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Irisin is a potential therapeutic agent to prevent or treat various metabolic-related disorders and neurode-
generative diseases viz. Alzheimer’s disease (AD). In this study, we have employed a multispectroscopic
approach to elucidate the structural and conformational changes in the irisin at varying pH (pH 2.0 to
12.0). The spectroscopic measurements revealed that irisin maintains its structure (both secondary and
tertiary) in the alkaline pH range, with minimal structural changes observed across it. However, secondary
Keywords: and tertiary structural alterations were evident across the acidic pH range. CD spectroscopy suggested a
Irisin gain of the secondary structure in the acidic pH range, implying that irisin is more stable at acidic pH,
Structure-function relationships with maximum stability and compactness observed at pH 4.0. In vitro observations were further validated
Molecular dynamic simulation by in silico studies. Molecular dynamics simulation also suggested that irisin assumes higher stability in
the conformational space at pH 4.0 and 6.0 than the rest of the system. This study can serve as a plat-
form to delineate the enhanced functionality of irisin at lower pH that can be implicated in developing

therapies for metabolic disorders, including diabetes and obesity.

© 2021 Elsevier B.V. All rights reserved.

1. Introduction

Physical exercise is known to have several beneficial effects on
the body. These beneficial effects have been attributed to vari-
ous cytokines and metabolites that mediate the systemic benefits
of exercise [1]. Irisin is one of these cytokines which is secreted
by myocytes during or immediately after exercise. Irisin, a frag-
ment of transmembrane protein fibronectin type Il domain con-
taining 5 (FNDC5), reprograms adipose tissue metabolism by in-
ducing changes in adipose tissue through thermogenesis activation
[2]. Irisin converts white adipocytes into brown adipocytes by up-
regulating the expression of uncoupling protein 1 (UCP1) through
activation of ERK and p38 MAPK signaling [2]. Irisin also enhances
sensitivity to insulin by increasing glycogenesis and reducing glu-

Abbreviations: AD, Alzheimer's disease; FNDC5, Fibronectin type 3 domain con-
taining protein 5; UCP1, Uncoupling protein 1; MAPK, Mitogen activated protein ki-
nase; CD, Circular dichroism; MD, Molecular dynamics; PMSF, Phenylmethylsulfonyl
fluoride; ERK, Extracellular-signal-regulated kinase.
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coneogenesis and therefore acts as an insulin-sensitizing hormone
[3]. These properties of irisin make it a potential therapeutic agent
for metabolic disorders, including obesity and diabetes.

A recent investigation revealed some important biological func-
tions of irisin in the nervous system [4] and bone metabolism [5].
It was established that irisin activates the Akt and ERK1/2 signal-
ing pathways in brain tissues and contributes to the neuroprotec-
tive effects of physical exercise in cerebral ischemia. Hence, it is
a promising agent for the prevention and treatment of ischemic
stroke [6]. Irisin also shows protective action against the aberrant
expression of synapse-related genes, thereby signifying its role in
attenuating synaptic and memory impairments in AD mouse mod-
els [4]. Therefore, enhancing brain FNDC5/irisin levels can be a
novel therapeutic strategy to protect and/or repair synapse func-
tion or prevent memory impairment in AD [4].

Moreover, irisin also targets bone tissues and positively affects
cortical mineral density and improves bone strength as well as ge-
ometry in mice [5]. Irisin has a role in osteoblast proliferation, and
it can protect osteocytes against apoptosis in culture and upregu-
lates the expression of sclerostin, a key regulator of bone remod-
eling, in vivo [7]. Irisin is also involved in carcinogenesis, although
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its role in cancer progression is uncertain [8]. Most of the avail-
able data now favor irisin as a potential substance for cancer re-
gression by reducing pro-inflammatory markers linked to obesity
[9,10]. Still, further research is needed to understand the involve-
ment of irisin in cancer prevention and therapeutics.

