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Capillary zone electrophoresis as a tool to detect proteins in body fluids: repro-
ducibility, comparison with conventional methods and a review of the literature

Y.M.C. HENSKENS' and M.P. van DIEIJEN-VISSER?

Capillary zone electrophoresis involves the separation
of charged molecules, e.g. proteins, in a buffer-filled
capillary tube by application of high voltage. CZE is a
sensititive and rapid alternative for conventional gel
electrophoresis techniques to separate proteins in
body fluids. Serum, urine, cerebrospinal fluid, syn-
ovial fluid and saliva analysis by CZE have been in-
vestigated in the past 10 years. CZE is a promising
tool for routine clinical laboratories to automate
serum protein analysis. At present the separation and
identification of serum proteins in order to detect
monoclonal gammopathies has been extensively stud-
ied. For this purpose, a complete automated system
was evaluated (Paragon CZE 2000) and already intro-
duced into routine clinical chemistry laboratories. In
general, CZE shows comparable results to conven-
tional methods for serum protein screening and mon-
oclonal component detection and identification.
Applications for routine CZE analysis of urine or
cerebrospinal fluid analysis are still in development
and might be suitable to replace the conventional
methods in the near future.
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Capillary electrophoresis (CE) is an analytical tool
for separating molecules based on molecular size,
electric charge and hydrophobicity. Capillaries can be
filled with a replaceable or fixed solid gel (capillary
gel electrophoresis) or with a replaceable running
buffer (capillary zone electrophoresis). Capillary
zone electrophoresis (CZE) has been suggested as a
new tool for separation and quantification of serum
proteins (1-12). In addition, proteins in other body
fluids such as urine (13-19), cerebrospinal fluid (15),
synovial fluid (20, 21) and saliva (22) can also be de-
tected or quantified by CZE. CZE combines the sepa-
ration principles of conventional electrophoresis with
the advanced instrumental design of high-perfor-
mance liquid chromatography and capillary techno-
logy. The sample is introduced into a buffer-filled
fused silica capillary (internal diameter 20 to 200 pm
and lengths of 10-100 cm), either electrokinetically
or hydrodynamically with pressure. Figure 1 presents
the specific requirements for (serum) protein analysis
as used by Wijnen and van Dieijen-Visser (11). Chang-
ing the injection time can regulate the amount of sam-
ple applied. For separation, both ends of the capillary
are placed into a buffer solution that also contains the
electrodes and high voltage is applied to the system.
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Figure 1. Capillary electrophoresis system with configuration used in the text.

The applied voltage causes the analytes to migrate
through the capillary and pass the detector window.
In this system the velocities of electroosmotic flow
(EOF) exceeds the electrophoretic mobilities of the
protein fractions leading to a cathodal migration of
the molecules which are then detected (UV, 214 nm).
The obtained data in the electropherogram are col-
lected, stored and interpreted with an appropriate data
acquisition system. For each separation, only nano-
liters of sample and microliters of buffer are used.
The walls of untreated fused silica capillaries are
negatively charged in aqueous solution from the
ionisation of surface silanol groups (pI=1.5). The
negatively charged silica surface attracts positively
charged ions, cations, from the buffer, creating an
electrical double layer (Fig. 2). When a voltage is ap-
plied across the capillary, cations in the diffuse por-
tion of the double layer migrate in the direction of the
cathode, carrying water with them. The resulting
EOF is particularly important at alkaline pH and a
small change of pH can dramatically alter the sepa-
ration pattern. Liquid cooling of the capillary allows
excellent maintenance of temperature control. The
final result of the protein separation is affected by
capillary length and diameter, buffer composition and
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pH, sample injection mode, capillary thermostating
(Joule heat), separation temperature, the electro-
osmotic flow, solute concentration effects, wall-solute
interactions and applied field. The present review
summarises CZE studies of proteins in those body
fluids that are most analysed in routine clinical labo-
ratories: serum, urine and cerebrospinal fluid.

