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Abstract:

The binding of MEGA10 with Concanavalin A (Con A) at pH 7.4 and pH 5 have been
studied using steady-state and time-resolved fluorescence, dynamic light scattering (DLS)
and Circular Dichroism (CD). Downward curving Stern-VVolmer plots suggested the
existence of tryptophan residues exposed in the protein surface and other tryptophans
extensively buried within the protein. The major proportion of protein tryptophan groups
are not involved in MEGAL10 interaction. The pH significantly influences the affinity of
MEGA10 to Con A, with it being stronger at pH 7.4 than at pH 5.0. It is inferred from the
thermodynamic analysis of the binding constant dependence with temperature that van
der Waals and hydrogen bonds are the predominant forces in the interaction of MEGA10
with lectin. In time-resolved fluorescence experiments, the decay curves were well fitted
to three exponential patterns. The mean lifetime at pH 7.4 systematically decreased with
increasing MEGA10 concentration, whereas this parameter at pH 5 is practically
constant, indicating greater protein structure alterations at pH 7.4 than at pH 5 after
surfactant association, and they were corroborated by circular dichroism measurements.
Anisotropy complementary studies detail that Con A undergoes motion restrictions
because of the association with surfactant. The attachment of MEGA10 to Con A was

confirmed by dynamic light scattering.
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Highlights

- The interaction between MEGA10 and Con A was studied at different temperature

and pH values

- Hydrogen bonds and van der Waals forces are predominant interactions

- Conformational changes of the protein upon binding of MEGA10 were observed



1. Introduction

Nano and microparticles offer multiple possibilities in the advancing of medicine,
providing solutions to problems that cannot be solved with standard medical approaches
[1]. Research and innovation in nanomedicine tackles many aspects, such as the
development of biosensors, diagnosis devices, vaccines or carriers for chemotherapeutic
agents. Modern cancer treatments with drugs often present the disadvantage of killing
healthy cells. Therefore, it is desirable to develop effective targeted therapies for the
selective destruction of cancerous tissue [2]. In this context, nanoparticles have emerged
as a promising alternative to improve the therapeutic index of drugs by increasing their
targeting capacity and accumulation in specific organs, tissues or cells while decreasing
potential toxicity and any adverse effect. This goal can be achieved by passive or active
targeting. The characteristic size of nanoparticles, below 1 pm, means they can be
passively accumulated in tumoral tissues by means of the enhanced permeability and
retention effect (EPR) [3]. Active targeting is accomplished by nanocarrier binding
specifically to characteristic receptors on cancerous cell. Several mechanisms and
strategies have been proposed to improve selective binding of nanoparticles to the specific
site. The functionalization of nanocarriers using targeting ligands such as monoclonal
antibodies, peptides fragments, folate, surfactants and carbohydrates deserved special
attention [4,5,6]. In recent years, there has been growing interest in the use of
carbohydrates-sensibilized nanoparticles that can be used to specifically bind lectin, a
protein overexpressed on the surface of numerous cancer cells [7,8,9]. On the other hand,
lectin-mediated drug targeting also include nanoparticles decorated with lectin for
specific binding to sugar on the wall of diseased cells. Cancerous cells express different
glycans compared with their normal counterparts [10]. A well characterization of

interaction between lectin and carbohydrate is fundamental for both approaches in order



to accomplish high selectivity and sensibility [11]. It is accepted in literature that higher
binding affinity increases targeting efficacy [2].

Surfactants derived from carbohydrates (sugar-based surfactants) are nonionic
amphiphiles characterized by having a hydrophobic alkyl chain linked to a sugar residue.
These surfactants have increasingly become of interest owing to their excellent
biodegradability, nontoxicity and availability from renewable sources [12]. Different
nanoparticles synthetized from sugar-based surfactants have been examined as drug
carriers [13,14]. Hashim et al. prepared vesicles formulated with octyl glucoside and
maltoside [15]. In vitro release of methotrexate encapsulated in niosomes prepared from
alkyl glucopyranoside surfactants was studied by La Mesa et al [16]. Sugar-based
surfactants are incorporated into liposomes to increase their resistance to macrophages.
An important class of the aforementioned surfactant group are the fatty acid glucamides,
whose most relevant member is N-decanoyl-N-methylglucamide (MEGA10) which has
been widely used as a membrane protein solubilizer as this amphiphile seems to preserve
the protein functions [17,18].

