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Abstract

The base composition analysis of synthetic oligodeoxyribonucleotides (ODN) by high-performance capillary gel
electrophoresis (HPCGE) is reported here. This newly developed method is fast, sensitive and highly reproducible. It
involves the separation of deoxyribonucleotides monophosphate (INMPs) by capillary gel electrophoresis using a 47
cmX 100 pum LD. capillary and the samples were run at constant voltage (isoelectrostatic) and constant temperature
(isothermal). We evaluated this technique by using commercially available dNMPs as well as dNMPs generated from
enzymatic digestion of phosphorothioate ODNs. Our results indicated (a) picomoles of sample are sufficient, (b) the
migration times of each of the four bases is less than 25 min, (¢) the calculated empirical formula values of parent compound
are matched up with the expected values, and (d) the results are highly reproducible. Thus we have developed an alternative
method for the base composition analysis of synthetic ODN which we believe has the potential to become the method of

choice in the future.
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1. Introduction

Synthetic oligodeoxyribonucleotides (ODN) and
their analogs have attracted considerable interest in
recent years due to the possibility of their practical
application as a potential diagnostic tool as well as
selective therapeutic agents [1-3]. Due to increased
number of ODN based drug candidates entering late
stage clinical trials (phase II-III), there is a need for
a method which is faster, sensitive and reproducible
compared to traditional sequencing [4,5] and HPLC
[6] methods, as well as newly improved versions of
them [7,8] to identify its components. Three draw-
backs of the present techniques are, (a) need for large
amounts of samples, (b) reagents and (c) turn around
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time. In this report, we show the preliminary results
of base composition analysis of phosphorothioate
ODNs which were subjected to enzymatic digestion
to generate deoxyribonucleotides monophosphate
(dNMPs) and subsequently analyzed using high-per-
formance capillary gel electrophoresis (HPCGE). In
our continuing effort to developing analytical meth-
ods for identification and quantitation of dNMPs, we
have successfully employed HPCGE which has
become a very powerful analytical tool in biochemis-
try and molecular biology [9—-13]. It has a number of
similarities to HPLC but can be performed without
the use of large amounts of samples and high purity
solvents. By using HPCGE, the base composition
analysis of six different digested ODNs showed the
calculated empirical formula values are in reasonably
good agreement with expected values. This method
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has demonstrated a promising way to routinely
analyze synthetic ODNs’ components.

2. Experimental
2.1. Apparatus

The experiments were done on the P/ACE System
5000 capillary electrophoresis apparatus (Beckman
Instrument, Fullerton, CA, USA) with reversed po-
larity (cathode on inlet and anode on outlet). The
samples were separated on eCap ssDNA 100 (Beck-
man) capillary with 47 cm (effective length at 40
cm)X100 wm ILD. and monitored at a fixed wave-
length of 260 nm. The capillary was immersed in 5
ml of filtered (0.2 um pore) buffer (Tris—boric acid,
44:56 (v/v) 7 M urea, pH=8.0, obtained from
Beckman) and run at constant temperature of 30°C
by using the P/ACE cooling system. The buffer was
replaced every ten runs to obtain reproducible re-
sults. The data were collected by IBM 433Dx/si and
analyzed by System Gold software (Beckman).

2.2. Procedures

Synthesis of ODNs

Phosphorothioate (PS) ODNs were synthesized on
Expedite using betacyanoethyl phosphoramidite
(Perseptive Biosystems, Framingham, MA, USA)
chemistry and purified by HPLC as described
[14,15]. Note that the sulfurizing reagent, Beaucage,
was obtained from American International Chemical
(Natick, MA, USA).

