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Abstract

Conventional methods for point mutation detection are usually multi-stage, laborious, and need to use radioactive isotopes or
other hazardous materials, and the assay results are often semi-quantitive. In this work, a protocol for quantitative detection of H-
ras point mutation was developed. Electrochemiluminescence (ECL) assay was coupled with restriction endonuclease digestion
directly from PCR products. Only the wild-type amplicon containing the endonuclease�s recognition site can be cut off, and thus
cannot be detected by ECL assay. Using the PCR–ECL method, 30 bladder cancer samples were analyzed for possible point muta-
tion at codon 12 of H-ras oncogene. The results show that the detection limit for H-ras amplicon is 100 fmol and the linear range is
more than three orders of magnitude. The point mutation was found in 14 (46.7%) out of 30 bladder cancer samples. The experiment
results demonstrate that the PCR–ECL method is a feasible quantitative approach for point mutation detection due to its safety,
high sensitivity, and simplicity.
� 2004 Elsevier Inc. All rights reserved.
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Genome mutations often underlie human heritable
diseases, and they determine, in many cases, the predis-
position of organism to certain pathology. Majority of
cancer cases are closely related to the activation of onc-
ogenes or the inactivation of tumor suppressor genes,
which was mostly caused by point mutation of these
genes [1]. Mutations in genomic DNA are the basis for
genome polymorphism. Polymorphous sequences of
genomic DNA may be exploited as effective markers in
genetic analysis [2]. Therefore, the development of reli-
able methods for the detection of point mutations is
an important issue for up-to-date medical diagnostics.

There are some methods suggested for point muta-
tion detection: methods based on the analysis of
DNA fragments after restriction by endonucleases
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(restriction fragment length polymorphism [3], mu-
tant-enriched polymerase chain reaction (PCR) [4]);
methods utilizing hybridization with an allele-specific
oligonucleotide (ASO) [5,6]; and method of molecular
beacons [7], allele-specific amplification (ASA) [8,9],
single nucleotide primer extension [10,11], and oligonu-
cleotide ligation assay (OLA) [12,13]. These methods
could be implemented in routine clinical diagnostics,
though all of them have some advantages and draw-
backs. A common shortcoming of these methods is that
they are usually multi-stage, tedious, and laborious;
involving handling of large numbers of test tubes,
time-consuming blots and hybridizations. Furthermore,
they all require the use of radioactive isotopes or other
hazardous materials. And the analysis results are often
semi-quantitative. Thus, a highly sensitive, yet simple,
safe, and quantitative approach for point mutation
detection is expected.
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Fig. 1. Diagram of the essential components of ECL assay system.
C.E., counter electrode; W.E., working electrode; and Ref.E., reference
electrode. The heart of the system is the electrochemical reaction cell
containing a W.E., a C.E., and a Ref.E. Photon emission from the
ECL reaction is collected by an optical fiber-bundle and then detected
by a single photon multiplier tube.
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Electrochemiluminescence (ECL) has been devel-
oped recently. It has an increased sensitivity over
other chemiluminescence (CL) techniques. It is initi-
ated by a voltage potential, thus, can be better con-
trolled. Since Kenten et al. [14] first used ECL in
DNA probe assay, this method has been widely used
in DNA quantification assay [15–17]. ECL detection
is accomplished by RuðbpyÞ2þ3 (TBR) conjugated to
DNA fragment. Initially, RuðbpyÞ2þ3 and tripropyl-
amine (TPA) are oxidized at the surface of an anode.
TPA+� immediately loses a proton and becomes a
powerful reducer. When TPA+ and RuðbpyÞ3þ3 react,
the latter enters an excited state by a high energy elec-
tron transfer from the electron carrier, TPA�. Relaxa-
tion of RuðbpyÞ2þ�

3 to the ground state results in a
light emission, detectable at 620 nm. RuðbpyÞ2þ3 is
not consumed during the reaction and may be oxi-
dized and excited again if there is excessive TPA used
in the buffer [18].

