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LETTER

Immunization with recombinant baculovirus expressing the VP6
protein of grass carp reovirus induces immunity in grass carp

Dear Editor,

Grass carp reovirus (GCRV), a member of the genus
Aquareovirus in the family Reoviridae (Attoui H, et al,
2002), is one of the most virulent aquareoviruses iden-
tified so far, leading to high fatality rates (up to 85%)
of fingerlings and yearlings of grass carp (Fang Q, et al,
2007). No commercial vaccines against GCRV infection
have been developed as yet.

Baculovirus has been extensively used as a vector for
expression of exogenous genes in a wide range of cell
types, including mammalian and fish cells, due to its
efficient transduction. A recent study reported that VP6
expressed by the baculovirus vector in silkworm evoked
antibody responses in grass carp (Xue R, et al, 2013).
Previously, our group demonstrated efficient transduction
of recombinant baculovirus containing the cytomegalo-
virus-immediate early (CMV-IE) promoter in several fish
cell lines (Huang F, et al, 2011). Several investigators
have validated the utility of baculovirus as a potential
vector for gene therapy and vaccine development. The
GCR virion is nonenveloped and icosahedral with VP6
in its inner capsid. The VP6 protein is encoded by RNA
segment 8§ and plays a vital role in virus assembly.

In the present study, baculovirus was employed as a
vaccine vector to generate a recombinant virus express-
ing GCRV VP6 protein under control of the CMV-IE
promoter. GCRV-specific neutralizing antibodies were
successfully induced in grass carp via immunization with
recombinant Bac-CMV-VP6. Simultaneously, two innate
immune response genes, IFN-regulatory factor-7 (IRF-7)
and IFN-1, were upregulated.

Firstly, we constructed recombinant baculovirus
containing the GCRV VP6 gene under control of the
CMV-IE promoter (Figure 1A). To examine whether the
promoter of CMV-IE can effectively drive foreign gene
expression in insect and fish cells, sf9, EPC and CIK
cells were infected with Bac-CMV-VP6 and Bac-CMV-
EGFP at an MOI of 50. At 3 days post-infection, red flu-
orescence was observed in Bac-CMV-VP6-infected cells
with the immunofluorescence assay using mouse anti-His
tagged antibody, followed by Alexa Fluor 555 goat an-
ti-mouse IgG (Figure 1B). These results were consistent
with our previous observation that the recombinant bac-
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ulovirus not only enhances transduction efficiency in fish
cells but also mediates expression of the transgene VP6
in sf9 cells, thus facilitating VP6 protein expression in
grass carp immunized with recombinant baculoviruses.

In fish, neutralizing antibodies play a central role in
adaptive immunity against viral infection. Accordingly,
the neutralization assay was performed to evaluate the
neutralization activity of sera from fish vaccinated with
recombinant baculoviruses. Neutralization titers of the
three sera are shown in Table 1. The 50% neutralization
titer (EC50) of Bac-CMV-VP6 against GCRV of 1/160
was significantly higher than those of the two control
groups, Bac-CMV-EGFP and PBS. Moreover, in fish
treated with Bac-CMV-EGFP (EC50 of 1/25), the neu-
tralization titer was similar to that with phosphate buffer
solution (PBS) (EC50 of 1/40), suggesting that the bacu-
lovirus has no influence on antibody production.

To further ascertain whether the neutralizing activity
of fish sera is GCRV-specific, SVCV and CCV viruses
were included to test the neutralizing capacity of sera
from grass carp immunized with Bac-CMV-VP6. The
effects of protection were not significant, clearly suggest-
ing that the recombinant baculovirus vaccine is able to
specifically neutralize GCRV virions. Although the neu-
tralization titer of the Bac-CMV-VP6-immunized group
remained relatively low, the value obtained in this study
is similar to those reported with other vaccines based on
baculovirus expression systems, and requires further op-
timization (Lu L, et al, 2007).

Baculovirus alone has been reported to elicit innate im-
munity that confers a certain level of protection in mice
infected with influenza A and encephalomyocarditis virus
(Abe T, et al, 2003). In cases of fish infection by spe-
cific viruses, type 1 interferon (IFN) is triggered, which
plays a vital role in non-specific immunity and provides
a close association between innate and adaptive immune
responses (Workenhe S T, et al, 2010). Interferon regu-
latory factor 7 (IRF-7) is considered a major regulator of
type 1 interferon-dependent immune response (Honda K,
et al, 2005). To elucidate whether Bac-CMV-VP6 elicits
the innate immune response in carp grass, the relative
expression profiles of two immune-related genes, IRF-
7 and IFN-1, were detected using quantitative real-time
PCR in liver and spleen tissues from immunized fish
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Figure 1. The detection of recombinant baculovirus expressing the VP6 protein in some cells, and genes expression
analysis in liver and spleen of fish immunizated with the baculoviruses. A: Map of the baculovirus transfer plasmid,
pFast-CMV-VP6. The baculovirus transfer plasmid was constructed on the basis of pFastBac1, as described in Materials
and Methods. Expression of the GCRV VP6 gene was driven by the cytomegalovirus immediate-early promoter. PPH,
polyhedrin promoter of baculovirus; Poly(A), polyadenylation signal. B: Immunofluorescence analysis of VP6 expression
in SF9, CIK and EPC cells. Briefly, cells were infected and transduced with the recombinant baculoviruses, Bac-CMV-
VP6 and Bac-CMV-EGFP, at 50 MOI. At 72 h post-infection, the immunofluorescence assay was performed using
monoclonal antibodies against His-tag, followed by Alexa Fluor 555 goat anti-mouse 1gG. Images were obtained with
a fluorescence microscope, Scale Bar=50 um. C: Gene expression analysis in liver and spleen of fish vaccinated with
recombinant baculoviruses. At 7, 14 and 21 days post-immunization, fish (n=3/group) were sampled for gqRT-PCR
analysis of total RNA in spleens and livers to detect IRF-7 and IFN-1 expression. The (-actin gene was used as an
internal reference. Data represent mean values + S.D. of three individuals (*P<0.05; **P<0.01)

