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BACKGROUND: Viral hepatitis is considered a major pub-
lic health problem in most areas of the word. In acute and
chronie infections, hepatitis D virus ( HDV) infection often
leads to a more severe disease. This study was designed to
prepare microarrays for HDV detection.

METHODS: The specific primers of PCR were designed ac-
cording to the conserved region of HDV. The cDNA mi-
croarrays were prepared by spotting PCR products onto the
surface of glass slides by robotics. Restriction display PCR
{RD-PCR) was used to label the samples.

RESULTS: Sequences were aligned, and the results showed
that the products of PCR amplification were the specific
gene fragments of HDV. Hybridizing signals on gene chip
showed the specificity and sensitivity in detecting HDV
were satisfactory.

CONCLUSION: Using PCR amplified products to con-
struct gene chips for clinical diagnosis of HDV is a quick,
simple and effective method.

( Hepatobiliary Pancreat Dis Int 2004; 3; 423-427)
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Introduction

iral hepatitis is the most common cause of acute
; ; and chronic hepatitis. [!*2] Chronic infection of

hepatitis virus affects over 500 million people
wortldwide.[3%] Viral hepatitis is associated with signifi-
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cant morbidity and mortality and is considered a major
public health problem in most areas of the world. The
development of sensitive assays may contribute greatly to
the diagnosis , treatment , and prevention of the disease . -8
In the past decade, improved molecular biology-based
techniques have vielded highly valuable tools for use in
this setting.[?] DINA chip is a new category of develo-
ping technology, characterized by expedient, large
scale, highly automatic and sensitive detection of biclogi-
cal information such as DNA and RINA.[19:11]

In this study, we developed a microarray technique
for the detection of hepatitis D virus (HDV ). The spe-
cific primers of PCR were designed with the Primer
Premier 5. 00 program according to the conserved region
of HDV. The PCR fragments were purified and cloned
into the pMID18-T vectors. The recombinant plasmids
were extracted from positive clones and the target gene
fragments were sequenced. The DINA microarrays were
prepared by spotting PCR. products onto the surface of
glass slides by robotics.

Methods

Probe template

The full-length plasmid of HDV pDL553 was presented
by Dr S. Gudima at the Fox Chase Cancer Center,
USA.

Chemicals and reagents

Premix Taq, dNTP, EcoRI, Sau3Al, pMDI18-T
vector, T4 DINA ligase were obtined from Takara
Cotp, Japan. Plasmid Miniprep kits were purchased
from Shen Neng Bo Cai Corp, China, PCR primers of
HDV and the primers in pMD18 -T vector were synthe-
sized by BIOASIA Corp, China. The universal primers
cy5-GTTTGGCTGGTGTGGATC were purchased from
Gibco Corp, USA, and CMT-GAPS coated glass slides
from Corning Corp, USA.

Bacterial strains

The E. eoli strain XIL-1 used in the experiments was
kept at our laboratory.
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Oligonucleotide pritners

Oligonucleotide primers were designed using the
Primer Premier 5. 00 program and GeneBank Blastn se-
quence alignments. Selected PCR primers met the fol-
lowing criteria: (i) primers hybridized to highly con-
served sequence elements; (ii) each amplicon spaned
approximately 250-700bp; and (iii) primer melting
points generally fell between 50 “C and 54 9C. Four
primer pairs were designed respectively according to the
conserved region of hepatitis B virus (HBV) and HDV.
The sequences of the synthetic primers used in the study
are shown in Table.

PCR

The plasmid(1 pl) was added to a total volume of
50 pl PCR mixture containing 25 pl 2 X premix and 2 pl
(each) oligonucleotide primers (0.25 pmol). The
mixture was denatured at 94 °C for 5 minutes and then
subjected to 30 thermal cycles (94 °C for 45 seconds, 50
°C. for 45 seconds, 72 °C for 60 seconds ), followed by a
final 5-minute incubation at 72 °C. The mixture was
chilled and the products were sized by 1. 5% agarose gel
electrophoresis. The PCR. products were purified and
stored at -20 °C.

Identification of PCR products

After purification by the PCR. product purification
kit, the PCR products were inserted into the pMD18-T
vector. The ligation mixture which contained 4 pl of
PCR products,1 pl of pMDI18-T vector (50 ng/pl)
and 5 pl of loading buffer solution was incubated for 4
hours at 16 C, then transferred into 100 pl of XL-1 E.
coli competent cells treated with solutions containing
Ca?* jcons. In transformation of E. colf, the mixture of
DINNA formed in a ligation reaction was combined with a
suspension of competent cells for 30 minutes, then heat-
shocked at 42 °C for 1-2 minutes. The cells were then
incubated in a growth medium and finally spread on an
agar plate and incubated until single colonies of bacteria
grew. The clones contining target fragments were se-
lected and identified with the pMD18-T vector primer
(primer A 5-CTAAAACGACGGCCAGT-3’, primer
B 5-CAGGAAACAGCTATGAC-3"). Subsequenty,
the sequence was analyzed with ABI PRISMTM 3730
DNA sequencer, and GeneBank Blastn sequence align-
ments were done.

