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Abstract Human cyclophilin B is a monomeric protein that
contains two tryptophan residues, Trp104 and 128. Trp128-
residue belongs to the binding site of cyclosporin A and is the
homologous of Trp 121 in CyPA, while Trp104 residue
belongs to the hydrophobic pocket. In the present work, we
studied the dynamics of Trp residue(s) of cyclophilin B and of
the CyPBw128A mutant and of TNS-mutant complex. Our
results showed that Trp-104 and TNS show restricted
motions within their environments and that energy transfer
between the two fluorophores is occurring.
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Introduction

Cyclophilins are highly conserved proteins that are present in
many types of cells with a considerably divergent phyloge-
netic distribution [1]. Several cyclophilin isoforms with
distinct subcellular localizations have been described, cyclo-
philin A, B and C. Cyclophilin A (CyPA) (18 kDa) is an
abundant cytosolic protein [2]. The 22-kDa cyclophilin B
(CyPB) is located in the endoplasmic reticulum and shares
64% sequence identity to CyPA [3]. Cyclophilin C (CyPC)
(23 kDa) shares 55.8% sequence identity to CyPA and was
found to be particularly abundant in kidneys [4]. Also,
cyclophilins B and C contain an N-terminal signal sequence
thought to mediate translocation into the endoplasmic
reticulum [3–6]. Finally, there is cyclophilin D (CyPD) that
is a mitochondrial protein [7, 8]. Cyclophilins A, B and C
could be involved in degradation of the genome during
apoptosis [9], and cyclophilin D plays a role in the mito-
chondrial permeability transition [10].

Human cyclophilins belong to the family of peptidyl–
prolyl cis–trans isomerases (PPIases). PPIases catalyse the
interconversion of the cis and trans isomers of the
peptidyl–prolyl bonds in peptide and protein substrates
[11, 12]. The potent and clinically useful immunosuppres-
sant cyclosporin A (CsA) binds to human Cyclophilins,
inducing in this way an important inhibition of their
enzymatic activity [2, 13]. Recent work has shown that
the binding site of CsA on cyclophilin B and the catalytic
site of the protein are distinct [14].

Human cyclophilin B is a monomeric protein consisting
of 183 amino acids and containing two tryptophan residues,
Trp104 and 128. Trp128-residue belongs to the binding site
of cyclosporin A and is the homologous of Trp 121 in
CyPA, while Trp-104 residue belongs to the hydrophobic
pocket. The two sites are localized in a large hydrophobic
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pocket [15]. The CyPBW128A mutant is unable to interact
with CsA, demonstrating that the requirement of this amino
acid residue in the interactions with the drug is also a
common feature of CyPA and CyPB. However, the
CyPBW128A mutant retains 60% of the capacity to acceler-
ate the cis–trans isomerization of a Pro-containing sub-
strate, indicating that the Trp-128 residue in CyPB was not
essential for PPIase activity. This is not the case for CyPA
where mutation of the corresponding Trp-121 residue was
reported to strongly reduce the enzymatic activity [14].

Fluorescence spectroscopy allows obtaining information
on the structure and dynamics of proteins. Intrinsic
fluorophore such as Trp residues [16, 17] or extrinsic ones
such as 2-p-toluidinylnaphthalene-6-sulfonate (TNS) [18,
19] can be used.

The dynamics of proteins are currently investigated by
fluorescence anisotropy studies and by the red-edge excitation
spectra method [20, 21]. Excitation at the red-edge of the
absorption spectrum of the fluorophore molecules allows one
to study the flexibility of their microenvironment. In the
presence of local motion, the position of the maximum of the
fluorescence spectrum of the fluorophore does not vary with
the excitation wavelength. However, in a viscous or rigid
medium, the fluorescence maximum position shifts to higher
wavelengths upon red-edge excitation. Anisotropy studies
allow one to monitor the dynamics of the fluorophore itself
[22]. Thus both techniques are complementary, but different
types of information are collected.

