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ABSTRACT: The effects of myristate on the induced circular dichroism spectra of aripiprazole (ARP) bound to human serum
albumin (HSA) were investigated. High concentrations of myristate reversed the Cotton effects induced in the ARP−HSA system.
The observed ellipticities increased with increasing drug concentration up to an ARP-to-HSA molar ratio of 1:1 and then decreased,
indicating that the extrinsic Cotton effects were generated by the binding of ARP molecules to the high- and low-affinity sites in
HSA. The data for the concentration of free ARP show that myristate displaces ARP molecules from HSA. Moreover, the free
fractions of ARP in the ARP−HSA−myristate system increased significantly when adding fusidic acid, a subdomain IB ligand. In the
crystal structure of the ARP−HSA−myristate ternary complex, one ARP molecule is bound to subdomain IB, and the interaction
between the carbonyl group of ARP and the aromatic ring of Tyr138 in subdomain IB is essential for binding to occur. Meanwhile,
the ARP molecule in the ARP−HSA binary complex structure is bound only to subdomain IIIA. Consequently, the inversion in the
extrinsic Cotton effects in the ARP−HSA system can be attributed to the modification of the geometry within the binding pocket, in
addition to the transfer of ARP from subdomain IIIA to subdomain IB through the displacement as a result of the binding of
myristate to subdomain IIIA.

1. INTRODUCTION

Human serum albumin (HSA), the most abundant protein in
the circulatory system, has one principal function, namely, to
transport endogenous substances and drugs.1 The binding of a
drug to HSA is affected by some diseases and also, in some
cases, by coadministered drugs. The binding affinity of drugs to
HSA and the binding sites on HSA molecules are essential
issues for understanding the interaction mode of drugs to
HSA.2−4 The binding of ligands to albumin is commonly
examined using techniques such as equilibrium dialysis,
ultrafiltration, surface plasmon resonance, spectroscopic
methods, and X-ray crystallography.5 Circular dichroism
(CD) spectroscopy has been extensively used to investigate
drug binding to HSA because this technique permits the
protein’s binding constant and conformational change upon
ligand binding to be estimated.6,7 More importantly, CD

spectroscopy can shed more light on the stereochemistry of an
albumin−drug complex and, thus, on the binding mechanism.
We recently reported on the binding parameters of

aripiprazole (ARP), a quinolinone derivative and atypical
antipsychotic drugs, to HSA.8,9 An extrinsic positive Cotton
effect for ARP bound to HSA was observed at around 265 nm,
and a negative Cotton effect was observed at about 300 nm. In
addition, we found that myristate caused the reversal of the
induced Cotton effects of ARP−HSA. However, the
mechanism underlying this change is not completely under-
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stood. Thus, we continue to study the mechanism responsible
for the reversible of the Cotton effects for this ARP−HSA
complex that are caused by myristate. Attempts were made to
examine the interaction mode between ARP and myristate by
analyzing the X-ray crystal structure of the ARP−HSA−
myristate complex.

2. RESULTS
The extrinsic Cotton effects of ARP bound to HSA were again
observed, as we reported in a previous report.8 As expected,
upon the addition of myristate, the induced ellipticities of the
ARP−HSA system were decreased with increasing myristate
concentration (10−40 μM). However, the further addition of
myristate (80−120 μM) caused a change in the sign of the
induced CD spectra (Figure 1).

In contrast, increasing the concentration of octanoate, a
medium-chain fatty acid, resulted in a decrease in the observed
ellipticities without showing signs of its CD spectra (Figure
S1). The following experiments were then carried out to
investigate the mechanism responsible for the irregular CD
spectra of the ARP−HSA−myristate system. The effect of pH
on the induced CD spectra of ARP−HSA was initially
examined because HSA undergoes conformational changes in
the physiological pH range (6.5−8.2), which are commonly
referred to as the N−B transition.10 Changes in pH, however,
resulted in essentially no changes in the induced ellipticities,
and a reverse of the signs of the Cotton effects was not
observed (Figure S2). This observation suggests that pH-
dependent conformational changes, i.e., the N−B transition, do
not affect the extrinsic Cotton effects of the ARP−HSA system.
The results of subsequent experiments indicated that guanidine
chloride, a protein denaturant, decreased the observed
ellipticities slightly and significantly but without causing any
change in the signs of the Cotton effects (Figure S3). The
dependency of ARP concentration was next examined because
the binding of a drug to its high- versus low-affinity binding

