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Optimum Conditions for Preparation of Diagnostic Fish

Rhabdovirus DNA Chip

Young Ju Kim

Department of Microbiology, Graduate School,

Pukyong National University

ABSTRACT

For rapid and accurate detection of rhabdovirus from infected fish,
DNA chip technology, which can search for various and specific
gene, was applied.

Three strains involving infectious hematopoietic necrosis virus
(IHNV), viral hemorrhagic septicaemia virus (VHSV) and hirame
rhabdovirus (HIRRV) were selected as objective viruses.

Sequences for probes were determined by sequence analysis of
structural proteins of each virus which have been published on

GenBank. Probes were prepared by Polymerase Chain Reaction



(PCR) with each of specific primer set. The specificity of probes
were identified by blast alignment in NCBI, and the homologies are
above 95%. Prepared probes were spotted on the amine and
poly-L-lysine coated slide glass using self-developed microarrayer
system.

Target DNA were obtained from total RNA of virus-infected cell
lines by reverse transcription. During reverse transcription, target
DNA (cDNA) were labelled with fluorescent dye (Cy5-dUTP). The
hybridization conditions such as target DNA  concentration,
hybridization temperature and kind of slide glass were investigated.

Two kinds of slide glasses, which were coated with poly-L-lysine
and aminosilane, were tested for probe spotting. Target DNA, which
were prepared from THNV., VHSV and HIRRV-infected cell lines,
showed hybridization signal on the both of slide glasses. In this
experiment used probe concentration 200 ng/if. Humidity condition
for spotting was investigated with poly-L-lysine slide glass, 65- 65%
of humidity was considered to effective for probe spotting. The
hybridization temperature of poly-L-lysine and aminosilane coated
slide glass were respectively 65C and 62°C. Total RNA
concentration for poly-L-lysine coated slide glass was adjusted 80 ug,

50 pg and 30 pg in accordance with [HNV, VHSV and HIRRYV.



While, its concentration was 100 pg, 60 ug and 50 pg in the case
of aminosilane coated slide glass.

It was tested the in wvivo detection ability of ¢cDNA chip using
virus-infected fishes, olive flounder and rainbow trout. The results
showed the successful detection of [HNV and VHSV gene in the

virus-infected fishes.



INTRODUCTION

Fish rhabdovirus has negative sense ssRNA genome and viral
RNA is transcribed into positive sense mRNA. The genomic RNAs
are composed of 11,000 - 13,000 nucleotides (Schutze et al, 1995).
There are five mRNAs encoded the viral structural proteins such as
nucleotide capsid protein (N), two matrix proteins (M1 and M2),
envelope glycoprotein, RNA polymerase (L) and non-viral protein
(NV).

Fish rhabdoviruses such as wviral haemorrhagic septicemia virus
(VHSYV), infectious hematopoetic necrosis virus (IHNV) and hirame
rhabdovirus (HIRRV) are significant pathogens for salmonids (Oh,
1999). THNV, VHSV and HIRRV often cause diseases with high
mortality among salmonids and sea trout (Miller ef al, 1998).
Especially rhabdoviruses caused many fish viral diseases in large
scale nurseries on several ways. Diseased rhabdovirus with natural
infection show gonad congestion, abdominal distention and ascites.
Overall, rhabdovirus are prominent in fins, skeletal muscle and
internal organs, as a consequences the gills are pale. The gall
bladder is pale yellow, and histologic changes include pyknosis and

necrosis of hematopoietic tissue (Wolf, 1988).



Several molecular biological techniques such as enzyme linked
immunosorbent assay (ELISA), western blot, fluorescent antibody test
have been used to detect virus at early stage of infection with low
concentration of virus. Reverse transcriptase-polymerase chain reaction
(RT-PCR) also has been employed in the detection of viral RNA.
However, these methods are hard to apply at the early stage of
infection in which the wvirus titer is low (Kim, 1999). Also RT-PCR
requires highly purified RNA. It is important to rapidly identify and
differentiate the causative virus in infected fish, because rapid
determination of the origin of an outbreak may help to prevent the
futher spread of the disease (Willams er al., 1999).

A DNA chip or DNA microarray means a small surface which
was spotted with a numerous of different genes (probe). Usually
glass or silica, approximately 1 ar, has been used as matrix for
spotting (Vernet, 2002). Each of probe consisted with different genes,
which has specificity to test orgamism. These chips have been used
in hybridization reactions to detect nucleic acids generated from a
sample by an amplification technique (RT-PCR, PCR and TAM).

Especially, DNA chip technology is used for biomedical analysis
such as gene expression analysis, polymorphism or mutation

detection, DNA sequencing and gene discovery. Biological chips



offer a more rapid and accurate analysis than traditional research
methods based on gels, filter and purification columns (Shena, 2003).

Following the completion of the Human Genome Project, the
post-genomics cra has been focused on the gene expression patterns
of all kinds of organisms and gene functional research. The gene
chip technique has become a powerful tool for completing this task,
because the chip technology has been characterized as the platform
of high output, sensitivity, speed and accuracy.