Irisin is a cleaved portion of a cell membrane protein called fi-
bronectin type Il domain-containing protein 5 (FNDC5/FRCP2/PeP)
[11]. FNDC5 comprises of a signal peptide, a fibronectin Il domain
and a hydrophobic C-terminal domain. FNDC5 is a 209 amino acids
residue protein with an N-terminal 29-residue signal sequence, fol-
lowed by a putative fibronectin III (FNIII) 2 domain (94 aa), a link-
ing peptide (28 aa), a transmembrane domain (19 aa), and a 39-
residue cytoplasmic domain. The mature peptide of irisin, a prote-
olytically cleaved portion of FNDCS5, is of 112 amino acids (32-143
amino acids of FNDC5). The molecular mass of irisin as a monomer
is predicted to be 12 kDa [2]. Irisin undergoes glycosylation at two
arginine residues and dimerizes, increasing its molecular weight to
20-32 kDa depending on the number and structure of oligosaccha-
rides (glycans) attached to the protein molecule during the post-
translational process of N-glycosylation [2]. The irisin crystal struc-
ture suggests that this protein has an antiparallel -pleated sheet
shared by the monomers coupled by 10 hydrogen bonds between
the four ribbons on each side, which provides stability to protein
[12]. Irisin is a stable protein whose melting temperature (Tp,) is
72 °C [13]. The receptor of irisin has not been identified. However,
recently it was found that the oV family of integrin receptors is
likely to be the irisin receptors in osteocyte and thermogenic fats
[7].

Various factors influence the structure and stability of proteins,
in which pH is of utmost importance. In proteins, the pH of the
solvent determines the ionization state of the side chain of amino
acids. These amino acids are involved in electrostatic interactions,
which are required for proper conformation and stable structure
of proteins. Change in pH causes protonation or deprotonation of
those ionizable groups, which can alter the charge pattern and dis-
rupt electrostatic interactions, leading to the unfolding or denatu-
ration of proteins. In this work, we have investigated the effect of
pH on the structure and stability of irisin using various spectro-
scopic techniques. Different spectroscopic tools are being used to
study amino acid structures to understand the molecular structure
of proteins [14-16]. For this, we have employed circular dichroism
(CD), absorbance and fluorescence measurements at different pH
values (2.0-12.0). Various molecular modeling tools are available
to acquire the molecular structure of proteins and complement the
spectroscopic results [17,18]. Therefore, we have studied conforma-
tional dynamics of the protein using classical molecular dynamics
(MD) simulation to elucidate the structural changes taking place in
irisin at different pH values.

2. Material and methods
2.1. Materials

The expression construct of irisin (pET15b-His-3C-irisin) was
purchased from Addgene (122612). Ni-NTA resin for protein pu-
rification was purchased from Genetix (Bangalore, India). Tris-HCl
was purchased from Sigma Aldrich (USA). DH5« cells and C41-DE3
cells were purchased from the Invitrogen (USA). Luria agar and
Luria Bertani broth for bacterial culture were purchased from Hi-
media (India). Ampicillin was obtained from MP Biomedicals, LLC
(France). IPTG was purchased from Sisco Research Laboratories.

2.2. Expression and purification

The irisin was expressed, and the protein was purified using
standard procedure [12,19]. In brief, transformed E. coli C41 (DE3)
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cells were grown, and 0.5 mM IPTG was added to induce irisin
expression. Cultures were harvested and dissolved in lysis buffer
(50 mM Tris-HCI buffer, pH 7.5, containing 300 mM NacCl, 5% (v/v)
glycerol, 0.5 mM S-mercaptoethanol, and 1 mM phenyl methane
sulfonyl fluoride (PMSF). The obtained supernatant was loaded on
equilibrated Ni-NTA column and the bound protein was eluted
with 150 mM imidazole. The fractions of eluted irisin protein were
collected and checked for purity on SDS-PAGE.

2.3. Sample preparation

Aliquots of irisin were prepared at different pH. Buffers used
for the experiment were as follows: pH 2.0 (glycine-HCl), pH 4.0
(sodium acetate), pH 6.0 (sodium phosphate), pH 7.5, 8.0 (Tris-
HCI), pH 10.0, 12.0 (Glycine-NaOH). The protein samples were incu-
bated at 25 °C for 6 h before carrying out spectroscopic measure-
ments. To obtain accurate results, three replicates were analyzed
for each set.

2.4. Circular dichroism (CD) measurement

Circular dichroism (CD) experiment was carried out on Jasco
spectropolarimeter (model J-1500) equipped with a Peltier type
temperature controller. Far-UV CD spectra of irisin samples at dif-
ferent pH (2.0-12.0) were recorded at 25 4+ 0.1 °C using a cuvette
of 1 mm path length cell and protein concentration of 15 uM. Spec-
tra were recorded in the far-UV range (200-250 nm) with a scan
speed of 100 nm/min and a response time of 1 s [20]. The re-
sults were expressed as mean residue ellipticity (MRE) in deg cm?
dmol~! which is defined as:

MRE = MRW x Opeerved/10 x | x € (1)

where 6 pserveq 1S the observed ellipticity in milli degrees, MRW is
the mean residue weight of the protein, [ being the path length in
c¢m and ¢ being the protein concentration in mg/ml Eq. (1).

