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Fluorescence studies of transthyretin (TTR) were conducted to detect structural changes associated with the environment of its two tryptophans, 
induced by binding of thyroxine (T~). Non-radiative tryptophans relaxation rate has an activation energy of 6.4 kcal/mol for TTR, which is decreased 
to 4.4 Real/reel for TTR-T~ complex. The maximum fl uore~'~nce wavelength was red-shifted as the excitation wavelength was increased. 1"4 changed 
the magnitude of this shil l  1"4 binding per se changed the emission maximum reflecting different environments of the tryptophans. Double- 
quenching experiments also showed that Ta produces changes in the trl,'ptophans environments. These findings were interpreted as the result of 
structural alterations in the protein matrix induced by T~ which contribute in part to explain the negative ¢ooperativity associated with the occupancy 

of the second binding site. 

Thyroxine binding; Human serum transthyretin; Tr)'ptophan fluorescence; Conformational change 

1. INTRODUCTION 

Plasma transthyretin (TTR) is a homotetrameric pro- 
tein of 55,000 molecular weight [1,2] with a physiologi- 
cal role in the transport of the hormone "1"4 in man [3]. 
X-Ray crystallography [4,5] has established that two 
identical binding sites for 1"4 are found in a central 
channel formed by the association of  the four mo- 
nomers. Two mol of  T4 are bound per mol of protein 
with binding constants two orders of magnitude differ- 
ent for each tool. This is interpreted in terms of  a nega- 
tive cooperativity between the sites [6,7]. The study de- 
scribed here was undertaken with the intention of using 
TTR Trp-41 and Trp-79 fluorescence which can give 
structural information, to detect conformational 
changes associated to its interaction with T4. 

2. MATERIALS AND METHODS 

Human serum TTR was purified as described by Basher et al. [8]. 
A single band was observed by SDS-gel electrophoresis at pH 8.9. 
Acr),lamidg and KI were Merck products. Ta was obtained from 
Sigma. Fluorescence spectra and intensities were obtained with a Spex 
Fluorolog photon counting spectrofluorometer equipped with a ther- 
mostatted cell-holder. Tryptophan residues were selectively excited at 
295 nm with a 5 nm bandwidth for excitation. Fluorescent quantum 
yields were estimated using neutral aqueous tryptophan solution as in 
[9]. TTR concentration was 1.5 × 10 -~ M in 0.05 M Tris, 0.1 M NaCI, 
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pH 8.6 and 20°C unless otherwise stated. T4 concentration was 2.6 x 
10 -s M making a bound-T.CTTR mol ratio of 1.?, ensuring thus the 
operation of negative cooperativity between the two binding sites. 
Double-quenching experiments were performed according to Somogyi 
¢t al, [101. Tile inner filter effect was reduced with front face illumina- 
tion to minimize the absorptive screening, 

3. RESULTS 

3.1. Internal quenching-temperature effect 
Changes in quantum yield of  protein fluorescence 

may be obtained not only by the effect of  external 
quenchers but also by groups o f  atoms in the protein 
capable of quenching the fluorescence of  tryptophan 
groups in close proximity. This type of quenching is 
limited by the frequency of  active collisions of  excited 
tryptophans with the near group quenchers. The curves 
of thermal quenching of  emission indicate the tempera- 
ture dependence of the frequency of active collisions 
and therefore the dynamic mobility rate of protein 
structures surrounding the tryptophans [11]. Their non- 
radiative de-excitation rate is limited by the activation 
energy of  quenching, E,, which can be calculated from 
the slope of the straight line obtained by plotting log 
( I /Q - 1) versus 1/T, where Q is the fluorescence 
quantum yield of  tryptophans and T is the absolute 
temperature [12]. 

