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Abstract

In fluorospectrophotometric studies on protein-drug interactions, the fluorescence intensity of
proteins is often vulnerable to interference from ligands or new produced complexes which exhibit
significant fluorescence at the chosen excitation or emission wavelengths. Alternatively, this paper
suggested an effective and sensitive method for quantitative determination of the free human serum
albumin (HSA) in a dynamic interaction system with procaine (PRO) and further investigation on
their interaction mechanism using multi-way calibration method coupled with three-dimensional
fluorescence spectroscopy. Second-order calibration method realized the quantitative determination
of the free HSA in a dynamic system with overlapping spectra even in the presence of an
uncalibrated interferent. The quantitative results were used to further calculate the binding
parameters, including binding constant, binding site number, thermodynamic parameters and nature
of the binding forces. Furthermore, the four-way excitation-emission-temperature-sample data were
analyzed to investigate the effect of temperature on the interaction system studied.

Keywords: Human serum albumin; Procaine; Dynamic interaction system; Multi-way calibration

method; Three-dimensional fluorescence spectroscopy.



©CoO~NOUTA,WNPE

Analytical Methods

1. Introduction
Human serum albumin (HSA), as the major soluble protein constituent of the circulatory system,
plays a dominant role in transport and disposition of numerous endogenous and exogenous
substances in blood '. The affinity of biologically active substances toward HSA can be mainly
responsible for the events involved in absorption, distribution, metabolism and excretion * °.
Typically, a weak binding shows such a short lifetime to insufficiently provide its therapeutic effect,
whereas a strong binding decreases the free fraction of drugs with undesirable side effects because of
its too slow metabolism and excretion *. Consequently, investigations on binding mechanism of
drugs to HSA are of fundamental importance, which can potentially provide an insight into
pharmacokinetics and pharmacodynamics of drugs and design of dosage form.

Structurally, HSA contains a single intrinsic tryptophan residue, whose fluorescence is

> ® Therefore, spectrofluorimetry with high sensitivity and low

susceptible to the nearby drugs
detection limit has been proposed as a reliable method to investigate drug-albumin interaction
systems, where information about structural features of HSA, small drug molecules and drug-protein
complexes can be revealed by the measurement of intrinsic fluorescence before and after addition of
drugs "*®. A literature search shows that fluorescence quenching has been favored by researchers to
characterize the protein binding of drugs 13 However, in fluorospectrophotometric studies on
protein-drug interactions, the fluorescence intensity of proteins is often vulnerable to interference
from ligands or new produced complexes which exhibit significant fluorescence at the chosen
excitation or emission wavelengths. Therefore, a rather large number of studies involving the

fluorescence methodology appear to assume a non-fluorescent complex existing in drug-protein

interaction and calculate relevant binding constants by the ratio of HSA fluorescence intensity before

4
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and after additional drugs, which frequently lead to an erroneous result.

With a variety of second- and higher-order experimental data being produced by modern
instruments, multi-way data analysis, which is one of the most active areas in chemometrics, has
been flourishing in the application of complex matrixes over the last few decades. A series research
reveal that multi-way data analysis has been widely used in static systems, including those found in

16, 17

biological ', environmental '° and food samples , etc., as there are increasing applications in

19, 20

dynamic systems including hydrolysis kinetics 18 enzymatic reaction kinetics , etc. Some

literatures have been contributed to investigation on drug-biomacromolecule interactions using

. 2125
chemometric method

. Zhou et al. studied the interaction of pirarubicin with DNA by
excitation-emission matrix fluorescence coupled with the parallel factor analysis and the alternating
normalization weighted error algorithm . Ni et al. reported a fluorescence spectroscopy and
chemometrics approach to study the interactions of aspirin and ibuprofen with BSA 7 To our
knowledge, the existing studies just realized the qualitative analysis with emphasis on the variation
in the relative concentrations of drug, biomacromolecule and new substance using chemometric
methods. There are few studies involving quantitative investigation on dynamic interaction systems,
including the amount of free biomacromolecules and free drugs. The request to quantitatively
determine free biomacromolecules and free drugs in interaction systems is looming because it
contributes to investigating the mechanisms of drug-biomacromolecule interactions and further
understanding the bioavailability of drugs in vivo. Varying backgrounds resulting from continually
generated new substances during the processes of drug-biomacromolecule interactions often make

qualitative or quantitative studies very complicated. An alternative approach is to apply the

multi-way calibration method coupled with excitation-emission matrix (EEM) fluorescence, which

