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Abstract

The potential of the commercially available dye sypro orange for in-capillary derivatization was evaluated for the detection of insulin
and one gastrointestinal peptide (Arg-Arg-gastrin) by capillary electrophoresis with laser induced fluorescence (CE–LIF). The fluorescent
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mission intensity (λex = 488 nm,λem= 610 nm) of this probe is very low in aqueous medium, and increases strongly in less polar
.g. methanol. The hydrophobic character of the two analyzed peptides is too low to induce sufficient interaction with the fluores

or good sensitivity when the latter is alone in the background electrolyte. Thus, the potential of several neutral, zwitterionic, ca
nionic surfactants to favor probe/peptide interactions has been evaluated. It was demonstrated that a borate buffer (pH 8.5

etradecyltrimethylammonium bromide (TTAB) in sub-micellar conditions can be considered as the most suitable buffer for insulin
nalysis. In addition, the method showed a good linearity between insulin concentration and the peak area of the labeled insuli
uantitative measurements. The sensitivity achieved so far is comparable with that achieved with UV absorption detection, but e

evel it is interesting for microchip analysis, in which fluorescence detection is much more commonly available than UV absorption
2005 Elsevier B.V. All rights reserved.
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. Introduction

Capillary electrophoresis (CE) is a powerful separation
echnique for peptides due to its high efficiency, good
esolution and fast separation speed[1,2]. In this context,
abeling with a fluorophore is an attractive method to en-
ance detection sensitivity for the CE analysis of peptides or
roteins, due to the low detection limits that can be attained
sing laser induced fluorescence (LIF) detection and to the
ide variety of derivatizing reagents available. Therefore,
eptides and proteins are usually covalently labeled with a
uorescence dye for LIF detection in the UV or visible region
see[3–5] for reviews). The main problem encountered with

∗ Corresponding author. Tel.: +33 1 46835462; fax: +33 1 46835458.
E-mail address:isabelle.lepotier@cep.u-psud.fr (I. Le Potier).

covalent labeling involving, for example, amino groups
peptides and proteins is the production of multiply tag
derivatives arising from the coexistence of several func
alities in such molecules[6]. Alternatively, non-covalen
labeling of proteins has been explored. In this method
labeling dye, weakly fluorescent in water, interacts with
protein to form a strongly fluorescent protein-dye comp
Application of non-covalent labeling of proteins for CE–L
analyses was first described by Swaile and Sepaniak
in-capillary derivatization of proteins with the non-coval
labeling reagents 1-anilinenaphtalene-8-sulfonate (A
and 2-p-toluidininaphtalene-6-sulfonate (TNS)[7]. The
improvement in LOD with this method relative to on-colu
UV absorbance remained low since protein concentra
below 10−7 M could not be detected. In 1999, Benito
al. [8] also reported the in-capillary derivatization by A
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and TNS for CE–LIF analysis of bovine whey proteins. The
limit of detection obtained for bovine serum albumin (BSA),
�-lactoglobulin A (�-LGA) and�-lactoglobulin B (�-LGB)
were lower using LIF compared to UV-absorption detection,
whereas LOD for�-lactalbumin (�-LA) was better with
UV-absorption detection. Horka and Slais[9] also reported
very low LOD for the analysis of a protein mixture by adding
pyrenebutanoate as fluorescent additive in the background
electrolyte. More recently, new types of non-covalently
labeling dyes for proteins, such as nano orange, sypro
red and sypro orange have appeared. These dyes, initially
developed for staining of proteins following sodium dodecyl
sulfate–polyacrylamide gel electrophoresis (SDS–PAGE)
[10], have also been exploited in electrophoretic separations
of proteins performed either on conventional CE and on mi-
crochip. The labeling of proteins with non-covalent probes
has been successfully applied to various CE separation
modes. As an example, Sze et al.[11] showed the potential
of sypro orange and sypro red for LIF detection of BSA
and hemoglobin in capillary isoelectric focusing. They
demonstrated that non-covalently labeled proteins focused
to well characterized peaks, and that the related calculated
pI values did not change significantly with LIF detection
as compared to UV detection. Moreover, nano orange has
been investigated as a potential clinical diagnostic tool due
to its low cost, ease of use and ability to detect nanomolar
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analyses can be accomplished by pre-, post- or in-capillary
procedures. In-capillary derivatization can be accomplished
by different strategies which may be classified into three
groups: zone-passing, at-inlet and throughout-capillary tech-
nique [3,5]. In the present work, we have investigated the
throughout-capillary procedure to non-covalently label pep-
tide. In this approach, sample solution is introduced at the
inlet of the capillary previously filled with a running buffer
which contains the labeling reagent. When the electric field
is applied, the analyte migrates, mixes with the reagent, al-
lowing the binding to occur.