Microarray fabrication include spotting of DNA onto nylon
membranes or glass slides by robots with pin or inkjet printers. The
spotted DNA corresponds to fragments of genomic DNA, cDNA,
PCR products or chemically synthesized oligonucleotides. Among of
them, ¢DNA arrays are often used for RNA expression analysis,
while oligonucleotide chips are wused for sequence analysis
(Zammatteo er al., 2000).

It has been supposed that DNA chip technology is ideal for an
extensive parallel identification of nucleic acids and analysis of gene
expression. Simultaneous analysis for the presence of multiple
markers makes it possible to determine a complete genetic profile of
a single strain or distinguish one strain from a very large collection

ot possible alternatives in one experiment. Therefore, this approach is



potentially useful for the screening of multiple microbial isolates in a
diagnostic assay (Bowtell and Sambrook, 2003).

At present, the best way of viral disease control is avoidance of
virus introduction through rapid detection. In this study, we applied
DNA chip technology to detection and identification of rhabdovirus
in infected fishes. For this purpose, we investigated the optimization

of conditions for preparation of rhabdovirus DNA chip.



MATERIALS AND METHODS

1. MATERIALS

1) Viruses and cell line

THNV, VHSV and HIRRV obtained from Department of Aquatic
Life Medicine, Pukyong Natl. Univ. (Korea), were used as the
objective viruses for development of DNA chip in this study.
Chinook salmon embryo cells-214 (CHSE-214) was used for [HNV
culture and epithelioma papulosum cyprini (EPC) were used for

VHSV and HIRRV culture,

2) Oligonucleotide primers

The probes corresponding to structural proteins of objective
viruses were amplified by PCR, and [-actin gene was used as
positive control. Primers for reverse transcription-polymerase chain
reaction (RT-PCR) were designed based on the gene sequences of
each viruses and purchased from Bioneer, Inc., Korea. Table 1

represented the used primer sets.



Table 1. Specific primer sets used in amplification ot probes

Virus Code pr (5—3) Product
rimer (5'—3'
strain protein size (bp)
u cactgtccgtacttetet
N P seacieiect 567
down aagagattccatgcacaga
u tcgagaacatctcaaca
VHSV G P eeiesas 585
down ttaagcgtttctgaggtag
u cagatcagctctctttte
Ml P saieas & 582
down tgteectactecaacttgt
u ccaacaaagcactaggaat
N P BATEED 575
down gatggacttcatgcagaga
up atcccctgtttacatacce
HIRRV G 575
down ggaggtcttgtccacaaat
u tgatattcccaagaatgcet
M1 P & I8 571
down gattgccatgttcttgact
u aatgtecttgaggttgtoa
N p g gageligtg 575
down ccatcgtcatacctatcgt
u atagagaaggcgcttgta
[HNV G p galagagaaggcecily 504
down tcaagacattcetetetge
M1 up agaaggcgaagacatactg 598
down acttccctegtaticatee
B-actin up actacctcagaagafcctg, 564
down actacctcagaagateetg




3) Slide glasses for spotting

There are numerous commercial vendors for coated slide glass,
and three kinds of coated slide glass were used in this study.
NC-AMCS  coated with  aminosilane  (Nuricell, Korea) and
poly-L-lysine coated slide glass (Sigma, USA) were used to fabricate
cDNA chip using Genomics microarrayer. CMT-GAPS coated with
aminosilane (Corning, USA) were used in the case of fabricating

cDNA chip by MGII TAS microarrayer (BioRobotics, UK).

4) Microarrayer

The microarrayer which can fabricate DNA chips was developed
by General microbiclogy laboratory and Department of Mechatronics
Engeering, Pukyong Natl. Univ. (Korea) (Fig. 1). It realized a
typical, low-cost and efficient microarrayer for generating low density
microarray. The microarrayer was developed by using a prependicular
type robot with three axes. It is composed of a computer controlled
three axes robot and tip assembly.

The microarrayer was designed to automatically collect probes

from two 96 well plates with up to 32 pins at the same time. It



takes 4 hours to operate the microarrayer when single pin was used.
However, operating time will be decrease depending on the pin
number. It has sufficient performance for the production of low
intergrated DNA chip consisted of 96 spots within 1 or. And
software was also developed for microarrayer on the slide glasses
corresponding to the prescribed arrays, for turning on and off of
various devices, for monitoring all the procedure of the operating
processes. The self-developed microarrayer was named Genomics
microarrayer.

At this time, MG [I TAS microarrayer (BioRobotics, UK) was
used to confirm the efficiency of self-developed Genomics

microarrayer.

5) Scanner

Hybridized slides were scanned with the ScanArray (Perkin Elmer,

USA), which generates Tiff images of Cy5S channel



Fig. 1. The self-developed Genomics microarrayer.



