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Abstract
sequencing are used for the detection of mutAims-To develop a protocol that is ap- ations at the nucleotide level-for example,
plicable to single strand conformation DNA point mutations, whereas loss of hetpolymorphism (SSCP), direct sequencing erozygosity (LOH) analysis, or microsatellite
and loss of heterozygosity analysis of DNA. polymorphism allelotyping, defines deletions in
Methods-The protocol is based on the the tumour genome at the chromosomal or
detection of biotinylated DNA by a Strept- gene level. We have developed a non-radioavidin-alkaline phosphatase conjugate. active protocol based on the detection of bioBiotinylation of DNA was achieved by tinylated DNA by a Streptavidin-alkaline
using 5'-end biotinylated primers for PCR. phosphatase conjugate compatible with all
After polyacrylamide gel electrophoresis, three methods-that is, SSCP analysis, DNA
the DNA fragments were transferred to sequencing and LOH analysis.
a nylon membrane by contact blotting.
Depending on the alkaline phosphatase
substrate, DNA was visualised either col- Methods
orimetricaily or by chemiluminescence.
We have presented the protocol according to
Results-The method was verified by the the technical steps that SSCP, direct DNA
identification and characterisation of p53 sequencing and microsatellite polymorphism
mutations by SSCP analysis and direct analysis have in common, rather than deDNA sequencing, as well as the assessment scribing the methods separately.
of DNA loss in human lung carcinomas by
microsatellite polymorphism allelotyping.
Conclusions-The protocol is simple, does POLYMERASE CHAIN REACTION
not require specialised equipment and A single pair of 5'-biotinylated primers was
would be particularly useful for labora- used when SSCP analysis and direct DNA
tories with experience in Streptavidin-bio- sequencing were applied concomitantly for the
tin methodology.
identification of DNA mutations. PCR con(J7 Clin Pathol: Mol Pathol 1996;49:M 1 18-M 121)
ditions-for example, MgCl2 concentration,
hot start, annealing temperature, number of
Keywords: SSCP, DNA sequencing, DNA poly- cycles, were optimised to reduce unspecific
morphism analysis.
amplification and were identical for both
methods. The sequencing reaction was perby cycle sequencing according to a
Molecular genetic analysis will soon be an in- formed
modified
fmol (Promega) protocol. Briefly, 4 jil
tegral part of tumour diagnosis. Thus, there is aliquots of
a 17 ,l sequencing mixture conan increased need for non-radioactive protaining
1
5
of one biotinylated primer,
pmol
tocols. Single strand conformation poly- either sense or
antisense,
purified double stranmorphism (SSCP) analysis and direct DNA ded DNA template (Magic
PCR Preps DNA
Purification System, Promega), sequencing reaction buffer, and Taq polymerase were added
Glass plates
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for SSCP and microsatellite polymorphism
analysis. Aliquots of these reaction volumes
were used for agarose gel electrophoresis and
polyacrylamide gel electrophoresis (PAGE).

POLYACRYLAMIDE GEL ELECTROPHORESIS
PAGE was carried out on a standard se-

quencing electrophoresis unit (Model STS 45,
International Biotechnologies) (fig 1). For
SSCP and microsatellite polymorphism analysis, PCR aliquots were added to formamide
containing sequencing stop solution,' which
accounts for differences in the amount of PCR
product produced by each sample. After denaturation by heating at 95°C for eight minutes,
the samples were loaded onto a 0 4 mm thick
polyacrylamide gel. Non-denaturing PAGE,
which reveals the conformational differences
among single stranded DNA molecules, was
carried out by using polyacrylamide gels with
an acrylamide:bisacrylamide ratio that varied
between 19:1 and 99:1. Denaturing PAGE in
microsatellite polymorphism analysis and DNA
sequencing was done with 19:1 acrylamide/
bisacrylamide gels containing 7 M urea. The
concentration of the polyacrylamide gels was
adjusted according to the length ofthe fragment
to be analysed.'

Membrane
DNA TRANSFER BY CONTACT BLOTTING

5'-Biotinylated DNA
Figure 3 DN-A

Streptavidin

Alkaline phosphatase

detectiOnI.

After PAGE, the DNA was transferred to a
nylon membrane by contact blotting. One of
the glass plates that covered the polyacrylamide
gel was removed, and the gel separated from
the second glass plate by a dry sheet of
chromatography paper (Whatman 3MM). The
part of the gel containing no information was
cut off and the remaining gel and the chromatography paper were placed on a dry, clean glass
plate. The nylon membrane (Nytran NY 13
N, Schleicher and Schuell or Hybond N +,
Amersham) cut to the appropriate size was
briefly incubated in 1 x TBE and laid on the
gel. Two dry sheets of chromatography paper
were placed on top. Care was taken to avoid
formation of air bubbles between the gel and
the membrane. Finally, this sandwich was
covered by a second glass plate and subjected
to a 2-3 kg weight (fig 2). After blotting for
30-60 minutes, the DNA was fixed to the nylon
membrane by ultraviolet crosslinking for three
minutes. An ultraviolet crosslinker or the ultraviolet light of a cell culture hood or an ultraviolet transilluminator was used.

