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The non-linearity of the ﬂuorescence emission on increasing the probe to protein ratio has long been
regarded as problematic and has lead to the development of dyes to overcome this effect. One of the
causes of this non-linear response can be ascribed to the overlap of the label’s own absorption and
emission spectra. At higher labelling ratios, this affords the possibility of a reasonably efﬁcient energy
migration pathway, thus reducing the observed quantum yield of the dye. In this work we study the
photophysics of ﬂuorescein isothiocyanate (FITC) when conjugated to bovine serum albumin (BSA) at
different labelling ratios (in the range FITC : BSA 1 : 17–15 : 1) using both steady state and
time-resolved ﬂuorescence techniques where on going from under labelled to over labelled samples a
decrease in the initial (and steady state) anisotropy is observed, accompanied by an increase in the
complexity of the decay kinetics and a decrease in the average lifetime. The band structure, elucidated
by synchronous scan ﬂuorescence spectroscopy, is also found to change on increased labelling. These
results can be applied to the study of protein conformation and were conﬁrmed by the analysis of
denaturing BSA using urea.

Introduction
The observation of a reduction in quantum yield on increasing the
amount of a ﬂuorescent label on a protein has been often thought
of as problematic. However, one of the underlying causes, that of
energy migration, can in fact be turned to an advantage in the study
of protein conformation. Fluorescence resonance energy transfer
has long been employed as a nanoscale molecular ruler.1 This
phenomenon usually makes use of donor and acceptor molecules
chosen such that the donor emission spectrum overlaps with the
absorption spectrum of the acceptor to facilitate energy transfer
via the Förster mechanism.2 To label a protein with individual
donor and acceptor moieties in itself is not straightforward in
comparison to tagging with a single ﬂuorescent label. However,
mixing singly tagged bovine serum albumin (BSA) molecules,
one with a donor and the other with an acceptor has been used
to observe protein dimerization.3 The technique of using energy
migration between like ﬂuorophores has been successfully applied
to measure distances proteins,4–6 in lipid bilayers7 and to study
protein unfolding.8
Fluorescein isothiocyanate (FITC) is a ﬂuorescein derivative,
which is commonly used as an amine reactive ﬂuorescence label.
The photophysics of ﬂuorescein is known to be pH dependent,9
and it exhibits a reasonable overlap between its absorption and
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emission spectra and a critical energy transfer distance1 in the
range 42 to 56 Å have been reported.10–12 This makes it a suitable
candidate to study protein conformation (in non-acidic media)
by making use of donor–donor energy migration. Although
this phenomenon of “self quenching” is widely known, there
is a surprising lack of published detailed reports relating to it,
especially as FITC is a commonly used probe.
In this work we have studied the photophysics of FITC when
conjugated to varying degrees to BSA. The time-resolved kinetics
was studied using single-photon counting,13 and the effect of
energy migration on both the steady state and time-resolved
anisotropy was monitored. Further information concerning intermolecular interactions was ascertained using synchronous scan
ﬂuorescence spectroscopy (SFS).14

Experimental
Dye–protein conjugation
Bovine serum albumin, fraction V, 96% (Sigma) was labelled
with ﬂuorescein isothiocyanate (Sigma) in 0.1 M carbonate buffer
(pH 9) at room temperature and in the dark for 4 h and with
a labelling ratio (F : P) in the range 1 : 10 to 10 : 1. The FITC–
BSA solutions were dialysed with cellulose membranes (Sigma,
cut-off 12 kDa) against 1 L of 0.01 M phosphate buffered saline
(PBS) at pH 7.4 four times for 1 d each in the dark at 8 ◦ C to
remove any uncoupled FITC. The light absorption at 495 nm was
ﬁnally below 0.003 for the supernatant. The dialysis membranes
were washed prior to use in distilled water for at least 4 h with
extensive rinsing once every hour. The concentration and F : P
ratio were determined according to the methods described by the
manufacturer using the albumin extinction coefﬁcient at 280 nm,
0.66 mg−1 ml−1 and a ratio of FITC absorption at 280 versus 495 nm
of 0.35. Samples were diluted in such a way to keep the amount of
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Table 1 Peak absorption and emission of FITC when coupled at different ratios to BSA
FITC : BSA