2. METHODS

1) Culture of viruses

CHSE-214 and EPC were grown at 18 C using Eagle's minimal
essential medium (MEM) with 10% fetal bovine serum (FBS) and
1% antibiotic (Gibco BRL) (Kim, 2003). Temperature for virus

propagation was 15TC.

2) Cytopatic effects and virus-infected cell counts

To determinate whether viruses were grow, viral cytopatic effects
(CPE) were measured by observation using phase contrast
microscopes (Raouf and Seth, 2003).

The number of cells was determined using hemacytometer. At
first virus-infected cell lines were suspended with 1 mé phosphate
buffered saline (PBS, pH 7.2), 20 1 of diluted cells was allowed to
flow under the cover glass of the hemacytometer. The number of
cells were counted, seeing the ocular lense on phase contrast

microscopes (Benson, 1994).
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3) Design of probes for ¢cDNA chip

Nucleocapsid protein (N-protein), glycoprotein {G-protein) and
matrix protein 1 (Ml-protein) were selected as probe sequences for
cDNA chip through GenBank analysis (Schutze et al., 1999).

Probes were amplified by PCR from a c¢cDNA using Mygenie 32
thermal block (Bioneer, Korea). PCR was performed in 20 uf of
PCR mixture using premix containing 1 U Taq polymerase, dNTPs
{0.25 mM each of ATP, TTP, GTP and CTP), 10 mM TrisCl, 40
mM KCL and 1.5 mM MgChL. 10 pmole of specific primers and
cDNA template were added. A temperature profile was on
prereaction at 94C for 5 min ; 30 cycle reactions on denaturation at
94°C for 30 sec, annealing at 55C for 30 sec, extension at 72T for
30 sec; and finally for a 7 min post-extension at 72 C (Kim, 2003).
The amplified PCR products were analyzed on 1% agarose gel

clectrophoresis.

4) Fabrication of ¢cDNA chip

cDNA chips were prepared by spotting 200 ng/il of probe

suspended in 50 % dimethylsulfoxide (DMSQO) on the surface of



poly-L-lysine coated slide glass and aminosilane coated slide glass
using Genomics microarrayer. N, Ml and G genes of IHNV, VHSV
and HIRRV and B-actin were arrayed from left to right, respectively.
Conditions of humidity for spotting were tested in 60-65 % and
65-70 %.

On the other hand, the same cDNA chips were also fabricated in
BMS Korea Institute to compare the efficiency of Genomics
microarrayer. At this time, used matrix and spotter were
aminosilane coated slide glass (Coming, USA) (Southern et al,
1999) and MGII TAS microarrayer (BioRobotics, UK). ¢cDNA chips
were arrayed 10 genes with duplicate, the N, G and M1 gene of
[HNV, VHSV and HIRRV were arrayed in the first, second and
third line, respectively. Also, the final line are arrayed B-actin with

duplicate.

5) Preparation of target DNA

(1) Total RNA isolation

To 1solate total RNA, virus-infected cell lines were homogenized

in 1 m!{ of TRIzol reagent (Invitrogen, USA) per 10°-10° cell/mé.

These mixture was standed at room temperature for 5 min. 200 0



of chloroform was added, and the mixture was vigorously shaked for
15 sec. Then, the sample was standed at room temperature and
centrifuged for 15 min at 12,000 xg. The aqueous phase was
transferred to a new tube, 0.5 m¢ of isopropanol was added and
mixed by inverting. The samples were centrifuged for 15 min at
12,000 xg and then the supernatant was discarded. The RNA pellets
were dried for 10 min under vacuum and dissolved in RNase free
water (0.1% DEPC treated water). RNA ratio (Azen2g0) was checked
by spectrophotometer (Perkin Elmer, USA). Degradation of RNA was
checked on 1% agarose gel electrophoresis. For electrophoresis, total
RNA was denaturd at 65C for 15 min and then 3 pg was loaded

into the well (Bowtell and Sambrook, 2003).

{2} First strand ¢cDNA labelling with reverse transcription

Approximately 50-100 pg of total RNA was used to reverse
transcription  reactions  with  oligo(dT)z. M-MLV  transcriptase
(Ambion, USA) was used, and total reaction mixture was 40 uf.
The components of reverse transcription and condition were shown in
Fig. 2 (Bowtell and Sambrook, 2003; Tran et al, 2002). To remove

extra RNA, samples were incubated with 2 ¢l of 0.5 M EDTA at



08 C for 3 min and treated with 5 x¢ of 1 N NaOH at 37C for 10
min. This products were neutralized by addition of 10 xf of 1 M
Tris-Cl buffer (pH 8.0). Finally, Micro Bio Spin 30 columns
(BioRad, USA) were used to remove the uncooperated dyes and free

nucleotides (Call et al, 2001).



