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A B S T R A C T   

Immunotherapy is one of the most recently used treatments for numerous cancer types and also some autoim-
mune and inflammatory diseases. One of the valuable targets for immunotherapy is Interleukin-17A (IL-17A) or 
its receptor (IL-17RA) because overexpression of IL-17A as a pro-inflammatory cytokine is associated with 
several inflammatory, autoimmune and cancer diseases. In this study, the extracellular domain of IL-17RA 
involved in binding to IL-17A was mutated by using R software to achieve a variant with increased binding 
affinity to IL-17A. The ∆∆G value of –30.89 kcal/mol was calculated for the best variant (385) with point 
mutations of R265N, N91T, and W31K using the FoldX module. Also, the KD for its interaction with IL-17A was 
calculated 0.06 nM by surface plasmon resonance (SPR) technique. Our results indicated that variant 385 could 
bind to IL-17A with higher binding affinity than wild-type one, so, it can be a good therapeutic candidate for 
blocking IL-17A.   

1. Introduction 

The interleukin-17 (IL-17) family consists of six members, IL-17A, IL- 
17B, IL-17C, IL-17D, IL-17E, and IL-17F, with different homologies and 
functions [1]. IL-17A has been known as a pro-inflammatory cytokine 
that is secreted mainly by activated CD4+ and CD8+ T cells, and also by 
a variety of adaptive and innate immune cells such as, γδ T cells, natural 
killer (NK) cells and natural killer T cells (NKT), and lymphoid tissue 
inducer (LTi) cells, and group 3 innate lymphoid cells (ILC3) [2]. IL-17A 
plays a key role in host defense against fungal and extracellular bacterial 
infections. On the other hand, overexpression of IL-17A increases the 
rate of growth, proliferation, maturation, angiogenesis, and most 
importantly, cell division and metastasis of cancer cells. Also, IL-17A 
induces inflammatory responses, and autoimmune diseases including 
rheumatoid arthritis and multiple sclerosis by binding to its receptor, 
and induction the expression of many mediators of inflammation [3]. 

There are different receptors for IL-17 family including IL-17RA, IL- 
17RB, IL-17RC, IL-17RD, and IL-17RE [4]. IL-17RA is the largest and 
well-known receptor in this family and also is more accessible than other 
receptors. Besides, the binding affinity of IL-17RA for IL-17A is higher 
than other receptors [5]. IL-17RA is a transmembrane protein with 
extracellular, transmembrane, and cytoplasmic regions. The major 

amino acids involved in the binding of IL-17RA to IL-17A are located at 
its extracellular domain [6]. As a result of this binding at the cell 
membrane surface, Nuclear Factor Kappa B (NF-κB), Mitogen-Activated 
Protein Kinase (MAPK) and the CCAAT/enhancer-binding protein 
(C/EBP) pathways are activated. Activation of these pathways leads to 
the induction of transcription and inflammatory factors expression [4]. 
Studies have shown that decreased levels of IL-17RA or IL-17A are 
associated with a reduction in tumor growth and inflammatory re-
sponses so, their blockade can play a crucial role in the treatment of 
inflammatory, autoimmune, and cancer diseases [7]. 

Today, various anti-IL-17A and anti-IL-17RA antibodies, known as 
Ixekizumab, Brodalumab, and Secukinumab, are used for the treatment 
of diseases related to this cytokine. These antibodies inhibit IL-17A ac-
tivity by binding to IL-17A or its receptor. In spite of the therapeutic 
properties of the monoclonal antibodies, they also have side effects such 
as neutropenia, hypersensitivity reactions, nasopharyngitis, and upper 
respiratory tract infection. In addition, they cannot penetrate efficiently 
to the solid tumors because of their large size [8–11]. 