We have first investigated the fluorescence properties of
the sypro orange dye in various aqueous (water, acidic and
alkaline buffers) or organic media (methanol). Moreover, as
the chemical structure of sypro orange is not available, and
in order to determine the possible ionic character of the dye,
the electrophoretic behaviour of the probe has been studied
by CE using UV detection. Then, the potential of sypro
orange dye for in-capillary non-covalent labeling has been
investigated using carbonic anhydrase and insulin selected as
small protein and large peptide models, respectively. Prelim-
inary studies have shown that the fluorescence emission of
the dye–peptide complex requires the presence of surfactant
in the background electrolyte, thus we investigated the influ-
ence of the nature (neutral, ionic) and molar concentrations
of several surfactants (seeTable 1) on the fluorescence peak
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oncentrations of human serum albumin with CZE–
nalysis[12]. Use of sypro red has been reported for the
eparation of proteins by SDS–CGE method[13,14]. Sypro
ed labeling of SDS–BSA complexes at nanomolar pro
oncentrations has been demonstrated, leading to det
imits surpassing those of silver staining[13]. These las
ears, electrophoretic separations of non-covalently lab
roteins on microchip have also been described[15–18]. As
n application, Bousse et al.[16] have developed a microch
evice that performs a protein sizing assay with sizing a
acy better than 5% and high sensitivity (30 nM for carbo
nhydrase). In 2000, Liu et al.[17], have described the ele

rophoretic separation of�-lactalbumin,�-lactoglobulin A
nd B separated and labeled on-chip by post-column ad
f nano orange dye. The authors have shown that no
roadening is generated by the post-column labeling st

In the present study the potential of sypro orange dy
erform in-capillary labeling of peptides is examined. T
ye has already been used for protein labeling but neve
on-covalent in-capillary labeling of smaller molecules s
s peptides. Labeling of peptides and proteins for CE

able 1
urfactant characteristics

urfactant A

odium dodecyl sulfate S
olyoxyethylene (23) dodecanol
-Hexadecyl-N,N-dimethyl-3-ammonio-1-propanesulfonate
etradecyltrimethylammonium bromide

MC: critical micelle concentration;Mr: relative molecular mass.
ntensity. The effect of the sypro orange concentration in
ackground electrolyte on the sensitivity was also stud
he non-covalent in-capillary labeling method has b
alidated in terms of linearity and sensitivity. Finally,
ethod was applied to the CE–LIF analysis of a mixtur

wo peptides, insulin and Arg-Arg-gastrin peptide.

. Experimental

.1. Capillary electrophoresis

CE experiments were performed using a Beckman P/
100 system equipped with either a UV detector (Beck

nstruments, Fullerton, CA, USA) or a LIF detector. The e
ation was performed by an argon ion laser source at 48
ata acquisition and instrument control were carried ou

ng Beckman P/ACE 2100 system software.
Separations were carried out with fused-silica capilla

Beckman Coulter, Fullerton, CA, USA), 75�m I.D.,
ffective length 37 cm, total length 47 cm. Samples w

tion Formula CMC (mM) Mr

C12H25O4SNa 8 288.4
C58H118O24 0.1 1198.0
C21H45NO3S 0.06 391.0

C17H38NBr 3.5 336.4
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introduced in the hydrodynamic mode (3.5 kPa/10 s). Separa-
tions were performed under a negative voltage of 25 kV and
the temperature in the capillary cartridge was set at 30◦C.

The background electrolytes consisted of boric acid,
sodium hydroxide, sypro orange and surfactant. Peptide and
protein samples were prepared in a tetraborate sodium so-
lution (2.5 mM) and diluted at the appropriate concentration
in the background electrolyte. The background electrolytes
were sonicated 3 min prior each analysis. New capillaries
were conditioned by successive flush with 1 and 0.1 M NaOH
and then with water for 10, 5 and 10 min, respectively, un-
der a pressure of 138 kPa. Prior to each sample injection, the
capillary was rinsed with the separation electrolyte for 2 min.