5
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can accurately predict concentrations with reasonable resolution of excitation and emission profiles
for analyte(s) of interest even in the presence of unknown interferents, that is the “second-order
advantage” ***°. In a drug-protein interaction system, one can construct a calibration set in a simple
buffer solution, where only pure components of interest are included, to predict the concentrations of
components in dynamic interaction systems. Then, the obtained quantitative results can be expected
to further investigate the binding parameters associated with protein-drug interactions. Furthermore,
temperature can have a significant impact on the fluorescence quantum yield and the binding
constant, which can’t be ignored during the interaction process. Therefore, by introducing a
temperature profile as an additional mode, the four-way excitation-emission-temperature-sample data
array will be constructed to study the effect of temperature on the protein-drug interaction.

Procaine (PRO), a local anesthetic derived from 4-aminobenzoic acid, shows a short duration of
action and adverse side effects, such as cardiac and neurological toxicity 3 ts short-acting is exerted
by the storage in protein and transportation by proteins in blood plasma. To the best of our
knowledge, few reports concerning the interaction between PRO and HSA have been found. This
paper provides a quantitative determination of the free HSA in the dynamic interaction system with
PRO by using second-order calibration method coupled with excitation-emission matrix fluorescence
technique, whose schematic illustration is given in Fig. 1. The valuable information concerning
spectral and concentration profiles of the free HSA can be extracted from huge amounts of
monitoring data from the dynamic HSA-PRO interaction system, and a followed linear regression of
the relative HSA concentration values to its real values in calibration set is built for concentration
prediction in the binding system. The obtained quantitative results are used for further investigation

on the interaction mechanism, including binding constant, binding site number, thermodynamic

6
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parameters and nature of the binding forces.  Furthermore, the four-way

excitation-emission-temperature-sample data are analyzed to investigate the effect of temperature on

©CoO~NOUTA,WNPE

the interaction system being studied.

11 Fig. 1

14 2. Theory

2.1. Trilinear and quadrilinear component models

19 If an EEM is assigned to a sample, fluorescence EEMs can be arranged into a three-way array, X, of

dimensions /XJxK, where [ is the number of excitation wavelengths, J the number of emission

24 wavelengths and K the number of samples. Each element x,, in the three-way data array X can be

1 32,33

expressed by a trilinear component mode as follows:

Xk = iamb 'inCin T €

i=12,.,1;j=12,..,J;k=12,..,K.) )

34 Where a;,, bjs, and ci, denote the inth, jnth, and knth elements of three underlying profile matrices
Asxn, Byxy, and Cgxy, respectively, eji is the element of three-way residual array E with size of
39 IxJxK, and N corresponds to the number of components.

The concept of the trilinear component model can be naturally extended to the quadrilinear
44 component model by introducing an additional dimension. In this context, the temperature is
associated with variation in fluorescence quantum yield and binding constant, which approximately
49 keeps a linear relationship with fluorescence intensity. Those weak nonlinear factors derived from
temperature can be relieved due to the capability of anti-nonlinearity of multi-way data
54 decomposition algorithms. Therefore, fluorescence excitation-emission-temperature data arrays for

57 samples can be arranged into a four-way data array X, in which each element can be expressed by a

7
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quadrilinear component model ***° as follows:

N
Xy = ;ambjnc,md,n +e
(=L2,...,1;j=12,...J;k=12,...,L.) (2)
Where aj, bj,, cin, and d;, denote the inth, jnth, knth, and /nth elements of four underlying profile
matrices Azxy, Byxy, Cgxn, and Dy, respectively. e is the element of four-way residual array Eq
with size of IxJxK X L.
3. Experimental
3.1. Reagents and chemicals
All reagents and chemicals used were of analytical grade. Procaine (PRO) (National Institutes for
Food and Drug Control, Changsha, China) and human serum albumin (HSA) (Sigma-Aldrich Co.
LLC., Shanghai, China) were used without further purification. The chemical structure of procaine
was shown in Fig. 2. Ultrapure water was produced by the Milli-Q Gradient A10 system (Millipore,
Billerica, USA). Stock solutions of 1.67 mg mL™' PRO and 0.30 mg mL ™' HSA were both prepared
by dilution in ultrapure water. Stock solutions were stored in a refrigerator at 4°C. The working
solutions of PRO and HSA were prepared by the Phosphate Buffered Saline (PBS) buffer, pH 7.4.

