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ABSTRACT: 

The enzyme choline acetyltransferase (ChAT) mediates synthesis of the neurotransmitter 

acetylcholine required for cholinergic neurotransmission. ChAT mutations are linked to 

congenital myasthenic syndrome (CMS), a rare neuromuscular disorder. One CMS-related 

mutation, V18M, reduces ChAT enzyme activity and cellular protein levels, and is located 

within a highly-conserved N-terminal proline-rich motif at residues 14PKLPVPP20. It is 

currently unknown if this motif regulates ChAT function. In this thesis, I demonstrate that 

disruption of this proline-rich motif in mouse cholinergic SN56 cells reduces both the 

protein levels and cellular enzymatic activity of mutated P17A/P19A- and V18M-ChAT. 

The cellular loss of mutant ChAT protein appears to be a result of increased proteasome-

dependent degradation due to enhanced ChAT ubiquitination. Using a novel fluorescent-

biorthogonal pulse-chase protocol, I determined that the cellular protein half-life of 

P17A/P19A-ChAT (2.2 h) is substantially reduced compared to wild-type ChAT (19.7 h), 

and that proteasome inhibition by MG132 treatment increases the half-life and steady-state 

levels of ChAT protein. By proximity-dependent biotin identification (BioID), co-

immunoprecipitation, and in situ proximity-ligation assay (PLA), I identified the heat shock 

proteins HSC/HSP70 and HSP90 as novel ChAT protein-interactors that are enriched in 

cells expressing mutant P17A/P19A-ChAT. Pharmacological inhibition of these HSPs by 

treatment with the HSC/HSP70 inhibitors 2-phenylethynesulfonamide (PES) or VER-

155008, or the HSP90 inhibitor 17-AAG reduced cellular ChAT activity and solubility, and 

enhanced ubiquitination and proteasomal loss of ChAT protein. The effects of HSP 

inhibition were greatest for mutant P17A/P19A- and V18M-ChAT. While I observed that 

ChAT interacts in situ with the HSP-associated E3 ubiquitin ligase CHIP, siRNA-mediated 

knock-down of CHIP had no effect on ChAT protein levels. Inhibition of HSC/HSP70 by 

PES treatment sensitized ChAT to H2O2-induced insolubilization, and ChAT ubiquitination 

was enhanced following H2O2 treatment. Lastly, inhibition of the endoplasmic reticulum 

(ER)- and HSP-associated co-chaperone Cdc48/p97/Valosin-containing protein (VCP) 

prevented the degradation of ubiquitinated ChAT. Together my results identify novel 

mechanisms for the functional regulation of wild-type and CMS-related mutant ChAT by 
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multiple molecular chaperones and the ubiquitin-proteasome system that, importantly, may 

have broader implications for ChAT function during cellular stress and disease.  
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CHAPTER 1: INTRODUCTION 

1.1: Proteostasis and protein quality control mechanisms 

Preservation of protein homeostasis (i.e. proteostasis) is critical for the maintenance of 

cellular function under both physiological conditions and during cellular stress, whereas 

dysregulation of proteostatic mechanisms is a hallmark of many diseases. Regulation of 

cellular proteostasis relies on a complex interconnected network of cellular factors that 

collectively function as protein quality control mechanisms to promote protein function. 

These factors can be separated into four broadly defined systems (Figure 1.1); first, factors 

related to mRNA synthesis, processing, and stability, along with ribosome biogenesis 

regulate the synthesis of nascent proteins [1-3]. Second, nascent proteins are folded into 

mature, functional, and active proteins by various endoplasmic reticulum (ER)-associated 

and/or cytoplasmic molecular chaperones, such as heat shock proteins (HSPs), that 

cooperate with other cellular factors that regulate disulfide-bond formation, glycosylation, 

and protein phosphorylation [4-6]. Third, molecular chaperones play a critical role in the 

maintenance of protein function in cells exposed to various proteotoxic conditions, such as 

hyperthermia and oxidative stress, by preventing stress-induced protein misfolding and 

aggregation [7-10]. Fourth, and lastly, the proteolytic degradation of cellular proteins is 

essential for the timely turnover and attenuation of signalling proteins (e.g. transcription 

factors), and for the removal of excess, stress-damaged, misfolded, and dysfunctional 

proteins. Proteolysis of proteins is regulated through two major distinct cellular pathways, 

these being the autophagy-lysosome and the ubiquitin-proteasome systems [11-13], and, 

