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Abstract

L-Glutamate (L-Glu) is the major excitatory neurotransmitter in the central nervous system and plays
a key role in neuronal communication, energy metabolism, and cellular development. However,
excessive glutamatergic transmission can induce excitotoxicity, leading to neuronal damage and
death. Beyond its physiological role, L-Glu, commonly used in the food industry as monosodium
glutamate (MSG), has raised safety concerns due to its potential adverse effects, highlighting the
importance of L-Glu detection in biological and food samples. In this work, we investigate the
binding interactions between the glutamate-binding protein (GluB) from Corynebacterium glutamicum
and L-Glu under different pH conditions using fluorescence correlation spectroscopy (FCS). GluB
was labeled with CF488 and CF647 dyes, and fluorescence fluctuations were analyzed in the absence
and in the presence of L-Glu. Steady-state fluorescence measurements were conducted on the
unlabeled GluB, supporting FCS. They revealed pH-dependent structural changes of GluB, with
conformational rearrangements at acidic pH and partial denaturation at alkaline conditions. At pH
8.0, GluB displayed a stable conformation and a measurable response to L-Glu binding. Moreover,
experiments performed on the near-infrared labeled GluB-CF647 suggested a potential applicability
of GluB for living cell studies.

Keywords: fluorescence correlation spectroscopy; protein fluorescence; glutamate-binding protein;
glutamate; protein structure

1. Introduction

L-Glutamate (L-Glu) is the most common free amino acid present in the brain and takes part in
many important processes [1]. It works as an excitatory neurotransmitter [2] and it has a role in the
development of the central nervous system, as energy source in cells, and in the communication
between nerve cells [3]. Although L-Glu plays a crucial role in brain function, excessive glutamatergic
transmission can induce harmful intracellular processes that lead to excitotoxicity, resulting in
cellular damage and even neuronal death [4]. Monosodium glutamate (MSG) activates taste receptors
improving the natural taste and texture of foods, enhancing thickness, fullness, and mildness of flavor
[5,6,7]. The use of MSG in humans has raised concerns about its potential effects on health [8]. In fact,
high intake of MSG has been associated with adverse cellular responses that involve headache,
sweating, and nausea. These body reactions are commonly referred as Chinese Restaurant Syndrome
(CRS) [9].

Therefore, it appears interesting to investigate the levels of L-Glu in biological systems.
Conventional analytical methods such as magnetic resonance spectroscopy (MRS) [10], capillary
electrophoresis (CE) [11], and high-performance liquid chromatography (HPLC) [12] are widely used
to quantify L-Glu.

Glutamate-binding protein (GluB) from Corynebacterium glutamicum has been recently isolated
and characterized for its affinity to L-Glu [18, 19]. GluB is a member of the periplasmic binding
proteins (PBPs), a widely distributed protein superfamily found in bacteria and archaea. GluB plays
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a key role in ATP-binding cassette (ABC) transport systems mediating the substrate uptake.
Functionally, it is essential in cellular metabolism, as it selectively binds extracellular L-Glu and
facilitates its transport into the cell, contributing to nitrogen metabolism and cellular homeostasis [20-
22].

In this work we investigated the binding interactions between GluB and L-Glu under different
pH conditions by fluorescence correlation spectroscopy (FCS) experiments. FCS is a technique based
on the analysis of fluorescence intensity fluctuations that arise from the random motion of fluorescent
molecules within a tiny observation volume (femtoliter), defined by a confocal or two-photon
fluorescence microscope. Thought the autocorrelation analysis on these fluctuations, FCS provides
quantitative information on molecular concentration, diffusion coefficients, interaction kinetics, and
conformational dynamics [23-24].

FCS is widely applied both to cellular and protein studies. As regard proteins, FCS allows
correlating protein structure with fluorescence properties [25], monitoring conformational changes
even in the denatured state [26], and analyzing the diffusion processes of small molecules in protein
solution. This analysis might provide valuable insights into protein-ligand interactions or on cellular
processes [27,28].

