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Abstract

Reversed-phase liquid chromatography of tryptic peptides is shown in the capillary electrochromatography mode using
microfabricated columns. Although selectivity is different, a mixture of tryptic peptides from ovalbumin appears to be as
easily separated in the CEC as HPLC mode. The major difference between a separation in the microfabricated CEC column
and conventional separations in the HPLC mode is that separations are more readily achieved in the isocratic mode in the
lower surface area microfabricated CEC columns.  1999 Elsevier Science B.V. All rights reserved.
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1. Introduction crofabricated systems is that it is difficult to pack
columns on a chip. Initial studies reported the use of

The literature is expanding rapidly on microfabri- columns of 100320 mm rectangular cross section
cated analytical systems that include a separation with an etched filter at the outlet to retain sorbent
component [1–5]. In most cases, the separation particles [9]. No provision was made to physically
engine in these has been some form of capillary retain the packing material at the inlet. Obviously
electrophoresis (CE). The great advantage of CE on there will be substantial packing heterogeneity at the
chips is that separations may be accomplished with corners of a rectangular column. Two alternatives to
electrical potential alone. Capillary electrochroma- packed columns have been examined. One supported
tography (CEC) is a similar case [6,7]. Application the stationary phase directly on the channel walls
of potential across a column packed with a silica [10,11]. The column was etched into a glass sub-
based sorbent will induce a flow of liquid due to strate, making it easy to attach organosilane station-
electroosmosis [8], also known as electroendoos- ary phases to the silanol rich walls. A second
mosis. Electroosmotic flow (EOF) results from the alternative is to mimic the packed bed by etching an
formation of an ionic double layer at charged array of support particles into a quartz substrate [11].
surfaces and the movement of this layer and the Columns based on an array of collocate monolith
surrounding solvent under an electrical potential. support structures (COMOSS) have several advan-
EOF provides the requisite flow to achieve chro- tages. Among the more important are that (i) the
matographic separations in a CEC system. COMOSS are all formed simultaneously during the

The problem with incorporating CEC into mi- etching process, (ii) the support structures are de-
fined in size and positioned in the column to within
0.1 mm, and (iii) they are bonded to the column*Corresponding author. Tel.: 11-317-4941-648; fax: 11-317-

4940-359. walls to keep them from shifting during use. Addi-
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tionally, (i) channel dimensions in etched columns 2.3. Preparation of the CEC column
are independent of any packing process, (ii) the
channels are dimensionally homogenous, (iii) chan- The C COMOSS column used in these experi-18

nel width can be varied independent of the size and ments was prepared as previously described [11].
shape of the support structures, and (iv) particle
distribution is extremely uniform. A potential limita-

2.4. Tryptic digestion of ovalbumintion of all the etched columns is that their phase ratio
is an order of magnitude, or more, lower than

Ovalbumin was digested at a concentration of 1columns packed with porous particles.
mg/ml using a 50:1 ovalbumin to trypsin ratio in aUnfortunately, there are few applications of CEC
24-h reaction at pH 8.0 in a 10 mM CaCl –50 mMon chips to problems in the life sciences. For 2

Tris buffer.example, tryptic mapping by reversed-phase liquid
chromatography is now widely used in protein
characterization [12] but it is not well documented in

2.5. Fluorescein-5-isothiocyanate (FITC) labelingthe CEC mode. There is also great interest today in
proteomics [13–15] and the use of tryptic digests to

FITC was prepared as a 1 mM solution in acetonecharacterize large numbers of proteins from many
with a trace of pyridine. Trypsin-digested ovalbuminsamples [16]. The question is how large numbers of
was prepared at a concentration of 1 mg/ml andtryptic digests will be analyzed and whether CEC
added to the FITC labeling solution in a molarcould play a role. It is possible that one solution to
excess of 3 to 1. The labeling reaction was carriedthe throughput problem could be to use parallel CEC
out at room temperature for 4 h and the labeledcolumns in chip based systems. But before parallel
peptides used within 24 h of derivatization.processing systems on chips are developed, it is

prudent to demonstrate that peptide separations on
chips are possible. The efficacy of CEC in tryptic 2.6. HPLC separations
mapping ovalbumin is reported in this paper.

The ovalbumin tryptic digest was resolved in
HPLC by gradient elution of a 25034.6 mm PepMap

2. Materials and methods C column at 1 ml /min with a mobile phase18

ranging from 5% acetonitrile (ACN) in 0.1% tri-
fluoroacetic acid (TFA) to 75% ACN in 0.1% TFA2.1. Reagents
in 60 min.