importantly, dysregulation of these proteolytic systems is known to be a critical feature of 

cancer and of various human neurodegenerative diseases [14-15]. Of note, many of these 

distinct protein quality control mechanisms not only work in tandem, but can also directly 

interact with one another, such as in the case for degradation of misfolded proteins by ER-

associated protein degradation (ERAD) via the ubiquitin-proteasome system [16]. This 

thesis will hereafter explore in detail cellular mechanisms related to the ubiquitin-

proteasome system and protein degradation, as well as various molecular chaperones that 

promote protein folding and stability and that target misfolded proteins for degradation. 
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Figure 1.1: Protein quality control overview. Regulation of protein homeostasis (i.e. 

proteostasis) is a critical process required for the maintenance of cellular function. Cellular 

proteostasis relies on protein quality control mechanisms that involve a complex 

interconnected network of cellular factors that regulate protein synthesis (e.g. ribosome 

biogenesis), maturation (e.g. endoplasmic reticulum (ER)-associated and cytoplasmic 

protein chaperones), protein maintenance during cellular stress, and protein degradation 

through, for example, the ubiquitin-proteasome system (UPS). Of note, many of these 

distinct cellular mechanisms not only work in tandem, but also interact with one another, 

such as in the case for ER-associated protein degradation (ERAD) of misfolded proteins 

via the ubiquitin-proteasome system. 
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1.2: The ubiquitin-proteasome system 

1.2.1: The proteasome 

The ubiquitin-proteasome system is one of two major cellular pathways responsible for the 

highly selective degradation of intracellular proteins in eukaryotic cells [11-12]. This 

system relies on two core components, the proteolytic 26S proteasome, and the small 8.5 

kDa signalling protein ubiquitin (Figure 1.2). The eukaryotic 26S proteasome is a multi-

subunit protein complex that consists of a hollow catalytic 20S core particle that is 

sandwiched between two ATP-dependent 19S regulatory particles [17-19]. The 20S core 

itself contains four stacked heptagonal rings consisting of two structural α-subunits that 

interact with the 19S regulatory particle and that are flank by two central β-subunits that 

impart threonine-dependent proteolytic activity to the 26S proteasome [20-22]. Multiple 

small molecule inhibitors that target the 20S proteasome core have been identified that are 

commonly used in cellular and molecular studies, such as MG132 and lactacystin [23-26], 

or that have been shown to have in vivo anti-tumorigenic properties such as bortezomib 

[27-28]. Substrate-specificity and activation of the 26S proteasome in regulated by the 

ATP-dependent 19S regulatory particles. These protein complexes contain multiple Rpt 

proteins, members of the ATPases associated with diverse cellular activities (AAA-

ATPase) family, and non-ATPase Rpn proteins that together form a “molecular lid” that 

gates entry of substrates into 20S core particle for proteolytic breakdown [22, 29-32]. 

Recognition of proteasome substrates is mediated through interaction of Rpn proteins 

within the 19S regulatory particle, specifically Rpn10 and Rpn13, with the small protein 

ubiquitin when it is covalently attached to cellular proteins destined for proteolysis [33-36].  

  

1.2.2: Ubiquitin 

Ubiquitin is a highly-conserved 76 amino acid (8.5 kDa) regulatory protein expressed 

ubiquitously across eukaryota [37-40]. In mammals, ubiquitin is expressed from four 

different genes as precursor proteins that are either bound to the ribosomal biogenic 
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Figure 1.2: The ubiquitin-proteasome system. Cellular proteins are selectively targeted 

for proteasomal degradation by ATP-dependent post-translational modification with the 

small 8.5 kDa protein ubiquitin (Ub). Construction of substrate-bound polyubiquitin chains 

targets ubiquitinated proteins for proteolytic degradation by the 26S proteasome, a large 

multimeric protein complex consisting of a hollow catalytic 20S core particle sandwiched 

between two 19S regulatory particles. Binding of polyubiquitin chains to the Rpn proteins 

Rpn10 and Rpn13 located within the 19S regulatory particles promotes the 

deubiquitination, unfolding, and uptake of proteasome-targeted proteins into the 20S core 

where they are subsequently degraded in an ATP-dependent manner. Small molecule 

inhibitors of the proteasome, such as MG132 and lactacystin, interfere with the 20S core 

β-subunits, leading to accumulation of ubiquitinated proteasome substrates [36]. 

