








Figure 8. His-stained gel from fermentation of snk25. Lane 2-6 are samples taken at
increasing time-points during the fermentation after lysis of the cells and harvesting the
supernatant. No band of interest is present. In lanes 7-12 are also samples taken at
increasing time-points during the fermentation after treating the lysed cell pellet with 8M
urea. Lane 10-12 are after induction with 1mM IPTG and the snk25 band is now present.

The shake flask experiments and the 2 L bioreactor experiments with snk1 were not
conclusive. For the snkl peptide, the SDS PAGE method described above was
unsuccessful, so a different gel was tried. 10-20% tricine gels from Invitrogen can resolve
lower molecular weight species but still was not able to resolve the small peptide.

The expression of snk25 was confirmed using His stain from Pierce scientific kit after
SDS PAGE to separate the proteins. While snk25 illuminated in the 6x stain, the snk1

staining was unsuccessful thus far and consistent with SDS PAGE observations.
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It was not illuminated on SDS PAGE gel with neither Coomassie nor with the 6x his-
stain kit. The ability to visualize such a small peptide using SDS-PAGE is very limited.
Several systems and samples preps were tried to see the snk1 band which is described in
the Discussion section.

Discussion

Opossum’s serum has been shown to provide lifesaving benefits in mice that were
given a variety of venoms and other biological toxins including ricin and botulinum
(Lipps, 1999; Lipps, 2000). A small peptide sequence fractionated from LTNF was
shown to prevent death caused by snake venom in mice and was successfully expressed
in E. coli. Snk25 may have been more stable in the cell because it was packaged in an
inclusion body whereas snk1 may not have been. Still, the downstream recovery and
application performance will need to be demonstrated. Even though inclusion bodies are
not preferred, it can be beneficial to have a peptide or protein of interest in an inclusion
body rather than freely transported around the cell (Ramoén, 2014). The inclusion body
can protect from proteolysis and may even prevent aggregation when high levels of
protein expression are reached within the cell. It may just require another method of
visualization to see snkl. Several attempts were made to visualize snkl including running
the gel for half the time in case the small 1.1 kDa peptide is running off the gel. In
addition, concentration and separation techniques were implemented for both shake
flasks and 2 L bioreactor samples. The samples which were present in the cell lysate and
the cell pellet after treatment were included and exposed to many conditions to visualize

this small species. The supernatant after spinning cells down for 5 min at 14k were
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analyzed by SDS PAGE to see if the peptide might be secreted and found in the
(previously discarded) supernatant. The insoluble portions were treated with Bug Buster,
urea, and lysozyme but the band of expected size was not observed. The washes were
also analyzed but the snk1 band was not visible with SDS PAGE or his-staining.
Components larger than 5 kDa were separated out so only species smaller than 5 kDa are
present. The desired peptide still was not observed, so the sample was concentrated 2x
using a Savant™ Explorer SpeedVac™. Finally, purification thru nickel affinity
column was performed using HisPur™ Ni-NTA Resin and concentrated in
Savant™ Explorer SpeedVac™, but still no band was observed.

The presence of mRNA in the cell should be confirmed, which would be evidence
that the snkl1 peptide is being expressed. With mRNA experiments, it will become
evident what the level of expression is for the peptide. If the level is low, more copies
may be placed on the plasmid or the cell’s transcriptional machinery needs to be over
activated. Sometimes, a different promoter is needed for the expression levels to be high
enough to confirm their presence.

It is very likely that the expression system is working and may have even
recovered the snkl peptide from the cells, but the visualization method is wrong for such
a small species. The Coomassie stain used is very good for visualizing proteins because it
binds to the protein’s positive charge but with such a small peptide which may be
expressed at low levels, there may not be a large enough peptide to dye ratio to see the
peptide. If the peptide is being degraded before visualization, but is being recovered

from the cells, it could indicate the peptide is very unstable, especially if mRNA results

35



show expression. Small peptides may still be targets for proteolysis but the sample was
spun through a 5 MWCO centricon to remove proteases or other enzymes that may
degrade the peptide. If the peptide was aggregating, then it may have been filtered out.
Also, it could aggregate during the sample prep of the SDS PAGE and the aggregate
migrated appropriately but unexpectedly.

Other molecular biology techniques may help confirm the snk1 expression and
aid the recovery. Perhaps a GFP tag or some other fluorescent, active tag can be used and
visualized by flow cytometry. Another approach could be to add a linker protein to the
peptide which can help with expression or even make the molecule bigger and easier to
visualize on SDS PAGE.

It is also possible that the cell is not making this peptide and the cells need further
manipulation. To influence cells to produce a protein, the right balance of other proteins
and compounds must be maintained within the cell. Additional modifications may be
required to keep this balance. Gyrase activation requires ATP which requires ATP
synthase. By not providing the right balance of these two enzymes, the cell may go into
the stationary phase rather than being maintained in the growth phase (Gutiérrez-Estrada,
2014). When engineering cells to overexpress proteins, understanding the entire pathway
and all the proteins involved, and maintaining balance in the cell will increase fitness
during stressful times and lead to better performing compounds. To identify new genes
that are associated with the global regulatory circuit, the Gac lab tracked populations for
1000 generations under four different environmental conditions (Gac, 2013). Starting

with a common ancestor, the carbon food source varied in four different conditions and
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evolved clones from these conditions were sampled at different time points, assayed and
further tested after growth in all four conditions. All populations could adapt to their
environment and they found specific genes that were modified across all environments,
although the patterns of the modifications varied across the different conditions. The
genes identified were generally associated with catabolism, as expected, based on carbon
being the varied condition. The Gac lab concluded that populations sharing historical
pressures react more similarly in a changing environment compared with populations that
have similar gene mutations under different conditions. The cells that came from the
same condition had similar activity when they were subjected to new carbon sources,
while cells from the different carbon environments, where similar gene mutations were
identified, behaved differently after they were placed in similar carbon sources (Gac,
2013). This indicates that adaptation mutations may be related to improvements in
catabolic pathways. At the nucleotide level, the process of translation is generally
conserved but the mechanism behind how the translational apparatus adapts to changing
environments is not fully understood. The tRNA pool will rapidly change and evolve to
meet translational demands and to maintain proper cell balance. Through mutations in the
tRNA pool, cells do have the ability to rapidly change the tRNAs under different
conditions because they are part of a multimember gene family. Eventually, throughout a
longer timescale, the genome will change and evolve (Yona, 2013). Based on this
observation, it is possible the cell is not transcribing snk1.

The fermentation and recovery processes have not been fully optimized. Changes to

the medium or fermentation conditions may also help increase the peptide production to a
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level that can be seen by SDS PAGE. Media improvements are product dependent.
Reducing the amount of phosphate, adjusting the pH slightly or increasing the number of
certain vitamins may enhance the level of product being made by each cell. Optimizing
the number of peptide repeats in the polypeptide sequence may also be beneficial. This
can impact the processing within the cell and determine if it is secreted, excreted or
degraded.
Conclusion

Optimizing the production of snk1 and snk25 will provide a low-cost alternative
to treat snake bites compared to the traditional horse serum based treatment. The first step
is to utilize biotechnology system to produce a low cost anti-venom. The construction of
two strains containing an antivenom peptide was successful. The SDS PAGE gel showed
evidence of snk25 expression. For snkl, the expression was challenging to confirm but
agarose gel electrophoresis and sequencing (sequencing done by Quintara Biosciences,

data not included) showed that the snk1 DNA is present.
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