Detection of serum proteins by CZE

CZE has been suggested as an alternative for the
conventional agarose gel electrophoresis (AGE) in
separating human serum proteins since it allows fast
protein separation with good resolution, using only
small amounts of sample. AGE is widely used for the
screening and monitoring of several pathological
processes by separating human serum proteins into
five fractions: the albumin, alpha-1, alpha-2, beta and
gamma region. Similar to the procedure of AGE, the
CZE electropherogram shows the conventional sepa-
ration into five regions (Fig. 3). CZE can be used to
screen serum samples for the presence of monoclonal
components (MCs), since these proteins produce
sharp spikes in the beta or gamma region. Further
identification of MCs can also be performed on ca-
pillary zone electrophoresis by the technique of

Ned Tijdschr Klin Chem 2000, vol. 25, no. 4



Capillary wall

Untreated fused silica

Figure 2. Untreated fused silica capillary. The negatively
charged silica surface attracts cations from the buffer, creating
an electrical double layer. The result is a net flow of buffer in
the direction of the negative electrode, electroosmotic flow
(EOF). V is the migration velocity of the different charged
particles.

immunosubtraction (CZE/IS). Immunosubtraction as
an alternative method for IFE was first described by
Aguzzi and Poggi in 1977 (23). Classes or types of
immunoglobulins are removed from a serum sample
using an antibody specific for the immunoglobulin,
coupled to beads. The serum sample is exposed to
five different coupled antibodies against the heavy
chains of IgG, IgA, and IgM and the kappa and
lambda light chains. Before and after exposure to
each of the beads, the treated sera and an untreated
serum are run by CZE. The treated samples will show
subtraction only if the coupled antibody removes the
specific protein. Otherwise, the electrophoresis pattern
will remain unchanged. Since 1995 several method
comparison studies were published concerning the
separation of serum proteins using CZE. Most studies
were performed on different single capillary CZE in-
struments using running buffers which varied in mo-
larity and pH. In order to obtain reproducible results,
standardising the running conditions in serum protein
CZE is of utmost importance (12, 24-27). Recently, a
dedicated automated multicapillary CZE system has
become available with standardised running condi-
tions and reagents (Paragon CZE 2000, Beckman
Instruments). On this multicapillary instrument, 7
serum samples can be analysed at the same time
for serum protein screening. Furthermore, immuno-
subtraction capillary electrophoresis is completely
automated on the Paragon CZE 2000. This section re-
views the results achieved on different CZE systems
and focuses on the separation of serum proteins in
five fractions and the detection and identification of
monoclonal components.

Separation of serum proteins into five fractions

Peak resolution

Fig. 3 shows the CZE electropherogram of a normal
serum sample. In general agarose electrophoresis is
not suitable for identification of a separate prealbumin
(transthyretin) fraction. However, in capillary elec-
trophoresis it is possible to quantify prealbumin, be-
cause of its clear resolution. However, an inter-indi-
vidual variation of 31%, makes CZE not suitable for
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Figure 3. Capillary zone electropherogram of a normal serum
sample.

reliable quantification of prealbumin (11). Apart from
prealbumin a more clear separation is also possible
for the beta-fraction giving a separate C3 and trans-
ferrin peaks. Precise localisation of C3 and transfer-
rin using CZE results in more accurate detection of
the beta-fraction. When C3 appears in the gamma-
fraction it is not detected as a separate peak in the
agarose electropherogram, whereas it is in CZE.
Generally the beta peak is overestimated in AGE
because it overlaps with the gamma-fraction. Fig. 4
shows a serum sample with a clearly separated mono-
clonal band in the gamma region. Fig. 5 shows an ex-
ample of a serum sample, where AGE showed a band
on the application slot. This occurs when large
molecules are kept in the agarose layer and cannot be
separated. In capillary zone electrophoresis this arte-
fact disappears and the band appears in the gamma-
fraction.