In the present work, we studied the dynamics of Trp
residue(s) of cyclophilin B and of the CyPBw128A mutant
and of TNS–mutant complex. Also, binding parameters
(stoichiometry and dissociation constant) of the TNS-
CyPBw128A mutant complex are reported. Our results show
that fluorescence of Trp-128 residue is weak and Trp-104
and TNS show restricted motions within their environ-
ments. Quenching of fluorescence intensity of Trp 104 of
CyPBw128A mutant by TNS indicates that energy transfer
occurs between the two fluorophores.

Materials and methods

Recombinant human CyPB was purified as previously
described [6].

The CyPBw128A mutant was generated using the Quick-
change kit (Stratagene, La Jolla, CA) with minor modifi-
cations. Briefly, complementary primers covering the
region to be substituted was used to generate mutated,
unmethylated strands. Upon treatment with the DpnI
endonuclease twice for three hours at 37°C, the methylated
template DNAwas digested allowing the selective rescue of
the mutated strand after bacterial transformation. The DNA
sequence of the mutant plasmid was verified using the

dideoxy chain termination method [23]. Purification of
CyPBw128A mutant protein was performed as for wild type
CyPB using the procedure described in [6]. Based on the
amino acid composition [24], calculated extinction coef-
ficients at 280 nm are 15.980 M−1 cm−1 for the wild-type
and 10.420 M−1 cm−1 for the mutant.

The concentration of TNS (from Sigma) was determined
spectrophotometrically using an extinction coefficient equal
to 18.9 mM−1 cm−1 at 317 nm [25].

The stock solution of CsCl (from Sigma) was 4 M.
Absorbance data were obtained with a Shimadzu MPS-

2000 spectrophotometer using 1-cm pathlength cuvettes.
Fluorescence spectra were recorded with a Perkin-Elmer

LS-5B spectrofluorometer. The bandwidths used for the
excitation and the emission were 5 nm. The quartz cuvettes
had optical pathlengths equal to 1 and 0.4 cm for the emission
and excitation wavelengths, respectively. Observed fluores-
cence intensities were corrected for absorption as described in
[26, 27]. Finally, fluorescence spectra were corrected for the
background intensities of the buffer solution.

The Perrin plot was obtained from anisotropy data
measured with the same instrument, (1ex=300 and 1em=
330 nm). The bandwidths used for the excitation and the
emission were 10 nm. Values of the anisotropy (a) were
obtained from parallel and perpendicular fluorescence
intensities after subtraction of the Raman signal of the buffer
solution. The bandwidths used for both the excitation and the
emission were 10 nm.

Fluorescence lifetime measurements were obtained with
a Horiba Jobin Yvon FluoroMax-4P, using the time
correlated single photon counting method. Excitation was
performed at 295 nm with a nanoLED and emission was
observed at 330 nm for the Trp residues in both proteins
and at 420 nm for TNS.

Quantum yields of the wild-type and of the mutant were
determined relative to tryptophan in water according to [28]

Qprot ¼ ATrp
P

Iprot
Aprot

P
ITrp

QTrp ð1Þ

where ∑ I is the integrated intensity over the wavelength
region 300–400 nm, A is the absorbance at 295 nm, and the
quantum yield QTrp for tryptophan in water is taken as 0.14
[28].

Results

Fluorescence emission spectra and quantum yields of Trp
residues in wild type cyclophilin B and mutant CyPBw128A

Figure 1 displays the normalized fluorescence emission
spectra of wtCyPB (a) and mutant CyPBw128A (b). The wild
type shows an emission spectrum with a maximum located
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at 329±1 nm and a bandwidth equal to 53±1 nm. The
position of the maximum is characteristic of an emission
from embedded Trp residues; however the value of the
bandwidth indicates that two classes of Trp residues
(embedded and surface) contribute to the emission of the
wild type.

The mutant cyclophilin B possesses an emission spec-
trum with a peak at 327±1 nm and a bandwidth of 45±
1 nm. This is characteristic of a fluorescence emission from
Trp residue embedded in the protein matrix [29]. The
quantum yields of Trp residues of the wild type and of the
mutant are equal to 0.061 and 0.049, respectively. There-
fore, Trp-128 residues in the wild type would display 19%
of the total fluorescence of the wild type. This could be true
if the quantum yields are considered as additive (see
discussion).