DETECTION OF MEMBRANE BOUND DNA

Figure
lanes

4 Non-radioactive SSCP

1-36(frm

colorimetry.

left

to

analysis of exon 5 of the p53 gene. Each sample in
right) carried a different mutation. I/isualisation was by

The membrane was transferred to a glass bath
and washed twice for 15 minutes each in blocking buffer (0-2% I-block reagent, Tropix, or
0-2% casein (Sigma) in 0-5% SDS (sodium
dodecylsulphate), 1 x phosphate buffered saline (PBS)). This was followed by incubation
for 20 minutes with a Streptavidin-alkaline
phosphatase complex (AVIDx-AP conjugate,
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ray film cassette. For colorimetric detection,
the membrane was incubated in 10ml DEA
buffer (per 100 cm2 membrane), containing
45,ul 4-nitroblue tetrazolium chloride (NBT
(100mg/ml) in dimethylformamide, 70% v/v
solution each; Boehringer Mannheim), and
35 pd 5-bromo-4-chloro-3-indolyl phosphate
(X-phosphate toluidinium salt (50mg/ml) in
dimethylformamide; Boehringer Mannheim)
in the dark for two to five hours until the bands
were visible. This incubation can be extended
to a maximum of two days. DNA detection is
shown diagrammatically in fig 3.
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Figure 5 Non-radioactive DNA sequencing showing the sequence ft,om codon (cd) 149 to
codon 161 of the p53 gene. The deletion (del) of two cytosine residi'ues on codons 151/152
and the missense (mis) mutation in codon 159 (GCC-+CCC) are clearly visible.
Detection was by chemiluminescence with an exposure time offive minutes.
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Figure 6 Non-radioactive microsatellite polymorphism analysis of p,culred samples of
tumour and normal DNA from four patients. LOH is seen in the t;-umours of patients 2
and 4, lanes 3 and 7 (rom left to right), respectively. Visualisation was by
chemiluminescence with an exposure time of three minutes.

Results
As an example, the results of a non-radioactive
SSCP analysis of the p53 gene are shown in fig
4. Each tumour sample in lanes 1 to 3 carried
a different mutation in exon 5 as indicated by
the diverse band patterns. The primer sequences used have been published previously.2
The mutations were confirmed by non-radioactive sequencing using the biotinylated sense
or antisense primers. Samples 1 and 3 carried
missense mutations in codon 179 (CAT
CGT) and codon 159 (GCC -+ CCC),
respectively, whereas sample 2 had a frameshift
mutation created by the deletion of two cytosine
residues in codons 151/2 (fig 5).3
Non-radioactive assessment of LOH is illustrated in fig 6. A dinucleotide repeat polymorphism located on chromosome 3p at the
human thyroid receptor 1 gene was analysed.'
Paired samples of four patients with lung carcinomas are shown. LOH is clearly visible in
the tumour samples of patients 2 and 4 as
indicated by the loss of one band in lanes 3
and 7 (from left to right), respectively. Patient
1 was homozygous that is, only one allele is
visible, whereas the tumour of patient 3 retained heterozygosity. Note that four alleles of
this microsatellite polymorphism are represented in fig 6. One of the primers used
to amplify the 197-209 base pair repeat was
biotinylated at the 5'-end.
We observed no major differences in sensitivity when DNA was detected by chemiluminescence or colorimetry. Biotinylation of
DNA at the 5'-end did not significantly alter
the migration properties during PAGE in SSCP
analysis, which was assessed by comparing the
band pattern of radioactive SSCP analysis with
non-biotinylated primers to the banding pattern of the non-radioactive method (fig 7).

Tropix, or 0 1 mg/ml St]reptavidin-alkaline
phosphatase (Sigma) in 20 ImM Tris, pH 7-5,
50 mM NaCl, 40% glycerol ) diluted in blocking buffer (2-0 tli in 10 ml b locking buffer per
100 cm2 membrane). The m embrane was then
washed once in blocking buffer followed by
three washing steps in 0-5% SDS/1 x PBS for
five minutes each. After two preincubations Discussion
in DEA buffer (0 1 M diethanolamine, 1 mM As for haematopoietic tumours, the charMgCl2 pH 10-0) for two minutes each, DNA acterisation of the genetic alterations in solid
was detected by chemiluminescence or col- neoplasms will extend and refine morphological
orimetry. For detection by chemiluminescence, and immunohistochemical tumour diagnosis,
the membrane was placed in a plastic bag and as cancer genetics can reveal specific events
incubated in DEA buffer containing 0-25 mM underlying tumour initiation and progression.25
CSPD, Tropix (5 ml per 100 cm2 membrane). The panel of basic techniques for molecular
After five minutes' incubation, the excess so- genetic tumour analysis includes SSCP, direct
lution was removed by opening and resealing DNA sequencing and LOH analysis. Although
the plastic bag at one edge. Finally, the mem- non-radioactive protocols exist, few of them
brane was exposed to x ray film (XAR 5, can be applied for all three methods without
Kodak) for up to 30 minutes in a light proof x the need for large and expensive equipment.
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Figure 7 Results of a non-radioactive (A) and radioactive SSCP analysis (B) of samples
with different mutations of the p53 gene showing a similar banding pattern.
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strand of a PCR product is particularly important in LOH analysis as typing of alleles
by dinucleotide repeats might be obscured by
shadow bands.8 This is achieved by hapten
labelling at the 5'-end of either one or both
PCR primers. As biotin is robust and widely
used it was chosen as the hapten for 5'-end
labelling.
The protocol presented here was devised to
take advantage of the similarities among the
three methods based on PCR and PAGE. As
SSCP analysis and direct DNA sequencing are
frequently used together in the detection of
DNA mutations, the protocol was set up such
that a single pair of primers and similar PCR
conditions can be used in both methods. PAGE
can be carried out on the same electrophoresis
unit in all three methods. Visualisation is possible either by chemiluminescence or colorimetry giving the protocol great flexibility.
We regard the procedure described herein as
reliable and thus helpful for the introduction
of non-radioactive molecular genetic methods
to pathology.