FITC/BSA

Absorption kmax /nm

abs502 /abs477

Emission kmax /nm

I 518 /I 541

Stokes’ shift/nm

1 : 17
1 : 10
1:4
1:2
1 : 1a
1 : 1b
2 : 1a
2 : 1b
3 : 1a
3 : 1b
3 : 1c
7:1
10 : 1
15 : 1

0.058
0.1
0.26
0.47
0.8
0.97
1.81
1.97
2.54
2.78
2.8
7.2
10.2
14.9

502
502
502
502
502
502
503
503
502
502
499
499
500
498

2.8
2.3
2.9
2.9
2.7
2.9
2.8
2.8
2.5
2.3
1.7
1.8
2.1
1.6

518
516
519
516
518
518
518
519
520
520
521
521
522
523

2.2
2.4
2.0
2.3
2.2
2.2
2.1
2.1
1.9
1.8
1.7
1.6
1.5
1.4

16
14
15
14
16
16
15
16
18
18
22
22
22
25

FITC constant (absorbance ca. 0.2) as the principle purpose is to
study its photophysics, hence the under labelled samples contain a
higher concentration of protein than the over labelled ones. Inverse
micelles were made using a stock solution of 0.25 M sulfosuccinic
acid bis(2-ethylhexyl) ester, sodium salt (AOT), from Sigma, in
trimethyl pentane (TMP), from Aldrich. FITC was then added
in PBS (to obtain the required surfactant : water ratio, x0 , value).
Urea was purchased from Sigma and used as received.

ﬂuorescein derivative, remains consistent for the under labelled,
however, when the labelling ratio is close to 3 : 1 (FITC : BSA)
a decrease in the peak absorption wavelength is observed along
with an increase in its full width at half maximum (FWHM), see
Table 1 and Fig. 1. It is worthy to note that there is also a relative
increase in the shoulder located at shorter wavelengths to the peak
absorption with increasing labelling ratio.

Measurements and analysis
Spectra were recorded using a Shimadzu UV-3101PC (absorption)
and a SPEX Fluorolog II (ﬂuorescence and synchronous scan).
Measurements were made at room temperature. The spectral
analysis of the steady state emission spectra was carried out using
Microcal Origin 7 software to perform the decomposition of the
measured spectra as a sum of Gaussian components, in agreement
with previous studies.15,16 Where required, correction was made for
any inner ﬁlter effects.17
Fluorescence lifetimes were measured by means of a singlephoton counting apparatus equipped with a LED excitation
source with a peak emission at 495 nm (HORIBA, Jobin Yvon,
IBH Ltd., Glasgow, Scotland). The ﬂuorescence emission was
wavelength selected using a 550 nm cut-off ﬁlter and detected
with a Hamamatsu R2949 photomultiplier. Data were analysed
as the sum of exponential components (eqn (1)), with the preexponential components (a i ) normalised to unity, performed using
IBH DAS6 software. Errors are taken as three standard deviations
and the goodness of ﬁt judged in terms of a v2 value and weighted
residuals.
I (t) =

n


a i exp (−t/si )

(1)

i=1

Results and discussion
Steady state absorption and ﬂuorescence
On coupling to the protein a bathochromic shift in the peak
of the FITC absorption is observed (from 493 nm to around
502 nm). This type of behaviour has previously been reported
for both absorption and emission spectra and is related to the
effect of the local environment.18,19 This shift, relative to the free

Fig. 1 Normalised absorption and emission spectra for FITC–BSA (at
FITC : BSA, 1 : 17, 1 : 10, 1 : 4, 1 : 2, 1 : 1b, 2 : 1b, 3 : 1c, 7 : 1, 10 : 1, 15 : 1).