Addition of a selective quencher such as CsCl at high
concentration (2M) inhibits the fluorescence emission of
the surface Trp residue and allows obtaining the fluores-
cence emission spectrum of the buried Trp residue [30].
Figure 2 shows the emission spectra of wtCyPB in absence
(a) and in presence (b) of 2M CsCl. Spectrum b character-

izes the emission of the buried Trp residue (1max=324 nm)
with a quantum yield equal to 0.054. The emission
spectrum of the quenched Trp-residue (Trp-128 residue)
(c) is obtained by subtracting spectrum (b) from (a). The
emission maximum of the accessible Trp-residue is located
at 350 nm, a characteristic of an emission from a Trp
residue at the surface of the protein. As a test experiment,
we recorded the fluorescence emission spectrum of the
mutant CyPBw128A in the absence and in the presence of
CsCl. After corrections for the dilution, we did not observe
any variation in the fluorescence data (Fig. 3).

Lifetime data

Fluorescence intensity, I(1,t), of Trp residues in wild type
cyclophilin B can be adequately represented by a sum of
three exponentials

I 1; tð Þ ¼ 0:214 e�t=0:684 þ 0:603 e�t=1:784 þ 0:183 e�t=4:376

where 0.214, 0.603 and 0.183 are the pre-exponential
factors, 0.684±0.09, 1.784±0.07 and 4.736±0.12 ns are the
decay times and 1 is the emission wavelength (330 nm) (χ2=
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Fig. 1 Normalized fluorescence emission spectra of wtCyPB (a) and
of mutant CyPBw128A (b), both normalized for the same optical
density (0.01) at the excitation wavelength (295 nm) and recorded in
10 mM PBS buffer, pH 7 at 1ex=295 nm. The wild type shows an
emission spectrum with a maximum located at 329±1 nm and a
bandwidth equal to 53±1 nm. The mutant cyclophilin B possesses
an emission spectrum with a peak at 326±1 nm and a bandwidth of
45±1 nm. The quantum yields of Trp residues of the wild type and
of the mutant are equal to 0.061 and 0.049, respectively
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Fig. 2 Fluorescence emission spectra of wtCyPB in absence (a) and
in presence (b) of 2 M cesium, obtained in 10 mM PBS buffer, pH 7 at
1ex=295 nm. Spectrum b characterizes the emission of the buried Trp
residue (1max=324 nm) with a quantum yield equal to 0.054. The
emission spectrum of the quenched Trp-residue (Trp-128 residue) (c)
is obtained by subtracting spectrum (b) from (a). The emission
maximum of the accessible Trp-residue is located at 350 nm, a
characteristic of an emission from a Trp residue at the surface of the
protein
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1.067). 1ex=295 nm (Fig. 4). The weighted average
fluorescence lifetime <τ>=2.9 ns was used to calculate the
rotational correlation time from the Perrin plot.

< C > ¼
X

fi Ci ð2Þ
and

fi ¼ αiCi

.X
αiCi ð3Þ

where αi are the pre-exponential terms and τi are the
fluorescence lifetimes.

The fluorescence intensity decay of Trp-104 residue in
the mutant CyPBW128A can also be adequately represented
by a sum of three exponentials

I 1; tð Þ ¼ 0:35 e�t=0:413 þ 0:56 e�t=2:096 þ 0:09 e�t=5:45

where 0.35, 0.56 and 0.09 are the pre-exponential factors and
0.413±0.022, 2.096±0.117 and 5.45±0.070 ns are the decay
times and 1 is the emission wavelength (330 nm) (χ2=
1.086). 1ex=295 nm. The weighted average fluorescence
lifetime <τ>=2.87 ns was used to calculate the rotational
correlation time from the Perrin plot.