sites on HSA sometimes shows completely different Cotton
effects.11 The ARP-bound HSA induced ellipticities increased
with increasing ARP concentrations (10, 20 μM), and the CD
peak at around 265 nm decreased with increasing ARP
concentration (40−60 μM). However, the reversal of Cotton
effect signs was not observed, as shown in Figure 2. The

isosbestic point at around 295 nm was observed up to an ARP-
to-HSA molar ratio of 1:1, but the isosbestic point was not
observed at molar ratios above 1:1. These results suggest that
the change of the ellipticities shown in Figure 2 can be
explained by the ellipticities involving high- and low-affinity
binding sites on HSA. The ARP molecule bound to the high-
affinity site in HSA generates a positive extrinsic Cotton effect
at around 265 nm. The ARP molecule bound to the low-
affinity site in HSA induces small ellipticities with a negative
sign.
Moreover, to clarify these differences, the crystal structure of

the ARP−HSA−myristate complexes was determined at a 2.30
Å resolution and refined to the final R and Rfree factors of 21.9
and 26.1%, respectively. Data collection and structure
refinement statistics are summarized in Table 1. The crystal
structure of the ARP−HSA−myristate ternary complex shows
that one ARP molecule is bound to subdomain IB in the HSA
structure (Figure 3).
In contrast, the ARP molecule in the ARP−HSA binary

complex structure is only bound to subdomain IIIA.8

Subdomain IB of HSA is a typical drug binding site, and
Carter reported that 49% of the HSA ligands that were studied
by this group have at least one binding site at subdomain IB.12

The binding site in subdomain IB has a capacity for
accommodating larger heterocyclic compounds such as long-
chain fatty acids, hemin, and bilirubin, compared to drug
binding sites 1 and 2.12 The area of the interface between HSA
and ARP is 473.5 Å2. The binding site for the dichlorophenyl-
piperazine group of ARP is surrounded by Ile142, Arg145,
His146, Phe149, Leu154, Phe157, Tyr161, Arg186, Gly189,
Lys190, and Ser193 (Figure 4a). The binding site for the
dihydro-quinoline group of ARP is surrounded by Arg114,
Leu115, Val116, Arg117, Pro118, Met123, Phe134, Tyr138,

Figure 1. Effects of myristate on CD spectra for the interactions of
ARP with HSA at pH 7.4 and 25 °C. The concentrations of HSA and
ARP were 40 and 20 μM, respectively. The concentrations of
myristate were 0 μM (a), 10 μM (b), 20 μM (c), 40 μM (d), 80 μM
(e), and 120 μM (f).

Figure 2. Effect of ARP concentration on CD spectra of the HSA−
ARP system. The concentration of HSA was 20 μM, and the
concentrations of ARP were 10 μM (a), 20 μM (b), 40 μM (c), 50
μM (d), and 60 μM (e).
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Tyr161, Phe165, and Leu182 (Figure 4a). The dichlorophenyl-
piperazine group and the dihydro-quinoline group of ARP are
in van der Waals contact with Ile142, His146, Arg186, and
Gly189 and Leu115, Arg117, Pro118, and Met123, respec-
tively. The carbonyl group of the dihydro-quinoline group of
ARP is in close proximity to the aromatic ring of Tyr138
(Figure 4b), suggesting a lone pair−π interaction.
As shown in Figure 5, we compared subdomain IB structures

in the ARP−HSA−myristate complex to the HSA−fusidic acid
complex structure (PDB ID 2VUF13). This result shows that
the binding locations of these ligands are nearly identical, but
the unstacking and rotating of Tyr138 and Tyr161 are only
observed for the ARP−HSA−myristate complex structure. At
the same time, stacking interactions between Tyr138 and
Tyr161 were observed in the HSA−fusidic acid complex
structure. This stacking interaction between Tyr138 and
Tyr161 is also observed in the HSA structure with no ligand
bound to subdomain IB. It is well known that the direct