As the extracellular domain of IL-17RA is solely enough for binding 
to IL-17A, and most importantly, this binding does not activate intra-
cellular signaling [6], so in this study, this domain was chosen as a 
receptor-like candidate and also a substitution for antibodies. In 
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addition, some site-directed mutagenesis in this domain was performed 
to increase its binding affinity for IL-17A. Finally, this receptor-like 
protein was produced in E. coli, and its efficiency was investigated. 

2. Materials and methods 

Unless otherwise specified, all reagents were purchased from Merck 
Company (Germany). 

2.1. Bioinformatics analysis 

In this investigation, the extracellular domain of IL-17RA protein (E. 
D.IL-17RA) was selected and engineered to increase its binding affinity 
to the IL-17A. First, its sequence was extracted from the UniProt data-
base (https://www.uniprot.org/) (Q96F46), and then binding sites be-
tween this domain and the IL-17A were identified by PDBsum database 
(www.ebi.ac.uk 〉 Thornton-SRV 〉 databases 〉 pdbsum). Subsequently, by 
using Alanine scanning technique and ROBETTA server (http://robetta. 
bakerlab.org), essential amino acids and positions involved in the ligand 
and receptor interaction were identified. R software version 3.4.2 was 
used to create mutations at three positions of E.D.IL-17RA. In this 
mutagenesis, three amino acids in E.D.IL-17RA were replaced with ten 
amino acids with the ability of hydrogen or ionic bond formation. After 
constructing the protein library from these resulting 1000 protein mu-
tants, each protein sequence was modeled by homology modeling with 
the Swiss model server (https://swissmodel.expasy.org/) and then 
minimized by Chimera software (version 1.12). 

The complexes between E.D.IL-17RA mutants and IL-17A were 
created by Swiss PDB viewer server version 4.1 (https://spdbv.vital-it. 
ch). Finally, the binding energies between protein mutants and IL-17A 
were calculated using FoldX software (YASARA version 17.8.15). Ac-
cording to the measured binding energies, the best variant was selected; 
the best variant was the one whose binding energy had the most sig-
nificant decrease over the rest of the mutants and also compared to the 
wild type. 

Moreover, the protein-protein interactions of native IL-17RA and the 
selected mutant with IL-17A have been schematically presented by 
LigPlot v.2.2.4 [12]. 

2.2. Bacterial strain, expression vector, and culture conditions 

The SHuffle (T7) strain of E. coli (Novagene-USA) was used as a host 
for protein expression. pET-21a (+) vector contained His-tag sequence, 
and the T7 promoter was purchased from Novagene (USA) for gene 
cloning. SHuffle T7 cells were grown at 28 ◦C and in Luria–Bertani (LB) 
medium (10 g/L tryptone, 5 g/L yeast extract, 10 g/L NaCl) (Sigma- 
USA) supplemented with 100 µg/ml Ampicillin and Streptomycin anti-
biotics (Sigma- USA) for selection of recombinant bacteria. 

2.3. Construction of expression cassette 

The codon-optimized cDNA of the best variant was synthesized by 
the ShineGene company (China). It was also cloned in pET-21a (+) 
expression vector using NdeI and XhoI restriction enzymes (Jena 
Bioscience-Germany) by the same company. The recombinant vector 
was subsequently transformed into SHuffle T7 competent cells by CaCl2 
and heat shock procedure [13]. 

2.4. Protein expression 

1% dilution of an overnight culture of SHuffle T7 cells transformed 
with a recombinant vector was transferred and grown in fresh LB me-
dium at 28 ◦C until the absorbance at OD600nm reached 0.6. Protein 
expression was induced by addition of 1 mM IPTG (Sigma-USA). The 
cells were grown for about 16 h at 28 ◦C and were centrifuged at 4000 g 
for 20 min at 4 ◦C [14]. 

2.5. Protein extraction 

To extract proteins, the cell pellet was suspended in 5 ml of lysis 
buffer (50 mM NaH2PO4, 300 mM NaCl, 10 mM imidazole, pH = 8.0). 
Then the sample was frozen in dry ice/ethanol and thaw in cold water. 
Sonication of the resultant suspension was done for 6 x (10 s on/ 10 s off) 
on ice, in order to fragment the cytoplasmic membrane. After centrifu-
gation at 10,000 g for 30 min at 4 ◦C, the supernatant was saved on ice 
for further experiments [15]. 

