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Abstract

Detection of native amino acids was accomplished using a capillary electrophoresis (CE)—amperometric detection system, in which a single cal
fiber cylinder (CFC) working electrode instead of a carbon fiber disc (CFD) electrode was mounted in the end part of a poly(dimethylsiloxan
(PDMS)/glass hybrid microchannel. Similar to that using CFD working electrode, here, the electrochemical reduction reaction at the worki
electrode is also coupled from the separation high voltage system, the coupling degree is related to the in-channel length of the CFC. This pror
simplifies the fabrication procedure of the working electrode and also provides a convenient and sensitive means for the determination of n
electroactive ions by amperometry. The present detection mode is successfully used to electrochemically detect non-electroactive arginine (4
threonine (Thr), glutamic acid (Glu) and electroactive cysteine (Cys). Furthermore, by simply changing the detection potential, we can eas
distinguish peak mobilities of electroactive amino acids from that of non-electroactive amino acids.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction their analysis. This is a labor-intensive and time-consuming
process.

Amino acids are a kind of greatly important compounds in  Separation of amino acids using microfluidic chips has
clinical and biological areas. Significant amount of researcheattracted significant attention, as microchips offer a number of
have been devoted to the development of efficient analyticaddvantages including speed of analysis, portability, ability to
tools for detecting, identifying, and quantitating amino acidsmultiplex, and compatibility with integration allowing devel-
[1-3]. Capillary electrophoresis (CE) has been widely appliedopment of “micro-total-analysis systemsTAS)” [7—17]. The
to the separation and determination of amino af#d$). The  detection methods are mainly focused on LIF and ED and
detection methods usually used in combination with CE sepalso require derivatization prior to their analysis. Recently we
aration technique were ultraviolet light (UV), fluorescence ordesigned a versatile analytical device based on the combination
laser-induced fluorescence (LIF) detection. The lack of a strongf a carbon fiber disc (CFD) electrode as in-channel detector
chromophore for aliphatic amino acids has certainly been onwith a poly(dimethylsiloxane) (PDMS)/PDMS microchip CE
of the limitations in the analysis of most native amino acidssystem[18]. The potential difference induced by the CE sep-
by these methods. Electrochemical detection (ED) offers higlaration electric field between the working electrode and the
sensitivity and selectivity for analytes that are easily oxidizedreference electrode brings about the change of the reduction
However, most underivatized amino acids are not electroactivpotential of dissolved oxygen, which can be used to determine
under typical separation conditions (buffer pH) employed innon-electroactive analytes by indirect amperometry. In other
CE. For efficient separation and sensitive detection using thegesearches, in order to enhance analysis capacity by providing
methods, amino acids generally require derivatization prior t@additional information, multiple detection strategies with some-

what complicated structures such as dual detection electrodes
held at different potentialfl9,20] and dual fluorescence and
* Corresponding author. Tel.: +86 25 83594862; fax: +86 25 83594862 electrochemical detectidB] have also been coupled for simul-
E-mail address: hychen@niju.edu.cn (H.-Y. Chen). taneous detection on microchips.
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In this work, detection of native amino acids was RE
accomplished using a microchip capillary electrophoresis- CE
amperometric detection system, in which a single carbon fiber WE
cylinder (CFC) working electrode instead of the single CFD
electrode was mounted in the end part of a PDMS/glass hybrid \
microchannel. Similar to that using CFD working electrode
described in our previous word 8], here, the electrochemi-
cal reduction reaction at the working electrode is also coupled
from the separation high voltage system, the coupling degree is
only related to the in-channel length of the CFC. This approach HV ‘ 1
simplifies the fabrication of the working electrode and also pro- ‘ J
vides a convenient and sensitive means for the determination of
non-electroactive ions by amperometry. Furthermore, by simplig. 1. Schematic diagram of the experimental setup. WE: working electrode,
changing the detection potential, we can easily identify pealCE: counter electrode, RE: reference electrode, GE: ground electrode, PS: poten-
positions of electroactive amino acids and non—electroactivé"iﬁg}]?gf 2:?5‘(‘8'?5;52?;L:g?iq%le":gsrtfzg;’gf’?\,\(/?igotf]zizg OL:QEOY]VE
amino acids qn one detector. It may_ provide a good me_tho hannel (B’C).WEwasacarbonfibercylind?arwith diameter,mh8anc'iolength
for the analysis of complex system simultaneously containingy 1 5 mm: e, GE were platinum wires; RE was Ag/AgCI.
electroactive and non-electroactive analytes.
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housing the separation chip and the detector and allowing their
convenient replacement and reproducible positioning. A clip of

optical fiber that can be fastened in the three-dimensional sys-
tem, was used to closely clip the CFC electrode. Platinum wires,
inserted into the individual reservoirs on the holder, served as
contacts to the high voltage power supply.