The above considerations prompted us to investigate the interaction of
Concanavalin A (Con A) with MEGA10 with the aim of using this sugar-based surfactant
as ligand for the targeted delivery of anticancer drugs. Fluorescence spectroscopic
techniques in connexion with DLS and CD measurements were used to characterize the
association process. Concanavalin A, a lectin extracted from the Canavalia ensiformis
(Jack bean) plant, is extensively used to describe carbohydrate-lectin binding. Con A is
frequently used to distinguish normal and tumor cell membrane which experiments
glycosylation processes [19]. This protein is dimeric or tetrameric, depending on the pH,
whose subunits present high structural similarity. Each monomeric Con A contains 4

tryptophans and 7 tyrosines residues[20].



2. Experimental

2.1. Materials

Concanavalin A (Con A) from Jack bean and MEGAZ10 were commercially supplied
by Sigma Aldrich (Madrid, Spain). These compounds were used as received. The
molecular weight of Con A monomer is 26.5 kDa. Ultrapure water (resistivity ~18
MQ-cm), used to prepare all the solutions, was obtained in a Milli-Q Academic Millipore
system. The pH of working solutions, used immediately after preparation, was controlled

with buffers (acetate at pH 5 and phosphate at pH 7).

2.2. Instruments and spectral measurements

All steady-state fluorescence measurements were performed on a FluoroMax-4
(Horiba, Jobin Yvon) spectrofluorometer, equipped with a 150-W xenon lamp and a cell
housing with 1.0-cm path-length quartz cuvettes, which was thermostated by a Peltier
unit. Concanavalin A solutions were irradiated at 295 nm to selectively excite tryptophan
residues of the protein and emission spectra were scanned from 300 to 500 nm with an
integration time of 0.1 s and slit widths for excitation and emission of 2 and 4 nm,
respectively. Fluorescence intensities were collected at the wavelength corresponding to
the emission maximum (339 nm) of the protein. In fluorescence quenching experiments,
avolume of 2 ml of Con A at 12 uM was titrated by successive additions of small volumes
of asolution of MEGA10 at 9.8 mM. The addition was performed manually using a micro
syringe.

Fluorescence lifetimes of Con A in the absence and presence of MEGA10 were
determined from time-resolved fluorescence measurements. The LifeSpec Il

luminescence spectrometer (Edinburgh Instruments), equipped with a 295 nm pulsed



light-emitting diode and a pulse of 100 ns, with emission being recorded at 340 nm, was
used for this purpose. Data analysis was performed using the FAST software package
from Edinburgh Instruments. The instrumental response function (IRF) was regularly
obtained by measuring the scattering of a Ludox solution. Triexponential functions were
used to fit the fluorescence decays, and the fit goodness was evaluated by »? values and
visual inspection of residuals. Average fluorescence lifetimes (z) were calculated from

the three-component contributions using the following equation:

r=2l @)

=1

where Ajis a pre-exponential factor for the component i with a lifetime zi. The relative

concentration, or fractional amount of each component («;), was determined by:

_ A
a; = ZAI (2)

The alterations of Con A conformation in the presence of MEGA10 were
measured by far-UV (200-260 nm) circular dichroism (CD) measurements using a J-810
CD spectrometer (JASCO, Japan) at room temperature under a nitrogen atmosphere with
a slit width of 1 nm. Each spectrum represented the average of five consecutive scans
with a scan speed of 50 nm/min at 0.2 nm intervals, using a 2 mm quartz cell. The Con A
concentration was kept constant at 11 uM while MEGA 10 concentration was 100 uM.
The solvent spectrum obtained under the same conditions was subtracted to obtain the
actual sample spectrum. The CD raw data, received in terms of ellipticity (Oobs), Were
transformed to mean residue ellipticities (MRE in deg cm? dmol™) using Equation [21]:

MRE :ﬂ (3)
10ncl



where n is the number of amino acid residues (237 for Con A monomer), ¢ is the Con A
molar concentration and | is the path length of the cuvette in cm. Dynamic light scattering
is frequently used to determine the hydrodynamic size of nanoparticles. A ZetaSizer
Nano-S (Malvern Instrument, UK) apparatus was used to obtain the hydrodynamic radius

of Con A in the presence of MEGA10.