2.6. SDS–PAGE and immunoblot analysis 

Proteins were separated by 15% SDS–PAGE, according to Laemmli 
procedure under denaturing and reducing conditions [16]. For western 
blotting, the samples were run on SDS-PAGE and transferred onto a 
nitrocellulose membrane (Millipore-USA). The membrane subsequently 
was treated with anti-His His-tag monoclonal antibody (Sigma-USA) 
conjugated with horseradish peroxidase enzyme with 1:2000 dilution in 
PBS buffer containing 3%  W/V skimmed milk. Detection of proteins was 
done using a solution of DAB (Biobasic-Canada) and hydrogen peroxide 
as enzyme substrates [17]. 

2.7. Protein purification 

Extracted recombinant protein was purified easily by Ni+2-NTA af-
finity chromatography (ABT-Spain) because produced protein has poly 
histidine tag on its C-terminal. 

The column was pre-equilibrated with binding buffer (50 mM 
NaH2PO4, 300 mM NaCl, 10 mM imidazole, pH = 8). After loading the 
sample, and washing the column with washing buffer (50 mM 
NaH2PO4, 300 mM NaCl, 20 mM imidazole, pH = 8), elution buffer (50 
mM NaH2PO4, 300 mM NaCl, 250 mM Imidazole, pH = 8) was added to 
the column to elute the target protein. The purified protein was then 
dialyzed against 10 mM Tris–HCl buffer (pH = 7.4) to remove imidazole. 
Protein purification was finally evaluated by SDS-PAGE method [18]. 

2.8. Protein concentration determination 

In order to measure the concentration of purified protein, the Brad-
ford method was used [19]. 

2.9. Circular dichroism (CD) spectroscopy 

The secondary structure of the recombinant protein was determined 
using CD spectrophotometer (Aviv Model-215). The spectrum of puri-
fied protein in 10 mM Tris–HCl buffer pH = 7.4 was recorded in the 
range of 190–260 nm (Far-UV) with a spectral resolution of 1 nm. The 
scan speed was 20 nm/min, and the response time was 0.3330 s with a 
bandwidth of 1 nm. Quartz cell with a path length of 10 mm was used. 
Results were expressed as molar ellipticity [ϴ], in deg × cm2 × dmol− 1. 

2.10. Surface plasmon resonance (SPR) 

A two-channel cuvette-based SPR instrument with an incorporated 
auto sampler and an automatic flow injection system (Autolab ESPRIT, 
Metrohm Autolab, Utrecht, The Netherlands) was applied to measure 
and calculate the binding energy between IL-17A and the recombinant 
protein (the best variant of E.D.IL-17A). One channel was used to 
perform assay and the second channel was used to run reference mea-
surements. Commercial sensing surfaces, the bare gold disks (BK7) 
coated with a 5 nm of titanium as an adhesion layer, and a sensing layer 
of 50 nm of gold, were supplied by Ssens bv, (The Netherlands). The 
outcome of the SPR measurements was automatically monitored using 
Data Acquisition software version 4.3.1 and all kinetic data were ob-
tained using Kinetic Evaluation software version 5.4 (KE Instruments, 
The Netherlands). 
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Commercial recombinant IL-17A purchased from Bio Basic Inc. 
(Ontario, Canada) was immobilized on the sensor chip with the con-
centration of 50 μg/ml. The immobilization buffer used in this study was 
acetate buffer. pH of immobilization buffer is a critical factor that affects 
the interaction of IL-17A protein and the selected variant. pH should be 
adjusted about 0.5- to 1 unit lower than the pI (isoelectric point) of 
immobilized protein (IL-17A) [20]. As the pI of IL-17A is equal to 8.82, 
the immobilization buffer pH was chosen 7.82. For calculating the af-
finity constant between IL-17A and the selected variant, different con-
centrations of the latter (0.001, 0.01, 0.1, 1, 10, 100 nM) were used and 
the interaction between two proteins was conducted to assess the 
binding affinity and KD measurement [21]. Also, for comparison, the 
same concentrations were used for the wild type receptor (IL-17RA) and 
its interaction with the ligand was investigated. 