2. Experimental

2.1. Materials and reagents

Sylgard 184 (PDMS) was from Dow Corning (Midland, Ml,
USA). Arginine (Arg), threonine (Thr), cysteine (Cys), and glu-
tamic acid (Glu) were purchased from Sigma—Aldrich (St. Louis,
MO, USA). NaOH, Sodium tetraborate, were purchased fron?-3- Electrode fabrication
Nanjing Chemical Reagents Factory (Nanjing, China). Sodium )
tetraborate buffers were prepared and then filtered withdn22 Single CFC microelectrode was prepared as follows. A glass
cellulose acetate filter (Xinya Purification Factory, Shanghaic@pillary with inner diameter of 0.5 mm was pulled under a mul-
China). The stock solutions of samples (30 mM) were prepareafuqctlonal glass mlcroeleqtrodg puller (Sh_anghal Blolog_|cal
by dissolving analytes in doubly distilled water. Before use,!Nstitute, China) to form a fine tip. Then a single carbon fiber
they were diluted with corresponding running buffer. All other With diameter of §uam was carefully mounted into the tip and
chemicals were of analytical grade and used without furthefixed with epoxy. A copper wire was connected with the carbon

purification. All the solutions were prepared with doubly dis- fiber through carbon powder on the other end of capillary and
tilled water. then fastened with epoxy. Before use, the microelectrode was cut

with a clean scalpel to form a 1.5 mm length micro-cylinder elec-
trode under a microscope. Part of the working electrodeg.(d
was placed into the end part of the separation channel. Linear
The integrated CE-ED PDMS chip microsystem was simi-SWeep voltammograms and amperometric detection were per-
lar to that described previous]¢8]. A laboratory high-voltage formed on a CHI 660 Electrochemical workstation (CHI Co.,
power supply has an adjustable voltage range between 0 ahtSA)- The electropherograms were recorded at a fixed detec-
5000 V. A simple-cross single-separation channel PDMS/glasion potential. The working electrode was treated at +1.5V for
microchip was made based on the combination of a PDMS slicé00 S and ther-1.0 V for 200 s before use and once the baseline
with microchannels and a glass flat (§ég. 1). The master com-  current obviously changed. All experiments were performed at
posed of a positive relief structure of GaAs for the channels wa§°0m temperature.
made in No. 55 Electronic Institute (Nanjing, China) by using
standard micro photolithographic technology and reaction ioR.4. Electrophoretic procedure
etching. The chip had a 40-mme-long separation channel (from
injection cross to the channel outlet) and a 5-mme-long injection Before use, the PDMS layer with microchannel was ultra-
channel (between the sample reservoir and injection cross). The®nically cleaned subsequently with water, methanol and water
channels had a maximum depth of L& and a width of 5¢um.  for 10 min each and then dried under infrared lamp. The glass
The microchip had a four-way injection cross that was connectedlice was treated by following procedures: dipped in a solution
to three reservoirs and separation channel. A Plexiglas holdef H202:H,SO4 (viv=1:2) for 30 min, cleaned with doubly-
that integrated a precisely three-dimensional system (Shanghdistilled water, dipped in 0.1M NaOH for 20 h, cleaned with
Lian Yi Instrument Factory of Optical Fibre and Laser, China)water and then dried under infrared lamp. Then the PDMS layer
with the precision oft-1 pm in each direction was fabricated for and the glass slice were sealed together to form a reversible

2.2. Apparatus
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hybrid microchip. After the microchip was held on the holder,
a working electrode was inserted into the electrode hole on the
platform. Silicon grease was used to prevent leaking of the detec-
tion cell. The “running buffer” reservoir was filled with a running
buffer and the “sample” reservoir with the sample mixture. The
injections were performed by applying a desired potential for5s
to the sample reservoir with the “detection” reservoir grounded
while all other reservoirs floating. Separations were performed
by switching the high-voltage contacts and applying the cor- 0.2v
responding separation voltages to the running buffer reservoir
with the detection reservoir grounded and all other reservoirs