Total RNA + 1 2l Oligo(dT) 4

70°C, 10 min,

immediately 2 min on ice
Addition of 4 @0 10x ANTP(low dTTP), 1mM Cy5-dUTP,
2 ul 0.1M DTT, RNasin (30 units/ul), 2 ul M-MLV

reverse transcriptase (200 units/ul), 10x buffer

|

42°C, 30 min

l

More addition of 2 ¢! M-MLYV reverse
transcriptase (200 units/{)

l

42°C, 60 min

Fig. 2. The precedure of reverse transcription for ¢cDNA synthesis.
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6) Hybridization and scanning

The labeled ¢DNAs were denatured at 100C for 2 min after
addition of hybridization solution (5X SSC/ 0.2% SDS) (Zhang et
al., 2002) and then applied to the microarray. Hybridization of target
cDNA and probe was proceeded in hybridization cassette (Telechem
International Inc., USA) to prevent drying of the spotted probes.
After hybridization, the slides were washed two times with 2X SSC/
0.2% SDS solution for 10 min, once with 0.2X SSC for 10 min,
and finally once with 0.1% SSC for 5 min (Hegde et al., 2000).
And then immediately, the hybridized slides were dried by
centrifuging at 1,000 xg for 1 min (Chizhikov et ai, 2001; Dihel et

al., 2001), scanned and analyzed.

7) In vivo test

{1 Isolation of total RNA from olive flounder and rainbow

trout

To evaluate the efficiency of ¢cDNA chip for virus detection in
vivo, virus-infected flounder and rainbow trout samples were

collected. The former was collected in Gangneung and the latter



collected in Sangju. Total RNA were isolated from virus-infected fish
brain, liver and kidney tissues using TRIlzol reagent (Invitrogen,
USA). Tissues were homogenized with 3 m{¢ ot TRIzol reagent and

the RNA was extracted with method used in 4-1.

(2) Hybridization and scanning

60-150 ug of total RNA was used in reverse transcription
reactions with oligo(dT);s. Cy5-dUTP (Amersham Biosciences, UK)
was used as fluorescent for labelled ¢cDNA (Yu et al, 1994), and
next procedures were performed with the same methods in prior
experiments.  Hybridization, washing and scanning were also

processed according to the prior experiments.

,20_



RESULTS AND DISCUSSION

1. Design of ¢cDNA microarray

The specific primer sets for rhabdovirus DNA chip were arranged
considering the GC contents, T, and length. Total RNA extracted
from the viruses was subjected to reverse transcription and PCR
amplification was carried out using viral structural gene specific
oligonucleotide primers. The sequences of these primers were based
on the structural gene of virus. Fig. 3 showed the results of
RT-PCR. The RT-PCR products of approximately 600 bp were
obtained by this reaction.

To verify the specificity of primers, cross PCR reactions of the
synthesized c¢DNA were performed (primers were represented in
Table 1). In IHNV PCR reaction, N, M1 and G protein of IHNV of
about 600 bp were detected, however the PCR products were not
detected with primers of VHSV and HIRRV (Fig. 4). Likewise, Fig.
5 showed the same case of amplified VHSV gene, when cDNAs of
VHSV were obtained by PCR, the bands were not appeared in PCR
using [HNV and HIRRV primers. Fig. 6 showed PCR products of

cDNA of HIRRV .

V21v



The sequences of N, G and M1 proteins of IHNV, VHSV and

HIRRV were presented in Fig. 7-9.

,22,



M1 2 3 4 56 7 8 9 10

1,000 bp—
600 bp—»

300 bp—

Fig. 3. ¢cDNA probes prepared from IHNV, VHSV and HIRRV by
RT-PCR using viral structural gene specific primers. Marke
r(M), 100 bp DNA ladder (Bioneer, Korea). Lanes [-3:
IHNV. 1, N-gene; 2, Ml-gene; 3, G-gene. Lanes 4-6:
VHSV. 4, N-gene; 5, Ml-gene; 6, G-gene. Lanes 7-9:
HIRRV. 7, N-gene; 8, Ml-gene; 9, G-gene. Lane 10, [

-actin.
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M 1 2 3 4 5 6 7 8 9 10

1,000 bp— |
600 bp— |

300 bp—

Fig. 4. ldentification of specificity of THNV c¢cDNA probes by cross
PCR reaction with specitic primer sets. Marker (M), 100 bp
DNA ladder. Lane 1, IHNV N primer; 2, [HNV M1 primer;
3, IHNV G primer; 4, VHSV N primer; 5, VHSV Ml
primer; 6, VHSV G primer; 7, HIRRV N primer; 8, HIRRV

M1 primer; 9, HIRRV G primer; 10, f-actin primer.

,24,



M1 2 3 4 5 6 7 89 10

1,000 bp —
600 bp —§
300 bp— B

Fig. 5. Identification of specificity of VHSV cDNA probes by cross
PCR reaction with specific primer sets. Marker(M), 100 bp
DNA ladder. Lane 1, IHNV N primer; 2, IHNV M1 primer;
3, IHNV G primer; 4, VHSV N primer; 5 VHSV MI
primer; 6, VHSV G primer; 7, HIRRV N primer; 8§, HIRRV

M1 primer; 9, HIRRV G primer; 10, B-actin primer.

