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NONEXPONENTIAL DECAY IN TRYPTOPHAN 

The major difficulty in using tryptophan fluorescence decay 
to probe the structure and dynamics of peptides and proteins is 
the intrinsic nonexponential decay of tryptophan itself. We have 
recently proposed a model which rationalizes the nonexponential 
deca¥ of Trp in terms of conformers about the Ca_CB, or x , 
bond. See figure 1. The underlying assumption of this 
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AE (0.11,0.55 ns). 
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is that in tryptophyl compounds in aqueous solution, a major in-
nonradiative process exists which involves charge 

transfer' between the indole group and a side-chain electro-
phile (e.g., a carbonyl group). The basic proposal of the model 
is that if there are two substituents of differing electrophili-
city on the tryptophyl a carbon, then double exponential decay 
will be observed. Two rather than three components are predicted 
since two conformers have essentially equal distances and orien-
tations between the indole nitrogen and the electrophile and are 
suggested to have identical lifetimes. The model was tested by 
measuring the fluorescence decay of three specially synthesized 
compounds (figure 2). The single exponential decays of AA and EE 
and the double exponential decay of AE helped to give credence to 
this model which has proved remarkably powerful in predicting the 
exponential or double exponential decay of a wide range of 
tryptophan derivatives. 

It should be possible to relate the weights of the two life-
time components to the x populations determined by NMR, X-ray 
crystallography, and conformational energy calculations. Unfortu-
nately, this comparison is not completely straightforward for a 
number of reasons: NMR measurements are done at high (0.01-
0.02M) compared with the fluorescence measure-
ments (10 M); the most stable crystal structure studied in X-ray 
crystallography may not be the most stable, or the only, struc-
ture in solution; the computed weights of conformer popula-
tions seem to overemphasize the amount of g as compared with the 
X-ray data for peptides and proteins. See Table I. 
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Table I. x1 Conformer Weights Obtained by Various Methods 

Compound 

Trp pH 5 
Trp (O.02M) 
Trp 
TrpGly pH 5 
TrpGly (0.02M) 
TrpGly 
GlyTrp pH 5 
GlyTrp (0.02M) 
GlyTrp 
Phe, Tyr, Trp 

(peptides) 
Phe, Tyr, Trp 

(proteins) 

* 

t g g 

--0.22-- 0.78 
0.16 0.20 0.64 
0.304 0.539 0.157 
--0.23-- 0.77 

0.29 0.22 0.49 
0.771 0.205 0.024 
0.54 --0.46--
0.45 0.37 0.18 
0.069 0.672 0.259 
0.28 0.26 0.45 

0.31 0.13 0.57 

* method 

fluor 
NMR 
calc 
fluor 
NMR 
calc 
fluor 
NMR 
calc ** 
X-ray 

X-ray 

Fluorescence, ref. 1; NMR, ref. 4; X-ray, ref. 5; conforma-
energy calculations, ref. 6. 

Compiled in ref. 6. 



NONEXPONENTIAL DECAY IN PEPTIDES AND PROTEINS 

Even if the conformer populations in Trp derivatives can be 
determined accurately from fluorescence decays, it is not clear 
what affect secondary structure has on the conformations accessi-
ble to the tryptophyl Using conformational energy cal-
culations, Benedetti et ale find that certain kinds of secondary 
structure restrict the choice of x angles. For example, the g-
conformer, normally the most populous, is avoided for a-helical 
conformations in oligopeptides, while the t conformer is favored. 
Thus, whereas for the Trp derivatives where one of the weights 
corresponds to the sum of two different conformer populations, it 
is possible that for some oligopeptides there is a one-to-one 
correspondence between weights of lifetime components and con-
former populations. 

Solvent is clearly important in the radiationless decay of the 
tryptophyl moiety; and in our conformer model, we have assumed that 
a highly polar solvent is crucial for the stabilization of the pro-
posed charge transfer species. The presence of secondary struc-
ture, however, is likely to deny solvent molecules access to the 
Trp residue; and hence an increase in fluorescence lifetime is ex-
pected when the Trp is involved in secondary, and higher order, 
structure. The similarities between the decays of the four-
tryptophan-containing protein, apolipoprotein A-I (A-I) and the 
single-tryptophan-containing hormones (glucagon, mellitin, and 
ACTH) may be helpful in understanding this relationship. See 
Table I I. 

Table II. Fluorescence Decay Data 

Compound 

A_I 7 
glucagon8 
mellitin 
ACTH (1O°C)'1 
N-acetyl-Gln-
Trp-Leucinamide 

* 

A, 
0.59 
0.36 
0.37 
0.51 
0.38 

1:1 (ns) 

1.1 
1.1 
1.3 
2.3 
0.7 

* 

1: 2 (ns) 

3.2 
3.5 
3.7 
5.9 
1.8 

A double exponential decay is assumed with A + A2 = 1. 
Unless otherwise indicated, the data were takJn at 20°C. 

A plausible explanation for the A-I decay is that the decay 
kinetics of each of the four Trps are the same. This 
can be supported by the protein's high a-helical content which 
may involve all of the Trps in similar structural environments. 
It has also been shown that in tripeptides of the form X-Trp-Y 
which are too small to sustain secondary structure, the fluores-
cence decays are very simila, ;040% 0.8 ns; 1.7-2.0 ns) with 
no component exceeding 2 ns.' Thus, the 3 ns component in A-I 
may be attributed to its high a -helical content. Furthermore, it 

79 



is our present suspicion that the 3 ns component in glucagon, for 
example, is the result of the Trp residue's involvement in a bit 
of a-helix. Although the presence of12-helix i93glucagon has 
been the subject of much debate in CD and NMR studies, the 
tripeptide data and the short lifetimes obtained for the glucagon 
fragment N-acetyl-Gln-Trp-Leucinamide which is too short to pos-
sess structure seem to argue favorably for the presence of 
secondary f3ructure in glucagon in at least a portion of the 
molecules. 
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