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Abstract

Dynamics studies on tryptophan residues of human e-acid glycoprotein (orosomucoid) and of 2-p-toluidinyi-
naphthalene-6-sulfonate bound to the protein are performed. Excitation at the red edge of the absorption
spectrum of the tryptophan does not lead to a shift of the fluorescence emission maximum of the fluorophore.
This reveals that Trp residues present motions with respect to their microenvironment. This is confirmed by
polarization studies as a function of temperature. Excitation at the red edge of the absorption spectrum of
TNS leads to an important shift (15 nm) of the fluorescence emission maximum of the probe. This reveals that
emission of TNS occurs before relaxation of the amino-acids dipole occurs. Emission from a non-relaxed state
means that TNS molecules are bound tightly to the protein, a result confirmed by polarization studies.

Keywords: Tryptophan residues dynamics; Orosomucoid-TNS interaction; Protein-fluorophore probe; Polarization studies; Dipole

relaxation

1. Introduction

Dynamics of proteins arc currently investi-
gated by fluorescence anisotropy studies and by
red-edge excitation shift method [1,2]. Steady state
measurements of emission anisotropy are realized
in function of temperature and viscosity or under
conditions of oxygen quenching [3,4]. The red-
edge excitation shift method allows to compare
the motion of a fluorophore to that of the pro-
tein. This technique is very sensitive to changes
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occurring to the protein and especially in the
proximity of the probe [5-7).

In this work, red-edge excitation shift and po-
larization experiments are applied to Trp residues
of human a,-acid glycoprotein (orosomucoid) and
to the fluorophore TNS bound to the protein.

Orosomucoid is a small acute-phase glycopro-
tein (M ~ 41000 Da), that is negatively charged
at physiological pH. It contains 40% carbohy-
drate in weight and has up to 16 sialic acid
residucs (10-149% by weight) [8]. The protein has
three Trp residues, one near its surface and two
mbedded in the protein matrix [8).

Excitation at the red edge of the absorption
spectrum of the fluorophore molecules allows to
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study the flexibility of their microenvironment.
We found that the emission maximum of the Trp
residues does not vary with the excitation wave-
length. This result reveals that the intrinsic fluo-
rophore presents motions with respect to its mi-
croenvironment.

The emission maximum of TNS is shifted to-
ward longer wavelengths upon changing the exci-
tation wavelength, This means that TNS binding
sites are rigid with respect to their microenviron-
ments.

Polarization measurements as a function of
temperature confirm the red-edge excitation re-
sults, i.e. Trp residues do have residual motions
and TNS is bound tightly to the protein.

2. Materials and methods

Orosomucoid was extracted from human
plasma and prepared as described in [9]. The
lyophilized protein was dissolved in a 10 mM
phosphate, 0.143 M NaCl buffer, pH 7. Its con-
centration was determined spectrophotometri-
cally using an extinction coefficient of 29.7 mM ™!
cm™! at 278 nm. In all experiments, the concen-
tration of orosomucoid was equal to 5 uM.

The concentration of TNS (from Sigma) was
determined spectrophotometrically using an ex-
tinction coefficient equal to 189 mM ' ecm ™! at
317 nm [10].

Absorbance data were obtained with a Shi-
madzu MPS-2000 spectrophotometer using 1-cm
path length cuvettes.

Fluorescence spectra were obtained with a
Perkin-Elmer LS-5 spectrofluorometer. Band-
widths used for excitation and emission were 2.5
nm.

The quartz cuvettes used presented optical
pathlengths equal to 1 and 0.4 cm for the emis-
sion and excitation wavelengths, respectively. Ob-
served fluorescence intensities were first cor-
rected for the dilution, then corrections were
made for the adsorption with the following for-
mula [11]:

F, F,

- OD,,+0D 2
corr ~ Y obs 10( ¢ em)/ ’ (])
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where F,_ is the intensity corrected for the dilu-
tion, F,,. the intensity after correction for the
absorption, and OD,, and OD,, refer to the
optical density (absorbance) at the excitation and
emission wavelengths, respectively. (The OD,,
value was corrected to account for the 0.4 cm
pathlength.) Finally fluorescence spectra were
corrected for the Raman effect due to the buffer
and for the fluorcscence of free TNS in solution.

Polarization data were obtained with the same
Perkin-Elmer fluorometer used for the emission
spectra acquisition. Bandwidths used for excita-
tion and emission were both 5 nm.