Fig. 2

3.2 Fluorescence measurements
In order to quantitative study on interaction between PRO and HSA, three sets of replicated samples
were prepared, each including seven calibration samples, six mixed samples and three blank samples.
The calibration samples only contained HSA in the concentration range of 4.52x10*-4.52x10"" mol
L' at seven levels. A series of PRO-HSA mixed solutions were prepared by mixing a constant

concentration of HSA solution (4.52x10"" mol L_l) with PRO solution in the concentration range of

8
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3.07x107°-18.42x107° mol L™" at six levels. Each set of samples was positioned to run a full reaction
for 30 minutes at corresponding temperatures (290 K, 303 K and 310 K). All of fluorometric
measurements were carried out on a HITACHI F-7000 fluorescence spectrophotometer (HITACHI,
Tokyo, Japan) fitted with a Xenon lamp and interfaced to a personal computer. 1.00 cm quartz cell
was used. Fluorescence spectra were recorded in the wavelength ranges of 260-320 nm (excitation)
and 300-450 nm (emission). Both excitation and emission slit widths were 5 nm, scan speed was
30000 nm min ', and detector voltage was 550 V. The spectral data were imported to computer and
analyzed in the MATLAB environment.
4. Results and discussion
4.1. Preprocessing the data array
When the samples were measured in the excitation wavelength range (260-320 nm) and the emission
wavelength range (300-450 nm), Rayleigh and Raman scatterings appeared in this range. The
scatterings, uncorrelated with the analytes, tend to hamper the trilinear structure in the data set. It has
to remove this effect. In this paper, an interpolation method was proposed to quickly and effectively
handle the scatterings 37 The interpolation results were shown in Fig. 3 to provide visually sound
results, where the scattering regions could be completely removed and the useful fluorescence
spectral information still remained well.

Fig. 3
4.2. Characterization of fluorescence spectra
The tryptophan contributes to the dominant intrinsic fluorescence of HSA, and the change of its local
environment often leads to variable fluorescence. The intrinsic fluorescence of proteins can therefore

provide considerable information about their structure, which is often used to study protein folding

9
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and association reaction. In this work, several different additions of PRO were performed on HSA
solution of constant concentration. The fluorescence spectra of HSA were recorded in the absence
and presence of PRO as shown in Fig. 4. It was observed that the fluorescence intensity of HSA
decreased with increasing concentration of PRO, which implied that the existence of fluorescence
quenching was visible and that interaction was found between the HSA and PRO. Moreover, the
Fluorescence spectra of HSA-PRO mixtures suggested that heavily overlapping spectra existed
between HSA and PRO, which led to quite a bit of trouble selecting the optimal excitation or
emission wavelengths for further investigations on this interaction system. Thus, we could turn to the
multi-way calibration method in chemometrics to solve the incredibly difficult problem.

Fig. 4
4.3. Quantitation of free HSA using second-order calibration method
4.3.1. Estimation of the number of components
When using trilinear decomposition algorithms to decompose multi-way data arrays into pure
spectral profiles of individual constituent, the estimation of the number of underlying factors is of
utmost importance. For trilinear decomposition algorithms implemented on multi-way data arrays,
some are sensitive to the number of underlying factors, such as parallel factor analysis (PARAFAC)
algorithm 3 In order to ensure the performance of the adopted algorithms and obtain the desired
characteristic profiles of the underlying factors and their corresponding relative contributions, it is

necessary to estimate the number of underlying factors in multi-way data arrays. In this work, the

core consistency diagnostic (CORCONDIA) test ** was used to determine the number of components.

Fig. 5 showed the coreconsistency values as a function of the number of components. The result

showed that a three-component model had a core consistency value of 100%, while a

10
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four-component model had a core consistency value of 0%, which meant that three was the
appropriate number of components in the interaction system. Among them, two were modeled for
HSA and PRO with the remaining one corresponding to the produced unknown interferent. Therefore,
the following three-way data array would be decomposed by using three-way decomposition
algorithm with N = 3.

Fig. 5
4.3.2. Trilinear decomposition
There are many algorithms available for processing multi-way data arrays. The alternating trilinear
decomposition (ATLD) algorithm shows an improved performance. The implementation of
Moor-Penrose generalized inverse calculation based on truncated single value decomposition makes
ATLD insensitive to the overestimated component number and allows for faster convergence.
Therefore, the ATLD algorithm was utilized for the decomposition of the obtained three-way data
array.