2.4.1. Estimation of secondary structure from far-UV CD spectra

We have calculated the secondary structural content of irisin
using the Eq. (2) where the observed mean residue ellipticity
([@],P) of the protein is related as the linear combination of all
structures, i.e.,

(61, P=Fal01," +5[61, +£[61, " +r[61," (2)
where fa'fﬁ'ft and fr are the fractions of «-helix, 8-sheet, turn and
random coil, respectively, and [0],¢, [0],2, [0],¢ and [6], are the
mean residues ellipticities of pure «-helix, B-sheet, B-turn and
random coil at wavelength A, respectively. Due to the uncertainty

of [0],' of proteins and inaccessibility of measurements beyond
210 nm, Eq. (2) was reduced to the following form,

01, =ful01, % +5[01,” +£r{0]," (3)

where R represent structures which is not the part of «-helix and
B sheet. Using data provided by Yang et al. [21] for the reference
spectra, we analysed each CD curve of the native protein for the
elements of secondary structure according to Eq. (3).

2.5. Fluorescence measurements

Fluorescence spectra were measured in Jasco spectrofluorome-
ter (FP-6200) in quartz cuvette of path length 1 mm at 25 + 0.1 °C,
maintained by an external thermostatic water circulator, with both
excitation and emission slit width set at 10 nm.. The excita-
tion wavelength was set at 280 nm, and emission spectra were
recorded in the wavelength region 300-400 nm. The concentration
of irisin in each sample was 4 pM. All the measurements were car-
ried out in triplicates and reported spectra were taken after sub-
tracting appropriate blanks.
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2.6. UV spectroscopic measurements

JASCO UV-660 UV/Vis spectrophotometer, whose temperature
was maintained by circulating water from an external refrigerated
water bath, was used to record UV spectra of irisin samples at
varying pH (2.0-12.0). The protein concentration in each sample
was 10 pM. All measurements were carried out using a 1 cm path
length cuvette in the 240-340 nm wavelength range. All the spec-
tra were taken in triplicates, and their average was used for calcu-
lation.

2.7. Molecular dynamic (MD) simulations

During MD simulation study at a particular pH, the solvent con-
ditions of the protein system are generally modeled by changing
the protonation state of the titrable residues using the pKa values,
which can be calculated by various available methods [22,23]. In
the present study, the pKa values were calculated using the H++
server [24], and the protonation values were adjusted based on the
magnitude of the pH (from 2.0 to 12.0) in the structure of the
irisin protein (PDB ID - 4LSD). On the basis of the variations in
the pKa values, the protonation and deprotonation of the titrable
residues were performed. The modified protonated forms of the
irisin protein were subjected to MD simulations using GROMACS
2018-2 package; a free and open-source software [25]. The topol-
ogy of irisin protein at different pH conditions was generated us-
ing AMBER ff99SB [26], and solvation was performed using SPC/E
water model [27]. The solvated systems of irisin protein were neu-
tralized by adding a suitable number of Na* and Cl~ counterions.

Consequently, the generated systems were minimized using the
steepest descent algorithm in GROMACS with a convergence crite-
rion of 0.005 kcal/mol. The equilibration stage was performed sep-
arately in NVT (constant volume) and NPT (constant pressure) en-
semble conditions, each at 1 ns time scale. The temperature and
pressure were maintained at 300 K and 1 bar during the equilibra-
tion step using Berendsen weak coupling method and Parrinello-
Rahman barostat. The final production stage of MD simulations
was performed using the LINCS algorithm for 100 ns timescale,
and trajectories were generated, which were analyzed to under-
stand the changes in the conformational behavior of irisin in dif-
ferent studied pH conditions. The variations in the structural pat-
terns were observed in terms of changes in values of root mean
dquare deviations (RMSD), radius of gyration (Rg). At the same
time, the free energy associated parameters were analyzed by per-
forming the eigen vector projections and free energy landscape cal-
culations.