Enzymatic digestion of PS-ODN

First PS-ODN was converted to phosphodiester
(PO)YODN by desulfurization as described [16]. After
ether extraction, the aqueous phase was evaporated
to 200 ul in Savant speed-vac and ethanol precipi-
tated on dry ice for 20 min. After centrifugation at
15800 g for 10 min at 4°C, the supernatant was
removed, 225 wl water added to the pellet, followed
by 25 ul of 3 M sodium acetate and 700 ul of
ethanol to effect precipitation. The mixture was
chilled, re-spun, decanted and put on a speed-vac to
dry the pellet, then resuspended in 20 ] water. One
A, unit of ODN was used in enzymatic digestion

as follows. In 55 ul total volume of reaction
mixture, 3 ug of snake venom phosphodiesterase (1
mg/0.5 ml, Boehringer Manheim, Indianapolis, IN,
USA), 32 mM Tris (Sigma) buffer at pH 7.5 and 18
mM of magnesium chloride (Sigma) were used and
the digestion was incubated in a water bath at 37°C
overnight. After digestion, precipitation of the
nucleotides was carried out by adding 7 ul of 3 M
sodium acetate and 155 ul of ethanol and chilled on
dry ice for 10 min. The DNMPs were recovered by .
centrifugation at 15 800 g, 4°C for 10 min and the
supernatants containing DNMPs were carefully re-
moved and placed on a Savant speed-vac to dry, then
resuspended in 125 wl of sterile water for CE
analysis.

Quantitation of HPCE data for base composition

The empirical formulas were calculated for ODNs
based on DNMPS standard curves as described in
[8]. The DNMPs for standard solution were obtained
from Peninsula Laboratory and standard solutions
(from 0.625 to 10 pmol/ul) were prepared in water.
The concentrations were calculated based on extinc-
tion coefficients reported by the manufacturer.

3. Results and discussion
3.1. Injection parameters

Recent study by McLaughlin et al. [17] on the
effect of internal diameter (I.D.) of capillary con-
cluded that larger 1.D. resulted in increased con-
centration sensitivity as a consequence of large
volumes of sample being handled. Therefore, a 47
cm length (effective length 40 cm)X100 pum L.D.
capillary was chosen. The injection parameters were
optimized and used at 5 kV, 20 s, 50 ul total volume
(data not shown) throughout this report. To our
knowledge, the exact amount of sample injected by
electrokinetic injection has not been previously
quantified. In an attempt to find out how much was
loaded by electrokinetic injection, under the set of
parameters used in this study, 1 pmol/50 ul of
NUC?2 digested sample was injected 15 times. Since
the intensity of the signal at fifteenth run was as
strong as the first run, it was concluded that less than
0.67 mol of sample was loaded onto the capillary.
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3.2. Base resolution

Fig. 1 shows the electropherograms of a mixture
of all four dNMPs at constant voltage and tempera-
ture. Isoelectrostatic and isothermal conditions are
necessary to achieve fine resolution [18]. The elec-
tropherograms also show the order of migration of
dNMP (C<G). The identity of the dNMPs were

confirmed by running the dNNPs separately under
the same set of parameters. The relative order of
migration of nucleotides (C=307<T=322<A=
331<G=347) depends on shape, size and charge
[18] of nucleotides. In this case, it is interesting to
note that the pyrimidine nucleotides migrate faster
than the purine nucleotides. Since the charge on the
dNMPs are the same, one possible explanation for

A 18.29
19.37 |
20.37

0.00 okt L 0.00
o - . - -«
S - 9
£ .1.00d 100 &
] b
13 o P 8
3 3
5 . ! £
[~} (=3
0 0
[~ o = 0
< <

2.00- 2,00

000 10000 " 20.00 73000 3500
Time (min)
B L 0.00

Absorbance (x 10 -3

1

-

o

S
Absorbance (x 10 -3

000 1000

" 20,00 3000 35.00

Time (min)

Fig. 1. Capillary gel electrophoretic separation of deoxynucleotide monophosphate (ANMP). (A) Mixture of dCMP, dTMP, dAMP and
dGMP obtained from Peninsula Lab. Migration times are, dCMP=18.29, dTMP=19.21, dAMP=19.37, dGMP=20.37. (B) Digested
phosphorothioate oligomer. Migration times are, JCMP=18.34, dTMP=19.29, JAMP=19.44, dGMP=20.44. Conditions; Isoelectrostatic
(constant voltage) at 300 V/cm; isothermal (constant temperature) at 30°C; injection at 5 kV, 20 s; detection range (AU) at 0.005.
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the observed migration pattern could be attributed to
the difference in their molecular masses. It should
also be noted here that a minimum of nine relative
molecular mass difference between dTMP and
dAMP is necessary for base resolution under the
current set of parameters.

