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Genetic autosomal recessive disease

Results in CF from mutations in the Cystic Fibrosis Transmembrane Conductance Regulator Gene

At least 2,000 mutations that result in CF

About 1,000 patients are diagnosed every year

Most prevalent lethal disease in Caucasians (1/3,200 births)

Affects respiratory, digestive and reproductive systems

Symptoms include chronic lung infections and deterioration, bronchiectasis, nutritional deficiencies,

and possible sterility

Hinzpeter et al., 2014; Cant et al., 2014; O’Sullivan et al., 2009
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CFIR Trafficking

» Trafficking: movement from ribosome in endoplasmic reticulum

| at protein synthesis site to the apical membrane of the epithelial cells

» Cystic Fibrosis resulting mutations occur when the trafficking process is

not completed or not started at all

» Molecular chaperone: protein that helps other proteins fold or traffick

Rich et al., 1990; Rubenstein et al., 2013



Introduction Methods Results Discussion Conclusion

ERp29: CFIR Molecular Chaperone

» ERIluminal protein of 29 kDa
» Prominentin brain and lungs; ubiquitously expressed
» Thought by Das to play a role in CFTR trafficking

» Previous Suaud studies suggest:

» 4- phenylbutyrate increased ERp29 mRNA and protein expression

» Overexpression of ERp29 in Xenopus oocytes and mammalian cells increased

functional and surface expression of wild type and mutation F508-CFTR

Baryshev et al., 2006; Das et al., 2009; Suaud et al., 2011
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Research Question and Hypothesis

ERp29 is suggested to interact with either —(F,Y)-(F,Y)- or —(F,Y)-X-(F,Y)- motifs
ERp29 remains outside the ER in the caell
CFTR has one consistent motif (1014Y-I-F1016), where mutations Y1014C, F1016S and F1016C occur

Research Question: Where do mutations Y1014C, F1016S and F1016C stop trafficking after protein

synthesis?

Hypothesis 1. These mutations stop trafficking in between the nucleus and the ER, immediately after

protein synthesis.

Hypothesis 0: These mutations stop trafficking between the Golgi and the epithelial apical membrane.
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Methods

1. CELL CULTURE

Obtain DNA

2. PCR

Amplify, transform, and sequence

3. MINIPREP

Further amplification

4. BRADFORD ASSAY

Determine proper protein concentrations for immunoblot

samples

5. IMMUNOBLOT

Determine weight of protein, indicating level of processing

6. IMMUNOHISTOCHEMISTRY

Visualize localization of CFTR within the cell
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Cell Culture and DNA Amplification

» Cell culture: Immortalized CFBE410-CF bronchiolar epithelial cells with
parental, and CFTR F508 lines were grown in Eagle’s minimal essential

medium
» PCR: Amplify available DNA
» Products of PCR were then transformed and isolated via Miniprep

» Product of Miniprep was then sequenced to ensure correct mutation or
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Rubenstein et al., 2013
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» Proteins were lysed and Bradford assay was performed to determine proper =, 5
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» Acrylamide gels were created with samples in wells and ran at 100v -

» Primary antibody: CFTR mouse

» Secondary antibody: goat anti-mouse

» Gels were transferred onto membranes and washed in PBST

» Membranes were transferred onto film

Rubenstein et al., 2013
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Immunohistochemistry

» Visualizes localization of CFTR in cells
» Cells were mock transfected or transfected with WT, F508del, Y1014C, F1016C and F1016S

» Cells were treated with antibodies to view landmarks under microscope

» DAPI: nucleus stain
» FITC: anti-mouse secondary antibody to CFTR

» TRITC: anti-rabbit secondary antibody that binds to rabbit antibody that binds to ER protein, calnexin

Rubenstein et al., 2013
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Results
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Discussion

WHY DOES THE CFTR STOP
TRAFFICKING?

WHY ISN’T THE ERP29 INTERACTING
WITH MUTANT CFTR?

HOW MIGHT THIS BE RESOLVED?




Introduction Methods Results Discussion Conclusion

Why do the CFIR stop trafficking?

