FIRBERARPELA R PR

Hds * RAKT PR (1/2)

RN FEAR

3 Sy 0 NSC91-2113-M-009-025-
HEHREF 91 08" 01pz292-07" 31p
HEE D B2 <FRr -8 %

PR T

B S BT vEg T fE AT Ry ET-CERDIE
3 AN

P - 1]

§F" LK"E ]’ ;{ég‘gr
FLHFE L NAREE RIS TR EF LG
&ﬂv}r%;%%iéﬁﬂﬂwﬁgﬁﬁﬁ QELT OB A

PooE R R 92E6% 205



FRBERTEELR LT AN Y R

-}
3 4

Mede B R ARK Ly (:UZ)
Application Study of Microchip EI ectrophoresis (1/2)

3 %% 0 NSC 91-2113-M-009-025
HFHL:91EB?Y 1px &7 31p
IFA WG R
FTEBTFED - MAEST CRITH I CE RIS B F A
SRS SRS ) ST
E-mail : yzhsieh@cc.nctu.edu.tw

Tk
[\
o
\\\?{r
4
~
g
<k
[

& 7 (microchip electrophoresis) #_# dp 5 F BT Rk T AL 4703 1 g
”ﬁ;ﬁ ‘m’g R A R n—g’?’ FACRSMARRE Y E LRV LR RS
P o FRFRLIBEESPITERZ A EHRET AL TR AT F 3

- RS Y T AL YT T 2 AR MO XA A e eh i e i e %
RASBAPL R T RTINS -BEERENACEROFEE L FIVEE LS
LA ?fir%ﬂ,}aﬂﬁmiﬁ’i » qrl L m:g R‘,\jrp"F"w,[,(E.H BERAEEY o

F&?%;‘T’ :/?%:tBBB ]1'1;-;:/’1\ ~ dp Hfi\g"ﬁ/}?‘ﬁﬁ ’E’ ‘L/\
= ~ Abstract

The technigue of microchip electrophoresis (u-CE) is to perform electrophoresis
in a microchip, which will be intensively investigated under this study. This
technique possesses the advantages of the miniaturized separation systems, such as
high separation efficiency, rapid analysis, high mass detection sensitivity, paralel
analyses, and minima sample consumption. The main objective of the present
proposal is to optimize different experimental factors that influence the performance
of microchip electrophoresis. In order to have a better understanding how different
experimental setups will affect separation performance and signal intensity in the
microchip electrophoresis, various experimental conditions will be manipulated.
On-chip preconcentration by monolithic porous polymer will be examined by mixing
various monomers. Capillary electrophoresis will also be used to assist microchip
electrophoresis study.

Keywords: Microchip electrophoresis, On-chip preconcentration, Capillary
electrophoresis
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PMMA microfludic device

Introduction

A PMMA microfludic device was fabricated for use in the determination of
chitin oligosaccharides is described. Chitin oligosaccharides were derivatized with
9-aminopyrene-1,4,6-trisulfonate (APTS) via reductive amination. The effects of chip
dimension, applied voltage, sample matrix and concentration of Brij35 on the
separation were discussed. The APTS-derivatized chitin oligosaccharides (1-6 DP)
were successfully separated within 45 s by using a pH 3.6 citric acid-phosphate buffer
containing 3.0% Brij35. By applying -600 V/cm electric field strength, the 960,000
theoretical plate number was achieved for the APTS-derivatized chitin
monosaccharide. A double-T injection channel design in the PMMA microfluidic
device was used to extend the sample-loading volume. The sample stacking by
employing low concentration sample matrix for large sample loading was also
accomplished in this design. The reproducibility of PMMA microfludic devices with
2-mm sample loading length was also examined. Moreover, the specificity of enzyme
digestion on chitin polysaccharides using the optimized microchip electrophoresis
was demonstrated.

Experimental

Channels were fabricated using PMMA Plexiglas pieces approximately 2.6 cm
wide x 7.6 cm long x 2.0 mm thick. Steeliness wires with diameters of 50 um were
used to imprint the channels in the plastic substrate. The separation channel on
PMMA was formed by heating the plastic at 103°C for 6 min. The four holes were
aligned with the ends of the channels in the imprinted substrate and adherence to a
section tip bottom (about 250 pL) using hot glue to create the buffer, analyte, and two
waste reservoirs as shown in Fig. 1.

