
Journal of Chromatography, 633 (1993) 213-220 
Elsevier Science Publishers B.V., Amsterdam 

CHROM. 24 798 

Two-dimensional protein separation by microcolumn size- 
exclusion chromatography-capillary zone electrophoresis 

Anthony V. Lemmo and James W. Jorgenson* 
Department of Chemistry, University of North Carolina, Chapel Hill, NC 27599-3290 (USA) 

(First received September 30th, 1992; revised manuscript received December 4th, 1992) 

ABSTRACT 

A two-dimensional separation system for the study of proteins consisting of size-exclusion chromatography (SEC) and capillary zone 
electrophoresis (CZE) is presented. The SEC separation was carried out in a 1 m x 250 pm I.D. microcolumn. The effluent from this 
SEC microcolumn filled a sample loop on a computer controlled 6-port valve. The contents of this loop were swept past the grounded 
end of the CZE capillary for electromigration injection. Detection was by on-line UV detection at 214 nm. The system was initially 
tested with protein test mixtures, then was used to analyze human, horse and bovine sera. Data are presented as three-dimensional 
chromatoelectropherograms and grayscale images. 

INTRODUCTION 

The realization that in many cases no single sep- 
aration technique is capable of completely resolving 
all the components in a complex mixture has 
spawned considerable interest in the area of two- 
dimensional (2D) separation techniques. Although 
the general theory underlying these 2D systems has 
been fully explained [l-4] and is widely accepted, 
the reduction to practice of this theory into viable 
2D separation systems has been relatively slow. 
Bushey and Jorgenson [5] realized that capillary 
zone electrophoresis (CZE) was well suited as a sec- 
ond dimension separation due to its potential for 
high speed while maintaining high separation effi- 
ciency. They introduced the first automated “com- 
prehensive” 2D system that coupled column liquid 
chromatography (LC) with CZE [5]. The focus of 
this work was the study of peptides by reversed- 
phase HPLC-CZE. Previous approaches to 2D 
coupled column techniques involved analysis of on- 
ly certain regions of interest from the first dimen- 
sion by the second dimension of separation. In the 
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comprehensive 2D approach of Bushey and Jorgen- 
son, all sample components from the first dimen- 
sion are analyzed by the second dimension (al- 
though the entire volume is not re-injected). Since 
the inception of this 2D system, our research group 
has become increasingly interested in expanding the 
scope of 2D separations. Part of our interest lies in 
constructing a 2D system for separating proteins. 

One of the major tasks facing bioanalytical chem- 
istry is the separation of complex mixtures of bio- 
polymers. Novotny [6] has outlined the recent ad- 
vances in biomacromolecular separations and fore- 
casts some of the new technology required to fur- 
ther the advancement in this area. He points out 
that HPLC, particularly when employing microcol- 
umn separations, along wit1 CZE, holds consider- 
able promise for separation and microisolation of 
protein mixtures due to the high selectivity and effi- 
ciency these techniques provide. To address this 
point, we have constructed an automated 2D sep- 
aration system for proteins based on microcolumn 
size-exclusion chromatography (SEC) and CZE. 

As a first-dimension separation, SEC is partic- 
ularly well suited for protein separation because it 
provides easily interpretable qualitative informa- 
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smallest I.D. tubing (of 15 cm length) that could be 
used without generating excessively high back pres- 
sure upon flushing was determined to be 50 pm. A 
15 cm long section of 50 pm I.D. fused-silica capil- 
lary provides 300 nl of volume. With the extra vol- 
ume of the valve taken into account, the valve/loop 
assembly shown in Fig. 2 requires approximately 
900 nl of sample volume to enter the valve in order 
to fill the 300-nl loop with sample. This fixed vol- 
ume of 900 nl must be generated within the time of 
one CZE run. This relationship imposes severely 
limiting restrictions on SEC and CZE operating 
conditions. 

An ideal 2D SEC-CZE system would allow SEC 
operation near the optimum flow-rate with a CZE 
injection frequency great enough to prevent recom- 
bination of components separated by SEC. To meet 
these ideal conditions with the system presented 
here would require an SEC flow-rate near 50 nl/min 
and CZE runs 2-3 min long. Under these condi- 
tions, only 100-150 nl of sample would be generat- 
ed in the time for one CZE run. This is nearly six 
times less volume than the 900 nl required to fill the 
valve/loop assembly. Collection of 900 nl would 
take 18 min at an SEC flow-rate of 50 nl/min. Al- 
though an 1%min CZE run time would provide the 
ability for very high CZE resolution, gross under- 
sampling of the SEC dimension would result. The 
operating conditions chosen for the work presented 
here provided an acceptable trade-off between the 
factors of resolution (in both SEC and CZE) and 
sampling frequency. A new interface design is re- 
quired if lower SEC flow-rates are to be used, or if a 
smaller I.D. microcolumn is desired. The combina- 
tion of lower SEC Bow-rates, approaching opti- 
mum conditions, and higher performance smaller 
I.D. microcolumns is an important consideration 
for maximizing the overall performance of 2D 
SEC-CZE. It has been shown that a 1 m x 50 pm 
I.D. SEC microcolumn run under optimum condi- 
tions for a protein sample can generate nearly 
100 000 theoretical plates [7]. A column with this 
separation efficiency, coupled with the separation 
efficiency of CZE, would certainly be a powerful 
system for protein separations. In addition to a new 
type of interface, improvements in CZE perform- 
ance will be necessary to further develop the poten- 
tial of 2D SEC-CZE. 

We did not investigate using any type of capillary 

coating technique to improve the CZE protein sep- 
aration. Several coating procedures have been de- 
veloped to provide CZE separation efficiencies near 
100 000 theoretical plates for a wide range of pro- 
teins [IO,1 11. Unfortunately, as a result of the capil- 
lary coating process, many of these techniques 
greatly reduce or even eliminate electroosmotic 
flow. In a 2D scheme, where fast CZE runs are re- 
quired for frequent first dimension sampling, loss of 
electroosmotic flow is detrimental to overall per- 
formance. Zwitterionic buffer additives have also 
been shown to be an effective means of reducing 
protein-capillary adsorptive interactions [ 12,131. 
This approach is promising for use in a 2D system 
because electroosmotic flow is maintained. New in- 
terfacial schemes and methods of improving CZE 
performance are currently under investigation in 
our laboratory. 
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