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Chemiluminescence of Tryptophan with Electrogenerated

Tris(2,2'-bipyridine)ruthenium(III)

*
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A system for electrogenerated chemiluminescence based
on the reaction of electrogenerated Ru(bpy)33+ with
tryptophan (Trp) is described. The orange chemiluminescence
was generated by reaction of Ru(bpy)33+ with Trp in acidic
solution. The lowest detection 1limit was 0.1 pmol for Trp.
This newly demonstrated system should prove useful for the

selective and sensitive detection of Trp.

In our previous study, oxalate in urine was determined by flow-

injection analysis using electrochemiluminescence (ECL) from oxalate-
Tris(2,2'-bipyridine)ruthenium(II) (Ru(bpy)32+).1)

*
emission from Ru(bpy)32+ has been observed previously.

ECL corresponding to
2) ais
Similar

observations have also been made for the thermal reduction of Ru(bpy)33+

with reducing agents such as hydralazine,3) alkali (OH_),4) organic

acids5) 6) Similarly, reactions of Ru(bpy)31+ with
oxidizing agents such as 10-methylphenothiazine radical cation7)

8)

and alkylamines.
and
peroxydisulfate have been reported. In general, aromatic substituted
amines such as aniline, diphenylamine and triphenylamine, bipyridinium
ions such as paraquat, and nitroaromatics such as nitrobenzene have been
found to generate no chemiluminescence at any of the pH values

6)

examined. In such a case, it was observed that one kind of aromatic
substituted amine, Trp was reacted with (bpy)33+ acidic aqueous solution
to generate chemiluminescence. The present paper describes a new agueous

2+ with Trp as a reducing agent.

ECL system based on Ru(bpy)3
All the reagents and solvents were of guaranteed grade. Water was
deionized and distilled using a hard-glass vessel. Stock solutions of
oxalate and indole derivatives were prepared at 1072 mol dm™> in water-
methanol (1:1, v/v) and diluted with the carrier solution before use.
Chemiluminescence intensity was measured using a two-channel flow-

1)

injection system and a chemiuminescence detector (LC30-DPC10, Nihon

Denshi Co., Japan). The electrochemical oxidation mode was for



1374
100 Y . . T
v
-
=
>
(-
(=]
(-
)
= o
< 50k )
(=]
|
(@)
Ll
o
O i 1 1 1
2 4 6 8
pH of effluent
Fig. 1. Effect of effluent pH on

ECL intensity. Trp: 40
pmoTl.

controlled current
electrolysis, and the current
was maintained at 80 pA with a
potentio-galvanostat (HA-101,
Hokutodenkou, Japan). The
carrier solution was a mixture
of 10 mM phosphoric acid-
acetonitrile (1:1, v/v).

2+ dichloride was ob-

Ru(bpy) 5
tained from Sigma (St. Louis,
MO, USA). Ru(bpy)32+ solution
was dissolved at 0.24 mM in 10
mi HZSO4 .

Immediately after
addition of Trp to Ru(bpy)33+
acidic solution, marked
orange light was observed with
a lifetime of less than one
second. Preliminary studies on

the selectivity,
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R. ECL I.

Chemistry Letters, 1991

100 T T Y Y T T

50k -
i 1 1 1 H 1

0.6 0.8 1.0 1.2 1.4 1.6

Flow rate/m1 min-1

Fig. 2. Effect of flow rate on ECL
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Fig. 3. Effect of Ru(bpy)32* concen-

tration on ECL intensity,
Trn: 40 pmol.

sensitivity, and analytical applicability of this

chemiluminescence reaction for Trp and also its analogues were carried out
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using the FIA system.
Because of the flow
electrochemical reactor
(ECR)1O)

reagent stream line in

coupled in the

this FIA system, prior
electrical oxidation of
Ru(bpy)32+ solution was
not required, and
continuous long-term
operation was possible
by supplementation with
reagent solution. The
factors affecting ECL
production of Trp were
examined. The effect of
the effluent pH is shown
in Fig. 1. The intensity
was maximal at pH 3. The
effect of flow rate on
the ECL intensity was
examined over the range
0.6-1.6 ml min~'. The
intensity decreased
slightly with increasing
flow rate (Fig. 2).
Further, the effect of
Ru(bpy) 5

concentration on EC1
intensity is shown in
Fig. 3. ECL intensity
was constant above 0.25
mM Ru(bpy)32+.

The ECL intensities
of Trp and other
compounds were presented
in Tables 1 and 2. The
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Table 1. Relative ECL intensity of 3-
substituted indole derivatives

Relative
Compound Substituent ECL
intensity
1 H 12
2 CHO 2
3 OCOCH3 15
4 COOH 1
5 CH,COOH 16
6 CHZCOCOOH 15
i CHZCHZOH 3
8 CHZCH(OH)COOH 2
9 CH20H(NH2)COOH 100
10 CHZCHZNH2 3

—_
—

CHZCH(NHZ)COOC2H5 4

Table 2. Relative ECL intensity of 3-, 5-
disubstituted indole derivatives

Substituent Relative
Compound ECL
5- 3- intensity?’
1 OH CH,COOH 2
2 OH CH,CHoNH, 2
3 OH CHZCH(NHZ)COOH 2
4 OCHs CH,COOH 7
5 0CHg CH,CH,0H 2
6 OCHs CH,CH(NH, )COOH 4

a)The intensity of tryptophan was taken as 100.

chemiluminescence intensity for indoles, relative to that for Trp, was

dependent on the substituent functional groups and their positions. In

compounds 1-6 (Table 2) the hydrogen of the indole skeleton of tryptophan

was replaced by a functional residue such as hydroxy or methoxy. The
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intensities of these compounds were weak in comparison with Trp, and
indole generated chemiluminescence. However, substituent functions of
Trp, such as alanine and other amino acids, did not generate

b as was the case for both pyrrol

chemiluminescence in acidic solution,
and indoline. In other words, it appears that the indole skeleton is
structurally essential for this chemiluminescence reaction. A linear
relation was obtained between the amount injected and ECL intensity with
in the range of 2-200 pmol. The detection limit was calculated to be 3
times the intensity of the standard deviation of background noise. The
detection limit for Trp was about 0.1 pmol and the other indole
derivatives were detectable at a level of a few pmol.

In conclusion, a new Trp—Ru(bpy)33+ ECL system in an aqueous
solution has been demonstrated. This FIA using ECR appears to be very
promising, and the reaction should prove useful for selective detection
of Trp and its related compounds. Furthermore, combination of high-
performance liquid chromatography with the FIA for post-column detection
is expected to be a specific, simple and sensitive method for
determination of compounds present in a wide variety of complex
biological samples. This ECL system was potential application for
selective and sensitive analysis of Trp.

The author is indebted to Professor A. Sugii for his continuous
advice and valuable suggestions, and also to Miss Yuko Banno of this

faculty for technical assistance.
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