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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 snk1 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 (Ramón, 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 snk1. Several attempts were made to visualize snk1 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 snk1 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 snk1 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 
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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 snk1, 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.  

 

 

 

 

 

 



 
 

39 
  

References 

Arnold, C. (2016). Vipers, mambas and taipans: the escalating health crisis over 
snakebites. Nature, 537, 26-28. 
 
Bokinsky, G., Peralta-Yahya, P. P., George, A., Holmes, B. M., Steen, E. J., Dietrich, 
J., ... & Keasling, J. D. (2011). Synthesis of three advanced biofuels from ionic 
liquid-pretreated switchgrass using engineered Escherichia coli. Proceedings of the 

National Academy of Sciences, 108, 19949-19954. 

Bowdish, D. M., Davidson, D. J., Scott, M. G., & Hancock, R. E. (2005). 
Immunomodulatory activities of small host defense peptides. Antimicrobial agents 

and chemotherapy, 49(5), 1727-1732.  

Bush, K., Macielag, M. & Weidner-Wells, M. Taking inventory: antibacterial agents 
currently at or beyond Phase 1. Curr. Opin. Microbiol. 7, 466-476 (2004).  

Catanzariti, A. M., Soboleva, T. A., Jans, D. A., Board, P. G., & Baker, R. T. (2004). 
An efficient system for high‐level expression and easy purification of authentic 
recombinant proteins. Protein Science, 13, 1331-1339. 

Chabeaud, A., Vandanjon, L., Bourseau, P., Jaouen, P., Chaplain-Derouiniot, M., & 
Guérard, F. (2009). Performances of ultrafiltration membranes for fractionating a fish 
protein hydrolysate: application to the refining of bioactive peptidic 
fractions. Separation and Purification Technology, 66, 463-471. 

Corzett, C. H., Goodman, M. F., & Finkel, S. E. (2013). Competitive fitness during 
feast and famine: how SOS DNA polymerases influence physiology and evolution in 
Escherichia coli. Genetics, 194, 409-420. 

Dahl, J. U., Koldewey, P., Salmon, L., Horowitz, S., Bardwell, J. C., & Jakob, U. 
(2015). HdeB functions as an acid-protective chaperone in bacteria. Journal of 

Biological Chemistry, 290, 65-75. 

Dixit, A., & Verkhivker, G. M. (2012). Probing molecular mechanisms of the Hsp90 
chaperone: Biophysical modeling identifies key regulators of functional 
dynamics. PLoS One, 7, e37605. 

Field, D., Connor, P. M., Cotter, P. D., Hill, C., & Ross, R. P. (2008). The generation 
of nisin variants with enhanced activity against specific gram‐positive 
pathogens. Molecular Microbiology, 69, 218-230. 

Fogarty, W. M., & Kelly, C. T. (Eds.). (2012). Microbial Enzymes and Biotechnology. 
Springer Science & Business Media. 



 
 

40 
  

Glenn, A. R. (1976). Production of extracellular proteins by bacteria. Annual Reviews 

in Microbiology, 30, 41-62. 

Gac, M., Cooper, T. F., Cruveiller, S., Médigue, C., & Schneider, D. (2013). 
Evolutionary history and genetic parallelism affect correlated responses to 
evolution. Molecular Ecology, 22(, 3292-3303. 

Gutiérrez-Estrada, A., Ramírez-Santos, J., & del Carmen Gómez-Eichelmann, M. 
(2014). Role of chaperones and ATP synthase in DNA gyrase reactivation in 
Escherichia coli stationary-phase cells after nutrient addition. SpringerPlus, 3, 1. 

Hajji, M., Jellouli, K., Hmidet, N., Balti, R., Sellami-Kamoun, A., & Nasri, M. (2010). 
A highly thermostable antimicrobial peptide from Aspergillus clavatus ES1: 
biochemical and molecular characterization. Journal of Industrial Microbiology & 

Biotechnology, 37, 805-813. 

Hancock, R. E., & Lehrer, R. (1998). Cationic peptides: a new source of 
antibiotics. Trends in Biotechnology, 16, 82-88. 

Hancock, R. E., & Rozek, A. (2002). Role of membranes in the activities of 
antimicrobial cationic peptides. FEMS Microbiology Letters, 206, 143-149. 

Hancock, R. E., & Sahl, H. G. (2006). Antimicrobial and host-defense peptides as 
new anti-infective therapeutic strategies. Nature Biotechnology, 24, 1551-1557. 

Hartmann, R., & Meisel, H. (2007). Food-derived peptides with biological activity: 
from research to food applications. Current Opinion in Biotechnology, 18, 163-169. 

Hong, W., Wu, Y. E., Fu, X., & Chang, Z. (2012). Chaperone-dependent mechanisms 
for acid resistance in enteric bacteria. Trends in Microbiology, 20, 328-335. 