penetration of a ligand such as a fatty acid, hemin, or delta12-
prostaglandin J2 into the aromatic ring positions of Tyr138
and Tyr161 induces the disruption of the stacking interactions
and causes conformational changes in these tyrosine
residues.14 In the HSA−fusidic acid complex structure, the
fusidic acid molecule does not coincide with the positions of
the stacking interaction between Tyr138 and Tyr161 that are
observed in the HSA structure with no ligand bound to
subdomain IB, and the disruption of the stacking interaction
between Tyr138 and Tyr161 is not induced. The ARP
molecule in the ARP−HSA−myristate complex structure does
not directly penetrate into the stacking interaction position
between Tyr138 and Tyr161, as is so for the HSA−fusidic acid
complex. Thus, the binding of ARP to HSA does not interfere
with the development of stacking interactions between Tyr138
and Tyr161. These results suggest that the binding of ARP into
subdomain IB of HSA induces conformational changes in
Tyr138 and Tyr161, and the interaction between the carbonyl
group of ARP and the aromatic ring of Tyr138 is essential for
the binding of ARP to subdomain IB of HSA.

3. DISCUSSION
When ARP was added to the HSA solution, Cotton effects
appeared at around 265 and 300 nm. Since ARP is not
optically active and HSA itself does not produce any Cotton
effects at these wavelengths, there is no doubt that the
observed Cotton effects are extrinsic in origin. Higher
concentrations of myristate reversed the signs of the CD
Cotton effects for this ARP−HSA system (Figure 1). Since the
binding of myristate to HSA did not produce any extrinsic
Cotton effects at these wavelengths, these observed CD
spectral changes can be attributed to the myristate-induced
allosteric modification of the ARP binding sites on the HSA
molecule. Various effects on these induced ellipticities were
examined to investigate the mechanism responsible for the
reversal of the sign of the ARP−HSA extrinsic Cotton effects
caused by myristate. The N−B transition, a pH-dependent
conformational change, has little effect on the binding and/or
the geometry of ARP, as evidenced by the fact that the CD
spectra of the ARP−HSA system between pH 6.5 and 9.5 were
nearly identical (Figure S2). Guanidine chloride decreased the
observed ellipticities of the ARP−HSA system but no change

Table 1. Data Collection and Structure Refinement
Statisticsd

data set ARP−HSA−myristate complex

data collection
source Photon Factory BL-17A
wavelength (Å) 0.9800
space group P1

unit-cell parameters
length (Å) a = 38.8, b = 94.0, c = 94.9
angle (deg) α = 105.3, β = 89.8, γ = 100.2
resolution range (Å) 50.0−2.30 (2.44−2.30)
no. of observed reflections 195 988 (29 919)
no. of unique reflections 55 157 (8844)
multiplicity 3.6 (3.4)
completeness (%) 97.3 (96.4)
Rmerge (%)

a 4.5 (32.9)
⟨I/σ (I)⟩ 14.5 (2.8)

refinement
resolution (Å) 35.7−2.30 (2.34−2.30)
reflection used 55 117 (2632)
Rwork (%)

b 21.9 (30.7)
Rfree (%)

c 26.1 (35.4)
no. of non-hydrogen atoms 9314
protein 8853
ligands 234
solvent 227

RMSD from ideality
bond length (Å) 0.009
bond angle (deg) 0.618
average B-factor 67.7
protein 67.8
ligands 72.5
solvent 60.4

Ramachandran plot
favored region (%) 97.21
allowed region (%) 2.70
outlier region (%) 0.09
clash score 3.94

aRmerge = 100 × Σhkl Σi|Ii(hkl) − ⟨I(hkl)⟩|/Σhkl Σi Ii(hkl), where
⟨I(hkl)⟩ is the mean value of I(hkl). bRwork = 100 × Σhkl∥Fo| − |Fc∥/
Σhkl|Fo|, where Fo and Fc are the observed and calculated structure
factors, respectively. cRfree is calculated as for Rwork, but the test set
comprising 5% reflections was not used in the refinement. dValues in
parentheses denote the highest-resolution shell.