The ﬂuorescence emission (Table 1 and Fig. 1) also exhibits
a trend in the over labelled samples. In this case there is also
an increase in the FWHM of the emission, but the shift is
bathochromic, which results in an apparent increase in the Stokes’
shift. It is interesting to note that the shorter wavelength regions
of the spectra are practically coincident and that the increase
in width occurs at the longer wavelength side and that the
shoulder in this region increases with increasing labelling ratio.
A possible explanation is the increased interaction between the
ﬂuorophores. A broadening and an increase in the shoulder in
the ﬂuorescein absorption spectrum have previously been related
to aggregation,20,21 and accompanied by a similar trend in the
emission.22
Decomposition of the spectra into a sum of Gaussian component spectra revealed two major bands, one centred at 502 nm and
the other at 477 nm in the case of the absorption and in the case
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of the ﬂuorescence spectra bands centred at 518 nm and 541 nm
were found. Relative increases in the intensities of the 477 nm
and 541 nm bands (evident in Fig. 1) were found with increased
labelling. To quantify this, a simplistic approach of comparing the
ratios of these wavelengths, in both the absorption and emission
spectra was taken, see Table 1. The drop of this ratio at 3 : 1 and
above indicates a noticeable increase in the interaction between
FITC molecules.
To further investigate the effect of concentration, a high concentration of uncoupled FITC (ca. 5 × 10−2 M) was investigated in
AOT inverse micelles (x0 = 5) and the resulting spectra are shown
in Fig. 2. These clearly show that an increase in concentration leads
to a now dominant band appearing on the shorter wavelength
side of the absorption spectrum and a corresponding band on
the longer wavelength side of the emission. Decomposition of the
latter yielded two major bands at 515 nm and 545 nm for the
ﬂuorescence, which are comparable with those observed in the
FITC–BSA system. Fitting the absorption spectrum was more
complex and three main bands were recovered at 485 nm, 458 nm
and 436 nm. However, in light of these data it is clear that the
behaviour observed in the steady state spectra with increased
labelling results from the interaction between FITC molecules.

Fig. 3 Steady state anisotropy for FITC–BSA at different labelling ratios.

result in any noticeable change in the value of anisotropy. This
type of behaviour is indicative of energy migration.5
Synchronous scan ﬂuorescence spectroscopy
In order to further assess any possible inter-label interactions,
such as the possibility of some dimer formation (as the Stokes’
shift for monomer and dimer are different) a synchronous scan
was performed on some selected samples, one from region A (see
Fig. 3), with a FITC : BSA ratio of 1 : 10, three from region B
(1 : 1b, 2 : 1b, 3 : 1b) and one from region C (7 : 1). First to establish
the behaviour of uncoupled FITC a dilute solution was measured
along with that concentrated within AOT inverse micelles and the
outcome for different offsets between the excitation and emission
wavelengths are given in Fig. 4. In this type of spectroscopy the
observed intensity (I s ) is given by eqn.(2)23
I s = KcdE X (k − Dk)E M (k)

Fig. 2 Normalised absorption and emission spectra for uncoupled FITC
in an inverse micelle system of PBS–AOT–TMP at x0 = 5. The component
spectra from the decomposition analysis are shown as dotted lines.

Steady state ﬂuorescence anisotropy
Because the spectral overlap between the absorption and emission
spectra of FITC is signiﬁcant an increase in the possibility of an
energy migration pathway between the FITC labels is expected
when increasing the labelling ratio. This would be apparent as a
decrease in anisotropy with increased labelling and Fig. 3 shows
that this is, indeed, the case. At ratios below unity the steady
state anisotropy is close to the maximum expected (0.4). We have
divided the graph into three main regions (A, B and C). In the
ﬁrst region (A), where the samples are “under labelled” there is
a relatively stable and high anisotropy value. The second region
(B) on small increases in the labelling ratio, a signiﬁcant decrease
in the anisotropy in observed and ﬁnally in region C where there
is “over labelling”, further increases in the labelling ratio do not
154 | Photochem. Photobiol. Sci., 2007, 6, 152–158

(2)

where K is a constant, c is the concentration, d is the sample
thickness, E X (k) is the intensity distribution of the excitation
spectrum, E M (k) is the intensity distribution of the emission
spectrum and the offset Dk has a constant value.
The ﬁrst noticeable difference between the two samples is the
relative differences in the intensities of the spectra at different
values of offset. For example in the higher concentration sample
the intensity of the 50 nm offset spectrum is equivalent to that
of the 25 nm spectrum. In the lower concentration sample the
equivalent spectral intensity is roughly half, which is expected
because of the intensity of the shoulder attributed to dye–
dye interactions in the higher concentration sample. To extract
additional information each of the spectra was decomposed into
the sum of Gaussian component spectra and the outcome of this
analysis is given in Table 2. Generally, the higher concentration
sample required fewer Gaussian component spectra to adequately
ﬁt the spectra observed from the different offsets. At an offset of
25 nm (close to the Stokes’ shift) both concentrations ﬁt well to a
single Gaussian spectrum. At increased wavelength offsets further
components are required, with an extra one needed for the more
dilute sample at offsets of 50 nm and 75 nm in relation to the
higher concentration sample.
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Table 2 Fitting of the SFS spectra to the sum of Gaussian component spectra, showing the component peak positions, their contribution to the total
intensity and the total intensity in comparison to that of the 25 nm offset spectrum (I 25 nm ) for different offsets between the excitation and emission
wavelengths
Labelling ratioa

