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We demonstrated that effects of serum matrix on molecular interactions between drugs and target pro-
teins can be investigated in real time using magnetic bio-sensing techniques. A giant magneto-resistive
(GMR) sensor was used on which target proteins were fixed and superparamagnetic nanoparticles (diam-
eter: 50 nm) conjugated with drug were used in phosphate buffer, with and without serum. In this study,
the following drug-protein pairs were investigated: quercetin and cAMP-dependent protein kinase A
(PKA), Infliximab and tumor necrosis factor alpha (TNFa), and Bevacizumab and vascular endothelial
growth factor (VEGF). For the quercetin and PKA pair, the time profile of the signal from the GMR sen-
sor due to binding between quercetin and PKA clearly changed before and after the addition of serum.
Moreover, it was revealed that not only the association process, but also the dissociation process was
influenced by the addition of serum, suggesting that the quercetin and PKA complex may partially con-
tain serum proteins, which affect the formation and stability of the complex. For antibody drugs, little
effects of serum matrix were observed on both the association and dissociation processes. These clear
differences may be attributed to the hydrophobic and electrostatic character of the drug molecule, target
protein, and serum proteins. The real-time monitoring of molecular interactions in a biological matrix
enabled by the GMR bio-sensing technique is a powerful tool to investigate such complicated molecular
interactions. Understanding the molecular interactions that occur in a biological matrix is indispensable
for determining the mechanism of action of the drugs and pharmacokinetics/pharmacodynamics inside
the body. Additionally, this method can be applied for the analysis of the influence of any kind of third
molecule that may have some interaction between two molecules, for example, an inhibitor drug against

the interaction between two kinds of proteins.
© 2021 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction behaviors. Most kinetics studies have been carried out in pure
buffers because standard technology for such studies is based on
surface plasmon resonance (SPR) measurements where nonspe-

cific binding due to plasma proteins distorts the kinetic data for

Investigation of molecular interactions between drugs and
biomolecules are indispensable for recognizing the mechanism of

their action and their pharmacokinetics/pharmacodynamics. Anal-
yses of protein interactions are typically performed in buffered
salt solutions, which mimic natural conditions. However, these
solutions lack many components that are present in the origi-
nal biological liquid and can have significant effects on binding
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highly concentrated (> 1%) serum samples [1]; thus, detailed kinetic
studies in biological matrices are unavailable so far. Microscale
thermophoresis [2] and high-performance affinity chromatogra-
phy techniques [3] have been used for molecular interaction
investigations between drugs and serum proteins, and have
demonstrated their usefulness in obtaining equilibrium constants
(for example, Ky: dissociation constant), although they cannot real-
ize real-time interaction observations and cannot provide kinetic
information, such as reaction rate constants.

0731-7085/© 2021 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.
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It is well known that drugs interact with plasma proteins; espe-
cially, small molecule drugs, such as Warfarin, show strong affinity
to plasma proteins, which can affect the distribution, activity, tox-
icity, and excretion rate of the drugs in the body [4]. For studies
on such interactions, direct monitoring techniques of the molecu-
lar interaction in a biological matrix is required. Recently, a giant
magneto-resistive (GMR) sensor and magnetic particle label com-
bination have shown matrix-insensitivity in ligand binding assays
and can quantify amounts of target proteins in serum [5]. In this
method, one molecule (ligand) is fixed on the GMR sensor and
another molecule (analyte) is labeled with magnetic particles. The
magneto-resistance signal is obtained only when the magnetic par-
ticle label is located quite close (< 500 nm) to the GMR sensor
because the signal induced in a GMR sensor by a properly ori-
ented magnetic label would be approximately proportional to 1/d3
(where d is the sensor-to-label distance). For example, the signal
attenuation with distance would be that of a simple dipole field, so
that the binding event between the ligand and analyte molecules
can be monitored in real-time and the association and dissociation
processes rate constants can be determined. Analyte molecules are
labeled with magnetic particles so that behaviors of only the ana-
lyte can be monitored and the matrix effect can be suppressed.
This is quite an important advantage compared to SPR and bio-
layer interferometry techniques where assignment of interacting
molecules is very difficult because specific binding or nonspecific
binding of serum proteins cannot be distinguished. Kinetic infor-
mation, including the influence of the biological matrix, may allow
more reliable conclusions to be made on protein functionality and
may facilitate more efficient drug development.