Reproducibility and accuracy

In most clinical laboratories, protein electrophoresis
is used as a screening method for detection of major
abnormalities of the main proteins in biological fluids
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Figure 4. Capillary zone electropherogram of a serum sample
containing a monoclonal component typed IgM lambda.
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Figure 5. Capillary zone electrophoresis (a) and agarose elec-
trophoresis (b) of a sample containing large proteins that remain
at the application slot after agarose electrophoresis separation
and not after separation with capillary zone elctrophoresis.

like serum, urine and cerebrospinal fluid and not for
quantitative purposes. From an analytical point of
view it is interesting to compare the reproducibility of
capillary electrophoresis (migration times and protein
quantification) with existing methods. Variation in
migration times on different days, using different
capillaries and with different control sera, on a single
capillary CZE instrument, appears to be less than
3.5% for all fractions, except for prealbumin, where a
variation of 4.7% was found. The variations in rela-
tive peak areas are sometimes higher with capillary
electrophoresis, compared to agarose electrophoresis
(11). For the dedicated automated multicapillary sys-
tem (Paragon CZE 2000), reproducibility data were
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found (28, 29) which were comparable to the study
with the single capillary CZE instrument (11). The
recovery of artificially prepared protein mixtures
(albumin and gamma-globulins) was studied using
the CZE technique and resulted, when compared to
the theoretical values, in similar values as the AGE
technique (11).

Method comparison: percentages of the five fractions
Using the single capillary CZE system Wijnen et al.
(11) found a good correlation of CZE with AGE and
even better compared to the correlation reported by
Kim et al. (7). For the five fractions correlation coeffi-
cients were found ranging from 0.90 (alfal-globulins)
to 0.99 (alfa2-globulins (11). With the automated
Paragon CZE 2000 system a better correlation was
found with cellulose acetate, correlations varied from
0.85 to 0.97, compared to agarose gel electrophoresis,
where the correlations were between 0.52 and 0.67
(28).

Reference values

Table 1 presents the inter-individual variations (refer-
ence values) obtained by measuring 140 serum sam-
ples of normal healthy controls (11). Bossuyt et al
compared reference values of agarose electrophoresis
and cellulose acetate electrophoresis with capillary
zone electrophoresis. Compared with agarose electro-
phoresis substantially higher values for the alphal-
fraction and lower values for the gamma-fraction
were found using capillary electrophoresis (28).
Apart from the differences found by Bossuyt et al,
Wijnen et al. found a substantially lower value for the
albumin fraction using capillary zone electrophoresis.

Detection and identification of monoclonal compo-
nents in serum by CZE

Studies on CZE using a single capillary instrument

Between 1995 and 1998 a number of studies have
been published on the method comparison of the
detection of monoclonal components (MCs) using
single capillary CZE. Since 1998 most method com-
parison studies on CZE and serum protein screening
were performed on the multicapillary Paragon CZE
2000 system (see the next section). Jenkins (4) pub-
lished one of the first method comparison studies on
CZE and monoclonal band detection and included
1000 specimens, containing 362 MCs with protein
concentrations ranging from 1 to 71 g/l. CZE de-
tected 4 MCs that were not found by AGE (three IgA
and one IgG). On the other hand, CZE failed to detect
two IgM MCs that were not visible on the electro-
pherogram but caused a change of retention times for
the five major protein fractions. Furthermore 8 small
MCs were missed by CZE. A comparable study was
published by Clark et al (30). They concluded that the
results obtained by CZE were comparable or better
than those obtained with AGE. Doelman et al (31) in-
vestigated 250 serum samples for the presence of
MCs and found only minor differences between CZE
and AGE. Both methods appeared to miss a few small
MCs that could be detected by conventional IFE.
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Table 1. Reference values for CZE and AGE (n=140)