2.2. Spectrofluorimetric measurements

Fluorescence measurements were performed at room
temperature (23± 1◦C) using a Perkin-Elmer LS50B
spectrofluorimeter, equipped with a red sensitive R6872
photomultiplier. The excitation wavelength was set at
488 nm and emission spectra were recorded between 510
and 800 nm. The excitation slit was set at 5 nm.

2.3. Chemicals

Buffers and standard solutions were prepared with Milli-
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Fig. 1. (A) Emission spectra of sypro orange in water and in MeOH
λex = 488 nm; sypro orange: 5x. (B) Emission spectra of sypro orange under
acidic and alkaline conditionsλex = 488 nm; sypro orange: 5x. Acidic condi-
tions: MeOH–aqueous buffer (phosphate, 50 mM, pH 3.1) (25/75: v/v). Al-
kaline conditions: MeOH–aqueous buffer (borate, 50 mM, pH 8.5) (25/75:
v/v).

fluorescent quantum yield of sypro orange under acidic and
alkaline conditions. As shown inFig. 1B, the fluorescence
of sypro orange is enhanced under alkaline conditions.

Then, the electrophoretic behavior of the probe was in-
vestigated using CE with direct UV detection using a back-
ground electrolyte adjusted at different pH values. The probe
co-migrates with the electroosmotic flow marker over the
whole pH range comprised between 2.0 and 10.3. It can be
concluded that the sypro orange is neutral over the wide range
of pH studied and, consequently, that no ionic interaction can
occur between the probe and the peptides. From these results
we have selected alkaline conditions for the further studies.

3.1.2. Effect of surfactant nature on fluorescence
intensity

Numerous peptides of interest, and in particular insulin
and Arg-Arg-gastrin are rather hydrophilic, and do not
present sufficient interactions with polarity-sensitive fluores-
cent probes for sensitive detection.

In order to compensate for this low hydrophobicity, a
surfactant can be introduced in the background electrolyte
water (Millipore, Bedford, MA, USA). Sodium hydroxid
as obtained from Prolabo (Paris, France). Sodium t
orate was from Fisher scientific (Pittsburgh, USA). Sod
odecyl sulfate (SDS), tetradecyltrimethylammonium
ide (TTAB) andN-hexadecyl-N,N-dimethyl-3-ammonio
-propanesulfonate (SB-16) were obtained from Sigma
ouis, MO, USA). Polyoxyethylene (23) dodecanol w

rom Fluka (Brij 35) (Buchs, Germany). Insulin (huma
rg-Arg-gastrin and carbonic anhydrase were purch

rom Sigma. Sypro orange 5000x concentrate in DMSO wa
rom Molecular Probe (Eugene, OR, USA).

. Results and discussion

.1. Preliminary study

.1.1. Sypro orange characterization
As the chemical structure of the studied dye is not prov

y the supplier, we first examined the spectral character
f sypro orange in the absence of peptide. The emis
pectra of sypro orange at a 5x concentration in water and
ethanol are presented inFig. 1A. These spectra show th

ypro orange does not fluoresce in aqueous medium, wh
n less hydrophilic medium (e.g. methanolic medium
ignificant enhancement in fluorescence is obse
onsequently, the fluorescence emission of sypro or
an be considered as solvent polarity dependent and
roperty will be exploited for peptide detection. Therea

wo hydro-organic buffers were chosen for evaluating
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Table 2
Physicochemical parameters of protein and peptides

Compound Mr pI Hydrophobicity

Carbonic anhydrase 29000 5.9 −0.550
Insulin 5807 5.3 −0.159
Arg-Arg-gastrin 1380 4.1 −2.055

Mr: relative molecular mass; pI: isoelectric point. Hydrophobicity was es-
timated onhttp://www.expasy.orgwith protscale, using parameters of Kyte
and Doolittle[21].

to enhance probe/peptide interactions and thereby fluores-
cence detection, a strategy that proved extremely efficient
with proteins. The potential of four surfactants (Table 1) to
assist peptide-probe interaction for the analysis of peptides
by CE–LIF has been investigated. Anionic (SDS), cationic
(TTAB), zwitterionic (SB-16) and neutral (Brij 35) surfac-
tants have been tested to evaluate the role of electrostatic
and hydrophobic interactions in enhancing the affinity of the
probe for the peptides.