In this study, we demonstrated the direct monitoring of molec-
ular interactions between drugs and serum proteins by utilizing
the advantage of the combination of the GMR sensor and mag-
netic particle techniques described above. We chose quercetin
and cAMP-dependent protein kinase A (PKA) because they are
known to be a typical system where serum proteins affect their
interaction. The affinity between the small, uncharged inhibitor
quercetin to the cAMP-dependent kinase PKA is distorted by 400-
fold in human serum [2]. Quercetin is one of the typical flavonoids
and is highly expressed in fruits, vegetables, red wine, and tea
where consuming them may protect against the development of
cardiovascular disease risks through their antioxidant and anti-
inflammatory properties [6], although its low solubility in water
has made it difficult to realize drug applications [7]. During the
binding reaction we added tiny amounts of serum into a sample
solution that included PKA fixed on the GMR sensor and quercetin-
conjugated magnetic particles. We observed that the time profile
due to the association reaction between quercetin and PKA changed
significantly just after adding the droplet of serum into the sample
solution, indicating that we observed the serum matrix effect on
the molecular interaction directly in real time. We changed the
amount of serum added to the sample and observed that com-
plex formation was suppressed as the amount of serum added
to the sample solution increased. Moreover, it was revealed that
not only the association, but also the dissociation was influenced
by the addition of serum. The dissociation rate constant increased
with increasing amounts of added serum, indicating that the sta-
bility of the complex was reduced by the existence of serum
proteins.

We also investigated the interactions of the drug-proteins pairs
Infliximab and tumor necrosis factor alpha (TNFa), and Beva-
cizumab and vascular endothelial growth factor (VEGF), with and
without serum proteins. In contrast to the quercetin and PKA, these
drug-protein pairs showed little effects of serum matrix on both the
association and dissociation processes. In addition, we investigated
a spinal fluid matrix effect of these antibody drugs and observed
little effects.
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Using the GMR bio-sensing technique, it was revealed that the
matrix effect of a biological liquid, such as serum, depends on
the kind of drugs and target proteins. The real-time monitoring
of molecular interactions in a biological matrix enabled by the
GMR bio-sensing technique is a very powerful tool to investigate
such complicated molecular interactions and is indispensable for
determining the mechanism of action of the drug and the phar-
macokinetics/pharmacodynamics inside the body. Specifically, we
could directly observe the interaction change induced between two
molecules by adding a third molecule into the sample solution. This
is a huge advantage for studies on complicated interactions among
more than two molecules; for example, an inhibitor drug against
the interaction between two kinds of proteins. This is a very unique
feature of this technique compared with other previous methods
based on SPR, microscale thermophoresis, or bio-layer interferom-
etry.

2. Materials and methods
2.1. Materials

Quercetin (Cayman Chemical, catalog #10,005,169) was used
without further purification. cAMP-dependent protein kinase (Bio-
Labs, catalog #P6000), Infliximab (BioVision, catalog #A1097-200),
TNFa (RD Systems, catalog #210-TA), Bevacizumab (MedChem-
Express, catalog #HY-P9906), and VEGF (PeproTech, catalog
#100-20) were used. Lyphochek tumor marker plus control Lv.3
(BioRad, catalog #10,369) and Liquichek spinal fluid (BioRad,
catalog #10,752) were used as serum and spinal fluid, respec-
tively. Dextran-coated magnetic particles (Miltenyi Biotec, catalog
#130-048-001) were used for the preparation of quercetin-
conjugated magnetic particles. Quercetin-conjugated particles
were prepared according to a previously reported procedure
[8]. Briefly, 0.5 mL magnetic particle dispersed solution was
added to 5 mL acetate buffer (pH 5.0) and gently stirred. The
pre-determined amount of N-hydroxyl succinimide and 1-ethyl-3-
(3-dimethylaminopropyl) carbodiimide was added to the magnetic
particle solution and incubated at 25 °C for 15 min. Afterward,
magnetic particles were separated with a column (micro column,
Miltenyi Biotec, catalog #130—-042-701) and washed twice with
400 pL dimethyl sulfoxide (DMSO). Quercetin (5 mg) was dissolved
in 5 mL DMSO and added to activated magnetic particles, which
were then incubated overnight. The magnetic particles were sepa-
rated with a column (micro column, Miltenyi Biotec), washed with
400 L DMSO, and twice with 400 L distilled water. To determine
the concentration of magnetic particle dispersed solution, a 200 L
droplet of 1~10-fold diluted magnetic particle solutions was spot-
ted onto an amino-propyl silane-coated silicon oxide substrates
(10 mm x 10 mm) and was gently dried. The spotted areas were
observed by scanning electron beam microscope (Hitachi High-
Tech, SE-8000) and the number of magnetic particles in a fixed area
(2.95 wm x 4.24 pm) was counted to determine the concentration
of magnetic particles. Finally, a 0.8 nM magnetic particle phosphate
buffered saline (PBS) solution was prepared. For Bevacizumab- and
Infliximab-conjugated magnetic particles, a bead labelling kit (Mil-
tenyi Biotec, catalog #130—-105-805) was used. Protein conjugation
was performed according to the manufacturer’s recommended pro-
tocol. Finally, pure PBS, PBS with 70 % serum, and PBS with 70 %
spinal fluid solutions of the antibody drug-conjugated magnetic
particles (1 nM) were prepared.

