Available online at www.sciencedirect.com

scmNCE@DmEC're JOURNAL OF
CHROMATOGRAPHY A

» by
ELSEVIER Journal of Chromatography A, 1095 (2005) 185-188

www.elsevier.com/locate/chroma

Short communication

Selective determination af-aminobutyric acid, glutamate and alanine by
mixed micellar electrokinetic chromatography and fluorescence detection

Li-Yao Zhang, Meng-Xiang Suh

Key Laboratory of MOE for Plant Development Biology, College of Life Sciences, Wuhan University, Wuhan 430072, China

Received 2 August 2005; received in revised form 10 September 2005; accepted 22 September 2005
Available online 10 October 2005

Abstract

A mixed micellar electrokinetic chromatography method with fluorescence detection was developed to simultaneously+aommitobutyric
acid (GABA), glutamate (Glu) and alanine (Ala) in biological samples. Amino acids were derivatized with naphthalene-2,3-dicarboxaldehyc
(NDA). The separation of three NDA-labeled isomers (GABAABA, B-ABA) was studied in detail with different micelles solutions such as
sodium dodecyl sulfate (SDS3;cyclodextrin 3-CD) and sodium cholate (SC). Simultaneous resolution of GABA, Glu and Ala from 21 amino
acids was achieved within 5min using 20 mM phosphate buffer at pH 8.7 containing 24 mM SC and 26 mM SDS. The detection limits we
4.0x 1078 1.1x 108 and 1.3x 1078 M, for GABA, Glu and Ala, respectively, with S/N = 2. The method was applied to monitor the changes of
amount of GABA, Glu and Ala in tobacco leaf in response to cold and dark stress.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction trophoresis (CZE) and micellar electrokinetic chromatography
(MEKC). The introduction of the latter one by Terap&8]
v-Aminobutyric acid (GABA), a non-protein amino acid, is largely extended the application of CE in the field of analytical
a significant component of the free amino acid pool, which wadiochemistry, especially to the analysis of total amino acids. And
produced through the decarboxylationeflutamate catalysed the most popular surfactantin MEKC for the separation of amino
by glutamate decarboxylase (GAD, EC 4.1.1.1H) GABA  acids is sodium dodecyl sulfate (SD[S)10]. Shou et al[10]
is an important inhibitory amino acid neurotransmitter in thesuccessfully used SDS micelles buffer solution to separate 18
central nervous system and essential for brain metabolism ardDA-labeled amino acid including-ABA, B-ABA and GABA
function in anima[2]. While in plant, it has been treated merely using a 1Qum i.d. separation capillary. Some other surfac-
as a metabolite for decades, but the recent evidence pointant, sodium cholate (Sq)11,12], or additives3-cyclodextrin
towards a new possible role of GABA as a signal moleculeanalogue$13], were also used. Bowser and Kennétl$] suc-
in response to stress and carbon:nitrogen metabdBmA  cessfully applied hydroxypropyg-cyclodextrin modified CE to
number of analytical methods have been developed till now toesolven-phthaldehyde (OPA) labeled amine neurotransmitters,
meet the requirements of the research of the bioactive fun@nd the separation afABA, B-ABA and GABA using this sys-
tion of GABA, such as magnetic resonance spectromidffy tem was also investigated.
electrochemical biosens§®], gas chromatographi], high- In this work, we present a mixed MEKC method for analy-
performance liquid chromatography (HPLR2], etc. sis of GABA and GABA-related amino acids: glutamate (Glu)
Capillary electrophoresis (CE) has emerged as a powerfudnd alanine (Ala), which are involved in the synthesis and
analytical tool due to many advantages over HPLC. Mainlymetabolism of GABA, respectively. NDA was used as the deriva-
there are two frequently used modes in CE: capillary zone eledization reagent. The mixed SDS and SC were employed in
MEKC for separation. Under the optimum conditions, GABA,
Ala and Glu can be resolved from the other 21 amino acids
* Corresponding author. Tel.: +86 27 68752378; fax: +86 27 68756010.  including the two isomers of GABA, 16 protein amino acids
E-mail address: mxsun@whu.edu.cn (M.-X. Sun). and 3 non-protein amino acids. And the proposed method was
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applied to monitor the changes of amount of GABA, Ala and30 min, and restored atroom temperature for 10 min, then treated
Glu in tobacco leaves in response to cold and dark stress.  with the same procedure as for sample 1 to extract amino acids.
The extracts of sample 1 and 2 were centrifuged at 8000 rpm
2. Experimental for 10 min, respectively. The supernatant was derivatized by
NDA/CN~ as the above derivatization procedure.
2.1. Apparatus and chemicals
3. Results and discussion

The setup used in this work is the same as we reported previ-
ously[14], except the uncoated capillary is 37—38 cm (26—27 cnB. 1. Choice of derivatization conditions
length to the detector windowd 50 um i.d. x 365um o.d.

