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The viral hemorrhagic septicemia virus (VHSV), which belongs to the Novirhabdovirus genus of the
Rhabdoviridae family, is a viral pathogen that causes severe losses in the olive flounder farming
industry. Among six encoding VHSV proteins, the non-virion (NV) protein has been shown to have
an impact on virulence. In our previous studies, transcriptomics microarray analysis by using VHSV-
infected olive flounder showed that VHSV infection significantly down-regulated the mRNA ex-
pression of glycolytic enzymes. In addition, VHSV NV protein variants decreased the intracellular
ATP level. Based on these results, we have tried to examine the effect of VHSV NV protein on glyco-
lytic enzyme glucokinase expression, which phosphorylates glucose to glucose 6-phosphate. Our re-
sults indicated that the NV protein significantly decreased the mRNA expression of glucokinase in
olive flounder HINAE cells. Furthermore, the NV protein played a negative role in the promoter acti-
vation of glucokinase. Furthermore, glucose uptake was effectively inhibited by VHSV infection and
NV protein expression in olive flounder HINAE cells. These results suggest that the VHSV NV pro-
tein negatively regulates glycolytic enzyme expression by a transcription level and eventually leads
to gradual morbidity of olive flounder through cellular energy deprivation. The present results may
be useful for the prevention and diagnosis of VHSV infection in olive flounder.
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Fig. 1. VHSV NV variants infection in olive
flounder decrease cellular ATP pro-

% . duction level and mitochondrial activity.
After infection of control VHSV and

VHSV NV (S56L) variant into EPC
cells, ATP (A) and MTT (B) assays were
performed with a series of infection
time. Data shown are the mean + SD

TTTCCTGECICT GEATCT GEEEEETACAAACT TCCGTET CAT GCT GET CAT AGT GEETGAAGACGA

GEAGAGEAGCT GEAAGET AGAGACCARGAACCAGAT GTACT CCATTCCT GAAGATGCCAT GACAGE

GACGECTEAAATGCTCT T TEATT ACGT AGCAGAGT GCAT GT CGEACT TTT T GEACAAACATCACAT

GGEEAATCCT CCT TAACT GEACCAAAGGCT T CAAGGCCT CTGEEECT GAGEECAACAACAT TET GGG

TTTACT CCGAGATGCCAT CAAGAGACGAGGAGACT TTGAGAT GEATGT GET CGUCAT GET GAATGA

CAAGCACAAGAAGCTTCCTCTGEETTTTACTT TCTCCTTTCCAST GCGACATGAGAACAT TGACAR hsp70 =

CACAGTASCCACCATGAT CTCCT GCTATT ACGAGGACCGCAGCT BT GAAGT CGGEAT GAT TGT TGE
CACTGGTTETAACGCATGTT ACAT GEAGEAGAT CAGEACTGET GEAGCT GET AGAAGGEEEAGEAGEE

CCGEGEATGT GTGT GAACACAGAGT GEEEEECET T CEEEEECAACEEEEAGCT GEAGEAGT TCAGAT T (:

i g o from three independent experiments
™ e (*p<0.05 and **p<0.01 compared with
\5\\5\l mock infection).
¥
B 5 _\@'
5
glucokinase
B-actin
cont S56L Ta1A  vesl

GGAGTACGCACCGAGT GET GEACGAGACCT CGAT CAACCCTGEAAAACAGCT AT ATEAGAAGT T GAT

CATGECEEEAAGTACAT GEGAGAGCGET GAGGCTTET TCT GAT GAAGCT GET GAATEAAGACCT GCT

GTTTAACGEUEAAGCCT CEEAGCTGCT G

glucckinase

Fig. 2. VHSV infection and NV protein in olive flounder decrease mRNA expression of glucokinase. (A) Protein coding region
of glucokinase of olive flounder is shown. Based on this DNA sequence, the PCR primer set was designed. (B) After infection
of control VHSV and VHSV NV (S56L) variant into EPC cells, PCR assay were performed by using primer sets for glucokinase,
hsp70, and B-actin. (C) After transfection of VHSV NV variants gene into HINAE cells, PCR assay were performed by

