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Abstract 

The capillary electrophoretic separation of oligonucleotides (12-24 bases in length) using a micellar system or an 
entangled polymer solution was compared. Micellar electrokinetic capillary chromatography was performed using a 
fused-silica capillary whereas a J&W DB-17-coated capillary was used for capillary electrophoresis in entangled 
polymer solution. In both cases, a number of parameters were evaluated to improve separation. For example, the 
influence of concentration of copper(II) ions and sodium dodecyl sulfate, variation in applied voltage and temperature 
were investigated in the micellar system. The influence of variation in pH was also studied. The two methods were 
also compared with respect to their efficiencies. The results of quantitation showed better within-day and day-to-day 
repeatability for the entangled polymer solution. Both methods gave a comparable limit of detection of about 30 pg 
at a signal-to-noise ratio of 3. 
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1. Introduction 

Oligonucleotides (generally 12-30 bases in 
length) are currently being investigated as poten- 
tial drugs for the treatment of cancer and viral 
infections [1]. Synthetic oligonucleotides have 
previously been analysed and purified by reversed- 
phase [2] and ion-exchange liquid chromatogra- 
phy (LC) [3] using gradient elution. These 
methods require large amounts of sample and are 
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well suited for preparative purposes. Tradition- 
ally, polyacrylamide slab gel electrophoresis has 
been extensively used in the past [4]. This tech- 
nique has the disadvantage of post-electrophoresis 
visualization of DNA by radio-labeling or stain- 
ing, which is only semi-quantitative. Capillary 
electrophoresis (CE) allows the use of a higher 
field strength and therefore it is more efficient. 
The advantages of  CE are speed, on-line sample 
detection, easy quantitation and automation. 
Different modes of CE can be evaluated for 
oligonucleotide separation. However, capillary 
zone electrophoresis (CZE) cannot be applied to 
resolve oligonucleotides which are 12-24 bases in 
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length because of their similar charge to mass 
ratios. Capillary gel electrophoresis (CGE), which 
employs permanent gels, is the most widely used 
technique for analyzing antisense oligonucleotides 
[5]. A problem is encountered, however, due to 
the high viscosity of these buffiered gels, which 
require manual filling of the capillary and show 
instability after prolonged use. 

Recently, CE using entangled polymer solutions 
has gained importance for the separation of DNA 
molecules [6,7]. In this technique, oligonucleotides 
can be separated using a dilute polymer solution 
that can be loaded into the capillary after each 
run, thus refreshing the separation matrix before 
every analysis and preventing any sample material 
from remaining [8]. Micellar electrokinetic capil- 
lary chromatography (MECC) has also been used 
in the past to resolve oligonucleotides with a 
buffer containing sodium dodecyl sulfate (SDS) 
and metal ions [9]. 

The intention of this study was to explore the 
separation of short model oligonucleotides using 
MECC and CE in entangled polymer solution 
and to compare the two techniques on the basis of 
qualitative and quantitative results. 

2. Experimental 

Olignonucleotide samples p(dA)21 - is, 
p(dA)lg_24 and p(dA)21 (the last used as an inter- 
nal standard) were purchased from Pharmacia 
Biotech (Roosendaal, Netherlands). All samples 
were kept in a freezer (-28°C). All reagents used 
were of analytical grade. SDS and Tris (tris(hy- 
droxymethyl)aminomethane) were obtained from 
Acros Chimica (Geel, Belgium). Copper(II) sul- 
fate and disodium hydrogenphosphate were ob- 
tained from Merck (Darmstadt, Germany). TAPS 
(N- tris(hydroxymethyl) - 3 - aminopropanesulfonic 
acid) and urea were purchased from Sigma 
(St. Louis, MO) and UCB (Brussels, Belgium), 
respectively. HydroxyethylceUulose (HEC EP09) 
(>86.2% purity) was kindly donated by Union 
Carbide (Antwerp, Belgium). Milli-Q water (Mil- 
lipore, Milford, MA) was used throughout. Stock 
standard solutions of oligonucleotides samples 
were prepared in Milli-Q water as follows: 

p(dA)12_18 0.5, p(dA)w_24 0.1 and p(dA)21 0.93 mg 
ml -I. 