Microarray printing and processing

The final concentration of each purified PCR pro-
duct was adjusted to 0. 3 mg/ml with dimethyl sulfoxide
(DMSO) and water. The DSMQO concentration was
50% (v/v). The DNA microarray was prepared by spot-
ting the PCR products on special glass slides with a Car-
tesian 5500 MicroArmyer, then the DINAs of the target
gene were cross-linked by ultraviolet irradiation, baked
at 80 °C for 2 hours ,and maintained in closed containers
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until application. The arrangement of all spots on the
gene chip is shown in Fig. 1.

Samples labeling

The samples of HDV were digested with restriction
endonucleases Sau3Al. T4 DNA ligase was used to link
gene fragments with universal adapters ( SIP ;5 pGATC-
mCACACCAGCCAAACCCA, SIR: 5’ GGTTTG-
GCTGGTGTG). Then 2 Xpremix (25 pl),the produ-
cts of linkage (2 pl), cy5-dCTP (2 pl) and water were
added to a total volume of 50 pl. Reactions were per-
formed in a geneAmp PCR 9700 system with an initial
denaturation of 10 minutes at 94 °C and then subjected
to 30 thermal cycles (94 °C for 30 seconds, 60 °C for 30
seconds, 72 °C for 60 seconds), followed by a final 5-
minute incubation at 72 C.

Prehybridization

The microarray slide was put into the pre-hybridi-
zation solution (5XS8SC, 0.2% SDS, 25% formamide,
and 1% BSA) at 42 °C for 1 hour, then rinsed at room
temperature in Milli Q water for 5 times, followed by
isopropanol dehydration and air drying.

Hybridization and data analysis

Five pl of Cy5 labeled samples was mixed with 1 pl
of Cot-1 DNA (20 pg/pl, Life Technologies, USA) and
6 pl of 2 X hybridization buffer (50% formamide, 10 x
SSC, 0.2% SDS) was denatured at 95°C for 5 minutes,
centrifuged at 14 000 g for 2 minutes and cooled down.
Three pl of the above mixture was added to the surface
of the microarray, which had been immersed in the pre-
hybridization medium for 1 hour, and covered with a
glass coverslip retreated with SIGMACOTE® (Sigma)
to keep the sample from evaporation. The slide was put
into a sealed hybridization box; 10 pl of vltra pure water
(UPW) was added to every well at the two ends of the
chamber, respectively. After hybridization at 42 °C for 5
hours, the slide was taken out and washed by; 1) low-
stringency washing buffer containing 1 X SSC/0. 2%
SDS at 42 °C for 5 minutes; 2 ) high-stringency
washing buffer containing 0. 1 X8$C/0.2% SDS at room

Table. Sequences of the synthetic primers used in the study
Length of
fragments(bp)
HDV 1 Pl: GGAGACOGAAGCGAGGAGGAAAGCA 468
P2: CGACQCTGGGCATCCGAAGGAGGACG
1 CTGCAGGGTCCGCGTTCCATCCTT 266
:+ CCAGTGAATAAAGCGGGTTTC
1 CGAQCCGAAGAGGAAAGAAGGACGC 255
: GGTGTGAACCCCCTCGAAGGTGG

1 CTTCGTCGGTGATCCTGCCTCT 333
+ CCAGCAGTCTCCTCTTTACAGA

Virus No. Primers{ 5= 3")
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Fig. 1. Arrangment of all spots on HDV microarray.

Fig. 2. Agarose gel electrophoresis of PCR. products of four frag-
ments by different primer combination for preparation of HDV
probes of genechip.
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Fig. 3. Segquence analysis of one of DNA fragments from HDV.
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Fig. 4. Scanning plots of hybridizing signals on HD'V micrearray.

temperature for 10 minutes; 3) 0. 1 XSSC for 1 minute;
4) Milli Q water; 5) ethanol; respectively. Then the
chip was desiccated at room temperature. Scanning was
petformed using a ScanArray Lite Microarray Analysis
System (GSI Lumonics CO, USA)

Results

Preparation of HDV probes for microarray
The results of 1. 5% agarose gel electrophoresis showed
that all of the 4 primer pairs could amplify the HDV cD-

NA and produce the products of expected size (Fig. 2).

Confirmation of the DNA obtained from HDV by
sequence analysis

Blastn with Genebank damabase, each sequenced
PCR product was confirmed to be an HDV genome
fragment. Fig. 3 shows one cDINA fragment from HDV
located ar complete genome region.