In a first approach, a large peptide (insulin) and a small
protein (carbonic anhydrase) were chosen as models to inves-
tigate their affinity toward the fluorescent probe. Some of their
physico-chemical properties are listed inTable 2. The surfac-
tant was added to the background electrolyte and insulin and
carbonic anhydrase were analysed by CE–LIF. The concen-
tration of each surfactant in the background electrolyte was
chosen below their respective critical micelle concentration
to limit the background noise.

As highlighted inFig. 2, addition of surfactant is nec-
essary to allow measurable emission of the fluorophore.
These results show that, in the absence of surfactant, no peak
is detected neither for the peptide nor for the protein. As
reported inTable 2, the analytes present a low hydrophobic
character which could explain the lack of fluorescent signal

F n the
fl oric
a -
t M;
a
s ; hy-
d

observed in absence of surfactant. Non-covalent labeling
studies reported earlier in the literature have been carried
out with proteins exhibiting higher molecular masses and
thereby more hydrophobic regions (e.g.�-lactoglobulin,
bovin serum albumin).

Among the surfactants tested, the anionic surfactant (SDS)
routinely employed for 2D-gel electrophoresis gives clearly
the most intense fluorescent signal for the protein. In con-
trast, for the peptide analysis, the higher fluorescent signal
has been observed in presence of the zwitterionic (SB-16)
or the cationic (TTAB) surfactant in the running buffer. The
affinity of a non covalently bound dye for an analyte can in-
volve various interactions: hydrophobic, electrostatic inter-
actions and/or hydrogen bonding. As in alkaline conditions,
insulin is negatively charged, electrostatic interactions could
occur between insulin and the cationic group of the surfactant
enhancing the probe/peptide interactions. This explains the
higher fluorescent signal obtained in presence of surfactant
exhibiting cationic groups.

Further CE–LIF analyses have been performed in pres-
ence of TTAB or SB-16. The electropherograms obtained in
presence of SB-16 have shown that insulin peak migrates very
close to the peak of electroosmosis, whatever the concentra-
tion of zwitterionic surfactant and/or analyte employed. This
indicates that the complex formed between insulin and SB-
16 probably has a too low charge/friction ratio, leading to
a ac-
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s
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ig. 2. Influence of the presence and nature of surfactant in BGE o
uorescent signal of insulin obtained by CE–LIF. Conditions: BGE, b
cid 50 mM, sodium hydroxide, pH 8.5, sypro orange 5x; surfactant concen

ration: SDS 0.01 mM, Brij 35 0.01 mM, SB-16 0.05 mM, TTAB 2.5 m
pplied voltage±25 kV, LIF detection (λex = 488 nm); temperature 30◦C;
ample: insulin 1 mg/mL (black), carbonic anhydrase 1 mg/mL (white)
rodynamic injection: 10 s/3.5 kPa.
n electrophoretic mobility close to zero and preventive
urate quantitative analysis. Thus, we selected the ca
urfactant TTAB for the continuation of this study.

.2. Optimisation of non-covalent labeling

In this section, we investigated by CE–LIF the influe
f both the surfactant and probe concentrations on the
escent detection of insulin.

.2.1. CMC of TTAB determination
We first determined the TTAB critical micelle co

entration (CMC) in presence of sypro orange and in
xperimental conditions (pH, ionic strength and temp
ure). Cifuentes et al.[19] have demonstrated the usefuln
f capillary electrophoresis instrumentation for determin
MC values. This method is based on the concept tha
onductivity of ionic surfactants in an electrolyte solut
epends on its aggregation state. By plotting the ele
urrent measured at a given voltage against the surfa
oncentration, experimental points fit into two stra
ines exhibiting, as expected, markedly different slo
orresponding to the monomeric and micellar aggreg
tates (Fig. 3). The intercept of these straight lines w
stimated at 3 mM. This concentration can be consider

he CMC value of TTAB in the presence of probe. It is v
lose to the CMC reported in the literature for pure TT
n water (3.5 mM). Thus, the presence of sypro orange i
ackground electrolyte does not lead to a major alteratio

he TTAB aggregation process.

http://www.expasy.org/
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Fig. 3. Plots of electric current vs. concentration of TTAB added to the
electrolyte. Conditions: BGE, boric acid 50 mM, sodium hydroxide, pH 8.5,
sypro orange 5x, applied voltage +25 kV, temperature 30◦C. CTTAB: con-
centration of TTAB.