Ovalbumin, trypsin, trifluoroacetic acid (TFA),
potassium phosphate, calcium chloride, tris(hydrox-

2.7. CEC separationsymethyl)aminomethane (Tris) and Tris–HCl were
obtained from Sigma (St. Louis, MO, USA). PerSep-

Peptides were eluted from the C COMOSS18tive Biosystems (Framingham, MA, USA) supplied
column (1.5 mm wide and 10 mm deep) using athe PepMap C column.18 potential of 770 V/cm (10 mA) and a mixture of 10
mM potassium phosphate buffer (pH 9)–acetonitrile

2.2. Equipment (3:1, v /v) at room temperature. The effective
COMOSS column length was 4.5 cm.

All high-performance liquid chromatography
(HPLC) experiments were carried out with a
BioCAD Work Station from PerSeptive Biosystems. 2.8. Capillary zone electrophoresis (CZE)
CEC and laser induced fluorescence detection were
achieved with an instrument system assembled from Conditions for CZE were identical to those used
available components as previously described [11]. for CEC.
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3. Results and discussion umns unretained. Another is that similar peptides
co-elute.

It is seen (Fig. 1) that a tryptic digest of oval- A similar separation of this tryptic digest in the
bumin can be resolved by HPLC using a C CEC mode (Fig. 2) on a C COMOSS column and18 18

reversed-phase liquid chromatography (RPLC) col- in the CZE mode (Fig. 3) using the same column
umn with a mobile phase gradient ranging from 5% without a C bonded phase show that the CEC18

ACN in 0.1% TFA to 75% ACN in 0.1% TFA. separation is unique. Although the number of peaks
Detection in this case was achieved by absorbance in the two chromatograms (Figs. 1 and 2) is roughly
monitoring at 215 nm. Theoretically, there should be the same, there are differences in the samples,
36 peptides in this mixture based on the specificity of conditions, and results that should be noted. One is
trypsin and the sequence of ovalbumin. Less than the that detection in the CEC mode was achieved using
theoretical number of peptides is frequently seen in laser induced fluorescence with FITC-tagged pep-
tryptic digests for several reasons. One is that very tides. Because the FITC tag adds substantial hydro-
small, hydrophilic peptides elute from RPLC col- phobicity to peptides, it is to be expected that

Fig. 1. A reversed-phase liquid chromatogram of a tryptic digest of ovalbumin with the column operated in the HPLC mode. The digest was
resolved by gradient elution of a 25034.6 mm PepMap C column at 1 ml /min with a mobile phases ranging from 5% acetonitrile (ACN)18

in 0.1% trifluoracetic acid (TFA) to 75% ACN in 0.1% TFA in 60 min.
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Fig. 2. A reversed-phase chromatogram of the tryptic digest of ovalbumin with a C COMOSS column operated in the CEC mode.18

Analytes were eluted from the column (1.5 mm wide and 10 mm deep) at a potential of 770 V/cm (10 mA) with a 10 mM potassium
phosphate buffer (pH 9)–acetonitrile (3:1, v /v) at room temperature. The effective COMOSS column length was 4.5 cm.

selectivity will be different in these two cases. A mobility alone. This is seen not to be the case in Fig.
second difference is that the separation in the CEC 3 where CZE of the tryptic digest on an uncoated
mode was executed at pH 9.0 because FITC does not COMOSS column at pH 9.0 is inferior to that
fluoresce well at acidic pH. Separating at basic achieved on the C coated column. Resolution of18

instead of acidic conditions alters selectivity further. the tryptic digest at pH 9 is very poor by CZE alone,
The third major difference was that the tryptic digest although a better separation of the given peptide
of ovalbumin elutes from the C COMOSS column mixture could be achieved by CZE if the separation18

isocratically. Obviously, the C COMOSS column conditions are optimized. It is not possible that the18

is far less retentive. It is expected that FITC tagging, separation seen in Fig. 2 is from CZE.
changing mobile phase pH, and contributions from The more likely explanation for the very large
the electrophoretic mobility of analytes in CEC will decrease in retentivity of the CEC column is the very
make major changes in retention, but not to the large difference in phase ratio. It has been estimated
extent that elution could be achieved isocratically. that the surface area-to-volume ratio in a COMOSS

It could be argued that perhaps the stationary column is approximately equal to that of a column
phase density is so low in the C COMOSS column packed with 4–5 mm non-porous particles [17].18

that the peptides are separating by electrophoretic Although the surface area to volume ratio of the
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Fig. 3. CZE of the tryptic digest on an uncoated COMOSS column (1.5 mm wide and 10 mm deep). Elution was achieved using a potential
of 770 V/cm (10 mA) with a 10 mM potassium phosphate buffer (pH 9) at room temperature. The effective COMOSS column length was
4.5 cm.

porous particle HPLC column was not available, the crofabricated columns has the major advantage that
phase ratio of porous packings is generally 100-times mixtures can be resolved isocratically as opposed to
that of non-porous particles. Because capacity factor the gradient elution mode in HPLC. This makes the
is directly proportional to the phase ratio, it is easily chromatographic process much simpler, especially in
seen why peptides elute so easily from the COMOSS chips where the need for a gradient generator is
column. circumvented. Finally, it is concluded that further

development of parallel processing CEC systems on
chips for peptide separations is justified.

4. Conclusions

It is concluded from these preliminary studies that Acknowledgements
CEC of peptides in microfabricated columns is
possible and that peak capacity is comparable to that The authors gratefully acknowledge support from
of HPLC. Moreover, CEC in low-phase-ratio mi- NIH grant No. 35421.
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