CE separation was performed on a Spectra 
PHORESIS 1000 system (Thermo Separation 
Products, Fremont, CA), which was driven by CE 
software (version 1.04) operating under IBM OS/ 
2 (version 1.2). For MECC, fused-silica tubing 
(Polymicro Technologies, Phoenix, AZ) of 50 gm 
i.d. with 44 cm total length (L) and 36 cm effec- 
tive length (I) was used. The capillary was washed 
for 5 min with 0.1 M NaOH, water and elec- 
trolyte before each run. The running buffer used 
contained 20 mM TAPS, 70 mM SDS, 0.3 mM 
copper(II) sulfate and 7 M urea (pH 7.7, adjusted 
with Tris). The oligonucleotide samples were in- 
troduced hydrodynamically (0.3 s for qualitative 
work and 5 s for quantitation) into the capillary 
filled with running buffer and analyzed at 10 kV 
(227 V cm -l ,  12-13/~A) at 25°C. Methanol was 
used as a neutral marker and quinine hydrochlo- 
ride was used as a tracer. 

CE separation in entangled polymer solutions 
was carried out using a J&W DB-17 capillary 
(50% methylsilicone, 50% phenylsilicone coating) 
(100/~m i.d. x 44 cm (L) and 36 cm (1)), which 
was purchased from Alltech (Laarne, Belgium). 
The capillary was cleaned at the beginning of the 
day with HPLC-grade methanol for 5 min fol- 
lowed by a water wash for 5 min. The prewash 
time was 5 min and the capillary was filled with 
fresh buffer before every analysis. The running 
buffer consisted of 20 mM TAPS, 4% HEC EP09 
and 7 M urea (pH 7.0, adjusted with Tris). The 
oligonucleotide samples were either introduced 
electrophoretically at negative polarity (5 kV for 1 
s) or hydrodynamically (30 s) into the capillary 
and separated at a negative voltage of 12 kV (273 
V cm -~, 17-18 /~A) at 25°C. Oligonucleotides 
were detected at 260 nm. 

3. Results and discussion 

3.1. MECC separation of oligonucleotides 

The repeatability of electroosmotic flow (EOF) 
is essential for separation repeatability. A prob- 
lem of reducing EOF was encountered owing to 
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Fig. 1. Separat ion o f  p(dA)t2-1s using M E C C .  Electrolyte, 70 
m M  SDS, 0.3 m M  copper ( I I )  sulfate, 7 M urea and 20 m M  
TAPS,  adjusted to p H  7.7 wi th  Tr is;  capi l lary,  fused silica 
(50 /xm i.d. x 4 4  cm ( L )  and 36 cm (/); temperature,  25 'C;  
vol tage, 10 kV;  inject ion, hyd rodynamic  (0.3 s); detection, U V  

at  260 nm. 

the deposition of urea (evaporation) on the outer 
surface of the electrode. This happens when the 
electrode leaves the vial and is wiped off by the 
vial cap. This reduction in EOF can be avoided 
by not using the caps, but one can restore EOF by 
simply cleaning the electrode surface. It was also 
found to be necessary to use fresh buffer (in our 
case after 5-6 runs) in order to avoid a shift in 
EOF and migration time and hence selectivity. In 
addition, in cases where EOF was normal but a 
shift in the migration time of the tracer was 
observed, the capilary was washed with EDTA 
solution to remove residual Cu(II) ions. 

Fig. 1 shows the separation of p(dA)12_ls by 
MECC. This separation was achieved using a 
fused-silica capillary. Three different capillary in- 
ternal diameters (30, 50 and 75 ~tm) were tried in 
this study. The separation could not be achieve.d 
using 75/~m i.d. capillary, whereas 50 and 30/~m 
i.d. capillaries showed comparable separations. A 
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Fig. 2. Effect of pH on the resolution of p(dA)14_l 5. Experi- 
mental conditions as in Fig. I except for the concentration of 
SDS (80 mM) and the applied voltage (20 kV). 
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Fig. 3. Influence of concentration of Cu(lI) on the resolution 
of p(dA)I4_~5. Experimental conditions as in Fig. 2. 

50 /zm i.d. capillary was chosen because of its 
longer detection path. 