,25,



M1 2 34 5 6 7 8 9 10

1,000 bp —
600 bp— E
300 bp —

Fig. 6. Identification of specificity of HIRRV ¢DNA probes by cross
reaction with specific primer sets. Marker(M), 100 bp DNA
ladder. Lane 1, ITHNV N prnmer; 2, IHNV M1 primer; 3,
IHNV G primer; 4, VHSV N primer; 5, VHSV M1 primer;
6. VHSV G pnmer; 7, HIRRV N pnmer; 8 HIRRV MI

primer; 9, HIRRV G primer; 10, B-actin primer.

_26._



5'-aatgtccttgaggttgtgaccggectectecttecacctgegecctactgactaagta
tgatgtggacaagatggccacatactgccaaaacaagctcgagcgtcttgecaaccagee
aagggattggcgagttggttaacttcaacgccaacaggggagtcecotggecaagatcggg
gcggtgcttagacceggacagaagetcaccaaggetatctatgggatecattctecatcaa
cetgtecgacccagecategetgecagagecaaggeactgtgegecatgagactgageg
ggacaggaatgacaatggtggggctgttcaaccaageccgcaaagaacctgggecgecectt
ccagccgaccttttagaggatetgtgcatgaagtcagtggtggagtccgecagacgeat
tgtcagactgatgaggatcgtagcagaggccccaggggtagecagcaaagtacggtgtca
tgatgagcaggatgctcggggaggggtacttcaaggectacgggatcaacgagaacgcc
aggatcacctgcattctcatgaacatcaacgataggtatgacgatgg-3"

A. N protein.

5'—-gaaggcgaagacatactgaggctagaatcccgtctgaaaaccccacgaaatgacggg
caaatcggcaagaaccccaggcocgacggaaggaggaccaggcgcctcaagaggaaccaaag
aaaaccaccaggaggcccgacaagaacaagggtctatctcaactggagcaactcatcecta
aagtacgttgaggaggagagctgtcaggatgccctgaaggacttcggaggtctaattgece
aacatcagacaggcccaccaggccgaaatgacatctcacctagaaaaggttgeoctacggaa
caccgagccaatcttcaggetcttacaaagtcccagcaagageacgagaaagtcetcegaag
gagattttgtctgcggtaattgectatteggteccaacctcaacgagaaccacagtececta
cccaagccactcgaccecggatcaggtgaaggecgetegtgecettggattcggaattggg
tatcgaacggccctcaatgtettocgaccgaatcaagggagtcaccccagacaacgcagga
tcccaagaggtgaagaacttggecattcaggeggeggaagaggatgaatacgagggaagt
-3

B. M1 protein.

5'-gatagagaaggcgcttgtaaaaatgaaactctctacgaaagaagcaggggegtatga
caccacaaccgcagecgetetgtactteccageteccegatgecaatggtacaccgacaa
cgtacaaaacgatctcatcttctactacacaacacaaaagagtgttcttagagatcccta
caccagagactttctggactcagattttattggaggaaaatgtaccaaatcaccctgecca
gactcattggtccaacgtagtttggatgggtgatgcagggataccagectgtgattcecag
ccaagagataaaagctcacctctttgttgataaaatctecaatcgagtcgtgaaggcaac
gagctacggacaccacccctggggactgecatcaggectgtatgattgaattetgtgggea
acagtggatacggacagatcteggtgacctaatatctgtegtatacaattctggatcaga
aatcctcteocgttceccgaagtgtgaagacaagaccgtgggaatgaggggaaact
tggatgactttgectatctagacgatctggtgaaggectetgagagcagagaggaatgtce
ttga-3"

C. G protein.

Fig. 7. Nucleotide sequences of THNV structural protein.
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5'-gcactgtccgtacttetetectatgtactccaaggaagtgcacaaggagatctggag
gcaaagtgcaagatcctcactgacatgggcttcaaggtgacacagtcacccecgggcaact
ggtatcgaggccggaatcettatgecgatgagggaactggcccagactgtcaacaacgac
aacctcatggacatcgtcaagggggecctgatgacgtgttcecttcttgacaagtacteg
gtggacaagatgatcaagtacatcaccaaqaagcttggggagctgggecagecacacagggg
gttggagaactgcagcacttatccgecgacaaagcagecatcagaaageteogecaggatgt
gtgcgtcctggacagaagatcaccaaggecctcotacgecttcatectgactgagategeg
gaccccaccacccagtcaagggtcecagagecatgggggecgttgaggctcaatgggacagga
atgaccatgatcggactgttcacccaagecegecaacaacctgggecattecgecggegaag
ctgctggaggatctgtge atggaatctett-3°

