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Abstract 

Detection of point mutations in genomic DNA is important for diagnosis of inherited characteristics and genetic 
diseases. A point mutation in a specific region of DNA amplified by polymerase chain reaction (PCR) can be detected 
with single-strand conformation polymorphism (SSCP) analysis. Analysis of SSCP by laser-induced fluorescence 
capillary electrophoresis in entangled polymer solution (CE-LIF) has been developed in the present paper. K-ras  
genes including seven mutations were amplified with primer labeled with Texas Red at its 5' end. The labeled PCR 
products were dissociated to single strands by heating and separated with capillary gel electrophoresis and He-Ne 
laser-excited fluorescence detection. Our results suggest that all fragments having normal (Gly) and mutated (Ala, 
Arg, Cys, Ser, Val, Asp) sequences at codon 12 can be distinguished. Analysis of SSCPs with CE-LIF is well suited 
for clinical analysis of SSCPs because of its high sensitivity, resolution, reproduciblity and speed. © 1997 Elsevier 
Science B.V. 
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1. Introduction diseases. Their analysis has become more  impor-  

tant  in the diagnosis o f  genetic and infectious 
Point  muta t ions  are nucleotide changes in ge- diseases and cancers. Therefore,  rapid and easily 

nomic D N A ,  which may  result in heritable genetic used analytical techniques must  be developed to 

detect point  mutat ions.  Point  muta t ions  can be 

* Corresponding author. Tel.: + 81 3 37848194; fax: + 81 3 detected with such techniques as denatur ing gradi- 
37848247. ent gel electrophoresis [1], RNase  A cleavage [2], 

t Presented at the Seventh International Symposium on 
Pharmaceutical and Biomedical Analysis, August, 1996, Os- allele-specific polymerase chain reaction (allele 
aka, Japan. specific PCR)  [3], PCR-rest r ic t ion fragment  length 
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polymorphism [4], heteroduplex polymorphism (PMS Electro-optics) were used. A multiple 
analysis [5], and SSCP [6]. Of these techniques, sheath-flow gel capillary-array electrophoresis sys- 
SSCP analysis is the simplest and most sensitive, tem, as reported by Kambara et al. [8], was used. 
The basis of SSCP analysis is that the conforma- 
tional change of single-stranded DNA caused by 2.2. Materials 
mutation, results in a mobility shift on non-dena- 
turing gel electrophoresis The detection of a slight 7-Methacryloxypropyltrimethoxysilane was pur- 
conformation difference with conventional elec- chased from Sigma (St Louis, MO, USA). 
trophoresis requires strict running conditions, Acrylamide, N,N,N',N'-tetramethylethylenediami- 
such as low temperature, and takes several hours, ne (TEMED) and ammonium persulfate (APS) 
Analysis of SSCP with capillary electrophoresis were purchased from Wako Pure Chemical Indus- 
(CE) has been developed by Kuypers [7], The tries(Osaka, Japan). Silica capillarytubing(100gm 
advantages of this method are high resolution, inner diameter, 375 lam outer diameter) was ob- 
reproducibility, speed, and ease of analysis. In the tained from GL Sciences (Tokyo, Japan). Gene 
present paper, we studied the analysis of SSCPs Amp PCR reagent kit with Amplitaq DNA poly- 
by capillary electrophoresis in entangled polymer merase was from Perkin-Elmer Cetus (Norwalk, 
solution (CE) with laser induced fluorescence CT, USA). K-ras genes including seven mutations 
(LIF) detection (CE-LIF). A k-ras gene including at codon 12 were from Takarashuzo (Kyoto, 
seven mutations was amplified with a primer la- Japan). Texas Red labeled primers and non fluores- 
beled with Texas Red at its 5' end. The labeled cent labeled primers used for PCR were obtained 
PCR products were dissociated to single strands from Toagosei Chemical Industries (Tokyo, Japan). 
by heating and separated by CE with He-Ne Other chemicalswere of reagentgrade. 
laser-excited fluorescence detection. The results 
show that all the fragments having normal (Gly) 2.3. Procedures 
or mutated (Ala, Arg, Cys, Ser, Val, Asp) se- 
quences at codon 12 can be distinguished. Further 2.3.1. Preparation of  capillary gel 
more, SSCP analysis was carried out with multi- The fused-silica capillary tubing was used for 
ple sheath-flow gel capillary-array electrophoresis CE. Acrylamide polymerization was accomplished 
to analyze many samples simultaneously. CE-LIF in the capillary according to the methods of 
is well suited for clinical analysis of SSCPs be- Paulus and Ohms [9]. The polymer was covalently 
cause of its high sensitivity, resolution, reproduci- attached to the walls of the fused silica capillary 
bility and speed, with 7-methacryloxypropyltrimethoxysillane. So- 