The fluorescence intensity decay of TNS in presence of
mutant CyPBW128A can also be adequately represented by a
sum of four exponentials (Fig. 5)

I 1; tð Þ ¼ 0:1312 e�t=0:16 þ 0:2127 e�t=1:72 þ 0:4162 e�t=5:984

þ 0:24 e�t=11:25
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Fig. 3 Fluorescence emission spectra of mutant cyclophilin B in the
absence (a) and in the presence (b) of 2 M cesium. 1ex=280 nm.
There is no shift in the emission peak and no intensity decrease as it is
observed for the wild type. The intensity is slightly higher in presence
of cesium probably due to the error in the dilution

Fig. 4 Fluorescence intensity
decay of wild type cyclophilin
B. 1ex=295 nm and 1em=
330 nm
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where 0.1312, 0.2127, 0.4162 and 0.24 are the pre-
exponential factors and 0.16, 1.72, 5.984 and 11.25 ns the
decay times (χ2=1.145). The lifetime equal to 0.16 ns
corresponds to free TNS in solution and the longest
lifetimes correspond to bound TNS. The weighted average
fluorescence lifetime <C>=8.232 ns was used to calculate
the rotational correlation time from the Perrin plot. 1ex=
295 nm and 1em=420 nm.

Dynamics of wild type cyclophilin B

Red-edge excitation spectra

Red-edge excitation spectra are used to monitor motions
around the fluorophores [31]. If the dipole of the fluoro-
phore microenvironment is able to relax before fluorophore
emission, then this environment is considered to be fluid.
This motion may induce that of the fluorophore. The
emission maximum from a relaxed state does not change
with the excitation wavelength, while an emission maxi-
mum from a non-relaxed state will depend on it. Emission
maxima are usually compared when the spectra are
symmetric. Otherwise, the centers of gravity should be
compared.

The maximum of the fluorescence spectra of Trp
residues of cyclophilin B is a function of the excitation
wavelengths. At 295 nm, the emission maximum is located
at 328 nm. It shifts to higher wavelengths (330 and 334 nm)
when the excitation wavelengths are 300 and 305 nm,
respectively (Fig. 6). This is taken as direct evidence that

the microenvironments of the Trp residues of wild type
cyclophilin B show restricted motions. As the emission
spectra are symmetric, we converted them to a wavenumber
scale

v ¼ 1=1 ð4Þ
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Fig. 6 Red-edge excitation spectra of wild type cyclophilin B.
(a): 1ex=295 nm; center of gravity=338 nm. (b): 1ex=300 nm; center
of gravity=342 nm. (c): 1ex=305 nm; center of gravity=346 nm

Fig. 5 Fluorescence intensity
decay of TNS-mutant
cyclophilin B. 1ex=295 nm
and 1em=420 nm
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then we compared the positions of their centers of gravity
or mean wavenumber ν:

v ¼
X

Ii vi
. X

Ii ð5Þ

where Ii is the fluorescence intensity at the wavenumber νi.
The values of the center of gravity are 2.958×104 cm−1

(338 nm), 2.924×104 cm−1 (342 nm) and 2.890×104 cm−1

(346 nm) at 1ex 295, 300 and 305 nm, respectively. The
results obtained clearly indicate that the microenvironments
of the Trp residues have restricted motions. Since we have
two Trp residues, the results obtained are mean ones. Also,
the results could be dominated by the Trp residue that
contributes the most to the fluorescence emission, i.e., Trp-
104 residue. Since the fluorophore microenvironment
exhibits restricted mobility in wt cyclophilin B, i.e., the
fluorophore would follow the motion of the protein,
suggesting a rotational correlation time equal to that of
the protein.

Steady-state anisotropy as a function of temperature

The rotational correlation time Φp of a hydrated sphere is
obtained from the equation

Φp Tð Þ ¼ 3:8 h Tð Þ � 10�4 M ð6Þ
where M (= 21 kDa) is the protein molecular weight and η
the viscosity of the medium.

Equation 6 yields a rotational correlation time of 8 ns at
20°C if the protein is spheric.