262 AUGUST 2014 VOLUME 29 ISSUE 4 '@' VIROLOGICA SINICA



Qin Li et al

Table 1. Neutralizing titers of tested sera CPE

Viruses Serum samples Serum dilution Percentage of CPE?® 50% Neutralization titer
1/20 83%
PBS 1/40 83% —
Cccv 1/80 100%
Bac-CMV-EGFP 1/20 100% —
Bac-CMV-VP6 1/20 100% —
1/20 67%
PBS 1/40 83% —
SVCV 1/80 100%
Bac-CMV-EGFP 1/20 100% —
Bac-CMV-VP6 1/20 100% —
1/20 17%
PBS 1/40 50% 1/40
1120 138%
()
Bl 1/40 83% 1125
GCRV 1/80 100%
1/80 33%
Bac-CMV-VP6 1/160 50%
1/320 83% Lt
1/640 100%

®: CPE, cytopathogenic effect

(Figure 1C). Notably, fish immunized with Bac-CMV-
VP6 produced significantly higher levels of IRF-7 and
IFN-1 mRNA in the spleen than those immunized with
the control virus (Bac-CMV-EGFP) (P<0.05). In liver,
IRF-7 and IFN-1 mRNA production was not significant
in both Bac-CMV-VP6- and Bac-CMV-EGFP-inoculated
groups at days 7 and 14. However, expression levels of
both transcripts were dramatically upregulated at 21 days
post-vaccination in the Bac-CMV-VP6-vaccinated group
(P<0.01), signifying that innate immune responses are
stimulated in fish vaccinated with Bac-CMV-VP6.

In conclusion, our study demonstrates that Bac-CM V-
VP6 not only triggers the production of neutralizing an-
tibody against GCRV in grass carp but also induces IFN-
I-related non-specific immunity responses, supporting its
utility as a promising vaccine against GCRV infection.
Further research is warranted to optimize the conditions
for effective use of Bac-CMV-VP6 against GCRV infec-
tion.

FOOTNOTES

This research was supported by the Natural Science Foundation
of China (30901118, 31172433), National Science & Technology
Pillar Program (2012BAD25B06) and Fundamental Research
Funds for the Central Universities (2011PY 121, 2011QC029,
2013PY069, 2013PY70, 2013PY071). The authors thank Professor
Qin Fang (Wuhan Institute of Virology, Chinese Academy of
Sciences) for providing the GCRV-873 strain. All authors declare

Www.virosin.org

they have no competing interests.

Qin Li"*, Liyue Liu"*, Li Lin'*, Zeming Li"*’,
Guangxin Liu"??, Shusheng Wu"**, Min Wang" **,
Lijuan Li"*?, Junfa Yuan"*?, Gailing Yuan"*?,

Xueqin Liu"%**

1. Department of Aquatic Animal Medicine, College of Fisheries,
Huazhong Agricultural University, Wuhan 430070, China

2. Key Laboratory of Freshwater Animal Breeding, Ministry of
Agriculture, Wuhan 430070, China

3. Freshwater Aquaculture Collaborative Innovation Center of
Hubei Province, Wuhan 430070, China

P<Correspondence:

Phone: +86-27-87282608; fax: +86-27-87282608,

Email: xueqinliu@mail.hzau.edu.cn

Published online: 1 August 2014

REFERENCES

Abe T, Takahashi H, Hamazaki H, et al. 2003. J Immunol, 171:1133-1139.

Attoui H, Fang Q, Mohd Jaafar F, et al. 2002. J Gen Virol, 83:1941-1951.

Fang Q, Seng E K, Zhang L L. 2007. Virol Sin, 22:397-404.

Honda K, Yanai H, Negishi H, et al. 2005. Nature, 434:772-777.

Huang F, Cao S, Cui X, et al. 2011. J Virol Methods, 173:294-299.

LuL, YuL, KwangJ. 2007. Biochem Biophys Res Commun, 358:404-409.

Xue R, Liu L, Cao G, et al. 2013. Fish Shellfish Immunol, 34: 348-355.

Workenhe S T, Rise M L, Kibenge M J, et al. 2010. Mol Immunol,
47:2525-2536.

AUGUST 2014 VOLUME 29 ISSUE4 263




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /None
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /None
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /None
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Japan Color 2001 Coated)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF005B57FA4E8E201C0053007000720069006E006700650072004F006E006C0069006E0065005F0031003000300033005F004100630072006F0038201D005D00204F7F75288FD94E9B8BBE5B9A521B5EFA7684002000410064006F006200650020005000440046002065876863900275284E8E9AD88D2891CF76845370524D53705237300260A853EF4EE54F7F75280020004100630072006F0062006100740020548C002000410064006F00620065002000520065006100640065007200200035002E003000204EE553CA66F49AD87248672C676562535F00521B5EFA768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (Japan Color 2001 Coated)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