Figure 3. Overall structure of the ARP−HSA−myristate complex.
The HSA structure is shown as a cartoon representation, and the
subdomain structures are colored in magenta (IA), pink (IB), green
(IIA), pale green (IIB), blue (IIIA), and cyan (IIIB). The ARP
molecule (yellow) and the myristate molecule (gray) are shown as
CPK representations.
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in the signs of the Cotton effects was observed. The reduced
intensity of the CD spectrum can be attributed to a lowering of
the binding affinity rather than a change in the geometry of the
binding site as a result of local conformational changes in HSA.
The free fraction of ARP was increased when guanidine
chloride was added to the solution (free fraction of ARP:
0.89% without guanidine chloride; 4.39% with 0.1% guanidine
chloride). No changes were found in the secondary structures
of HSA.
Sign changes of the drug−HSA system-induced Cotton

effects can sometimes depend on the drug concentration. For
example, the binding of carprofen and diclofenac to HSA
caused sign changes in HSA CD spectra and these changes
were dependent on the drug concentration.11,15 For ARP, the
ellipticities increased with increasing ARP concentrations, and
the observed ellipticities decreased with further increases in the
concentration of ARP (Figure 2). These findings clearly
indicate that the ARP molecule binds to both high-affinity and
low-affinity sites on HSA and generate different ellipticities.
However, the reversal of the CD sign was not observed since it
is difficult to increase the concentration of ARP to a level
greater than 60 μM (ARP/HSA >3) because of the low
solubility of the ARP molecule.
We previously reported that ibuprofen, a site II-specific drug,

altered the sign of the extrinsic Cotton effects of carprofen and
diclofenac bound to HSA and we proposed that this site II-to-
site I displacement was the cause of the Cotton effect sign
reversal.11,15 Anti-inflammatory drugs that are displaced from
their high-affinity site (site II) then become bound to lower-

affinity site (site I). The binding of this drug to the high-affinity
site generates positive Cotton effects, and the binding of the
drug to lower-affinity sites induces negative signs. At first
glance, the possibility that the above mechanism is responsible
for the ARP−myristate system can be excluded because no
reversal was detected in the CD spectra for ARP bound to
HSA (Figure 2). However, although the reversal of the ARP−
HSA system extrinsic Cotton effect sign was not found in these
experimental conditions, the observed ellipticities increased up
to a molar ratio (ARP/HSA) of 1:1 and then decreased for
molar ratios beyond 1:1. These findings indicate that both the
high-affinity site and low-affinity site are involved in the
generation of the observed ellipticities. A crystallographic
structural analysis of the ARP−HSA binary complex and the
ARP−HSA−myristate ternary complex shows that the ARP
molecule is located in the binding pocket within subdomain
IIIA and subdomain IB, respectively. It is well known that
subdomain IIIA functions as a low-affinity site for long-chain
fatty acids such as myristate.16,17 In addition, the ellipticity of
the ARP−HSA system at 265 nm began to change markedly
(positive to negative ellipticity) when the myristate-to-HSA
ratio exceeded 1 (Figures 1 and S4). Taking these findings into
consideration, we conclude that ARP might be displaced from
subdomain IIIA (a high-affinity site for ARP) when the
concentration of myristate is increased, and the resulting
displaced ARP would then bind to subdomain IB (low-affinity
site for ARP). Thus, it is reasonable to conclude that the
reversal of the sign for the Cotton effect of the ARP−HSA

Figure 4. ARP binding at subdomain IB in HSA. (A) ARP binding at subdomain IB. The ARP molecule (yellow) is shown as a ball-and-stick
representation. (B) Close-up view of the interaction between the carbonyl group of ARP and the aromatic ring of Tyr138.

Figure 5. Structure comparison of the HSA−ARP−myristate complex with the HSA−fusidic acid complex. Protein structures of the HSA−ARP−
myristate complex and the HSA−fusidic acid complex are colored in pink and cyan, respectively. The ARP molecule (yellow) is shown as a ball-
and-stick representation, and the fusidic acid molecule (blue) is shown as a stick representation. The RMSD value for the corresponding 89 Ca
atoms in the HSA−ARP−myristate complex structure and the HSA−fusidic acid complex structure is 0.78 Å.
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system caused by myristate can be explained by this site-to-site
transfer mechanism.
A previous study reported that the free fraction of ARP

increased markedly in the presence of octanoate, while
myristate caused a slight increase in the ARP free fraction.8

Moreover, the free fractions of ARP in the ARP−HSA−
myristate system increased significantly in the presence of
fusidic acid, a ligand that typically binds to subdomain IB
(Figure 6). The increase in the concentration of free ARP

might be due to the inhibition of the rebinding to subdomain
IB by fusidic acid, a subdomain IB ligand. Similar findings
regarding site-to-site displacement were obtained for the
ketoprofen−HSA−myristate system using a photoaffinity
labeling technique at the same laboratories.18