2.2. GMR sensor and instrument

The GMR sensor was an MR-813 chip provided by MagArray, Inc.
(California). One chip had 80 sensors and the area of one sensor was
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Fig.1. Time profile of magnetic signal intensity (AMR) of the samples that contained
several amounts of serum. The amount of serum is shown in the figure. Molecular
structure of quercetin is inserted.

100pm x 120pm. Three-five droplets (300-360 pL/droplet) of PBS
solution (pH 7.4) with PKA (50 pg/mL), TNFa (10 pg/mL) or VEGF
(10 pg/mL) were spotted onto 20 sensors using a spotter (Scienion,
S5 Spotter). For the reference sensor, 3-5 droplets of 0.1 % bovine
serum albumin solution were spotted. After spotting, the blocking
process was performed according to the MagArray’s recommended
protocol.

The magneto-resistance measurements were carried out with
the MR-813 reader system provided by MagArray, Inc. The ratio of
the resistance of the GMR sensor before and after dipping the GMR
sensor into the magnetic particle dispersed solution was calculated
as AMR. Sample and PBS solutions were stored in a 96-deep well
plate contained within the instrument and the position of the GMR
sensor was automatically controlled inside and outside of each
deep well where sample or PBS buffer were kept. For the associ-
ation reaction process, target proteins spotted on the GMR sensor
chip were soaked in drug-conjugated magnetic particle solution
for 30 min and the signal from the GMR sensor was monitored in
real-time (one data point acquisition per 5 s). For the dissociation
reaction process, the GMR sensor was soaked in pure PBS solu-
tion and was moved to the next well containing fresh PBS solution
for 1 min intervals to suppress the increased concentration of free
drug-conjugated magnetic particles. To stir the solutions, an up and
down movement of the GMR sensor at 5 Hz in each solution in each
deep well was performed. Coefficient of variation of rate constants
evaluated by three repeated experiments was about 10 %.

3. Results & discussions

First, we prepared a mixture of quercetin-conjugated magnetic
particle solution and serum, and then, the PKA-fixed GMR sensor
was soaked in the mixed solution. Fig. 1 indicates the time profile
of the magnetic signal intensity (AMR) of the samples that con-
tained several amounts of serum. Signal intensity clearly depended
on the amount of serum and decreased with increasing amounts of
serum; the signal nearly disappeared when the amount of serum
was more than 1%. These results could be interpreted as follows.
Serum proteins, especially human albumin, attach to quercetin so
well [9] that the attached proteins delay the association between
quercetin and PKA. The initial mixing of quercetin with serum
might cause a reduction of effective (free) quercetin concentration,
so that the signal intensity showed saturation in a relatively early
time frame. Therefore, these results indicated that initial mixing
of quercetin-conjugated magnetic particles and serum before the
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Fig. 2. Time profile of magnetic signal intensity (AMR) of the samples. Initially,
the PKA-fixed GMR sensor was soaked in phosphate buffered saline (PBS) solution.
At 3 min, it was placed into the sample solution containing quercetin-conjugated
magnetic particles in each deep well. At 23 min, 4 pL of serum protein PBS solution
at concentrations of 0.1 %, 0.2 % and 0.4 % were added to each sample solution (final
concentrations were 0.01 %, 0.02 % and 0.04 %, respectively). The signal intensity at
the time position of the addition of serum (23 min) was normalized to ensure the
change due to the addition of serum was clear.

