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Abstract

The determination of theanine has been performed by micellar electrokinetic capillary chromatography (MECC) using 2,4-
dinitrofluorobenzene (DNFB) as a derivative reagent. To achieve the separation, a fused-silica capillary column was used with a borax
buffer at 0.03 mol/L pH 9.8 (containing Brij35 and isopropanol) at@#vith detection wave length at 360 nm. The factors affecting the
efficiency of the sample separation were examined simultaneously. A 40-min reactionCGab8bveer.-glutamate and ethylamine (with
Tris—HCI buffer, pH 7.5) was investigated using the theanine synthetase from budding tea seeds. A novel method for the analysis of theanine
synthetase activity based on MECC was established. The method shows mean recovery ranged from 87.1 to 105.3% and linearity ranged from
0.2 to 5.0 mmol/L.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction thetase was the key enzyme during the theanine biosynthesis.
They created an isotopic method to assay the activity of the
In recent years, the studies have shown that theanine hasheanine synthetase and investigated some properties of the
an important effect in physiology, biochemistry, pharmacol- enzyme. Subsequently, they studied the separation and purifi-
ogy and health cafd—3]. However, the theanine is a specific cation of the theanine synthetase and their results were not
amino acid in tea plants and its availability is very limited. It very satisfactory4—6]. Due to the complexities of the assay-
only accounts for about 1-2% of the dry weight of fresh tea ing methods of the enzyme and its biochemical properties,
leaves. The biosynthesis of the theanine has become increasthe further study of the enzyme was limited. The molecular
ingly important. Theanine synthetase (EC6.3.1.6), which is biological characteristics of the enzyme have been largely
alsoreferred to as-glutamic acid (Glu): ethylamine (EtNH unknown so far.
ligase is a special enzyme of tea plants. It plays an important  The high performance capillary electrophoresis (HPCE)
role in the theanine biosynthesis. So, it is significant to come is currently one of the most important means in analysis by
up with an accurate, rapid detecting method for the theanineseparation. It has been widely used in many fields for its
synthetase activities, which would enable the further investi- high efficiency, speed and resolution. It is also economic, en-
gation of the enzyme. vironmental friendly and highly automatgd,8]. Not only
The investigations on the theanine synthetase are scarcelynay it be used to dissociate biological products such as pro-
reported. Sasaoka et al. first discovered that the theanine syntein, amino acid, organic acid and sug@11], but it may
also be used to analyze medicines such as the antibiotics and
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[15-17] Horie et al.[18] has determined qualitatively the 2.3.3. Preparation of acetone powder

important components containing theanine in green tea in- One measure of the germinated tea seedlings were
fusions using capillary zone electrophoresis (CZE). Some grounded in a pre-chilled mortar-@0°C) with two mea-
major organic acids and amino acids in tea infusions were sures of 0.1 mol/L potassium phosphate buffer (pH 7.5), one
analyzed simultaneously by using CZB)]. The separation = measure of PVP, and 20 measures of pre-chilleti5°C)

of theanine by using micellar electrokinetic capillary chro- acetone. After the removal of the acetone by centrifugation
matography (MECC) was also demonstrdi@]. Chen et al. at 12,000 rpm for 20 min, the residue was washed two to three
used capillary electrophoresis to determine theanine in freshmore times with acetone which amounts to twice its volume.
tea leaves and oolong tg#l]. In this paper, we presenta dif- The acetone was finally removed by vacuum filtration. The
ferent way for determining theanine using MECC, and more resulting acetone powder was stored-20°C for later use.
importantly, a novel method for assaying theanine synthetase

activity based on MECC. 2.3.4. Extraction of enzyme solution (operation below
5°C)
The dried acetone power was dissolved in 40 measures
2. Experimental of 0.05 mol/L potassium phosphate buffer (pH 7.5) contain-
ing 0.01 mol/L MgC} and 0.01 mol/L 2-mercaptoethanol.
2.1. Reagents After filtration of the dispersion though gauze, the solution
was centrifuged at 12,000 rpm for 20 min. The supernatant
2,4-Dinitrofluorobenzene (DNFB), Brij3%-norleucine, solution was collected and ammonium sulfate was added

L-glutamate (sodium salt), ethylamine (HCI salt), ATP (dis- so it reached 35% saturation. This solution was allowed to
odium salt), polyvinyl pyrrolidone (PVP) and bovine serum stand for 15 min. The precipitate was then removed by cen-
albumin were the products of the Sigma Chemical Com- trifugation (12,000 rpm for 20 min). The supernatant solution
pany (USA). The theanine was purchased from Tokyo was brought to 85% neutral saturation by adding additional
chemical company (Tokyo, Japan). Acetonitrile and iso- ammonium sulfate. After 15min, the precipitate was col-
propanol were chromatographic grade made in China. Otherlected by centrifugation described above and was dissolved in
chemicals used were made in China and of analytical 0.05mol/L potassium phosphate buffer (pH 7.5) used above.
grade.

