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Three-dimensional polyacrylamide gel-based
DNA microarray method effectively identifies
UDP-glucuronosyltransferase 1A1 gene polymorphisms
for the correct diagnosis of Gilbert's syndrome
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Abstract. Gilbert's syndrome is a mild genetic liver disorder
characterized by unconjugated hyperbilirubinemia due to
defects in the UDP-glucuronosyltransferase 1A1 (UGTIAI)
gene. The T-3279G mutation in the phenobarbital responsive
enhancer module (PBREM), the TA-insertion in the TATA
box, creating the A(TA)7TAA motif instead of A(TA)6TAA
and the G211A mutation in coding exon 1, particularly in
Asian populations, of the human UGTIAI gene are the
three common genotypes found in patients with Gilbert's
syndrome. Different approaches for detecting the T-3279G,
A(TA)6/TTAA and G211A mutations of the UGTIAI gene
have been described. In this study, to the best of our knowl-
edge, we established a three-dimensional polyacrylamide
gel-based DNA microarray method for the first time, in
order to study UGTIAI gene polymorphisms. This method,
based on a step-by-step three-dimensional polyacrylamide
gel-based DNA microarray protocol, successfully identi-
fied all possible genotypes of T-3279G, A(TA)6/7TAA and
G211A in 20 patients with hyperbilirubinemia. In addition,
sequencing was performed to confirm these results. The data
from the current study demonstrate that the three-dimensional
polyacrylamide gel microarray method has the potential to be
applied as a useful, reliable and cost-effective tool to detect the
T-3279G, the A(TA)6/7TAA and the G211A mutations of the
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UGTIAI gene in patients with hyperbilirubinemia and thereby
aid in the diagnosis of Gilbert's syndrome.

Introduction

Gilbert's syndrome, which was first reported by Augustin Nicolas
Gilbert in 1901, is a mild genetic liver disorder characterized by
unconjugated hyperbilirubinemia without overt signs of hemo-
lysis or structural liver disease (1). The clinical manifestation of
Gilbert's syndrome is an elevated level of serum bilirubin (2).
Moreover, some patients may present with weakness, indiges-
tion, abdominal pain in the liver area and an intolerance to fat (1).

With the development of molecular biology, Gilbert's
syndrome has been investigated extensively. It has been found
that UDP-glucuronosyltransferase 1A1 (UGTIAI) plays a crit-
ical role in the elimination pathway of bilirubin and defects in
UGTIAI result in the development of Gilbert's syndrome (3-5).
Numerous mutations of the UGTIAI gene, in the regulatory
region and the coding region among others, have been detected
to confirm the diagnosis of Gilbert's syndrome (6-10,12,21).
According to previous studies, there are currently three
common genotypes found in patients with Gilbert's syndrome:
the T-3279G mutation in the phenobarbital responsive enhancer
module (PBREM), the TA-insertion in the TATA box, creating
the A(TA)7TAA motif instead of A(TA)6TAA and the G211A
mutation in coding exon 1 of the UGTIAI gene (11-13).

At present, the direct sequencing method is the principal
approach used to detect Gilbert's syndrome in the clinical labo-
ratory; however, the price of sequencing is expensive. In order
to diagnose Gilbert's syndrome, it is important to establish a
simple, effective and low cost method to detect mutations of
the UGTIAI gene. In this study, to the best of our knowledge,
we applied the three-dimensional polyacrylamide gel-based
DNA microarray method for the first time, in order to detect the
T-3279G, A(TA)6/7TAA and G211A mutations of the UGTIAI
gene to confirm the diagnosis of Gilbert's syndrome.

Three-dimensional polyacrylamide gel-based DNA
microarray hybridized with dual-color fluorescent probes is
a rapid, simple and low coast approach used for gene muta-
tion analysis. This method relies on the co-polymerization
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of acrylamide-modified PCR products with acrylamide
monomers and acryl-modified slides to prepare the gel-based
microarray. Acrylamide-modified PCR products from genomic
DNA specimens are spotted and immobilized onto acrylamide-
modified glass slides to fabricate a microarray. The slide is then
transferred to a vacuum chamber with N,N,N',N'-tetramethyl-
ethylenediamine (TEMED), so that TEMED is vaporized and
diffuses into the spots to induce polymerization. Following
hybridization with the specific probes labeled with Cy3 or CyS5,
electrophoresis is performed to remove the non-specifically
bound targets and mismatches. Through two-color fluorescent
(green and red) scanning, images are captured to determine the
genotype of each sample (14).