PKA-fixed GMR was soaked with them was not adequate to inves-
tigate the reaction kinetics of quercetin and PKA surrounded by
serum matrix.

Next, we added a small amount of serum into the sample solu-
tion during the binding reaction to observe changes in the time
profile of the GMR signal before and after adding the serum. First,
the PKA-fixed GMR sensor was soaked in a PBS solution containing
quercetin-conjugated magnetic particles kept in each deep well,
and the signal measurement from the GMR sensor was started. The
volume of sample solution was 400 L. After 23 min, 4 L PBS
solution containing serum at concentrations of 1%, 2% and 4% were
added to each sample solution (final concentrations were 0.01 %,
0.02 % and 0.04 %, respectively). The obtained result is shown in
Fig. 2. The signal intensity at the time of adding serum (23 min
after the measurement) was normalized to ensure that the change
due to the addition of serum was clear. Obvious changes in the
time profile of the AMR signal were observed before and after the
addition of serum. Compared to the controls without serum, the
curve was clearly suddenly bent just after adding serum, depend-
ing on the concentration of serum. Adding more serum suppressed
increased AMR signal, which meant that serum proteins disturbed
the association process between quercetin and PKA.

To interpret the serum matrix effect, we first analyzed the data
based on reaction model (Fig. 3), where serum protein associated
with quercetin-conjugated magnetic particles; such interactions
may delay the association process between quercetin and PKA. In
Fig. 3, serum protein is written as HSA (human serum albumin)
because the majority (approximately 50-65 %) of serum protein
is albumin and an interaction between quercetin and albumin has
been reported [9]. Quercetin immobilized on the magnetic parti-
cles interacted with HSA to form a complex, which may dissociate to
free quercetin and HSA. Quercetin also associated with PKA fixed on
the GMR sensor. If the dissociation of the quercetin-HSA complex
was slow, we could observe the competitive process between the
formation of the quercetin-HSA complex and quercetin-PKA associ-
ation, namely suppression of increased AMR signal intensity. Rate
equations are shown in Fig. 3. The dissociation of the quercetin-
PKA process was neglected for analysis of the association process
because the signal decay without serum was slow compared to the
signal increase (Fig. 2).
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Fig. 3. Reaction model. Serum protein is written as HSA (human serum albumin). See the text for more details.
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Fig. 4. Curve fitting to 0% serum data based on Langmuir’s adsorption isotherm.

First we determined kon by curve fitting the data without serum
based on the Langmuir’s adsorption isotherm equation, as shown
below,

signal(t) = smaxx(1-exp(-kon x COx(t-t0)),

where signal (t): AMR signal intensity, smax: saturation value of
signal intensity, kon: association rate constant, CO: initial concen-
tration of quercetin-conjugated magnetic particles, and tO: time
interval between the starting point of the measurement and the
real starting point of the binding process. CO was 0.8 nM, which we
determined as described in section 2.1. The result of the curve fit-
ting is shown Fig. 4, which shows that the observed data has been
reproduced well by the calculated data. The determined ko, was 5.4
x 10° M~1s~1, Next, curve fitting of the same data without serum
using the least squares method was executed by numerical inte-
gration of rate equations to determine Ipax (concentration of PKA
on the GMR sensor) and a data conversion factor that converted the

AMR signal to mole concentration using the same ko, value deter-
mined above. The Ihax and data conversion factor were 1.0 x 10710
M and 1.0 x 1013 ppm/M, respectively.

Next, we analyzed the data with 0.04 % serum, based on reaction
model shown in Fig. 3. The reference range for albumin concen-
trations in serum is approximately 35-50 (average: 42.5) g/L [10],
so that 0.04 % serum converted to HSA: 2.6 x 10~7 M. k;, and kyq
were determined by curve fitting using the same Kop, Imax and data
conversion factor determined above. The observed data was ade-
quately reproduced and k;, and kg were determined as 1.3 x 10%
M1s1and 2.0 x 104571, respectively. The dissociation constant K4
(=kq/kp)was 1.5 x 10"8 M. Previous studies using fluorescence mea-
surements [11] and differential scanning calorimetry [12] report
the dissociation constant K4 of quercetin and human serum albu-
min as 3-6 x 106 M. The K4 value obtained in this study is very
small compared with the ones reported in the previous study,
suggesting that another process that strongly suppresses the asso-
ciation of quercetin and PKA, except quercetin-HSA binding, may
exist. We considered that the association rate constant itself might
be reduced by interaction between quercetin and serum proteins.
However, a good reproduction of the observed time profile was not
achieved.