We hypothesize that ECL assay coupled with restric-
tion endonuclease digestion directly from PCR prod-
ucts will provide a more efficient and quantitative
method for point mutation detection. To test this
hypothesis, 30 bladder cancer samples plus ten healthy
human blood samples were analyzed for possible point
mutation at codon 12 of H-ras oncogene. H-ras onco-
gene is often activated by point mutation in human
bladder cancer cases. Codon 12 is the major ‘‘hot
spots’’ for its activation [19–22]. A simple and accurate
method to detect the point mutation may be clinically
useful for early diagnosis, prognosis, and monitoring
of bladder cancer.
Materials and methods

Materials. Tripropylamine (TPA) and the chemicals to synthesize
the RuðbpyÞ2þ3 N-hydroxysuccinimide ester (TBR–NHS ester) were
purchased from Sigma (Louis, MO, USA). Streptavidin microbeads
(2.8 lm diameter) were products of Dynal Biotech (Lake Success, NY,
USA). The human bladder carcinoma cell line T24 was purchased
from China Center for Type Culture Collection. Codon 12 of T24 cell
was mutated from GGC (Gly) to GTC (Val) [23]. Healthy human
blood samples were obtained from the hospital of South China Nor-
mal University, Guangzhou, China. The paraffin-embedded bladder
cancer tissues were gift from the fifth attached hospital of the medical
college of Jinan University, Guangzhou, China. The primers were
designed using Primer3 software and synthesized by Shanghai Sangon
Biological Engineering and Technology Services (SSBE). The se-
quences of forward and reverse primers were 5 0TBR-ggaata-
taagctggtggtggtg and 5 0biotin-ctctatagtggggtcgtattcgt respectively. The
TBR-NHS ester, synthesized in our laboratory according to Ter-
petschnig�s paper [24], was introduced into forward primer as described
by Kenten et al. [14]. The biotin was introduced into reverse primer by
SSBE.

Equipment. The ECL detection system was built in our laboratory.
Fig. 1 is a diagram of its essential components. The heart of the
instrument was an electrochemical reaction cell, with a working elec-
trode, a counter electrode, and an Ag/AgCl2 reference electrode. The
working electrode (disk) and the counter electrode (mesh) were con-
structed with platinum. An optical fiber-bundle receives the light
emitted during the ECL reaction and conducts it to an ultrahigh
sensitivity single photon counting module (PMT, MP-962, Perkin–
Elmer, Wiesbaden, Gemany). The signal from the PMT was amplified
and discriminated. The transistor–transistor logic (TTL) pulses were
counted every second over a period of 30 s with a multi-function
acquisition card (PCL-836, Advantech, Taiwan) controlled by Lab-
view software. The voltage applied to the electrodes was controlled
with a potentiostat (HDV-7C, Sanming, Fujian, China). The signal
collection process and data analysis were accomplished with a personal
computer.

Method. The basic principle of the method is outlined in Fig. 2.
Briefly, a 106-base DNA fragment harboring codon 12 is amplified
with a TBR-labeled forward primer and a biotin-labeled reverse pri-
mer. After amplification, the sample is digested with a restriction
endonuclease, HpaII, which has a specific restriction site (5 0-C*CGG-
3 0). The HpaII restriction site is lost when the point mutation occurs at
codon 12. So, the enzyme cuts the fragment only if the sample is wild-
type, and thus removes the TBR-labeled 5 0part of the fragment from
the biotinylated 3 0part, while the mutant sample cannot be cut off.
Biotinylated DNA binds via streptavidin to paramagnetic beads,
which keep the biotinylated DNA in the electrochemical reaction cell
of the instrument, while all other components are washed away. The
amount of TBR bound to the biotinylated DNA is determined by
measuring the ECL signal generated by the TBR in the reaction cell.
The quantity of mutant samples is then evaluated according to the
calibration curve.

PCR amplification. Genomic DNAs extracted from T24 cells,
from healthy human bloods, and from paraffin-embedded bladder
cancer tissues were amplified using the labeled primers specific for
H-ras oncogene. The amplification condition was: cycle 1: 95 �C for
4 min, 56 �C for 1 min, and 72 �C for 1 min. Cycles 2–34: 95 �C
for 40 s, 56 �C for 1 min, and 72 �C for 1 min. Cycle 35: 95 �C for
40 s, 56 �C for 1 min, and 72 �C for 5 min. All of the reactions
were carried out in a total volume of 20 ll. The sample amplified
without template was used as negative control; the sample
amplified from genomic DNA of T24 cells was used as positive
control.