Offset/nm

Peak 1/nm

Free
FITC
[L]

25
50
75
100
25
50
75
100
25
50
75
100
25
50
75
100
25
50
75
100
25
50
75
100
25
50
75
100

492
489
488
487
489
486
483
483
497
500
496
496
498
501
496
497
498
501
496
496
497
499
494
493
496
489
490
488

Free
FITC
[H]
1 : 10

1 : 1b

2 : 1b

3 : 1b

7:1

a

Peak 2/nm

Peak 3/nm

478
458
459

464
436
430

461
459
454

440
428

484
464
465

469
442
434

485
464
465

469
442
435

485
463
466

469
442
434

485
461
465

469
442
431

468
458
462

440
431

Peak 4/nm

407

406

413

414

414

I 1 (%)
100
63
45
36
100
59
45
26
100
41
38
28
100
38
39
28
100
37
39
28
100
39
41
29
100
72
44
33

I 2 (%)

I 3 (%)

I 4 (%)

% of I 25 nm

5
52
41

32
3
18

41
23
42

32
25

18
56
45

41
6
17

22
55
44

40
5
18

24
54
45

39
7
20

22
52
36

39
7
35

79
45
21

28
52
30

4
37

89
54
27

5

86
50
23

7

167
190
167

10

65
32
13

10

69
35
14

7

71
37
22

Data for uncoupled (free) FITC given for both low [L] and high [H] concentrations of label.

Fig. 4 Synchronous scan ﬂuorescence spectra for (a) uncoupled FITC
in PBS and (b) uncoupled FITC in PBS incorporated into AOT inverse
micelles (x0 = 5), at different offsets between the excitation and emission
wavelengths.

The spectra of FITC labelled BSA for representative labelling
ratios are shown in Fig. 5 and the outcome of spectral decomposition is given in Table 2. The representative spectra in Fig. 5
show that an increasing labelling ratio has little effect on the form
of the 25 nm offset spectra, and only a marginal reduction in
the peak emission wavelength (∼1 nm) is seen. It is also worth
noting that the width (at half maximum) of the curve ﬁtted to the
25 nm offset spectra remained constant (20–21 nm) all throughout,
which illustrates that the actual Stokes’ shift is constant.23 This
can imply that the apparent increase observed in Table 1 is caused
by the effect of the growth of the shoulder, as also indicated by
the decomposition of the absorption and ﬂuorescence spectra.
For longer wavelength separations, on increasing labelling ratio,
there is a tendency towards the form of that obtained for a
high concentration uncoupled FITC sample (Fig. 4b), although
coupled and uncoupled FITC exhibit different wavelengths. The
relative intensities of the longer wavelength offset spectra increase
with labelling ratio. For example, at the lower ratio the 50 nm
offset spectrum is 65% of that of the 25 nm offset spectrum, this
increases to 89% for the 7 : 1, FITC : BSA, sample. Similar trends
are seen for the two other offsets and this fact can relate to the
increased intensity of the shoulder in both the absorption and
ﬂuorescence spectrum. When a wavelength separation of 50 nm
is used its form changes and at the higher labelling ratio the
decomposition only required the sum of two Gaussian spectra
to obtain an acceptable ﬁt, as seen for a high concentration of
FITC. Thus, interactions between different FITC molecules can be
observed and followed using this technique and again signiﬁcant
interactions appear beyond a labelling ratio of ca. 3 : 1.
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various proteins.25–28 The shortening of the lifetime has previously
been attributed to quenching by certain amino acids (principally
tryptophan).29 These recovered decay parameters remain more or
less constant until a labelling ratio of 3 : 1 is reached, although it
should be noted that there is a worsening in the goodness of ﬁt,
and beyond this ratio it is necessary to include a third component
to obtain an acceptable ﬁt to the decay. This additional decay
component has also been observed for a FITC–HSA conjugate at
a ratio of 7 : 1.27 At this moment in time, for simplicity, it is useful
to make use of an average lifetime and a fuller analysis of the decay
kinetics is at present underway. The effect of the labelling ratio on
the average lifetime can be seen in Fig. 6 and is strikingly similar to
that obtained from the anisotropy data, which is supportive of an
energy transfer process. These results plus the SFS data point to
the fact that, although commencing around a labelling ratio close
to 2 : 1 energy migration really becomes dominant beyond a ratio
of 3 : 1.