«-ABA (also called 2-ABA) an@-ABA (also called 3-ABA) NDA was used as the derivatization reagent due to the high
were purchased from Fluka. All other amino acids were purreactivity, low background fluorescence and the high stability of
chased from Sigma (St. Louis, MO) and prepared in ultrapurelerivatives[15]. In our experiments, the final concentration of
water purified with a Milli-Q system (Millipore, Bedford, MA, CN~ and NDAwere about3.2 10-3and 3.2x 10~* Mrespec-
USA), and stored in a refrigerator. SDS was purchased frontively, and the pH value for derivatization was 9.1, similar as
Serva (Germany). SC an@-cyclodextrin 3-CD) were pur-  previously reportedil5,16] The examination of effect of reac-
chased from Sigma. NDA was obtained from Aldrich. NDA tion time revealed that the reaction of NDA/CNvith GABA
(1.0x 1072 M) stock solution was prepared in methanol andwas quicker than withx-ABA and B-ABA, probably due to
diluted to the desired concentration in methanol, and storethe lower space hinders of GABA, similar to that obtained for
in refrigerator. Potassium cyanide (KCN) was purchased fronderivatization of histamine and histidine with NDA/CN14].
molecular probes. Other chemical reagents were of analytic&onsidering the reactions of other amino acids, 30 min was cho-
grade and used without further purification. Carrier electrolytesen for derivatization.
for capillary electrophoresis was prepared daily with ultrapure
water. 3.2. Optimization of CE separation parameters

2.2. Derivatization procedure It is essential to resolve GABA from-ABA and 3-ABA to
exclude the potential interference for analyli8]. However,
Sixty microlitres of a mixed amino acids solutions, (ll0 it is difficult to separate them by using simple running buffers,
of 1.0x 102 M borate buffer (pH 9.1), 10l of 3.0x 1072 M so additives or surfactants modified CE buffer should be used.
cyanide and 15 of 2.0 x 10~3 M NDA solution was added to  Firstly, SDS was employed. It was found tiafBA and GABA
a small centrifugal vial sequentially and then thoroughly mixed.co-elute with SDS at 10—-60 mM, thoughABA can be partly
The resulting solution was allowed to stand for 30 min at roomidentified with SDS at 30—60 mM. It was noted that in this case,

temperature prior to injection. a capillary with 5Qum i.d. was used to increase the sensitivity,
though reducing the resolution compared to that reported with
2.3. Capillary electrophoresis 10um i.d. capillary[10]. Similar results were obtained wif

CD or3-CD modified SDS as the additive;ABA and GABA
A new capillary should be pre-treated with 1.0 M NaOH, could not be resolved either.
water for 30 min sequentially. Each day before analysis, the Then SC, abile salt, was tested, which could produce micelles
capillary was rinsed with 0.1 M NaOH, water for 5min and with hydrophobic surface and hydrophilic interifk7]. The
preconditioned with running buffer for 10 min at room temper- baseline separation of three isomers was almost achieved when
ature. The electrophoresis buffer consisted of 20 mMHNRO, 20 mM SC was used. However, GABA could not be identified
buffer (pH 8.7) containing 24 mM SC and 26 mM SDS. Samplefrom other amino acids with single SC micelles, indicating the
injection was performed by hydrodynamic mode with samplingamino acids present in the biological samples might interfere
height at 9 cm for 20 s. Separations were carried out at 20-21 khe analysis of GABA. During the experiments, it was found
that the reaction of cysteine with NDA/CNis very slow, no
2.4. Plant materials and sample preparation fluorescence was detected within 30 min even in high concen-
tration of cysteine (1.6 10~2 M), and proline cannot react with
Sample 1: the fresh tobacco (Nicotiana The tabacum cv. SRNDA/CN~, so 24 amino acids (18 protein amino acigsABA,
leaf was sniped, and 7 mg of leaf was collected and immediatel@-ABA, GABA, taurine, citrulline and norvaline) were studied
grinded in the presence of 1 ml methanol in the mortar for 5 minjn this work.
the extract was transferred to a centrifugal tube, and then 1ml The mixed SDS/SC micelle has been demonstrated as
methanol was added to the mortar to dissolve and dilute than effective micelles system to resolve complex compounds
remaining extract, and transferred to the tube, the proceduid8,19] In this work, it was found that the resolution of the three
was repeated with water for several times, and the total extragsomers was greatly improved by mixed micelles, probably due
finally was diluted with water to 20 ml. to the extended elution rand&2,20] The further experimental
Sample 2: 7mg of leaf was collected from the same leaveesults revealed that GABA could be resolved from other amino
as the sample 1, then stored in a refrigerator &t @or about  acids with SDS at 30 mM, but cannot be resolved with SDS at
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o Fig. 2. Separation of NDA-labeled Ala, Glw-ABA, B-ABA and GABA
under the optimum conditions. The concentration of Ala, GHABA, B-ABA
a and GABA in (B) were 5.0< 1078, 5.3x 1078, 4.0x 1078, 4.0x 108 and
0 ‘ T T ‘ 4.0x 10-8 M, respectively. (A) It shows the blank derivatization. The current
100 120 140 160 180 200 in capillary was 72.A. The conditions were same askig. 1
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Fig. 1. Electropherograms of 21 amino acids without GABA, Glu and Ala (A) 9"“0”5- The reproducibility was evaluated by repeating injec-
and 24 amino acids with GABA, Glu and Ala (B), using 20mM phosphate tions (2=5) of GABA, Ala, Glu, a-ABA and B-ABA stan-
buffer (pH 8.7) containing 24 mM SC and 26 mM SDS. The currentin capillarydard solution at the concentration of @06, 2.5x 1076,
was 72uA. The composition of 24 amino acids were mentioned in the text; 2 §5x 10—6, 2.0x 1076 and 2.0x 106 M. The relative stan-
hydrodynamic injection, 9 cm (height) for 20 s; separation voltage, 20.2 kV. dard deviation (RSD) of peak height and the migration time
of five amino acids were found to be less than 6.0 and 2.0%.
10, or 20, or 40, or 50 mM in 25 mM SC micelles solutions, andysing the fluorescence intensity versus sample concentration,
SC higher than 30 mM with SDS fixed at 30 mM would make the linear calibration curve was obtained for amino acids (num-
the resolution worse. And the examination of electrophores iger of concentration for each amino acid =6). For Glu and Ala,
behavior of Glu and Ala under the condition of 25mM SC andthe concentration range was 5@0 8 to 5.0x 10°°M (Glu
30mM SDS showed that Glu could not be resolved. Whereag =(0.998, AlaR =0.998); fora-ABA, B-ABA and GABA, it
when 24mM SC and 26 mM SDS was used, the three aminias 4.0x 1078 to 4.0x 10 °M (a-ABA R=0.998, B-ABA
acids could be resolved with other 21 amino acids simultaneg = 0.997, GABAR =0.996). Based on the data iy. 2B, the
ously Fig. 1). Itis noted that Ala was interfered by a small peak detection limits for Ala, Glua-ABA, B-ABA and GABA are
in Fig. 1, probably caused by impurity, since it is obviously calculatedtobe 1.8 10°8,1.1x 10°8,8.4x 1079,1.5x 108
smaller than peak of amino acids. and 4.0x 10-8 M, respectively, with S/N = 2.