lutions consisting of 9% acrylamide dissolved in 
100 mmol 1 J Tris-250 mmol 1 ~ borate buffer 

2. Experimental (pH 7.8) were polymerized by adding both N,N, 
N',N'-tetramethylethylene diamine (TEMED) so- 

2.1. Apparatus lution and ammonium persulfate solution. The 
polymerizing solution was quickly introduced into 

A Model 270A capillary electrophoresis (CE) 
system (ABI, Foster City, CA, USA) was used. ~ly 12 

ATGACTf;AATATAAAC~rGTGGTAGTTGGAGCT~GCGTAGGCAAGAGTCrf'C~GACGATACAGC'TAATTCAG 
The separations were monitored on-capillary tube ~ ........ LCGT (Arg) 

2,C, C T  (ALl) 

at 260 nm. The CE system with LIF detector was .......... 4.AGT (N~r/ 
5.GAT ~Asp) 

an apparatus made at the Hitachi Central Re . . . . . . . . .  ..,, 
search Laboratory, and the fluorescent labeled- [rcR 
DNA fragments were detected with LIF detection 
on capillary tube. A high-voltage direct current SSCPbyLaser-InducedFluorescence 
power supply (HCZE-30 PN 0.25-LDS, Matsu- Capillary Electrophoresis 

sada Precision Device, Japan) and a He-Ne laser Fig. I. The schema of PCR of k-ras gene. 
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Fig. 2. Electropherograms of SSCP obtained from (A) normal (Gly) and (B) a mixture of seven kinds of k-ras codon 12 [normal 
(Gly) and muted (Ala, Arg, Cys, Ser, Val, Asp)] by CE with UV detectiom 
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Fig. 3. Electropherogram of SSCP obtained from a mixture of normal (Gly) and mutant (Arg) by CE with L1F detection. 
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Fig. 4. Electropherogram of SSCP obtained from a mixture of seven kinds of k-ras codon 12 [normal (Gly) and muted (Ala, Arg, 
Cys, Ser, Val, Asp)] by CE with L1F detection. 

the treated capillary by a vacuum injection system PCR products of the k-ras gene contain a point 
equipped with an ABI model 270 A C E  system for mutation at codon 21. The schema of PCR of the 
10 min or by a syringe and left overnight at room k-ras gene is illustrated in Fig. 1. The PCR reaction 
temperature. In a CE experiment, the electrode of mixture consisted of 50 mmol 1 ~ KC1, 10 mmol 
the injection side was attached to the negative side 1- ~ Tris HC1 (pH 8.3) 1.5 mmol 1 ~ MgC12, 
of a power supply. Sample injections were per- 0.001% gelatin, 200 gmol 1- J dNTPs, 1.6 gmol 1- 
formed electrophoretically for, typically, 10 s at each of  Texas Red labeled sense primer (or non- 
I00 V cm ~ for UV detection and 3 s at 100 V fluorescent labeled sense primer) and antisense 
c m -  ~ for LIF  detection. Electrophoresis was per- primer, 10 ng of  k-ras DNA, and 1.5 units of  Taq 
formed with 25 mmol 1 1 Tris glycine buffer (pH DNA polymerase in a total volume of 50 gl. PCR 
8.5) at 200 V cm ~, 20°C. The D N A  fragments was carried out for 30 cycles as follows: 0.5 min at 
were detected at 260 nm or by a LIF detection 94°C, 2 rain at 55°C, and 1 rain at 72°C. PCR 
using the 594 nm line of  a He-Ne laser (5 mW) for products, generated from normal and mutant 
excitation, and 615 nm for emission, genes, were separately precipitated with ethanol. 