In such applications, the technique allows the determination of key structural parameters such
as binding affinity constants, thereby providing a dynamic perspective that cannot be accessed
through static methods. However, it should be also highlighted that single-molecule measurements
conducted without immobilization are limited by several factors as the short observation time of
individual molecules, which rapidly diffuse out of the observation volume due to Brownian motion
and the limited collection of data per molecule as consequence of the transient observation time. In
addition, there is also the lack of a contextual imaging of the surrounding environment of the
observed molecule, which sometimes it is important for better understanding the biological
interactions within a complex cellular structure.

Here, we report the effect of pH on the GluB structure as investigated by steady-state
fluorescence measurements and FCS experiments. GluB was labeled with the fluorescence dye CF488
and characterized at different pH values in the absence and in the presence of L-Glu. FCS experiments
were also performed on GluB labelled with the fluorescence dye CF647 to evaluate possible
applications in live-cell imaging, The use of near-infrared dye offers advantages such as low
phototoxicity, minimal background fluorescence, and reduced UV light absorption [29].

2. Materials and Methods
2.1. Materials

L-glutamic acid (L-Glu) was obtained from Sigma-Aldrich (Sigma-Aldrich S.r.l., Milan, Italy).
Ampicillin, isopropyl (3-D-1-thiogalactopyranoside (IPTG), and all reagents used in the preparation
of Luria-Bertani (LB) medium for bacterial cultivation were purchased from AppliChem GmbH
(Darmstadt, Germany). The sodium acetate, sodium dihydrogen phosphate, sodium phosphate
dibasic, sodium carbonate, and hydrochloric acid used to prepare buffer solutions were also sourced
from Sigma-Aldrich (Sigma-Aldrich S.r.1., Milan, Italy). Additionally, Rhodamine 110 was acquired
from Sigma-Aldrich. The fluorescent dyes CF488 succinimidyl ester (CF488-NHS) and CF647
succinimidyl ester (CF647-NHS) were obtained from Biotium, Inc. (Fremont, CA).

2.2. GluB Purification

The GluB protein was purified following the method described by Kronemeyer et al. [30]. Briefly,
E. coli BL21 (DEB3) cells transformed with pET22b (+)-GluB were grown in LB medium with ampicillin
(50 pg/mL), and the GluB expression was induced with IPTG (0.8 mM) at 22 °C overnight. Cells were
harvested, lysed with lysozyme, sonicated, and treated with DNase (0.05 mg/ml) and MgClz (5 mM).
The obtained lysate was centrifuged and filtered before purification through nickel affinity
chromatography using a HisTrap column with imidazole gradient elution. The fractions obtained
were analyzed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE),
concentrated, and further purified using size exclusion chromatography on a Superdex 75 column
equilibrated with phosphate-buffered saline (PBS) at pH 7.4. The purity of the collected fractions was
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evaluated through SDS-PAGE. The pure fractions were pooled, concentrated, and the concentration
of the GluB solution was determined by measuring the absorbance at 278 nm.

2.3. Steady-State Fluorescence Measurements

Fluorescence steady-state experiments were performed on ISS K2 fluorometer (ISS Inc,
Champaign, Illinois USA) equipped with a cell temperature-controlled sample holder. To selectively
excite the Trp residues, the excitation wavelength was set at 295 nm. The excitation and emission slit
widths were fixed at 1.0 nm, and the emission spectra was recorded from 310 nm to 410 nm. The GluB
sample was dialyzed against suitable buffer for 18 hours with four buffer exchanges at 4 °C according
to Varriale et al. [32]. The concentration of the dialysate GluB was measured by UV/VIS
spectrophotometer (Jasco V-730) at 278 nm and diluted until reaching an O.D. at 295 nm value of 0.07
O.D. to avoid the inner filter effect [33].