Fig. 4. Influence of TTAB concentration on the emission fluorescent signal
in absence (dotted line) and in presence (solid line) of insulin. The lines are
included only to guide the eyes. Sample: boric acid 50 mM, sodium hydrox-
ide, pH 8.5, sypro orange 5x, various concentration of TTAB,±4.7�g/mL
insulin. Excitation at 488 nm.CTTAB: concentration of TTAB.

3.2.2. Influence of TTAB concentration
The CMC value has been used for delimiting the range

of surfactant concentration studied, with the goal of optimiz-
ing detection sensitivity. The influence of the cationic sur-
factant concentration has been studied by spectrofluorimetry
between 0.1 and 5 mM. The emission spectra of the different
electrolytes were carried out in the absence and in the pres-
ence of insulin (Fig. 4). At low concentrations of surfactant
and in the absence of insulin, the fluorescent background,
due to the running buffer itself, can be considered as negli-
gible. Above 2.5 mM of TTAB, the fluorescence emission of
the running buffer increases markedly. The results obtained

for TTAB concentrations superior to the CMC are not shown
because of saturation of the spectrofluorimeter. These obser-
vations confirm that at concentrations of TTAB above the
CMC, the baseline noise of the running buffer is too high,
due to the presence of a significant amount of dye in the
hydrophobic core of the micelles. In presence of insulin, as
a general trend, the fluorescence signal increases with the
concentration of surfactant. However, for the lowest concen-
trations studied the signals in the presence or in the absence
of insulin can be considered as equal. These results confirm
that a minimal concentration of surfactant is necessary to
favour the interaction between the probe and the peptide, and
show that it is also essential to keep the system under sub-
micellar concentrations in order to obtain a good sensitivity.
As illustrated byFig. 4, the higher signal-to-noise ratio is
obtained for a surfactant concentration comprised between 1
and 2.5 mM of TTAB. Then, similar experiments have been
carried out with CE–LIF in order to take into account the spe-
cific noise due to the CE equipment. This study has shown
that the best sensitivity was obtained for a concentration of
TTAB of 2.5 mM.

In order to interpret the results obtained during the
in-capillary non-covalent labeling, we have proposed a
mechanism which is illustrated inFig. 5. In-capillary label-
ing can be achieved by using an electrolyte containing both
the probe and the cationic surfactant. In this case, TTAB plays
a anc-
i ence
o as
r ionic
l s. It
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Fig. 5. Schematic representation of the in
double role: reversing the electroosmotic flow and enh
ng the probe/peptide interactions. Indeed, in the pres
f TTAB, the direction of electroosmotic flow (EOF) w
eversed (i.e. from cathode to anode) by creating a cat
ayer on the inner surface of the fused-silica capillarie
s likely that in presence of insulin, the cationic surfac
eads to a synergic effect which permits the formation o
ggregate containing simultaneously the probe, the pe
nd the cationic surfactant. In this hydrophobic environm

he sypro orange generates a fluorescent signal. Howe
s also probable that the fluorescent probe interacts wit
ydrophobic domains of the monomeric surfactants lea

o a noisy baseline and then to a sensitivity of detection
s high as expected. A second hypothesis can be pro

o explain the previous results, indeed we cannot exc
he possibility that under our conditions, insulin mono
ould interact with other monomers leading to an ins
examer as previously described[20]. This hexamer woul

-capillary non-covalent labeling method.
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present hydrophobic domain allowing interaction with sypro
orange, leading to a fluorescent signal. This hypothesis will
be discussed in the next section.

3.2.3. Influence of sypro orange concentration
The influence of the probe concentration on the sensitivity

was also investigated. Insulin was analysed by CE–LIF
under previously described conditions and with sypro
orange added to the background electrolyte at concentrations
ranging from 1x to 20x. This study showed that for a
concentration of sypro orange lower than 5x, no significant
signal was detected whereas for concentrations over 10x
the signal-to-noise ratio decreased (results not shown). The
higher S/N ratio was obtained for sypro orange concentration
at 5x. Since sypro orange is provided as a 5000x concentrate
without any information of molarity, it is not possible to
express binding stoichiometry in terms of mole fraction.

