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Non-isotopic detection of point mutations

Detection of point mutations by
non-isotopic single strand
conformation polymorphism
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Abstract

We have developed a procedure for nonradioactive single strand
conformation polymorphism analysis and applied it to the detection of
point mutations in the human tumor suppressor gene p53. The proto-
col does not require any particular facilities or equipment, such as
radioactive handling, large gel units for sequencing, or a semiautomated
electrophoresis system. This technique consists of amplification of
DNA fragments by PCR with specific oligonucleotide primers, dena-
turation, and electrophoresis on small neutral polyacrylamide gels,
followed by silver staining. The sensitivity of this procedure is compa-
rable to other described techniques and the method is easy to perform
and applicable to a variety of tissue specimens.
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A variety of methods have been pro-
posed that facilitate rapid identification of
genetic polymorphisms or somatic cell mu-
tations, among which single strand confor-
mation polymorphism (SSCP) is probably
the most widely used. The original SSCP
protocol uses radiolabeled oligonucleotides
to generate a radioactive PCR product, which
is then highly diluted, heat denatured, and
analyzed by electrophoresis in a large (40 x
20 cm) nondenaturing gel (1). SSCP is based
on the differential sequence-dependent elec-
trophoretic mobilities of single-stranded
DNA in nondenaturing polyacrylamide gels:
changes in the sequence can cause a shift in
the mobility of the analyzed conformers.
This method, although sensitive, is both time
consuming and cumbersome. There are sev-
eral reports describing non-isotopic proto-

cols for SSCP analysis (2,3), but these re-
quire expensive reagents and equipment such
as small-format PhastGel, PhastSystem and
Hydrolink-MDE, or the use of composite
agarose gels (4).

We developed a protocol for the detec-
tion of point mutations and deletions by a
non-isotopic SSCP analysis on standard sil-
ver-stained polyacrylamide gels. The se-
quences used were PCR amplified regions of
the p53 gene from samples of cervical carci-
nomas, penile carcinomas and gastric carci-
nomas where point mutations had been pre-
viously identified by isotopic SSCP and se-
quencing.

PCR products were generated by specific
primers and conditions for exons 5, 6, 7, 8
and 9 of the p53 gene, using the following
primers: for exon 5, 5�-TACTCCCCTGCC
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CTCAACAAG-3� and 5�-CACCATCGCTA
TCTGAGCAGCG-3�; exon 6, 5�-CAGGG
CTGGTTTCCCAGGGTCCCCA-3� and 5�-
CAGGCGGCTCATAGGGCA-3�; exon 7,
5�-GTGTTATCTCCTAGGTTGGC-3� and
5�-CAAGTGGCTCCTGACCTGGA-3�; ex-
ons 8 and 9, 5�-CCTTACTGCCTCTTGC
TTC-3� and 5�-CTGGAAACTTTCCAC
TTGAT-3�. Reactions were performed in a
final volume of 25 µl containing 0.2 mM of
4 deoxyribonucleotide triphosphates, 10 mM
Tris-HCl, pH 8.0, 50 mM KCl and 1.5 mM
MgCl2, 0.5 unit Taq DNA polymerase
(Cenbiot, Porto Alegre, RS, Brazil), 1 µM of
each primer and the following cycling pro-
files: for exon 5, after heating for 5 min at
93oC, 35 cycles of 5 min at 93oC, 30 s at
58oC, and 2 min at 72oC; for exons 6 and 7,
1 cycle at 94oC for 5 min, 32 cycles of 5 min
at 94oC, 1 min at 63oC, and one cycle at 72oC
for 7 min; for exons 8 and 9, 1 cycle at 95oC,
35 cycles of 1 min at 59oC, 1 min at 72oC, 1
min at 95oC, and 1 cycle of 2 min at 59oC, 5
min at 72oC. Following amplifications, 8 µl
of the PCR product was mixed with 4 µl of
95% formamide containing 0.05% xylene
cyanol, 0.05% bromophenol blue and 20
mM EDTA, heated at 95oC for 10 min and
loaded onto a 1 cm x 19 cm x 20 cm 7.5%
polyacrylamide: bis-acrylamide (49:1) gel

containing 5% glycerol. Electrophoresis was
performed at room temperature for 5 h at 30-
mA constant current or until the bromophe-
nol blue dye reached the bottom of the gel,
which was then stained with silver (5).

