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Abstract

Problems in in-situ derivatization in a narrow zone in the middle of a capillary was investigated using a model system
composed of amino acids and o-phthalaldehyde (OPA). Hydrostatic introduction of a solution of amino acid(s),the running
buffer and the OPA solution for specified periods of time in this order from the anodic end of a capillary, followed by
application of an appropriate voltage between both ends, resulted in formation of the OPA derivatives of amino acids, which
were immediately separated by zone electrophoresis while moving through the rest of the capillary and detected at the
detector window. Peak intensity was varied among amino acids, due to the variation of zone-overlapping period, accordingly
reaction time. This technique of in-capillary derivatization was liable to be affected by various factors, including
sample/reagent introduction times and applied voltage, giving rather lower reproducibility of determination than the
derivatization at the inlet. However, it was useful for kinetic studies of such rapid reactions as those adopted in this work as a

model system. [0 1998 Elsevier Science BV.
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1. Introduction

The recent progress of capillary electrophoresis
(CE) is overwhelming and this method has become
utilized more and more in various fields of life
science. The major advantages of this method are its
high capabilities in separation and detection, since it
allows theoretical plate numbers as high as severa
hundred thousands and sensitive detection at levels
as low as amol. CE has other advantages inherent to
this method. For example, it easily alows analysisin
free solution, which is equivalent to a pseudoch-
romatographic technique in liquid chromatography.
The ease of free solution analysis permits observa-
tion of physical interaction between two substances
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based on migration delay of one of the substances
introduced into a buffer containing the other, as
demonstrated by our previous paper on carbohy-
drate—protein interaction [1]. Free solution anaysis
also alows in-situ chemical derivatization in a buffer
filled in a capillary. We have also been studying this
technique.

Since CE is usually performed in free solution in a
narrow capillary, a specia section of a capillary can
be reserved for chemical reaction. If such section is
secured at the inlet of a capillary, components of a
sample can be derivatized by overlaying a sample
and reagent solutions, followed by standing the plugs
for an adequate period. The derivatives thus pro-
duced can be analyzed immediately by applying a
voltage. We have aready published a paper on the
derivatization of amino acids with o-phthalaldehyde
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(OPA) at the inlet of a capillary and confirmed the
reliability of this technique for their quantification
[2]. This technique of derivatization seems generaly
useful for analysis of substances difficultly detectable
due to lack in chromophore or fluorophore, and
especialy promising for automated analysis of bio-
logical and environmental substances. Gilman and
Ewing [3] successfully applied this method to the
analysis of dopamine and several amino acids in a
single mammalian cell using naphthalene-2,3-dicar-
boxaldehyde and CN ™~ as the derivatization agents.
The derivatives formed at the capillary inlet were
separated by zone electrophoresis and sensitively
detected at the detection window by argon laser-
induced fluorescence. Zhou et a. [4] reported con-
tinuous on-line derivatization of aspartate and gluta-
mate in microdialysis perfusate of rats with the same
derivatization agents. In this case the reaction took
place in a small reactor placed before the capillary
inlet, from which a small portion of derivatized
perfusate was introduced repeatedly, at appropriate
intervals, to the capillary for a short period by
switching a sampling valve. Therefore, this technique
was not at-inlet derivatization, though similar to it.
The special section of a capillary is not necessarily
confined to the inlet. We have extended the position
of the section for chemical reaction to other parts of
a capillary. In this paper we describe model experi-
ments, in which reaction occurs in a narrow zone in
the middle of a capillary. Regnier and coworkers
[5,6] studied enzyme reactions throughout a capil-
lary. This work is valuable, because it gives im-
portant information for activity assay and mechanism
elucidation. We have studied application of this
throughout-capillary format to not only enzyme
reaction but aso reaction of small molecules. How-
ever, we would like to discuss such kinds of work
separately from the present paper, since we regard
this format as the third one of in-capillary chemical
derivatization. Reyderman and Stavchansky [7] re-
ported on-line intercalation of single-stranded oligo-
deoxy-nucleotides with the OliGreen reagent for
laser-induced fluorescence detection, but this is
different from the zone-passing format of the in-
capillary derivatization technique we describe in this
paper, because intercalation occurred just before the
detection window at an extremely high concentration
of the dye in this case. Intercalation is not chemical

reaction, but physical interaction. Observation of
physical interaction occurring in a capillary [8,9] is
also important, because it gives useful information to
kinetic studies under conditions similar to physiolog-
ical environment using small amounts of biological
substances. However, it should be discussed apart
from in-capillary derivatization.

Post-capillary derivatization [10,11] resembles the
throughout-capillary format of in-capillary derivati-
zation, but there is a fundamental difference between
these two formats in that the former is performed
after separation, whereas the latter prior to or concur-
rently with separation. Therefore, post-capillary de-
rivatization should be discussed separately from the
throughout-capillary format of in-capillary derivati-
zation.