3. Results 

3.1. Bioinformatics analysis 

The complex structure extracted from the PDB database was given as 
an input to the PDBsum server to determine the binding sites between 
two proteins (IL-17A and IL-17RA); and the specific binding sites be-
tween two proteins were provided as output. As can be seen in Fig. 1, the 
interactions of these proteins are mostly composed of non-bonded (van 
der Waals) and hydrogen bonds. 

To identify the most important binding sites of the complex, the 

three-dimensional structure of this complex extracted from the PDB 
database was provided as input for the ROBETTA server. According to 
the results of Alanine scanning technique, by replacing amino acids 26, 
29, 93, 121, 123, 125, 146, 167, 216, 257, 258, 267 in the IL-17RA with 
alanine amino acid, the binding free energy changes became more 
negative (Table 1). This indicates that these 12 amino acids in the pro-
tein did not play an essential role in binding, and their replacement did 
not significantly affect the binding strength between these two proteins 
in the complex. However, with alanine substitution at positions 25, 27, 
31, 32, 33, 86, 87, 88, 89, 90, 91, 92, 124, 127, 148, 176, 202, 204, 218, 
251, 253, 255, 260, 261, 262, 264, 265, 266, the binding free energy 
between two proteins became more positive; it indicates decreasing the 
binding strength between these two proteins and the adverse effects of 
replacing the alanine with these amino acids. As a result, in recent cases 
an unstable complex will form. The most significant impact on the 
binding free energy between these two proteins occurred with mutations 
at the 31, 91, and 265 positions in IL-17RA; this indicated the impor-
tance of these amino acids in the binding energy between two proteins. 

Afterward, the Ser, Thr, Tyr, Asn, Gln, Arg, Lys, His, Asp, Glu Glu- 
amino acids were selected to replace in the 31, 91, and 265 positions 
of IL-17RA because they have the ability to form hydrogen bonds. R 
software was used to perform these mutations. To do this, the protein 
sequence of E.D.IL-17RA extracted from the UniProt database, as well as 
a file containing the amino acids that form hydrogen bonds as input files 
were used for mutagenesis. The output of this software was a file 

Fig. 1. Binding sites of IL-17A / IL-17RA complex determined by PDBsum 
server. Chain A and B belong to IL-17A and chain C belongs to IL-17RA. In this 
form, the orange bonds represent the van der Waals forces; the greater the 
number of atoms involved in this interaction, the larger the diameter of these 
orange bonds. Blue bonds represent hydrogen bonds. In this form, the amino 
acids involved in the interaction have been shown with different colors based 
on their physicochemical properties, such that the amino acids shown in red 
and blue are amino acids with negative and positive charge respectively and the 
amino acids shown in green are neutral. Aliphatic and aromatic amino acids are 
shown in gray and purple respectively. Proline is also shown in orange in 
this form. 

Table 1 
Alanine Scanning results indicating the effects of substitution of alanine residue 
in the binding sites of IL-17RA in the IL-17RA / IL-17A complex.  