Based on a crystallographic data analysis, seven binding sites
for fatty acids were reported,19,20 and the ARP molecule is
bound to subdomain IIIA in the defatted HSA structure.
Among these fatty acid-binding sites in HSA, octanoate binds
primarily to subdomain IIIA of HSA. Five fatty acid-binding
sites are known in the case of myristate, and its second high-
affinity site is located at subdomain IIIA. In addition, some
low-affinity binding sites were located at subdomains IA, IB,
and IIB. The crystal structure of the ARP−HSA−myristate
ternary complex shows that one ARP molecule is bound to
subdomain IB in the HSA structure and five myristate
molecules are bound to subdomains IIIB, IIIA, IIB, IIA, and
IA in HSA, respectively (Figure 3).
Induced Cotton effects are often observed when the

electrons of a chromophore are perturbed by electrostatic
forces associated with a nearby asymmetrical locus.21 The sign
of such an induced Cotton effect, whether extrinsic or intrinsic,
is governed by the configuration of the asymmetrical center
and its spatial relationship to the perturbed chromophore. We
recently found that deschloro-ARP, on binding to HSA,
generated extrinsic Cotton effects with a negative sign. Its CD
spectral characteristics are similar to that of the ARP−HSA
complex in the presence of myristate.8 ARP forms halogen
bond interactions with HSA, as mentioned above. Therefore,
in the case of deschloro-ARP, the geometry or configuration of
this compound within the site II binding pocket is somewhat

different from that of the ARP molecule after removing the
chlorine atom. Thus, it is difficult to exclude the contribution
of the change in the geometry of ARP within subdomain IIIA
by adding myristate to the inversion in the extrinsic Cotton
effects in the ARP−HSA system (Figure 1).
We previously reported on such site-to-site transfer

mechanism in the case of diclofenac−ibuprofen,11 carpro-
fen−ibuprofen,15 and benzbromarone−oleate.22 The findings
reported in this study provide a clearer picture of the
mechanism since it is based on CD measurements in
conjunction with X-ray crystallographic analysis and inhibition
experiments. Taking these accumulated data into consider-
ation, drugs for which there is no low-affinity site (e.g.,
diazepam) may not show the site-to-site transfer that was
observed in the ARP−myristate interactions. Thus, the present
study provides useful information not only for understanding
the displacement mechanism but also for predicting the extent
of increase in the free fraction or free concentration of a certain
drug based on this mechanism.

4. CONCLUSIONS
In conclusion, the modification of the geometry within the
binding pocket in addition to the mechanism responsible for
the transfer from subdomain IIIA to subdomain IB through the
displacement caused by the binding of myristate to subdomain
IIIA (Figure 7) may be responsible for the extrinsic Cotton
effect sign reversal in the case of an ARP−HSA complex.

5. EXPERIMENTAL SECTION
5.1. Materials. The recombinant HSA was a gift from

Nipro Co. (Shiga, Japan). Using a modification of the
procedure reported by Chen,23 HSA was defatted with
activated charcoal at 4 °C in an acidic solution, deionized,
and then freeze-dried. Aripiprazole (ARP) was purchased from
Tokyo Chemical Industry Co. (Tokyo, Japan). Sodium
myristate and sodium octanoate were purchased from Wako
Pure Chemical Industries, Ltd. (Osaka, Japan). All other
chemicals were purchased from commercial sources and were
of the highest grade available. All solutions were prepared in
deionized and distilled waters.

5.2. Circular Dichroism Measurement. CD measure-
ments were made on a Jasco model J-720 spectropolarimeter
(Tokyo, Japan) using 10 mm cell at 25 °C. Observed ellipticity
was defined as the ellipticity (in degrees) of an ARP−HSA
mixture (10−60 μM ARP, 20 μMHSA) minus the ellipticity of
HSA alone within the same wavelength region. We used ARP
concentrations of less than 60 μM because of the limited
solubility of ARP. The measurements were performed with a
data interval of 0.1 nm, a scanning speed of 50 nm/min, a
response time of 4 s, and a bandwidth of 1.0 nm.

Figure 6. Effect of fusidic acid on the inhibition of ARP binding to
HSA by myristate. The concentrations of HSA and ARP were 40 μM.
The solid line (closed circle) represents fusidic acid (−), and the
dashed line (open circle) represents 40 μM fusidic acid (+). *p < 0.05
as compared with fusidic acid (−) of the same concentration’s
myristate.