2. Experimental
2.1. Apparatus

CE was performed using a Jasco 890-CE high-
voltage power supply and a Jasco 875-CE UV-Vis
detector. A capillary (50 wm 1.D.) of fused-silicawas
obtained from Polymicro Technologies (Phoenix,
AZ, USA) and a 70-cm portion was used throughout
the work. It was flushed with 0.1 M sodium hy-
droxide before use and equilibrated with the running
buffer (50 mM borate buffer, pH 10.0) prior to each
run by using an aspirator. In the in-capillary de-
rivatization experiments the sample and reagent
solutions, as well as the running buffer, were intro-
duced hydrostatically by raising the levels of these
solutions, in which the anodic end of the capillary
was immersed, by 10 cm higher than the level of the
cathodic solution for specified periods of time.

2.2. Chemicals

A reagent grade sample of OPA was purchased
from Wako (Osaka, Japan) and used without purifica-
tion. Other chemicals and amino acid specimens
were of the highest grade commercially available.
The sample solutions were prepared by dissolving
either an amino acid or a mixture of selected amino
acids in the running buffer. In the optimization
experiments the concentration of each amino acid
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was fixed at 2.5 mM, but in the preparation of the
calibration curves eight points were selected for each
amino acid concentration at 0.1, 0.5, 1.0, 3.0, 4.0, 5.0
mM. The reagent (OPA) was used as a 50 mM
solution in the running buffer.

2.3 Derivatization in a capillary

A sample solution, the running buffer and the
reagent solution were introduced to the anodic end of
the capillary in this order for specified periods of
time, and a specified voltage was applied between
both ends of the capillary. The peak of the product
was monitored at 230 nm.

3. Results and discussion

3.1. Srategy for derivatization in the middle of a
capillary

Derivatization in a zone in the middle of a
capillary can be achieved by successive introduction
of a sample solution, the running buffer and the
reagent solution, followed by application of a volt-
age, as illustrated in Fig. 1.

If the reagent zone moves faster than the sample
zone, the former passes over the latter during migra-

Hydrostatic
introduction

Miﬁ

Application of
voltage

tion. Reaction occurs while both zones are overlap-
ping each other in the middle of a capillary. If the
reagent zone moves slower than the sample zone, the
introduction order of the sample and reagent solu-
tions should be reversed. Furthermore, if the sample
and reagent zones move in the opposite directions,
they must be introduced from the different ends of a

capillary.
3.2, Electropherograms

In the model system employed a sample solution
of selected amino acids, the running buffer, and the
reagent solution were successively introduced from
the anodic end in this order by hydrostatic intro-
duction. Finally running buffer was introduced again
for a short period to prevent the reagent solution
from flowing back to the reservoir. This is only for
precaution of possible slight pressure decrease at the
inlet. In this system an alkaline buffer was used,
hence electroosmotic flow was rapid toward the
cathode and the amino acids were drawn back more
strongly than the reagent by electromigration. There-
fore, the reagent zone migrated faster than the
sample zone toward the cathode by the total effect of
electroosmosis and electrostatic force, and caught up
and passed the sample zone in the middle of a
capillary. During the passing process the sample

- R: reagent

S: sample

n B: buffer
. . P: product

Electroosmotlc

Fig. 1. Sample/reagent introduction scheme for in-capillary derivatization in a zone in the middle of a capillary.
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Fig. 2. Electropherogram of OPA derivatives of selected amino
acids formed by derivatization in a zone-passing mode in the
middle of a capillary. The derivatization and analysis were
performed by successive introduction of a sample solution, the
running buffer and the reagent solution for 10, 10 and 60 s,
resepectively, followed by application of 20 kV to both ends of the
capillary. Peaks: 1=L-methionine, 2=L-alanine, 3=L-glutamic
acid, |.S.=interna standard (cinnamic acid). Other analytica
conditions are described in Section 2.
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reacted with the reagent to give OPA derivatives of
amino acids (OPA—amino acids), which moved at
their own velocities faster than the sample amino
acids and slower than the reagent. As a result an
electropherogram as shown in Fig. 2 was obtained.
In the derivatization at the inlet of a capillary by
the reagent/sample/reagent sandwich introduction
mode [2], the excess reagent gave a twin-headed
peak due to incomplete mixing [1], whereas the
derivatization in the present system did not give such
a twin-headed peak. Migration profile was similar to
that obtained by derivatization at the inlet. However,
the peak intensity was divergent, mainly because of
the variation in passing period, accordingly the
variation in reaction time among amino acids.

3.3 Effects of various factors

3.3.1. Sample/reagent introduction time

Variation of peak response was also seen much
more clearly in another experiment using only
phenylalanine as sample (Fig. 3).