The precipitated PCR products were dissolved in 
2.3.2. S S C P  o f  k-ras gene 20 ILl of solution containing 10 mmol 1 ~ Tris HC1 

Normal (wild) and mutant D N A  of k-ras (231 (pH 7.5) containing 1 mmol 1-~ ethylenediamine 
bp) were subjected to PCR with Texas-Red labeled tetraacetic acid (TE buffer). Sample solutions were 
sense primer ( 5 'GACTGAATATAAACTT-  heated to 99°C for 6 min and cooled in ice for 6 
GTGG)  and antisense primer (5 'GAATTAGCT-  min. The samples were analyzed by CE with UV 
G T A T C G T C A A G )  to generate fluorescent-la- detection. For  CE with the LIF detector, sample 
beled 71 bp fragments for LIF detection and to solutions were further diluted 40 to 500 fold with 
PCR with non fluorescent labeled sense primer and TE buffer before heating. The diluted sample was 
antisense primer to generate non fluorescent-la- denatured as described above and analyzed by CE 
beled 71 bp fragments for UV detection. These with LIF detection. 
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Table 1 
Migration times of SSCP obtained from the combinations of normal and various mutants 

No. Sample T (°C) ds-DNA (duplex) ss-DNA (a) ss-DNA (b) 

1 Gly (Ref) 20.0 27.34 Gly 29.12 29.44 
2 Gly + Arg 20.0 26.46 Gly 28.18 28.48 

Arg 29.86 30. I l 
3 Gly + Ala 20.0 26.23 Gly 27.96 28.26 

Ala 28.50 28.83 
4 Gly + Val 20.0 26.25 Gly 28.02 28.34 

Arg 28.02 28.34 
5 Gly + Asp 20.0 26.66 Gly 28.42 28.70 

Asp 28.70 29.03 
6 Gly + Cys 20.0 6.73 Gly 28.49 28.79 

Cys 29.19 29.55 
7 Gly + Ser 20.0 26.74 Gly 28.51 28.80 

Ser 28.96 29.30 
8 All Mixture 20.0 27.08 Gly 28.84 

Val 28.84 
Asp 29.14 
Ser 29.29 
Ala 29.39 
Cys 29.54 
Arg 30.52 

Single strand DNA (ssDNA) (a) and (b) is corresponding to major and minor SSCP, respectively. 

3. Results and discussion including seven muta t ions  was PCR-amplif ied 
with sense primer labeled with Texas Red  at the 5' 

Analysis o f  SSCPs is widely used to detect end and non fluorescent labeled antisense primer. 
single point  muta t ions  because o f  its simplicity The P C R s  were performed for 5 to 30 cycles on a 
and more  sensitivity. Recently, some groups  re- D N A  thermal  cycler to evaluate the sensitivity o f  
por ted  SSCP analysis using CE with UV detection CE-LIF .  Fo r  SSCP analysis with UV detection, 
[7,10,11]. We also performed a detailed study o f  non florescent labeled sense primer was used in- 
running temperature,  gel concentra t ion,  and P C R  stead o f  Texas-Red labeled sense primer. 
p roduc t  size for separating SSCPs with C E - U V  

detection [12]. These results suggest that  CE is 3.1. S S C P  with C E - U V  
well suited for SSCP analysis. However ,  CE is not  

sufficiently sensitive to detect SSCPs in small Fig. 2 shows results o f  P C R - S S C P  for a k-ras  

amounts  o f  h u m a n  D N A ,  even after 30 cycles o f  mu tan t  with C E - U V  detection. Fig. 2(A) and (B) 
PCR.  Hebenbrock  et al. reported SSCP using CE show SSCP o f  k-ras  codon  12 normal  (glycine) 
with two-dye laser-induced fluorescence detection and SSCP o f  a mixture o f  seven kinds o f  k-ras  

