AN ABSTRACT OF THE THESIS OF

Anahita Fallahi for the degree of Honors Baccalaureate of Science in Biochemistry/Biophysics presented on June 6, 2007. Title: Investigating the Age-Related Loss of Endoplasmic Reticulum Stress Response.
Abstract approved:     

















Tory M. Hagen

The endoplasmic reticulum (ER) is a crucial organelle in the cell where protein folding and processing occurs, and conditions that negatively affect ER functions are highly detrimental to the cell. The accumulation of unfolded/misfolded proteins in the ER leads to a condition known as ER Stress.  The ER has developed various pro-survival and pro-apoptosis signaling pathways that attempt to cope with this stress.   


ER stress is relevant to many clinical studies and has been linked to a variety of age-related diseases, including Huntington’s, Alzheimer’s, Parkinson’s and heart disease.  Despite these findings, the manner in which ER stress response is altered with age hasn’t been thoroughly studied and constitutes a gap in knowledge. In this study, we investigated the age-related loss of ER stress response in young and old rats.  Our results suggest that, in both young and old cells, the pro-apoptosis pathway which utilizes the transcription factor, CHOP, remains intact with age.  However, the pro-survival pathway acting through PERK/Nrf2 and the phase II detoxification enzyme NQO1 show elevated activity in the young cells, but a loss of function in the old.  These results suggest that stresses which would not cause cell death in young individuals may induce cell death in the elderly.  

Key Words: ER stress, CHOP, PERK, Nrf2, NQO1
Corresponding e-mail address:  anahitafallahi@gmail.com

©Copyright by Anahita Fallahi

June 6, 2007

All Rights Reserved

Investigating the Age-Related Loss of Endoplasmic Reticulum Stress Response
by

Anahita Fallahi

A PROJECT

submitted to
Oregon State University

University Honors College

in partial fulfillment of 

the requirements for the 

degree of

Honors Baccalaureate of Science in Biochemistry/Biophysics (Honors Scholar)

Presented June 6, 2007

Commencement June 2007

Honors Baccalaureate of Science in Biochemistry/Biophysics project of Anahita Fallahi presented on June 6th, 2007.

APPROVED:

Mentor, representing Biochemistry/Biophysics

Committee Member, representing Biochemistry/Biophysics

Committee Member, representing Molecular and Cellular Biology
Chair, Department of Biochemistry/Biophysics 

Dean, University Honors College

I understand that my project will become part of the permanent collection of Oregon State University, University Honors College.  My signature below authorizes release of my project to any reader upon request.

Anahita Fallahi, Author
​​​​​​​​​​​​​Acknowledgements

I want to express my gratitude to Dr. Tory Hagen for hosting me in his lab for two summers and for being so supportive in my research and career aspirations.   I appreciate his interest in my learning, his willingness to offer his expertise, and for his patience.


I want to thank Dr. Kevin Ahern for encouraging me to apply for the HHMI internship as a freshman, for always encouraging me to strive for excellence, and for the countless amounts of moral support he’s given me in the last four years.


I owe much of my success in the lab to Brian Dixon and I extend an extra thanks to him.  He was an incredible teacher who taught me everything from the basics of pipetting to the intricacies of ER stress pathways. I appreciate the time he invested in me.


I would also like to thank everyone else who worked in the Hagen lab during the summers of 2004 and 2005 for being so friendly and helpful to me. From the first day I walked in, they all made me feel comfortable and excited to be a member of the Hagen Lab research team. Thank You:  Du Heath, Alex Michels, Jeff Monette, Regis Moreau, Kate Petersen Shay, and Swapna Shenvi


I would also like to thank my funding agency:  The Howard Hughes Medical Institute (HHMI)

Finally, I would like to thank the Department of Biochemistry/Biophysics for providing me with an extremely challenging but rewarding educational journey.  
TABLE OF CONTENTS











   Page

BACKGROUND INFORMATION……………………………………………………....1


The Endoplasmic Reticulum and its Function…………………………………….1


Mechanisms To Ensure Proper Protein Folding…………………………………..3


ER Stress and the Unfolded Protein Response……………………………………3


The Gap in Knowledge…………………………………………………………..10
MATERIALS AND METHODS………………………………………………………...12


Animals…………………………………………………………………….…….12

ER Stress Induced………………………………………………………………..13

qPCR of CHOP and NQO1……………………………………………………...13


Nuclear Nrf2 Levels……………………………………………………………...13

Viability Assay…………………………………………………………………...14
RESULTS………………………………………………………………………………..15


CHOP mRNA Levels Are the Same In Young and Old ………………………...15


Tunicamycin Induces NQO1 in Young but Not Old Cells………………………16


Nrf2 Nuclear Localization Is Delayed With Age………………………………..18


Cell Viability Assay……………………………………………………………...19
DISCUSSION/CLINICAL IMPLICATIONS…………………………………………...20


Parkinson’s……………………………………………………………………….20


Heart Disease…………………………………………………………………….21




Bone Remodeling………………………………………………………………...22

Diabetes…………………………………………………………………………..22

Ophthalmic Disorders……………………………………………………………23

FUTURE IMPLICATIONS……………………………………………………………...25
BIBLIOGRAPHY………………………………………………………………………..26
LIST OF FIGURES

Figure










    Page
1.
N-linked glycosylation and further modification…………………………………2
2.
Signaling by IRE1, ATF6, and XBP…………………………………………........6
3.
UPR pro-survival pathways……………………………………………………....8
4.
A UPR pro-apoptosis pathway………………………………………………….10
5.
CHOP mRNA induction with time following ER stress………………………...15

6.
NQO1 mRNA induction with time following ER stress………………………...16
7.
Levels of nuclear Nrf2 with time following ER stress…………………………..18