Huffer, S., Roche, C. M., Blanch, H. W., & Clark, D. S. (2012). Escherichia coli for 
biofuel production: bridging the gap from promise to practice. Trends in 

Biotechnology, 30, 538-545. 

Jansa, S. A., & Voss, R. S. (2011). Adaptive evolution of the venom-targeted vWF 
protein in opossums that eat pitvipers. PLoS One, 6, e20997. 

Kasturiratne, Anuradhani, et al. "The global burden of snakebite: a literature analysis 
and modelling based on regional estimates of envenoming and deaths." PLoS 

Med 5.11 (2008): e218. 

 

 



 
 

41 
  

Krause WJ, Krause WA: The Opossum: Its Amazing Story. 2006, University of 
Missouri, Columbia, Department of Pathology and Anatomical Sciences, retrieved 
from 
https://mospace.umsystem.edu/xmlui/bitstream/handle/10355/15130/OpossumItsAma
zingStory.pdf?sequence=1&isAllowed=y.  

Kitts, D. D., & Weiler, K. (2003). Bioactive proteins and peptides from food sources. 
Applications of bioprocesses used in isolation and recovery. Current Pharmaceutical 

Design, 9, 1309-1323. 

Kosuri, S., Goodman, D. B., Cambray, G., Mutalik, V. K., Gao, Y., Arkin, A. P., ... & 
Church, G. M. (2013). Composability of regulatory sequences controlling 
transcription and translation in Escherichia coli. Proceedings of the National 

Academy of Sciences, 110, 14024-14029. 

Lennen, R. M., Kruziki, M. A., Kumar, K., Zinkel, R. A., Burnum, K. E., Lipton, M. 
S., ... & Pfleger, B. F. (2011). Membrane stresses induced by overproduction of free 
fatty acids in Escherichia coli. Applied and Environmental Microbiology, 77, 8114-
8128. 

Lennen, R. M., Politz, M. G., Kruziki, M. A., & Pfleger, B. F. (2013). Identification 
of transport proteins involved in free fatty acid efflux in Escherichia coli. Journal of 

Bacteriology, 195, 135-144. 

Li, B., Chen, F., Wang, X., Ji, B., & Wu, Y. (2007). Isolation and identification of 
antioxidative peptides from porcine collagen hydrolysate by consecutive 
chromatography and electrospray ionization–mass spectrometry. Food 

Chemistry, 102, 1135-1143. 

Lipps, B. V. (1999). Anti-lethal factor from opossum serum is a potent antidote for 
animal, plant and bacterial toxins. Journal of Venomous Animals and Toxins, 5, 56-66. 

Lipps, B. V. (2000). Small synthetic peptides inhibit, in mice, the lethalithy of toxins 
derived from animal, plant and bacteria. Journal of Venomous Animals and Toxins, 6, 
77-86. 

MacGilvray, M. E., Lapek Jr, J. D., Friedman, A. E., & Quivey Jr, R. G. (2012). 
Cardiolipin biosynthesis in Streptococcus mutans is regulated in response to external 
pH. Microbiology, 158, 2133-2143. 

Matteo, C. C., Cooney, C. L., & Demain, A. L. (1976). Production of gramicidin S 
synthetases by Bacillus brevis in continuous culture. Microbiology, 96, 415-422. 

Maxwell, A. I., Morrison, G. M., & Dorin, J. R. (2003). Rapid sequence divergence in 
mammalian β-defensins by adaptive evolution. Molecular Immunology, 40, 413-421. 



 
 

42 
  

Meisel, H., & Schlimme, E. (1990). Milk proteins: precursors of bioactive 
peptides. Trends in Food Science & Technology, 1, 41-43. 

Miroux, B., & Walker, J. E. (1996). Over-production of proteins inEscherichia coli: 
mutant hosts that allow synthesis of some membrane proteins and globular proteins at 
high levels. Journal of Molecular Biology, 260, 289-298. 

Mogk, A., Deuerling, E., Vorderwülbecke, S., Vierling, E., & Bukau, B. (2003). 
Small heat shock proteins, ClpB and the DnaK system form a functional triade in 
reversing protein aggregation. Molecular Microbiology, 50, 585-595. 

Nyerges, Á., Csörgő, B., Nagy, I., Latinovics, D., Szamecz, B., Pósfai, G., & Pál, C. 
(2014). Conditional DNA repair mutants enable highly precise genome 
engineering. Nucleic Acids Research, 42, e62-e62. 

Perez, J. C., Pichyangkul, S., & Garcia, V. E. (1979). The resistance of three species 
of warm-blooded animals to western diamondback rattlesnake (Crotalus atrox) 
venom. Toxicon, 17, 601-607. 

Peschel, A., & Sahl, H. G. (2006). The co-evolution of host cationic antimicrobial 
peptides and microbial resistance. Nature Reviews Microbiology, 4, 529-536. 