[13]. The method  made  possible a specific detec- codon  12 mutan t  by UV detection, respectively. 
t ion o f  sense or  antisense SSCP and a highly The SSCP analysis obta ined by UV detection 
sensitive detection o f  SSCP. In the present paper,  shows a complex e lec t ropherogram because o f  
we tried to develop a highly sensitive method  o f  deoxynucleot ide t r iphosphate  (dNTP),  two 
SSCP analysis with C E - L I F  detection and SSCP primers (sense and antisense), and single strand 
analysis by multiple sheath-flow capil lary-array D N A s  (SSCP) having UV absorbance  at 260 rim. 
electrophoresis to analyze many  samples simulta- In Fig. 2(A), two small peaks corresponding to 
neously. P C R  products  labeled with florescence minor  SSCPs were observed at 24 and 27 min in 
dye were prepared as follows. Oncogene,  k-ras  addit ion to large peaks corresponding to major  
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Fig. 5. Effect of  PCR-cycle number on the sensitivity for SSCP detection. 

SSCPs at 24 and 25 min. Thus, the SSCP pattern 3.2. SSCP with CE-LIF 
of k-ras codon 12 normal (glycine) showed four 
peaks. It is essentially expected to show two large Fig. 3 shows a typical electropherogram of 
peaks corresponding to sense and antisense SS- SSCPs obtained with CE-LIF. The sample was a 
CPs. The minor peaks observed on the electro- mixture ofk-ras codon 12 normal (glycine:-GGT- 
pherogram (Fig. 2(A)) are thought to be adducts ) and mutant (arginine: -CGT-). As shown in Fig. 
of the major PCR product resulting from the 3, SSCPs of normal (Gly) and mutant (Arg) k-ras 
addition of an adenine owing to nonspecific PCR. DNA were observed at approximately 28 (Gly (a) 
The identity of the adduct was confirmed by gel and (b)) and 30 min (Arg (a) and (b)), respec- 
filled capillary electrophoresis for DNA sequence tively. The peaks of Gly (b) and Arg (b) are 
(data not shown), adenine adducts of each peak (a) (major SSCP) as 

observed with UV detection. The peaks observed 
at approximately 19 min were from Texas Red 
labeled primer. Fig. 4 shows electropherogram for 
SSCP analysis of seven kinds of k-ras codon 12 

gel - f i l led  cap i l l a r y  (normal (Gly) and mutated (Ala, Arg, Cys, Val, 
buffer vessel Asp)). Using the CE-LIF, we could separate all 

@ ~  , , ' r ° r ~ L ~  seven SSCP variations within 31 min. The result 
, / x J  ~ show that the electropherogram obtained with 
lenses high-sensitivity camera LIF detection was clearer than that obtained with 

~ ~  UV detection. Thus, distinct SSCP patterns could 
/ easily be differentiated from other SSCP patterns. 

~ ~  ' \ image ~ Migration times of SSCPs obtained from combi- 
o p t i c a l  c e l l  ~ nations of normal k-ras and various mutants are 

o p t i c a l  f i l t e r s  listed in Table 1. The results show that normal 
k-ras (Gly) and mutants other than valine could 

open capillary' computer easily be distinguished. Although SSCPs of nor- 

Fig. 6. Schematic view of the multiple sheath-flow capillary-at- mal (Gly) and mutant valine k-ras were indistin- 
ray electrophoresis system, guishable, the SSCPs could be separated when 
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3.3. Precision 
i 
j'i ~ The precision of migration times obtained 

Gly i h I | with CE-LIF for SSCPs of  glycine at k-ras 
j~ ~"~--...'r-,IL.',.~,._ codon 12 was examined. The relative standard 

deviation (n = 5) was 2%. 