2.4. GluB Labeling and Characterization

GluB was labeled with the fluorescence dyes CF488 or CF647 following the procedure described
by Capo et al. [31]. Labeling reactions were performed under basic conditions (pH 8.3) to have
efficient dye conjugation to the protein. For both dyes (CF488 or CF647), 100 uL of concentrated GluB
solution (2.66 mg/mL; MW 32.490 Da) was mixed with 9 uL of dye solution (10 mg/mL in DMSO),
and the pH was adjusted using 0.1 M sodium carbonate buffer at pH 8.3. The reaction mixtures were
incubated at room temperature for 1 hour and purified by gel filtration chromatography using pre-
packed Sephadex G-25 columns to remove excess unbound dye. The labeled proteins were then
dialyzed overnight at 4 °C against 50 mM phosphate buffer (pH 7.0) using dialysis tubing with a 3,500
Da molecular weight cutoff (Spectrum Labs). Absorption spectra were recorded using a Jasco V-730
spectrophotometer over the range of 220-600 nm. The degree of labeling (DOL) was determined
spectrophotometrically according to the following equation:

Apax X MW X dilution factor

boL = g X [Conjugate](mg/mL) M

where Amax is the absorbance at the dye’s maximum wavelength, MW is the molecular weight of
GluB, and ¢’ is the dye’s molar extinction coefficient of dye: 70.000 M'cm™ for CF488 and
240.000 M cm™* for CF647.

2.5. pH and Binding Effect

The pH effect on the GluB-CF488 was evaluated in the absence and in the presence of L-Glu. The
FCS measurements were performed at three different pH values: 5.0 (10 nM sodium acetate), 8.0 (10
nM sodium phosphate), and 10.0 (10 nM sodium carbonate) diluting the GluB-CF488 at the final
concentration of 2 nM. The GluB-CF488 samples at different pH values were analyzed in the absence
and in the presence of 5.0 nM L-Glu or 10.0 nM L-Glu. The FCS measurements of GluB-CF647 were
performed only at pH 8.0 (10 nM sodium phosphate) in the absence and in the presence of increasing
concentrations of 5.0 nM L-Glu or 10 nM L-Glu. Before the FCS measurements, all samples were
incubated overnight at 4.0 °C [32].

2.6. Fluorescence Correlation Spectroscopy (FCS) Measurements

The measurements were conducted at room temperature using the ISS Q2 Laser Scanning
Nanoscope Sted System for fluorescence correlation spectrometer (FCS), FLIM and STED
measurements (ISS, Champaign, Illinois, USA), equipped with a Nikon inverted microscope and with
Laser launcher equipped with three lasers (488 nm, 640 nm and 563 nm, and with laser for STED);
the output of each laser is aligned to a single mode fiber to produce a Gaussian profile laser beam to
be delivered to the instrument. Nikon high-numerical-aperture (NA) water objective (60X; NA 1.2)
and focused on the solution sample. To minimize discrepancies in the observation volume and
diffusion coefficient values, the instrument alignment and the calibration of the excitation volume
was performed using a 2.0 nM solution of rhodamine 110 and 2.0 nM solution of CF647 for GluB-
CF488 and GluB-CF647 experiments, respectively [34]. All optical components, pinhole adjustments,
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filter wheels, stage positioning, and objective alignment were controlled using the Vista software
package (ISS Inc., Champaign, Illinois, USA), developed specifically for FCS.