Capillary zone electrophoresis

Mean CV  Median Reference
range
Fractions % g/l % % %
albumin 55.9 37.1 5.98 556 49.2-62.6
o 5.62 3.73 21.2 560  3.24-8.01
o2 8.79 5.84 18.5 874 553-12.1
B 15.3 10.2 13.7 15.3 11.1-19.5
Y 14.4 9.58 18.4 144 9.08-19.7
Agarose electrophoresis
Mean CV  Median Reference
range
% g/l % % %
albumin 63.3 42.1 5.19 634  56.7-69.8
o 3.39 2.25 19.9 33 2.04-4.74
(07) 8.48 5.64 17.1 8.4 6.58 - 104
B 13.5 8.98 18.1 135 857-183
Y 114 7.58 21.8 115 643-16.4

Albumin fraction: prealbumin + albumin; B-fraction: Cs + trans-
ferrin. Total protein 66.5 £ 3.5 g/l (mean + SD), range 56.5 -
75.6 g/l. Albumin 39.7 £ 2.7 g/l (mean + SD), range 32.4-45.3
g/l

Most of the studies concerning the use of CZE in the
clinical laboratory focused on the detection of mono-
clonal bands on the electropherogram. Therefore,
Henskens et al (12) investigated not only detection of
MCs by CZE but also their identification by immuno-
subtraction capillary electrophoresis (CZE/IS). Elec-
tropherograms containing suspected MCs were iden-
tified by CZE/IS. In total, 74 MCs were detected by
both methods. The routine method (AGE) demon-
strated 73 MCs out of 468 serum samples. Using
CZE, 70 MCs were demonstrated. Four MCs were
not detected by CZE of which three were IgG of 0.6,
1.1 and 2.2 g/, respectively. One was an IgM MC of
20.3 g/l according to routine method. Although the
running conditions were optimised for MC detection,
an IgM band of 20.3 g/l could not be detected by
CZE. Changing the dilution of this sample did not re-
veal a peak in the gamma region. On the other hand,
changing the ionic strength (from 150 to 130 mmol/l)
or the pH (from 9.9 to 10.0) of the running buffer did
result in a spike in the gamma region. Using densito-
metric scanning 58 MCs could be quantified from the
agarose gel electropherogram, having protein concen-
trations ranging from 0.6 to 50.9 g/l. One large MC
(IgG, 53.9 g/l) could not be quantified by routine
densitometric scanning since the colouring of the
band was to intense and could be quantified by CZE.
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Furthermore, one small monoclonal band, not de-
tected by AGE, was demonstrated by CZE and sub-
sequently identified by by CZE/IS (IgA lamda). The
routine IFE could confirm this MC. Except for one
MC (IgM kappa) all MCs could be typed by CZE/IS.
Furthermore, it was sometimes difficult to type small
MC:s in a polyclonal raised background using CZE/
IS. Correlation between monoclonal protein concen-
tration as determined by the two methods was 0.95.
In contrast to Jenkins et al (4), for all MCs types, the
CZE quantification’s resulted in higher mean protein
values compared to AGE. These differences were sta-
tistically significant. The results of Henskens et al
(12) showed that the composition of the running
buffer appears to be of major importance. lonic
strength and pH of the running buffer have in all
cases a large influence on the capillary electrophore-
sis pattern. Just how crucial the buffer pH is, was
demonstrated by a 20.3 g/l [gM MC, not detected at
pH 9.9, that reappeared in the pre-gamma region at
pH 10.0. This phenomenon has been described before
by Jenkins and Guerin (26). They reported eight MCs
(4) that did not separate correctly on CE using their
standard buffer conditions. These MCs could only be
demonstrated on the electropherogram by minor
changes in buffer molarity and pH (26).

