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Abstract
CT20p is a protein derived from the C-terminus of Bax. It has selective cytotoxicity for cancer
cells, such as the sensitive triple-negative MDA-MB-231 breast adenocarcinoma cells, but not
normal cells like the resistant MCF-10A epithelial breast cells. To understand the reason for the
peptide’s selective toxicity, a "pull-down" experiment with biotinylated CT20p (biotin-CT20p)
and whole-cell protein lysates from breast cancer and normal cells were performed. These
studies revealed that CT20p binds to a cytosolic protein called chaperonin-containing TCP-1
(CCT), a molecular chaperone that folds actin and tubulin. However, this method could not
detect possible rare interactions made by CT20p with mitochondrial proteins. To determine
whether CT20p is associated with mitochondrial proteins as part of the mechanism by which it
induces cell death, mitochondrial protein lysates from MDA-MB-231 and MCF-10A cells were
isolated and a streptavidin-agarose pulldown procedure using biotin-CT20p was performed.
Protein interactions were visualized by sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) using silver staining. The results of the
experimental procedure showed that biotin-CT20p did not "pull down" any observable
mitochondrial proteins from the sensitive MDA-MB-231 cells, indicating that the peptide may
not interact with mitochondrial proteins in breast cancer cells. Rather, the interactions
observed with biotin-CT20p were with mitochondrial proteins derived from resistant MCF-10A
cells, indicating that these interactions were not driving the cancer-selective cell death process.
The absence of CT20p-associated proteins from the mitochondrial lysates of MDA-MB-231
breast cancer cells supports the hypothesis that CT20p, unlike the parent protein, Bax, exerts
its cytotoxic effects via a cytosolic protein.
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Introduction
Therapeutic peptides are a rapidly growing class of drugs that can be used to treat a wide array
of diseases and disorders, including cardiovascular disease, infectious disease, and cancer.
Peptides offer greater potency and less non-specific effects than chemically synthesized drugs.
There is a need to identify new peptides with cytotoxic activity that could have therapeutic
value. One way to discover new peptides is to derive these from proteins with known cytotoxic
action that target and inhibit specific organelles or proteins within cells. For example, many
therapeutic peptides in pre-clinical or clinical use resemble naturally occurring antimicrobial
peptides that can perturb membranes. Of these, peptides that target mitochondria and
facilitate the release of intramembrane contents, leading to cell death, could have clinical
value. Mitochondria serve key functions in both sustaining life, through energy production by
oxidative phosphorylation, and in death, by mediating cytochrome C release and apoptosis.
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A number of inhibitory peptides that bind to anti-apoptotic components have been developed
and tested, for example, in the treatment of cancer. Oblimersen, one such inhibitor that binds
to Bcl-2 messenger ribonucleic acid (RNA), was believed to show promise in reducing Bcl-2
levels but failed to demonstrate sufficient efficacy in Phase III clinical trials. Other drugs have
attempted to directly inhibit the interactions between Bcl-2 protein family members. The most
successful of these thus far has been ABT-199, a modification of navitoclax, in an attempt to
reduce its prevalent side effect of thrombocytopenia [1-2]. However, a major gap in the
literature is the general lack of mechanistic understanding concerning how therapeutic
peptides act at the organelle level to promote intracellular changes that, in turn, alter cell
physiology and viability [3]. To address this gap, the recently developed cytotoxic peptide,
CT20p, could be used to define target molecules and mediators that drive peptide-induced cell
death. This information could help develop a companion diagnostic approach to improve the
clinical application of CT20p. Thus, the objective of this project was to identify mitochondrial
proteins that interact with CT20p, which could serve as biomarkers to screen cancer patients
for a therapeutic benefit.