3.2.4. Quantitative aspect
In the optimised conditions, the corrected area of the

insulin peak correlates with the concentration of injected
insulin (Fig. 6). The linearity of the non-covalent in-capillary
labeling method was investigated using insulin solutions
with concentrations ranging from 6× 10−7 to 5× 10−5 M
and using the optimised conditions. Linear regression
analysis of the corrected area of labeled insulin peak plotted
a tion:
y a-
t od
w D)
c f la-
b
t at
7 he
s . In
s ary
l for
t LIF
i e of

F entra-
t ium
h
L :
1

Fig. 7. In-capillary non-covalent labeling and separation of two peptides by
CE–LIF. Conditions as inFig. 6 except: capillary: total lengthL= 57 cm,
effective lengthl = 47 cm. (A) Mixture of insulin at 0.1 mg/mL and Arg-
Arg-gastrin at 0.1 mg/mL, (B) insulin at 0.1 mg/mL, (C) Arg-Arg-gastrin at
0.1 mg/mL.

the illuminated volume (e.g. by a change in focusing
objectives) does not change the number of emitted photons
in a comfortable range of analyte concentrations, whereas
UV absorption detection is proportional to the optical path.

3.2.5. Application of the non-covalent in-capillary
labeling method

Finally, the method previously described was applied to
the CE–LIF analysis of a mixture of two peptides which do
not exhibit fluorescent properties (Fig. 7). In order to iden-
tify the peaks obtained, insulin and Arg-Arg-gastrin peptide
were also analysed separately. The results showed that this
in-capillary non-covalent labeling method is not restricted
to insulin and can be applied to a mixture of two peptides
exhibiting different hydrophobicities, isoelectric points and
relative molecular masses (Table 2). Then, we can conclude
that this labeling method is also suitable for peptides smaller
than insulin. We can also infer from these last results, that
the sensitivity obtained with insulin is not a consequence of
a specific hexameric association (see Section3.2.2), and that
this new labeling approach will probably be applicable to
many other peptides. Finally, it is also interesting to note in
Fig. 7, that the peptide migration times are not modified by
the simultaneous presence of the two peptides in the sample
and that these peptides are resolved under these conditions.

4

pro
o g of
p ce-
d ce of
s ensi-
t con-
c arity
b , al-
l ivity
a tion,
gainst the molar concentration gave the following equa
= 2.24× 1013x+ 1.16× 108 with a satisfactory determin

ion coefficient (R2 = 0.996). The sensitivity of the meth
as studied by calculating the limit of detection (LO
orresponding to a signal-to-noise ratio of 3. The LOD o
eled insulin by CE–LIF method was 6.5× 10−7 M whereas

he LOD of insulin by CE–UV (200 nm) was estimated
× 10−7 M. The LOD value obtained by CE–LIF is of t
ame order of magnitude than that obtained by CE-UV
pite of this low sensitivity, the non-covalent in-capill
abeling method developed is particularly interesting
ransposition to microsystems. Generally speaking,
s more amenable to miniaturization, since decreas

ig. 6. Electropherograms illustrating the effect of an increasing conc
ion of insulin in the sample. Conditions: BGE, boric acid 10 mM, sod
ydroxide, pH 8.5, sypro orange 5x, TTAB 2.5 mM; applied voltage−25 kV,
IF detection (λex = 488 nm); temperature 30◦C; hydrodynamic injection
0 s/3.5 kPa. Insulin: (A) 2.4× 10−5 M, (B) 6.0× 10−6 M, (C) 0 M.
. Conclusions

In this work, we demonstrated the potential of sy
range dye to perform in-capillary non-covalent labelin
eptides. To efficiently label peptide, this in-capillary pro
ure requires, in the background electrolyte, the presen
urfactant exhibiting cationic groups. We showed that s
ivity is greatly dependent on the surfactant and probe
entration. Furthermore, the method showed a good line
etween the derivative area and insulin concentration

owing quantitative measurements. Although the sensit
ttained is not as high as expected with a LIF detec
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the ability to perform a rapid on-line labeling of peptides,
without the complications and limitations of multiple
labeled species encountered with covalent labeling, was
demonstrated for the first time. Compared to a pre-capillary
labeling, this in-capillary method is superior in terms of
simplicity and ease of automation. Finally, this in-capillary
approach should be useful for the development of micro
total analysis systems (�TAS) dedicated to the separation of
non-fluorescent molecules.
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