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English abstract
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Microarray technology is the central platform for functional genomics and translational
research in the post-genomic era. Our main goal is to establish an up-to-date microarray core
facility, dedicated to provide high quality microarrays, technical supports and services to
researchers in genomic medicine nationwide. Access to the high quality microarrays will allow
our researchers to be on the cutting edge of genetic research, focus on microarray-based gene
expression profiling to explore the pathogenic mechanism of human diseases. The microarray
technology is particularly important to clinical medicine in post-genomic era. It will provide
high throughput and valuable insights into differences in an individual’s disease as compared
with constitutional mRNA expression. The microarray information can provide tissue-specific
disease signatures and therefore, can improve disease diagnosis, disease classification, prognosis

evaluation, identify biomarkers, individualized patient treatment and improve treatment outcome.

Although the cDNA microarray is extremely powerful, the current application is still limited.
The major obstacles are its high cost and difficulty in maintaining good quality membrane and
experiment. We had established the Core Lab and ESTs library to provide high quality service of
membrane-based cDNA microarray under the reasonable price. The core facility also provide

one-stop services including target labeling, microarray hybridization, colorimetric detection,
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image digitization, and cluster analysis. In addition, the services of custom-made chips including
membrane- and glass-format microarray are also provided. According to the work capacity,
microarray core facility opens for the investigators of academic and research institution

participated in National Research Program of Genomic Medicine to apply.

The core facility has been established in National Taiwan University Hospital, National
Taiwan University College of Medicine for more than two years and manufactured more than one
thousand of microarrays including human, mouse, and custom-made chips. Also, the Core Lab
offered related research consultation and education training to medical campus. National Science
Council supports our core facility since 2002 to set up the “Microarray Core Facility for Genomic
Medicine”, which offers nationwide microarray services right away. Our microarray core facility
1s the only one that can provide complete microarray services at present. Since Jan. 2002, we
started to provide services for researchers granted by National Genome Project and other NSC
Grants. We have provided the researchers of Taiwan University, Yang-Ming University,
Chang-Gung University, and Chung-Shan Medical University for more than 2600 pieces of
microarray membranes including human, mouse and custom-made chips. There are still about
600 pieces of chips waiting for preparation. We will provide services by the enrolled order and
work capacity. The Web address of  Microarray Core Facility 1S
http:/microarray.mc.ntu.edu.tw in which containing application procedure and working flow
path, applicants can apply for services on-line and download the application form.
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Preparation of cDNA probes
The labeling reactions were performed during reverse transcription in the presence of 6 uM

random primers or oligo-d(T)20VN degenerate primers; 0.5 mM each dATP, dCTP, and dGTP;
40 pM dTTP; 40 uM biotin-16-dUTP (Roche Molecular Biochemicals; Mannheim, Germany);
1X reactio buffer; 10 mM DTT; 0.5 unit/ul Ribonuclease inhibitor (GIBCO-BRL; Gaithersburg,
MD); and 200 units of MMLYV reverse transcriptase (GIBCO-BRL; Gaithersburg, MD) in a 50-ul
solution. The reaction mixture was incubated at room temperature for 10 minutes, then
transferred to 42 °C for 90 minutes and was stopped by heating of the reaction mixture to 99 °C
for 5 minutes. The RNA was degraded by adding of 5.5 pul of 3 M NaOH followed by a 30-min
incubation at 50 °C. The labeled samples were neutralized by addition of 5.5 ul of.3 M acetic
acid and then precipitated by adding of 50 ul of 7.5 M ammonium acetate, 20 pg of linear
polyacrylamide as carrier, 375 ul of absolute alcohol, and water to make a total of 525 pl. The
solution was mixed evenly and stood at —80 °C for 30 min, and then centrifuged at 14,000 rpm
for 20 min to precipitate single stranded DNA probe. Pellet was washed with 1 ml of 70 % of
ethanol and dried by speed vacuum, then dissolved in 5 pl or suitable volume of deionized water.
Gene microarray hybridization