The dissociation process of the complex of quercetin and PKA
became faster with increasing amounts of serum, as shown in Fig. 2.
We determined the dissociation rate constant by curve fitting based
on the following equation;

signal(t) = signal(0)xexp(-Kkqff x(t-t0)),

where k: the dissociation rate constant, tO: time interval between
start point of measurement and real start point of dissociation
process. The obtained rate constants are plotted against serum
concentration in Fig. 5. Obviously, the dissociation of the quercetin-
PKA complex was faster with increasing serum concentration;
~3.7 times faster in 0.04 % serum than 0% serum (pure PBS). This
indicated that the stability of the complex was decreased by the
surrounding serum proteins. Although we tried the simulation con-
sidering the faster dissociation process, the observed data was
not reproduced well. The results of the simulations indicated that
much faster terms that suppress the association should be consid-
ered. The fast suppression of association and fast dissociation were
induced by serum proteins, indicating that the interaction between
quercetin and PKA in their complex depended on the amount of
serum protein. This implies that the complex may partially include
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Fig. 5. Plot of rate constants of the dissociation process of the complex of quercetin
and PKA versus the serum concentration.

serum albumin molecules or may attach to serum albumin, which
has a few binding sites with different affinities [13], and that the
albumin may also be involved in complex formation. It was likely
that the association rate changed from true ko, (relatively fast) to
a slower one over time due to binding of albumin to quercetin,
depending on the concentration of albumin; also, the dissociation
rate becomes faster over time. Such complicated mechanisms may
govern the interaction among quercetin, PKA and serum proteins
(mainly albumin).

Compared to the small drug quercetin (MW: 302 Da) and PKA
pair mentioned above, we next investigated the serum matrix effect
on large drug molecules, such as pairs of antibody drugs and their
target proteins. We chose the pairs: Infliximab (MW: ~149,000
Da) and TNFq, and Bevacizumab (MW: ~149,000 Da) and VEGF.

e: observed
= calculated

0 1000 2000 3000
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Figs. 6 and 7show the experimental results of the Infliximab and
TNFa pair and the Bevacizumab and VEGF pair, respectively. The
obtained rate constants are summarized in Tables 1 and 2, respec-
tively. Contrary to the results of the quercetin and PKA pair, with
and without serum, these two antibody drugs and target protein
pairs showed little effects of serum matrix; the association and dis-
sociation rate constants were almost the same among pure PBS, PBS
with 70 % serum and PBS with 70 % spinal fluid. These obtained asso-
ciation and dissociation rate constants are very close to the reported
values in the literature where the SPR method has been used to
determine the rate constants in pure buffer solutions [14,15]. These
results indicated that serum and also spinal fluid matrices did not
have strong interactions with these antibody drugs and did not
influence the interaction between the antibody drug and its tar-
get protein. It was also shown that these matrices did not have
any strong interaction against the magnetic particles coated with
dextran used in this study. Therefore, the matrix effects observed
in the quercetin and PKA pair were attributed to the hydrophobic
and electrostatic characteristics of the quercetin molecule, serum
proteins (mainly human serum albumin), and PKA.

The advantages of GMR bio-sensing techniques over the con-
ventional methods based on the photonics techniques like SPR and
bio-layer interferometry are summarized as follows: 1) only spe-
cific interaction is measured even if the third molecule like serum
protein coexists, 2) effect of the third molecule can be investigated.
Moreover, compared with microscale thermophoresis [2] and high-
performance affinity chromatography techniques [3] which are
useful for molecular interaction investigations between drugs and
serum proteins, the advantages of GMR bio-sensing techniques
are: 1) association and dissociation processes are measured sep-
arately, 2) rate constant of each process can be determined. In
previous study [1], we investigated the effect of adding serum pro-
teins between VEGF and Bevacizumab by using SPR method and
GMR-biosensing techniques and compared the results. Although
the almost same rate constants were obtained even in 70 % serum
solution compared to those in pure buffer by using GMR-biosensing
techniques as showninTable 2, totally different rate constants were