Studies on CZE using a multicapillary CZE instru-
ment: Paragon CZE 2000

The Paragon CZE 2000 system (Beckman Instru-
ments) is a multicapillary instrument designed for the
automation of both the detection and identification of
monoclonal components in serum. The last two years
this dedicated CZE instrument has been extensively
studied on reproducibility (29, 32), carry-over (29,
32) and compliance with the conventional methods
for MC detection and typing (29, 33-36). Litwin (34)
found excellent results for MC detection by CZE, but
concluded that CZE/IS was less accurate than IFE in
determining the immunotype of the monoclonal gam-
mopathy. Only 60 to 75 % of the MCs were correctly
immunotyped with CZE/IS by 4 reviewers. In this
respect they comment that it is difficult to immuno-
type (CZE/IS) small MCs in a background of poly-
clonally raised total immunoglobulins. On the other
hand, Joliff (35) demonstrated 100 % agreement in
MC classification using CZE/IS compared with IFE.
They also studied the detection limits for monoclonal
gammopathies, providing that the MCs were not
comigrating with other proteins: IgG 0.5 g/l, IgM
0.75 g/l and IgA 0.75 g/l. Comparable detection
limits were reported by Bienvenue (29). Henskens et
al evaluated the performance of the Paragon CZE
2000 system in two Dutch hospital laboratories (36).
The conventional methods that were used in this
comparison were AGE and IFE. In total, 578 serum
samples were first analysed in both hospitals using
CZE, AGE and IFE. CZE/IS was only performed on
samples that were positive for a MC based on the
CZE pattern. Fig. 6 shows an example of the CZE
immunosubtraction method that was used to immuno-
type MCs in a serum sample. The disappearance of
the large spike in the gamma region indicates the type
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Figure 6. Example of immunosubtraction electropherograms (CZE/IS) of a serum samples with a MC (IgG kappa, 24.4 g/l, mi-
grating in the gamma region). Classes or types of immunoglobulins are removed from a serum sample using a binder specific for the
immunoglobulin, coupled to a solid support. The serum sample is exposed to five antibodies (coupled to beads) against the heavy
chains of IgG, IgA, and IgM and the kappa and lamba light chains. Before (A) and after (B: IgG, C: IgA, D: kappa, E: IgM, F:
lambda) exposure to each of the antibodies, the treated sera and an untreated control serum are separated by CZE. The disappearance
(immunosubtraction) of the large spike in the gamma region indicates the type of the monoclonal component.
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Figure 7. Bland and Altman analysis shows the differences between methods in the protein concentration of monoclonal components

plotted against the average between the methods for two laboratories.

of the monoclonal component. Similar results (be-
tween methods and hospitals) were found on 558
serum samples that contained 124 monoclonal com-
ponents. Differences in the detection or identification
of MCs, which were found in 20 serum samples, con-
cerned very small MCs. Fig. 7 shows the Bland and
Altman analysis of the comparison of protein quan-
tification of the MCs (r = 0.96). Overall, the authors
conclude that all methods, even IFE, miss small MCs
and that CZE/IS gives almost 100 % comparable re-
sults with IFE in immunotyping MCs. The Paragon
CZE 2000 multicapillary system gives reliable results
and can be used to automate both AGE and IFE in a
routine clinical laboratory.

Summary of advantages and disadvantages of
CZE in the separation of serum proteins

Automation

An important advantage of CZE for routine clinical
laboratories is the full automation of MC detection and
identification. Sample loading, separation and detec-
tion are all computer programmed and therefore stan-
dardized and patient results (electropherograms) can
be directly stored into the laboratory computer. This in
contrast to the traditional methods such agarose gel
electrophoresis and immunofixation electrophoresis
which are labour intensive, time-consuming and lack
the possibility of hard copy of patient data.

Resolution
Several authors demonstrated a major advantage of
CZE, due to its better resolution, in the detection of a
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gammopathy of the IgA type. Using AGE the IgA
monoclonal band appears as a slightly elevated beta
fraction that can be easily misinterpreted as an elevated
transferrin. In the CZE electropherogram even a small
IgA peak is distinctly separated from the transferrin
band. Other MCs that co-migrate in the beta region can
be missed by AGE. These MCs are much better de-
tectable by CZE because of the better resolution in this
area. Most investigators of CZE studies have reported
this advantage of CZE (4, 5, 12, 33, 34, 37).
Monoclonal light chains often are difficult to detect
with AGE. Although CZE is more sensitive for de-
tecting light chains compared to AGE or CAE (30,
33) there is also a report of CZE missing them in
clinically important cases (37). Another advantage of
CZE is that point-of-application artefacts don’t occur
using CZE (see also Fig. 5 (11)).