- J  CE-LIF is highly sensitive. It has been re- 
ported that the minimal concentration of  Texas IJ 

_ _ . j , f / ,  [ i t I ~ , ~ , ~ t L j ~ L _  Red labeled D N A  detectable with CE-LIF is 
Va] 10 - -  13 mol 1 l [8]. Approximately 1000 

molecules of  fluorescent labeled D N A  fragments 
can be detected so that SSCPs can be detected 

~ L  from small amounts of  human D N A  and num- 
ber of  PCR cycle can be reduced to obtain 

Cys more specific PCR product. Fig. 5 shows the 
results of SSCP analysis obtained by reducing 

, the number of PCR cycle from 30 to 5. Valine 
I ~  L mutant ofk-ras gene was used for this experi- 

ment. The results obtained with valine mutant 
show that SSCPs produced by only five cycles 

Arg of PCR can be detected satisfactory with CE- 
~ /  LIF and that minor products (adenine adducts 

i~  produced by nonspecific PCR) observed after 10 
to 30 cycles are not observed on electrophero- 

1 grams with five cycles. In contrast, CE with UV A l a  '~-'-~-_-~ ~__~._ 
j ~  ~ detection could not detect SSCPs produced with 

PCR of less than 10 cycles. 

capillary-array electrophoresis 

! t L , , , ~ L I I ~ _  ~ With multiple capillary electrophoresis, many 
samples can be examined simultaneously [8]. 

Gly and Ala i The multiple sheath-flow assembly for capillary 
__.j array is shown in Fig. 6. 

In this paper, we performed preliminary experi- 
Fig. 7. Electropherograms of SSCPs obtained from seven ments with a multiple capillary electrophoresis 
kinds of k-ras mutant at codon 12 and a mixture of normal system for SSCP analysis. PCR products obtained 
(Gly) and mutant (Ala) with multiple sheath-flow capillary-ar- from normal and mutant k-ras were precipitated 
ray electrophoresis, with ethanol and denatured. Individual samples of 

k-ras mutant at codon 12 and mixtures of  normal 
(Gly) and mutant (Ala) k-ras DNA were exam- 

Texas Red labeled antisense primer was used in- ined with a multiple capillary array. The results 
stead of  sense primer (data not shown), are shown in Fig. 7. Eight samples could be 
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analyzed simultaneously within 30 min. With this [2] R.M. Myers, Z. Lavin and T. Maniatis, Science, 230 

system, SSCP analysis of 100 to 200 samples can (1985) 1242 1246. 
be performed simultaneously. Further studies on [3] C.R. Newton, A. Graham, L.E. Heptinstall, S.J. Powell, 

C. Summers, N. Kalsheker, J.C. Smith and A.F. 
the separation of  SSCP with a multiple capillary Markham, Nucl. Acids Res., 17 (1989) 2503 2516. 
electrophoresis system are in progress in our [4] A. Haliassos, J.C. Chomel, S. Grandjouan, J. Kruh, J.C. 
group. Kaplan and A. Kitzis, Nucl. Acids Res., 17 (1989) 8093 

8099. 
[5] M.B. White, M. Carvalho, S.O. Brien, D. Derse and M. 

3.6, Conclusion Dean, Gemonics, 12 (1992) 301 306. 
[6] M. Orita, H. Iwahana, H. Kanazawa, K. Hayashi and T. 

In conclusion, the proposed CE-LIF system is Sekiya, Proc. Natl. Acad. Sci. USA, 86 (1989) 2766-2770. 

extremely sensitive and can be used to specifically [7] A.W.H.M. Kuypers, P.M.W. Willems, M.J. van der 
Schans, P.C.M. Linssen, H.M.C. Wessels, C.H.M.M. de 

detect SSCPs labeled with fluorescent dye. Analy- Bruijin, F.M. Everaerts and E.J.B.M. Mensink, J. Chro- 
sis of SSCPs with the proposed CE-LIF system matogr., 621 (1993) 149 156. 
clearly distinguished normal and mutant alleles, [8] H. Kambara and S. Takahashi, Nature, 361 (1993) 565 

thus facilitating rapid diagnosis of cancers and 566. 
genetic diseases. CE-LIF is well suited for clinical [9] A. Paulus and J.l. Ohms, J. Chromatogr., 507 (1990) 

113 123. 
analysis of SSCP. [10] J. Cheng, T. Kasuga, N.D. Watson and K.R. Mitchelson, 

J. Cap. Elec., 2 (1995) 24 29. 
[11] T.A. Felmlee, R.P. Oda, D.A. Persing and J.P. Landers, 

J. Chromato. A, 717 (1995) 127 137. 
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