using primer sets for glucokinase and B-actin.
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GCAGTCCTCTCTCCATTTCAC AC TGC A TCCGCTTCATGATTTC TTTAAGATC TTCCTTGTTCAGTC TGAACTCTGAC LGS
ATCTGCTCTACCTGCAATAAGGGAGGAGGGAGC AGGTCAGAAGCAGCACAGAAACCATAGTTTTACTTGGTTTTACATGT
TTGCTCTGGAC ARAAGGTTOG GG TTTACTTATAATARAAGTTATGGTGCAGTGAAAACCAGAGCAGAATTGCAGARAC AL
ATGAGAATGAACAAGATAAAACTTACAAATATATAATTAAC AATAGAAAACATCGGAGTARAGTGAAGAGGACTGAGTTC
CCACAAATTTTCAATAARATACAGCAGALAGTTGCATCAGAATTATCCAGTTTC TCAGTGTCAGALATTATTCCAGTGC AG
ACTGTTGTTAACTAACACAAC AGTCAAGTAAATAALARACACAAATCCACAGCATCACTCALGGTACAMGTCACTTAAGT
CTCATTTCAGCGCCAGAGGCAGLAACGTGAATCTTACCATGAGGATTTTATCAACCACAGAGCTGTAGCTACALGGCATC
TTCACCGTCTGGTCTGGAC GACAGCTGACAC ACGGCATCGTCACAGGTTTGAC TAAATGAGCTTCTCTGTGTGTTTCCAG
GTGTGTGTGGAGTGTGTGTCC ACCC TG TG TG TG TGC AGAGTC AATGAAGTGTGAGGGCCTCTGAATGAGGAGC TCAGC TG
TTTTTATGCTCAGGTGAAGTGGGCTGGAGGC ATC AGACGTAAATGGCCACCCCTTCCCGATACCTCACCCCATCTGGCC
TGTAGGTTCACACACACACATGCACTCTCACCTGCACTCACTC TCACACACACACACACACACACACACACACACACACH 0 10 20
CACACACACACACACAGGCACALACATACAGCCTCCGTACARAGTTTGTTGACATTTCAGTTATACTATATCATTCACTG (:
GCCAAGGATTTGGATTTTTAR LA TG TAC AT TCATATATTTAATC TACAACTGATTTGTACAAGTTGGATCATGATGTT T
TCTTTTAGALARTCAGC AR A TG TTGTC T T TGCC TTGARR AR ATAC TTTTTTCAGTCCACTAAGATTTTCCTTRARAATC L
TCACTGTTCCTCTTCAGAATAC AGATTAC TATTGATGAACTC TATCATATGTTTTAATCCAGCARAACAAGATTTAAGLT
TTGACTTGGTGAATTATTC TTTGCCATCATG TTGC AAAGTGTGATATGTGACC TAGALTCCACGAAC TGTGATTTTAC LG
TCCATCAATGATARRATTARAAC AR A TCAATTTGAATGTGAACCCTGTGATTTGALGTCATCCTTTTTATTTCALAGAGT
AACATGTCGTGCCGCATGTTTGC TCAATGGGTCALATTTCAGAGGTC TGAGAGAGTTACGC ATATATTTGTARLAATALC TA
TGTCTAAAATTAGTAAC AGTGAGGGATGAATGACCTGTAGAGC TAACAATATGCTTTGCAGGTGAAGGCCTCTGGTGCTT
ATCTGCTCCTGAGGTTTACCTGACCAGAGGTCAGAGCTTTTC TTAGC TCAGGCCTCTGATTGGGGGGGTAMC TGTGACCT
TGTCCCCAGTGCCCTGAC TG TAAAATCAAGCCALATGGTGACACTGACCCARAGACACAATTCTCCATTGCTTCTGATGT
AATACACAATTTARACGTTTATATATCTCCARAGGTAGCTTTARCTTTGGGGTGAAAGARAATGATAATATACAATATAT

AATATTTGATAATGTGTTT
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Fig. 3. Characterization of glucokinase gene promoter of olive flounder and the effect of VHSV NV protein variants on glucokinase
promoter acitivity. (A) Promoter region of olive flounder’s glucokinase is characterized. The promoter region was cloned
into pGL2-luciferase reporter plasmid construct and applied to promoter transactivation assay. (B) After transfection of VHSV
NV and N protein into HINAE cells together with glucokinase promoter-luciferase reporter, the luciferase expression assay
were performed in a series of plasmid concentrations. Data shown are the mean +SEM from three independent experiments.
(C) After transfection of a variety of VHSV NV variants, the luciferase expression assay was performed. Data shown are
the mean + SD from three independent experiments (*p<0.05 and **p<0.01 compared with mock infection).
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Fig. 4. VHSV infection and NV protein expression inhibit glu-
cose uptake into olive flounder cells. (A) After infection
of control VHSV and VHSV NV (S56L) variant into EPC
cells, 2-NBDG uptake was measured. (B) After trans-
fection of control VHSV NV and VHSV variant (S56L),
2-NBDG uptake was measured. Data shown are the
mean * SD from three independent experiments (*p<0.05
and **p<0.01 compared with mock infection).
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