In order to correctly diagnose Gilbert's syndrome and
to avoid side-effects from the adminstration of unecessary
therapeutic agents, in this study, we established a novel tech-
nique (three-dimensional polyacrylamide gel-based DNA
microarray) for the first time, to the best of our knowledge, in
order to identify UGTIAI gene mutations in 20 patients with
hyperbilirubinemia from the Chinese population.

Patients and methods

Study participants and DNA isolation. Twenty Chinese patients
with hyperbilirubinemia were recruited at the Second Hospital
of Nanjing, Affiliated to the Medical School of Southeast
University, (Nanjing, China). Peripheral blood samples were
collected from all participants in the morning following an
overnight fast. Total DNA was extracted using the QIlAamp
DNA Blood Midi kit (Qiagen, Hilden, Germany) according
to the standard protocol. All the participants provided written
informed consent prior to enrollment and all research proce-
dures were approved by the Ethics Committee of the Second
Hospital of Nanjing, Affiliated to the Medical School of
Southeast University.

PCR amplification. A pair of primers F1, 5'-CACCTCCT
CCTTATTCTCTT-3' and R1, 5'-acrylamide-CTCATTCC
TCCTCTCTAGCC-3', whose design was based on published
DNA sequences (GenBank no. AF297093.1), was used for PCR
to obtain the PBREM region of the UGTIAI gene. The cycling
conditions were as follows: 94°C for 3 min, 32 cycles of 94°C
for 30 sec, 54.2°C for 45 sec, and 72°C for 45 sec, and then
72°C for 10 min. The region containing the TATA-box and the
211 site of the UGTIAI gene was generated by PCR using
Ex Taq (Takara, Otsu, Japan) with two primers F2,5'-CCCTGC
TACCTTTGTGGACT-3' and R2, 5'-acrylamide-CAT
TATGCCCGAGACTAACAAA-3'". The reaction conditions
were as follows: 94°C for 3 min followed by 32 cycles of 94°C
for 30 sec, 57°C for 45 sec, and 72°C for 45 sec, and then a final
elongation step at 72°C for 10 min. Following agarose gel
electrophoresis, the acrylamide-modified PCR products were
processed by ethanol precipitation overnight at -20°C. The
acrylamide-modified PCR products were subsquently
harvested by centrifugation at 14,000 x g for 20 min and
diluted in water.

Immobilization of acrylamide-modified PCR products.
Preparation of the acrylamide-modified slides is the first
step of PCR product immobilization. The protocol of acryl-
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Table I. Probe sequences used in this study.

Probe Probe sequences

-3279T 5'-Cy3-TTCAGTITGAACA-3'

-3279G 5'-Cy5-TTCAGTGTGAACA-3'
A(TA)6TAA 5'-Cy3-GCCATATATATATATATAAG-3'
A(TA)7TAA 5'-Cy5-GCCATATATATATATATATAAG-3'
211G 5'-Cy3-AGAGACGGAGCAT-3'

211A 5'-Cy5-AGAGACAGAGCAT-3'

Bold underlined characters indicate the test loci. Probe-3279T and
probe-3279G are perfectly matched with the homozygous wild-type
and the homozygous mutant of -3279 loci, respectively. Probe 211G and
probe 211A are perfectly matched with the homozygous wild-type and
the homozygous mutant of 211 loci respectively. Probe A(TA)6TAA
and probe A(TA)7TAA are perfectly matched with homozygote
A(TA)6TAA and homozygote A(TA)7TAA, respectively.

modified slides fabrication was performed as previously
described (15). Solutions containing acrylamide-modified
PCR products, acrylamide monomer (29:1, acrylamide:bis-
acrylamide), glycerol and ammonium persulfate (APS) were
then prepared at the desired concentrations and spotted on the
modified glass slide. After spotting, the slide was placed into
a humid sealed chamber in which a well containing TEMED
had been deposited in advance. The pressure in the sealed
chamber was reduced to approximately 1,000 Pascal (Pa),
and this pressure was maintained for 30 min at room
temperature. Under this pressure, TEMED was vaporized
and diffused into the spots and onto the slide surfaces to
induce the co-polymerization of the acrylamide groups and
the acryl groups.