Immunosubtraction technique

The Paragon CZE 2000 is a capillary electrophoresis
system in which monoclonal component detection
(alternative for traditional AGE) and identification
(alternative for IFE) are combined and automated in
one instrument. This is an advantage for use in a
routine clinical laboratory. The interpretation of CZE
immunosubtraction electropherograms is simple and
easy (Fig. 6). On the other hand, the interpretation of
the CZE/IS pattern of small IgG bands on a poly-
clonal background is more difficult compared to the
routine IFE pattern since the polyclonal IgG in the
gamma region will also be subtracted by the anti-IgG
antibody using IS-CE. In contrast, Clark et al (38)
conclude that small monoclonal bands in a polyclonal
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raised background are sometimes easier to detect and
identify with CZE and CZE/IS compared by AGE
and IFE.

Detection and quantification

In comparison to AGE en IFE, CZE sometimes
appears to miss small MCs (1-4 g/l). This is not
relevant for monoclonal component detection in the
diagnosis of multiple myeloma but might be a
problem for detecting small amounts of a monoclonal
components which are seen by e.g. polyneuropathy.
Furthermore, studies performed on the standardized
multicapillary Paragon CZE 2000 system appear to
give better results in comparison with AGE than the
single capillary instruments. Quantification of large
bands is more accurate on CZE compared to AGE.
CZE has on-line protein detection at about 200 nm,
which makes time-consuming staining of agarose
gels and densitometric scanning unnecessary. In prac-
tice, protein staining of large bands on the agarose gel
is often incomplete and different bands display dif-
ferent dye uptake. Quantification of MCs by CZE de-
pends on the height of the spike, the polyclonal back-
ground and the integrating software of the CZE
system. For example, Henskens et al (12) reported
eight small MCs that were more difficult to quantify
on CZE, because of the fact that the computer soft-
ware failed to recognise small bands on the CZE
electropherogram as separate peaks. So, these bands
were visible on the CE electropherograms whereas
the relative peak areas could not be calculated. The
latest CZE instruments have overcome these pro-
blems.

free light chains

Absorbance

albumin

T T T T T T T T T

2.0 3.0 4.0

Migration time (min.)

Figure 8. Agarose gel electrophoresis (AGE) and capillary
zone electrophoresis (CZE) of urine. A urine sample containing
albumin and Bence Jones proteins by CZE.
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IgD or IgE immunotyping

At this moment it is not possible to obtain reagents
for the detection of IgD or IgE monoclonal compo-
nents in serum by CZE/IS. In practice this means that
the traditional methods such as AGE and IFE have to
be maintained in the laboratory for immunotyping
IgD or IgE.

Detection of urinary proteins by CZE

Urine protein analysis is important for the diagnosis of
disorders such as Bence Jones (BJ) proteinuria and
nephrotic syndrome. Hypogammopathy should always
be followed by a method to exclude light chain disease.
Applications of capillary electrophoresis in nephrology
have been reviewed by Stocking et al (18) and Oda et al
(15). The analysis of urine proteins that originate from
serum by CZE can be more difficult than CZE analysis
of serum because urine samples contain components
such as electrolytes, organic acids and other metabo-
lites that can interfere with the CZE technique. Other
problems are urine components that absorb at the same
wavelength that is used for protein detection or urine
samples that variate widely between individuals in pro-
tein concentration. To prevent these problems urine
samples normally have to be pre-treated before CZE
analysis by filtration (13, 17) dialysis or precipitation
(17). On the other hand, Jenkins (19) published a study
in which they applied urine on CZE without pre-
treatment (see next section). The current configuration
of the automated and dedicated multicapillary Paragon
CZE 2000 system is not yet suitable for the analysis of
urine specimens since the fixed software settings and
reagents are not optimised for urine analysis.