CT20p is a derivative of the C-terminus of the pro-apoptotic protein Bax, and is an example of
a synthetic peptide with possible pore-forming characteristics that display mitochondrial and
cytoskeletal effects [4-6]. However, despite its origins, CT20p does not mirror the parent
protein Bax in terms of function. For example, CT20p increases mitochondrial membrane
potential and triggers the fusion and clustering of mitochondria, whereas Bax depolarizes
mitochondria and triggers mitochondrial fission. In addition, CT20p inhibits key cytoskeleton
components, leading to a loss of migration, cell detachment, and the death of human cancer
cells but not normal cells. Indeed, CT20p selectively targeted and killed the human triple
negative breast cancer cell line MDA-MB-231 but not the normal breast epithelial MCF-10A
cells. In contrast, the overexpression of Bax in normal cells would result in cell death. This
suggests that CT20p may interface with intracellular proteins in a unique way distinct from
Bax. Thus, the hypothesis investigated was that CT20p binds to cancer-specific mitochondrial
proteins in order to promote mitochondrial-associated changes that contribute to cancer cell
death.

Materials And Methods
Breast adenocarcinoma cells (MDA-MB-231) were cultured in Dulbecco’s modified Eagle
medium. The normal breast epithelial cells (MCF-10A) were cultured in mammary epithelial
cell growth media.

Mitochondrial lysates from MCF-10A and MDA-MB-231 breast adenocarcinoma cells were
prepared by utilizing the Thermo Fischer Mitochondrial Isolation Kit (Waltham, Massachusetts,
United States) and a dounce tissue grinder for mechanical douncing.

Five hundred µg of mitochondrial lysate from MCF-10A and MDA-MB-231 cells were mixed
with 10 µg of biotin or biotin associated with the CT-20 peptide. The mixture was then placed
into a rotating incubator for three hours at room temperature. Afterward, 20 µL Thermo
Scientific Pierce Agarose beads (Waltham, Massachusetts, United States) coated with
streptavidin were added. The mixture was then left overnight at 4 °C in a rotating incubator.

The next step was centrifuging the mixture at 10,000 rpm for 10 minutes to collect the beads.
The supernatant was drained off and the beads were subject to a 500 µL wash consisting of 25
mM Tris, 150 mM NaCl, and 0.1% NP40. Three washes were completed, and between each
wash, the beads were centrifuged at 10,000 rpm for 10 minutes.
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Twenty-five µL of Laemmli sample buffer was then added and the mixture was centrifuged at
13,000 rpm for 10 minutes. The mixture was placed on a sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) gel and electrophoresis was performed.

After completing the gel electrophoresis, the gel was silver-stained using the Thermo Scientific
Pierce silver stain (Waltham, Massachusetts, United States) for mass spectrometry following
manufacturer instructions.

The stained SDS-PAGE was examined for the presence of protein bands. The molecular weights
of the bands were estimated by comparing them to the SeeBlue Pre-Stained Standard marker
(Thermo Fisher Scientific, Waltham, Massachusetts, United States). No statistical methods were
utilized in this experiment.

Results
A silver-stained SDS-PAGE gel resulting from the completion of the experimental procedure is
shown in Figure 1. The protein band in the biotin+CT20p MCF-10A pulldown lane is
representative of a molecular weight of approximately 50 kDa. The gel does not reveal any
protein bands in the lanes corresponding to MDA-MB-231 pulldowns. The experimental
procedure was completed twice with the other stained gel obtained showing a similar banding
pattern.

FIGURE 1: SDS-PAGE gel electrophoresis
Lanes from left to right: (1) MDA-MB-231 mitochondrial lysate; (2) MCF-10A mitochondrial lysate;
(3) SeeBlue Pre-Stained Standard (marker); (4) Biotin MCF-10A pulldown; (5) Biotin+CT20p MCF-
10A pulldown; (6) Biotin MDA-MB-231 pulldown; (7) Biotin+CT20p MDA-MB-231 pulldown

SDS-PAGE: sodium dodecyl sulfate-polyacrylamide gel electrophoresis

Discussion
The absence of pulled-down protein from MDA-MB-231 mitochondrial lysates adds evidence to
the concept that CT20p does not exert its effects via direct interaction with mitochondrial
proteins. Instead, CT20p binds to mitochondrial proteins from normal MCF-10A cells. It is
likely that this interaction is not a driver of cytotoxicity given that normal breast epithelial
cells are resistant to the killing action of the peptide. A possible avenue of further study would
be to excise the protein band from the biotin+CT20p MCF-10A pulldown and identify it using
mass spectrometry.