Fig. 6 showed the characteristic profiles obtained from the decomposition of the three-way data
array by stacking the excitation-emission fluorescence matrices from different levels of temperature
together using the trilinear decomposition algorithm ATLD. The figure indicated that the spectral
profiles of HSA were seriously overlapping with those of PRO, resulting in frequent failure to
individually determine HSA by traditional spectrophotometry without prior separation. Moreover,
there existed a new unknown interferent, whose spectral profiles spread over the spectral range of
HSA in both excitation and emission modes. Generally, from the individual fluorescence spectra, it
was difficult to deduce the formation of the HSA-PRO complex in the dynamic interaction system

due to the significant spectral overlap of constituents. All these made the quantitative analysis of

11
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HSA complicated. However, all the problems have been solved by the second-order calibration

method. Three-way data analysis allows concentration and spectral profiles of the sample

components to be extracted even in the presence of unexpected constituents. As was shown in the Fig.

6, concentrations and spectral profiles were achieved well using the trilinear decomposition
algorithm ATLD. As comparison, the dotted lines denoted the corresponding actual spectra of HSA.
It could be observed that the resolved excitation and emission spectral profiles of HSA were nearly
the same as the actual ones, which indicated that the obtained results were accurate and reliable. The
squared correlation coefficients between the decomposed and measured spectra in excitation and
emission modes were 0.9951 and 0.9973 for HSA, respectively. In the Figure 6C, it was obvious that
the concentration of HSA declined linearly with the increasing concentration of PRO, which implied
an interaction between HSA and PRO. Moreover, the concentration of the unknown constituent
showed a linear upward trend. The point was further clarified that a new fluorescent substance was
produced in the dynamic interaction system being studied.
Fig. 6

For the quantitative investigation on the dynamic interaction system, the free HSA and PRO
concentrations should be both obtained. In the present work, the concentration of free PRO could be
approximately equal to the total concentration of added PRO as a consequence of the added PRO
concentration far more than ten times of HSA concentration in the experimental design. Therefore,
the determination of free HSA became a critical issue. Following the trilinear decomposition, the
classical linear regression of decomposed relative concentration profile corresponding to HSA
against its real concentration was built (in Fig. 7), and further used to predict the actual concentration

of HSA in the dynamic interaction system at corresponding temperatures. The squared correlation

12
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coefficients were 0.9993, 0.9978 and 0.9993 at 290 K, 303 K, and 310 K in calibration set,
respectively, which were regarded as sound linear fits at different temperatures. The obtained results
were listed in Table 1. The results showed that the second-order calibration method could achieve the
quantitative analysis of the free HSA in dynamic interaction systems with drug molecules, even in
the presence of unknown interferents. It could be concluded that the second-order calibration method
characterizing the “second-order advantage” was an effective and reliable technique to monitor the
concentrations of components of interest in complex and dynamic interaction systems.
Fig. 7
Table 1

4.4. The influence of temperature by four-way data analysis
In order to study the effect of temperature on the dynamic interaction system between HSA and PRO,
an extra dimension, namely temperature mode, was introduced. A four-way data array could be
therefore obtained by joining third-order data for a set of mixture samples into a four-dimensional
mathematical object. The dimension of the four-way data array was 30x75%3x5, where 30
corresponded to the excitation mode, 75 to the emission mode, 3 to the temperature mode and 5 to
the sample mode. For purpose of the feasibility of various multi-way decomposition algorithms for
multi-way data arrays, the four-way alternating weighted residue constraint quadrilinear
decomposition (AWRCQLD) *° with the component number N = 3 was applied for the
decomposition of the obtained four-way data array.

The result of the quadrilinear decomposition was given in Fig. 8, where the obtained pure
excitation, emission, temperature, and concentration profiles of constituents in the PRO-HSA

dynamic interaction system were plotted correspondingly. The resolved excitation and emission

13
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spectra of HSA from the quadrilinear decomposition were very consistent with those measured from
individual standards (dash-dot lines), which were also in high accordance with the resolved results
from trilinear decomposition. The correlation coefficients between the decomposed and measured
spectra in excitation and emission modes were 0.9996 and 0.9993 for HSA respectively. Furthermore,
the profiles of an unknown and dynamic intereferent corresponding to the HSA-PRO complex were
extracted as expected. It illustrated that the quadrilinear decomposition can extract profiles from
huge amounts of monitoring data in the dynamic interaction system.
Fig. 8