Steady state fluorescence anisotropy of Trp residues in
wild type cyclophilin B (1em=330 nm and 1ex=300 nm)
was performed at different temperatures. A Perrin plot
representation (Fig. 7) based on Eq. 7 [32]

1=A ¼ 1=Ao þ< C >=ΦR Ao ¼ 1=Ao þ 1=Aoð Þ 1þ RT < C >=ηVð Þ
ð7Þ

where A and Ao are the anisotropies in the presence and the
absence of rotational diffusion respectively, <C>=2.23 ns,
η, V and ΦR are the mean fluorescence lifetime, the
viscosity, the fluorophore rotational volume and its rota-
tional correlation time, respectively. This plot enables us to
obtain information concerning the motion of the fluoro-
phore. When the fluorophore is tightly bound to the protein,
its motion will correspond to that of the protein. In this
case, ΦR will be equal to Φp and Ao obtained experimentally
with Eq. 7 will be equal to the limiting anisotropy measured
at low temperature (−45°C). When the fluorophore exhibits
significant motions when bound to the protein, ΦR will
represent an apparent rotational correlation time ΦA. ΦA will
be the result of two motions, that of the protein and that of

the segmental motion of the fluorophore. Also, in the
presence of a segmental motion, the extrapolated value of
A, A(o) will be lower than the limiting anisotropy Ao.

The data for the Trp residues of wild type cyclophilin B
are plotted in Fig. 7. The value of the extrapolated
anisotropy (Ao=0.201) is close to the anisotropy (0.198)
measured for Trp residues at low temperatures (−45°C)
[33]. Also, the rotational correlation time ΦR (10.5 ns at 20°
C) obtained from the Perrin plot, is in the same range as
that expected (8 ns) for cyclophilin B and thus indicates
that the Trp residues follow the global motion of the
protein.

Anisotropy results are in good agreement with those
obtained by red-edge excitation spectra experiments, Trp
residues are rigid in the protein. However, since we have
two Trp residues, the results are mean ones and do not
necessarily reflect the dynamics of each Trp residue.

Dynamics of Trp-104 residue of mutant cyclophilin B

Figure 8 shows the fluorescence emission spectra of Trp-
104 residue of mutant cyclophilin B obtained at three
excitation wavelengths. The emission maximum located at
329 nm at 1ex 295 nm, shifts to 331 and 333 nm at 1ex of
300 and 305 nm, respectively. Also, the centers of gravity
of the spectra are 334, 337 and 342 nm, respectively. This
result indicates that the microenvironment of Trp-104
residue shows restricted motions.
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Fig. 7 Perrin plot of Trp residues of wild type cyclophilin B obtained
at 20°C with 1ex=300 nm and 1em=330 nm. The rotational correlation
time obtained is equal to 10.95 ns and the extrapolated anisotropy Ao

is found equal to 0.201
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The Perrin plot representation (1em=330 nm and 1ex=
300 nm) yields values of 0.204 and 8 ns (at 20°C) for the
extrapolated anisotropy and the rotational correlation time,
respectively (Fig. 9). These values indicate that the Trp-104
residue shows restricted local motions within the protein.
This result is in good agreement with that observed with the
red-edge excitation spectra, i.e., Trp-104 residue is rigid
within its environment.

Binding parameters of TNS-cyclophilin B complex

In phosphate buffer, free TNS exhibits weak fluorescence.
In the presence of cyclophilin B, an enhancement in the
TNS fluorescence intensity appears with a maximum at
425 nm (1ex, 320 nm). This increase is the result of binding
of the fluorophore to the protein. Also, the interaction
between TNS and cyclophilin B induces a decrease in the
fluorescence intensity of the Trp residue of the protein (1ex,
280 nm) (data not shown). In order to determine the
binding parameters (stoichiometry and the association
constant) of the TNS-cyclophilin B complex, a titration of
a constant amount of the protein with the TNS was
performed, following the intensity decrease of the Trp
residue (Fig. 10). The concentration of TNS at saturation
was determined at the intersection of the two asymptotes to
the curve. Our plot indicates that 1 mol of TNS is bound to
one mol of cyclophilin B.

The dissociation constant of the TNS-cyclophilin B
complex was determined by fitting the data to Eq. 8

Flu ¼ Flu oð Þ �Δ Flu � TNS½ �
Kd þ TNS½ � ð8Þ

with

TNS½ �bound ¼ 1=2 TNS½ � þ Po½ � þ Kdð Þ � TNS½ � þ Po½ � þ Kdð Þ2 � 4 TNS½ � Po½ �
� �0;5

� �

ð9Þ
Where Po is the protein concentration, Flu is the relative

fluorescence intensity for a certain concentration of TNS,
Flu(o) is the fluorescence intensity in absence of TNS, ΔFlu
is the intensity decrease upon saturation with TNS and Kd

the dissociation constant. Kd was found equal to 2.08±
1.4 μM, and ΔFlu=0.41±0.06.