3. Results and discussion

3.1. Steady-state fluorescence and binding constants

Fluorescence spectroscopy is a powerful technique that has been often used to
investigate the binding of small molecules to proteins. This technique is very sensitivity
towards the perturbation of the local environment of fluorophores [22]. The interaction
of ligand with protein induces an increasing exposition of fluorophores to a more
hydrophilic environment changing the fluorescence of the native protein. Tryptophan
(Trp) residues have a high quantum yield in hydrophobic environment; in contrast, their
quantum vyield decreases in a hydrophilic medium. Concanavalin A (Con A) exists as
tetrameric structure at pH>7 and as a dimer at pH 5, where each monomer has a binding
site for carbohydrates. Trp residues are responsible for the fluorescence emission spectra
of Con A when excited at 295 nm. Figs 1A and 1B show the fluorescence quenching of
Con A in the presence of increasing concentrations of MEGA10 at neutral and acid pHs,
respectively. The existence of quenching suggests that MEGA10 binds to Con A. The
binding of MEGA10 to protein alters the microenvironment of Trp residues, thereby
inducing the alteration of the intrinsic fluorescence of Con A. It is noteworthy that the
extent of quenching by the surfactant at pH 7.4 is higher than at pH 5. The absence of

relevant changes in the wavelength of maximum emission of Con A suggests that any



conformational changes resulting from surfactant binding do not lead to major exposure
of lectin tryptophan groups to the aqueous environment. The fluorescence emission
maximum occurs at 339 nm, showing that tryptophan amino acids are of Class Il. This
type of Trp residues corresponds to fluorophores exposed to the bound water with long

dipole relation time [23].

Quenching data are recurrently presented as plots of the ratio between the
fluorescence intensities in the absence and presence of quencher (lo/l) versus
concentration of quencher (the so-called Stern-Volmer plot) [24]. Figure 2 corresponds
to the Stern-Volmer plot for Con A fluorescence quenching by MEGAI0 in the two
assayed media. Each point on the plot results from the average of three fluorescence
intensity values measured at Amax=339 nm. The profiles obtained show a nonlinear
relationship and exhibits a sharp downward curvature. A linear Stern-VVolmer plot is
usually associated with the existence of a single class of tryptophan, all equally accessible
to the quencher [25]. In the case of a protein with more than one type of tryptophanyl
residues, the Stern-Volmer plot is not linear and the shape of the curve is characteristic
of the relative degree of exposure of residues. In the particular case in which there are
two tryptophan populations, one readily available to the quencher and one not, the plot
deviates from linearity toward the x-axis. The observed result in our plot (Figure 2) is
expected for a protein with a large number of Trp residues such as Con A, where
tryptophanyl residues are in different surroundings and they are diversely accessible to
surfactant. Similar upward curving profiles have been reported for other lectins [26-29].

The convex Stern-Volmer plot can be analyzed using the following equation

[30-32]:
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where Kq is the effective quenching constant, fa is the fraction of initial fluorescence that
Is accessible to quencher, and [Q] denotes the concentration of MEGAZL0 in molar. This
equation allows the accessibility of Trp residues in Con A to MEGAL10 to be estimated.

Figure 3 shows the plot of 1, /(1, —I) against 1/[MEGA-10] at pH 7.4 and pH 5 at 298 K.