The comparison of the migration times of com-
mercially available INMPs (Fig. 1A) versus digested
PS-ODN (Fig. 1B) is in good agreement (*+0.07 min
or 0.4%). Furthermore, the analysis of the nucleo-
tides was completed in less than 25 min. In an effort
to reduce the analysis time further, the constant
voltage was increased to 20 kV (426 V/cm) and an
additional 5 min was removed from the analysis
time. Even though it was possible to reduce the
analysis time by increasing the applied electric field,
it is not recommended for routine analysis, because
increasing the applied electric field causes the gel in
the capillary to break down more frequently. As a
result, fewer runs can be performed using the same
capillary.

3.3. Standard curves

A standard curve for each of the dNMPs was
obtained over 16-fold range of concentrations
(0.625-10 pmol/ul). By using linear regression
method to analyze the data, these standard curves are
represented by the following equations (a) for dCMP
(y=—0.176+5.408x, R=0.9981); (b) for dTMP (y=
—0.175+5.060x, R=0.9974); (c) for dAMP (y=
—0.175+3.561x, R=0.9988); and (d) for dGMP (y=
—0.164+3.148x, R=0.9986). The R values (correla-
tion coefficient) are approaching 1.0, which means
the standard curves have a good correlation between
the peak areas and the nucleotide concentrations.
These curves were used to quantitate the amount of
each nucleotide present in the sample obtained from
the enzymatic digestion of phosphorothioate ODNs
[8]. The slope of the standard curve multiplied by the
peak area corresponding to each dNMP yields the
amount of nucleotide in moles corresponding to that
peak. The empirical formula was calculated by
multiplying the length of the oligomer (26) by the
ratio of the calculated number of moles of the given
nucleotide to the calculated total number of moles of
all nucleotides in the sample. The results are shown
in Table 1.

Table 1
Summary of digested phosphorothioate oligomers base composi-
tion analysis

Sequence  Empirical formula®
fame dCMP dTMP dAMP dGMP
E Ca E Ca E Ca E Ca

NUC3 13 1298 6 511 6 670 |1 1.20
NUC4 12 11.83 6 520 6 654 2 2.42
NUCS I 1074 6 5.11 6 649 3 3.66
NUC6 10 959 6 539 6 647 4 4.56
NUC2 7 6.81 6 524 6 633 7 7.62
Gps0193 10 9.51 6 557 0 0 10 10.92

" E=Expected; Ca=Calculated.

3.4. Analysis of base composition

Six PS-ODNs were first converted to PO-ODNs,
then enzymatically digested with SVP to generate
nucleotides. The recovery rates of nucleotides fol-
lowing the above protocol with 1, 2 and 3 A, of
PS-ODN were >90%, 60% and 65% respectively
(data not shown). The low recovery from the en-
zymatic digestion of 2 and 3 A, of PS-ODNs may
due to insufficient amount of enzyme and/or time
necessary for complete digestion were not optimized.
However, the current method (HPCGE) is extremely
sensitive and digestion of 1 A, unit of an oligomer
was sufficient to carry out the base composition
analysis. A typical electropherograms of digested
phosphorothioate oligomers are shown in Fig. 2. The
detection of 2 G out of 26 bases (7.7%) and 7 G out
of 26 bases (26.9%) are shown in Fig. 2A and B.
The sensitivity of the current method is evidenced by
sharp peaks and low noise level. Additionally, Table
1 shows that even a single nucleotide (G) out of 26
bases (3.8%) could be easily detected by this meth-
od. The data shown in Table 1 represents the average
of 3 runs for each of digested ODN and is highly
reproducible as indicated by very low standard
deviation (from +0.4 to 2.8%). Thus, the method
shows the high reproducibility and sensitivity that
are required for analytical methods. Though the
calculated values in Table 1 show some discrepan-
cies from the expected values, most are still within
the acceptable range of *£0.5 base for each nucleo-
tide component [8]. From Table 1, one could observe
that there are definitely trends involved in the
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Fig. 2. Electropherograms of digested phosphorothioate oligomers (10 nmol/50 ul). Peak 1=dCMP, Peak 2=dTMP, Peak 3=dAMP, Peak
4=dGMP. (A) NUC4: 2 G out of 26 bases. (B) NUC2: 7 G out of 26 bases. Conditions as in Fig. 1.