» Results confirm that mutations Y1014C, F1016S and F1016C stop trafficking before traveling
through the ER and are therefore not fully processed; confirms hypothesis and is a novel

finding

» ERp29isin the same location as the proteins stop trafficking

» If ERp29 is helping the CFIR to traffick in wild type forms, we hypothesize that the stopping of

trafficking in these mutations is due to the lack of ERp29 interaction.
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Why isn’t the ERp29 interacting with
mutant CFTR?

» We hypothesize that there are some physical boundaries on the surface of the CFIR that
do not allow ERp29 interaction, causing the discontinuation of the trafficking mechanism

and cystic fibrosis.

» Therapy: drug that could manipulate CFTR to interact properly with ERp29 in order to

traffick



Bibliography

Sullivan, Brian, and Steven Freedman. "Cystic Fibrosis." Lancet 373 (2009): 1891-904. Print.
Hinzpeter, Pascale. "Genetics of Cystic Fibrosis: CFTR Mutation Classifications towards Genotype-Based CF Therapies." International Journal of Biochemistry and Cell Biology (2014). Print.

Soo Suk, Jung, Anthony Kim, Kanika Trehan, Craig Schneider, Liudmila Cebotaru, Owen Woodward, Nicholas Boylan, Michael Boyle, Samuel Lai, Wiliam Guggino, and Justin Hanes. "Lung
Gene Therapy with Highly Compacted DNA Nanoparticles That Overcome the Mucus Barrier." Journal of Controlled Release 178 (2014): 8-17. Print.

Cant, Natasha, Naomi Pollock, and Robert Ford. "CFTR Structure and Cystic Fibrosis." The International Journal of Biochemistry and Cell Biology (2014): 1-11. Print.
Clancy, JP. "Cystic Fibrosis Transmembrane Conductance Regulator Modulators." Current and Emerging Pharmaceutical Treatments for Cystic Fibrosis Lung Disease (2013). Print.

Sheridan, Molly, Timothy Hefferon, Nulang Wang, Christian Merlo, Carlos Milla, Drucy Borowitz, Eric Green, Peter Mogayzel, and Garry Cutting. "CFTR Transcription Defects in Pacreatic
Sufficient Cystic Fibrosis Patients with Only One Mutation in the Coding Region of CFTR." Journal of Medical Genetics 48 (2010): 235-41. Print.

Suaud, Laurence, Katelyn Miller, Lora Alvey, Wusheng Yan, Amal Robay, Catherine Kebler, James Kreindler, Susan Guttentag, and Michael Hubbard. "ERp29 Regulates DeltaF508 and
Wild-Type Cystic Fibrosis Transmembrane Conductance Regulator (CFTR) Trafficking to the Plasma Membrane in Cystic Fibrosis (CF) and Non- CF Epithelial Cells." Journal of Biological
Chemistry 286 (2011): 21239. Print.

Farinha, Carlos, Paulo Matos, and Margarida Amaral. "Control of CFTR Membrane Trafficking: Not Just from the ER to the Golgi." Print.

Van Goor, Frederick, Haihui Yu, Bill Burton, and Beth Hoffman. "Effect of lvacaftor on CFTR Forms with Missense Mutations Associated with Defects in Protein Processing or Function."
Journal of Cystic Fibrosis 13 (2013): 29-36. Print.

Rubenstein, Ronald, Marie Egan, and Pamela Zeitlin. "In Vitro Pharmacologic Restoration of CFTR-mediated Chloride Transport with Sodium 4- Phenylbutyrate in Cystic Fibrosis Epithelial
Cells Containing F508-CFTR." J. Clinical Invest. 100.10 (1997): 2457-465. Print.

Rubenstein, Ronald, and Pamela Zeitlin. "Sodium 4- Phenylbutyrate Downregulates Hsc70: Implications for Intracellular Trafficking of F508-CFTR." American Journal of Physiology 278.2
(2000): 259-67. Print.

Van Goor, Frederick, Kimberly Straley, Dong Cao, Jesus Gonzalez, Sabine Hadida, Anna Hazlewood, John Joubran, Tom Knapp, Lewis Makings, Mark Miler, Timothy Neuberger, Eric Olsen,
Victor Panchenko, James Radler, Ashvani Singh, Jeffrey Stack, Roger Tung, Peter Grootenhuis, and Paul Negulescu. "Rescue of F508-CFTR Trafficking and Gating in Human Cystic Fibrosis
Airway Primary Cultures by Small Molecules." Lung Cellular and Molecular Physiology 290.6 (2006): 1117-130. Print.

