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L-tryptophan was found for the first time to show the
chemiluminescence in the copper(Ill ) - hydrogen peroxide -
potassium sodium tartrate system with its maximum
chemiluminescence intensity at about 3 h. Other e-amino
acids such as L-histidine, L-methionine, and L-isoleucine
showed no chemiluminescence. L-tryptophan in the

concentration range of 1.0 x 1072 - 1.0 x 10°° mol dm~

3
apparently showed the chemiluminescence corresponding to

its concentration.

A new method using a chemiluminescence (CL) reaction has been
established by the present authors for the determination of small amount

1.2) The method is based on the lowering of

of protein or e—-amino acid.
the catalytic activity of a metal ion for the CL reaction in the presence
of protein or a-amino acid. It was very sensitive, but a protein and an
ea—amino acid had to be indirectly measured by using a complex CL reaction
systenm. However, there have been no reports in regard to the analytical
method for e¢-amino acid by use of the CL from e-amino acid itself. During
the course of such investigations on the new CL reaction which could be
used for the simple and direct analysis of an e-amino acid, L-tryptophan
was found to show the CL in the copper (1l ) - hydrogen peroxide - potassium
sodium tartrate system. The present paper will describe the CL of
L-tryptophan. '

Deionized water was distilled for use. All e-amino acids were
purchased from Kyowa Hakko Co. Ltd., and other reagents were of
commercially available special grade. Copper (Il ) sulfate and iron(Il )
ammonium sulfate were used as Cu(Il ) and Fe(Ill ) catalysts.

A schematic diagram of the apparatus used in the present study is
shown in Fig. 1. The B solution (10 ml) (0.5 mol dm—3 hydrogen peroxide
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(Hzoz)] was injected into the A solution (pH 10.4)

mol dm™ 3 Cu(li), 1.0 x 1072 mol dm™°

0.1 mol dm—3 potassium hydroxide, 0.1 mol dm—3

mol dm—3 ¢-amino acid) in a black box (E) by use of a syringe(F).
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(40 ml) (1 .0 x 10

potassium sodium tartrate (PST),

and 1.0 x 1075

Each

boric acid,

reagent concentration indicates the concentration in a final reaction

Schematic diagram of the apparatus.
A : A solution, B : B solution, C : reaction
cell, D : stirrer, E : black box, F : syringe,
G : photomultiplier, H : amplifier, and I :
recorder.

Fig. 1.
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Fig. 3. Relationship between Cu(Il) concn
and maximum CL intensity.

Conditions : 4.0 x 107" mol dm > H,0,,
107 o1 dm3 BST, 0.1 mol dm > H,BO_,

0.1 mol dm > KOH.
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Fig. 2. Effect of complexing agent concn on
the CL intensity of Cu(I) - HZOZ
O :PST, A : ST, and @ , A : precipitate
was observed after the reaction.
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system.

Conditions

x 1072 mol dm™3 H,0,, 0.1 mol dm™> H,B0,, and

0.1 mol dm™> KOH.
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Fig. 4. Relationship between H,0. concn and

272
maximum CL intensity.

Conditions : 3.0 x 1073 mol dm™ Cu(I) , 1.0
x 1071 mol dm™3 psT, 0.1 mol dm™3 H,B0,, and
0.1 mol dm™S KOH.
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solution (50 ml) after the A and B solutions were mixed. The CL of the
reaction solution in a reaction cell (C) was measured by a photomultiplier
(G) (Hamamatsu Photonics, R931), amplified with an amplifier (H) (Horiba
Ltd., OPE-402), and recorded on a recorder (I) (Yokogawa Electric Works,
Ltd., 3046).

The Cu(Il ) - H202 - PST system (System-1) or the Cu(ll ) - H202 -
sodium tripolyphosphate (ST) system showed the CL in the absence of CL
reagents such as luminol and 1, 10-phenanthroline (Fig.2). The maximum CL
intensity in the System-1 increased with an increasing concentration of
Cu(ll ) or H202 (Figs. 3 and 4). The maximum CL intensities which were
observed in all these experiments were obtained within 5 min after a H202
solution was added.

The CL in the System-1 was examined in the presence of each e¢-amino
acid such as L-tryptophan, L-histidine, L-methionine, and L-isoleucine,
where the same concentration of the above-mentioned value was used. The CL

intensity was enhanced in the presence of L-tryptophan, while no CL was
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Fig. 5. Chemiluminescence of L-tryptophan and 1,10-phenanthroline in the Cu(I) - H202
- PST system.
I:1.0x 10" mol dn™® Qu(I) , 1.0 x 1072 mol dm™
0.1 mol dm™° KOH, and 0.5 mol dm > H,0,.
T :1.0x 10" mol dn™> Cu(I) , 1.0 x 10°
L-tryptophan, 0.1 mol dn™> H,BO,, 0.1 mol dn”° KOH, and 0.5 mol an™® 1,0,

2 1ol dm™3 PST, 1.0 x 107> mol dm

W : 1.0 x 107 mol dn> Qu(I ), 1.0 x 10°
1,10-phenanthroline, 0.1 mol dm > H,B0,, 0.1 mol dm > KOH, and 0.5 mol an™® H,0,.

m 3 3
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observed in the presence of

L-histidine, L-methionine, and

L-isoleucine in the System-1. The CL

1r the System-1 (Fig.5 ), where
1, 10-phenanthroline was used for

g curve (curve-1II ) in the presence of
~

5 2r L-tryptophan in the System-1 was

-~

B shown together with the CL curve

=

3 (curve-1I ) in the presence of 1.0 X
= — —

- 10" mo1 dm™3 1, 10-phenanthroline in
<

o0

=

. . . compar ison because it is known as a

-5 -4 -3 CL reagent in the Cu(lIl )
log(L-tryptophan concn / mol dm™3)

Fig. 6. Relationships between L-tryptophan

- Hy0,
system. The maximum CL intensity and

conen and Cl intensity. CL peak area of curve-I were about
310 nA and 1030 nA h, while those of
curve- were about 1100 nA and 91 nA h.

Moreover, the effect of iron(Il ) on the catalytic activity of the
System-1 was examined. L-tryptophan showed no CL within 6 h in the Fe(Il)
- HZOZ - PST system, but it showed the CL in Cu(Il ) - Fe(Il ) - H,0, -

PST system (System—-2). The maximum CL intensity was observed within 1 h
in the System-1 and at several hours in the System-2 after the initiation
of the reaction. The CL obtained for L-tryptophan in the presence of
L-histidine, L-methionine, and L-isoleucine in the System-2 approximately
corresponded to the CL obtained for g—tryptophan glone. L-tryptophan in
- 1.0 x 10

showed the CL intensity corresponding to its concentration (Fig. 6).

the concentration range of 1.0 X 10~ mol dm_3 apparently
As has been described above it has been elucidated that the CL from
L-tryptophan in the Cu(Il ) - (Fe(ll )) - H202 - PST system could be

potentially applied to a sensitive and selective analysis of L-tryptophan.
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