We evaluated the pH of the running buffer for 
the range 7.35-10.06 (six points investigated). The 
influence of pH on the resolution of the pair 
p(dA)~4_15 is presented in Fig. 2. It was seen that 
a decrease in pH increases the resolution to a 
certain point, pH 7.7 gave best results in terms of 
resolution. The influence of the concentration of 
copper(lI) sulfate was studied (0.0, 0.15, 0.3, 0.45 
and 0.6 mM). A low concentration (0.3 mM) of 
copper(II) sulfate was used in the buffer as it was 
found to increase the retention window and hence 
the resolution (see Fig. 3) [9]. The effects of the 
concentrations of SDS (60-90 mM) and TAPS 
buffer (10-40 mM) were also studied. No change 
in the resolution values was seen. Similarly, no 
improvement in the separation was observed with 
variation in the applied voltage (8-20 kV) and 
temperature (25-30°C). 
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Fig. 4. Separation of p(dA)ll_lS and p(dA)19_2l using entan- 
gled polymer solution. Electrolyte, 20 mM TAPS, 4% HEC 
EP09 and 7 M urea (adjusted to pH 7.0 with Tris); capillary, 
J&W DB-17 (100 #xm i.d. x44 ¢m (L) and 36 cm (1); temper- 
ature, 25°C, voltage, 12 kV (at reversed polarity); injection, 
hydrodynamic (30 s), detection, UV at 260 nm. 
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Table 1 
Comparison of quantitation results for MECC and CE in entangled polymer solution 

Parameter MECC CE in entangled polymer 
solutions 

Efficiency, p(dA)13 7.6 x 105 m- i  7.3 x 105 m -1 
Within-day repeatability (n = 6): 
240 pg ml - '  p(dA)12_ls containing p(dA)21 (58/Jg ml-5) 

as internal standard: 
Migration time 
Corrected area 

Day-to-day repeatability (n = 4): 
240 pg ml - '  p(dA)j2_18 containing p(dA)2 ~ (58/zg m1-1) 

as internal standard: 
Migration time 
Corrected area 

Linearity:15-240/~g ml - '  p(dA)12_ja containing 
p(dA)21 (58/zg m1-1 as internal standard) 
number of concentrations examined = 5 (n = 15) 

LOD (S/N = 3) c p(dA)12_18, 3.25/zg ml -~ 

RSD a 0.04% 
RSD 2.6% 

RSD 0.2% 
RSD 13.0% 

y = 0.0015x + 0.0161 b 
(r = 0.9975) 
29 pg (hydrodynamic, 5 s) 

RSD 0.2% 
RSD 1.5% 

RSD 0.1% 
RSD 3.4% 

y = 0.0022x + 0.0041 b 

(r = 0.9985) 
31 pg (hydrodynamic, 30 s) 

a All RSD values were calculated for p(dA)13. 
b Where y = p(dA)13/P(dA)21 area ratio and x = total concentration of p(dA)12_~s. 

LOD = limit of detection; SIN = signal-to-noise ratio. 

3.2. CE separation o f  oligonucleotides in 
entangled polymer solutions 

Fig.  4 shows the sepa ra t ion  o f  p(dA)12_ls and  
p(dA)19_24 pe r fo rmed  with the J & W  DB-17-  
coa ted  capi l la ry  using 4°,/0 o f  H E C  EP09 at  12 kV. 
As  can be seen, o l igonucleot ides  ranging  f rom 12 
to 24 bases  in length were basel ine resolved.  W e  
chose a low-viscosi ty  g rade  o f  p o l y m e r  ( H E C  
EP09) because  it could  be used at  h igher  concen-  
t ra t ions  wi thou t  having  p rob l ems  o f  rep lac ing  the 
buffer au tomat ica l ly .  

po lyme r  so lu t ion  has  shown the sepa ra t ion  o f  

p(dA)12_lS and  p(dA)]9_24 with a difference 
o f  a single base  unit.  A c ompa r i son  o f  quant i -  
ta t ive results  for  these two techniques is presen-  
ted in Tab le  1. C o m p a r a b l e  figures for  efficiency, 
l inear i ty  and  sensi t ivi ty were obta ined .  However ,  
be t ter  wi th in -day  and  be tween-day  repea tab i l i -  
ties were observed  for  C E  in entangled  p o l y m e r  
solut ion.  
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