Intensity quenching of Trp residue of CyPB w128A with
TNS allowed us to determine the distance between Trp-104
residue and TNS. From the overlap of the emission
spectrum of Trp-104 residue in CyPBW124A and absorption
spectrum of TNS bound to cyclophilin (not shown), we
have calculated the overlap integral J

J lð Þ ¼

R1
0
FD lð Þ:"A lð Þ:l4dl
R1
0
FD lð Þdl

ð10Þ

J was found equal to 0.95×10−4 M−1 cm3.
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Fig. 9 Perrin plot of Trp 104 of the mutant cyclophilin B. 1ex,=
300 nm and 1em=330 nm. Ao=0.2 and τc=8 ns at 20°C
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The Forster distance Ro (in cm) at which the efficiency
of energy transfer E is 50% was calculated with Eq. 11:

R0 ¼ 9:78� 103 k2n�4QDJ lð Þ� �1=6 ð11Þ
where κ2 is the orientation factor (= 2/3), n the refractive
index (=1.33) and Qd the average quantum yield (= 0.049).
Ro is calculated to be 20.36 Å.

The value of the energy transfer efficiency E calculated
at infinite concentrations of TNS was obtained by plotting
1/E as a function of 1/[TNS] (data not shown). E was found
equal to 0.498.

The distance that separates the donor from the acceptor
was calculated using Eq. 12:

R ¼ R0
1� E

E

� �1=6

ð12Þ

R was found equal to 17.8 Å.
This value is lower than the diameter (33.5 Å) of the

pocket of the cyclophilin (Fig. 11) indicating that TNS is
bound to a hydrophobic site within the protein pocket.

Dynamics of the TNS–cyclophilin B mutant complex

Red-edge excitation spectra

The maximum of the fluorescence spectra of TNS bound to
CyPBw128A is a function of the excitation wavelength. At
360 nm, the emission maximum is located at 426 nm. It
shifts to higher wavelengths (434 and 444 nm) when the
excitation wavelengths are 380 and 400 nm, respectively
(data not shown). Also, the center of gravity of the
spectrum shifts from 434 nm at 1ex=360 nm to 439 and

447 nm when the excitation wavelengths are 380 and
400 nm, respectively. These results are taken as direct
evidence that TNS microenvironment exhibits restricted
mobility in the cyclophilin. Therefore, the fluorophore
could follow the motion of the protein suggesting a
rotational correlation time equal to that of the protein.

Steady state anisotropy as a function of the temperature

Fluorescence anisotropy of the TNS-CyPBw128A complex
(1ex=320 nm and 1em=425 nm) was measured as a
function of temperature. Data are plotted in Fig. 12. The
value of the extrapolated anisotropy found from the Perrin
plot is 0.322. This value is equal to that (0.321) measured
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Fig. 10 Titration of 5.93 μM of mutant cyclophilin B with TNS.
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Fig. 11 Spatial structure of cyclophilin B
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Fig. 12 Perrin plot of the complex TNS-mutant cyclophilin B. 1ex
320 nm and 1em 425 nm. Ao=0.322 and τc=9.5 ns at 20°C
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for TNS in propylene glycol at −65°C [34] and close to
those measured for TNS when bound tightly to Lens
culinaris agglutinin [18] and to α1-acid glycoprotein [35],
(0.317 and 0.335, respectively). Thus, TNS has a restricted
mobility on the cyclophilin. This result is in good
agreement with that found in the red-edge excitation shift
experiment.

The rotational correlation time �p (9.5 ns at 20°C), in the
same range of that (9 ns) expected for cyclophilin B,
indicates that TNS follows the global rotation of the
protein.