Amino acid number in chain C of IL- 
17RA protein 

∆∆∆∆G(kcal/mol) of IL-17RA/ IL-17A 
complex 

25 0.68 
26 − 0.07 
27 2.22 
29 − 0.19 
31 5.79 
32 0.84 
33 0.33 
86 0.83 
87 0.06 
88 1.42 
89 1.15 
90 0.04 
91 2.37 
92 0.66 
93 − 0.15 
121 − 0.17 
123 − 0.21 
124 1.62 
125 − 0.17 
127 0.90 
146 − 0.01 
148 0.29 
167 − 0.17 
176 0.32 
202 1014 
204 0.15 
216 − 0.19 
218 0.50 
251 1.57 
253 0.13 
255 0.51 
257 − 0.03 
258 − 0.10 
259 0.00 
260 0.04 
261 2.24 
262 1.01 
264 1.17 
265 5.36 
266 0.34 
267 − 0.44  

F. Armaghan and Z. Hajihassan                                                                                                                                                                                                             



Biotechnology Reports 32 (2021) e00682

4

containing 1000 mutants of E.D.IL-17RA protein (see the additional 
file). 

In order to make protein models, the Swiss model server was used. 
The Swiss model is a server for automated comparative modeling of 
protein three-dimensional (3D) structures. To do this, the sequence of 
mutant proteins was first given to this server, and then a template for 
modeling was introduced to it. In this study, the 3D structure of IL-17RA 
protein from the PDB database (3JVF) was introduced as a modeling 
template for this server. 

Swiss-PdbViewer (aka DeepView) is as an application that provides a 
user-friendly interface allowing to analyze several proteins at the same 
time. In this study, it was used to construct protein complexes between 
the 3D structure of the IL-17A (4hr9), and all 1000 mutants of E.D.IL- 
17RA protein. FoldX is a software that predicts binding affinity 
changes and possible epistatic effects in protein complexes due to the 
multiple mutations. At this level, the protein complexes derived from 
Swiss-PdbViewer were introduced to FoldX to calculate the binding 
energy. Among the 1000 mutated sequences, twenty complexes had 
better binding energy than the wild type. Table 2 shows the binding 
energies of these complexes and amino acids at positions 31, 91, and 
265, respectively. According to the table, the complex between mutant 
385 and IL-17A had the best binding energy over other structures and 
the natural structure of IL-17RA. In this complex, lysine, threonine, and 
asparagine residues were placed respectively in positions 31, 91, and 
265 instead of tryptophan, asparagine, and arginine. Table 3 shows 
many factors that were examined by Fold X software in the calculation of 
the binding energy between two proteins. The decreased binding energy 
in the complex of mutant 385 and IL-17A was due to electrostatic en-
ergy, Polar dissolution, van der Waals clashes, side-chain entropy, 
torsional clash and backbone clash created in the mutant complex. 

In addition, the LigPlot program was used for more detailed analysis 
of the bonds, especially hydrogen bonds formed in the wild type IL-17RA 
and mutant 385. Although the amino acids Trp 31, Asn 91, Arg 265, 
which are mutated in variant 385, play an important role in the inter-
action of protein-protein in the native form, but the results showed that 
by replacing them, the number of hydrogen bonds increased. And this 
could be the important reason for decreased binding energy in the 
complex of mutant 385 and IL-17A. Fig. 2 shows that the number of 
hydrogen bonds in the wild type is 26, and by mutation, the number of 
hydrogen bonds has increased to 37. 

Fig. 3 also shows the Qualitative Model Energy Analysis (QMEAN) 

factor for this variant equal to − 2.29 obtained in Swiss model server. 
QMEAN is a scoring function based on geometric structure and estimates 
the score for a model both at the general level and at the regional level. It 
indicates the quality of the built model compared to the models that are 
laboratory-determined. If the value of this score is less than − 4, it in-
dicates a low-quality model. Global Model Quality Estimation (GMQE) is 
a quality estimation that combines properties from the target–template 
alignment and the template search method. The resulting GMQE score is 
expressed as a number between 0 and 1, reflecting the expected accu-
racy of a model built with that alignment and template and the coverage 
of the target. Larger numbers indicate higher reliability. GMQE value 
calculated for mutant 385 by the Swiss model server was 0.97. GMQE is 
a median of QMEAN and the number of beta carbon aberrations and 
intramolecular interactions, and the degree of solubility and angular 
torsion. The factors involved in GMQE were investigated individually, 
and all factors were of medium to high quality (Fig. 3). 