The measurement of the limiting fluorescence
polarization, P,, was done with a SPEX fluorom-
eter at —35°C. The sample (TNS-orosomucoid
or orosomucoid) was dissolved in the phosphate /
NaCl buffer. A 100% ethanol solution was used
as the cooling solution. The compartment holding
the cuvette was flushed with cool dry air. The
temperature was measured in the cuvette with a
chromel-alumel probe. A value of P, equal to
0.24 was obtained at A, 295 nm, a value typical
of Trp residues in proteins [12], while for TNS
the measured P, was (.435 at A_, 320 nm.

Fluorescence lifetimes of Trp residues and of
TNS-orosomucoid complex were measured by
phase fluorometry using the multifrequency
method. In the frequency domain, the sample
under study is excited with a continuous sinu-
soidally amplitude-modulated light beam. In such
a casc, the emission intensity will be modulated
sinusoidally at the excitation frequency but de-
layed by a phase angle (@) and will be
amplitude-demodulated. A scatter solution is used
to evaluate the phase angle delay and the ampli-
tude demodulation.

The phase delay of the fluorescence, @, is then
given as

(p:(‘pn_qu)—(‘pR_q’s)’

where @p represents the phase of the internal
electronic reference signal (reference photomulti-
plier) and @ and P represent the measured
phase readings for the fluorescent and scattered
signals, respectively.



J. Albani / Biophys. Chem. 44 (1992) 129-137

The modulation of the fluorescence M is de-
fined as

M = (AC/DC)/(AC/DC)s,

where the subscripts F and S refer to fluores-
cence and scattering and the AC and DC terms
refer to the alternating and direct current contri-
butions to the signal.

The lifetime measured with the phase delay is
obtained from

tg? = o,

While that obtained with the demodulation is
given by

M= (] +w2'rnzn)_1/2.

A monoexponential decay gives 7,=7, and a
multicxponential one gives 7, <.

Fluorescence lifetimes from a heterogeneous
emission was obtained with the multifrequency
and cross-correlation method. A frequency syn-
thesiser controls the frequency o applied (from 1
MHz to the GHz). In the cross-correlation tech-
nique, the high frequency w is transformed to any
desired low frequency by mixing e with a second
frequency, w + Aw. The relative phase and de-
gree of modulation of the original high frequency
are uniquely preserved in the resulting difference
frequency; Aw is less than 100 Hz.

The mathematical treatment of the cross-cor-
relation method is as follows:

F(t)=A+Bsin(wt - P),
where & is the phase delay of the fluorescence,
R(t)=a+b sin(w! - ¢),

where ¢ is the phase delay of the reference
signal. The resulting signal obtained at the emis-
sion photomultiplier is equal to the product R(r)
F(r), ie.
R(t)F(t) =Aa + Ab sin(wt — ¢)

+aB sin(wt — @)

bB
+ > cos(P - o)

bB
s cos(2wt —p — D).
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Integration of the signal over a period of 27 /w
gives as mean value:

(F(HR(1)) =w/z7rf0“/”’(F(:)R(:)) dt

=aA + bB cos(¢ ~ D).

¢ increases linearly with the time, so that we have
¢ = Aw!. Thus, the mean value (F(¢)R(r)) is
equal to a4 + 3bB cos(Awt — ®). At any fre-
quency o, the values of @ and M are given by

®=tan"!'($/G) and M=[§2+G*]"",

where
G=f(1+w'?) ' and S=for(l+w?)",

and f; is the fraction of the fluorescence intensity
detected for the ith component and 7, its fluores-
cence lifetime. For further details on the cross-
correlation method see Refs. [13-15].

In this work, lifetime measurements were ob-
tained with an automated multifrequency phase
fluorometer, using the harmonic content of the
pulse train of a stabilised, mode-locked, cavity
dumped dye laser. Data were collected over 50
modulation frequencies. Detailed statistical tech-
niques were introduced in the data analysis for
phase fluorometry. Mean, standard deviation and
percentage in the interval [—2, 2] of the weighted
residuals were compared with the predicted val-
ues of 0.1 and 95.5, respectively. More details are
given in ref. [16].

Fluorescence intensity, F(A, ¢), of Trp residues
can be adequately represented by a sum of two
exponentials

I(A, 1) =064 e/ +036 ¢7/08

where 0.64 and 0.36 are the pre-exponential fac-
tors, 3 and 0.83 the decay times and A the emis-
sion wavelength (330 nm). The weighted average
fluorescence lifetime 7,= 2.7 ns is used to calcu-
late the rotational correlation time from the Per-
rin plot.

