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The time-resolved fluorescence behavior of tryptophan residues in isolated human hemoglobin subunits was 
determined using a sync-pumped dye laser system and time-correlated single photon counting detection. 
Two decay components having values near 80 ps and 2 ns were found in the fluorescence decay of the 
cc-subunit. The data for the P-chains were best fitted with 3 decay components of 90 ps, 2.5 ns and 6.4 ns. 
We propose that the decay times correspond to conformations of the proteins in which the disposition of 

the tryptophan to the heme residue differs. 

Tryptophan Hemoglobin subunits Conformational heterogeneity Fluorescence decay 

1. INTRODUCTION 

The existence of a weak fluorescence from the 
protein moiety of human hemoglobin has been 
clearly established [l-5]. This intrinsic emission 
has been utilised to investigate phenomena such as 
tryptophan-heme energy transfer [6] and R-T 
structural transitions in hemoglobin [3-51. Only 
two of these reports, however, specifically ad- 
dressed dynamic aspects of the tryptophan 
fluorescence which may provide information on 
segmental motion of the fluorophore environment 
[6,71. 

Human hemoglobin possesses 6 tryptophan 
residues, one in each u-subunit (~~14) and two in 
each P-subunit (8,~ and ,83,) [8]. The isolated 
subunits thus offer a simplified system for study- 
ing the dynamic aspects of the protein matrix of 
hemoglobin. The a-subunit, for example, has only 
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a single tryptophan residue and a single heme 
group with which it might interact, and there is no 
possibility of R-T structural changes. The P-sub- 
unit, although it possesses two tryptophan resi- 
dues, will have a different structure than intact 
hemoglobin. Time-resolved fluorescence experi- 
ments on these isolated subunits should provide 
additional information to assess the interpretation 
of the fluorescence decay behavior of hemoglobin. 

2. MATERIALS AND METHODS 

Human hemoglobin A was extracted from red 
blood cells according to standard procedures [lo] 
and the CY- and P-chains were prepared according 
to the method of Geraci et al. [l 11. The homo- 
geneity of the subunits and their capacity for as- 
sociation and reconstitution to reform the hemo- 
globin tetramer were verified by high-voltage elec- 
trophoresis. During isolation of the subunits the 
SH groups were oxidized by treatment with mer- 
captoethanol in aerated solution for r/z h for the CY- 
subunit and 1 h for the P-subunit. Deoxygenation 
of the samples was accomplished by slow equi- 
libration of the oxygenated samples with nitrogen 
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gas. The carbomonoxy forms were similarly pre- 
pared from the deoxy derivatives using carbon 
monoxide. The purity of the various derivatives 
was confirmed from their visible absorption spec- 
tra which were measured with a Cary 219 spec- 
trophotometer. All samples (2.4 x lo-* M) were 
measured in 0.01 M sodium cacodylate buffer 

(PH 7). 
Fluorescence decay experiments were performed 

at 20°C in scrupulously cleaned suprasil tono- 
meters of 1 cm path lengths. The excitation source 
(h,, = 295 nm) was a Spectra Physics cavity dumped 
laser system which has been described in detail 
elsewhere [91. The emission was monitored at 
340 nm (8 nm bandpass) and decay data were col- 
lected in 1024 channels of a multichannel analyzer 
with a resolution of 21.3 ps/channel. A back- 
ground signal was subtracted from all measure- 
ments prior to deconvolution. To minimize photo- 
lytic effects in the case of the oxy derivatives, fresh 
samples were utilized every 10 min until sufficient 
counts were accumulated in the maximum channel 
(100000). Data were analyzed using the DFCM 
non-linear least-squares iterative convolution 
method using terphenyl in ethanol as a reference 
material [9]. 

