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Innovative Coating Technology Produces Stable,
Hydrophilic CE Columns for Nucleic Acid and
Protein Separations

M. Huang, M. Bigelow, M. Byers
Supelco, Bellefonte, PA USA

Untreated and unsuitably treated capillary electrophoresis
columns can adsorb analytes, preventing reliable and
reproducible separations. A self-assembled bilayer coating
improves the quality of CE separations. The inner,
hydrophobic layer protects Si-O-Si bonds on the column
surface from hydrolysis. The outer, hydrophilic layer is
inert to analytes, allowing highly efficient and reliable
separations of peptides and proteins, DNA fragments, or
SDS-protein complexes. The coating is stable at pH 2-10.

Active groups on the surface of untreated fused silica capillary
electrophoresis (CE) columns can adsorb analytes, making
separations difficult and inconsistent. Electroosmotic flow (EOF),
to which resolution is closely related, can vary because of adsorption
at the tubing surface, and this also makes it difficult to obtain
reproducible results. In addition, the EOF desired for a separation
may not be achievable with the separation medium required with
an untreated fused silica column.

An ideal surface coating for CE columns completely deactivates
the surface, ensures reproducible separations, is hydrolytically
stable over a wide pH range, and allows EOF to be decreased or
eliminated, reversed, or stabilized by changing pH. A very promising
method for preparing reliable surface coatings consists of treating
the capillary surface with a vinyl group containing silane or
polysiloxane, then copolymerizing a hydrophilic monomer onto
the vinyl/silane layer in situ, exposing a hydrophilic polymer
coating to the separation buffer and analytes (1-3).

We have improved this two-step method for preparing stable and
hydrophilic CE column coatings, based on the formation of a self-
assembled bilayer film. The small relative standard deviations in
Table 1 indicate the coating is very stable over a wide pH range. The
finished CElect™-N column shows virtually no electroosmotic
flow from pH 2 to 10.

The usefulness of CElect-N columns lies in their stability,
hydrophilicity, and absence of EOF. High efficiency peaks for
difficult analytes indicate that interaction between the surface and
the analytes has been eliminated (Figure A). In contrast, such
molecules are readily adsorbed to untreated fused silica (4). Since
there is no EOF in CElect-N columns, these columns give much
faster and higher efficiency separations of analytes that migrate
strongly against EOF, such as ribonucleotides (Figure B).
Monophosphate ribonucleotides require more than 2 hours to
exit from an uncoated column.

Table 1. Self-Assembled Bilayer Coating Is Stable
Over a Wide pH Range

Migration Time (min)a, N = 10 runs
Lys-Phe (pH 2.0)b Benzoic Acid (pH 10.0)c

6.77-6.94 13.50-13.88
RSD 0.8% 1.1%
a10 min rinse between runs.
b47cm x 75µm column, 50mM phosphate buffer, 15 kV.
c37cm x 75µm column, 25mM borate buffer, -9 kV.

796-0003

In capillary gel electrophoresis (CGE), an entangled polymer
solution produces a molecular sieving effect, so that the separation
depends on differences in analyte molecular size and weight. Most
polymers used for this purpose are hydrophilic and water soluble,
and the hydrophilic polymer coating on a CElect-N column
provides a homogenous separation system beneficial to highly
efficient separations (Figure C). The efficiency for double-stranded
fragment 124 in Figure C, 3.5 x 105 plates/m, is very close to the
theoretical alue. In addition, the absence of EOF eliminates

Figure A. Column with Bilayer Coating Effectively
Separates Basic Peptides and Proteins

Column: CElect-N, 57cm x 75µm ID
Cat. No.: 77507

Buffer: 50mM Tris HCI, pH 4.8
Applied Voltage: 12kV

Det.: UV, 214nm
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Ordering Information:

Description Cat. No.

CElect-N Capillary Electrophoresis Columnsn
1 meter x 363µm OD, pk. of 2.
50µm ID 75007
75µm ID 77507

For additional information about CElect-N columns, request Bulletin 908. Refer to the
current Supelco catalog for other CElect bonded phase columns, CElect column kits,
uncoated fused silica tubing, and CE buffers, additives, and accessories.

References
1. H. Engelhardt and M.A. Cunat-Walter, J. Chromatogr., 716: 27 (1995).
2. M. Huang, et al., J. Microcol. Sep., 6: 571 (1994).
3. S. Hjerten, J. Chromatogr., 347: 191 (1985).
4. Z. Zhao, A. Malik, and M. L. Lee, Anal. Chem., 65: 2752 (1993).
References not available from Supelco.

CElect is a trademark of Sigma-Aldrich Co.

■US Pat. No. 5,192,406.

Figure B. Ribonucleotides on CElect-N and
Uncoated CE Columns

Columns: 57cm x 75µm ID
Cat. No.: 77507 (CElect-N column)

Buffer: 50mM Tris, 100mM phosphate, pH 6.0
Applied Voltage:-9kV

Det.: UV, 254nm
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Figure C. DNA Fragments

Column: CElect-N, 37cm x 75µm ID
Cat. No.: 77507

Applied Voltage:-5kV (SS); -6kV (DS)
Det.: UV, 254nm
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Figure D. SDS-Protein Complexes

Column: CElect-N, 37cm x 75µm ID
Cat. No.: 77507

Applied Voltage:-8kV
Det.: UV, 214nm

Min

96
5

potential disturbance to the separation system. The column-to-
column reproducibility of CElect-N columns also is beneficial in
DNA separations, particularly in capillary array electrophoresis,
where fast, high-throughput DNA sequencing is desired.

A stable, hydrophilic column with no EOF and an SDS-polymer
solution provide a means of conveniently determining protein
molecular weight by CE. Figure D shows the high efficiency
separation of standard SDS-protein complexes, using a CElect-N
column with a UV-transparent SDS-polymer solution. This separation
was repeated more than 100 times, with no significant change in
any of the migration times (variation < 5%).

Our self-assembly coating method produces stable, hydrophilic
columns that are proving very useful for a variety of CE separations,
including capillary isoelectric focusing of proteins, CGE of DNA
fragments (more than 200 runs with no indication of column
failure), and acidic proteins in high pH buffer. Furthermore, the
method appears to have great potential for creating a remarkable
variety of functionalities in capillary surface coatings. This can help
make CE more versatile.
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CElect-N Column

1. Orange G
2. α-Lactalbumin
3. Trypsin inhibitor
4. Carbonic anhydrase
5. Ovalbumin
6. Bovine albumin
7. Phosphorylase b
8. β-Galactosidase E
9. Myosin

1. UTP
2. CTP
3. ATP
4. GTP
5. UDP
6. CDP
7. ADP
8. GDP
9. UMP

10. CMP
11. AMP
12. GMP
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