2.7. Fluorescence Correlation Spectroscopy Analysis

The experimental autocorrelation functions were analyzed using Vinci Analysis software (ISS
Inc., Champaign, Illinois, USA), applying a fitting model based on a three-dimensional Gaussian, two
species observation volume. The fitting function used follows the equation:

d A%
T[\/_(DOZO(C) Z( 8D; T) 14 8D;t 2 (1 + 8DiT) 1+ 8D;t
o 25 lfDoZo wg 2 J

where G(7) is the autocorrelation function, D is the diffusion coefficient, and w0 and z0 are the lateral
and axial dimensions of the observation volume. C represents the molecular concentration. The
diffusion coefficient D was calculated from the diffusion time using the equation:

7, = W2/4D (3)

where the beam radius W is determined from the diffusion time of a reference dye with known D.
For GluB-CF488, calibration of the observation volume was performed using 75 uL of a 2.0 nM
rhodamine 110 solution in water, assuming a diffusion coefficient of 430 um?/s [35, 36]. For GluB-
CF647, a 75 pL solution CF647 was used, and the theoretical value was calculated by the Stock-
Einstein equation (326 um?/s). In this case, the diffusion coefficient of the free dye was estimated
based on its molecular weight and used to calibrate the observation volume. As previously described
by Hess and Webb [37], the presence of free dye in solution can introduce artifacts in FCS
measurements. To prevent this, the contribution of the unbound probe was explicitly considered by
applying a two-component fitting model, accounting separately for the free dye and the protein.

2.8. Data Analysis

Fluorescence data were analyzed and visualized using OriginPro® 2018 software. FCS data were
processed and fitted using Vista Vision software (ISS Inc. Champaign, Illinois, USA).

3. Results and Discussion
3.1. Fluorescence Steady-State Experiments

Fluorescence steady-state experiments were conducted on GluB in the absence and in the
presence of L-Glu at different pH values (5.0, 7.0, and 10.0). In particular, the binding effect of L-Glu
on GluB was assessed as variations of the intrinsic tryptophan (W58 and W65) fluorescence emission.
Figure 1 shows the fluorescence emission spectra of GluB at pH 5.0 (Figure 1A) and pH 8.0 (Figure
1B), both in the absence and in the presence of L-Glu. At pH 5.0, the maximum fluorescence emission
was centered at 322 nm, while at pH 8.0 it is red shifted to 335 nm. In both cases, these fluorescence
emission values are blue-shifted as compared to the emission of N-acetyl-tryptophanamide (NATA,
~350 nm), indicating that the tryptophan residues of GluB remain in a partially buried and/or rigid
environments under these pH conditions. Figure 1C shows the fluorescence emission spectra of GluB
at pH 10.0 in the absence and in the presence of L-Glu. The maximum fluorescence emission is at 353
nm both in the absence and in the presence of L-Glu. This value is close to the value registered for
the emission of free tryptophan in solution indicating that the ta denatured state of the protein.
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Figure 1. Normalized fluorescence emission spectra of GluB in the absence and in the presence of 100 uM L-Glu
at different pH values. Fluorescence emission spectra of GluB in sodium acetate buffer at pH 5.0 in the absence
and in the presence of 100 uM L-Glu (A); Fluorescence emission spectra of GluB sodium phosphate buffer at pH
8.0 in the absence and in the presence of 100 uM L-Glu (B); Fluorescence emission spectra of GluB in sodium
carbonate buffer at pH 10.0 in the absence and in the presence of 100 uM of L-Glu (C). All the measurements
were performed at 25° C upon excitation at 295 nm.

3.2. Fluorescence Correlation Spectroscopy (FCS) Experiments

FCS was used to investigate the effect of pH on the diffusion properties of GluB-CF488 in the
absence and in the presence of L-Glu. Figure 2 shows the FCS results in the absence of L-Glu.
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Figure 2. Fluorescence correlation spectroscopy measurements of GluB-CF488. Normalized autocorrelation
spectra of GluB-CF488 at pH 8.0 (green dots), pH 5.0 (red dots) and pH 10.0 (blue dots) compared with the
autocorrelation spectrum of Rhodamine 110 (yellow dots).

The experiments were performed at 25°C in the following buffer solutions: 10 mM sodium
acetate (pH 5.0), 10 mM sodium phosphate (pH 8.0), and 10 mM sodium carbonate (pH 10.0). The
best fitting of the data was obtained by the Equation 2 (see materials and methos section). The
variation of the diffusion coefficients values determined at the three pH values are summarized in
Table 1.