The intercept of the above curves yields f;* for both pHs. The good linearity in the plots
confirms the existence of both buried and exposed Trp residues in Con A. The fa values
thus obtained were 0.14 and 0.09 for pH 7.4 and pH 5, respectively. At both pHs, a small
fraction of the emission of Con A is quenched by the surfactant, being the solvent
accessibility of tryptophan residues higher at physiological pH. These results indicate that
an important portion of tryptophanyl residues is not directly involved in surfactant
binding, which cannot penetrate the protein matrix. Manda et al. suggested that most
tryptophans of Con A are localized in a rigid environment, and hence buried and not
exposure to solvent [33]. Considering the crystal structure of monomer Con A and
fluorescence quenching by iodine ions, it has been postulated that only two (at 88 and
182) of the four Trp residues are close to the protein surface [34]. Probably tryptophan

residues are away from the sugar-binding site of Con A.

The dependence of Con A fluorescence intensity on the MEGA10 concentration
can be used to check the strength of the interaction between ligand and protein. The
association constant (Kz) was determined using the Lineweaver-Burk equation at three

temperatures (298 K, 305 K and 310 K) [35-37]:

()

Thus, a linear plot of 1/Al vs. 1/[Q], where A1 = lo—1, provides lo from the intercept on the

ordinate, while the slope gives the estimate for the association constant. These plots are
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presented in Figs 4A and 4B for pH 7.4 and pH 5, respectively. A good linearity
(R?>0.997) was observed. Table 1 collects the values of Ka. A large Ka value indicates
strong interaction between MEGA10 and Con A. The association constant values for Con
A-MEGA10 were found in the order of 10%-10* M for all studied temperatures,
indicating moderate interaction. As a general trend, one can observe that protein-
surfactant interaction is less favorable at higher temperatures. In addition, the association
of MEGAL10 to Con A is weaker at pH 5 than at pH 7.4, indicating that MEGA10
molecules bind to tetrameric form of Con A with greater affinity than to the dimeric
structure. The values for K, were found to bear good consistency with those reported in
literature for other lectin-sugar interactions. For example, N-acetyl-lactosamine
associates to the lectin obtained from the seed of Moringa oleifera or from Dolichos
lablab with a binding constant of 1.38x10% M or 8.45x10° M, respectively [29, 31]. On
the other hand, the association constant between Con A and N-acetyl glucosamine, or

with a-D-glucopyranoside, is 3.48x10* M [38] and 1x10* M [39], respectively.

In general, the quenching between fluorophore and quencher arises due to static
or dynamic interactions. They are distinguished based on their temperature dependence
For static quenching, the rising temperature causes the instability of ligand-protein
complex that in turn leads to a diminution in the quenching constant. To the contrary, the
enhancement of diffusion coefficients with temperature in the dynamic quenching
mechanism leads to an increase in the quenching constant. A comparison between Eqs 4
and 5 reveals the equivalence between K and Ka. Inspection of the values of Ka in Table
1 indicates that quenching constant decreases, for both pHs, upon the temperature

increasing. Higher temperature weakens the linking of Con A-MEGA 10 ground state
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complex, resulting can therefore be inferred to be mainly due to a protein-surfactant

assembly rather than dynamic collision.

3.2. Nature of the binding forces

The nature of binding forces is often characterized by the sign and magnitude of
different thermodynamic parameters [24, 37]. Positive values of AS and AH is mostly
indicative of hydrophobic interaction; while, specific electrostatic forces are
characterized by positive AS and negative AH values. On the other hand, negative values
for both thermodynamic parameters arise from van der Waals forces as well as hydrogen
bond formation [40]. To calculate the thermodynamic parameters of Con A-MEGA 10

interaction, the following equations were used [24, 37]:

AG® =-RTInK, (6)