Discussion

Comparison of the fluorescence spectra of Trp residues in
wild type cyclophilin B and CyPBw128A indicates that both
128 and 104-Trp residues participate to the emission of the
protein, although this fluorescence seems to be dominated
by that of Trp-104 residue. In fact, quantum yields of the
two residues determined by two different methods show
clearly that the quantum yield of Trp-104 residue (0.061) is
5 times that of Trp-128 residue (0.012). The low quantum
yield of Trp-128 can be explained by the possibility of an
electron transfer from the Trp residue to both Phe-67 and
Asp-79 both present within a distance of 8.5 Å. The
electron transfer toward the two neighboring amino acids
decreases enormously the quantum yield of Trp-128
residue. The fact that the quantum yield of Trp-104 residue
is very close in the wild type (0.054) and in the mutant
(0.049) indicates the absence of energy transfer between
Trp-128 and 104 residues in the wild type. This may be
explained by the fact that the phenol rings of the two Trp
residues are perpendicular one to each other (Fig. 11).
Therefore, electron transfer from Trp-128 to Phe-67 and
Asp-79 could be a cause of the low value of the quantum
yield of Trp-128 residue. However, another interpretation of
the weak fluorescence of Trp-128 may also exist. Fluores-
cence quantum yield compares the emitted photons to the
absorbed ones. However, there is no indication up to now
that all the absorbed photons participate in the excitation
process. In fact, we recently find out that absorption of

aromatic amino acids whether free in solution or present
within a protein are not equivalent to excitation [36]. In
general, one is used to consider the absence of fluorescence
from a fluorophore as the result of excited state energy
dissipation into the medium via different processes that
compete with fluorescence. However, can’t we consider the
case where fluorophore does not emit simply because it was
not excited? The lack of excitation would be the result of
structural rearrangement within the fluorophore microenvi-
ronment. Therefore, we introduced a new parameter we
called the emission to excitation ratio Rem

ex and which is
equal to the energy of the emitted light over the energy used
to excite the fluorophore:

Rem
ex ¼ number of emitted photons

number of photons used to excite the fluorophore
ð13Þ

Thus, Rem
ex is calculated by comparing the emission

spectrum to the excitation intensity at the excitation
wavelength instead of the optical density as it is the case
when the quantum yield is determined. The value of Rem

ex is
obtained by taking free L-Trp as reference with a value of
Rem
ex equal to 1. Determination of Rem

ex is much more
accurate than the quantum yield Φ since the value of Rem

ex

is independent of the optical density of the studied sample.
The emission to excitation ratio Rem

ex , to the difference of
Φ, yields direct information on whether a fluorophore is
excited or not. In fact, in proteins, when the value of Rem

ex at
295 is lower than at 280 nm, this means that excitation of
tyrosine occurs at 280 nm although tyrosine contribution to
the protein fluorescence could be very low or absent
because of many processes such as for example energy
transfer to neighboring amino acids or to tryptophan
residues.

Table 1 displays the values of Rem
ex obtained for cyclo-

philin B wild type and CyPBw128A at 1ex equal to 280 and
295 nm. The values of Rem

ex at 280 nm for both proteins are
much higher than those obtained at 295 nm. This means
that excitation of the tyrosine residues of the cyclophilin is
occurring. The most interesting are the ratios calculated at
each wavelength between the two proteins (Table 2).

Rem
ex at 280 nm of the mutant

Rem
ex at 280 nm of the wild type is equal to 0.88 while the same

ratio determined at 295 nm is found equal to 0.85. Thus,
since the ratios are equal at both wavelengths, this means
that energy transfer between the two Trp residues is not
occurring, a conclusion in good agreement with the fact that
the phenol rings of the two Trp residues are perpendicular
one to each other (Fig. 11), and thus emission of cyclo-

Table 1 Value of the emission to excitation ratio of wild type
cyclophilin B and CyPBw128A determined in comparison with free
tryptophan in solution

Protein Rem
ex at 280 nm Rem

ex at 295 nm

Cyclophilin WT 0.341 0.2
CyPBw128A 0.306 0.17

The value of the emission to excitation ratio for L-Trp in solution is
taken as equal to 1