Two identical power suppliers (CZE 2000, Spellman, Hauppauge, NY, USA)
were utilized to furnish the loading and separation voltages, respectively, and the
power switching was controlled by a program written in Lab-VIEW (National
Instruments, Austin, TX, USA) running on a computer. The sample loading was
performed by applying -600 V/cm between reservoir 1 and 2 for adequate time while
keeping the separation channel floating. For the separation, -600 V/cm was applied
to the separation channel while keeping the injection channel floating. Signals were
detected on-chip with laser-induced fluorescence (LIF). The detection system was
constructed through a commercial microscope (Model BH2-UMA; Olympus, Tokyo,



Japan). Briefly, an 8-mW, 488-nm argon-ion laser as the excitation source (JDS
Uniphase; San Jose, CA) was focused at a position 4.5 cm downstream from the cross
section within the channel using 20x working distance objective lens. Fluorescence
was collected by the objective and passed through a dichroic cube with two band-pass
filters, followed by photomultiplier detection operated at -800 V (Hamamatsu, Tokyo,

Japan).
Results and Discussion

Fig. 2 displays the influence of the four different dimensions of sample loading
length on the electrophoretic analysis. It is obvioudly that the fluorescence intensity
was increased as extending sample loading length. However, considering the
separation efficiency and peak intensity, 2 mm sample loading length was the
preferred choice to separate the APTS-derivatized chitin oligomers.

As shown in Fig. 3, both the enhanced electrophoretic velocity and separation
efficiency were observed with an increasing applied voltage ranging from -450 V/cm
to -600 V/cm. For the APTS-derivatized chitin monomer, the theoretical plate
number can reach to 960,000 at —600 V/cm. Although applied higher electric field
strengths than -600 V/cm can be achieved, the increased Joule heat that inevitably
causing bubble produced resulted in breaking current. The six APTS-derivatized
chitin oligomers were well separated within 45 seconds by applying electric field
strength at -600 V/cm.

Fig. 4 depicts the effect of Brij35 concentration on the chip electrophoresis
separation of the six analytes. Nonionic surfactant Brij35 was used for coating inner
PMMA surface that made it compatible with agueous separation medium.
Considering the stability of electrophoretic process and adequate fluorescence
intensity, 3.0% Brij35 was added into the separation buffer solution in subsequent
anaysis.

As shown in Fig. 5, the sample matrix plays an important factor on sensitivity
while injecting large volume of sample solution. The results indicated that the
largest signal was obtained by diluting 10x analytes solution with H,O as shown in
Fig. 5(a). Diluting analytes with 10% boric acid/borax buffer solution was the
preferred choice under electric field stabilization.

Fig. 6 displays the analysis of six APTS-derivatized chitin oligomers on a2 mm
sample loading length PMMA chips. Consecutive injections and separations could
be completed by voltage switching as shown in Fig. 6(@). The RSDs for the
migration time were less than 1.68%. The electropherograms of six analytes in 5
chips were depicted in Fig. 6(b)-6(f). For each separation, all the six derivates could



be well resolved within 45 s.

Table 1 lists the chip-to-chip variation of average migration times,
reproducibilities and the detection limits of the six APTS-chitin oligosaccharide
derivatives. The RSDs for the migration times in 5 different chips were less than
4.72%. The detection limits of the six chitin oligosaccharides ranged from 9.5 to
22.5 amol.

The six APTS-derivatized chitin oligomers could be identified by compare with
individual derivate as shown in Fig. 7. Fig. 8 shows an electropherogram of
APTS-derivatized chitin oligosaccharides from an enzymatic digestion under the
optimized microchip electrophoresis conditions. According to this Fig., the maor
chitin oligomer products of enzyme A digestion was dimmer. Chitin trimer and
tetramer were produced when enzyme B was used.

In this study, a smple design of wire-imprinting double T injection channel on
PMMA chip for enhancing detection sensitivity in microchip electrophoresis was
developed for the analysis of chitin-oligosaccharides. The six APTS-derivatized
chitin-oligosaccharides were well separated within 45 s using a pH 3.6 citric
acid/phosphate buffer containing 3.0% Brij35 under -600 V/cm electric field strength.
By applying -600 V/cm electric field strength, the theoretical plate number of 960,000
was achieved for APT S-derivatized chitin monomer.

The detection limits of the APTS-derivatized chitin-oligosaccharides (1-6 DP)
ranged from 9.5 to 22.5 amol. The RSDs for the migration time were less than
1.68%. The reproducibility of fabrication of 2 mm sample loading PMMA chip was
also examined. The RSDs of migration times among 5 chips were below 4.72%.
Chitin-polysaccharides, depolymerized by chitinase digestion, were adequately
anayzed using the optimized microchip electrophoresis method. Enzyme specificity
in the digestion of chitin-polysaccharides was also demonstrated.