3.2. Protein expression and purification 

Mutant 385 was considered as the best variant of E.D.IL-17RA, so its 
sequence was synthesized and cloned in pET-21a (+) vector, and then 
transformed to the Shuffle T7 strain. Protein expression was confirmed 
by SDS-PAGE and Western blotting techniques (Fig. 4). The appearance 
of the protein band on the nitrocellulose paper in western blotting in-
dicates the reaction between the protein expressed (variant 385) con-
taining the poly histidine-tag and anti-his-tag monoclonal antibody; it is 
a proof of protein expression. This protein was then successfully purified 
by Ni+2–NTA chromatography. The 33-kDa band corresponding to 
variant 385 is visible in the Fig. 4a, indicating successful purification. 

3.3. Structural analysis 

In order to estimate the quality of the purified recombinant protein, 
the secondary structure of it after purification by Ni2+-NTA chroma-
tography was determined by CD spectroscopy. Furthermore, this struc-
ture was compared with the secondary structure of extracellular domain 
of native IL-17RA reported in the UniProt database (Q96F46) (Fig. 5). 
The percentage of secondary structure elements for purified protein was 
17/3% α-Helix, 40% β-sheet, 20/8% β-turn, and 41% random coil, and 
in good consistency with the structure found in the UniProt (7.3% 
α-Helix, 44.1% β-sheet, 5.2% β-turn and 43.4% random coil). Compar-
ison of numbers shows that due to the applied mutations in variant 385, 
the α-helix structure has changed more than β-sheet. 

3.4. SPR characterization for interaction of variant 385 of E.D.IL-17RA 
with the immobilized IL-17A 

The interaction of various concentrations of variant 385 with IL-17A 
was conducted to assess the binding affinity of two proteins and finally 

Table 2 
The binding energy of complexes between mutants of E.D.IL-17RA and IL-17A 
better than the wild type one calculated by FoldX software.  

Mutant 
number 

Position31 Position91 Position265 Binding energy 
(kcal/mol) 

IL-17RA(wild 
type) 

Trp Asn Arg − 23.69 

M 385 Lys Thr Asn − 30.89 
397 M Lys Tyr Arg − 26.61- 
819 M Thr Glu Thr − 26.46 
M 347 Lys Asn Arg − 26.09 
M 657 Arg Gln Arg − 25.72 
M 958 Tyr Gln Ser − 25.15 
M 879 Thr Ser Thr − 24.82 
M 348 Lys Asn Ser − 24.68 
M 697 Arg Tyr Arg − 24.70 
M 997 Tyr Tyr Arg − 24.50 
M 757 Ser Gln Arg − 24.35 
M 647 Arg Asn Arg − 24.34 
M 949 Tyr Asn Thr − 24.3 
M 877 Thr Ser Arg − 24.06 
M 646 Arg Asn Gln − 23.89 
M 844 Thr Asn Lys − 23.85 
M 954 Tyr Gln Lys − 23.84 
M 27 Asp Glu Arg − 23.75 
M 775 Ser Ser Asn − 23.75 
M 398 Lys Tyr Ser − 23.75  

Table 3 
Factors evaluated by Fold X software in the calculation of the binding energy.  

Energy (kcal/mol) Complex IL-17A/IL- 
17RA 

Complex variant 385/IL- 
17A 

Interaction Energy − 23.6978 − 30.8863 
Van der Waals − 37.2473 − 34.0048 
Electrostatics − 4.59057 − 5.86532 
Solvation Polar 53.3505 50.5623 
Solvation 

Hydrophobic 
− 46.9037 − 42.1107 

Van der Waals clashes 10.9393 3.93548 
Entropy sidechain 20.6412 21.3129 
Entropy main chain 8.47832 8.29808 
Torsional clash 1.02493 0.748188 
Backbone clash 6.0954 5.05828 
Entropy Complex 2.384 2.384 
Energy ionisation 0.098062 0.101313  
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the equilibrium dissociation constant (KD) was measured [22]. Fig. 6 
represents the stepwise immobilization of IL-17A on the chip; this pro-
cess consists of 10 steps. These results indicated that IL-17A was suc-
cessfully immobilized on the surface of the SPR chip. 