Table 1. Diffusion coefficient values of GluB at different pH values in the absence of L-Glu. Diffusion coefficient
values of GluB-CF488 at different pH values are determined by Equation 2 (see Materials and methods section).

Sample pH Diffusion (um?/s) Chi-square
2.0 nM GluB-CF488 5.0 96.360 0.58
2.0 nM GluB-CF488 8.0 98.865 0.70
2.0 nM GluB-CF488 10.0 60.156 0.60

The results show that at pH 8.0 the diffusion coefficient value is 98.865 um?/s. This value is
consistent with the theoretical value calculated by the Stokes-Einstein equation for a protein of ~32-
34 kDa (~97 um?/s) [32, 32].

At pH 5.0, it is registered a moderate diminution to 96.360 um?/s, suggesting a modest reduction
of the molecular mobility of GluB because of structural rearrangements associated to ionic
interactions present in acidic conditions.

At pH 10.0, the diffusion coefficient value decreases to 60.156 pm?/s, indicating the presence of
substantial protein conformational variations and/or a protein oligomerization event, resulting in
increased hydrodynamic size as already observed for the maltotriose-binding protein from Thermus
thermophilus [32].

Figure 3 shows the FCS measurements in the presence of L-Glu. Also, in this case the
experiments were conducted at 25 °C using the above reported three buffer solutions. The best fitting
of the data was obtained by using the Equation 2 (see materials and methos section).
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Figure 3. Fluorescence correlation spectroscopy measurements in the presence of L-Glu. Normalized
autocorrelation spectra of GluB-CF488 in the presence of 10 nM L-Glu at pH 8.0 (green dots), pH 5.0 (red dots)
and pH 10.0 (blue dots) compared with the autocorrelation spectrum of Rhodamine 110 (yellow dots).

The variations of the diffusion coefficients value in the presence of L-Glu are reported in Table

Table 2. Variation of the diffusion coefficient values of GluB at different pH in the presence of L-Glu. The
diffusion coefficient values of GluB-CF488 in the presence of L-Glu at three different pH values.

Sample pH Diffusion (um?/s) Chi-square
2.0 nM GluB-CF488 + 10 nM L-Glu 5.0 70.106 0.69
2.0 nM GluB-CF488 + 10 nM L-Glu 8.0 101.68 0.73
2.0 nM GluB-CF488 + 10 nM L-Glu  10.0 65.845 0.53

At pH 8.0, the diffusion coefficient value remains almost unchanged. On the contrary, it is
observed an increase of GluB diffusion coefficient value from 98.865 um?/s to 101.68 pm?/s in the
presence of L-Glu.

At pH 5.0 and in the presence of L-Glu the GluB diffusion coefficient value decreases from
96.360 pm?/s to 70.106 pm?/s indicating that the binding of L-Glu-induces a protein conformational
change that could be ascribed to the protonation effects affecting ligand binding and/or
intramolecular interactions. Finally, at pH 10.0, the diffusion coefficient value of GluB increases from
60.156 um?/s to 65.845 um?/s in the presence of L-Glu.

In Figure 4 is shown the effect of L-Glu binding to GluB-CF488 at pH 5.0.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 4. Fluorescence correlation spectroscopy measurements of GluB-CF488 at pH 5.0 in the absence and in
the presence of L-Glu. Normalized autocorrelation spectra of GluB-CF488 at pH 5.0 in the absence (grey dots)
and in the presence of 10 nM of L-Glu (red dots), compared with the autocorrelation spectrum of Rhodamine
110 (yellow dots).

The diffusion coefficients values in the presence of 5.0 nM L-Glu or 10.0 nM L-Glu are reported
in Table 3.

Table 3. Diffusion coefficient values of GluB at pH 5.0. The diffusion coefficient values of GluB-CF488 at pH 5.0
in the absence and in the presence of of 5.0 nM L-Glu or 10.0 nM at the three different pH values.