The membrane carrying the double-stranded cDNA targets was pre-hybridized in 3 ml (option)
hybridization buffer (5% SSC, 0.1 % N-lauroylsarcosine, 0.1% SDS, 1% blocking reagent made
by Roche Molecular Biochemicals, and 50 pg/ml salmon sperm DNA) at 68°C for 1 hour before
hybridization was carried out. cDNA probes (up to Sug) were resuspended in 100 pl (option)
hybridization buffer containing 200 pg/ml d(A);p and 300 ~ 400 pg/ml human COT-1 DNA
(GIBCO-BRL) to prevent non-specific binding and were hybridized to the cDNA fragments on
the membrane by Southern hybridization procedure. The 100-ul reaction mixture was sealed with
the membrane in a hybridization bag or assembly (SureSeal, Hybaid, Middlesex, UK) attached to
a weight and incubated at 95°C for 2 min (could be omitted) and then at 68°C for 12 hours. The
membrane was then washed with 2x SSC containing 0.1% SDS for 5 min at room temperature
followed by three washes with 0.1x SSC containing 0.1% SDS at 65 °C for 15 min each.
Colorimetry detection and image analysis.

After hybridization, the membrane was blocked by 1 ml (option) of 1 % blocking reagent
(Roche Molecular Biochemicals) containing 2 % dextran sulphate at room temperature for 1 hour

and then was rinsed with 1 X TBS buffer solution (10 mM Tris-HCI, pH 7.4, 150 mM NaCl,
0.3% BSA). To detect the spots on the membrane 1in single-color mode,



B-galactosidase-conjugated streptavidin (Strep-Gal, GIBCO-BRL) was employed. The membrane
was incubated with a 3-ml (option) mixture containing 700 X diluted Strep-Gal (1.38 units/ml,
enzyme activity), 4% polyethylene glycol 8000 (Sigma, St. Louis, MO), and 0.3% BSA in 1 X
TBS buffer for 2 hours. The membrane was then washed with 1 X TBS buffer three times for 10
min each. The chromogen was generated by treating the membrane with X-gal substrate
containing 1.2 mM X-gal, 1 mM MgCl,, 3 mM K;Fe(CN)s, 3 mM KyFe(CN) in 1 X TBS buffer
for 30 ~ 60 minutes at 37 °C for B-galactosidase reaction. The color development reactions were
then stopped by 1x PBS containing 20 mM EDTA. After color development the cDNA molecules
labeled with biotin yield a blue chromogen. To measure the expression levels of the genes, the
membrane was scanned or taken image by a flatbed scanner (PowerLook 3000). The scanner
provided 3000 dpi resolution and was suitable for larger arrays such as arrays of 9600 elements.
Amplification of cRNA: In Vitro transcription

The RNA quantity derived from above extraction is very tiny. To achieve microarray
analysis, RNA amplification should be performed (32,42). To synthesize full-length double
stranded cDNA efficiently, “template-switching” effect was used in the synthesis of the second
stranded cDNA. The template switch primer was designed according to literature and shown as
follows: 5’-AAG CAG TGG TAT CAA CGC AGA GTA CGC rGrGrG-3’ (43). Mixing 0.05-5
pg of total RNA (8 pl) and 1 pul of 1 pg /ul T7promoter- (T) 24 primer (5°-GGC CAG TGA ATT
GTA ATA CGA CTC ACT ATA GGG AGGCGGTTT TTTTTT TTT TTT TTT TTT TTT-3"),
and heated at 70 °C for 5 min, then put on ice. Four pl of 5X first strand buffer (GIBCO-BRL), 2
ul of 100 mM DTT, 1 pl of Rnase inhibitor (10 units/ul), 2 ul of 10 mM dNTPs, and 1 ul of
template switch primer (1 pg/pl) were added in RNA/primer mix on ice and heated at 37 °C for 2
min, then added 1 ul of MMLYV reverse transcriptase (200 units/ul) in reaction and incubated at
42 °C for 1 hr. Full length ds-cDNA was synthesized by adding 108 pl of DEPC-treated de-ion
water, 15 ul of Advantage PCR buffer (Clontech), 3 ul of 10 mM dNTPs, 1 ul of RNase H (2
units), and 3 ul of Advantage cDNA polymerase (Clontech). The reaction mixture was incubated
at 37 °C for 2 min (RNA digestion), 94 °C for 3 min (denaturation), 65 °C for 3 min (priming),
and 30 min at 75 °C for extension. Reactions were terminated by incubation in 7.5 ul of 1 M
NaOH with 2 mM EDTA at 65 °C for 10 min. cDNA was extracted with phenol/chloroform/
isoamylalcohol, then precipitated the pellet with ethanol in the presence of linear acrylamide, and
finally resuspended in 16 pl of DEPC water. cDNA was passed through a Bio-6 chromatography
column (Bio-Rad, Cambridge, MA) and washed three times with 700 pul DEPC-treated H,O, and
then were lyophilized to 16 ul. In vitro transcription was performed in the presence of 7.5 mM
each ATP, TTP, CTP, and GTP; 1X reaction buffer; 10 mM DTT; and 2 pl of concentrated T7
RNA polymerase (AmpliScribe kits; EPICENTRE, Madison, USA) in a 20-ul solution. The
reaction mixture was incubated at 37 °C for 4 hr, then added 10 units of RNase-free DNase | and
stood at 37 °C for 15 minutes. The amplified RNA was extracted by phenol/chloroform and then
precipitated by adding of 10 pl of 7.5 M ammonium acetate, 20 pg of linear polyacrylamide as
carrier, and 80 pl of absolute alcohol. The solution was mixed evenly and stood at —80 °C for 30
min, and then centrifuged at 14,000 rpm for 20 min to precipitate RNA. Pellet was washed with 1