Bence Jones proteins

Henskens et al (13) developed a CZE method to detect
Bence Jones proteins in urine using a single CZE
system. In a pilot study they compared CZE analysis
of 10 normal urine samples and 10 samples containing
Bence Jones proteins with the routine analysis (AGE).
Before analysis (CZE and AGE) urine samples were
concentrated 200 times. For CZE of urine the same
running conditions were used as serum CZE analysis
(12). Reproducible electropherograms of normal urine
samples could only be obtained after a desalting step.
Normal urine samples (n=10) showed no spikes in the
electropherogram whereas all samples containing
Bence Jones proteins showed a peak in the gamma
region. Fig. 8 shows an example of the CZE electro-
pherogram of a urine sample with free light chains
(Bence Jones proteins) and albumin. Using this
method aselective urinary protein loss can also be de-
tected. Jenkins (19) demonstrated a CZE method in
which Bence Jones proteins were detected in centrifu-
gated unconcentrated urine samples which were di-
rectly diluted in running buffer and injected into the
capillary and which had protein concentrations rang-
ing from 0.004 to 9.7 g/l. Summarising, using single
channel CZE instruments several authors have shown
that Bence Jones proteins can be detected using the
CZE method. On the other hand, the dedicated
Paragon CZE 2000 system for the serum protein in-
vestigation has no application for urine analysis yet.
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Figure 9. Separation of typical proteins of human parotid saliva (amylase, proline-rich-proteins, histatins, statherins) by SDS capil-
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Detection of proteins in cerebrospinal fluid by CZE
Capillary zone electrophoresis has been used by a
small number of investigators to analyse cere-
brospinal fluid (CSF) for several purposes: general
screening of CSF (39), oligoclonal banding (40) or
detection of beta-trace protein in CSF of patients with
central nervous system diseases (41, 42). CSF analy-
sis in a routine clinical laboratory is often performed
to investigate oligoclonal bands (gamma globulins) as
a diagnostic marker for multiple sclerosis. Sanders et
al developed a CZE method for detection of oligo-
clonal bands and compared CZE analysis of CSF of
54 patients to their conventional electrophoresis
methods (40). To improve the resolution of the CZE
electropherograms they added polyethylene glycol
and zwitterionic additives to their running buffer.
Although Sanders et al found promising results (90%
concordance with the conventional method) this field
is still in development and further research is needed
to recommend CZE as a suitable alternative on CSF
analysis.

Detection of proteins in saliva by CZE

Salivary proteins are mainly studied for research pur-
poses or for future diagnostic possibilities in relation
to dental caries or oral inflammatory diseases. Some
investigators use capillary electrophoresis to replace
conventional SDS-polyacrylamidic gelelectrophoresis
(22, 43). An example of a diagnostic purpose of saliva
is the analysis of the protein composition of parotid
saliva that can be used to monitor the effects of
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pathological conditions, including Sjogrens syndrome
and radiotherapy, on the functioning of the parotid
glands. Conventional electrophoretic analysis of parotid
saliva by SDS-PAGE is hampered by the fact that a
number of (proline-rich) proteins are only poorly
stained by Coomassie Brilliant Blue. Capillary elec-
trophoresis using a SDS running buffer of parotid
saliva permits quantitation of the main protein com-
ponents in these samples, including amylase and a
number of proline rich proteins. An example of a cap-
illary electropherogram of a parotid saliva sample is
given in Figure 9. (personal communication and gift
from dr. E. Veerman, Department of Oral Biology,
Academic Centre for Dentistry, Amsterdam).