Sample (pH 5.0) Diffusion (um?/s) Chi-square
2.0 nM GluB-CF488 + 0.0 nM L-Glu 96.360 0.58
2.0 nM GluB-CF488 + 5.0 nM L-Glu 85.118 0.70
2.0 nM GluB-CF488 + 10.0 nM L-Glu 70.106 0.69

The data show that the diffusion coefficient (D) values decrease progressively from 96.360 pum?/s
to 85.118 pm?/s and to 70.106 pm?/s in the presence of 5.0 nM L-Glu or 10.0 nM L-Glu, respectively.
These results are consistent with the hypothesis of ligand-induced structural rearrangement of GluB
at acidic pH values.

Figure 5 shows the effect of binding of GluB-CF488 to L-Glu at pH 8.0.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202512.1340.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 16 December 2025 d0i:10.20944/preprints202512.1340.v1

9 of 14

2 nM Rhodamine 110
1,0 | « 2 nM GluB-CF488
. 2 nM GluB-CF488 + 10 nM L-Glu
Mathematical fit
Mathematical fit
- — - Mathematical fit

e
=)
T

10 mM Sodium Phosphate
pH 8.0
25°C

2 o
£ (=]
T T

Normalized Autocorrelation (7)
(=)
N

o
o
I

1E-5

1E-4

0,001
Time (s)

0,01 0,1

Figure 5. Fluorescence correlation spectroscopy measurements of GluB-CF488 at pH 8.0 in the absence and in
the presence of 10 nM L-Glu. Normalized autocorrelation spectra of GluB-CF488 at pH 8.0 in the absence (grey
dots) and in the presence of 10 nM of L-Glu (red dots) compared with the autocorrelation spectrum of
Rhodamine 110 (yellow dots).

Table 4 shows the diffusion coefficients values of GluB-488 at pH 8.0 in the absence and in the
presence of different concentrations of L-Glu. It is observed a slight increase from 98.865 pm?/s to
99.03 um?/s and to 101.68 pm?/s at 5.0 nM L-Glu or 10.0 nM L-Glu, respectively.

Table 4. Diffusion coefficient values of GluB at pH 8.0. Diffusion coefficient values of GluB-488 at pH 8.0 in the
absence and in the presence of 5.0 nM L-Glu or 10.0 nM L-Glu.

Sample (pH 8.0) Diffusion (um?/s) Chi-square
2.0 nM GluB-CF488 + 0.0 nM L-Glu 98.865 0.70
2.0 nM GluB-CF488 + 5.0 nM L-Glu 99.030 0.93
2.0 nM GluB-CF488 + 10.0 nM L-Glu 101.68 0.73

Figure 6 shows the effect of L-Glu binding to GluB-CF488 at pH 10.0.
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Figure 6. Fluorescence correlation spectroscopy measurements of GluB-CF488 at pH 10.0 in the absence and in
the presence of 10.0 nM L-Glu. Normalized autocorrelation spectra of GluB-CF488 at pH 10.0 in the absence
(grey dots) and in the presence of 10.0 nM of L-Glu (red dots) compared with the autocorrelation spectrum of
Rhodamine 110 (yellow dots).

Table 5 reports the diffusion coefficients values of GluB-488 at pH 10.0 in the absence and in the
presence of different concentrations of L-Glu. At pH 10.0 there is an increase from 60.156 um?/s to
64.381 um?/s and to 65.845 um?/s in the presence of 5.0 nM L-Glu or 10.0 nM L-Glu, respectively. This
variation indicates the presence of a partial protein structural stabilization in the presence of both
concentrations of L-Glu at pH 10.0.

Table 5. Diffusion coefficient values of GluB at pH 10.0 Diffusion coefficient values of GluB-CF488 at pH 10.0 in
the absence and in the presence of 5.0 nM L-Glu or 10.0 nM L-Glu.