Hybridization with the corresponding probes. Following the
immobilization of the acrylamide-modified PCR products,
double-stranded DNA (dsDNA) on the slide was denatured
in 0.1 M sodium hydroxide solution for 10 min to obtain
single-stranded DNA (ssDNA), and then subjected to elec-
trophoresis in 1X TBE buffer for 10 min to remove sodium
hydroxide. Finally, hybridization was performed in a humid
glass chamber with the corresponding probes (Table I) at 37°C
for 2 h. A schematic outline of the gel immobilization micro-
array approach for high-throughput genotyping is illustrated
in Fig. 1.

Image scanning. Following hybridization, in order to remove
the non-specifically bound targets and mismatches, the slide
was subjected to electrophoresis under 38 V/cm for 25 min in
1X TBE buffer at room temperature. The slide was then rinsed
in water and dried under a stream of nitrogen. Images of the
hybridization slide were scanned using a confocal scanner
(LuxScan-10K/A; CapitalBio Corp., Beijing, China) and
analyzed with LuxScan 3.0 software.

Sequencing the PBREM region and the region containing the
TATA-box and the 211 site of the UGTIAI gene. Two pairs of
primers F1 and R3, 5'-CTCATTCCTCCTCTCTAGCC-3, and
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Figure 1. A schematic outline of genotyping approach using dual-color fluorescence hybridization. (A) T-3279T homozygous wild-type; (B) T-3279G heterozy-

gote; (C) G-3279G homozygous mutant.
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Figure 2. Agarose gel electrophoresis of PCR products. M, DNA marker;
lane 1, the region containing TATA-box and 211 site of UGT1A1 gene;
lane 2, gtPBREM region of the UGTIAI gene. bp, base pairs; UGTIAI, UDP-
glucuronosyltransferase 1A1; PBREM, phenobarbital responsive enhancer
module.

F2 and R4, 5-CATTATGCCCGAGACTAACAAA-3', were
used for PCR to obtain the PBREM region and the region
containing the TATA-box and the 211 site of the UGTIAI
gene, respectively. The PCR products were sequenced directly
with the use of an BigDye Terminator v1.1 Cycle Sequencing
kit (Applied Biosystems, Foster City, CA, USA) with the
appropriate primers.

Results

Firstly, the acrylamide-modified PCR products of different
sizes were obtained and analyzed by electrophoresis on a
1% agarose gel (Fig. 2). In principle, the homozygous wild-type
yielded strongly fluorescent Cy3 spots (green fluorescence),
while the homozygous mutant yielded strongly fluorescent
CyS5 spots (red fluorescence). Moreover, fluorescent Cy3 and

Cy5 spots were shown for the heterozygote, and after overlap-
ping, a strong ‘yellow’ fluorescence was shown.

For the T-3279T homozygote, the probe-3279T labeled
with Cy3 was perfectly matched with the immobilized ssDNA,
while the probe-3279G labeled with Cy5 had a mismatched
base in the middle of the sequence to the ssDNA. Thus, only
a Cy3 fluorescent signal (green fluorescence) was obtained in
the dual-color fluorescence hybridization (Fig. 3A, line 2). The
fluorescence scores of Cy3 and Cy5 in the homozygote T-3279T
were 11,328 and 682, respectively, and Cy3/Cy5 was 17 (second
row in Fig. 3B). In the same way, for the G-3279G homozy-
gote, only the Cy5 fluorescent signal (red fluorescence) was
shown (Fig. 3A, line 3). The fluorescence scores of Cy5 and
Cy3 in the homozygote G-3279G were 10,027 and 515, respec-
tively, and Cy5/Cy3 was 20 (Fig. 3B, third row). Moreover,
for the T-3279G heterozygote, both the Cy3 and Cy5 fluores-
cent signals (green fluorescence and red fluorescence) were
detected, and after overlapping, a strong ‘yellow’ fluorescence
was shown (Fig. 3A, line 4). The fluorescence scores of Cy3
and Cy5 in the heterozygote T-3279G, were 9,106 and 8,544,
respectively, and Cy3/Cy5 was 1.07 (Fig. 3B, fourth row). In
order to evaluate the reliability of this technique, we compared
the results obtained by sequencing (Fig. 3C).

