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Single-strand conformation polymor- 
ph ism (SSCP) is based on the relation be- 
tween the electrophoretic mobil i ty 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, (1~ it is an important  nonradioiso- 
topic detection method is important  in 
clinical DNA diagnosis. Using ssDNA and 
double-stranded DNA (dsDNA) confor- 
mat ion polymorphism analyses, in com- 
binat ion with polyacrylamide gradient 
gel and silver staining detection, (2~ 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 h u m a n  
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.(Z-s) 

Two microliters of each amplif ied 
DNA was added to 2 ~l each of 95% for- 
mamide,  20 mM EDTA, 0.05% bromphe-  
nol blue, and 0.05% xylene cyanol. The 
mixture was then  heated to 80~ and 
0.3-~1 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~ The electro- 
phoretic condit ions (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 I and Table 2, both 12.5% homoge- 
neous and 8-25% gradient gels were 
more useful for detecting the existence 
of point  mutat ions than  7.5% homoge- 
neous gels. Generally, the SDS buffer 
condit ion increased the resolution of 
each band and resulted in an improve- 
ment  in detection sensitivity in most 
cases (K6E, A35E, $131R, R173H, Y147U). 

TABLE 1 Program for Electrophoretic Conditions 

Native buffer condition 
apply sample down at 1.2, 0 Vh 
apply sample up at 1.2, 2 Vh 

(Sep) (V) (re_A) (W) (~ (Vh) 

1.1 250 10.0 3.5 15 60 
1.2 250 1.0 3.5 15 2 
1.3 250 10.0 3.5 15 no. a 

SDS buffer condition 
apply sample down at 1.2, 0 Vh 
apply sample up at 1.2, 2 Vh 

(Sep) (V) (mA) (W) (~ (Vh) 

1.1 250 10.0 3.5 15 1 
1.2 250 1.0 3.5 15 2 
1.3 250 10.0 3.5 15 no. a 

aNumber (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 
250 V for 360 Vh (lanes 1-18) and for 450 Vh 
(lanes 19-23) at 15~ 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 A35E; 
(lane 7) homozygous for $131R; (lane 9) het- 
erozygous for $131R; (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 m u t a t e d  sequences  
such as E328U and  Y1740,  the  nat ive 

buffer cond i t i on  moved  to be superior  at 
de tec t ing  base subs t i tu t ion  muta t ions .  
In any  new m u t a n t  sequences we c a n n o t  
de t e rmine  wh ich  is the  bet ter  cond i t ion  
to detect  muta t ions ,  SDS or nat ive 
buffer; however,  the  SDS buffer condi- 
t ion  has the possibi l i ty of ob ta in ing  a 
bet ter  de tec t ion  sensitivity.  

The greatest difference in mobi l i ty  
shif t  by  po in t  m u t a t i o n  was by  electro- 
phoresis  of the 12.5% h o m o g e n e o u s  gel. 
It will  therefore  be possible to sequence 
a b n o r m a l  si lver-stained bands  by us ing 
the 12.5% h o m o g e n e o u s  gel after cut- 
t ing  bands  from the gel and  ampl i fy ing  
by PCR. Moreover,  p o l y m o r p h i s m s  can 
be also classified on  the  basis of subtle 
mobi l i ty  shifts of ssDNA. In certain mu- 
ta t ions  (data no t  shown),  (2~ however,  ab- 
normal i t ies  in e lec t rophoret ic  mobi l i ty  
do not  exist in ssDNA but  in dsDNA. 
Thus, the  8 -25% gradient  gel m i g h t  be 
also useful.  (z~ Recently, Barros et al. (6) 
have reported tha t  he teroduplexes  and  
homodup lexes  are detectable by us ing 
gradient  gels and  the SDS buffer condi- 
t ion.  

Orita et al. (1) expla ined  tha t  the  con- 
fo rma t ion  of a s ingle-s t randed nucleic  
acid is p resumably  de te rmined  by the  
ba lance  be tween  the rmal  f luc tuat ion  
and  weak local s tabi l izing forces. There- 
fore, var ia t ions  in e n v i r o n m e n t a l  condi- 
t ions,  such as tempera ture  or the pres- 
ence of a dena tu ran t  such as glycerol, are 
l ikely to cause a change  in con fo rma t ion  
and  the reby  an al terat ion in electro- 
phore t ic  mobi l i ty .  Mobi l i ty  shift  is tem- 
perature  d e p e n d e n t  irrespective of na- 
tive or SDS buffer condi t ions  (data no t  

shown) .  The several steps re la t ing sam- 
ple preparat ion,  e lec t rophore t ic  separa- 
t ion,  and  silver s ta in ing  us ing  the  Phast  
System can be comple ted  in  < 4  hr, 
ach iev ing  h igh  resolut ion.  These tech- 
n iques  shou ld  be used for the  rapid 
screening of m u t a t i o n s  and  for geno- 
typic de tec t ion  or classif icat ion by  use of 
the appropriate  e lec t rophore t ic  condi-  
t ion  for targeted sequences.  We con- 
clude tha t  it is i m p o r t a n t  to pe r fo rm 
PCR-SSCP unde r  SDS buffer  cond i t ions  
as well as nat ive buffer  cond i t ions  in all 
cases. 