The temperature will produce a significant impact on the fluorescence quantum yield and the
binding constant, which can’t be ignored in investigation on interaction systems. In the resolved
temperature mode, the relative intensities of HSA and PRO decreased along with the temperature,
while the relative intensity of unknown product increased. It could be explained that the temperature
had more effects on the fluorescence quantum yield than on the binding constant. Moreover, a
similar tendency between HSA and PRO, as reactants, led to the high collinearity in the temperature
mode. The collinearity caused a frequent failure in trilinear decomposition of three-way data analysis.
However, the quadrilinear decomposition could settle the problem of high collinearity, which was an
additional advantage. In the fourth mode, the concentrations of the analytes, including HSA, PRO
and the HSA-PRO complex, showed the same variation trend with those obtained from the trilinear
decomposition. Considering the high consistency between the trilinear decomposition and
quardrilinear decomposition about the obtained profiles, a conclusion could be made that the
multi-way calibration method could provide a promising and convenient alternative to study on a

interaction system, qualitatively and quantitatively.

14
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4.5. Binding constant and binding sites

The binding of HSA with PRO to form complex in the ground state was further understood on the

©CoO~NOUTA,WNPE

basis of quantitative information obtained from the multi-way calibration analysis. On the
11 assumption that there are n substantive binding sites for drug (Q) on protein (B), the binding reaction

14 can be shown as follows ***!:

16 nQ+Bl Q,B 3)
19 The binding constant K can be calculated as:

21
2 g 108 @

53 [QI'(B]

25 Where [Q] and [B] are the drug molecular and protein concentration, respectively, [Q B] is the
28 concentration of drug-HSA complex, K is the binding constant and n corresponds to the number of
30 binding sites.

- [Q,B]=[B,]-[B] 5)

35 [B,]-[B] ©
[

K =
36 T'[B]

) = logK +nlog[Q] (7

[B,]-[B]
40 log( [B]

43 where [B,] is assigned to the initial HSA concentration. In the present work, based on[B,], [Q]

46 and the obtained [B] from multi-way data analysis, linear plots of log( ) versus log[Q]

45 [B,1-[B]
[B]

49 were obtained (Fig. 9). Values of log K and n were derived from a weighted least-square fit to the

points in Fig. 9. The results were summarized in Table 2. It showed that the binding constants for the

54 HSA-PRO system decreased with the increasing temperature. Furthermore, the significant large

57 values of K at different temperatures, which ranged from 0.82x10° to 2.04x10° L mol ™', showed a

15
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relatively high affinity for the binding of PRO to HSA. The values of n approximately equal to 1
indicated the existence of just a single binding site in HSA for PRO.

Fig. 9

Table 2
4.6. Thermodynamic parameters and nature of the binding forces
The interaction forces between small molecules and biological macromolecules mainly include
hydrogen bonds, van der Waals force, hydrophobic and electrostatic interactions, and so on . The
information associated with thermodynamic parameters, including free energy (AG), enthalpy (AH),
and entropy (AS) of interaction, are required to interpret the binding mode. AG reflects the possibility
of reaction, while AH and AS are mainly responsible for judging the nature of the binding forces. In
the field of thermodynamics, a judgment is accepted that AH >0 and AS >0 imply hydrophobic forces,
AH <0 and AS <0 van der Waals forces and hydrogen bonds, and AH <0 and AS >0 electrostatic
forces **. The binding parameters of HAS-PRO complex were evaluated via the Van’t Hoff equation,
where the linear relation between In K and % holds. And then, AH and AS would be obtained
from the plot of In K Versus%.
K =-AH/ 1+ AS/ ®)
AH can be regarded as a constant when the temperature does not vary significantly. Further, the free
energy changes (AG) at different temperatures can be calculated by the following equation:
AG=AH -TAS=-RTInK )
Here, R is the gas constant and K is the binding constant at the corresponding experimental
temperature. According to the obtained binding constants K of HSA-PRO interaction system at three

temperatures from the multi-way data analysis, the thermodynamic functions involved in the binding

16
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process could be obtained, as showed in Fig. 10. It could be seen that the negative AH and negative
AS values indicated the major role of van der Waals forces and hydrogen bonds in the formation of
the HSA-PRO complex. The crystal structure analyses showed that the principle regions of ligand
binding sites in albumin were located in hydrophobic cavities in subdomains Il A and IIIA *. The
sole tryptophan residue, located in subdomains II A in HSA, played an important role in the binding
of drugs to subdomain II A because of the formation of hydrogen bond between drugs and
tryptophan. According to the structure of procaine, the strong polar amino group, a substitute group
on the benzene ring, is easy to form hydrogen bond with tryptophan. Therefore, the hydrogen bond
is most likely to promote the formation of the procaine-HSA complex, which is in accordance with
the deduction from the values of calculated thermodynamic parameters. The formation of hydrogen
bond meant that the higher the temperature, the weaker the bond between HSA and PRO, which was
also verified by the decreasing values of K with increase in temperature in Table 2. Meanwhile, the
negative values of AG showed a characterization of spontaneity for the binding reaction between
HSA and PRO.
Fig. 10

