial apoptosis-inducing factor to the nu-
clei of human embryonic lung fibroblasts. Journal of Virology, 74(19),
9048-9053. https://doi.org/10.1128/JV1.74.19.9048-9053.2000

Zhou, J., Xue, J., Wang, Q., Zhu, X,, Li, X,, Lv, W., & Zhang, D. (2014).
Vaccination of plasmid DNA encoding ORF81 gene of CJ strains
of KHV provides protection to immunized carp. Vitro Cellular
& Developmental Biology. Animal, 50(6), 489-495. https://doi.
org/10.1007/s11626-014-9737-2

How to cite this article: Menanteau-Ledouble S, Gotesman M,
Razzazi-Fazeli E, Bergmann SM, El-Matbouli M. Elucidation of
putative binding partners for the protein encoded by ORF149
of cyprinid herpesvirus 3 in goldfish (Carassius auratus). J Fish
Dis. 2020;00:1-4. https://doi.org/10.1111/jfd.13171



https://doi.org/10.1186/s12917-018-1501-5
https://doi.org/10.1111/jfd.12073
https://doi.org/10.1577/1548-8667(2000)012%3C0044:AHAWMM%3E2.0.CO;2
https://doi.org/10.1577/1548-8667(2000)012%3C0044:AHAWMM%3E2.0.CO;2
https://doi.org/10.3354/dao02793
https://doi.org/10.3354/dao02793
https://doi.org/10.1016/j.fsi.2015.12.007
https://doi.org/10.1016/j.fsi.2015.12.007
https://doi.org/10.1016/j.fsi.2017.05.068
https://doi.org/10.3201/eid1612.100593
https://doi.org/10.1099/vir.0.015198-0
https://doi.org/10.1016/j.jmb.2011.08.036
https://doi.org/10.1016/j.jmb.2011.08.036
https://doi.org/10.1099/0022-1317-81-2-401
https://doi.org/10.1186/s13567-019-0654-y
https://doi.org/10.1186/s13567-019-0654-y
https://doi.org/10.1016/j.devcel.2011.07.018
https://doi.org/10.1002/wrna.1118
https://doi.org/10.1016/j.fsi.2016.09.012
https://doi.org/10.1007/s00705-016-2934-4
https://doi.org/10.1007/s00705-016-2934-4
https://doi.org/10.2131/jts.39.909
https://doi.org/10.1016/j.fsi.2018.01.053
https://doi.org/10.1016/j.fsi.2018.01.053
https://doi.org/10.1128/JVI.74.19.9048-9053.2000
https://doi.org/10.1007/s11626-014-9737-2
https://doi.org/10.1007/s11626-014-9737-2
https://doi.org/10.1111/jfd.13171

	Elucidation of putative binding partners for the protein encoded by ORF149 of cyprinid herpesvirus 3 in goldfish (Carassius auratus)
	Elucidation of putative binding partners for the protein encoded by ORF149 of cyprinid herpesvirus 3 in goldfish (Carassius auratus)