3.3. Typical electropherogram, reproducibility, linearity 3.4. Application
and detection limit
Typically, GABA levels in plant tissues are low, but increase
Fig. 2shows the separation of five NDA-labeled amino acidsseveral fold in response to many stimuli, including cold stimu-
(GABA, Glu, Ala, a-ABA and B-ABA) under optimal con- lation, hypoxia, etd1]. Fig. 3showed the changes of amount of
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Fig. 3. lllustration of the changes of amount of Glu, Ala and GABA in tobacco leaf in response to cold and dark stress. (A) Without stress; (B) withestress
current in capillary was 7gA. The conditions were same ashig. 1L
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GABA, Glu and Ala in tobacco leaf with cold and dark stress. [3] N. Bouche, H. Fromm, Trends Plant Sci. 9 (2004) 110.
To ensure the reliability, same amount of samples were collected?] M. Hajek, M. Burian, M. Dezortova, Magn. Reson. Mater. Phys. Biol.
from the symmetric position of the same leaf. It can be seen that Med. 10 (2000) 6. _ , _

. . . [5] F. Mazzei, F. Botre, G. Lorenti, F. Porcelli, Anal. Chim. Acta 328 (1996)
the amount of GABA in tobacco leaf was obviously increased ™ ,;
with strgss, and eight-fold increase _Of the amount of G_ABA can[g) E.A. Strays, W.S. Guerand, H.J. ten Brink, C. Jakobs, J. Chromatogr. B
be obtained. The amount of Glu obviously decreased with stress, 732 (1999) 245.
indicating that glutamate decarboxylase was very active in the?] S. Terabe, K. Otsuka, K. Ichikawa, A. Tsuchiya, T. Ando, Anal. Chem.
tissue of the tobacco leaf since Glu was a synthetic precursor_ 26 (1984) 111.

f GABA. Th tof Alai d sliahtl ith this treat [8] S. Terabe, K. Otsuka, T. Ando, Anal. Chem. 57 (1985) 834.

0 s e amount ot Ala Increased slightly wi IS treat- 9] S. Valerie, P. Sandrine, B. Nadia, B.M. Eva, R. Bernard, D. Luc, Elec-
ment, and |_t has been found that the cold and dark stress could " ophoresis 24 (2003) 3187.
induce the increase of Ala and GABA, and the decrease of GI{10] M. Shou, A.D. Smith, J.G. Shackman, J. Peris, R.T. Kennedy, J. Neu-

in soybean leaf21]. The observed phenomena were similar to  rosci. Methods 138 (2004) 189.
their results [11] S. Hu, P.C.H. Li, J. Chromatogr. A 876 (2000) 183.
) [12] S. Terabe, M. Shibata, Y. Miyashita, J. Chromatogr. 480 (1989)
403.
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