AH® =—T?| 7 (7

d (AG%)
dT
TAS® =AH? - AG° (8)
Thus, we calculated the AG® values by substituting the values of Ka in Eq. (6). We then
estimated, from the slopes of the AGYT vs. T plots (see Figure 5), AH® by Eq. (7), and
finally, the corresponding entropic contributions were calculated from Eq. (8). The
thermodynamic functions calculated in this way are collected in Table 1. Spontaneity of
the MEGA10 binding with lectin was elucidated by the evaluation of the Gibbs free
energy change. The unfavourable negative entropy change values (AS® < 0) can be

compensated by the negative enthalpy change values (AH® < 0), suggesting that the

interaction is enthalpically driven. The binding of MEGA10 with Con A is
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thermodynamically more favourable at physiological pH than at pH 5. According to the
thermodynamic parameters, van der Waals forces and hydrogen bonds play the major role
in the protein-surfactant interaction. It is worth noting that sugar-based surfactants
possess a high hydrophilicity arising from the fact that each of their hydroxyl group can
form as many as three hydrogen bonds in aqueous media [41]. This capability of
MEGAZ10 to form hydrogen bonds is responsible for the linking with Con A. Con A binds
to glucose and mannose residues that possess free hydroxyl groups at Positions 3, 4, and
6 of the a-pyranose ring through hydrogen bonds [42]. The heat release (AH® < 0) could
be due to the release of water molecules from lectin surface to bulk solution when
hydrogen bonds are formed between the protein and the surfactant. The entropic loss of
the system after the binding process could be related to the decrease in the motion freedom
of MEGAZ10 upon the linking with the lectin.

The f AH? plots as a function of temperature are found to be linear (data not
shown). The slope of these plots corresponds to the molar heat capacity change, ACp. for
the binding process. The values of AC, calculated from linear regression analysis were -
0.45 kJ/mol K and -0.37 kJ/mol K for pH 7.4 and pH 5, respectively. The negative slope
signifies that the protein-surfactant association is more exothermic as the temperature
increases. It is generally accepted that the main factor influencing the heat capacity for an
association process is the solvent reorganization at the protein surface [43]. Negative ACp

corresponds to protein dehydration due to surfactant binding [37].

3.3. Time-resolved fluorescence studies

Time-resolved fluorescence can provide complementary information about the
conformational changes of lectin upon surfactant addition. Figure 6A displays some
typical examples of the fluorescence lifetime decay profiles corresponding to pure Con A
and in the presence of 157 uM of MEGA10 at pH 7.4. The decay profiles in all cases

13



were adequately fitted by three-exponential functions (x?<1.07). Table 2 collects the
fluorescence lifetimes and the corresponding Con A weighting factors in absence and
presence of MEGA10 at pH 7.4, whereas Table 3 presents the corresponding values for
pH 5. The low values of ¥? are convincing evidence for the three-exponential decay
fitting. Multi-exponential decays are not surprising for multitryptophan proteins.
Weighting factors (o1, 02 and a3) depict the relative contributions of each component to
the total fluorescence intensity. In the absence of surfactant at neutral pH, the longer
component of 5.6 ns and the shorter one of 0.8 ns were measured. These components
decreased at 4.6 ns and 0.7 ns, respectively, for pH 5. The observed differences could be
attributed to protein structure alterations with pH, which affects the attachment capacity
of MEGA10 to Con A. Interpretation of intensity decays is complicated for
multitryptophan proteins. It is seducing to assign the various components to the individual
tryptophan residues. However, even proteins with a single tryptophan residue typically
display double or triple-exponential decays [24,25]. Hence, there is no reason to believe
that the individual decay times represent individual Trp residues. Generally, buried Trp
residues present shorter lifetimes, with the longer lifetimes being for exposed tryptophans
[25]. Accordingly, as reflected in Tables 2 and 3, most Con A tryptophan residues are
buried, in concordance with steady-state measurements.

Figure 6B illustrates the average lifetime as a function of MEGAZ10 concentration
at both pHs. At pH 7.4, the mean lifetime decreased regularly with increasing MEGA10
concentration, whereas it is not altered significantly at pH 5. The binding of MEGA10 at
pH 5 does not probably lead to any relevant structural changes in lectin. Turning our
attention to the data in Tables 2 and 3, it should be noted that the three lifetime
components for Con A decreased upon MEGA10 addition at physiological pH, whereas

they did not practically vary in acid medium. The slight decrease in the weighting factor
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of the buried Trp residues at pH 7.4 is noteworthy. In contrast, a; remains more or less
unaffected at pH 5. Two explanations could be invoked to explain these results: (i) the
binding of MEGA10 at pH 5 does not perturb the Trp environment significantly in
opposite to pH 7.4; (ii) at pH 5 Trp residues are not present in the surfactant binding site
of Con A. For both pHs, the value of a3, which could correspond to the contribution of

Trp residues exposed to water, increases as MEGA10 concentration rises.