Since TTR tryptophans are non-uniform in their en- 
vironments the protein virtually presents a multicom- 
ponent system whose emission yield may be described 
only by averaged characteristics. From Fig. 1 we have 
obtained E~ values of  6.4 + 0.3 and 4.4 + 0.2 kcal/mol 
for "['/'R and "I"I'R-T4 complex, respectively. The ob- 
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Fig. I. Temperature dependence of t~ptophan fluorescence quantum 
yield (Q) for TTR (©) and T~-TTR complex (1.7 mol Ta/mol TTR) (e). 
The wavelengths of excitation and emission were 295 and 342 nm, 

respectively. 

served values show that oa  average T4 interaction 
produces a change in the environments of  the TTR 
tryptophans. 
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Fig. 3. Quenching of TTR by iodide in the presence of varying 
amounts of aerylamide. The acrylamid¢ concentrations were as fol- 
lows: 0 (C_,), 0.1 (O), 0.2 (\7), 0.3 (A) and 0.4 M (o). Full symbols 
represent qttenchin8 of T~-TTR complex (1,? reel "lymol ~fTR). The 
wavelengths of excitation and emission were 295 and 342 nm, respec- 

tively. 

show that a change in the environment of tryptophans 
is occurring as result of T4 interaction with TTR. 

3.2. Red-edge excitation 
If fluorescence is excited by a light quantum whose 

energy is lower than the average energy of  the tryp- 
tophans electronic transition, there will occur a selective 
excitation within the ensemble. This may shift the fluo- 
rescence spectra toward the long wavelength region [ 13]. 
Fig. 2 illustrates the dependence of  the fluorescence 
spectra on the excitation wavelength for TTR and 
TTR-T4 complex. TTR emission shows a progressive 
shift toward longer wavelengths with increase in excita- 
tion wavelength. This observation shows the hetero- 
geneity of  environments of the two tryptophans residues 
and also that preferential excitation is possible. The 
interaction of  T4 makes less significant the long wave- 
length shift. This can be interpreted as that the two 
tryptophans have now become more or less equivalent 
or at least have sufficient mobility to become equivalent 
during the lifetime of  their excited states. These results 
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Fig. 2. D¢l~ndenc,,e of maxim=m wavelength of the fluorescence 
spectra on the excitation wavelength for TTR (o) and T4-TTR com- 

plex (1.7 reel T4lmol TTR) (e). 

3.3. 7"4 quenching 
Fluorescence quenching of  TTR tryptophans by T4 

has been described by Nilson and Peterson [14] in a 
study of  its binding properties. We have found that the 
extent of  quenching by T4 increases when it is measured 
at lower emission wavelengths, At a T4 content o f  1.7 
mol per reel of  TTR values of 40% at 350 am, 51% at 
340 nm and 65% at 325 nm were observed. This can be 
interpreted as that the emission spectrum is composed 
of two overlapping spectra and that the individual emis- 
sions are quenched to different degrees by T 4. The same 
effect can also be observed by considering that a shift 
in the emission peak from 342 am to 350 nm is observed 
with "['4 binding (not shown but see Fig. 2 at 295 nm 
excitation wavelength), showing that the tryptophan 
emitting at lower wavelengths is more strongly 
quenched. This should be in an environment more ex- 
cluded from contact with solvent molecules and should 
correspond to Trp-79. 

These results can bc interpreted in terms ofconforma- 
tional origin; however, they can also be explained as an 

Table 1 

Quenching constants (K) (M -~) and tryptophans exposed to (external) 
fluorescence fraction (a) and buried (interaal) fluorescence fraction (b) 

for transthyretin fluorescence quenelaing 

Quencher Transthyretin Transthyretin 
+ 

Thyroxine 

Iodide K2 7,9 --. 0,4 6.7:1:0.3 
a 0.40 :t: 0.02 0.32 _+ 0.01 

Acrylamid¢ Kt= 1,8 + 0,1 2.8 ± 0. l 
Kli 3.8 -+0,1 3.4 -+0.1 
b 0,52 :t: 0.02 0,45:1:0.02 
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energy transfer process. Trp.79 is relatively near the 
binding site, in fact a minimal contact of 13.6 A is found 
with one of the T+ iodines (13'), and the critical transfer 
distance (Ro) of the F6rster theory for transfer from 
tryptophan to ionized T4 has been calculated to be 23.3 
A [15]. 