As shown in Fig. 7a, the SPR sensorgram angle shifts are dependent 
on concentrations of variant 385 (from 0.001 to 100 nM). Using the 
“kinetic evaluation software ver.5.4′′, KD was determined 0.06 nM for 
binding of variant 385 to immobilized IL-17A. This low KD value de-
scribes the interaction of this protein with the immobilized IL-17A with 

high affinity [23]. Also, KD = 1.4 nM was calculated for interaction of 
wild type IL-17RA with IL-17A (Fig. 7b). Comparison of the KD values 
showed that the binding affinity of the variant 385 increased for its 
ligand relative to the wild receptor. 

4. Discussion 

Immunotherapy is one of the most recently used treatments for 
numerous cancer types [24, 25]. Immune checkpoints as regulators of 

Fig. 2. The interactions at the protein–protein interface in (a) native form, and (b) variant 385 of E.D.IL-17RA with IL-17A obtained from the LigPlot program. Chain 
A belongs to IL-17A and chain C belongs to IL-17RA. Hydrogen bonds are indicated by green dotted lines. The amino acids involved in hydrophobic interactions are 
shown in purple and red. 
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the immune system have been valuable targets for cancer immuno-
therapy in recent years. Cytotoxic T lymphocyte antigen-4 or CTLA-4, 
programmed cell death protein-1 (PD-1) and programmed 
death-ligand 1 (PD-L1) are examples of these molecules [26]. Any drugs 
such as a monoclonal antibody or even a small protein or peptide that 
targets and blocks immune checkpoints can activate the immune system 
to kill cancer cells efficiently. For example, antibodies e.g. Pem-
brolizumab and Nivolumab, that bind to either PD-1 or PD-L1 and 
therefore block their interaction activate T cells and allow them to attack 
the tumors [27]. 

Nevertheless, despite many clinical applications of antibodies, in 
some cases they have serious side effects such as neutropenia, 

Fig. 3. The quality determinants of the model made using the homology 
modeling method. All factors are of medium to high quality. 

Fig. 4. Expression analysis of variant 385 extracted from re-
combinant SHuffle T7 strain by 15% SDS gel electrophoresis (a) 
and Western blotting (b) respectively. All experiments were 
repeated three times under identical experimental conditions. 
Lanes 1, 2 and 3 are respectively negative control (proteins 
extracted from SHuffle T7 lacking recombinant pET21a vector), 
cytoplasmic proteins extracted from recombinant bacteria and 
purified variant 385 after purification by Ni+2–NTA chroma-
tography. M shows the molecular weight marker.   

Fig. 5. Far UV CD spectra of wild type E.D.IL-17RA (1) and variant 385 of it (2). Each spectrum was obtained at 25 ◦C with a 10 mm path length cell.  
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hypersensitivity reactions, nasopharyngitis, and upper respiratory tract 
infection. The second problem is the time-consuming and costly process 
of producing these therapeutic proteins [28]. Furthermore, using anti-
bodies has limitations that can reduce their effectiveness, such as their 
limited tissue/tumor penetration due to their large size [29]. An 
important weakness reported for some immunotherapeutic antibodies is 
related to their Fc-effector functions. Although this Fc-mediated effect is 
required for the efficacy of some antibodies, but in treatment with an-
tibodies targeting CTLA-4 or PD-1 and PD-L1, the number of circulating 
T-cells decreased because of unwanted function of Fc in undesirable 
depletion of the T cells [30, 31]. 

