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Analysis of Korean Infertile Males by PDMS Microchip Gel Electrophoresis
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Trinucleotide repeat expansion is a genetic disease related 
to abnormal increase of the repeat number of (CGG)n, 
(CCG)财(CTG爲(GAA)n? and (CAG)nJ Several diseases 
such as Fragile X syndrome, Huntington^ disease (HD)； 
Dentatorubral and Pallidoluysian atrophy (DRPLA),3 spino­
cerebellar ataxia type I (SCA I)； and spinal bulbar muscular 
atrophy (SBMA)> are known to be caused by trinucleotide 
repeat expansion. Among those diseases, SBMA produced 
muscular dystrophy, testicular atrophy, deficiency of andro­
gen, and estrogen excess, and is known to cause male infer­
tility SBMA can be analyzed by diagnosis of CAG repeat 
number from male androgen receptor in chromosome Xqll- 
12 exon L6 Several countries including China, France, 
Japan, United States, and Germany have published many 
papers related to the characteristics of CAG repeat number 
distribution, however, only a few papers have been reported 
for infertility study in Korea?

For the measurement of CAG repeat number, convention­
ally slab gel electrophoresis (SGE) has been employed^9 
however, this method is known to be labor-intensive and 
time consuming. Especially, the sizing of DNA fragment is 
generally inaccurate in SGE (error usually more than 10%), 
causing felse determination of CAG repeat number 
Microchip gel electrophoresis would be a good method of 
choice since it can reduce the analysis time and provide the 
high sensitivity with the potential for point-of-care diagnosis 
toot10-13 Also, the error for size determination of the micro­
chip gel electrophoresis could be less than that in SGE 
because the separation mechanism is based on capillary gel 
electrophoresis (error less than 2%)J6-19

Among many polymers used for microchip con마 
poly(dimethylsiloxane) (PDMS) has shown many advan­
tages. It has been widely applied for biomolecule analysis 
since the fabrication of PDMS is easy for nano- and micro­
structure and the optical transparency is excellent for UV/ 
VIS and fluorescence detection at 240-1100 nm. Also, the 
production of the PDMS microchip is cost-effective witlx)ut 
using harmful acids such as H2SO4 and HF, and the chemical 
analysis is feasible under high electric fields?1-24

In this paper, Korean infertile males related to abnormal 
CAG repeat number in human genome Xqll-12 exon 1 

were analyzed by using the PDMS microchip. The accurate 
CAG repeat number was measured by the microchip gel 
electrophoresis with 12% poly(ethylene oxide) and compar­
ed with data from conventional SGE, The PCR products for 
both the control (n = 50) and the infertile male patients (n = 
50) were analyzed by the microchip gel electrophoresis and 
their sizes were calculated by the independent sample t-test. 
For the control and the patients, it was confirmed that they 
were statistically significant (P흐 = 0.012) with 95% confi­
dence level and the distribution pattern of CGA repeat 
number for the patients was unique compared to those from 
other countries.

Figure 1 shows the electropherograms of ①X 174 RF 
DNA/Hae III Augments with various sieving matrices in 150 
seconds. It was found that the optimized concentrations for 
each polymer solution were L0% methyl cellulose (MC), 
12% 2-hydroxylethyl cellulose (HEC), 12% hydroxylprop­
yl methyl cellulose (HPMC), and 12% poly(ethylene oxide) 
(PEO). The numbers of theoretical plate for 234 bp were 8.8 
x 104? L5 x 10\ 63 x 104? and 2.5 x 105 for MC, HEC, 
HPMC and PEO, respectively Resolutions of the base pairs 
calculated between 271 bp and 281 bp were 1.8,1.4,1.9, and 
2.8 for MC, HEC, HPMC and PEO, respectively Consecu­
tive running was possible for less than 10 times with MC, 
HEC, and HPMC, However, more than 15 times of running 
was feasible with PEO for the same DNA sample.

The sizing of PCR product is important since CAG repeat 
number is related to SBMA, In order to ensure that the 
microchip gel electrophoresis can provide better sizing 
capability, the known size of 310 bp (from ①X 174 RF 
DNA/Hae III fragments) was mixed with 100 bp ladder 
standard DNA and separated together in PDMS microchip 
as shown in Figure 2(a). Two calibration curves were tested 
to find more accurate value of the given DNA fragment. For 
example, the linear calibration curve (using 5 fragments of 
100 bp, 200 bp, 300 bp, 400 bp, and 500 bp in 100 bp DNA 
ladder) with y = 0.256x + 75401 for 310 bp fragment 
produced 310 ± 3 bp (Figure 2(b)), while the exponential 
curve (all 11 Augments in 100 bp DNA ladder) with y = 
0.00008 + 0.00019eT⑵"8 generated 310 ± 9 bp (Figure 
2(c)). Here, y represents the migration time(s) and x stands
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Figure 1. Electropherograms of OX 174 RF DNA/Hae III fragments with various polymer solutions, (a) 1.0% MC (b) 1.2% HEC (c) 1.2% 
HPMC (d) 1.2% PEO. Condition: IX TBE, 25 ng/nL of OX 174 RF DNA/Hae III, electric field strength of 200 V/cm, separation channel 
length of 40 mm, channel size; 80 街(width) x 50 街(depth). Peak assignment: 1 = 72 bp, 2 = 118 bp, 3 = 194 bp, 4 = 234 bp, 5 = 271 bp, 
6 = 281 bp, 7 = 310 bp, 8 = 603 bp, 9 = 872 bp, 10 = 1073 bp, 11 = 1358 bp.