5. Conclusion

An effective and sensitive method was proposed for quantitative determination of the free human
serum albumin (HSA) in the dynamic interaction system with procaine (PRO) even in the presence
of uncalibrated and continually produced interferent. The determination of free HSA concentration in
complex and dynamic systems was realized with the aid of the second-order calibration method
characterizing “second-order advantage”, and then the results were used to further calculate the

binding parameters. Furthermore, the four-way data analysis was used to qualitatively and visually
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show effect of temperature on the dynamic HSA-PRO interaction system. Beyond the specific
application in HSA-PRO dynamic interaction system, the proposed multi-way calibration method
could be expected to provide significant insight into quantitative analysis in dynamic systems, such
as hydrolysis kinetics, enzymatic reaction, drug metabolism, etc.
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Fig. 1 Schematic illustration of quantitative determination of the free HSA in a dynamic interaction
system.

Fig. 2 The chemical structure of procaine.

Fig. 3 Landscapes of the mixture sample 5 before handling the scatterings (A) and after handling the
scatterings (B).

Fig. 4 Fluorescence landscapes of HSA in the presence of PRO: (A) mixture sample 01; (B) mixture
sample 02; (C) mixture sample 03; (D) mixture sample 04; (E) mixture sample 05; (F) mixture sample
06.

Fig. 5 Result of the core consistency.

Fig. 6 The spectral profiles obtained from the decomposition of the three-way data array using the
alternating trilinear decomposition (ATLD) algorithm: (A) excitation mode; (B) emission mode; (C)
concentration mode.

Fig. 7 Results of regression in the three-way calibration method at different temperatures: (A) 290K;
(B) 303K; (C) 310K.

Fig. 8 The spectral profiles obtained from the decomposition of the four-way data array using the
alternating weighted residue constraint quadrilinear decomposition (AWRCQLD) algorithm: (A)
excitation mode; (B) emission mode; (C) temperature mode; (D) concentration mode.

Fig. 9 Plots of log [(Bo— B)/B] versus log [Q] at different temperatures.

Fig. 10 Plots of InK versus -1/T at different temperatures.

Table 1 Results of quantitative analysis in mixture samples obtained by three-way calibration method.

Table 2 Binding constants, numbers of binding sites and free energy changes in different temperatures.

22

Page 22 of 35



Page 23 of 35 Analytical Methods

1

2

3 Graphical and textual abstract

4

g An effective and sensitive method is provided for quantitative investigation on the
; dynamic interaction of human serum albumin with procaine using multi-way
9

10 calibration method coupled with three-dimensional fluorescence spectroscopy. The
11

12 free human serum albumin in dynamic interaction system is quantified, and their
13

14 interaction mechanism is also studied. Furthermore, the four-way excitation-
15

i? emission-temperature-sample data are analyzed to investigate the effect of
18 . . .

19 temperature on the interaction system studied.
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Table 1 Results of quantitative analysis in mixture samples obtained by three-way

calibration method.

sample Added Predicted
P 10"molL™") (10 °molL™") (10 " mol L™
HSA PRO HSA (290K) HSA (303K) HSA (310K)

#01 4.52 3.07 3.66 3.62 3.76
#02 4.52 6.14 3.05 3.07 3.18
#03 4.52 9.21 2.55 2.58 2.63
#04 4.52 12.28 2.13 2.18 2.22
#05 4.52 15.35 1.67 1.91 1.93
#06 4.52 18.42 1.37 1.58 1.63
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Table 2 Binding constants, numbers of binding sites and free energy changes in

different temperatures.

Temperature K AG
/K N gk /10° Lmol!  /kJ mol™!

©CoO~NOUTA,WNPE

10 290 1.20 6.31 2.04 -34.89
11 303 1.20 5.93 0.85 -34.83
12 310 1.20 5.91 0.82 -34.80
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Fig. 1 Schematic illustration of quantitative determination of the free HSA in a dynamic iteraction system.
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Fig. 7 Results of regression in the three-way calibration at different temperatures: (A) 290K; (B) 303K; (C)
310K.
34x6mm (300 x 300 DPI)
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