A. N protein.

5'-cagatcagctectecttittegtectecccagggtecteccaaacagaageccaageccccaa
gaagaaatccgcteccgacaacgetegaggagatceattggacacttegteccccgaagatet
tcaattggatgcacgaaggccctcggacaactectaagacgtatcaagetgtececatcag
gaagaactcactcaacacctagagaaggtcaatggggagaatcgageccaagatgggggcc
ctcctagagtctcaaaaggagaacgggaagaagaccgacaacatactcectecatccttatt
tccatgagaggagaaggagcggaaaatgcatccaagaagecccaaagttctagacggggac
caggtccggaatgagagagcacttggattcaaccgaggactaaccacggctgccattgeco
atgaagaagttcaagttggaggatccccttgtactctgecaagggeoctcagtcaagegagea
gccctctecgocatggaaaaagaggaatacgacggggggegagagacttactecacggte
gcaaaggcaaccaaggcggagttggacaagttggagtagggaca-3'

B. M1 protein.

5'-ggtcgagaacatctcaacataccatgtagactgggacactcecactgtatactcaccece
ctccaactgcagaaaaaactcctttgttecgatteggecagatcaactecaggtgtecceca
tgagttcgaggacacaaacaagggcttggtctctgtcccageooccagatecatocatettece
gttatcagtcacecggegtetecageagtegecaaatggecactacctacacagagtgaccta
ccgggtcacctgctcaaccaatttectttggaggacaaaccattgaaaaaaccatectgga
ggcaaagctgtcccgtcaagaggccatcaatgaggectggcaaggatcacgagtacccttt
cttccccgaacctteococtgeatectggatgaaggacaatgtecacaaggacataa
cccactattacaagaccccaaagacggtgtccattgatctctacagtagaaagtttctaa
accctgacttcatagagggggtttgtacaacatcaccctgeccaacecactggecaaggag
tctactggatcggtgectacacctcaggeccattgecctacctcagaaacgettaa-3'

C. G protein.

Fig. 8. Nucleotide sequences of VHSV structural protein.
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5'~caaaccaacaaagcactaggaatcctttgtgcttttgtcacgtcagagaacaaccecct
gacatgacagatgcecagecagtcaagectcctggtggacatgaggttcaaggtggacgtggtg
cccgtggacgacaggeteggtgacaatetggatgaccccaactcaaagetageggaggte
ctgacggaagagaacatgatggacctggtgaaaggecttectgttcacttgtagccctgatg
gtcaagtacgatgtggacaagatggccacatactgecagcagaagectggagegactggcce
aacagtcagggactcaacgagctgaccctgataagcacgagtagggcagttctggetegg
attggggcagcggtaagaccggggcagaagttaaccaaggeccatctacgggatcattett
atcaacctgatggatcccgccactgctgccagggcaaaggccctttgtgecatgaggetg
agcggaaccggaatgaccatggtgggtctattcaatecaggectetaagaaccttggagcet
ccacctgcagatctgectggaagatctctgecatgaagteccate-3!

A. N protein.

5'-acagttctttgatattcccaagaatgctctggacagagttgaggcacggacgatgtg
tcccagggaggatggaaaggttgtccggaaacaagcgcctctaaaagaggaaccaagact
ggaggcagagcagaagcggtctccaaagaagcaggagaaaccccocggggaatgeteccetet
ggaacaacttgttctgaagtatgtggttgtagtctgctccecttgatgegeteccgagagtt
cggaggactaattgeccagatcaggecagtetecatcaggecgatatgactegteatctgga
ggcagtggcaacagagcaccgggccaatctecaggegetcaccaagtetocagecaggagea
cgagaaagtctccaaagagatcctctcggecagtcatctccateccggtccaacctcaacga
gaactccagtcecceccgacacaaacccctggacctggaccaggtcaatgecggagagagecct
cggatttggagtcgggtaccggacecgecttgaacgtectttggcaaactacggggaateac
accagaagaggcaggctcgcaagaagtcaagaacatggcaate-3'

B. M1 protein.

5'-atccecetgtttacataccctgtggactgtecctgeggectaagetatccaaggtgagte
cctcacagttgaggtgcccacgcatatttgatgatgaaaaccgaggactcgttgectace
ctgctgtcatcagatccectateggtagggaacaatecttggggacattcatactcaggggg
aatacgtccacaaggtcctttaccqaaccacatgttcaacagggttetttgggggecaaa
ccatagagaaggccctagtagagatgaaactggececccagggaggtgggagtgtatgaca
ccacgacagcctcagcactgtacttecccagecteoccaaggtgecaatggtacacggacaatg
tacataacgacctgacattctactatacgaccgecaagagtgtecttagagatecttaca
ccctgggattecttgattetgattttattgaagggaagtgetecaagtegeccgtgtcaga
cccattggtcaaatgtggtgtggaagggagactegyggagttgecgectgtgacacggggt
ctgagataaagggtcacatatttgtggacaagacctce-3'

C. G protein.

Fig. 9. Nucleotide sequences of HIRRV structural protein.
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2. Determination of humidity for spotting

The effect of humidity for probe spotting on slide glass was
investigated HIRRV. The chips were prepared on poly-L-lysine
coated slide glass (Sigma, USA) using Genomics microarrayer and
the concentration of total RNA was 50 pg. As shown in Fig. 10,
the humidity condition of 60-65% was better than 65-70% of
condition for spotting on the poly-L-lysine. The spot signals did not
appear in 05-70%, however, were clear and accurate in 60-65%
humidity. Humidity is important condition for spotting because
constant humidity is likely to emerge from the pin.

