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1- Molecular dynamics
2- Root mean square deviations
3- root mean-square fluctuation
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oS WS g, Bov/ine Ovin?
Pancreatic ribonuclease I AdwgS
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Number of amino acids

I 0
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oS 53]

pl Theoretical pl: 8.64 8.64 8.15
Cuo )b )luda 10 11
Total number of positively charged residues

L;é;"’ )L. )L“""" 14 13

Total number of negatively charged residues
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Formula

[F9%] Y
Total number of atoms
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(yeast, in vivo)
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The instability index
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Aliphatic index
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Grand average of hydropathicity (GRAVY)
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1860 1856
1.3 hr. 1.3 hr.
3 min. 3 min.
3 min. 3 min.
42.12 44.26
46.45 45.65
-0.663 -0.681
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Figure 1- The Ramachandran plot (A) The Ramachandran plot of initial model (B) The Ramachandran plot of refined model
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Figure 2- Alignment of the bovine RNase A with the ovine RNase A
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Figure 3- 3D structure of the ovine RNase A
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Figur 4- RMSD and RMSF analysis confirmed the stability of the ovine RNase.
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Figure 5- The colony PCR of ovine RNase A, S1: M 100+ marker (Thermo, USA), S2 and S3: Native ovine RNase A.
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Figure 6- Left: Recombinant protein production in £. coli BL21(DE3), S2: native ovine RNase A protein, S3: E. coli BL21(DE3)
with pET 21b (+). Right: purification of the ovine RNase A. S1: protein ladder (Thermo, USA), S2: native ovine RNase A protein.
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Figure 7- MTT assay of native and mutant ovine and bovine RNase A on HeLa cancer cell line.
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Introduction Obviously, the recent decades strategy in cancer therapy, anticancer drug discovery and drug

improvement is to characterize, distinguish and validate the most promising cancer-related molecular targets to which
new drugs can be designed. The unique features of the pancreatic RNase (RNase A) such as high activity, stability,
lack of a cofactor, and small molecular size have made it the most popular enzyme in the ribonuclease family.
Specifically, RNase A is involved in endonucleolytic cleavage of 3'-phosphomononucleotides and 3'-
phosphooligonucleotides ending in C-P or U-P with 2', 3’- cyclic phosphate intermediates. RNase A was purified from
the Bovidae family including bovine, ovine, bison, eland, goat and gnu. Although phylogenetic analyses of RNase A
revealed high similarity among members of the Bovidae family, some functional mutations were also found.
Several studies showed that the RNA hydrolyzing action of ribonuclease is able to induce apoptosis and cell death in
cancer cells, independently. This effect could be enhanced thousands of times when ribonuclease is linked to
antibodies. These enzymes show potent cytotoxic activity on cell internalization but do not show sensible
immunogenicity or non-specific toxicity toward normal cells. Ovine pancreatic ribonuclease enzyme is a member of
super family RNase A, it can be a good candidate as a toxin for designing new drugs. The objective of this study was
to produce ovine pancreatic ribonuclease enzyme in E. coli and characterize its activity.

Materials and methods All structures needed for this study were downloaded from the Protein Data Bank (PDB)
website (http://www.rcsb.org/). PDB files (accession numbers: 10.2210 /pdbl1YV6/pdb and 10.2210/pdb3SNF/pdb)
related to natural Bovine Pancreatic RNase were selected. Gene synthesis and production of recombinant protein were
conducted by using the pelB signal sequence at the beginning of the structure for periplasmic protein production. The
native ovine RNase and bovine RNase A were optimized for E. coli host by GenRay codon optimization service and
sent to GenRay Biotechnology (Shanghai, China) for synthesis. The target genes in pGH vector were sub-cloned in
pUC19 and then cloned into the pET21b (+) vector between Xbal and HindIII sites. After transformation, E. coli cells
containing recombinant pET21b (+) were cultivated in LB broth medium containing ampicillin. To extract the
proteins, osmotic shock methods were applied. After that Q-sepharose chromatography was used to extract the target
protein. Finally, Bradford analysis was used to determine the protein concentration. The ribonucleolytic activity of
the recombinant native ovine RNase A was compared with native bovine RNase A following Tripathy et al (2013)
method. To investigate the antitumor activity of recombinant proteins, HeLa cells were prepared for seeding in a 96-
well flask and incubated at 37°C in 5% CO; for 72 h.

Results and discussion The production of native ovine and bovine RNase A was confirmed by SDS PAGE.
Protein purification was successfully performed using osmotic shock in the Q-Sepharose column. Although our
findings confirmed protein expression, no detectable proteins other than RNase A was observed in the LB medium,
indicating that almost all the proteins were expressed either inside the bacterial cell or secreted into the periplasmic
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area. According to the Bradford analysis, the concentration of the recombinant proteins extracted was 4.78 ovine
RNase A. Based on our results, it was shown that the ribonucleolytic activity of native ovine RNase A was 558+22.
The results showed that RNase A exhibited resistance to pepsin degradation during the whole incubation process (22
h), in the course of which 90% of RNase A remained undamaged. To determine the cytotoxic effect of ovine RNase
on the HeLa cell line, MTT assay was done following incubation with ovine RNase A. The commercial RNase A was
used as control. The results showed that ovine RNase A and bovine RNase A had no cytotoxic effect on HeLa cells.
When RNase treatment was done by the lipofectamine 3000 (Thermo, USA), the cytotoxicity effect was observed.

Several studies have shown that some ribonucleases such as onconase, bovine seminal ribonuclease and bovine
pancreatic ribonuclease have a great promise as cancer immunotherapeutic agents and cause a significant reduction in
the protein synthesis of tumor cells after internalization into cytosol.

Conclusion Our findings demonstrate that ovine RNase similar to bovine RNase has a great potential for use in
drug design industry. We revealed that the native ovine RNase A was more stable than the native bovine RNase. In
future work, we intend to fuse the engineered ovine-RNase A to dedicated recombinant antibodies for cancer therapy
and investigation of engineered immuno-ribonuclease potency and cell killing effects as a fusion protein.

Keywords: Bioinformatics, Biological activity, Cytotoxicity, Ovine pancreatic ribonuclease.