To= ZfiTi and fi=“i7i/zai’ri’

where «; are the pre-exponential terms and T,
the fluorescence lifetimes.
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The fluorescence intensity decay of TNS bound
to orosomucoid can be adequately represented by
a sum of three exponentials,

I(A, 1) =045 /11 +0.34 ¢™4/43
+021e™/04

where 0.45, 0.34 and 0.21 are the pre-exponential
factors and 11, 4.3 and 0.4 ns the decay times.
The emission wavelength (A) is 430 nm. The
weighted average fluorescence lifetime 7,=9.33
ns was used to calculate the rotational correlation
time from the Perrin plot. The short lifetime of
0.4 ns corresponds to the free TNS [17], while
long ones correspond to bound TNS. The static
contributions of the components to the total fluo-
rescence is equal to 76% and 22.5% for the
bound TNS and 1.5% for free TNS in solution,
respectively.

3. Theory and red-edge excitation shift

Flucrophore molecules and the amino-acids of
the binding sites (case of TNS) or the amino-acids
of their microenvironment (case of Trp residues)
are associated by their dipoles. The dipole of the
excited fluorophore has an orientation different
from that of the fluorophore in the ground state.
Thus dipole—dipole interaction in the ground
state is different from that in the excited state,
This new interaction is unstable. To reach stabil-
ity, fluorophore molecules need to use some of
their energy to reorient the dipole of the amino-
acids of the binding site. The dipole reorientation
is called the relaxation phenomenon [2]. After
relaxation, fluorescence emission occurs. This is
the case when relaxation is faster than fluores-
cence, i.e. the relaxation lifetime 7, is shorter
than the fluorescence lifetime r,. This happens
when the binding site is flexible and the fluo-
rophore can move easily. Displacements of TNS
molecules will be representative of the time scale
and amplitude of the motions of the surrounding
protein matrix. Emission from a relaxed state
does not change with the excitation wavelength.

When the binding site is rigid, fluorescence
emission occurs before relaxation. In this case
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excitation at the longer wavelength edge of the
absorption band photoselects population of fluo-
rophores energetically different from the photos-
elected when the excitation wavelength is shorter.
When the red edge excitation is performed, the
energy hv%° of the electronic transition is equal
to EJ% —ES%®, where E,—E, refers to the
difference of energy between excited and ground
states; hv% is lower than hv®™, the energy of
the electronic transition that occurs at short
wavelengths. Thus excitation at the red edge gives
a fluorescence spectrum with a maximum located
at higher wavelength than that obtained when
excitation is performed at short wavelengths.

Thus, the observation of red shift of A ...
upon red shift in A, indicates that the system
meets with the 7, <, condition. This means a
decreased mobility of the fluorophore on its bind-
ing site with respect to the dipolar matrix of the
site.

4. Results

Figure 1 shows the fluorescence spectra of
TNS bound to orosomucoid obtained at four exci-
tation wavelengths. At 360 nm, the emission max-
imum is located at 425 nm. It shifts to higher
wavelength (430 nm and 440 nm) when excitation
wavelengths are 380 and 400 nm, respectively.
The red-edge excitation shift is significant (15
nm). This is taken as a direct evidence that TNS
has a restricted mobility on the orosomucoid.
Thus, fluorescence emission occurs before the
dipole relaxation.

The dependence of the emission maximum on
the excitation wavelength is plotted in Fig. 2 at
threc temperatures (8, 25 and 40°C). The temper-
ature does not seem to affect the behaviour of
the plot. If an increase in temperature acceler-
ates 7,, the magnitude of the red-edge excitation
effect will be lower at high temperatures than at
low temperatures, and the behaviour of the plot
obtained in Fig. 2 will differ from one tempera-
ture to another,

The rotational correlation time (<Dp) of a hy-
drated sphere is obtained from the equation:

@ =M(v +h)n /KN, (2)
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Fig. 1. Steady-state fluorescence spectra of the 2.6-TNS-

orosomucoid complex recorded at four excitation wave-

lengths, 360 nm (a), 370 nm (b}, 380 nm (c), and 400 nm (d).
[Orosomucoidj=[TNS]= 5 u M, temperature = 20°C.

where M is the protein molecular weight, v = 0.73
em?/g the specific volume, h =03 cm®/g the
degree of hydration and n the dynamic viscosity
of the medium. At 20°C, the &, value of oroso-
mucoid is 17 ns if the protein is spherical. Neu-
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Fig. 2. Dependence of the maximum of the emission spectra

on excitation wavelength of the 2,6-TNS-orosomucoid com-

plex. [Orosomucoid] =[TNS] =5 uM. (8) 8°C, (*) 25°C, and
(O) 40°C.
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Fig. 3. Steady-state fluorescence polarization versus tempera-
ture /viscosity ratio for TNS-orosomueoid complex. Data were

obtained by thermal variation of temperature. A.,, 320 nm,
and A, 430 nm.

tron scattering studies indicated that orosomu-
coid is slightly more elongated than a globular
protein, carbohydrate residues are mainly respon-
sible for this conformation [18). In this case, theo-
retical value of &, is slightly higher than that
calculated for a spherical protein of the same
molecular weight.