3.4. Angular anisotropy and dynamic light scattering

We measured the steady-state anisotropy (rss) of lectin in the presence of
increasing concentrations of surfactant (Figure 7) in order to gain insight into the
interaction of Con A with MEGAL0. This figure displays the successive increase of rs,
which confirms that the association between MEGA10 and Con A occurs. The behaviour
is similar at both pH values for MEGA10 concentrations below 40 pM. However, the
anisotropy is greater at pH 7.4 than at pH 5 for higher surfactant concentrations, at the
same MEGA10 concentration. Measurements of angular anisotropy of a protein make it
possible to analyze the rotation of the protein molecule as a whole because Trp residues
are not free to move [44]. When Con A experiences a restricted motion, an increase in
anisotropy occurs that is indicative of conformational changes in the lectin structure.

Dynamic light scattering is a powerful tool for measuring the size of nanoparticles.
Herein, this technique was used to investigate variations in the hydrodynamic radius of
protein-surfactant complexes (Rn) with the concentration of MEGA10 (see Figure 8).
This figure reveals that the addition of surfactant to lectin solution provokes an increase
of Ru. In the case of pH 7.4, the size of the complexes increases to a larger extent that at
pH 5. The aggregation of lectin is probably induced by the binding of MEGA-20 between

different Con A molecules. Clearly this aggregation is more extended at pH 7.4. The
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measured hydrodynamic radius of pure Con A at pH 7.4 and pH 5 were 4.9£0.3 nm and

4.0£0.4 nm, respectively. These values agree well with those previously published [45].

3.5.CD

Circular dichroism in the far UV region is one of the best spectroscopic techniques
to determine the change in secondary structural contents of proteins after the binding of
ligands. To get a clear image of how the conformation of lectin was affected by MEGA10
binding, CD measurements on free Con A, as well as in the presence of surfactant at both
pHs were performed (see Figure 9). As can be seen, the native lectin spectrum is clearly
different for pH 7.4 and pH 5. This is expected if one has in mind that the Con A forms
tetramers at pH 7.4, whereas the structure is dimeric at pH 5. The plots are characterized
by a broad negative trough centered at 223 nm for acid pH and at 225 nm for physiological
pH. This kind of CD spectrum is typical for proteins rich in B-sheet structure [46]. In fact,
the three-dimensional structure of monomeric Con A presents an antiparallel f-sandwich
structure comprising a six-stranded flat “back” p-sheet, a seven-stranched curved “front”,
and a five-stranched “top” [-sheet roofing the other two [33]. CD spectrums of lectin
obtained from different seeds also present a minimum peak at around 225 nm [47-49].
When MEGA10 was added to the protein solution, the magnitude of ellipticity (MRE)
decreased, suggesting that Con A conformation had changed. The spectral pattern change
is less pronounced at pH 5. This observation indicates a weaker change on the protein
conformation at acid pH than at physiological pH after binding with MEGAL10. This is in
line with the results of quenching and time resolved fluorescence presented in previous

sections. Thus, MEGAL10 only slightly altered the secondary structure of the protein.
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4. Conclusions