ml of 70 % of ethanol and dried by speed vacuum, then dissolved in 5 ul or suitable volume of
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DEPC-treated deionized water. For the second round of amplification, the first stranded cDNA
was synthesized as the same with above mention except 2 ug of random hexamer was used.
Second stranded cDNA synthesis was initiated by 1 ug of T7promoter- (T) 24 primer in the
conditions used in the first round. /n vitro transcription of aRNA was carried out as for the first
round. The procedures of biotinylated cDNA probe were the same with the above mentioned.
Amplification of signal: Catalyzed Reporter Deposition (CARD) method

To prevent no signal being observed, another amplification method, named CARD (44), is
included in the detection procedures if no signal is obtained. After hybridization the membrane
was washed with 2X SSC containing 0.1% SDS for 5 min at room temperature followed by three
times washes with 0.1X SSC containing 0.1% SDS at 65°C for 15 min each. The membrane was
blocked with 7% casein in PBS containing 0.05% Tween 20 (PBST) for 1 h at RT with gentle
shaking and then incubated with streptavidin-HRP (1000X) diluted in PBST containing 1% BSA,
0.7% casein, and 4% polyethylene glycol 8000 (Sigma) at room temperature. The membrane was
then washed with PBST bufer four times for 5 min each. For amplification, the membranes were
incubated with BT at 15 mg/ml in 0.1 M borate buffer, 0.003% H202, pH 8.5 for 15 min at RT,
and then washed with PBST. The membrane was incubated with streptavidin- -galactosidase
(700X) diluted in PBST containing 1% BSA, 0.7% casein, and 4% polyethylene glycol 8000
(Sigma) at room temperature for 1 h. After washing with PBST the color were generated by
treating the membrane with 1 ml X-gal substrate containing 1.2 mM X-gal, | mM MgCl,, 3 mM
K3Fe(CN)e, 3 mM K4Fe(CN)g in 1X TBS buffer for 15-30 min at 37°C. The color development
reactions were then stopped by 1X PBS containing 20 mM EDTA.
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Human gene array 9600 ESTs 20x30 mm NT 3000/8000
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Human gene array 40,000 ESTs

Mouse gene array 6144 ESTs 20x30 mm NT 3000/8000
Angio-chip 345 ESTs 5x7.5 mm NT 500/5500
(Sequence verified)

Onco-chip (Dr TC Lee) 768 ESTs 5x7.5 mm NT 500/5500
(Sequence verified)

Customized chip Spacing 200 um 1 spot NT 200

RNA amplification Reaction/NT 3500
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log transformation -

3. Filtration and Normalization: 34 Cluster software 1 % B &8 K9 A F 4% > TR SIFEEL
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