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Single-strand conformation polymor-
phism (SSCP) is based on the relation be-
tween the electrophoretic mobility of
single-stranded DNA (ssDNA) and its
folded conformation. This conforma-
tion and its sequence are usually deter-
mined by intramolecular interaction. Be-
cause SSCP analysis coupled with PCR
(PCR-SSCP) is a powerful technique that
can be used to detect base substitu-
tions,? it is an important nonradioiso-
topic detection method is important in
clinical DNA diagnosis. Using ssDNA and
double-stranded DNA (dsDNA) confor-
mation polymorphism analyses, in com-
bination with polyacrylamide gradient
gel and silver staining detection,® we
have reported some mutations in the hu-
man lactate dehydrogenase (LDH)-A and
#LDH-B genes. The original PCR-SSCP
analysis and the following modified
methods have used mostly neutralizing
(native) buffer conditions without SDS.
Here, we show examples of PCR-SSCP
using SDS buffer conditions as well as
comparisons with native buffer condi-
tions.

MATERIALS AND METHODS

Subjects for the present PCR-SSCP ex-
periments were PCR-amplified DNA con-
taining base substitutions in the human
LDH-A or LDH-B gene. These mutations
had been identified previously by either
direct sequencing or DNA sequencing af-
ter M13 cloning of the respective ex-
ons.>®

TABLE 1

Two microliters of each amplified
DNA was added to 2 pl each of 95% for-
mamide, 20 mMm EDTA, 0.05% bromphe-
nol blue, and 0.05% xylene cyanol. The
mixture was then heated to 80°C, and
0.3-pl aliquots were applied to a 7.5% or
12.5% homogeneous gel, or an 8-25%
gradient gel (PhastGel, Pharmacia, Upp-
sala, Sweden), and electrophoresed by
Phast System. Here, the gels (PhastGel)
contain 0.112 M Tris-acetate buffer (pH
6.4). The electrode buffer strips were
made of 3% agarose and contained 0.2 M
Tris-tricine buffer (pH 8.1), with 0.55%
SDS for SDS-PAGE and 0.88 M L-alanine
0.25 M Tris (pH 8.8) for native PAGE. Gels
were prerun for 60 volt-hours (Vh) at 250
V (native buffer only) and electrophore-
sis was performed at 250 V. SSCP analysis
was tentatively set at 15°C. The electro-
phoretic conditions (programs) are
shown in Table 1. After electrophoresis,
the gels were silver stained using the
Phast System (Pharmacia, Uppsala, Swe-
den).

RESULTS AND DISCUSSION

By comparing the results depicted in Fig-
ure 1 and Table 2, both 12.5% homoge-
neous and 8-25% gradient gels were
more useful for detecting the existence
of point mutations than 7.5% homoge-
neous gels. Generally, the SDS buffer
condition increased the resolution of
each band and resulted in an improve-
ment in detection sensitivity in most
cases (K6E, A3SE, S131R, R173H, Y147U).

Program for Electrophoretic Conditions

Native buffer condition
apply sample down at 1.2, 0 Vh

apply sampleupat 1.2,2 Vh
(Sep) Y] (mA) W) Q) (Vh)
1.1 250 10.0 3.5 15 60
1.2 250 1.0 3.5 15 2
1.3 250 10.0 35 15 no.?
SDS buffer condition

apply sample down at 1.2, 0 Vh

apply sampleupat 1.2,2 Vh
(Sep) \9] (mA) (W) O (Vh)
1.1 250 10.0 3.3 15 1
1.2 250 1.0 3.5 15 2
1.3 250 10.0 3.5 15 no.?

*Number (no.) Vh is dependent on kinds of supporting media and lengths of PCR-amplified

products.
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FIGURE 1 Effect of different buffer conditions
of SSCP electrophoresis (12.5% homogeneous
gel) on the mobility of ssDNA. Gels were pre-
run at 250 V for a total of 60 Vh (native buffer
only), and electrophoresis was performed at
250V for 360 Vh (lanes 1-18) and for 450 Vh
(lanes 19-23) at 15°C. After electrophoresis,
the gels were silver stained using the Phast
System. (Lanes 1-5) LDH-B, exon 1; (lanes
6-10) LDH-B, exon 3; (lanes 11-15) LDH-B,
exon 4; (lanes 16-18) LDH-A, ex. 7; (lanes 19—
23) LDH-B, ex. 4. (Lane 3) Heterozygous mu-
tation for K6E; (lane 4) heterozygous for A3SE;
(lane 7) homozygous for S131R; (lane 9) het-
erozygous for S131R; (lane 11) heterozygous
for R173H; (lane 13) homozygous for R173H;
(lane 18) heterozygous for E328U; (lane 19)
homozygous for Y147U; (lane 20) heterozy-
gous for Y1740; (lane 21) homozygous for
R173H; (lane 23) heterozygous for F172V;
other lanes are normal controls.

However, for certain mutated sequences
such as E328U and Y1740, the native

buffer condition moved to be superior at
detecting base substitution mutations.
In any new mutant sequences we cannot
determine which is the better condition
to detect mutations, SDS or native
buffer; however, the SDS buffer condi-
tion has the possibility of obtaining a
better detection sensitivity.

The greatest difference in mobility
shift by point mutation was by electro-
phoresis of the 12.5% homogeneous gel.
It will therefore be possible to sequence
abnormal silver-stained bands by using
the 12.5% homogeneous gel after cut-
ting bands from the gel and amplifying
by PCR. Moreover, polymorphisms can
be also classified on the basis of subtle
mobility shifts of ssDNA. In certain mu-
tations (data not shown),"® however, ab-
normalities in electrophoretic mobility
do not exist in sSDNA but in dsDNA.
Thus, the 8-25% gradient gel might be
also useful.®® Recently, Barros et al.®
have reported that heteroduplexes and
homoduplexes are detectable by using
gradient gels and the SDS buffer condi-
tion.

Orita et al.'¥ explained that the con-
formation of a single-stranded nucleic
acid is presumably determined by the
balance between thermal fluctuation
and weak local stabilizing forces. There-
fore, variations in environmental condi-
tions, such as temperature or the pres-
ence of a denaturant such as glycerol, are
likely to cause a change in conformation
and thereby an alteration in electro-
phoretic mobility. Mobility shift is tem-
perature dependent irrespective of na-
tive or SDS buffer conditions (data not

shown). The several steps relating sam-
ple preparation, electrophoretic separa-
tion, and silver staining using the Phast
System can be completed in <4 hr,
achieving high resolution. These tech-
niques should be used for the rapid
screening of mutations and for geno-
typic detection or classification by use of
the appropriate electrophoretic condi-
tion for targeted sequences. We con-
clude that it is important to perform
PCR-SSCP under SDS buffer conditions
as well as native buffer conditions in all
cases.
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