Slide scanning and analysis

Hybridizing signals under a condition of 80% laser
energy and 70% GMT on the gene chip showed that
the specificity and sensitivity in detecting the HDV were
satisfied (Fig. 4). No signal was found on the empty
control spots { printing 50% DMSO) and negative con-
trol spots ( printing gene fragments of eukaryotic cell
such as K562 cell, prokaryotic cell such as HIV, and
plant gene such as rice. Our institute preserved all the
gene fragments). The signal of spots that were hybri-
dized to HDV, HDV positive controls was strong and
obvious.

Discussion
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In China, chronic viral hepatitis is considered a major
public health problem.! 23] Hepatitis D virus (HDV),
a defective virus, requires the supply of hepatitis B sur-
face antigen ( HBsAg) envelope by hepatitis B virus
(HBV) for its assembly and transmission.!'**] During
both acute and chronic infections, HDV infection often
leads to a more severe disease. [1618]

In clinical diagnosis of hepatitis virus, the antibody-
based methods such as ELISA[1?!] and the technique of
molecular bioclogy such as PCR 2221 and molecular hy-
bridization have been considered practical to detect viral
infection. But immunoassays present with a problem thar
antibody assays are insufficient for diagnostic purposes
because of the period of diagnostic window and patients
with hypoimmunity. In viral diagnosis, common nucleic
acid hybridization might have a good specificity,, but the
sensitivity is not so satisfactory. In the protocol of PCR,
cross contamination , false negative and fake positive, often
occur and simply producing DINA is not the sufficient
evidence that one has amplified the right product . The
DNA microarray offers a potential solution to these prob-
lems and provides us with a simple and sensitive method to
diagnose the infection of hepatitis virus.[?*%] Compared
with traditional diagnostic techniques, the method has
advantages of integration, micromation, and autoimmu-
nization.'”] Generally, one could draw on this resource
when needed to clinically diagnose different hepatitis vi-
ruses subtypes and the strain of drug resistance simultane-
ously on a microarray slide and the captured DINA could
be assayed in a single reaction. The DINA gene chip
could also offer a dependable basis for the clinical labora-
tory diagnosis, treatment, monitoring response to thera-
Py, as well as the occurrence, development and progno-
sis of hepatotrophic viral infections. %%

The clinical diagnostic microarray was prepared by
immobilizing the capture target genes of pathogens on a
slide ,[3!] which was treated specifically. The DNA or
RINA, which was extracted from the patient’ s serum,
was labeled with fluorochrome and was hybridized to the
target DINA. In this study, the microarray was prepared
by spotting PCR. products of the conserved sequences of
HBV and HDV onto the surface of glass slides by the
Cartesian 5500 MicroArrayer. The controls were immo-
bilized on it at the same time. The control system was
composed of three parts; (i) empty controls were DM-
SO without any gene fragments; (ii) negative controls
were gene fragmenss of plants ( rice ), eukaryocyte
(K562 cell) and prokaryocyte (E. coli) which were not
homologous with HBV and HDV; and (iii) positive
controls were the reconstructive gene fragments which
added to the samples while fluorescent labeling. Ten of
12 x12 microarrays could be immeobilized on a glass slide
simultaneously. The chip we had prepared was cost-ef-
fective,, and the operation of the experiment was simple
and more convenient. When the results were verified by
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molecular hybridization, we could overcome the cross
contamination of PCR. With negative control and posi-
tive control, we could ensure the results in detecting
each specimen. The subjective factors in judging the re-
sults could be reduced greatly by the analytic computer
software.[®2] Akso, the sensitivity of the assay can be en-
hanced by increasing the amount of capture DNA on the
slide or by pretreatment of the sample DINA.

There are two ways for preparing DNA microarray
probes. The first one is PCR amplification of the DINA
fragments with a molecular clone, and the other is artifi-
cial synthesis of oligonucleotide arrays by a DNA synthe-
sizing machine. We prefer to the first method, making
use of Primer Premier 5. 00 to design special primers of
HDV. Because of the convenience of PCR , we could
directly prepare DINA microarray probes after purifica-
tion of the PCR product. As for the small genome of
HDV (1.7 kb), the method could be a practical one as
it is speedy, simple and valuable in clinical application.

Using their creative invention, the technique of re-
striction display-PCR. ( RD-PCR.),[**] Professors Ma
and Zheng prepared microarray probes on a massive
scale, which were nearly the same length, printed them
on the chip, and developed clinical diagnostic gene
chips. The application of this method for preparing gene
chip probes is used in our laboratory at present . [33-%7]
Further application of the technique in labeling the sam-
ple could also bring about good results and speed up the
multi-virus detection by microarray technology./*-%1 By
RD amplification of the enzyme-digested samples, the
sample fragments can be significanty labeled with fluo-
rescent signals, and can produce a much stronger hybridi-
zation than the conventional labeling methods.
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