Fluorescence polarization of TNS-oro-
somucoid complex (A,, =430 nm and A, =320
nm) is measured in function of temperature. A
Perrin plot representation (Fig. 3) [19%:

11 1 1\RTx,
.._:_.f. — — -
p py \py 3]V
1 1 1) 7
=—+t|\——3l5 (3)
Po po 3)%Px

where p and p, are the polarization in the pres-
ence and absence of rotational diffusion, respec-
tively, 7,(=9.3 ns), 7 and V are the mean fluo-
rescence lifetime, the viscosity and the fluo-
rophore rotational volume. From eq. (3) it is
possible to obtain the rotational correlation time
&y of the fluorophore bound to the protein.
When the fluorophore does present significant
motion when bound to the protein, @ will differ
from the theoretical value @, expected for a
sphere, and the cxtrapolated value of p, p(0), will
be lower than p, the value measured at —35°C.

At 20°C &y calculated is equal to 19 ns. This
value, slightly higher than 17 ns. indicates that
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TNS follows the global motion of the protein.
The extrapolated p at 7/n =0 is equal 0.431
(Fig. 3). This value identical to that (0.435) found
for the polarization at — 35°C reveals the absence
of a segmental motion.

Polarization results are in good agreement with
the results obtained by red-edge excitation shift
experiments, i.e. binding sites of TNS are rigid on
the protein.

Figure 4 shows fluorescence spectra of Trp
residues of orosomucoid obtained at three excita-
tion wavelengths, Emission maximum located at
335 nm does not change with excitation wave-
length (A,,, 295, 300 and 305 nm). This means
that Trp residues microenvironments are not
rigid.

“ﬂ

Fluorescence Intensity {(arbitrary units)

{x2)

1
300 350 - 400
Wavelength (nm)

Fig. 4. Steady-state fluorescence spectra of 5 uM, a;—acid
glycoprotein (orosomucoid) obtained at three excitation wave-
lengths, 295 nm (a), 300 (b) and 305 nm (c). Temperature =
20°C.
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Fig. 5. Steady-state fluorescence polarization versus tempera-
ture over viscosity ratio for human o, -acid glycoprotein. Data

were obtained by thermal variations in the range 7-35°C. A,
295 nm; A,,,, 330 nm. Protein concentration is equal to 5 u M.

Steady state fluorescence polarization (A, =
330 nm and A, = 295 nm) is performed at differ-
ent temperaturcs. A Perrin plot represcntation
(Fig. 5)

1 1 (1 1) To
=—+|—==|{1+ -
P Dy po 3 Pg
| 1 1 RTT,
=—4+|——-=|[1+ (49)
Po pp 3 nV

should enable us to obtain information concern-
ing the motion of the fluorophore.

The value of p(0) found from the Perrin plot is
0.219. This value, lower than that (0.24) found for
the polarization p, at —35°C, reveals the pres-
ence of a segmental motion. This is in a good
agreement with the results obtained by red-edge
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excitation shift experiments, i.e. Trp residues are
mobile with respect to their microenvironment.

Two motions contribute to the depolarization
process, the local motion of the tryptophan
residues and the global motion of the protein; the
existence of local motions is revealed by an ex-
trapolated value p(0) lower than that p, mea-
sured in frozen solution and by an apparent rota-
tional correlation time @, lower than that ex-
pected for the global motion of the protein. Thus
a fraction («) of the total polarization is lost due
to the segmental motion and the remaining polar-
ization decays as a result of rotational diffusion
of the protein,

It is possible to measure the relative impor-
tance of the mean residual motions of Trp
residues,

p(0)/py=1-a, (5)

where o« is the residual motion of the fluo-
rophore, and the average angular displacement @
of the fluorophore inside the protein,

cos’@ = (1-2a/3), (6)

The values of o and @ are 0.1 and 15°.

The rotational correlation time @, (5.66 ns at
20°C), lower than that (17 ns or more) expected
for orosomucoid is an apparent one and indicates
that Trp residues present segmental motions in-
dependent of the global motion of the protein.

5. Discussion

Red-edge excitation shift (15 nm, Fig. 1) indi-
cates that motions around TNS molecules are
non-existent.