 

proteins L40 or S27 [41-42] or are expressed as tandem repeats that are post-translationally 

processed into free monomeric ubiquitin by deubiquitinating enzymes (DUBs) [43]. In the 

cell ubiquitin can most often be found either in its free and unbound monomeric state or 

covalently bound to other cellular proteins as either monomers or as a polyubiquitin (poly-

Ub) chain [43-44]. Canonically, ubiquitination of cellular proteins occurs through the 

formation of a covalent isopeptide bond between residue Gly76 at the extreme C-terminus 
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of ubiquitin and the ε-amino group of a targeted lysine residue located either on a substrate 

protein or on a substrate-conjugated ubiquitin molecule [44-46]. Alternatively, protein 

ubiquitination has also been shown to occur on serine and threonine residues, as well as on 

N-terminal methionine residues [47-49]. Ubiquitination has been shown to have multiple 

diverse effects on protein function, including regulation of enzyme activity and subcellular 

trafficking, though is known foremost to promote the proteasome-dependent degradation 

of ubiquitinated proteins [44, 50-51].  

 

1.2.3: Ubiquitination mechanisms 

Conjugation of ubiquitin onto cellular proteins is a well-characterized multistep process 

that involves three distinct classes of enzymes in addition to ubiquitin (Figure 1.3). First, 

in an ATP-dependent manner monomeric free ubiquitin binds to and forms a thioester bond 

between the C-terminal residue Gly76 of ubiquitin and the catalytic cysteine residue of an 

E1 ubiquitin-activating enzyme. Second, the activated ubiquitin is transferred to the active 

site cysteine of an E2 ubiquitin-conjugating enzyme. Third, E3 ubiquitin ligases facilitate 

transfer of the active ubiquitin molecule onto a protein substrate by formation of a covalent 

isopeptide bond between reside Gly76 of ubiquitin and the ε-amino group of a substrate 

lysine residue. Conjugation of a single ubiquitin molecule on a protein substrate (i.e. 

monoubiquitination) can then serve as a primer for the construction of larger proteolytic 

poly-Ub chains by isopeptide attachment of free monomeric ubiquitin onto lysine residues 

within substrate-bound ubiquitin molecules. Alternatively, poly-Ub chains can be 

deconstructed and removed from substrate proteins by various DUBs [34, 44, 52-54]. While 

this process is known to exhibit a high degree of substrate specificity, it is believed that 

over 800 distinct cellular proteins are involved directly in the regulation of protein 

ubiquitination. Specifically, in humans two genes encode for two different E1 activating--

enzymes (UBA1 and UBA6) that are solely responsible for ubiquitin activation [55]. 

Conversely, it is estimated that approximately 40 different E2 conjugating-enzymes, over 

600 unique E3 ubiquitin ligases, and roughly 100 distinct DUBs are expressed in human  
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Figure 1.3: The ubiquitination pathway.  Ubiquitination of cellular proteins involves 

three distinct classes of enzymes. First, monomeric free ubiquitin (Ub) covalently binds to 

the catalytic cysteine residue of an E1 ubiquitin-activating enzyme in an ATP-dependent 

manner. Second, the activated ubiquitin molecule is transferred to the active site cysteine 

of an E2 ubiquitin-conjugating enzyme. Third, E3 ubiquitin ligases facilitate transfer of the 

active ubiquitin molecule onto protein substrates by promoting the formation of a covalent 

isopeptide bond between the C-terminal residue Gly76 of ubiquitin and the ε-amino group 

of a lysine residues on the substrate protein. Attachment of a single ubiquitin molecule (i.e. 

monoubiquitination) can then serve as a primer for the construction of larger proteolytic 

polyubiquitin (poly-Ub) chains by isopeptide attachment of free monomeric ubiquitin onto 

lysine residues located within substrate-bound ubiquitin molecules. Alternatively, poly-Ub 

chains can be deconstructed and monomeric ubiquitin can be removed from substrate 

proteins by various deubiquitinating enzymes (DUBs) [40, 43-44, 52, 61].  
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Appendix B: Optimization of siRNA-mediated knock-down of endogenous 

HSC/HSP70 and HSP90. (A) Anti-HSC70 and anti-HSP90 immunoblots from SN56 cells 

that were transfected for 72 h with 10-100 nM of either anti-HSC70 or anti-HSP90 siRNA. 

Control cells were mock-transfected or transfected with 50 nM of scramble-control siRNA. 