Figure 2. (a) Electropherogram of 100 bp DNA standard ladder with 310 bp from OX 174 RF DNA/Hae III fragments, (b) a liner calibration 
curve using 5 DNA fragments (100 bp, 200 bp, 300 bp, 400 bp, and 500 bp) from 100 bp DNA standard ladder, and (c) a exponential curve 
using all 11 fragments in 100 bp DNA ladder. Condition: 1.2% PEO, 130 ng0L of 100 DNA ladder, 25 ng0L of 310 bp from OX 174 RF 
DNA/Hae III fragments, other conditions as in Figure 1. Peak assignment: 1 = 100 bp, 2 = 200 bp, 3 = 300 bp, 4 = 400 bp, 5 = 500 bp, 6 = 
600 bp, 7 = 700 bp, 8 = 800 bp, 9 = 900 bp, 10 = 1000 bp, 11 = 1500 bp, * = 310 bp

for the DNA size(bp). It turned out that the linear calibration 
curve provided more accurate size of the known DNA 
fragment, therefore, it was used for the analysis of the PCR 
products of the control and the patients.

Table 1 shows the results of DNA fragment sizing by our 
microchip gel electrophoresis and conventional SGE. In 
SGE as shown in Figure 3, three sizes of DNA fragments 
(118 bp, 271 bp, and 310 bp from OX 174 RF DNA/Hae III 
fragments) were determined by the linear regression curve 
with 100 bp DNA ladder. It is known that the size 
determined by SGE usually deviates from the real one with 
more than 10% error.25 In Table 1, it is clear that three 
different DNA fragments show the narrow error range of 
1.0% to 4.2% with the microchip gel electrophoresis 
compared to that of 9.4% to 17.8% with the conventional 
SGE. Therefore, Table 1 confirms that the microchip gel 
electrophoresis should be the method of choice for the 
correct size determination of PCR products.

Figure 4 exhibits the example of the sizing of PCR product 
from one of Korean infertile males by the microchip gel 
electrophoresis. The linear curve (y = 0.218x + 65.509, r = 
0.998) was constructed as the calibration curve employing 5

Table 1. DNA fragment sizing by our microchip gel electro­
phoresis and the conventional SGE for 118 bp, 271 bp, and 310 bp 
from OX 174 RF DNA/Hae III fragments

DNA size (bp)-
DNA Sizing (bp) Error (%)

MGE SGE MGE SGE

118 120 ±3 99 ±2 4.2 17.8
271 273 ±3 293 ±3 1.8 8.9
310 312±3 335 ±4 1.0 9.4

fragments from 100 bp DNA standard ladder. The size of 
this PCR product was decided as 287 bp, meaning that CAG 
repeat number is close to 22. A number of 222 bp was first 
subtracted from the size determined by the calibration curve 
since there are 222 bp non-CAG repeat region in the PCR 
product, then, the number was divided by 3 (CAG bp).

For 50 control and 50 patient, their PCR products in the 
androgen receptor region related to infertility in male were 
all sized by the microchip gel electrophoresis. For each 
control and patient, the linear calibration curve was initially 
setup and used for the size determination. It was found that 
the average CAG repeat numbers for the control and the
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Figure 3. Slab gel electrophoresis (SGE) of 100 bp DNA ladder 
(lane 2, 4, 6) and OX 174 RF DNA/Hae III, Condition: 1.5% 
agarose gel, 0.5X TBE, 2.0 〃L of OX 174 RF DNA/Hae III (60 ng/ 
〃L), 2.0 〃L of 100 bp DNA ladder (60 ng0L), the running voltage; 
80 Y the running time; 40 min, the gel image instrument: Mupid+ 
a

Figure 5. Distribution pattern of CAG repeat number of the control 
and the patient determined by the microchip gel electrophoresis.
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Figure 4. Electropherogram of the mixed sample; 100 bp DNA 
ladder and the PCR product (*, patient). Conditions the same as in 
Figure 2(a) except 3 〃L of the PCR product was added into 3 〃L of 
130 ng0L of 100 bp DNA ladder. The linear calibration curve is 
shown in the inset.

patients were 21.9±4.1 and 23.1 士2.9, respectively. Although 
the average CAG repeat numbers for two groups were close, 
the distribution pattern for each group was different as 
shown in Figure 5. The statistical significance of two groups 
was investigated by the independent sample t-test. It turned 
out that the meaningful probability value (Pa) was 0.012. 
This value is less than 0.05, implying that two groups are 
statistically different. The average CAG repeat number for 
Korean infertile male is 1 higher than those from European 
and North American, and 1 less than that from Asian.7,26,27 
The range for CAG repeat number in Korean (18-33) is 
higher than those from European (13-30) and North American 
(14-31).