ACKNOWLEDGMENTS 

We are grateful to Dr. Steven S.-L. Li at 
the  Nat ional  Ins t i tu te  of E n v i r o n m e n t a l  
Heal th  Sciences, Research Triangle  Park, 
NC, for his co l labora t ion  in  the  genet ic  
analysis  of the  LDH m u t a n t  gene.  This 
work was part ia l ly  suppor ted  by  a grant-  
in-aid for the Encou ragemen t  of Young 
Scientists f rom the  Minis t ry  of Educa- 
t ion,  Science and  Culture,  Japan  
(04772018) and  by Pharmacia  LKB Bio- 
t echnology .  

REFERENCES 

1. Orita, M., Y. Suzuki, T. Sekiya, and K. Ha- 
yashi. 1989. Rapid and sensitive detection 
of point mutations and DNA polymor- 
phisms using the polymerase chain reac- 
tion. Genomics 5: 874-879. 

2. Maekawa, M., K. Sudo, S.S.-L. Li, and T. 
Kanno. 1991. Analysis of genetic muta- 
tions in human lactate dehydrogenase- 
A(M) deficiency using DNA conformation 

TABLE 2 Sensi t ivi ty in Detec t ion  of Point  Muta t ions  Using Different  Electrophoret ic  Cond i t ions  for SSCP 

Native buffer 

7.5 ~ 12.5 a 8-25 a 7.5 ~ 
Mutation Amplified region 1 l0 b 360 b 140 b 1 l0 b 

SDS buffer 

12.5 a 8-25 a 
360 b 140 b 

K 6E (AAA---~GAA) LDH-B, ex. 1 (304 bp) --- + + + 
A 35E (GCG---~GAG) LDH-B, ex. 1 (304 bp) - + - + + 
$131R (AGT---~CGT) LDH-B, ex. 3 (360 bp) - + + + + 
R173H (CGC--~CAC) LDH-B, ex. 4 (380 bp) - + +- + 
Y147U (TAT---~TAG) LDH-B, ex. 4 (380 bp) - c _ + 
Y1740 (TAC--~TAA) LDH-B, ex. 4 (380 bp) - + +c + _ 
F 172V (TTT--~GTT) LDH-B, ex. 4 (380 bp) + + + c + + 
E328U (GAG---~TAG) LDH-A, ex. 7 (313 bp) + + + + + + -+ 
II15I d (ATA-~ATC) LDH-A, ex. 3 (297 bp) - - + - 

+ +  + 

+ +  + 

+ +  + +  

+ + 
+ c  + 

+ c  

+ + c  + 

-+ 

- + 

(+ +, +, _+, or - )  Whether or not the point mutation could be detected; ( + +) the presence of the distinct 
aElectrophoretic media are 7.5% homogenous gel, 12.5% homogenous gel, and 8-25% gradient gel. 
bElectrophoresis was performed for the programmed voltage-hours (Vh). 
CElectrophoretic results for 450 Vh. 
dThe II15I mutation in the LDH-A gene is a silent substitution, which has been published. (2~ 

band that is easily isolated from gel. 

PCR Methods and Applications 131 

 Cold Spring Harbor Laboratory Press on June 22, 2026 . Published by genome.cshlp.orgDownloaded from 

http://genome.cshlp.org/
http://www.cshlpress.com


Technical 

polymorphism in combination with 
polyacrylamide gradient gel and silver 
staining. Biochem. Biophys. Res. Commun. 
180: 1083-1090. 

3. Maekawa, M., K. Sudo, M. Kitajima, Y. 
Matsuura, S.S.-L. Li, and T. Kanno. 1993. 
Detection and characterization of new ge- 
netic mutations in individuals heterozy- 
gous for lactate dehydrogenase-B(H) 
deficiency using DNA conformation poly- 
morphism analysis and silver staining. 
Hum. Genet. 91: 163-168. 

4. Sudo, K., M. Maekawa, S. Ikawa, K. 
Machida, M. Kitamura, and S.S.-L. Li. 
1990. A missense mutation found in hu- 
man lactate dehydrogenase-B(H) variant 
gene. Biochem. Biophys. Res. Commun. 
168: 672-676. 

5. Sudo, K., M. Maekawa, A. Tomonaga, T. 
Tsukada, T. Nakayama, M. Kitamura, S.S.- 
L. Li, T. Kanno, and J. Toriumi. 1992. Mo- 
lecular characterization of genetic muta- 
tions in human lactate dehydrogenase 
(LDH) B(H) variant. Hum. Genet. 89: 158- 
162. 

6. Barros, F., M. Victoria, and A. Carracedo. 
1992. Detection of polymorphisms of hu- 
man DNA after polymerase chain reaction 
by miniaturized SDS-PAGE. Forensic Sci. 
Int. 55: 27-36. 

Received May 10, 1993; accepted in 
revised form July 2, 1993. 

132 PCR Methods and Applications 

 Cold Spring Harbor Laboratory Press on June 22, 2026 . Published by genome.cshlp.orgDownloaded from 

http://genome.cshlp.org/
http://www.cshlpress.com