Following incubation with siRNAs an ~50% knock-down of either HSC70 and HSP90 was 

observed. Anti-actin immunoblotting was completed as a loading control (n=2). (B) siRNA 

knock-down of HSC70 promotes the stress-induced expression of both HSP70 and HSP90 

in SN56 cells. Accumulation of stress-induced HSP70 was preventable by co-transfecting 

cells with anti-HSP70 siRNA (n=2). (C) Knock-down of HSC70 either alone or together 

with stress-induced HSP70 reduces the viability of SN56 cells as compared to scramble-

control transfected cells (***p≤0.001; one-way ANOVA with Dunnett’s post-hoc test, 

mean ± SEM). Cell viability was measured by alamar blue assay after 72 h of siRNA 

incubation (n=2).  



218 

 

JOHN WILEY AND SONS LICENSE 

TERMS AND CONDITIONS 

Feb 26, 2018 

 

 
 

This Agreement between UWO -- Trevor Morey ("You") and John Wiley and Sons ("John 

Wiley and Sons") consists of your license details and the terms and conditions provided by 

John Wiley and Sons and Copyright Clearance Center. 

License Number 4296680287413 

License date Feb 26, 2018 

Licensed Content Publisher John Wiley and Sons 

Licensed Content Publication Journal of Neurochemistry 

Licensed Content Title Enhanced ubiquitination and proteasomal degradation of 
catalytically deficient human choline acetyltransferase 
mutants 

Licensed Content Author Trevor M. Morey,Shawn Albers,Brian H. Shilton,R. Jane 
Rylett 

Licensed Content Date Mar 15, 2016 

Licensed Content Pages 17 

Type of use Dissertation/Thesis 

Requestor type Author of this Wiley article 

Format Print and electronic 

Portion Full article 

Will you be translating? No 

Title of your thesis / dissertation REGULATION OF HUMAN 69-kDa CHOLINE 
ACETYLTRANSFERASE PROTEIN STABILITY AND FUNCTION 
BY MOLECULAR CHAPERONES AND THE UBIQUITIN-
PROTEASOME SYSTEM 

Expected completion date Mar 2018 

Expected size (number of pages) 250 

Requestor Location UWO 
xxxxx York St 

 
 
London, ON, xxxxxx 
Canada 
Attn: Trevor Morey 

 

Publisher Tax ID EU826007151 

Total 0.00 CAD   

Terms and Conditions   

   



219 

 

TERMS AND CONDITIONS 

 

This copyrighted material is owned by or exclusively licensed to John Wiley & Sons, Inc. 

or one of its group companies (each a"Wiley Company") or handled on behalf of a society 

with which a Wiley Company has exclusive publishing rights in relation to a particular 

work (collectively "WILEY"). By clicking "accept" in connection with completing this 

licensing transaction, you agree that the following terms and conditions apply to this 

transaction (along with the billing and payment terms and conditions established by the 

Copyright Clearance Center Inc., ("CCC's Billing and Payment terms and conditions"), at 

the time that you opened your RightsLink account (these are available at any time 

at http://myaccount.copyright.com). 

 

Terms and Conditions 

• The materials you have requested permission to reproduce or reuse (the "Wiley 

Materials") are protected by copyright.  

• You are hereby granted a personal, non-exclusive, non-sub licensable (on a stand-

alone basis), non-transferable, worldwide, limited license to reproduce the Wiley 

Materials for the purpose specified in the licensing process. This license, and any 

CONTENT (PDF or image file) purchased as part of your order, is for a one-

time use only and limited to any maximum distribution number specified in the 

license. The first instance of republication or reuse granted by this license must be 

completed within two years of the date of the grant of this license (although copies 

prepared before the end date may be distributed thereafter). The Wiley Materials 

shall not be used in any other manner or for any other purpose, beyond what is 

granted in the license. Permission is granted subject to an appropriate 

acknowledgement given to the author, title of the material/book/journal and the 

publisher. You shall also duplicate the copyright notice that appears in the Wiley 

publication in your use of the Wiley Material. Permission is also granted on the 

understanding that nowhere in the text is a previously published source 

acknowledged for all or part of this Wiley Material. Any third party content is 

expressly excluded from this permission. 