Figure 7. Schematic model of the transfer of ARP from subdomain
IIIA (high-affinity site) to IB (low-affinity site) by myristate (Myr)
binding to IIIA. Myristate displaces ARP from subdomain IIIA as low-
affinity and high-affinity sites for myristate and ARP, respectively.
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5.3. Equilibrium Dialysis. Equilibrium dialysis experi-
ments were conducted following a previously described
method.8 Briefly, aliquots (0.5 mL) of samples (40 μM HSA,
40 μM ARP, 0−120 μM myristate), in 2 mL Sanko plastic cells
(Fukuoka, Japan), were dialyzed at 25 °C for 12 h against the
same volume of buffer solution. After reaching equilibrium, the
drug concentration in the buffer (Df; unbound ARP
concentration) and HSA compartments (Db+f; the sum of
the bound and unbound ARP concentrations) was determined
by HPLC. The free fraction (%) was calculated using the
following equation

D Dfree fraction (%) / 100f b f= ×+ (1)

5.4. Crystallization of the ARP−HSA−Myristate
Complex. Preparation of the HSA solution for the
crystallization was performed as described in a previous
report.24,25 ARP solution (50 mM) was prepared by dissolving
it in DMSO. A nominal concentration of 2 mM of the
myristate suspension in 50 mM potassium phosphate buffer
(pH 7.0) was prepared by heating to 60 °C and vortexing,
followed by cooling to around 37 °C. The ARP−HSA−
myristate complex was formed by mixing the HSA solution, 50
mM of the ARP solution, and the myristate suspension at a
1:13:13 ARP/HSA/myristate molar ratio in 50 mM potassium
phosphate buffer pH 7.0 and 10% (v/v) DMSO, and the
resulting solution was then incubated at 20 °C overnight. After
incubation, excess unbound and insoluble ARP and myristate
depositions were removed by centrifugation (18 800g for 1 h at
4 °C), and the ARP−HSA−myristate complex was washed
with 50 mM potassium phosphate buffer at pH 7.0 by
performing two cycles of dilution and concentration using a
Vivaspin 500 (MWCO 10 000, Sartorius) centrifugal concen-
trator. The solution of the ARP−HSA−myristate complex was
finally concentrated to 1.4 mM of the HSA concentration.
Cocrystallization of the ARP−HSA−myristate complex was
performed using the hanging-drop vapor diffusion method, and
ARP−HSA−myristate crystals suitable for X-ray analysis were
obtained by multiple rounds of streak-seeding with droplets
prepared by mixing 1.5 μL of the ARP−HSA−myristate
solution and 1.5 μL of the reservoir solution containing 32%
(w/v) poly(ethylene glycol) 3350 and 50 mM potassium
phosphate buffer pH 7.0 at 4 °C and pre-equilibrated for 1 day.
5.5. Data Collection, Structure Determination, and

Refinement. The ARP−HSA−myristate crystals were directly
frozen in liquid nitrogen. Synchrotron experiments were
performed at Photon Factory BL-17A (Tsukuba, Japan).
Diffraction data sets were collected at −173 °C using an Eiger
X 16M detector, and the data sets were processed and scaled
using XDS.26 The initial phase of the ARP−HSA−myristate
complex structure was determined by the molecular replace-
ment method using MOLREP27 from the CCP4 program
suite,28 with the coordinate (PDB: 1BJ529) serving as the
search model. Another model building was performed with
COOT.30 Structure refinement, including the refinement of
atomic displacement parameters by the translation, liberation,
and screw (TLS) method, was performed with phenix.ref ine.31

TLS groups were determined using phenix.f ind_tls_groups
from the PHENIX package.32 The stereochemical quality of
the final structure was evaluated by MolProbity33 All molecular
graphics were prepared using PyMOL.34 Structure analysis
including the calculation of the interface area between HSA
and ARP was performed with PDBePISA.35 The atomic
coordinates of the ARP−HSA−myristate complex were

deposited in the Protein Data Bank under the accession
code 7VR9.

5.6. Statistical Analysis. Statistical analyses were
performed with EZR (Saitama Medical Center, Jichi Medical
University, Saitama, Japan).36 Regarding the effect of fusidic
acid on the inhibition of the binding of ARP to HSA by
myristate, to evaluate the presence or absence of fusidic acid,
we performed the Mann−Whitney test at each concentration
of myristate.
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