Conclusion

Capillary zone electrophoresis (CZE) is a very useful
technique, suitable for reliable quantification and
separation of serum proteins. Total variation of capil-
lary zone electrophoresic detection is slightly higher
compared to agarose electrophoresis. Using capillary
zone electrophoresis a clear separation of the comple-
ment C3 and transferrin fraction in the beta-region of
the electropherogram is possible. The same holds for
the separation of prealbumin. Generally, a better peak
resolution is obtained with capillary zone electro-
phoresis. Capillary zone electrophoresis is also a suit-
able method to automate serum analysis in the
detection and immunotyping of monoclonal compo-
nents. Sometimes interpretation of the CZE electro-
pherogram is difficult, but this can also be the case
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with the classical serum protein electrophoresis
methods like agarose gel electrophoresis or cellulose
acetate electrophoresis. A detection limit of 0.5-0.75
g/l has been found for CZE, which apart from light
chain disease and polyneuropathy, is far beyond the
clinically relevant concentration of monoclonal
component detection in the diagnosis of multiple
myeloma. Applications for routine CZE analysis of
urine or cerebrospinal fluid analysis are still in
development and might be suitable to replace the
conventional methods in the near future.
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Capillaire zone elektroforese en hemoglobinevarianten en -derivaten:
de stand van zaken

C.J.A. DOELMAN en C.W. WEYKAMP

In dit artikel wordt de capillaire zone elektroforese
met dynamische coating beschreven. Deze methode
wordt op dit moment toegepast bij de analyse van he-
moglobinederivaten en -varianten, zoals HbAlc, HbEF,
HbS. Deze methode, welke goede correlatie vertoont
met andere methodieken, is zeer eenvoudig uitvoer-
baar en heeft een korte analysetijd. Daarnaast biedt de
automatisering en de digitale opslag een groot voor-
deel. Een overzicht van de literatuur wordt gegeven.

Verschillende elektroforetische technieken, zoals
elektroforese in agargel, celluloseacetaat, isoelektri-
sche focussering in polyacrylamide worden gebruikt
voor de analyse van hemoglobinederivaten en hemo-
globinevarianten. Ook HPLC-technieken worden toe-
gepast (1). Voortbordurend op deze scheidingstech-
niek zijn er publicaties verschenen waarbij capillaire
elektroforese wordt toegepast voor de analyse van he-
moglobinevarianten en -derivaten. De capillaire elek-
troforetische scheidingstechniek is snel. Er wordt een
geringe hoeveelheid reagens gebruikt en bovendien is
de methode eenvoudig automatiseerbaar. De moge-
lijkheden voor scheiding van hemoglobinederivaten
en -varianten zijn beperkt door de absorptie van ei-
witten aan de wand van het capillair. Dit betekent,
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naast de variabele snelheid van de elektroosmotische
flow, dat de reproduceerbaarheid van de bepaling dan
te wensen overlaat. Sommige onderzoekers hebben
getracht dit probleem te verhelpen door de elektrofo-
rese uit te voeren bij een relatief hoge pH waardoor
een sterke en constante electro-osmotische flow ver-
kregen werd. Dit leidde tot een zeer sterke vermin-
dering van de resolutie waardoor lange capillairen
gebruikt dienden te worden wat weer een lange ana-
lysetijd tot gevolg heeft (2,3,4). Castagnola c.s. be-
schrijven methoden om hemoglobine tetrameren, glo-
bineketens en/of aminozuren te scheiden met behulp
van capillaire zone elektroforese (CZE) of micellaire
elektrokinetische capillaire chromatografie (MECC)
(2). Ook wordt capillaire isoelektrische focussering
met gecoate capillairen toegepast, waarmee getracht
werd om hemoglobinevarianten te scheiden. Alhoe-
wel analysetijden van rond de twintig minuten zijn
beschreven, wordt de CIEF-techniek toch gezien als
een techniek voor routineonderzoek. Ook werd aan-
gegeven dat de mogelijkheid bestond om geglyceerd
hemoglobine te scheiden van de andere hemoglobine-
derivaten, echter de data ontbreken daarvoor. Gezien
de eenvoud van de techniek verdient het gebruik van
capillaire zone elektroforese de voorkeur boven de
capillaire isoelektrische focussering. De onder andere
door onszelf geintroduceerde techniek van capillaire
zone elektroforese met een dynamische coating
brengt voor het scheiden van hemoglobinevarianten
en -derivaten een duidelijk voordeel. In dit artikel
zullen wij deze techniek voor het voetlicht brengen.
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