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Capillary electrophoretic analysis of DNA restriction 
fragments and PCR products for polymorphism and 
mutation studies in cystic fibrosis and Gaucher's 
disease* 
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Abstract: Two methods are described for the analysis of DNA restriction fragments and PCR products in studies on 
polymorphism and mutation in cystic fibrosis and Gaucher's disease, based on capillary electrophoresis. In one CE 
system, a Beckman kit for producing a chemical gel (polymerized within the capillary) is used for single-stranded DNA 
fragments from 10 to 300 bases in size. Its performance was demonstrated on the separation of a mixture of 
polydeoxyadenylic acids p(dA)4o_6o at 30°C. Electrokinetic injection was used (5-7 kV for 5-20 s), the applied field 
being 300 V cm -t for an effective length of 7, 20 or 30 cm and 100 i~m i.d., with Tris-borate buffer containing urea. 
Typical electropherograms are presented for the analysis of CF mutation AF508 in PCR products from homozygous and 
heterozygous individuals, illustrating the resolution of two complementary single strands (95b and 95b) of a DNA 
fragment. DNA fragments differing in size by only one base could also be resolved, as shown for the 105b and 106b 
fragments obtained from a heterozygote for 3905 insT CF mutation, with a run time of ca 45 min. If discrimination were 
only required between fragments differing by two or more bases, run times could be reduced by 6 when using a capillary 
length of only 7 cm x 100 Ixm i.d. A second CE system based on a kit for producing a physical gel (dissolution of 
polyacrylamide in buffer prior to filling the capillary) gave high resolution for double-stranded DNA fragments from 100 
to 1500 base pairs under similar CE conditions, but with 175 V cm- ~ at 20°C. This was shown for the DNA standard Phi-X 
174 when DNA fragments differing in size by 5 base pairs could be resolved within the region 100-200 bp. 
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Introduction 

In  the molecu la r  biology field, the s tandard  
m e t h o d  for the separa t ion  of D N A  species 
employs  slab gel e lectrophoresis .  However ,  
today  capil lary e lect rophores is  (CE)  appears  to 
be an  at t ract ive a l te rna t ive  approach [1-3].  In  
this paper ,  this fast, r eproduc ib le  and  ent i re ly  
a u t o m a t e d  t echn ique  was employed  for poly- 
m o r p h i s m  and  m u t a t i o n  studies in cystic 
fibrosis (CF) and  G a u c h e r ' s  disease. 

The  analysis  of P C R  products  by CE are, for 
the most  part ,  based  on  the sieving power  of 
po lyacry lamide  gel [4, 6]. The  gels are pre-  
pa red  by two different  p rocedures  involving 
e i ther  po lymer iza t ion  of polyacry lamide  wi thin  
the capil lary (chemical  gel) or  dissolut ion of 
po lyacry lamide  as addi t ive in the buffer  
(physical  gel). These  two types of gel, avai lable  
as B e c k m a n  Kit ss D N A  100 for the chemical  

gel and  as Kit ds D N A  1000 for the physical 
gel, were tested.  

Experimental 

Reagents 
Kit  ss D N A  100 and  Kit  ds D N A  1000 were 

purchased  f rom B e c k m a n  (Gagny ,  France) .  
The  Cen t r i con  10 filters were ob ta ined  from 
Grace  (Divis ion A m i c o n ,  E p e r n o n ,  France) .  

Apparatus 
C E  was pe r fo rmed  with an a u t oma t e d  P/ 

A C E  2000 ( B e c k m a n  Ins t rumen t s ,  Gagny ,  
F rance )  cont ro l led  by a B e c k m a n  System Gold  
software.  

Patients 
The  s tudy inc luded  one  homozygote  and  one  

he te rozygote  for the ma j o r  m u t a t i o n  AF508 in 
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CF, one homozygote for 3905 insT CF 
mutation,  one heterozygote for 84 insG 
mutation in Gaucher 's  disease, three hetero- 
zygotes for extragenic polymorphisms in CF 
and two control subjects for CF mutations. 

AF508 is located in exon 10 of the cystic 
fibrosis t ransmembrane conductance regulator 
(CFTR) gene [7]. The size of the normal PCR 
fragment is 98 bp. If the phenylalanine codon is 
deleted at position 508 the size of the PCR 
fragment is 95 bp. 3905 insT is located in exon 
20 of the CFTR gene. Primers have been 
chosen to give a 105 bp fragment for the 
normal product  or 106 bp fragment if the 
mutation is present. 84 insG is located in exon 
2 of the glucocerebrosidase gene [8]. Primers 
have been chosen to generate a 75 bp frag- 
ment.  If the mutation is present, a BSaB1 site 
is created giving two fragments of 18 and 57 bp. 

Sample preparation 
DNA was extracted from the leucocytes of 

patients and then amplified by PCR (30 
cycles). The maximum quantity of DNA 
obtained was 1 Ixg. The sample (PCR products 
or restriction fragments of PCR) was diluted 10 
times and then centrifuged using Centricon-10 
filters to concentrate and to remove super- 
fluous reaction components  from PCR and 
digestion. This procedure was repeated three 
times before capillary electrophoretic analysis. 
Single-stranded D N A  was obtained by heating 
at 95°C for 5 min just before injection. 

