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Abstract
Objective

Hepatitis C infection is one of the most common chronic infectious diseases in the world and
about 3-5 million people are infected with this infection annually. Unfortunately, despite recent
advances, there are still widespread problems for the treatment of these people and many needs
have not been met. As a result, there is an urgent need for more effective treatment strategies to
treat this disease. One of these new therapeutic approaches is the use of recombinant proteins,
which have no side effects for the patient and at the same time are cheap and available.
Materials and methods

To conduct this study, the three-dimensional structures of virus proteases (NS2, NS3, NS4A,
NS5A and NS5B) and recombinant peptide CLF36, were obtained. The chemical structure of new
generation drugs was also downloaded from PubChem. To evaluate the stability of the predicted
structures and to ensure the accuracy of the third structure of proteins, molecular dynamics
simulations were performed using GROMACS software version 2019 and in a duration of 10
nanoseconds. Then, to evaluate the antiviral properties of the peptide, molecular docking was
performed for peptides and drugs under static conditions. To evaluate the stability of the
complexes, based on the results obtained from molecular docking, complexes with negative

values of free binding energy were selected to perform molecular dynamics simulations. Finally,
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the obtained results were evaluated under dynamic conditions in GROMACS software. The

engineered peptides were then designed according to the results and the sequence of the best

engineered peptides was sent for synthesis. After cloning and expression of the recombinant

peptide in the yeast host, the IC50 level of the peptide on the Huh7.5 liver cell line was determined

and the virus-infected cells were treated with the desired peptide. After extracting RNA from the

cells, the virus loaded in the sample. Were measured.

Results

Among the results obtained from various dockings performed between virus proteases and

recombinant peptides and commercial drugs, it was found that the peptide-binding strength

(average -99.92) was much higher than other drugs (average -61.54). This indicates the high

antiviral property of the recombinant peptide. The results of molecular dynamics showed that the

values of rmsd and hydrogen bonds and binding energy for CLF36 peptide bound to virus

proteases compared to other drugs indicate a stronger binding of this peptide. In addition, the

engineered peptide showed stronger antiviral activity compared to the natural peptide (binding

energy was 8 units stronger). Examination of the function of the peptide in vitro also showed that

this peptide has a stronger antiviral effect compared to drugs in that it was able to completely

prevent the virus from multiplying in cells.

Conclusions

The final results of this study indicated that recombinant peptide, has strong antiviral properties.

However, to confirm these results, additional laboratory studies are needed.
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(Krieger et al. 2003; Schwede et al. 2003) .5 o sdlatol bn gy Hls Lo

PDB syl j1 oiws 43,5 _siuiig g gl U b dy bogs yo coledl .Y Joun

Table 1. Information on protein structures taken from the PDB database

Protein Name g e PDBID o yuwd 5 lows Resolution o9
NS2 2hd0 2.28 A
NS3 3kn2 23A
NS4A 208M 2 A
NS5A 1ZH1 25A
Y.
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Figure 2. Three-dimensional structure of the proteins studied in this study
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Table 2. Average and Standard deviation of binding energy related to molecular docking

results with 3 replications

owSyoS ob (c2S5e) Keal/mol Jlait g5, Sure GBIyl

Complex Name Binding energy (Average) Standard deviation
NS2-CLF36 -86.7 1.25
NS2-Telaprevir -26.4 2.02
NS3-CLF36 -99.5 1.73
NS3- Vaniprevir -58.1 1.95
NS4A-CLF36 -109.2 2.00
NS4A- Telaprevir -97.2 1.56
NS5A-CLF36 -97.5 1.29
NS5A- Danoprevir -27.0 2.03
NS5B-CLF36 -106.7 1.46
NS5B- Telaprevir -99.0 1.95
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yal)b 5l o uSheS olos (gl (Seolod (gjlo aud plsl I w (HE & Ma 2016; Yadav & Negi 2020) scun

Sled b @llsul @0 pwSle Hda b edlai ol wSIeS )3 b opSgp Jloasl (glul olise e cas> RMSD”

4 C-terminal residues
5 N-terminal residues
7Root-mean-square deviation
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Figure 3. RMSD diagram and hydrogen bond obtained from molecular dynamics results of
CLF36 peptide and anti viral drugs with HCV virus proteins
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Figure 4. Predicted structure of engineered CLF36 peptides
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Figure 5. Results of molecular dynamics simulation related to the binding energy of

engineered peptides to viral proteases

JUa sl oy 5 A sl w igee i 45 3l L5 j VLSl 0 1550 S5eyd gy 5l edel Cow > 4 s

Al

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500

5, ST,



RN,

YE0Y ()0 g s )

JL»)\)’;L» L;I)g Laao9.\§ ‘5)‘L» %j|w9gb’:‘3| ALY oald OL&J I) ),S.Lo.c ‘_y);YLdSA- MS)J})AJMGD-\») (% Ao

A B
2 z
£ g
= =
=4 =
= 5
= =
o . s ’Il"irnc I(ru:) , : ,
— BC
20
= =
8 = 15
g g,
£ £ 10
5
o, IR g T T TR TN T Y
500 (0] 50 . 100 150 200
Time (n<s) Time (ns)
(owikeo (St 9 CLF36 sty (JoNg0 Saolind gl j1 ol Cowd 1 (59 ) Wigmy loged .1 JSUd
X

Figure 6. Hydrogen bond diagram obtained from molecular dynamics results of CLF36 and

engineered peptides
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Figure 8. A) Colony PCR results. Lane 1 size marker, 2 and 3 are recombinant samples and

4 is self-ligated plasmid. B) Sequencing results
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recombinant yeast supernatant and control yeast supernatant, respectively.
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Figure 9. Real time PCR results. Virus load (number of copies per milliliter of culture
medium) for different concentrations of peptides, drugs and control samples.
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