3. Results and discussion
3.1. Expression and purification of recombinant irisin

The expression construct of irisin (pET15b-His-3C-irisin) was
transformed into E. coli C41 (DE3) cells. Transformed cells were
grown, and 0.5 mM IPTG was used to induce irisin expression. The
protein was purified under native conditions using Ni-NTA affinity
column chromatography, and a single band of approximately 15—
16 kDa was observed on SDS-PAGE (Fig. S1).

3.2. Far-UV CD measurements

To see the effect of pH on the secondary structure of irisin, CD
spectroscopy was employed. The crystal structure of irisin suggests
it to be a SB-sheet rich protein (PDB ID- 4LSD). Far-UV CD spec-
tra of irisin in different pH conditions have been shown in Fig. 1.
At pH 7.5, a negative peak at 217 nm indicates it to be a B-sheet
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Table 1

Estimated S-sheet structural con-
tent of irisin at various pH us-
ing secondary structural predic-
tion software provided with Jasco
J1500 CD spectrophotometer.

pH B-sheet (%)
2.0 52.0%
4.0 46.2%
6.0 40.4%
7.5 38.0%
8.0 38.4%
10.0 39.2%
12.0 41.5%

structure, which is in excellent agreement with the crystal struc-
ture of irisin. The far-UV CD spectra of irisin in the acidic pH range
(pH 2.0-6.0) are shown in Fig. 1A, where a remarkable increase in
the secondary structure was observed. On the other hand, Far-UV
CD spectra of irisin were almost similar in the alkaline pH range
(pH 7.5-12) with no peak shift except for pH 12.0, where a slight
peak shift coupled with an increase in dichroic signal was evident
(Fig. 1B). Secondary structure estimation was also carried out at
various pH. Each CD spectrum was analysed for the content of
secondary structure using the software developed by Yang et al.
[21] and the results of these analyses are shown in Table-1. It was
found that as we move towards acidic pH, there was an increase
in the S-sheet content, with maximum S-sheet structure obtained
at pH 2.0. (Table 1). There are no significant differences in the CD
spectra in the alkaline pH range (pH 7.5-12.0), implying that pH
does not affect the overall secondary structure in this range, with
irisin retaining its secondary structure. This was further confirmed
by estimating S-sheet content of irisin in the alkaline pH range
and no significant change was observed. These observations sig-
nify that minimal secondary structural perturbations occur in the
alkaline pH range while secondary structural changes are more ev-
ident in the acidic pH range, with maximum secondary structure
observed at pH 2.0. It cannot be expected that these methods of
secondary structure estimation always give accurate results, but
the general trend may be correct. It is important to note that the
content of aromatic amino acids makes the analysis of the data in
the far-UV region difficult and could have influenced the accuracy
of the secondary structure determination [28].

3.3. Fluorescence measurements

Intrinsic fluorescence studies were carried out to see the ef-
fect of pH on the tertiary structure of irisin. Since intrinsic fluores-
cence of proteins depends on the environment of aromatic amino
acid residues [29,30], a change in intrinsic fluorescence is a sign of
change in the local environment of aromatic amino acid residues.
Therefore, we employed fluorescence measurement to study the
effect of pH on irisin structure and structural changes depicted
from the emission spectrum. Irisin consists of one tyrosine and two
tryptophan residues; Trp51, Trp90 and Tyr98. Trp90 is exposed and
is accessible to solvent while Trp51 and Tyr98 are buried. Irisin
showed emission maxima at 344 nm at pH 7.5 (Fig. 2A and B).
Fig. 2A shows the fluorescence emission spectra of irisin in the pH
range of 7.5-2.0. In the acidic pH range (7.5-2.0), a marked blue
shift was observed along with a considerable decrease in fluores-
cence intensity, with a significant blue shift of 7 nm and 9 nm at
pH 4.0 and pH 2.0 respectively. The decrease in fluorescence inten-
sity coupled with blueshift is implicative that pH-induced struc-
tural changes are taking place in irisin in the acidic pH range.
Fig. 2B shows the fluorescence emission spectra of irisin in the
pH range of 7.5-12.0. In the alkaline pH range (pH 7.5-12.0), no
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Fig. 2. (A) Fluorescence spectra of irisin under acidic pH conditions (B) Fluorescence spectra of irisin under alkaline pH conditions.

shift in the emission maxima was observed, implying no significant
structural alterations taking place in irisin in this pH range. A de-
crease in fluorescence intensity was attributable to self-quenching
or deprotonation of neighboring basic amino acids. At pH 12.0, a
blue shift of 6 nm was observed with decreased fluorescence in-
tensity that might be due to the conformational change in protein
at extreme pH caused by disruption of electrostatic interaction and
ionization of tryptophan residue [31].