Fig. 3. Agarose gel electrophoresis of the H-ras amplicon. 1, 100 bp
DNA ladder; 2–8, bladder cancer samples; and 9, positive control.

Fig. 2. The principle of H-ras point mutation assay. A 106 bp DNA
fragment spanning the mutation is amplified from genomic DNA with
a TBR-labeled forward primer and a biotin-labeled reverse primer.
After amplification, the sample is digested with HpaII which cuts the
fragment only if the sample was wild-type, and thus removes the TBR-
labeled 5 0part of the fragment from the biotinylated 3 0part. Biotiny-
lated DNA binds via streptavidin to paramagnetic beads, which keep
the biotinylated DNA in the electrochemical reaction cell of the
instrument, while all other components are washed away. The amount
of TBR bound to the biotinylated DNA is determined by measuring
the ECL signal generated by the TBR in the reaction cell.
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HpaII digestion. One microliter of HpaII (10 U/ll, SSBE), 2 ll of
buffer, and 7 ll of sterile water were added to 10 ll of PCR products.
The mixture was digested for 60 min at 37 �C and 20 min at 65 �C.

Calibration of ECL assay for H-ras amplicon. According to DiCe-
sare�s study [25], a cutoff value is calculated based on the average
(Vblank) and standard deviation (Vstdev(bla)) of the ECL reading from
the blank control (PCR without template), shown as Formula (1), to
define if a sample was positive for H-ras point mutation.

V cutoff ¼ V blank þ 3V stdevðblaÞ: ð1Þ

To prepare the calibration standards, the H-ras amplicon generated
from T24 DNA was purified using UNIQ-10 PCR product purification
kit (SSBE), and then, quantified by absorbance measurement at
260 nm. The samples were then serially diluted, bound to streptavidin-
coated beads, and detected. Each sample was measured 30 times with
1-s data integration. The averages and the standard deviations were
calculated using Microsoft Excel spread sheet function. The calibration
curve was plotted as the ECL reading (counts per second, cps) against
the quantity of H-ras amplicon.

ECL assay for H-ras point mutation. All of the bladder cancer
samples and healthy human blood samples were detected three times
using ECL assay. The digested amplicon was incubated with strepta-
vidin magnetic beads for 20 min. Unbound components, such as TBR-
labeled forward primers, TBR-labeled 5 0part of the fragment, were
removed by washing the beads in a magnetic field twice with TE buffer
(pH 7.4). Then, the beads and TPA were added into the reaction cell,
where the magnetic beads were captured and temporarily immobilized
on the working electrode by a magnet under it. A voltage of 1.25 V was
applied across the electrode, and the photon signal was measured. The
sample with a reading value higher than cutoff value was considered
positive for point mutation. The calibrated assay was then used to
evaluate the quantity of mutant H-ras amplicon in positive samples.
Results

Specificity of PCR

The specificity of PCR was confirmed by 2% agarose
gel electrophoresis. As shown in Fig. 3, the first lane was
100 bp DNA ladder (SSBE), the second to the eighth
lanes were H-ras amplicons from seven bladder cancer
samples, and the ninth lane was positive control. The
primer pair gave rise to only one band of the expected
size, demonstrating a high specificity of the amplifica-
tion reaction.

Cutoff value

The average ECL reading value of blank control is
8.4 cps, with a standard deviation of 2.1 cps. Based on
Formula (1), we estimated that the cutoff value for point
mutation positive of H-ras is 14.7 cps reading.

Calibration curve and linearity

Fig. 4 shows that ECL reading increases with the
quantity growth of H-ras amplicon. The dynamic range
of the ECL reading covers the quantity of H-ras ampli-
con between 0.1 and 500 pmol. The calibration curve is
plotted in a double log scale. Linear regression of the
data is performed for H-ras quantity between 0.1 and
500 pmol (R2 = 0.996).