Arg Ty

5nA

floating. 0-6v
3. Results and discussion
Cys
In order to characterize the electrochemical behaviour of = o 5 = 4 = & = s 100
the CFC electrode with a part in the channel in separation t/s

electric field, we investigated the linear sweep voltammograms
under the different separation electric fields. The electrochemfig: 2. Electropherograms of: 2.0mM Arg; 7.0mM Thr; 5.0mM Cys; and

. s .0mM Glu with different detection potentials. Experimental parameters: run-
cal behaviour (not shown) is similar to that on the CFD electrod(gning buffer 5.0 mM pH 9.3 NeB4O» buffer: sampling voltage 600 V: sampling

as our previous repo[‘lE_B]. The separation VOItage greatly 'nﬂu' time 3's; separation voltage 1200 V. (EOF represents the electroosmtic flow).
ences the voltammetric performance of the detector. Without

separation electric field, the reduction of oxygen at the carbon . :
fibre electrode started at0.5V, while the oxidation current electric field. They can be separated in less than 60s when the

occurred at potentials more positive than +1 V. In the presence o plarzfatmtn potert1t|aflt|hs larger than tl?OO_ v '\l/le"?lt?]vm"e.’ a rela-
separation electric field, the onset potential for oxygen reductioHVey ast ascent of the amperometric signal wi € Increase

at the CFC electrode shifted to a positive value, while the onsecf]c voltage was observed, because the coupling effect on amper-

potential for the oxidation of the CFC electrode was notchanged?metrIC detect'lon poter'ltla.l Is also enhanced V\."th .the Increase
of the separation electric field and, thus, resulting in the larger

Higher voltage induces a more positive onset reduction poten- ! . )
tial. Although the exact reason for this phenomenon on CFC igeak current corresponding to accelerated electrochemical oxi-

not clear now, it can be inferred that the CFC electrode can a|s‘8a“°” of oxygen. The separation voltage has a negligible effect
' n the peak-to-peak background noise level for voltages rang-

be used to detect analytes using oxygen as electroactive indi- . L .
N yles using oxyg Vel qci)g from 800 to 1600 V. Separation electric fields higher than

cator at lower potential and simultaneously detect electroactiv S ) .
analytes at high potential. This property simplifies the fabrica- 600V result in higher background and noise levels (attributed

tion process and facilitates the wide application of this detectiof Joule heating effects). Mareover, too high separation eleciric

mode.
Fig. 2shows the typical electropherograms of four unlabeled Arg Thr
amino acids Arg, Thr, Cys, and Glu at different detection poten- (| Cys Glu
tial with a separation voltage of 1200V. Baseline separation 10nA 1600V

of these anions was obtained. The peak currents significantly
decreased with the increase of detection potential. At 0.6V,

a negative peak was observed on the migration time of Cys 1400V
and the peaks of other three amino acids disappeared. As we

know, among these amino acids, only Cys is electroactive on

carbon fibre electrode at 0.6 V. Thus, this negative peak is the 1200V

oxidation peak of Cys. This phenomenon can be used to distin-
guish peak positions of electroactive amino acids from that of 1000V
non-electroactive amino acids by simply changing the detection
potential. MUW 800V

Since the electrochemical detection principle is based on MW
the coupling of separation electric field on the electrochemical . . ; . r . .
detector, the influence of separation voltage on detection is a sig- 0 40 80 120 160
nificant concern with respect to improving detection sensitivity. t/s
Fig. 3exhibits the influence of separation voltage on the detec-

. Fig. 3. Electropherograms of: 2.0mM Arg; 7.0mM Thr; 5.0mM Cys; and
tion of 2.0 mM Arg, 5.0mM Thr, 7.0mM Cys and 7.0mM Glu. 7.0 mM Glu with different separation voltages. Experimental parameters: run-

By enhancing the separation electric field, the migration timesing buffer 5.0 mM pH 9.3 NgB4O; butfer; sampling voltage 600 V; sampling
of the four amino acids decrease with the increase of separatiaime 3's; detection potential 0 V.
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Thr hybrid microchip capillary electrophoresis-amperometric detec-
tion system. The successful use of a single carbon fiber cylinder
working electrode greatly simplify the electrode fabrication pro-
cedures. Meanwhile, the identification of the positions of elec-
troactive analytes and that of non-electroactive samples can also
be carried out by simply changing the detection potential. It may
provide a good approach for the analysis of complex system
simultaneously containing electroactive and non-electroactive
analytes. Such a CE-ED microsystem may have wide applica-

10.0mM .
tions.
15.0mM
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