These findings are in line with CD observations affirming that
minimal structural alterations occur in the alkaline pH range whilst
changes in the secondary and tertiary structure take place in the
acidic pH range.

3.4. UV-vis absorption measurements

Near-UV absorption is a sensitive probe to study the environ-
ment of aromatic amino acid residues like tyrosine and tryptophan.
To further examine the effect of pH on the tertiary structure of
irisin, UV-vis spectroscopy was employed (240-340 nm). Fig. 3A
shows absorption spectra of irisin in the acidic pH range (2.0-7.5).
As we decrease pH from 7.5 to 2.0, a slight decrease in absorp-
tion was observed in absorption spectra, suggesting that irisin is
in a more compact state. While in the alkaline pH range (7.5-12),
no significant changes were observed in UV spectra (Fig. 3B). A re-
markable decrease in absorbance was observed at pH below 7.5.

This result is in line with the observation found in fluorescence
and CD measurement, which suggests that the tertiary structure of
irisin is more stable in the acidic pH range. We have already re-
ported the thermal denaturation study of irisin though UV melting
at 280 nm and T, obtained at pH 7.5 is 72 °C [13].

3.5. Molecular dynamics (MD) simulations

The effect of diverse pH conditions on the conformational be-
havior of irisin was analyzed, and the generated outcomes were
compared and validated the experimental findings. The changes in
the compactness of the irisin protein in different pH conditions
were assessed in terms of the radius of gyration. The irisin assumes
higher compactness in between pH 2.0 and 6.0 as compared to the
pH 7.5, pH 10.0 and pH 12.0, which is evident from the projected
Rg values which were observed between 1.35 and 1.4 nm, particu-
larly the Rg values for pH > 7.5 showed sharp continuous elevated
fluctuations during 100 ns MD simulations (Fig. 4). This behavior
may be attributed to developing a more compact and stable con-
formation state between pH 2.0 and 6.0. On the contrary, sharp
changes were observed in RMSD values with pH 6.0 to 12.0 fluc-
tuated between 0.2 and 0.3 nm, while the RMSD values for pH
4.0 were observed below 0.1 nm (Fig. 5). These observations in-
dicated that the irisin protein became more stable at pH 4.0 than
the other studied systems. The flexible nature of the studied sys-
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tems was evaluated using the 2-D eigenvector projections, which
showed the highest flexibility between pH 7.5 and pH 12 while a
compact structure was observed for pH 4.0 and pH 6.0, as a result
of lesser flexibility in the respective conditions, a relatively higher
folding state is attained than rest of the systems (Fig. 6). Moreover,

the free energy landscapes showed higher energy-based stability
for pH 4 - pH 6, with structures slightly perturbed in range of pH
7.5 - pH 12.0 (Fig. 7). These observations indicated that the irisin
assumed higher stability in the conformational space in pH 4.0 and
6.0 than the rest of the system, resulting in higher compactness
and folding state in the respective acidic conditions.

3.6. pH dependence and the net charge on protein stability

The net charge on protein has a vital role in protein stability,
solubility and activity at any given pH. The net charge on pro-
tein at any given pH is mainly determined by the number of ion-
izable groups and pK values (pKs) of the ionizable groups [32].
The net charge on any protein is zero at its isoelectric point (pl),
negative at pHs above the pl, and positive at pHs below the pl.
Irisin has 7 Asp, 11 Glu, 2 His, 8 Lys, and 5 Arg-residues. Con-
sequently, due to more acidic residues present in irisin, the cal-
culated pl value of irisin is 4.9, and the net charge on irisin at
physiological pH is ~—5.3. The pH is of utmost importance among
the factors that influence the protein conformation and its func-
tion. A protein is maximally stable at its isoelectric point (pl) be-
cause at pl, its net charge is zero [33,34]. However, any change in
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pH may perturb the hydrogen bonds and electrostatic properties
that are essential for maintaining stable structure and conforma-
tion of protein [35,36]. Therefore, it is evident that pH influences
the thermodynamic stability and activity of a protein and suggests
that the ionizable groups play an essential role in protein stabil-
ity [37,38]. Since electrostatic interactions and salt bridges seem
to play a fundamental role in protein stability, a deeper knowl-
edge of the pH dependence of the protein stability is important
[39].