(b)

Bnem———

e: observed
= : calculated

0 1000 2000 3000

Time (s)

4000 5000

Fig. 6. Results of the binding assay of the Infliximab and tumor necrosis factor alpha (TNFa) pair and curve fitting in (a) pure phosphate buffered saline (PBS) buffer and (b)

PBS buffer with 70 % serum.
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Fig. 7. Results of the binding assay of the Bevacizumab and vascular endothelial growth factor (VEGF) pair and curve fitting in (a) pure phosphate buffered saline (PBS) buffer

and (b) PBS buffer with 70 % serum.



T.Saito, M. Momiyama, C. Manriet al.

Table 1
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Rate constants of the Infliximab/tumor necrosis factor « pair, with and without biological liquids.

Pure buffer 70 % serum

70 % spinal fluid Reported value in pure buffer [14]

Kon (M~1s71) 4.7 x 10° 5.1 x 10°
Koit (s71) 6.6 x 10~° 6.4 x 105
Kd (= Kogr/Kon) (M) 14 x 1010 1.3 x 10-1°

6.0 x 10° 4.8 x 10°
3.6 x 10-° 5.5 x 10~
59 x 1011 1.1 x 10710

Table 2

Rate constants of the Bevacizumab/ vascular endothelial growth factor pair, with and without biological liquids.

Pure buffer 70 % serum

70 % spinal fluid Reported value in pure buffer [15]

Kon (M~'s~1) 3.2 x 10° 3.2 x10°
Kofr (s71) 1.2 x 1075 1.4 x 105
Kq (= Kogt/Kon) (M) 3.8 x 1011 42 x 101

2.7 x 10° 5.3 x 10°
14 x 1073 3.1x10°°
52 x 101 5.8 x 101

obtained by using SPR even in more than 1% serum solution which
may be due to non-specific binding of serum protein to SPR chip
surface. Duhr et al. reported that the affinity of quercetin to PKA
was reduced by 400-fold in serum compared to that in buffer by
using microscale thermophoresis [2]. However, they did not pro-
vide detailed information about which association or dissociation
process was influenced and how they were changed by serum.

If we add the third molecule whose hydrophilicity and electro-
static character are well recognized into the sample solution that
contains drugs and target molecules during their binding reaction,
we can obtain important information on features of the molecular
interactions between drugs and target molecules based on the anal-
ysis of the influence of the third molecule, which is not available
in photonics techniques like SPR and interferometry because these
non-labeling methods cannot distinguish the kinds of molecules
binding to the surface of sensors.

Recently, intensive development of such inhibitor drugs for
protein-protein interactions has shown that certain classes of
protein-protein interactions are amenable to small molecule inhi-
bition; typically these inhibitors disrupt the interaction between
a globular protein and a single peptide chain on the partner pro-
tein and do so by binding to pockets on the surface of the globular
protein [16]. The method described in this study is one of the pow-
erful analysis tools to determine the action of such inhibitor drugs
against the interaction between two kinds of proteins.

4. Conclusion

We have demonstrated that interactions between drugs and
target molecules under the existence of a third molecule, such as
serum and spinal fluid, can be monitored in real time using GMR
bio-sensors. It was clearly shown that not only the association, but
also the dissociation of the quercetin and PKA pair was affected
by the addition of serum; the association was delayed and the dis-
sociation was accelerated. This implied that the complex between
quercetin and PKA may partially include serum proteins (mainly
human serum albumin) or may attach to the serum proteins. In
contrast, antibody drugs and their target protein pairs showed
little matrix effects, even in 70 % spinal liquid. This discrepancy
may be attributed to the hydrophobic and electrostatic properties
of the drug molecules. Therefore, the technique based on a GMR
bio-sensor with the addition of another third molecule into the
sample solution during binding reaction has promising advantages
for the analysis of molecular interactions between drugs and target
molecules, including the biological matrix as the third molecule.
This method can also be applied to the analysis of the influence of
any kind of third molecule that may have some interaction between
two molecules; for example, inhibitor drugs against the interaction
between two kinds of proteins.
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