Table 2 Ratios of the emission to excitation ratio Rem
ex of wild type

cyclophilin B and mutant cyclophilin B calculated at 280 and 295 nm

Rem
ex at 280 nmof CyPBw128A

Rem
ex at 280 nmof cyclophilinwild type

Rem
ex at 295 nmof CyPBw128A

Rem
ex at 295 nmof cyclophilinwild type

0.88 0.85
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philin B is dominated by Trp-104 residue. Therefore,
excitation of Trp-128 residue is weak, a conclusion that is
proved by the values of Rem

ex at 295 nm of the two proteins
(0.17 and 0.2 for the mutant and the wild type, respectively).
In this case, the weak excitation of Trp-128 residue generates a
low quantum yield. In the absence of energy transfer between
Trp-104 and Trp-128 residues, one can calculate the value of
Rem
ex of Trp-128 residue at 295 nm by subtracting the value

of the mutant (0.17) from that of the wild type (0.2). Rem
ex of

Trp-128 residue is thus equal to 0.03 at 295 nm and is 15%
that of the wild type. This ratio is very close of that (19%)
found for the quantum yields indicating clearly that the low
quantum yield of Trp-128 is simply the result of its low light
excitation.

We also investigated the dynamics properties of the Trp
residues in the wild and mutant cyclophilins B by
fluorescence anisotropy studies and red edge excitation
spectra method. The two techniques are complementary
since the red-edge excitation spectra method allows to
study the flexibility of the microenvironment while anisot-
ropy studies allow to monitor the dynamics of the
fluorophore itself. The results obtained show that the
microenvironments of the Trp residues are not flexible
and the Trp residues display restricted motions. The two
Trp residues are present in the hydrophobic pocket of the
protein and our data seems to indicate that this site does not
have any residual motion.

Although, red-edge experiments and anisotropy data
show the absence of any significant local motions of Trp
residues, a switch of the molecule around its axis by a certain
angle cannot be ruled out. This motion and its importance
would depend mainly on the structure of the molecule itself.

Results obtained on the wild type and on the mutant are
identical. This may be explained by the fact that in both
proteins we are mainly observing the fluorescence of the
Trp-104 residue. Trp-128 residue does not participate
significantly to the fluorescence of cyclophilin B.

The value of 0.48 found for the energy transfer
efficiency E suggests that energy transfer mechanism from
Trp residue to TNS occurs within a time close to the
fluorescence lifetime. The constant rate of the energy
transfer (kt) can be calculated from Eqs. 14 and/or 15:

kt ¼ 1=< C >ð Þ Ro=Rð Þ6 ð14Þ

and

kt ¼ 1=< C >� 1=Cr ð15Þ
where Cr is the radiative lifetime.

The radiative rate constant kr

kr ¼ 1=τ r ¼ Q=< C > ð16Þ
is equal to 0.02019×109 s−1.

Equations 15 and 16 yield very close values for kt,
0.395×109 s−1 and 0.376×109 s−1, respectively. We notice
that kt is 48.4±0.3% of the sum of the rate constants of
Eq. 2 confirming the value of 49.8% obtained for E.

50% energy transfer between Trp and TNS cannot be
considered as a highly efficient one. Many factors contrib-
ute to this fact such as the position of TNS inside
cyclophilin B pocket and thus the relative Tryptophan
dipole–TNS dipole orientation. From the data we obtained,
this relative orientation is not appropriate for a highly
efficient energy transfer. Since we do not know the real
relative orientation of the emission dipole of the Trp residue
and of the absorption dipole of TNS, the value of κ2 could
be different from 2/3. For 100% energy transfer between
the two fluorophores, the value of κ2 is equal to 4. In this
case, R is equal to 30 Å, a value lower than the diameter of
the pocket. However, since energy transfer is around 50%
efficient, the real value of κ2 is much lower than 4. If κ2 is
taken as equal to 2, the value of R is found equal to 27 Å.
Thus, the value found by taking κ2 equal to 2/3 is a good
approximation although errors on the determination of this
value do exist.

CsA binding site of cyclophilin B is formed by a pocket
where the two Trp residues are present and where TNS can
bind inducing by that an important energy transfer from
Trp-104 residue to the extrinsic fluorophore. Red-edge
excitation spectra and anisotropy steady have shown that
TNS binding site is rigid and the microenvironment of the
fluorophore does not display important flexibility. This
result is in good agreement with that obtained with the Trp
residues, i.e. hydrophobic pocket of cyclophilin B does not
display significant motions.
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