Due to the disadvantages mentioned for antibodies, scientists have 
turned their attention to the production of small peptide or protein 
molecules instead of large antibodies. An example of these therapeutic 
small proteins is the high-affinity consensus PD-1(HAC-PD1) protein, a 
variant of the PD-1, reported by Maute and his colleagues in 2015. It 
binds to PD-L1 like antibodies but it does not have inherent limitations 
of antibodies. In addition, it has enhanced penetration to tumors because 
of its small size [32]. 

Immunotherapy and especially monoclonal antibodies have also 

been used to treat autoimmune and inflammation diseases; for instance, 
antibodies such as Infliximab and Adalimumab as inhibitors of Tumor 
necrosis factor-α (TNF-α) are used to treat rheumatoid arthritis [33]. 
IL-17A or its receptor, IL-17RA, can be another candidate for immuno-
therapy, because studies have shown that overexpression of it is asso-
ciated with inflammatory and autoimmune diseases, and cancer 
progression too. To date, many monoclonal antibodies have been 
approved for use in treating diseases related to this cytokine [8]. 
Because of side effects and limitations mentioned for antibodies, in this 
study a variant of IL-17RA with high binding affinity for IL-17A was 
designed. IL-17RA is a well-known receptor for IL-17A and has extra-
cellular, transmembrane, and cytoplasmic regions. Furthermore, studies 
have shown that only the extracellular domain of the receptor is suffi-
cient for binding (6); so, only the sequence of this domain was selected 
and mutated in three positions with crucial role in binding. By using the 
R software these three amino acids, R265, N91, W31, were mutated with 
ten other amino acids with the ability to form ionic or hydrogen bonds 
because they are stronger bonds than hydrophobic and van der Waals 
forces. The bioinformatics results showed that the mutant 385 was the 
best variant with point mutations R265N, N91T, W31K and higher 

Fig. 6. Sensorgram showing different steps [(1,2) baseline, (3,4) EDC–NHS activation, (5,6) washing, (7,8) IL-17A coupling, (9,10) washing, (11,12) deactivation, 
(13,14) washing, (15,16) regeneration, (17,18) washing, and (19,20) back to baseline] involved in the immobilization of 50 μg/mL IL-17A on gold chip. 

Fig. 7. Overlay plot for the interaction of different concentrations (0.001, 0.01, 0.1, 1, 10, 100 nM) of variant 385 of E.D.IL-17RA (a), and wild-type IL-17RA (b) with 
50 µg/mL immobilized IL-17A. 
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binding energy compared to the wild type IL-17RA so, it can compete 
with IL-17RA for binding to the IL-17A. The extra cellular domain of 
IL-17RA used in this study is glycosylated but according to the literature, 
glycosylation is not necessary for the function of this protein, so this 
variant was expressed in the SHuffle (T7) strain of E. coli[6]. 

Also, since the function of proteins is affected by their correct 
structure, the secondary structure of this variant was determined by CD 
spectroscopy; the percentage of secondary structure elements for it were 
17/3% α-Helix, 40% β-sheet, 20/8% β-turn, and 41% random coil. 
Comparing with secondary structure of extracellular domain of wild 
type IL-17RA reported in UniProt (Q96F46) showed acceptable simi-
larity especially in β-sheet structure. 

Interaction of recombinant variant 385 with IL-17A was studied also 
experimentally using SPR technique. For this interaction low KD value 
(0.06 nM) was obtained confirming higher binding affinity for IL-17A 
than wild type IL-17RA with KD = 1.4 nM. According to the results 
obtained in several articles in this field, this low value for KD indicates a 
very high binding affinity for IL-17A because if KD is ≤ 10 nM, it in-
dicates high affinity interactions [34, 35]. 

5. Conclusions 

These results, overally indicated that variant 385 of E.D.IL-17RA 
with point mutations of W31K, N91T and R265N could bind to IL-17A 
with high affinity. Therefore, it can be a good therapeutic candidate 
for blocking IL-17A to control or prevent the progression of autoim-
mune, inflammatory, and cancer diseases. 
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