Capillary electrophoresis 
In Kit ss DNA 100, the polyacrylamide gel 

was bound to the wall of the capillary (chem- 
ical gel) and used in a tris-borate buffer 
containing urea. The markers and test mixture 
were the polydeoxyadenylic acids p(dA)40_60 
and the polydeoxythymidilic acids p(dT)20/4o. 

In Kit ds DNA 1000, the gel was a polyacryl- 
amide dissolved in a tris borate buffer. The gel 
matrix is liquid and replaceable (physical gel). 
The base-pair DNA ladder was Phi-X 174 RF 
DNA Hae III digest and the internal standard 
was Orange G dye. 

Kit ss DNA 100 was used for the separation 
of single-stranded (ss) DNA fragments from 10 
to 300 bases in size and Kit ds DNA 1000 to 
separate double-stranded (ds) DNA fragments 
from 100 to 1500 base pairs (bp). The capillary 
inserted in a cassette, was filled with the 
running buffer and equilibrated at a set tem- 
perature (30°C for the chemical gel, 20°C for 

the physical gel). The injections were all made 
electrokinetically at negative polarity. They 
were performed at 5 -7  kV for 5-20 s. The 
applied electric field was 300 V cm -1 for the 
chemical gel and 175 V cm -1 for the physical 
gel. The capillary dimensions wer 7, 20 or 
30 cm in effective length (from the injection 
end to the detector) x 100 i~m i.d. The runs 
lasted from 5 to 45 min. Detection was accom- 
plished on line by UV absorption at 254 nm. 

Results  and Discuss ion 

Capillary electrophoretic analysis of ss DNA 
fragments 

The p(dA)4o-60 mixture represents a good 
test and reference for the analysis of small 
fragments. The baseline resolution of this 40-  
60 bases standard on chemical-gel filled 
capillary is shown in Fig. 1. Typical electro- 
pherograms of PCR products from homo- 
zygous and heterozygous individuals for the 
major  CF mutation (AF508) are given in Fig. 2. 
It can be seen that the separation of two 
complementary single strands (95-b, 95-b) of a 
D N A  fragment was achieved. The CE sep- 
aration of D N A  fragments with a size differ- 
ence of one base and with sizes slightly higher 
than 100 bases, such as the 105-b and 106-b 
fragments obtained from a heterozygote for 
3905 insT CF mutation, is shown in Fig. 3. If 
the difference in size of the analysed fragments 
corresponds to only one base, a capillary 
length of 37 cm is needed to achieve their 
separation, but when the difference is higher 
than two bases, a capillary length of 7 cm is 
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Figure 1 
Separation of polydeoxyadenylic acids mixture p(dA)4o_e~ 
on a chemical-gel filled capillary. Running conditions: 
effective length, 30 cm; applied electric field, 300 V cm -~ 
injection at 7 kV for 10 s; UV detection at 254 nm. 
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Figure 2 
Typical electropherograms obtained for the analysis of the major CF mutation AF508 in PCR products from: (A) 
homozygous individual (95-b peak); and from (B) beterozygous individual (95-b and 98-b peaks). The separation of two 
complementary single strands (95-b, 95-b) can be observed in (A) and (B). Analytical conditions as in Fig. 1. 
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Figure 3 
Separation of 105-b and 106-b DNA fragments obtained 
from a heterozygote for 3905 insT CF mutation, Analytical 
conditions as in Fig. I. 
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Figure 4 
Electropherogram of the Phi-X 174 DNA standard on a 
physical-gel filled capillary. Peaks: OG = Orange G; 1, 
72; 2, 118; 3, 194; 4, 234; 5,271; 6,281; 7, 301; 8,603; 9, 
872; 10, ][078; ][][, 1353 base pairs. Running conditions: 
effective length, 30 cm; applied electric field, 175 V cm-~; 
injection at 5 kV for 10 s; UV detection at 254 nm. 
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sufficient and thus the run time is reduced  by a 
fac tor  o f  6. Fu r the rmore ,  in CE  the separat ion 
o f  f ragments  which are small but  very distinct 
in size, such as f ragments  18-b, 57-b and 75-b 
ob ta ined  f rom a he te rozygote  for  84 insG 
muta t ion ,  can be easily achieved in a single run 
c o m p a r e d  to slab-gel electroph0resis .  

Capil lary electrophoret ic  analysis o f  ds D N A  

f ragmen t s  
Figure  4 shows the high resolut ion sep- 

ara t ion of  the s tandard  Phi-X 174 on a 
physical-gel  filled capillary. Efficient sep- 
ara t ions  o f  ds D N A  fragments  ranging f rom 
300 to 955 bp were  achieved for  three extra- 
genic po lymorph i sm studies in CF. Peak 
capaci ty  was excellent;  within the region 100-  
200 bp,  D N A  fragments  with a size difference 
o f  5 bp were resolved and for  a f ragment  
inc rement  o f  100 bp,  the difference in f ragment  
size which could be resolved increases of  10 bp. 

It  should  be noted  that  successful opera t ion  
requires  careful  a t tent ion to sample handl ing 
and p re t rea tment .  

Conclusion 

Using chemical-  and physical-gel filled 
capillaries, rapid,  reproducible  and high 
resolut ion separat ions  of  D N A  fragments  and 

P C R  products  were obtained.  The  results of  
this study show that  C E  has great  potential  for  
clinical applications in the molecular  biology 
field. Moreover ,  it may  be noted  that  CE  is an 
entirely au toma ted  instrumental  technique.  
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