Raman, S., Rogers, J. K., Taylor, N. D., & Church, G. M. (2014). Evolution-guided 
optimization of biosynthetic pathways. Proceedings of the National Academy of 

Sciences, 111, 17803-17808. 

Ramón, A., Señorale-Pose, M., & Marín, M. (2014). Inclusion bodies: not that 
bad... Recombinant protein expression in microbial systems, 53. 

Randall, C. P., Gupta, A., Jackson, N., Busse, D., & O'Neill, A. J. (2015). Silver 
resistance in Gram-negative bacteria: a dissection of endogenous and exogenous 
mechanisms. Journal of Antimicrobial Chemotherapy, dku523. 

Remijsen, Q., Verdonck, F., & Willems, J. (2010). Parabutoporin, a cationic 
amphipathic peptide from scorpion venom: much more than an antibiotic. Toxicon, 55, 
180-185. 

Rossi, L. M., Rangasamy, P., Zhang, J., Qiu, X. Q., & Wu, G. Y. (2008). Research 
advances in the development of peptide antibiotics. Journal of Pharmaceutical 

Sciences, 97, 1060-1070. 

Rossi, D. C., Muñoz, J. E., Carvalho, D. D., Belmonte, R., Faintuch, B., Borelli, P., ... 
& Daffre, S. (2012). Therapeutic use of a cationic antimicrobial peptide from the 
spider Acanthoscurria gomesiana in the control of experimental candidiasis. BMC 

Microbiology, 12, 1. 



 
 

43 
  

Sørensen, H. P., & Mortensen, K. K. (2005). Advanced genetic strategies for 
recombinant protein expression in Escherichia coli. Journal of Biotechnology, 115, 
113-128. 

Tenaillon, O., Rodríguez-Verdugo, A., Gaut, R. L., McDonald, P., Bennett, A. F., 
Long, A. D., & Gaut, B. S. (2012). The molecular diversity of adaptive 
convergence. Science, 335, 457-461. 

Toke, O. (2005). Antimicrobial peptides: new candidates in the fight against bacterial 
infections. Peptide Science, 80, 717-735. 

Tsai, M., Ohniwa, R. L., Kato, Y., Takeshita, S. L., Ohta, T., Saito, S., ... & 
Morikawa, K. (2011). Staphylococcus aureus requires cardiolipin for survival under 
conditions of high salinity. BMC microbiology, 11, 1. 

Vaara, M. (2009). New approaches in peptide antibiotics. Current Opinion in 

Pharmacology, 9, 571-576. 

Wang, W., Rasmussen, T., Harding, A. J., Booth, N. A., Booth, I. R., & Naismith, J. 
H. (2012). Salt bridges regulate both dimer formation and monomeric flexibility in 
HdeB and may have a role in periplasmic chaperone function. Journal of Molecular 

Biology, 415, 538-546. 

White, D., Drummond, J. T., & Fuqua, C. (1995). The physiology and biochemistry of 

prokaryotes (pp. 34-46). New York: Oxford University Press. 

Witkin, E. M. (1976). Ultraviolet mutagenesis and inducible DNA repair in 
Escherichia coli. Bacteriological Reviews, 40, 869. 

Wu, Z., Hoover, D. M., Yang, D., Boulègue, C., Santamaria, F., Oppenheim, J. J., ... 
& Lu, W. (2003). Engineering disulfide bridges to dissect antimicrobial and 
chemotactic activities of human β-defensin 3. Proceedings of the National Academy 

of Sciences, 100, 8880-8885. 

Yeaman, M. R., & Yount, N. Y. (2003). Mechanisms of antimicrobial peptide action 
and resistance. Pharmacological Reviews, 55, 27-55. 

Yim, H., Haselbeck, R., Niu, W., Pujol-Baxley, C., Burgard, A., Boldt, J., ... & 
Estadilla, J. (2011). Metabolic engineering of Escherichia coli for direct production of 
1, 4-butanediol. Nature Chemical Biology, 7, 445-452. 

Yona, A. H., Bloom-Ackermann, Z., Frumkin, I., Hanson-Smith, V., Charpak-
Amikam, Y., Feng, Q., ... & Pilpel, Y. (2013). tRNA genes rapidly change in 
evolution to meet novel translational demands. Elife, 2, e01339. 



 
 

44 
  

Yoshikawa, M., Fujita, H., Matoba, N., Takenaka, Y., Yamamoto, T., Yamauchi, 
R., ... & Takahata, K. (2000). Bioactive peptides derived from food proteins 
preventing lifestyle‐related diseases. Biofactors, 12(1‐4), 143-146. 

Zhao, P., & Cao, G. (2012). Production of bioactive sheep β-defensin-1 in Pichia 
pastoris. Journal of Industrial Microbiology & Biotechnology, 39, 11-1 

 