Chanoux, Rebecca, Amal Robay, Calla Shubin, Catherine Kebler, Laurence Suaud, and Ronald Rubenstein. "Hsp70 Promotes Epithelial Sodium Channel Functional Expression by
Increasing Its Association with Coat Complex Il and Its Exit from Endoplasmic Reticulum." Journal of Biological Chemistry 287.23 (2012): 19255-9265. Print.

Chanoux, Rebecca, Calla Shubin, Amal Robay, Laurence Suaud, and Ronald Rubenstein. "Hsc70 Negatively Regulates Epithelial Sodium Channel Trafficking at Multiple Sites in Epithelial
Cells." Am J Physiol Cell Physiol 305 (2013): 776-87. Print.

Suaud, Laurence, Katelyn Miller, Lora Alvey, Wusheng Yan, Amal Robay, Catherine Kebler, James Kreindler, Susan Guttentag, Michael Hubbard, and Ronald Rubenstein. "ERp29
Regulates F508 and Wild Type Cystic Fibrosis Transmembrane Conductance Regulator (CFTR) Trafficking to the Plasma Membrane in Cystic Fibrosis (CF) and Non-CF Epithelial Cells."
Journal of Biological Chemistry 286.24 (2011): 21239-1253. Print.



vV v v Vv

Riordan, JR, JM Rommens, B. Kerem, N. Alon, R. Rozmabhel, Z. Grzelczak, J. Zielenski, S. Lok, N. Plavsic, and JL Chou. "ldentification of the Cystic Fibrosis Gene: Cloning and Characterization

of Complementary DNA." Science AAAS 245.4922 (1989): 1066-073. Print.

Cheng, Seng, Richard Gregory, John Marshall, Sucharita Paul, David Souza, Gary White, Catherine Riordan, and Alan Smith. "Defective Intracellular Transport and Processing of CFTR Is the
Molecular Basis of Most Cystic Fibrosis." Cell 63.4 (1990): 827-34. Print.

Rommens, JM, MC lannuzzi, B. Kerem, ML Drumm, G. Melmer, M. Dean, R. Rozmhel, JL Cole, D. Kennedy, and N. Hidaka. "Identification of the Cystic Fibrosis Gene: Chromosome Walking
and Jumping." Science AAAS 245.4922 (1989): 1059-065. Print.

Hyde, Stephen, Paul Emsley, Michael Hartshorn, Michael Mimmack, Uzi Gileadi, Stephen Pearce, Maurice Gallagher, Deborah Gill, Roderick Hubbard, and Christopher Higgins. "Structural
Model of ATP-binding Proteing Associated with Cystic Fibrosis, Multidrug Resistance and Bacterial Transport.” Nature 346 (1990): 362-65. Print.

Anderson, MP, RJ Gregory, S. Thompson, DW Souza, S. Paul, RC Mulligan, AE Smith, and MJ Welsh. "Demonstration That CFTR Is a Chloride Channel by Alteration of Its Anion Selectivity."
Science 253.5016 (1991): 202-05. Print.

Stutts, MJ, CM Canessa, JC Olsen, M. Hamrick, JA Cohn, BC Rossier, and RC Boucher. "CFIR as a CAMP-dependent Regulator of Sodium Channels." Science 269.5225 (1995): 847-50. Print.
Bertrand, Carol, and Raymond Frizzell. "The Role of Regulated CFTR Trafficking in Epithelial Secretion." Cell Physiology 285.1 (2003): 1-18. Print.
Kleizen, Bertrand, Ineke Braakman, and Hugo De Jonge. "Regulated Trafficking of the CFTR Chloride Channel." European Journal of Cell Biology 79.8 (2000): 544-56. Print.

Robert, Renaud, Graeme Carlile, Catalin Pavel, Na Liu, Suzana Anjos, Jie Liao, Yishan Luo, Donglei Zhang, David Thomas, and John Hanrahan. "Structural Analog of Sildenafil Identified as a
Novel Corrector of the F508del-CFTR Trafficking Defect.” Molecular Pharmacology 73.2 (2008): 478-89. Print.