H-ras point mutation analysis

Thirty bladder cancer samples and 10 healthy human
blood samples were evaluated for H-ras point mutation
by ECL assay. The pathological grade of the bladder
cancer samples range from Grade I to III (I , 8; II, 11;
and III, 11). Fig. 5 shows the results of the assay. Four-



Fig. 4. A standard linear regression (log–log) curve. Each ECL value
represents the mean from three independent assays. R2 = 0.996.

Fig. 5. Point mutation assay for the H-ras oncogene in bladder cancer.
1–30, bladder cancer samples; C, positive control. The cutoff value is
indicated as dashed line. ECL values and error bars represent the
reading from independent assays and standard deviations from 30 s
acquisition time.
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teen of the 30 samples (46.7%) were positive for H-ras
point mutation, two of which were in grade I, four in
grade II, and eight in grade III. None of the blood sam-
ples were found to be point mutation positive for H-ras
oncogene. Positive samples were then quantified accord-
ing to the calibration curve. The quantitative results are
shown in Table 1.
Table 1
Quantitative results for mutant H-ras amplicon

Grade ECL reading (v ± s) (cps)

I 170.9 ± 8.2 17
II 192.4 ± 20.5 188.

185 ± 16.8 204.
III 228.6 ± 18.8 210.

232.8 ± 24.0 256.
246.8 ± 23.0 272.
264.5 ± 26.2 296.
Discussion

A PCR–ECL method consisting of PCR technique,
restriction endonuclease digestion, and ECL assay was
developed for point mutation detection. The biotin label
was used for selective immunomagnet capture by strep-
tavidin-coated paramagnetic beads in the detection cell,
thus, ensuring the specificity of the assay. TBR label was
used to react with TPA to emit light for ECL detection.
Only the DNA samples labeled with both biotin and
TBR can be detected in the detection cell. Using this
method, H-ras amplicon can be reproducibly detected
at a quantity as low as 100 fmol. The approach does
not need to use any dangerous material and is faster
than electrophoresis-based conventional methods. It
can be completed in less than 1 h. The PCR–ECL meth-
od is useful in routine screening of a large amount of
clinical samples.

A stable calibration curve with a wide dynamic range
was established. The calibration curve was linear from
0.1 to 500 pmol, as shown in Fig. 4. For our particular
application, the dynamic range of the assay covers all
the H-ras amplicon levels used for evaluating the point
mutation.

In ECL assay, a magnet had to be set closely under
the working electrode to position the samples to the
proper locations for ECL detection. If the PMT was
too close to the magnet, its operation would be seriously
hampered by the strong magnetic field. Yet, the PMT
positioned far from the magnet would result in less col-
lected signal and reduced sensitivity. To solve the prob-
lem, an optical fiber-bundle was used to efficiently
couple the ECL signals from the working electrode to
the PMT. This technical arrangement greatly improved
the efficiency of signal collection, consequently, in-
creased the detection sensitivity.

The previously reported frequency of H-ras point
mutation at codon 12 in bladder cancer ranges from
34.5% to 62.5% in Chinese [26–29]. In our study, the po-
sitive rate for H-ras point mutation was 46.7%, which
was consistent with previous research. No false-positive
results have been found in the blood samples corre-
sponding to the healthy donors, demonstrating a high
accuracy of the method.
Quantitative results (pmol)

7 ± 21.4 1.42 1.49
9 ± 22.0 1.59 1.56
8 ± 19.2 1.55 1.69
0 ± 23.2 1.87 1.72
0 ± 26.2 1.91 2.16
1 ± 25.9 2.05 2.34
7 ± 28.6 2.24 2.62
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The proposed PCR–ECL method can also be
applied to detect the point mutation at codon 12 of
K-ras and N-ras oncogenes using BstNI restriction
endonuclease [30,31]. The only application limiting for
this method is to choose the appropriate enzymatic
restriction site.

In summary, the quantitative PCR–ECL method is a
safe, sensitive, specific, robust, and cost-effective tech-
nique suitable for fast, high-throughput testing and of-
fers distinct advantages over other conventional
methods. It can be used to detect any point mutation
that creates or destroys a restriction site in genes.
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