Fig. 5 SFS data from selected samples from the three regions (A, B, C)
showing the spectra obtained at four different offsets. All the 100 nm offset
spectra are shown multiplied by ten.

Time-resolved ﬂuorescence
The ﬂuorescence decay of coupled FITC is multi-exponential, see
Table 3, and at lower labelling ratios requires the sum of two
exponential components, one with a decay time around 4 ns and
another just under a nanosecond, which accounts for roughly
a third of the decay. The former is close to that obtained for
the uncoupled FITC, where a value of 4.05 ns was recovered, in
agreement with a previous measurement.24 This bi-exponential
behaviour has previously been reported for FITC coupled to

Fig. 6 Average decay time for FITC at different FITC : BSA labelling
ratios. A sigmoidal ﬁt has been added for guidance.

From the time-resolved data, if Förster type kinetics are
assumed, it is possible to make an estimate for the average distance
between FITC molecules on BSA. Fig. 7 shows the relationship
between the average decay time and distance. However, if the
lifetime for uncoupled FITC (4.05 ns) is used (solid line in Fig. 7),

Table 3 Time-resolved decay parameters for the decay of FITC attached to BSA at different ratios. The excitation was at 490 nm and the emission was
monitored using a 550 nm cut off ﬁlter
FITC : BSA

s1 /ns

s2 /ns

1 : 17
1 : 10
1:4
1:2
1 : 1a
1 : 1b
2 : 1a
2 : 1b
3 : 1a
3 : 1b
3 : 1c
7:1
10 : 1
15 : 1

4.01 ± 0.02
4.04 ± 0.02
4.02 ± 0.01
4.01 ± 0.02
3.98 ± 0.01
3.99 ± 0.02
3.93 ± 0.02
3.89 ± 0.02
4.00 ± 0.05
3.97 ± 0.06
3.61 ± 0.06
3.59 ± 0.05
3.80 ± 0.03
3.53 ± 0.04

0.69 ± 0.07
0.91 ± 0.09
0.74 ± 0.07
0.80 ± 0.09
1.00 ± 0.10
0.90 ± 0.09
1.02 ± 0.10
1.03 ± 0.08
2.30 ± 0.45
2.30 ± 0.42
1.85 ± 0.24
1.75 ± 0.22
1.83 ± 0.36
1.52 ± 0.25
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s3 /ns

a1

a2

0.56 ± 0.06
0.58 ± 0.03
0.48 ± 0.04
0.45 ± 0.03
0.45 ± 0.07
0.36 ± 0.04

0.63
0.73
0.66
0.70
0.72
0.70
0.67
0.64
0.38
0.31
0.14
0.13
0.29
0.15

0.37
0.27
0.34
0.30
0.28
0.30
0.33
0.36
0.23
0.26
0.25
0.22
0.24
0.22

a3

v2

0.38
0.43
0.61
0.65
0.47
0.63

1.14
1.08
1.06
1.16
1.05
1.11
1.15
1.16
1.11
1.08
0.99
1.03
1.09
1.13
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Fig. 7 Calculation of the decay time (s) with the label–label distance (R).
The solid line assumes an unquenched decay time of 4.05 ns, while the
dotted line is for a decay time of 3.02 ns. Lines calculated using 1/scalc =
(1/s) + (1/s(R0 /R)6 . R0 is taken as 44 Å.

this implies that there is always some quenching (as the average
decay time is nearly a nanosecond shorter) corresponding to a
distance of ca. 50 Å. The possibility exists that, even at low
labelling ratios, more than one FITC tag is attached to BSA and
that this causes a reduction in ﬂuorescence lifetime. However, a
trend would then be expected in the pre-exponential components
and the average lifetime of the under labelled samples. These data
appear consistent and as there is the possibility that coupling of
the dye to the protein produces a reduction in average lifetime it
was decided to use the average decay time in the under labelled
region as a reference to calculate the average distance between
FITC tags (dotted line in Fig. 7). This means that the average
distance between FITC molecules at the labelling ratio of 3 : 1 is
ca. 53 Å and that at the highest labelling ratio a distance of 40 Å
is found. These values appear sensible in relation to the size of the
protein. However, this of course is a simplistic approach, albeit
useful and readily applicable (a similar method has been used with
silica colloids),19 and we are at present involved in further analysis
of the time-resolved data.
Addition of urea
In order to perturb the system, the inﬂuence of urea (∼6.5 M) was
studied, as this is known to completely unfold serum albumin at
concentrations higher than 6 M, where a high degree of random
coil is formed.30 Samples representative of regions A, B and C
(Fig. 3)were chosen, i.e. ratios FITC : BSA of 1 : 4, 1 : 1 and 3 : 1.
On addition of urea the emission spectrum shape was found to
broaden and shift to longer wavelengths, see Fig. 8, while the peak