3.4. External double-quenching 
Depending on their location in the protein matrix 

tryptophan residues may be fully or partially exposed 
to the solvent. Ionic quenchers can extinguish only flu- 
orescence emitted by tryptophans located at or near to 
the surface of the protein [16]. In contrast, non-ionic 
quenchers can penetrate the protein matrix and quench 
all the tryptophan residues, exposed and buried [17]. By 
means of a double-quenching method which requires 
the simultaneous application of these two types of 
quenchers it is possible to achieve a separate analysis of 
the quenching parameters characteristic of the solvent 
exposed and solvent-masked tryptophans [10]. 

The method was applied to resolve TTR and TTR-T4 
complex fluorescence by the use of iodide as ionic or 
selective and acrylamide as non-ionic or non-selective 
quenchers. The plot shown in Fig. 3 is a set ofdata from 
quenching experiments carried out by using iodide to 
titrate samples of TTR and TTR-T+ at different con- 
centrations of acrylamid¢. From the slopes of the curves 
a secondary plot is obtained for the evaluation of the 
quenching constants as described by Somogyi et al. [10]. 
Table I shows that T., decreases the exposed tryptophan 
quenching constant K: for iodide. This is a consequence 
of a decreased accessibility of the tryptophan to the 
solvent due to a probable association with a hydro- 
phobic environment. This is strengthened by the 
observation of" a diminished fraction of the exposed 
(external) tryptophan fluorescence (a) upon T4 interac- 
tion. Changes in KI+ and Kli or acrylamide quenching 
constants for external and internal tryptophans, respec- 
tively, cannot be easily interpreted because acrylamide 
is quenching both simultaneously. However, the ob- 
served diminished fraction of the buried (internal) tryp- 
tophan fluorescence (b) after T+ binding suggests an 
increased association of the buried tryptophan with a 
more external or hydrophylic environment. 

4. DISCUSSION 

TTR contains two tryptophans per subunit located in 
different environments, Trp-41 is in a solvent exposed 
area and positioned between Lys-35 and Lys-70 
whereas Trp-79 is completely buried and close to I1e-84, 
Leu-I 11 and Pro-113. The different tryptophan loca- 
tions were correctly sensed by quenching and red-edge 
excitation experiments. T~ interaction with TTR under 
different conditions produces changes in the tryptophan 
emission profiles which can be interpreted as a result of 
structural modifications in the protein which make Trp- 

41 environment less hydrophylic and Trp-79 less hydro- 
phobic. What is probably occurring is a diminished in- 
teraction between Trp-41 and the two iysines together 
with an improved interaction with the near Phe-33 
which is perpendicularly-oriented with Trp-41 and at a 
distance of 7.1 A. Trp-79 is nearer to the T4 binding site 
than Trp-41. It is at 13.6 A from one of the 3' iodines 
of T+. Since the hydrophilic residues Ser-llS, Ser-117 
and Thr-119 with their associated water molecules form 
a complex hydrogen-bonded network at the centre of 
the binding channel, and the effect of hormone binding 
results in an altered pattern of hydrogen bonding in this 
area [18], it is probable that this alteration may be pro- 
pagated to become the cause of the increased polarity 
in the Trp-79 environment. 

Negative cooperativity of T+ binding can arise from 
an interaction between the bound ligands by steric 
effect, or from an interaction between the two sites 
mediated by conformational changes in the protein. A 
steric interaction has been excluded by X-ray diffraction 
studies [4] which clearly show that the hormones bind 
at two discrete and non-overlapping sites within the 
TTR channel, separated by a distance of 8 A. Ultraccn- 
trifugation [14], circular dichroism [19] and X-ray [9] 
studies have shown no substantial changes in the con- 
formation of TTR on hormone binding. This has 
prompted suggestions that the negative cooperativity 
may be transmitted by a change in the network of hy- 
drogen bonds linking the two non-contiguous sites. Our 
fluorescence results reveal internal dynamic changes in 
the protein induced by the hormone binding which must 
accompany the alterations in the hydrogen bonding 
network and they should also contribute to inducing 
motional restrictions in the protein, making the second 
binding site no longer flexible so that the second 
hormone molecule cannot enter with the same ease as 
the first. 