From these data, we believe that the microchip gel electro­
phoresis would be the good method of choice for the SBMA 
diagnosis tool. Application of the microchip gel electro­
phoresis for other diseases related to stroke, Alzheimer, and 
vascular disease is under study.

Experimental Section

Chemicals. MC (2 wt.% solution in H2O, 4000 cps), HEC 
(Mv ca. 1,300,000), HPMC (2% aqueous solution, 4000 
cps), PEO (Mr = 8,000,000), tris(hydroxymethyl)-amino- 
methane, boric acid, ethylenediaminetetraacetate (EDTA), 
and ethidium bromide (EB) were purchased from Aldrich 
(Milwaukee, WI, USA). A 100 bp DNA ladder (Takara Bio 
Inc., Japan) and OX 174 RF DNA/Hae III were also from 
Sigma-Aldrich. For the production of the master for PDMS 
microchip, silicon wafer (Siltron Inc., Korea), SU-8 (negative 
photoresist, Microchem Corp., Newton, MA, USA), and 
PDMS (Optrontec Inc., Korea) were used.

PCR product preparation. PCR reagents (50 mM KC1, 4 
mM MgCl2, 0.5 mM dNTPs, 5 mM Tris-HCl, and 1U Taq 
polymerase) were obtained from Takara Bio Inc., Japan. MJ 
Research Thermal Cycle PCR (Waltham, USA) was used 
with two primers (5'-TCC AGA ATC TGT TCC AGA GCG 
TGC-3f(left primer) and 5七GCT GTG AAG GTT GCT GTT 
CCT CAT-3'(right primer)) for amplification of CAG repeat 
region of Xqll-12 exonl. PCR was performed by denatu­
ration (95 °C, 40s), annealing (67 °C, 40s), and extension (72 
°C, 2 min) for 35 cycles.

Fabrication of microchip. A negative photoresist, SU-8 
was spin coated at 5000 rpm for 40 s on top of silicon wafer. 
After it was dried for 10 min, chrome mask was laid on 
silicon wafer and exposed at 365 nm. PDMS oligomer and 
curing agent (10 : 1) were mixed and the resulting bubbles 
were eliminated in desiccator. Then, PDMS was poured on 
the master and dried at 75 °C for 2 hrs. For the formation of 
the microchannel, another PDMS layer was oxidized for 10 
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min by Tesla coil (BD-10A, Electrotechnique Production, 
Inc., Chicago, IL, USA) and bound with PDMS having 
engraved channel pattern on it, Total channel length was 45 
mm with the separation ler弟th of 35 mm. The width and the 
depth for the channel were 80 mm and 50 mm, respectively, 
with the channel len앙h of 80 mm for double-T region.

DNA separation by PDMS microchip. PDMS microchip 
was cleaned with DI H2O? 0.10 M HC1? 0.10 M NaOH? IX 
TBE for 5 min, respectively, prior to injection of 12% PEO 
containing of 3 姒mL of EB to the separation channel. PEO 
was used as both dynamic coating material and sieving 
matrix for DNA separation. PEO was filled in the separation 
channel by the syringe pump for 10 min, then stabilized for 
additional 10 min.

DBMA-100 (Digital Bio Technology, Korea) equipped 
with DPSS laser (532 nm, 10 mW) and DBHV-100 high 
voltage supplier was used for separation and detection of 
DNA sample. A 3 冊 of 50 ng/nL ①X 174 RF DNA/Hae III 
and 3 冊 of 130 ng”L 100 bp DNA ladder were placed in 
reservoir 2. Then, DNA sample was injected by the pinched 
injection mode; step 1, the reservoir 2 at 0 V the reservoir 3 
at 600 V the reservoir 1 and 4 at floating for 40s, step 2, 
reservoir 1 at 0 Y the reservoir 4 at 700 V the reservoir 2 
and 3 at 200 V for DNA separation.

Statistical analysis. The size data from the control and the 
patients measured by PDMS microchip gel electrophoresis 
was then analyzed by multivariate analysis. Statistical signi­
ficance between two groups was determined by Statistical 
Package for the Social Science (SPSS) with the independent 
sample t-test for the CAG repeat number
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In equation (1)? represents the average of the control and 
X2 represents the average of the patients. Do is the assumed 
difference for two averages and generally 0. In equation (2), 
Sp means pooled variance. When P흐 value calculated by t- 
test is less than 0.05, two groups are assigned to be 
statistically significant.
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