2.3.5. Determination of protein concentration
Protein concentration was determined according to the
method of Coomassie using bovine serum albumin as the

A Beckman (Fullerton, CA, USA) MDQ CE Instrument standgrd sample. The fractions_ eluted from the chromato-
was used. UV absorption was detected indirectly at 360 nm graphic systems were also monitored at 295 nm.
and capillary temperature was maintained af@7 Sam-
ples were injected into the capillary by pressure for 5s. 2.3.6. Derivative of samples
An open tubular fused-silica capillary was used through-  Differentderivative systems were prepared in a tube. After
out the experiments with an internal diameter ofu50 shaking and stirring, the mixtures were incubated atGor
and a length of 65cm (60cm from autosampler to detec- 25min.
tor). Electropherograms were obtained with 0.03 mol/L bo-
rax buffer containing 30% Brij35 and isopropanol (borax 2.4. CE analyses
buffer:isopropanol:30%Brij35 = 825:150:25) prepared with
de-ionized water (Millipore) and adjusted to the appropriate 2.4.1. Calibration curve for theanine detection
pH 9.8 with boric acid. Dissolve the standard theanine sample in de-ionized wa-
ter to create 8 different concentrations (0.2, 0.4, 0.6, 0.8, 1.0,
2.0,3.0,4.0and 5.0 mmol/L). Analyze them by capillary elec-
trophoresis after the derivatives are formed. The calibration
curve for the theanine detection was then obtained.

2.2. Instrument and analytical conditions

2.3. Sample treatment

2.3.1. Standard theanine sample
The standard theanine sample was dissolved by de-ionized

water (Millipore), with the concentration of 0.5 mmol/L. 24.2. Assay@ng enzyme activity ) )
The theanine synthetase activity was measured in 1.0 ml

of an assay solution containing gnoles ofL-glutamate,
2.3.2. Tea seedlings 10pwmoles of ethylamine, 1@moles of ATP, 25umoles
Tea seeds were sterilized by a 0.05% solution of benza- of MgCl,, 25umoles of 2-mercaptoethanol, 1inoles of
Ikonium chloride after removal of their shells, then soaked in Tris—HCI (pH 7.5), and 0.4 ml enzyme. The reaction was
running water overnight and germinated on sand in the dark started with the addition of the enzyme and was carried out
at 20°C for 2—3 weeks. at 35°C for 40 min. After the incubation, the reaction was



P. Li et al. / J. Chromatogr. B 819 (2005) 81-84 83

stopped by the addition of 3 ml of 99.5% ethyl alcohol. The re- 0.015
action solution was centrifuged at 12,000 rpm for 20 min. The

supernatant solution was treated with capillary electrophore- 3
sis after derivative reaction. One unit of enzyme activity (U) =
was defined as the amount of enzyme consumed to gener-'c%’ Theanine

i o 0.0051
ate 1umol of product per minute, under the condition of a Unknow D-norleucine (IS)
40-min reaction at 35C. '\

0.000

0.0104

2.4.3. Evaluation of derivation recovery 0 8 10 12 14 16
Dissolve a known theanine sample in pure water to create Time (min)

solutions of concentrations of 0.62, 1.24 and 2.48 mmol/L.

Then add standard theanine sample with the concentration

of 0.70, 1.40 and 2.80 mmol/L, respectively. Stir evenly and

allow derivative reaction to complete. Analyze the samples

using instruments. The same procedure was repeated wit

the other two known theanine samples and then recovery was o .
calculated. 3.3. Calibration curve of the standard theanine

Fig. 2. Electropherogram of derivatized theanine sample.

the RSD (relative standard deviation) was 2.40 and 2.37%,
Hespectively.