In 1924, Linderstrom-Lang proposed a model which predicts
that proteins should be most stable near their pls, where their net
charge is zero because unfavorable electrostatic interactions due
to excess positive or negative charges will be minimized [40]. In
Fig. 8A, we have shown the calculated net charge on the irisin pro-
tein at different pH values. Fig. 8B depicts the plot of [0]55, versus
pH that shows no significant perturbation of secondary structure
in the alkaline pH range (7.0-12.0). However, changes were evi-
dent in the acidic pH range with maximum compactness observed
at pH 4.0 and so on. According to the CD, fluorescence and in sil-
ico results, it was predicted that irisin is most stable at pH 4.0 and
6.0, which are nearer pH values to the plI of irisin (i.e., 4.9). The
net charge on irisin at pH 4.0 is ~+8.9 and ~—3.5 at pH 6.0. As at
extreme pH values, i.e., pH 2.0 and 12.0, there is an excess of pos-
itive and negative (+15.9 and —17.2) charges, respectively, which
might be the reason for increased unfavorable electrostatic inter-
actions causing less protein stability at that pH. So, our results are
in agreement with the hypothesis that proteins are mostly stable
near their pl.

Although irisin’s crystal structure is known, little information is
available on its structural and biophysical properties. It is essen-
tial to understand the factors which determine the folding process
of a linear polypeptide chain into its distinctive three-dimensional
structure. The function of any protein is dependent on its 3-D
structure and stability. In the surrounding environment of the pro-
tein, some crucial factors that govern the structure and stability
of protein are pH, ionic strength, and concentration of other co-
solvents [41,42]. As protein stability is directly related to its func-
tion, pH has a major role in determining protein function in a par-
ticular condition. It is well known that interstitial fluid pH plays an
important role in maintaining normal cell/body functions. The ac-
tivity of various enzymes and the binding affinity of hormones and
neurotransmitters to their receptors directly depends on the pH of
interstitial fluid. Since extracellular fluids have low pH-buffering
capacity due to the absence of buffering proteins, over-production

of acid metabolites lowers the pH of interstitial fluids, which di-
minishes the binding affinity of insulin to its receptor, resulting in
insulin resistance [43]. Moreover, several epidemiological studies
have recently reported the relationship between metabolic acido-
sis and insulin resistance [44].

Additionally, type 2 diabetes mellitus has been suggested to in-
crease the risk of developing dementia and Alzheimer’s disease
[45,46]. It was also reported that the pH of interstitial fluid around
the hippocampus is lower in type 2 diabetes mellitus model OLETF
rats than in normal ones. This observation is suggestive of atten-
uation of neuronal activity around the hippocampus [47]. So, it
can be concluded that lower body fluid pH also causes insulin re-
sistance, leading to the development of synaptic dysfunction and
memory impairments related to AD. As mentioned above, irisin is
known to have protective action against insulin resistance as well
as AD. Since the stable structure and conformation are required for
its proper functioning, our motive was to study the effect of pH on
irisin stability. If irisin is found to be stable at lower pH, which is
the case, it may have implications in therapeutic advancement for
the treatment of diabetes and AD.

4. Conclusion

In this study, we have used a multispectroscopic approach cou-
pled with classical MD simulation to illustrate the effect of pH on
the structure and stability of irisin. In spectroscopic studies, a re-
markable effect of pH on the structure and stability of irisin was
observed at acidic pH. It was concluded that both the secondary
and tertiary structure is more stable, particularly at pH 4.0 and
6.0. Moreover, a close correlation was also observed during the MD
simulation studies. pH-dependent structural studies of irisin will
be beneficial to understand the dynamic behavior of irisin and its
function in different organelle and regulation of cellular physiol-
ogy. It was found that the structural property of irisin depends on
the pH of the medium. Thus it can provide a molecular basis to
understand its function in various conditions. Irisin has an impor-
tant role in insulin sensitivity and neuroprotection in the case of
AD. Since body fluid pH plays an important role in regulating body
function, it was observed that lowered pH levels cause insulin re-
sistance via reduced binding affinity of insulin to its receptors. Fur-
thermore, the acidic environment occurring in the brain can also
disrupt neuronal function related to AD. Therefore in these condi-
tions, we predict that irisin, which is suggested to be structurally
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more stable at lower pH, would be a key factor in developing ther-
apies for metabolic diseases including diabetes and AD.
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