In the same way, for the A(TA)6TAA homozygote and
G211G homozygote, only the Cy3 fluorescent signal (green
fluorescence) was obtained in the dual-color fluorescence
hybridization (Fig. 4A and C, line 2). For the A(TA)7TAA
homozygote and A211A homozygote, only the Cy5 fluores-
cent signal (red fluorescence) was shown (Fig. 4A and C,
line 3). Moreover, for the A(TA)6/7TAA heterozygote and
G211A heterozygote, both the Cy3 and Cy5 fluorescent signals
(green fluorescence and red fluorescence) were detected,
and after overlapping, a strong ‘yellow’ fluorescence was
shown (Fig. 4A and C, line 4). The above-mentioned results
were further validated by sequencing (Fig. 4B and D).



578 SONG et al: NEW METHOD FOR THE DETECTION OF UGT1A1 GENE MUTATIONS IN GILBERT'S SYNDROME

A B K'IZOOO = Cy3
1 Z 10000 =CyS5 .
3 -
P E 8000
3 6000
3 S 4000
= 2000
C 1 2 3 .
Homozygote Homozygote Heterozygote
T-3279T G-3279G T-3279G 1
GTTCAGTTTGAA

GI'TCAGTGTGAA  GTTC \GIGTGAA
A i ,-'.

UL L T

Figure 3. Hybridization results of samples with three genotypes (T-3279G) in UGTIAI gene. (A) Line 1, blank control; line 2, homozygote T-3279T (green);
line 3, homozygote G-3279G (red); line 4, heterozygote T-3279G (yellow). Each sample was spotted two times in a line. (B) Average relative fluorescence intensi-
ties. Row 1, blank control; row 2, homozygote T-3279T; row 3, homozygote G-3279G; row 4, heterozygote T-3279G. (C) Sequencing result of the PCR products
with ABI Prism 377. The arrows indicate the tested loci. UGT1A I, UDP-glucuronosyltransferase 1A1.
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Figure 4. Hybridization results of A(TA)6/7TAA and G211A in UGTIAI gene. (A) Line 1, blank control; line 2, homozygote A(TA)6TAA (green); line 3, homo-
zygote A(TA)7TAA (red); line 4, heterozygote A(TA)6/7TAA (yellow). Each sample was spotted two times in a line. (B) Sequencing result of the PCR products
with ABI Prism 377. (C) Line 1, blank control; line 2, homozygote G211G (green); line 3, homozygote A211A (red); line 4, heterozygote G211A (yellow). Each

sample was spotted two times in a line. (D) Sequencing result of the PCR products with ABI Prism 377. The arrows indicate the tested loci. UGTIAI, UDP-
glucuronosyltransferase 1A1.

Samples from 20 patients with hyperbilirubinemia
were analyzed for the presence of the T-3279G locus, the

TA-insertion locus (A(TA)6/7TAA) and the G211A locus. All
possible genotypes of the 20 samples from the patients enlisted
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Scan image of T-3279G

Figure 5. Microarray images from 20 samples assayed for the T-3279G,
A(TA)6/TTAA and G211A of the UGTIAI gene. Each sample was spotted
two times in a line. The green spots indicate wild homozygous, the red spots
indicate mutant homozygous, and the yellowspots indicate heterozygote.
UGTIA1, UDP-glucuronosyltransferase 1A1.

were successfully identified and are shown in Fig. 5. In addi-
tion, all results obtained by three-dimensional polyacrylamide
gel-based DNA microarray method were further validated by
sequencing.