• With respect to the Wiley Materials, all rights are reserved. Except as expressly 

granted by the terms of the license, no part of the Wiley Materials may be copied, 

modified, adapted (except for minor reformatting required by the new Publication), 

translated, reproduced, transferred or distributed, in any form or by any means, and 

no derivative works may be made based on the Wiley Materials without the prior 

permission of the respective copyright owner.For STM Signatory Publishers 

clearing permission under the terms of the STM Permissions Guidelines only, 

the terms of the license are extended to include subsequent editions and for 

editions in other languages, provided such editions are for the work as a whole 

in situ and does not involve the separate exploitation of the permitted figures 

or extracts,You may not alter, remove or suppress in any manner any copyright, 

trademark or other notices displayed by the Wiley Materials. You may not license, 

http://myaccount.copyright.com/
http://www.stm-assoc.org/copyright-legal-affairs/permissions/permissions-guidelines/


220 

 

rent, sell, loan, lease, pledge, offer as security, transfer or assign the Wiley 

Materials on a stand-alone basis, or any of the rights granted to you hereunder to 

any other person. 

• The Wiley Materials and all of the intellectual property rights therein shall at all 

times remain the exclusive property of John Wiley & Sons Inc, the Wiley 

Companies, or their respective licensors, and your interest therein is only that of 

having possession of and the right to reproduce the Wiley Materials pursuant to 

Section 2 herein during the continuance of this Agreement. You agree that you own 

no right, title or interest in or to the Wiley Materials or any of the intellectual 

property rights therein. You shall have no rights hereunder other than the license as 

provided for above in Section 2. No right, license or interest to any trademark, trade 

name, service mark or other branding ("Marks") of WILEY or its licensors is 

granted hereunder, and you agree that you shall not assert any such right, license or 

interest with respect thereto 

• NEITHER WILEY NOR ITS LICENSORS MAKES ANY WARRANTY OR 

REPRESENTATION OF ANY KIND TO YOU OR ANY THIRD PARTY, 

EXPRESS, IMPLIED OR STATUTORY, WITH RESPECT TO THE 

MATERIALS OR THE ACCURACY OF ANY INFORMATION CONTAINED 

IN THE MATERIALS, INCLUDING, WITHOUT LIMITATION, ANY IMPLIED 

WARRANTY OF MERCHANTABILITY, ACCURACY, SATISFACTORY 

QUALITY, FITNESS FOR A PARTICULAR PURPOSE, USABILITY, 

INTEGRATION OR NON-INFRINGEMENT AND ALL SUCH WARRANTIES 

ARE HEREBY EXCLUDED BY WILEY AND ITS LICENSORS AND WAIVED 

BY YOU.  

• WILEY shall have the right to terminate this Agreement immediately upon breach 

of this Agreement by you. 

• You shall indemnify, defend and hold harmless WILEY, its Licensors and their 

respective directors, officers, agents and employees, from and against any actual or 

threatened claims, demands, causes of action or proceedings arising from any 

breach of this Agreement by you. 

• IN NO EVENT SHALL WILEY OR ITS LICENSORS BE LIABLE TO YOU OR 

ANY OTHER PARTY OR ANY OTHER PERSON OR ENTITY FOR ANY 

SPECIAL, CONSEQUENTIAL, INCIDENTAL, INDIRECT, EXEMPLARY OR 

PUNITIVE DAMAGES, HOWEVER CAUSED, ARISING OUT OF OR IN 

CONNECTION WITH THE DOWNLOADING, PROVISIONING, VIEWING OR 

USE OF THE MATERIALS REGARDLESS OF THE FORM OF ACTION, 

WHETHER FOR BREACH OF CONTRACT, BREACH OF WARRANTY, 

TORT, NEGLIGENCE, INFRINGEMENT OR OTHERWISE (INCLUDING, 

WITHOUT LIMITATION, DAMAGES BASED ON LOSS OF PROFITS, DATA, 

FILES, USE, BUSINESS OPPORTUNITY OR CLAIMS OF THIRD PARTIES), 

AND WHETHER OR NOT THE PARTY HAS BEEN ADVISED OF THE 



221 

 

POSSIBILITY OF SUCH DAMAGES. THIS LIMITATION SHALL APPLY 

NOTWITHSTANDING ANY FAILURE OF ESSENTIAL PURPOSE OF ANY 

LIMITED REMEDY PROVIDED HEREIN.  

• Should any provision of this Agreement be held by a court of competent 

jurisdiction to be illegal, invalid, or unenforceable, that provision shall be deemed 

amended to achieve as nearly as possible the same economic effect as the original 

provision, and the legality, validity and enforceability of the remaining provisions 

of this Agreement shall not be affected or impaired thereby.  