MEGA10 binding to Con A was revealed by the gradually decrease in
fluorescence intensity of lectin upon surfactant addition. The surfactant affinity to protein
Is higher at pH 7.4 than at pH 5. Analysis of quenching data shows that the major
proportion of Trp residues is buried and not available to surfactant. The sugar-binding
site is probably not close to tryptophanyl groups. Thermodynamic parameters (AG?, AH°
and AS®) were all negative, showing that association was spontaneous, and that hydrogen
bonds and van der Waals forces are the predominant forces in stabilizing Con A-MEGA
10 complex. Time-resolved fluorescence studies confirm the binding of MEGA10 to Con
A. The agglutination of Con A in the presence of MEGAI10, assessed by DLS
experiments, confirms the binding of the surfactant on lectin. The observed size
increments were more substantial at physiological pH than at pH 5. At pH 5, the CD
spectra obtained in the presence of MEGAI0 is only slightly different from the one
corresponding to the native Con A state, whereas a significant difference was observed at
pH 7.4. Thus, the presence of surfactant at pH 5 does not seem to induce relevant

conformational alterations in lectin.
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Figure 6.

Table and Figure captions

Binding constant (Ka) and thermodynamic parameters for Con-MEGAL0

complex at pH 7.4 and pH 5

Fluorescence lifetime decay analysis of Con A upon MEGA10 addition at pH

7.4

Fluorescence lifetime decay analysis of Con A upon MEGAL10 addition at pH

5

The fluorescence quenching spectra of Con A in the presence of various
concentrations of MEGA10 at [Con A]=11 uM and T=298 K: (A) pH 7.4,

(B) pH 5.

Stern-VVolmer plot for the binding of MEGA10 to Con A at pH 7.4 and pH 5

Plot of lo/Al against 1/[MEGA10] at pH 7.4 and pH 5

Quenching data plotted according to Eq. 5 for the binding of MEGA10 to Con
A at different temperatures. (A) pH 7.4; (B) pH 5

Plots of AG%T vs. Tat pH 7.4 and pH 5

(A) Fluorescence decays of Con A in the absence and presence of 160 uM of

MEGA10 together with the instrumental response function (IRF) at pH 7.4
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The lines correspond to fits. (B) Plots of 7 vs. concentration of MEGA10 at

pH 7.4 and pH 5

Figure 7. Fluorescence anisotropy of Con A as a function of MEGA10 concentration at

pH 7.4 and pH 5

Figure 8. Hydrodynamic radius of Con A-MEGA 10 complexes at a function of

MEGA10 concentration at pH 7.4 and pH 5

Figure 9. CD spectra of Con A in the absence and presence of MEGA10 at pH 7.4 and

pH 5. Molar ratio of 1.5
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TABLE 1

T Kax10 AHP TAS° AG°
(K) (L molt) (kJ mol ™) (I moltK? (kJ molt)
298 22.9+0.8 -66.1+1.0 -41.3£1.0 -24.8+0.1
pH7.4 305 10.3+0.4 -69.2+1.0 -45.8+£1.0 -23.410.1
310 7.9£0.3 -71.5+1.0 -48.4+£1.0 -23.1+£0.2
298 7.6x£0.2 -55.5+1.0 -33.4£1.0 -22.1+£0.1
pH5 305 4.8+0.2 -58.1+1.0 -36.6x£1.0 -21.510.1
310 3.1+0.1 -60.0£1.0 -39.3£1.0 -20.7£0.2
TABLE 2
[MEGA10] 1, a, T, a, T3 as x?
(HM) (ns) (ns) (ns)
0 082 046 234 0.38 5.60 0.16 0.99
20 0.67 045 2.06 0.38 5.17 0.17 1.05
40 064 044 203 0.38 5.02 0.18 1.06
70 054 044 188 0.38 4.91 0.18 1.01
120 041 042 1.66 0.40 4.67 0.18 1.03
160 040 040 1.63 0.40 4.62 0.20 1.00
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TABLE 3

[MEGA10] 1, a, T, a, T3 as x?
(HM) (ns) (ns) (ns)
0 0.70 040 2.00 0.43 4.60 0.17 1.02
20 0.67 040 1.89 0.42 4.50 0.18 1.06
40 059 040 1.89 0.42 4.49 0.18 1.01
70 057 039 181 0.42 4.43 0.19 1.03
120 074 040 1.96 0.41 4.55 0.19 1.07
160 063 039 1.88 0.41 4.42 0.20 1.02
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