calculated values. The trends show that dCMP,
dTMP (pyrimidines) are underestimated where as
dAMP, dGMP (purines) are overestimated. Further
refinements in the assay protocol are currently under
way to address the small differences seen between
the calculated and expected values.

Acknowledgments

The authors thank Dr. David Wallace for stimulat-
ing discussions. The help of my wife, Ha N. Phan, in
the preparation of the manuscript is also greatly
appreciated.



346 T.Q. Dinh et al. | J. Chromatogr. A 744 (1996) 341-346

References

[1] M. Matsukura, K. Shinozuka, G. Zon, H. Mitsuya, M. Reitz,
J.S. Cohen and S. Broder, Proc. Natl. Acad. Sci., 84 (1987)
7706.

[2] PS. Sarin, S. Agrawal, M.P. Civeira, J. Goodchild, T.
Ikeuchi and P.C. Zamecnik, Proc. Natl. Acad. Sci., 85 (1988)
7448.

{31 1.S. Kiely, in J.A. Bristol (Editor), Annual Reports in
Medicinal Chemistry Vol. 29, Academic Press, San Diego,
1994, Ch. 30, p. 297.

[4] AM. Maxam and W. Gilbert, Proc. Natl. Acad. Sci., 74
(1977) 560.

[5] F. Sanger, S. Nicklen and A.R. Coulson, Proc. Natl. Acad.
Sci., 74 (1977) 5463.

[6] G. Zon and J.A. Thompson, Biochromatography, 1 (1986)
22,

[7] H. Swerdlow, S. Wu, H. Harke and N.J. Dovichi, J. Chroma-
togr., 516 (1990) 61.

[8] S. Eadie, L. McBride, W. Efcavitch, L. Hoff and R. Cathcart,
Anal. Biochem., 165 (1987) 442.

[9] B.L. Karger, A.S. Cohen and A. Guttman, J. Chromatogr.,
492 (1989) 585.

[10] A. Paulus and J.I. Ohms, J. Chromatogr., 507 (1990) 113.

[11] A. Guttman, A.S. Cohen, D.N. Heiger and B.L. Karger,
Anal. Chem., 62 (1990) 137.

[12] A.L. Nguyen, JH.T. Luong and C. Masson, Anal. Chem., 62
(1990) 2490.

[13] AS. Cohen, D.R. Najarian, A. Paulus, A. Guttman, J.A.
Smith and B.L. Karger. Proc. Natl. Acad. Sci., 85 (1988)
9660.

[14] N.D. Sinha, J. Biernat, J. McManus and H. Koester, Nucleic
Acids Res., 12 (1984) 4539.

[15] T. Brown and D.J.S. Brown, in F. Eckstein (Editor), Oligo-
nucleotides and Analogues: A Practical Approach, IRL,
Oxford, 1991, 1.

[16] B.A. Connolly, BV.L. Potter, F. Eckstein, A. Pingoud and L.
Grotjahn, Biochemistry, 23 (1984) 3443.

[17] G. McLaughlin, R. Biehler, K. Anderson and H.E. Schwartz,
Technical Information Bulletin (TIBC-106), Beckman In-
struments, Palo Alto, 1991.

[18] A. Guttman and N. Cooke, J. Chromatogr., 559 (1991) 285.