The behaviour of the plot (A, =f(A,), see
Fig. 2) is temperature independent. This result
indicatcs that the red-edge excitation effect is not
a dynamic process but a static one, i.e. TNS
molecules are bound tightly to the protein. In this
case, emission observed at any excitation wave-
length occurs from a non-relaxed state and is
temperature independent. Otherwise, raising the
temperature will increase the mobility of the
binding site, affecting at the same time the fluo-
rescence of the probe.
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We notice that emission maximum does not
present the same position at the three tempera-
tures. However, this change is not regular along
the excitation wavelengths. For instance, at 335
nm and 340 nm, the difference of emission max-
ima at 8°C and 40°C is more than 30% of full
range emission maxima changes, while at 320 and
395 nm, the difference is much less important.
This means that the difference change observed
is not the effect of optical phenomenon that
interferes with fluorescence such as scatter. Oth-
erwise, we should observe the same difference
change along the plot. Also, scatter would be
observed in the Perrin plots (Figs. 3 and 5) affect-
ing the extrapolated value of p, which is not the
case.

A possible explanation of the difference in the
emission maximum is: the continuous irradiation
of TNS-protein complex may induce a partial
photodestruction of the probe site altering the
position of the maximum. This photodestruction
1s less important at 8°C than at 25°C or 40°C.
Also we used the same sample for the three
temperatures, a fact that makes the TNS—protein
complex more sensitive to irradiation than a sam-
ple that has been irradiated for a shorter time.

The data in Fig. 2 are affected by different
experimental errors such as irradiation of the
same sample for a long period of time. Reading
off the intensities from the fluorescence spectra
to determine the maximum can also be a source
of error, especially at 35°C because of the broad-
ness of the peaks. We may have three to five
subsequent emission wavelengths around the real
maximum at the same fluorescence intensity.

However, since the behaviour of the plot A,
=f(A.) is identical at all three experimental
temperatures, it is that the red-edge excitation
effect is a static process.

The rotational correlation time (19 ns) found
for orosomucoid from the Perrin plot (Fig. 3) and
the extrapolated polarization (0.431) confirm the
red-edge excitation shift experiment, ie. the TNS
binding site is rigid on the protein. The rotational
correlation time (19 ns) obtained from the Perrin
plot is not significantly higher than that (17 ns)
expected for a globular protein of molecular
weight equal to 41000, Thus our results do not
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allow to consider orosomucoid as a non-globular
protein.

Absence of a red-edge excitation shift for Trp
residues (Fig. 4) meets with the fact that emission
occurs from a relaxed state, i.e. motions around
Trp residues do exist. Furthermore, residual mo-
tion of Trp is existent as it is revealed by the
different values of the extrapolated polarization
at 7/5=0 and the polarization measured at
-35°C.

The apparent rotational correlation time (&,
= 5.66 ns) obtained from the Perrin plot (Fig. 5)
is the result of the global motion of the protein
matrix and of that of the Trp residues. Our
results indicate that orosomucoid presents two
different dynamic domains, one rigid near the
binding site of TNS and the second mobile near
the Trp residues. We are not able from the
present work to identify the position of the TNS
on the protein. Some interaction may exist be-
tween the extrinsic probe and the carbohydrate
residues, which can inhibit any residual motion of
the probe.

It was found that binding of propranolol to
orosomucoid-ANS complex induces a partial de-
crease in the fluorescence intensity of the probe.
Substantial dye remains bound even in the pres-
ence of saturating concentrations of propranolol,
suggesting that the two ligands do not have the
same binding site [20]. However, ethanol caused a
decrease in dye fluorescence to zero, indicating a
competitive inhibition [20]. Binding of proges-
terone to orosomucoid inhibits Trp residues fluo-
rescence. The extent of quenching (17%) [8] is
lower than that reported for ANS (30%) [20].
This may indicate that the two ligands do not
bind on the same site or it may just indicate that
encrgy transfer between Trp and ANS is more
important than energy transfer between Trp and
progesterone. Fluorescence of TNS and ANS is
sensitive to modifications occurring in the mi-
croenvironment of the probe. Thus it is possible
to use TNS instead of ANS to reveal any struc-
tural or conformational change occurring in oro-
somucoid.

It is known that in general, dynamics of pro-
teins are important to their functions [21,22]. Our
next goal is to study the interaction of orosomu-
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coid with its ligands, progesterone, propranolol
and ethanol. Red-edge excitation spectra and po-
larization measurements on Trp residues and TNS
will allow us to see whether the binding of the
ligands affects the motion of the protein. In this
way it will be possible to put into evidence the
relation that could exist between function and
dynamics of orosomucoid.
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