Fig. 8 Effect of the addition of 6.5 M urea on the emission of FITC,
labelled at different ratios to BSA. Solid symbols before addition, open
symbols after addition of urea. Spectra have been corrected for differences
in absorbance to give relative quantum yields.

absorption remained at 500 nm for each. A synchronous scan at
an offset of 25 nm also yielded a single Gaussian curve of FWHM
ca. 25 nm, which is broader than that in the absence of urea and
indicative in a change in the Stoke’s shift. The decomposition
recovered comparable results in all three cases, which were similar
to those obtained for the more dilute uncoupled FITC sample.
Previous work on dilute ﬂuorescein solutions has shown that
urea has little effect on the dyes quantum yield.31 When we
compare the yields (by integration of the spectra given in Fig. 8),
using that of the region A, sample without urea for reference, as
seen in Table 4, it is noticeable that the higher labelled sample has
a much lower yield, with that of the 1 : 1 sample (marginally over
labelled) slightly lower as would be expected because of the effect
of energy migration. Also given in Table 4 are the values for the
steady state anisotropy and the average lifetime. On addition of
urea, although a change is observed in the spectrum shape, the
yield for the under labelled sample is constant, while that of the
1 : 1 sample increases close to it, as would be expected as the protein
unfolds and the distance between FITC molecules increases, with
a concomitant reduction in energy migration. A major change is
observed for the over labelled sample and its relative yield doubles.
This tendency is also seen in the average lifetime and corresponds
to an increase in the average separation of ca. 19 Å (considering
the dotted curve in Fig. 7) between the FITC tags.
The steady state anisotropy, which is also a measure of energy
migration, exhibits the expected trend, but on addition of urea
all the anisotropy values appear to converge. An explanation can
be that as well as reﬂecting the effect of energy migration, as the
protein structure unfolds the FITC is freer to rotate and this effect
is now dominant in the observed anisotropy value. A time-resolved

Table 4 Comparison of FITC ﬂuorescence properties on addition of 6.5 M urea
Relative quantum yield

Steady state anisotropy

Average lifetime/ns

FITC : BSA

Without urea

With urea

Without urea

With urea

Without urea

With urea

1:4
1:1
3:1

1
0.89
0.46

0.99
0.95
0.75

0.30
0.27
0.10

0.16
0.15
0.14

3.11
3.40
1.61

3.36
3.33
2.42
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anisotropy measurement of the under labelled sample gave a
rotational correlation time of ∼28 ns (standard deviation 4 ns,
initial anisotropy 0.31, v2 = 1.07), which we relate to the rotation
of the entire protein. On the addition of urea the anisotropy decay
required the sum of two exponentials to ﬁt the data. The recovered
rotational correlation times were 0.7 ns and 9.0 ns, in roughly equal
proportions (initial anisotropy 0.31, v2 = 1.03). This is in keeping
that treatment with urea produces a very loose protein structure30
in which the FITC label is freer to rotate and even the protein may
exhibit a faster rotational motion because of its unravelled form.
The initial anisotropy, however appears unchanged and this shows
that although the steady state anisotropy is useful, it is limited if
rotation of the molecule comes into play. The lifetime, however,
remains a good indication of the extent of the probe interaction
and hence suitable for monitoring changes in conformation, with
support from SFS.

8

9
10
11
12
13
14
15
16

Conclusion
The use of different ﬂuorescence techniques have proved useful
for the elucidation of the photophysics of the common protein
label FITC, when attached to a protein in differing quantities.
There is clear evidence of interaction between the probe molecules,
particularly beyond a labelling ratio of 3 : 1 (FITC : BSA). This has
been used as a tool to elucidate the average distances between the
labels on a protein, allowing one to monitor changes in protein
conformation.
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