Sample (pH 10.0) Diffusion (um?/s) Chi-square
2.0 nM GluB-CF488 + 0.0 nM L-Glu 60.156 0.60
2.0 nM GluB-CF488 + 5.0 nM L-Glu 64.381 0.72
2.0 nM GluB-CF488 + 10.0 nM L-Glu 65.845 0.53

To investigate potential applications of GluB as a probe for L-Glu detection in living cells, FCS
measurements were performed by using GluB covalently labeled with the near-IR dye CF647 (GluB-
CF647).

Figure 7 shows the FCS analysis of GluB-CF647 at pH 8.0, in the absence and in the presence of
5.0 nM L-Glu or 10.0 nM L-Glu.
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Figure 7. Fluorescence correlation spectroscopy measurements of GluB-CF647 at pH 8.0 in the absence and in
presence of 10 nM L-Glu. Normalized autocorrelation spectra of GluB-CF647 at pH 8.0 in the absence (grey dots)
and in the presence of 10 nM of L-Glu (red dots) compared with the autocorrelation spectrum of the CF647 (blue
dots).

Table 6 reports the diffusion coefficients values of GluB-CF647 at pH 8.0 in the absence and in
the presence of different concentrations of L-Glu.

Table 6. Diffusion coefficient values of GluB labeled with CF647 dye at pH 8.0 Diffusion coefficient values of
GluB-CF647 at pH 8.0 in the absence and in the presence of increase concentration of L-Glu (0-10 nM).

Sample (pH 8.0) Diffusion (um?/s) Chi-square
2.0 nM GluB-CF647 + 0.0 nM L-Glu 92.195 0.94
2.0 nM GluB-CF647 + 5.0 nM L-Glu 96.246 0.80
2.0 nM GluB-CF647 + 10.0 nM L-Glu 98.903 0.77

The data show that the diffusion coefficient value increases from 92.195 pum?/s to 96.246 um?/s in
the presence of 5.0 nM L-Glu and it increases to 98.903 um?/s in the presence of 10.0 nM L-Glu.

The data shows that at pH 8.0 both for GluB-CF488 and GluB-CF647 there is an increase of
diffusion coefficient values in the presence of the L-Glu. This suggests that L-Glu binding affects the
protein’s diffusion and in turn its tertiary structure. This is consistent with observations reported in
literature for the ABC transporter family proteins [20, 39].

4. Conclusions

In conclusion, we used FCS to study the structural behavior of GluB at different pH conditions
and in the absence and in the presence of L-Glu. The marginal different diffusion values observed
between GluB-CF647 and GluB-CF488 at this pH can be attributed to differences in the experimental
setup, specifically in the calibration procedure. GluB-CF488 measurements were calibrated using
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Rhodamine 110 solution (2 nM), while in the FCS measurements for GluB-CF647 were calibrated with
CF647 (2 nM).

The overall results indicate that GluB undergoes to conformational rearrangements at acidic pH
and in the presence of the ligand, while at pH 10.0 it exhibits structural variations that are consistent
with a structural destabilization. At pH 8.0, GluB retains a stable structure with a quantifiable
response to L-Glu binding. The binding of L-Glu to GluB-CF647 showed a change in the diffusion
coefficient value in the presence of L-Glu suggesting a possible utilization for living cell applications.

It should be highlighted that there are limitations in the use of FCS for measurements of
molecules free in solution. The main limitation of the use of single-molecule measurements without
immobilization such is that FCS is fundamentally designed to measure ensemble averages, not
individual events, because molecules are constantly moving. For measurements of a single,
individual molecule, especially those requiring a short measurement time (a few milliseconds), FCS
may not suitable, as it produce averaged data only valid for multi-molecule systems. This is why an
FCS setup could be used in specific situations, even with its limitations, to gather ensemble-average
data or to probe dynamics in a system where the individual molecule tracking is not the primary goal
of the study.
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