• The failure of either party to enforce any term or condition of this Agreement shall 

not constitute a waiver of either party's right to enforce each and every term and 

condition of this Agreement. No breach under this agreement shall be deemed 

waived or excused by either party unless such waiver or consent is in writing 

signed by the party granting such waiver or consent. The waiver by or consent of a 

party to a breach of any provision of this Agreement shall not operate or be 

construed as a waiver of or consent to any other or subsequent breach by such other 

party.  

• This Agreement may not be assigned (including by operation of law or otherwise) 

by you without WILEY's prior written consent. 

• Any fee required for this permission shall be non-refundable after thirty (30) days 

from receipt by the CCC. 

• These terms and conditions together with CCC's Billing and Payment terms and 

conditions (which are incorporated herein) form the entire agreement between you 

and WILEY concerning this licensing transaction and (in the absence of fraud) 

supersedes all prior agreements and representations of the parties, oral or written. 

This Agreement may not be amended except in writing signed by both parties. This 

Agreement shall be binding upon and inure to the benefit of the parties' successors, 

legal representatives, and authorized assigns.  

• In the event of any conflict between your obligations established by these terms and 

conditions and those established by CCC's Billing and Payment terms and 

conditions, these terms and conditions shall prevail. 

• WILEY expressly reserves all rights not specifically granted in the combination of 

(i) the license details provided by you and accepted in the course of this licensing 

transaction, (ii) these terms and conditions and (iii) CCC's Billing and Payment 

terms and conditions. 

• This Agreement will be void if the Type of Use, Format, Circulation, or Requestor 

Type was misrepresented during the licensing process. 

• This Agreement shall be governed by and construed in accordance with the laws of 

the State of New York, USA, without regards to such state's conflict of law rules. 



222 

 

Any legal action, suit or proceeding arising out of or relating to these Terms and 

Conditions or the breach thereof shall be instituted in a court of competent 

jurisdiction in New York County in the State of New York in the United States of 

America and each party hereby consents and submits to the personal jurisdiction of 

such court, waives any objection to venue in such court and consents to service of 

process by registered or certified mail, return receipt requested, at the last known 

address of such party. 

WILEY OPEN ACCESS TERMS AND CONDITIONS 

Wiley Publishes Open Access Articles in fully Open Access Journals and in Subscription 

journals offering Online Open. Although most of the fully Open Access journals publish 

open access articles under the terms of the Creative Commons Attribution (CC BY) 

License only, the subscription journals and a few of the Open Access Journals offer a 

choice of Creative Commons Licenses. The license type is clearly identified on the article. 

 

The Creative Commons Attribution License 

The Creative Commons Attribution License (CC-BY) allows users to copy, distribute and 

transmit an article, adapt the article and make commercial use of the article. The CC-BY 

license permits commercial and non- 

 

Creative Commons Attribution Non-Commercial License 

The Creative Commons Attribution Non-Commercial (CC-BY-NC)License permits use, 

distribution and reproduction in any medium, provided the original work is properly cited 

and is not used for commercial purposes.(see below) 

Creative Commons Attribution-Non-Commercial-NoDerivs License 

The Creative Commons Attribution Non-Commercial-NoDerivs License (CC-BY-NC-ND) 

permits use, distribution and reproduction in any medium, provided the original work is 

properly cited, is not used for commercial purposes and no modifications or adaptations are 

made. (see below) 

 

Use by commercial "for-profit" organizations 

Use of Wiley Open Access articles for commercial, promotional, or marketing purposes 

requires further explicit permission from Wiley and will be subject to a fee. 

Further details can be found on Wiley Online 

Library http://olabout.wiley.com/WileyCDA/Section/id-410895.html 

 

 

Other Terms and Conditions: 

 

 

v1.10 Last updated September 2015 

Questions? customercare@copyright.com or +1-855-239-3415 (toll free in the US) or 
+1-978-646-2777. 
 

 

  

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc-nd/3.0/
http://olabout.wiley.com/WileyCDA/Section/id-410895.html
mailto:customercare@copyright.com


223 

 

 

 

 
 



224 

 

Dear Dr. Morey, 
 

Thank you for your email. 