Discussion

Gilbert's syndrome is a mild genetic liver disorder character-
ized by unconjugated hyperbilirubinemia without overt signs
of hemolysis or structural liver disease (1). Its estimated preva-
lence is approximately 3-7% in the general population (16). In
general, Gilbert's syndrome is considered a benign condition
and does not require therapy since it does not cause chronic
liver dysfunction or fibrosis (17,18). However, this mild hyper-
bilirubinemia may be mistaken for hepatic jaundice, hemolytic
jaundice or obstructive jaundice. Thus, patients may suffer from
unwarranted anxiety and unexpected toxicity from therapeutic
agents. For these reasons, it is important to make the correct
diagnosis in time.

Currently, the direct sequencing method, the TagMan
MGB SNP genotyping assay, DNA melting curve analysis
and the restriction fragment length polymorphism (RFLP)
method have been used to detect mutations of the UGTIAI
gene and thereby diagnose Gilbert's syndrome (19-21). In
this study, we established a novel method (three-dimensional
polyacrylamide gel-based DNA microarray) for the first time,
to the best of our knowledge, in order to detect UGTIAI gene
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mutations in 20 patients with hyperbilirubinemia from the
Chinese population.

The three-dimensional polyacrylamide gel-based DNA
microarray method is a rapid, simple and low cost approach
with which to carry out gene mutation analysis. It has been
widely used in the genotyping of a number of genes, such as
the oxidized low-density lipoprotein receptor 1 (OLR-1) gene,
the brain-derived neurotrophic factor (BDNF) gene, and the
gamma-aminobutyric acid receptor beta 3 subunit (GABRB3)
gene (14,22,23). Three-dimensional polyacrylamide gel-based
DNA microarray only requires a small quantity of expensive
fluorescent-labeled probes which can be used for genotyping
an unlimited number of samples. Furthermore, this method is
time-saving and increases efficiency by assaying thousands of
samples in one experiment.

Immobilization and electrophoresis are two critical steps
in the three-dimensional polyacrylamide gel-based DNA
microarray method. Firstly, immobilization relies on the
co-polymerization of acrylamide-modified PCR products with
acrylamide monomers and acryl-modified slides to prepare the
gel-based microarray. Thus, in the present study, reverse
primers (R1 and R2) were modified with an acrylamide group
at the 5'-terminal in order to covalently attach to the polyacryl-
amide gel. TEMED is a volatile alkali and is easily vaporized
at room temperature. When the pressure in the sealed chamber
was reduced to approximately 1,000 Pa, TEMED was vapor-
ized and diffused into the spots and onto the slide surfaces to
induce co-polymerization of the acrylamide groups and the
acryl groups. Subsequently, the array was hybridized with
specific fluorescent-labeled probes. The removal of the non-
specifically bound targets and mismatches is the most
important procedure. However, polyacrylamide gel has a
porous structure which intensively adsorbs the non-specifically
labeled probes during hybridization. Thus, the conventional
washing steps fail to remove the non-specifically adsorbed
probes, resulting in high background signals. As nucleic acids
in PCR products carry the negative charges, electrophoresis is
an effective method with which to effectively remove the non-
specifically adsorbed probes. If the voltage is too high or the
duration of electrophoresis is too long, specifical probes will
be removed. Through repeated tests, the slide was subjected to
electrophoresis under 38 V/cm for 25 min in 1X TBE buffer at
room temperature to remove the non-specifically bound targets
and mismatches. Finally, genotyping was based on the images
captured through two-color fluorescent scanning. The T-3279T
homozygote, the A(TA)6TAA homozygote and the G211G
homozygote all yielded strong fluorescent Cy3 spots (green
fluorescence), while the G-3279G homozygote, the
A(TA)7TTAA homozygote and the A211A homozygote all
yielded strong fluorescent Cy5 spots (red fluorescence)
(Figs. 3A and 4A and C). Moreover, both fluorescing the Cy3
and Cy5 spots were shown for the T-3279G heterozygote, the
A(TA)6/7TAA heterozygote and the G211A heterozygote, and
after overlapping, a strong ‘yellow’ fluorescence was shown.

In conclusion, in the present study, we successfully
detected the UGTIAI gene mutations in 20 Chinese patients
with hyperbilirubinemia with the use of the three-dimensional
polyacrylamide gel-based DNA microarray method. This
method holds significant promise for future applications in the
diagnosis of Gilbert's syndrome.
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