First, the standard theanine solution of different levels

3. Results and discussion of concentration was separated by capillary electrophore-
sis. Then the measured values were processed at a CE
3.1. The electropherogram of samples workstation. The calibration curve of the standard theanine

was obtained with the theanine level on the vertical &is

When theanine was mixed with other sixteen amino acids @1d the peak area on the horizontal axisLinear regres-
andp-norlucineis (IS) with derivative reaction, they could be Sion was then pezrformed to obtain the following equation:
isolated perfectly one by one through micellar electrokinetic Y= —1-26€— 011x" +2.25e— 005« with r=0.995, indicat-
capillary chromatographyF{g. 1). Peak 16 (IS) and Peak N9 @ good Ilngar rglgtlonshlp from 0.2 to 5.0 mmol/L. The
19 (theanine) appeared at about 12.2 and 14.2 min marksMinimal detection limit (S/N =2) was 0.05 mmol/L.
respectively. Then a suitable amount of enzyme solution was
added to the enzyme reaction system. A peak appeared aB-4. Recovery of the derivation
about 14.2-min markHig. 2), which presents the derivation
of theanine. It proved that the theanine synthetase acted as a [N order to more accurately determine the enzyme, the
catalyst and also demonstrated the feasibility of this method recovery rates of derivation were assayed. As indicated in
for assaying the enzyme activity. Table 1 the recovery rate of theanine ranged from 87.1 to

105.3%.
3.2. Stability of theanine derivation
3.5. Results of theanine synthetase activity

Thetheanine derivation was evaluated under different time
and conditions. The different temperatures of storing deriva- ~ Theanine synthetase activity was measured by the capil-
tives were 4 and 2%C. In both cases, the results showed lary electrophoresis and the results were showmahble 2
the theanine derivation maintained its stability in 5 days and Samples 1-4 came from the same source and hence contained

the same enzyme solution and other reagents. However, the

0.0151
— Table 1
g 0.010- Recovery of theanine in samples
‘_é” Samples Theanine Forecast Actual Recovery
157) 0,005 (mmol/L) standard value value (%)
' (mmol/L) (mmol/L) (mmol/L)
0.62 Q070 066 062 939
0.000 0.70 Q70 070 061 871
0 3 na 5 7 T 0.81 Q070 076 070 921
Time (min) 124 140 132 133 1008
1.40 140 140 136 971
1.62 140 151 153 1013

Fig. 1. Electropherogram of 17 amino acids and IS. Numbers (1-19) in this
figure delegate amino acids and IS as follows: (1) Arg, (2) Tyr, (3) Lys, (4)
unknown, (5) Trp, (6) His, (7) Phe, (8) lle, (9) Leu, (10) Met, (11) Val, (12)
Cys, (13) Ser, (14) Thr, (15) Pro, (16) IS, (17) Ala, (18) Gly, and (19) The.

248 280 264 275 1042
2.80 280 280 249 889
324 280 302 318 1053
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Table 2 the method. Measuring enzyme activities using the classical
The results of theanine synthetase activity isotopic method is both complicated and time consuming,
Samples CEassay (U)  whereas the prominent merits of the dissociation technology
1 52.3 has been its simplicity and speed. It has been reported that
2 EZI the samples could be continuous sampling anals4]

This may further simplify the procedure of the capillary elec-

trophoretic technology. There is no doubt that the capillary

Average 53.4 electrophoretic method could become a core technology for
the dissociation studies and certainly be an efficient means to
assay the enzyme activities.

four samples were put through the derivation process sepa-

rately under the same experimental conditions. The resulting

four derivatives were analyzed by MECC. The analysis re- acknowledgements

sults suggested that the enzyme activities in all four samples

were consistent, which demonstrated that the method was  Thjs research work was supported by the National Natural

applicable to assay theanine synthetase activity. Science Foundation of China (No. 30270853), Department
Many factors of the enzyme reaction system could affect of Basic Research, Ministry of Science and Technology of

the results of the dissociation of theanine using the capillary china (No. 2004CCA06400), and the Natural Science Foun-
electrophoresis method. We were able to successfully elimi- §ation of Anhui Province.

nate all the negative factors one by one through experiments.
This is due to the right selection of the derivative reagent. It
also has to do with how the enzyme reaction ended. Specifi-
cally, when 99.5% ethyl alcohol was put into the reacting so-
lution, the theanine Was extracted V\_Ih.”e the remaining small [1] T. Kakuda, A. Nozawa, A. Sugimoto, Biosci. Biotech. Biochem. 66
amount of other residuals was precipitated. (2002) 2683.

Most of disturbance factors (for example, small molec- [2] V. Sadzuka, Y. Yamashita, T. Sugiyama, et al., Cancer Lett. 179
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