 

I would like to confirm that under the Frontiers Terms and Conditions, authors retain the copyright to 

their work. All Frontiers articles are Open Access and distributed under the terms of the Creative 

Commons Attribution License (CC-BY 3.0), which permits the re-use, distribution and reproduction of 

material from published articles, provided the original authors and source are credited. 

 

Please keep in mind that if anything in the paper, such as a figure, was already under copyright 

restriction from any other third-party, then you would have to seek permission to reuse the item. 

 

I hope I have addressed your question. Please let me know if you have any other questions or 

concerns. 

Best regards, 

 

Iacopo 

Iacopo Marcon, PhD 

Journal Development Specialist 

 

Frontiers | Editorial Office - Journal Development Team 

Journal Manager: Stéphanie Maret, PhD 

 

---------- Forwarded message ---------- 

From: Frontiers Editorial Office <editorial.office@frontiersin.org> 

Date: Tue, Feb 27, 2018 at 9:22 AM 

Subject: Fwd: Permission to Use Copyrighted Material in a Doctoral/Master’s Thesis 

To: Frontiers Research Topics Neuroscience <neuroscience@frontiersin.org> 

https://tracking.cirrusinsight.com/b5e8be44-c509-4c16-afff-c31f057f0d48/community-frontiersin-org-people-stephaniemaret-115477
https://tracking.cirrusinsight.com/b5e8be44-c509-4c16-afff-c31f057f0d48/community-frontiersin-org-people-stephaniemaret-1154771
mailto:editorial.office@frontiersin.org
mailto:neuroscience@frontiersin.org


225 

 

---------- Forwarded message ---------- 

From: Trevor Morey  

Date: Mon, Feb 26, 2018 at 5:57 PM 

Subject: Permission to Use Copyrighted Material in a Doctoral/Master’s Thesis 

To: editorial.office@frontiersin.org 

 

Hello, 

I am a University of Western Ontario graduate student completing my Doctoral / Master’s 
thesis entitled “Regulation of Human 69-kDa Choline Acetyltransferase Protein Stability and 
Function by Molecular Chaperones and the Ubiquitin-Proteasome System”. My thesis will be 
available in full-text on the internet for reference, study and / or copy. Except in situations 
where a thesis is under embargo or restriction, the electronic version will be accessible 
through the Western Libraries web pages, the Library’s web catalogue, and also through web 
search engines. I will also be granting Library and Archives Canada and ProQuest/UMI a 
non-exclusive license to reproduce, loan, distribute, or sell single copies of my thesis by any 
means and in any form or format. These rights will in no way restrict republication of the 
material in any other form by you or by others authorized by you. 

I would like permission to allow inclusion of figures and text from the following publication; the 
materials will be attributed through citation: 

 Morey, T.M., Winick-Ng, W., Seah, C., and Rylett, R.J. (2017). Chaperone-mediated 

regulation of choline acetyltransferase protein stability and activity by HSC/HSP70, 

HSP90 and p97/VCP. Front Mol Neurosci. 10:415. doi: 10.3389/fnmol.2017.00415. 

Please confirm in writing or by email that these arrangements meet with your approval. 

Sincerely  
Trevor Morey 

 

 

  

mailto:editorial.office@frontiersin.org


226 

 

CURRICULUM VITAE 
 

Trevor M. Morey 
PubMed ID: “Morey TM” 

 

 

Education: 

 
• Ph.D Physiology; Western University: 2012 – 2018. 

o Supervisor: Dr. R. Jane Rylett 

o Thesis: Regulation of Human 69-kDa Choline Acetyltransferase Protein 

Stability and Function by Molecular Chaperones and the Ubiquitin-

Proteasome System – Defended January 2018 

 

• M.Sc. Molecular and Cellular Biology; University of Guelph: 2009 – 2012. 

o Supervisor: Dr. Richard Mosser 

o Thesis: The Effect of Noxa serine-13 Phosphorylation on Hyperthermia-

induced Apoptosis – Defended January 2012.  

 

• B.Sc. Molecular Biology and Genetics; University of Guelph: 2005 – 2009. 
 

 

Scholarships and Awards: 

 
• Robarts Research Institute Trainee Award; awarded a platform presentation at Robarts 

Research Retreat – June 2016 

 

• Queen Elizabeth II Scholarship – Ontario Graduate Scholarship; $15,000 awarded 

annually; Awarded 2x: September 2013–2014, September 2014–2015 
 

 

Publications: 

 
1. Morey, T.M., Winick-Ng, W., Seah, C., and Rylett, R.J. (2017). Chaperone-mediated 

regulation of choline acetyltransferase protein stability and activity by HSC/HSP70, 

HSP90 and p97/VCP. Front. Mol. Neurosci. 10:415. doi: 10.3389/fnmol.2017.00415. 