Acknowledget~lenls: We are indebted to Dr. Colin Blake, Laboratory 
of Molecular Biophysics, Oxford University, UK, and to Dr. Vivlan 
Cody, Medical Foundation of Buffalo, USA, for providing us with 
information on residue interactions and distances from the three- 
dimensional molecular model of transthyrctin and also for helpful 
discussions. We also thank Laboratorio de Espectroscopia from Uni- 
versidad Cat61ica de Valparaiso (FONDECYT Project 4012-86) for 
providing the fluorescence measurement facilities. This work was 
supported by FONDECYT, Project 0156-89. 

REFERENCES 

[I] Branch, W.J., Robbins, J. and Edelhoch, H.J. (1971) J. Biol. 
Chem. 246, 6011-6018. 

[2] Gonz~lez, G. and Offord, R.E. (1971) Biochem. J. 125, 309-317. 
[3] Robbins, J. and Rail, J.E. (1960) Physiol. Rev. 40, 415-489. 
[4] Blake, C.C.F., Geisow, M.J., Swan, I.D.A., Rerat, C. and Rerat, 

B.J. (1974)J. Mol. Biol. 88. 1-12. 
[5] Blake, C.C.F., G¢i~ow, M..L, Outlay, S.J.. Rerat, P,.I. and Rerat. 

C. (1978) J. Mol. Biol. 121,339-356. 
[6] Ferguson, R.N., Edelhoch. H.J.. Saroff, H.A. and Robbins, J. 

(1975) Biochemistry 14, 282-289. 

255 



Volume 297. number 3 FEBS LETTERS February 1992 

[7] Cheng, S., Pages, R.A., Sarofl', H.A., Edelhoch. H,J. and 
Robbins, J, (1977) Biochemistry 16, 3707-3713. 

[8] Bashor, M.M., Hewett, J., Lackey. A., Driskell, W.J. and Neese, 
J,W, 0987) P~p. Biochem. 17, 209-227, 

[9] Web~r, G. and Teale, F,W,J. (1965) in: The Proteins, vol, 3 
(Neurath, H. ed.) p. 480, 

[10] Somo$yi. B., Papp, S,, gosenbcr8, A., Seres, 1., Matko. J., Welch, 
G,R. and Nagy, P, (1985) Biochemistry 24, 6674--6679. 

[11] Demchenko, A.P. (1986) Ultraviolet Spectroscopy of Proteins, 
Springer-Verlag, Berlin/Heidelberg. 

[12] Eising¢r, J. and Navon, G, (1969) J, Ch¢m, Phys, 50, 2069-2077, 
[13] Demchenko, A.P. (1988) Trends Bioehem. Sci. 13, 374-377, 
[ 14] Nilsson, S. F, and Peterson, P.A. ( 1971 ) J, Biol. Chem. 246, 6098- 

6105. 

[15] Perlman. R.L.. van Zyl, A, and Edelhoch, H. (1968) J. Am, 
Chem. Soc. 90. 2168-2172. 

[16] Burst¢in, E,A,, Vedenkina, N,S, and lvkova, M.N. (1973) Pho. 
tochem, Photobiol. 18, 263-267, 

[171 Eftink, M.R. and Ghiron, C.A. (1984) Biochemistry 23. 3891- 
3897. 

[18] Blaney, J.M., Jorgensen. E.C., Connolly, M.L., Ferrin, T.E., 
Lanlgridg¢, R., Oatley, S.J., Burridge, J.M. and Blake, C.C.F. 
0982) ]. Med. Chem. 25, 785-790. 

[19] Gotto. A,M., Lux. S,E, and Goodman, D.S, (1972) Biochim, 
Biophys. Acta 271,429--435, 

256 