All the mutations detected using radioac-
tive SSCP conditions where also detectable
using the non-radioactive methodology and
standard gel format described here (data not
shown). A list with some of the mutations
detected is shown in Table 1. Examples of
typical analyses are shown in Figure 1.

A common problem in assessing gene
mutations is that the tissue specimen being
analyzed is often heterogeneous and may
contain cells bearing the normal counterpart
of the gene under investigation. Therefore,
the results may be obscured if a large propor-
tion of normal tissue is present in the tumor
sample. We have investigated this possibil-
ity by applying the described protocol to
artificial mixtures of normal and mutated
exon 6 of the p53 gene, cloned into pUC18.
As shown in Figure 2, an altered SSCP pro-
file is still observed when as little as 5% of
the mutated sequence is present.

The present methodology reduces pro-
cessing time, exposure, and biohazard, and
shows no reduction in sensitivity when com-
pared to other methods including radioac-

Table 1 - p53 Gene mutations in human tumors.

Exons amplified from carcinomas of the uterine cervix (a), stomach (b),
and head and neck (c).

Exon Codon Nucleotide changes Alteration

5a 175 substitution GCG/GCA
5c 138 substitution GCC/GTC ALA/VAL
5c 157/158 insertion (+4) Frame shift
5c 155 to 158 deletion (-12) THR-ARG-VAL-ARG
6b 191 deletion (-3) PRO
6a 213 substitution GAC/GGC ASP/GLY
7c 249 substitution AGG/TGG ARG/TRP
8a 277 substitution ACA/AAA THR/LYS
8c 269 to 285 deletion (-47) Frame shift
8a 278 substitution CCT/CTT PRO/LEU
9c 308 deletion (-1) Frame shift
9c 314 to 315 deletion (-5) TCCTC Frame shift



57

Braz J Med Biol Res 32(1) 1999

Non-isotopic detection of point mutations

wt 1 2 3 wt 1 2 3 4 wt 1 2A B C

1 2 3 4 5 6 7 8 9 wtD

Figure 1 - p53 Gene alterations detected by non-isotopic SSCP in standard silver-stained polyacrylamide gels. A, PCR products of exon 5 amplified from
an HPV-positive cervical carcinoma with a single nucleotide substitution (G®A) (lane 1), an HPV-negative cervical carcinoma with a normal exon 5
sequence (lane 2), a gastric carcinoma with a single nucleotide substitution (G®A) (lane 3). B, PCR products of exon 6 from HPV-positive cervical
carcinomas with single nucleotide substitutions (A®G) (lanes 1, 2), an HPV-negative penile carcinoma with a single substitution (A®G) (lane 3), a gastric
carcinoma with a 3 nucleotide deletion in codon 181 (lane 4). C, PCR products of exon 7 from an HPV-negative penile carcinoma with two nucleotide
substitutions (C®A and C®T) (lane 1), an HPV-negative cervical carcinoma with a normal exon 7 sequence (lane 2). D, PCR products of exons 8 and 9
from head and neck tumors with normal (lanes 3, 9) and altered nucleotide sequences (lanes 1, 2, 4, 5 6, 7, and 8). wt: Corresponds to the normal
sequences amplified from the cervical carcinoma cell line HeLa (A,B,C) and from a head and neck tumor (D).
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tive-labeling methods, especially when DNA
fragments of about 200 bp are analyzed. The
use of this method has allowed improved
identification of point mutations in samples
investigated in other studies currently under-
way in our laboratory, including both fresh
and fixed tissues derived from thyroid tu-
mors (data not shown). Moreover, the proce-
dure is immediately applicable in many labo-
ratories with a relatively modest infrastruc-

SS

Hetero

1 2 3 4 5 6 7 8Figure 2 - SSCP-PCR analysis of
mixtures of normal and mutated
exon 6 of the p53 gene. Differ-
ent amounts of recombinant
pUC18 bearing normal or mu-
tated (9 nucleotide deletion) se-
quences were submitted to the
reaction mix, in a final DNA con-
centration of 50 ng, either alone
(lane 1: mutant; lane 8: normal)
or mixed (lane 2: 25 ng each;
lane 3: 20 ng mutant, 30 ng nor-
mal; lane 4: 15 ng mutant, 35 ng
normal; lane 5: 10 ng mutant, 40
ng normal; lane 6: 5 ng mutant,
45 ng normal; lane 7: 2.5 ng mu-
tant, 47.5 ng normal). Arrows in-
dicate the banding pattern of
single-stranded (SS) DNA and
heteroduplex.

ture where classical SSCP would not be
performed.
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