The scanned images were speckled using a graphics program and
then analyzed using a custom image gridding program. This program
created a spread sheet of average red and green hybridization
intensities which corrected for optical cross talk between the
fluorescein and lissamine channels, using experimentally determined
coefficients. Nowadays the rainbow palette 1s often used as graphics
program for analysis. Microarray data which obtained from a
fluorescent scan are represented in a rainbow palette coded to signal
intensities from 1 to 65,536 counts as shown in the color bar. So, it

means that the relative signal intensity corresponds spot to spot.
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HIRRY HIRRV
N Ml G N Ml G

A) 60-65% B) 65-70%
(A) (B)

Fig. 10. Effect of humidity for probe spotting on poly-L-lysine
coated shide (Sigma, USA). The concentration of total RNA
of HIRRV was 50 ;g and chips were performed using
Genomics Microarrayer. The laser strength is 75, PMT

(Photomultiplier tubes) is 65. The color bar represent the

intensity of signal.



3. Effect of the coated materials on slide glass

It has been reported poly-L-lysine is effective coating agents for
slide glass used in microarray analysis, as coating method is easy
and low-priced. However, poly-L-lysine coated slide glass often binds
dust and other materials in room circumstances. In addition, it has
disadvantage that DNA on slide glass sometimes detached during
hybridization (Bowtell, 2003 ; Zammatteo et af., 2000).

Fig. 11 showed the actual signal on <c¢DNA chip using
poly-L-lysine. IHNV showed the lower signal intensity than those of
other viruses, it was considered that THNV expression rate 1is
relatively lower. Also, [-actin was difficult to get the signal in
experiment because $-actin has the low expression rate compared
with other virus genes.

To increase interaction between slide glass and probes, aminosilane
coated slide glass (Nuricell, Korea) was substituted by poly-L-lysine
(Fig. 12). At present, aminosilane slide glass was considered as
proper matrix for ¢cDNA chip than poly-L-lysine slide glass. Probes
are bound to the substrate by an electrostatic interaction between the
amine groups of silane, which are positively charged, and the

negatively charged phosphodiester backbone of the DNA. Fig. 12
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showed the correct signal and low background in ¢cDNA chip with
aminosilane slide glass. All genes of wviruses and [@-action were
detected by hybridization. So, aminosilane coated slide glass were

represented more effective as substrate for probe attachment,
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IHNV VHSV HIRRV B - actin

NMIG N MIGNMIG

A
IHNV  VHSV HIRRYV B - actin
| — 1 r 1 I 1
NMIG NMIG N MIG
B
IHNV VHSV HIRRV B - actin
N M1 G N M1 G N M1 G
C

T les536

Fig. 11. Results of hybridization of IHNV (A), VHSV (B) and
HIRRV (C) in ¢cDNA chip using poly-L-lysine coated slide
glass (Sigma. USA). Hybridization temperature was 65T
and the spotting was performed using Genomics

microarrayer. The color bar represent the intensity of signal.

_84_



IHNV VHSVY HIRRV [ -actin

I
NMIG N MIGN MIG

Fig. 12. Results of hybridization of IHNV (A), VHSV (B) and

HIRRV (C) in cDNA chip using aminosilane coated slide

glass (Nuricell, Korea). Hybridization temperature was 62C

and the spotting was performed using Genomics

microarrayer. The color bar represent the intensity of signal.
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4, Determination of hybridization temperature

Fig. 13 and 14 showed c¢cDNA chip of IHNV, VHSV and HIRRV
which were hybridized at 62°C and 65°C using aminosilane coated
slide glass (Nuricell, Korea).

Hybridization were carried out at 62°C and 65°C overnight in all
viruses. In the case of 62°C (Fig. 13) N, ML, G and B-actin were
accurately and strongly detected. However, in 65C only Ml was
detected in VHSV (Fig. 14 (B)), and no spot signal was observed in
HIRRV (Fig. 14 (C)). Therefore, the temperature for hybridization

was more effective at 62°C than 65C.
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THNV VHSV HIRRY [} -actin

I 1 I 1 I 1

N MIG N MIG N MG

Fig. 13. Effect of hybridization temperature on probe spotting
Hybridization temperature was 62C and chips were
prepared on the aminosilane coated slide glasses. Spotting
was performed by Genomics microarrayer. The color bar

represent the intensity of signal.
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1
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Liffect of hybridization temperature on probe spotting