In this experiment the introduction times of the
sample solution and the running buffer were main-
tained constant, but the introduction time of the

PA-Ph -
OPA-Phe (0] / ISe 7OPQ Phe
Reagent s / / IS
Reagent
Reagent

a b C
—_— v r—___,} L_A LA_J\_J W e bﬂJ \J\_J L‘
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0 10 20 30 O 10 20 30 0 10 20 30
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Fig. 3. Effect of reagent introduction time on the yield of OPA—phenylalanine in derivatization in a zone-passing mode in the middle of a
capillary. Reagent introductin time (9): (@) 10; (b) 40; (c) 120. Applied voltage, 5 kV. Other conditions for derivatization and analysis as in

Fig. 2. The attenuation in (&) and (b) is twice that in (c).
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reagent solution was varied from 10 sto 120 s. Since
the internal standard (cinnamic acid) was added to
the sample solution, the introduced amounts of the
sample and the internal standard were constant. The
relative peak response of OPA—phenylalanine to the
internal standard (cinnamic acid) increased, as the
introduction time of the reagent solution increased as
shown in Fig. 3, because the passing period in-
creased.

We further observed the effect of changing the
introduction time of the sample solution instead of
the reagent solution. The graphs on the left-hand side
(Fig. 48) compare the relative peak response between
the two introduction modes.

The introduction time of the sample was fixed and
the introduction time of the reagent was varied in the
lower curve, and vice versa in the upper curve. It is
obvious that prolongation of reagent introduction
time caused increase of peak response, whereas
change of sample introduction time gave amost
unchanged relative peak response. This is presumab-
ly because the sample concentration in the overlap-
ping zone was much higher than the reagent con-
centration, and the derivatization reaction proceeded
very quickly.
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3.3.2. Applied voltage

Change of applied voltage also gave information
on the derivatization. When the introduction times
for the sample and the reagent were kept constant
and applied voltage was increased, a descending
curve was observed as in Fig. 4b. Increase of applied
voltage decreased passing period, and thereby re-
duced relative peak response.

These results indicate that derivatization in the
middle of a capillary is liable to be affected by
various factors, including sample/reagent intro-
duction times, their relative concentration, applied
voltage, etc.

3.4. Calibration curves and reproducibility of
determination

The calibration curves of amino acids under the
optimized conditions (introduction time: sample
solution, 10 s; running buffer, 10 s; reagent solution,
60 9 were linear (adanine: y=0.181x—0.65-10"3,
R=0.994; methionine; y=0.126x+1.79-10 %, R=
0.999; glutamic acid: y=0.0897x—1.16-10"°, R
=0.991; where y and x are relative response to 1.0
mM cinnamic acid as the internal standard and molar

b

Sample introduction time: 10 s
Reagent introduction time: 60 s

o 10 20 30
Applied voltage (kV)

40

Fig. 4. Effects of sample/reagent introduction time (a) and applied voltage (b) on the yield of OPA—phenylalanine. Analytical conditions as

in Fig. 3.
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concentration, respectively) at least over the range
0.5~5 mM. However, the reproducibility of peak
response was not so high as that in the derivatization
at the inlet of a capillary; relative standard deviation
(n=10) exceeded 3.5% in some examples.

3.5. Estimation of the rate constant of the
derivatization reaction

The zone-passing mode in the middle of a capil-
lary mentioned above gave a useful information
concerning reaction rate even for such rapid de-
rivatization as observed here with OPA. Fig. 5 shows
the plot of the In value of amino acid (phenylalanine)
concentration vs. reaction time.

Good linearity was observed, and the rate constant
could be estimated from the slope of this line. The

8|

= -8.83 x 103X - 5.85

In(Concentration of Phe) (M)

(R =0.992)
-9 : .
0 100 200 300
Reaction time (sec)
0 60 120

Reagent introduction period (sec)

Fig. 5. Rate constant determination of the derivatization reaction
of L-phenylaanine with OPA by the plot of In (concentration of
L-phenylalanine) vs. reaction time. The reaction time was calcu-
lated as the ratio of the length of the OPA plug (estimated as
W,,,Altos,, where W, ,, A, | and t,,, are the reagent pesk width
at half height, chart speed, capillary length between the inlet and
detection window, and the migration time of OPA, respectively) in
the variable reagent introduction time mode (in Section 3.3.1) to
its velocity difference between L-phenylalanine and OPA—phenyl-

alanine (t;;A _t;hle)'

reaction time in the abscissa could be estimated as
the passing period, that is, the ratio of the sample
plug length to migration velocity difference of the
sample and the reagent. Sample plug length is
approximately the reagent peak width at half height
W,,,, multiplied by A™'t™*, where A, | and t are
chart speed, capillary length between the inlet and
the detector window, and the migration time of OPA,
respectively. The velocity difference of the sample
and reagent can be calculated as |- (tgp, —to), Where
tone 1S the migration time of L-phenylalanine. From
the slope of this line the pesudo first-order rate
constant was estimated to be 8.83-10° s .

Thus, it was demonstrated that observation of the
zone-passing mode of in-capillary derivatization
gave useful information on the estimation of the rate
constant of the derivatization reaction of amino acids
with OPA. This technique will be generally useful
for kinetic studies of chemica reactions, especialy
rapid reactions, and will be used widely in physical
chemistry.
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