3. RESULTS AND DISCUSSION 

The fluorescence decay curves for the cy- and @- 
subunits are shown in fig. 1. Analysis of the decay 
data showed that the fluorescence of the various 
derivatives of the a-chains are best fitted with two 
exponential decay components while those for the 
P-subunit are best fitted with 3 exponential decay 
kinetics (table 1). The fluorescence of the cu-sub- 
unit had decay times near 80~s and 2 ns. These 
values are similar to those observed for the two 
shorter components in the intact hemoglobin. The 
fractional contribution of each component de- 
pends upon the state of ligation in the subunit case. 
We assign these two components to two average 
conformations of the protein in which the single 
tyrptophan residue is oriented differently with 
respect to the heme residue. 

The results for the P-chain showed that 3 kinetic 
components were required to fit the data satisfac- 
torily , with decay times near 9Ops, 2.5 ns and 
6.4 ns. The fractional fluorescence of the 90~s 
component was significantly greater than that of 
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Fig. 1. Normalized fluorescence decay profiles for (-) 
LY (oxy) hemoglobin subunit; (---) ,i3 (oxy) hemoglobin 
subunit; resolution 21.3 ps/channel, he, = 295 nm, A,, = 

340 nm. 

the short lifetime component in the native hemo- 
globin derivatives. The fractional fluorescences for 
the carbomonoxy derivative of the P-subunit are 
significantly different from those of the other fl- 
derivatives. We are only able to speculate that this 
may indicate that this derivative has a significantly 
different structure compared to the other deriva- 
tives. We are unable to make a choice at this time 
as to whether the 3 components correspond to 3 
different average conformations of the P-subunit 
or can be assigned specifically to particul~ trypto- 
phan residues, of which there are two in the B-sub- 
unit. 

Upon oxidation of the cysteine residues (cy104, 
,&3 and /?rrz) a weak band appears near 625 nm in 
the absorption spectra and there is a significant 
change in the fluorescence decay curves with an in- 
crease in the long time emission. Further the decay 
kinetics become more complex regardless of the 
state of ligation. 

Earlier, from steady-state fluorescence measure- 
ments, it had been reported [3] that tryptophan 437 
was responsible for the fluorescence of hemo- 
globin. However, steady-state experiments per- 
formed by some of us [2] and the results reported 
herein clearly demonstrate that the tryptophan 
located at residue 14 in the a-subunit and residue 
15 in the P-subunit also contribute to the hemo- 
globin fluorescence, 
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Table 1 

Fluorescence decay parameters of human hemoglobin subunit? 

Derivative 7-l (PS) 72(m) 73(m) FUlb F(2) F(3) 

March 1985 

Rdeow) 

a02 

ffco 

cu(deoxy) 

HbOzC 
Hb deoxyC 
HbCOc 

95 2.65 6.5 50 
90 2.55 6.45 41 
90 2.3 6.3 50 

80 2.2 80 
85 2.3 65 
65 1.9 II 

90 1.9 5.4 24 
70 1.8 4.9 30 
70 1.8 4.9 30 

21 29 
21 32 
21 29 

20 
35 
23 

40 37 
41 29 
45 25 

a The standard errors for each parameter were: 71, -t 5 ps; 72, +O.l ns;m 
+O.l ns; F(l), F(2), F(3), +2 

b F(l), F(2), F(3) are the fractional fluorescence contributions of each com- 
ponent (see [9]) 

’ Data from [7] 

Our results indicate that the trypotophan resi- 
dues of the different derivatives of native hemo- 
globin and the subunits interact differently with 
the heme residue. Furthermore, they show that 
there are equilibria between different conforma- 
tional forms of the subunits and hence in the intact 
hemoglobin itself. This conformational hetero- 
geneity is affected by the ligation state of the heme 
residue. The results also indicate that a single tryp- 
tophan residue may give rise to two fluorescent 
components, so that in cases where there is more 
than one tryptophan in a protein it may not be 
possible to assign a specific decay component to a 
specific tryptophan residue [12]. We have shown 
that time-resolved studies of the intrinsic protein 
emission of these heme-proteins can provide new 
insights into their structure and function. 
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