Hybridization temperature was 65C and chips were
prepared on the aminosilane coated slide glasses. Spotting
was performed by Genomics microarrayer. The color bar

represent the intensity of signal.
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5. Efficiency confirmation of Genomics microarrayer

To evaluate the efficiency of self-developed Genomics microarrayer,
¢DNA chips were prepared by Genomics microarrayer and MG I
TAS microarrayer (BioRobotics, UK), respectively. The chips were
fabricated on the aminosilane coated slide glass (Corning, USA). A
rainbow type showed the strength of relative strength spot to spot.
Used total RNA concentration were respectively 100 pg, 60 ng and
50 pg for THNV, VHSV and HIRRV. As shown in Fig. 15, the
relative signal intensity of G gene and B-actin were faint in all
viruses. In case of THNV total RNA is always need to use more
than of other viruses according to the results of other experiments.

Reference results of Genomics microarrayer was shown in Fig. 2.
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HIRRV
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ptrt
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HIRRYV
B - actin

Fig. 15. c¢cDNA chip prepared by MGI TAS microarrayer.
Aminosilane coated slide glasses (Corning, USA) were
used as matrix. A, ¢cDNA chip for IHNV: B, cDNA chip
tor VHSV:; C, ¢cDNA chip for HIRRV. The color bar

represent the intensity of signal.
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6. Effect of total RNA concentration

Effect of total RNA concentration required for ¢DNA chip was
investigated in the range of 40~100 xg. The results were shown in
Fig. 16-18. When 40 pug of total RNA was used for IHNV cDNA
chip, N and M1 genes were detected, however G and B-actin did
not appear (Fig. 16). Signal of G and (-actin appeared when total
RNA concentration increased to 100 pg, this means that much of
total RNA was required for cDNA chip of [HNV virus.

In the case of VHSV cDNA chip, when 40 xg of total RNA was
used, G protein and [B-actin were not detected (Fig. 17). N gene also
represented  hybridization  signal regardless of total RNA
concentration. The strength of M1 gene was strong in all tested
concentration.

The result of HIRRV was shown in Fig. 18, with the
concentration of 50 pg, all genes of HIRRV were hybridized on

¢cDNA chip.
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Fig. 16. Effect of total RNA concentration of hybridization of THNV
cDNA chip. Aminosilane coated slide (Corning, USA), and
MGI TAS microarrayerwere used for preparation of DNA
chip. A, 40 ng. B, 80 pg: C. 100 pg. The color bar

represent the intensity of signal.
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Fig. 17. Effect of total RNA concentration of hybridization of VHSV
¢DNA chip. Aminosilane coated slide (Corning, USA). and
MGI TAS microarrayerwere used for preparation of DNA

chip. A, 40 pg; B, 50 pg C. 60 pg. The color bar

represent the intensity of signal.
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Fig. 18. Effect of total RNA concentration of hybridization of
HIRRV c¢DNA chip. Aminosilane coated slide (Corning,
USA). and MGIO TAS microarrayerwere used for
preparation of DNA chip. A, 40 ug: B, 50 pug. The color

bar represent the intensity of signal.
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7. In vivo efficiency of cDNA chip for detection of fish

pathogenic virus

To evaluate the efficiency of c¢cDNA chip for virus detection in
vivo, two virus-infected flounder and rainbow trout samples were
used. Total RNA was extracted from samples and c¢DNA were
synthesized and hybridized with prepared c¢DNA chip. Fig. 19
showed the virus detection results in olive flounder. Total RNA
concentration of 60 gg, 100 pxg and 150 pg. The signal spots only
appeared in VHSV, but not in IHNV and HIRRV, although the
intensity was different according to the RNA concentration. This
result lead to the conclusion that this fish sample was infected only
by VHSV.

Fig. 20 represented the virus detection result of the rainbow trout.
Total RNA concentration was adjusted to 70 xg. The signal spots
only appeared in IHNV, although the intensity was stronger in N
and M1 gene, but lower is G gene. No signal spot appeared in
VHSV and HIRRYV. Consequently, this sample was infected by
[HNV.

Positive control have to present for correct expertment for DNA

chip. Under conditions of probe excess, there is a selective saturation
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of targets corresponding to abundant species, so that successive more
increascs in signal intensity at only some spot location, especially in
N and M1 gene. Positive control genes arc a set of predefined genes
required for fundamental cellular processes in a wide range of cell
types. Tissues and whose expression is not general dependent on the
developmental stage or physiological or pathological state of the
tissue. Designated positive control genes tend to be highly expressed
and may not be representative of genes of interest that are expressed
at lower levels and may be subject to and intensity dependent bias.

B-actin was enable to represent as positive control.
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Fig. 19. Detection of VHSV in infected olive flounder using cDNA
chip. A: 60 ug of total RNA, B, 100 ng of total RNA; C,
150 ug of total RNA. The color bar represent the intensity

of signal.
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Fig. 20. Detection of [HNV in infected rainbow trout using cDNA
chip. Used total RNA concentration was 70 pg. The color

bar represent the intensity of signal.
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