Oliver, Antonio, Rafael Canton, Pilar Campo, Fernando Baquero, and Jesus Blasquez. "High Frequency of Hypermutable Pseudomonas Aeruginosa in Cystic Fibrosis Lung Infection.” Science
288.5469 (2000): 1251-253. Print.

Rodman, Harvey, Carl Doershuk, and Jonathan Roland. "The Interaction of 2 Diseases: Diabetes Mellitus and Cystic Fibrosis." Medicine 65.6 (1986): 389-98. Print.

Szkotak, A.J, A.M.L Ng, S.F.P. Man, S.A. Baldwin, C.E. Cass, J.D. Young, and M. Duszyk. "Coupling of CFTR- Mediated Anion Secretion to Nucleoside Transporters and Adenosine Homeostasis
in Calu-3 Cells." Journal of Membrane Biology 192.3 (2003): 169-79. Print.

Rich, Devra, Matthew Anderson, Richard Gregory, Seng Cheng, Sucharita Paul, Douglas Jefferson, John McCann, Katherine Klinger, Alan Smith, and Michael Welsh. "Expression of the
Cystic Fibrosis Transmembrane Conductance Regulator Corrects Defective Chloride Channel Regulation in Cystic Fibrosis Airway Epithelia Cells." Nature 347 (1990): 358-63. Print

Rubenstein, R. & Chanoux, R. (2012) Molecular chaperones as targets to circumvent the CFTR defect in cystic fibrosis. Frontiers in Pharmacology, 3 (137).

Rubenstein, R. C., Egan, M. E., and Zeitlin, P. L. (1997). In vitro pharmacologic restoration of CFTR-mediated chloride transport with sodium 4-phenylbutyrate in cystic fibrosis epithelial cells
containing delta F508-CFTR. J. Clin. Invest. 100, 2457-2465.

Rubenstein, R. C., and Lyons, B. M. (2001). Sodium 4-phenylbutyrate downregulates HSC70 expression by facilitating mRNA degradation. Am. J. Physiol. Lung Cell Mol. Physiol. 281, L43
Baryshev, M., Sargsyan, E., and Mkrtchian, S. (2006). ERp29 is an essential endoplasmic reticulum factor regulating secretion of thyroglobulin. Biochem. Biophys. Res. Commun. 340, 617-624.

Das, S., Smith, T. D., Sarma, J. D., Ritzenthaler, J. D., Maza, J., Kaplan, B. E., Cunningham, L. A,, Suaud, L., Hubbard, M. J., Rubenstein, R. C., and Koval, M. (2009). ERp29 restricts Connexin43
oligomerization in the endoplasmic reticulum. Mol. Biol. Cell 20, 2593-2604.

Suaud, L., Miller, K., Alvey, L., Yan, W., Robay, A., Kebler, C., Kreindler, J. L., Guttentag, S., Hubbard, M. J., and Rubenstein, R. C. (2011a). ERp29 regulates DeltaF508 and wild-type cystic
fibrosis transmembrane conductance regulator (CFTR) trafficking to the plasma membrane in cystic fibrosis (CF) and non-CF epithelial cells. J. Biol. Chem. 286, 21239-21253.



» CFTR mutants Y1014C, F1016S and F1016C stop trafficking between the nucleus and the ER

where ERp29 is localized

» ERp29 interaction may be a deciding factor in success of CFIR trafficking and presence of

cystic fibrosis

» CFTR mutants present boundaries that block ERp29 interaction and cause CF



	Observing Trafficking Behaviors in �Mutated Cystic Fibrosis �Transmembrane Conductance Regulator Protein (CFTR)
	Introduction
	Cystic Fibrosis (CF)
	Slide Number 4
	Slide Number 5
	CFTR Trafficking
	ERp29: CFTR Molecular Chaperone
	Research Question and Hypothesis
	Slide Number 9
	Methods
	Cell Culture and DNA Amplification
	Immunoblot
	Immunohistochemistry
	Results
	Immunoblot 
	Slide Number 16
	Discussion
	Why do the CFTR stop trafficking?
	Why isn’t the ERp29 interacting with mutant CFTR?
	Bibliography
	Bibliography
	Major Findings