Other parallel studies recently performed by the Khaled lab suggest that the mechanism of
cytotoxicity with CT20p may be through interactions with the cytosolic protein CCT
(chaperonin-containing TCP1). A similar pulldown procedure was carried out using whole-cell
lysates from MDA-MB-231 and MCF-10A cells, which showed interactions between CT20p and
CCT subunit proteins. Further, CCT overexpression induced by transfection with the CCT2 gene
enhanced susceptibility to CT20p’s cytotoxic effects.

Conclusions
The pulldown procedure employed in this experiment was designed to capture stable protein-

2018 Mozayan et al. Cureus 10(6): e2898. DOI 10.7759/cureus.2898 3 of 4

https://assets.cureus.com/uploads/figure/file/20740/lightbox_00db5bb082ca11e78c900393f1f4d4a1-Gel.png


protein interactions between CT20p and mitochondrial components. It remains possible that
protein interactions between CT20p and mitochondrial components may be transient or rare
events not stable enough to be isolated with this procedure. A gel-free system for direct mass
spectrometry identification of protein "pull-downs" could be done. In addition, it is possible
that CT20p exerts cytotoxic effects via a pore-forming mechanism or through protein-lipid
mitochondrial interaction, which would not be captured using a streptavidin-agarose pulldown.

Additional Information
Disclosures
Human subjects: All authors have confirmed that this study did not involve human
participants or tissue. Animal subjects: All authors have confirmed that this study did not
involve animal subjects or tissue. Conflicts of interest: In compliance with the ICMJE uniform
disclosure form, all authors declare the following: Payment/services info: All authors have
declared that no financial support was received from any organization for the submitted work.
Financial relationships: All authors have declared that they have no financial relationships at
present or within the previous three years with any organizations that might have an interest in
the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

References
1. Anderson MA, Huang D, Roberts A: Targeting BCL2 for the treatment of lymphoid

malignancies. Semin Hematol. 2014, 51:219-227. 10.1053/j.seminhematol.2014.05.008
2. Paul I, Jones JM: Apoptosis block as a barrier to effective therapy in non small cell lung

cancer. World J Clin Oncol. 2014, 5:588-594. 10.5306/wjco.v5.i4.588
3. Boohaker RJ, Lee MW, Vishnubhotla P, Perez JM, Khaled AR: The use of therapeutic peptides

to target and to kill cancer cells. Curr Med Chem. 2012, 19:3794-3804.
10.2174/092986712801661004

4. Boohaker RJ, Zhang G, Lee MW, Nemec KN, Santra S, Perez JM, Khaled AR: Rational
development of a cytotoxic peptide to trigger cell death. Mol Pharm. 2012, 9:2080-2093.
10.1021/mp300167e

5. Lee MW, Bassiouni R, Sparrow NA, et al.: The CT20 peptide causes detachment and death of
metastatic breast cancer cells by promoting mitochondrial aggregation and cytoskeletal
disruption. Cell Death Dis. 2014, 5:24853427. 10.1038/cddis.2014.225

6. Lee MW, Bassiouni R, Iketani A, Florez O, Perez JM, Khaled AR: The CT20 peptide: more than
a piece of bax. Cancer Cell Microenviron. 2014, 1:10.14800/ccm.266

2018 Mozayan et al. Cureus 10(6): e2898. DOI 10.7759/cureus.2898 4 of 4

https://dx.doi.org/10.1053/j.seminhematol.2014.05.008
https://dx.doi.org/10.1053/j.seminhematol.2014.05.008
https://dx.doi.org/10.5306/wjco.v5.i4.588
https://dx.doi.org/10.5306/wjco.v5.i4.588
https://dx.doi.org/10.2174/092986712801661004
https://dx.doi.org/10.2174/092986712801661004
https://dx.doi.org/10.1021/mp300167e
https://dx.doi.org/10.1021/mp300167e
https://dx.doi.org/10.1038/cddis.2014.225
https://dx.doi.org/10.1038/cddis.2014.225
https://dx.doi.org/10.14800/ccm.266
https://dx.doi.org/10.14800/ccm.266

	Elucidation of Therapeutic Peptide Binding Partners from Isolated Mitochondria
	Abstract
	Introduction
	Materials And Methods
	Results
	FIGURE 1: SDS-PAGE gel electrophoresis

	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