 

2. Winick-Ng, W., Caetano, F.A., Winick-Ng, J., Morey, T.M., Heit, B., and Rylett, 

R.J. (2016). 82-kDa choline acetyltransferase and SATB1 localize to -amyloid 

induced matrix attachment regions. Sci. Rep. 6:23914. doi: 10.1038/srep23914. 

 

3. Morey, T.M., Albers, S., Shilton, B.H., and Rylett, R.J. (2016). Enhanced 

ubiquitination and proteasomal-degradation of catalytically-deficient human choline 

acetyltransferase mutants. J. Neurochem. 137, 630-646. 



227 

 

4. Morey, T.M., Roufayel, R., Johnston, D.S., and Mosser, D.D. (2015). Heat shock 

inhibition of CDK5 increases NOXA levels through miR-23a repression. J. Biol. 

Chem. 290, 11443-11454. 
 

 

Scientific Meetings and Conferences:  

 
• Robarts Research Retreat, London, Ontario, Canada; June 20, 2017 

o Poster: Ubiquitination and Protein Stability of Catalytically-deficient Human 

Choline Acetyltransferase Mutants are regulated by the molecular chaperones 

HSC70 and HSP90s  

o Authors: Trevor M. Morey, Claudia Seah, and R. Jane Rylett 

o Scope: Institutional 

 

• London Health Research Day; London, Ontario, Canada; March 28, 2017 

o Poster: Ubiquitination and Protein Stability of Catalytically-deficient Human 

Choline Acetyltransferase Mutants are regulated by the molecular chaperones 

HSC/HSP70 and HSP90s  

o Authors: Trevor M. Morey, and R. Jane Rylett 

o Scope: Institutional 

o Facilitator for Salon B Platform Presentations, morning session 

 

• Physiology and Pharmacology Annual Research Day; London, Ontario, Canada; 

November 1, 2016. 

o Poster: Regulation of Catalytically-deficient Human Choline 

Acetyltransferase Mutants by the Heat Shock Family of Molecular 

Chaperones and the E3 Ubiquitin Ligase CHIP  

o Authors: Trevor M. Morey, Warren Winick-Ng, and R. Jane Rylett 

o Scope: Departmental 

o Awarded first place prize - Neurosciences 

 

• Robarts Research Retreat, London, Ontario, Canada; June 13, 2016 

o Platform Presentation: Enhanced Ubiquitination and Proteasomal-

degradation of Catalytically-deficient Human Choline Acetyltransferase 

Mutants  

o Authors: Trevor M. Morey, Shawn Albers, and R. Jane Rylett 

o Scope: Institutional  

 

• London Health Research Day; London, Ontario, Canada; March 29, 2016. 

o Platform Presentation: Enhanced Ubiquitination and Proteasomal-

degradation of Catalytically-deficient Human Choline Acetyltransferase 

Mutants 

o Authors: Trevor M. Morey, Shawn Albers, and R. Jane Rylett 

o Scope: Institutional 

 



228 

 

• Physiology and Pharmacology Annual Research Day; London, Ontario, Canada; 

November 3, 2015. 

o Poster: Decreased Activity and Increased Ubiquitin-Mediated Degradation of 

Human Choline Acetyltransferase by Mutation of an N-terminal Proline-Rich 

Motif. 

o Authors: Trevor M. Morey, Shawn Albers, Brian H. Shilton, and R. Jane 

Rylett 

o Scope: Departmental 

o Awarded first place prize - Neurosciences 

 

• Neuroscience 2015; Society for Neuroscience, Chicago, Illinois, USA; October 17-21, 

2015. 

o Poster: Decreased Activity and Increased Ubiquitin-Mediated Degradation of 

Human Choline Acetyltransferase by Mutation of an N-terminal Proline-Rich 

Motif. 

o Authors: Trevor M. Morey, Shawn Albers, Brian H. Shilton, and R. Jane 

Rylett 

o Scope: International 

 

• Robarts Research Retreat; London, Ontario, Canada; June 8, 2015. 

o Poster: Regulation of Human Choline Acetyltransferase Protein Stability by a 

N-terminal Proline-rich Motif. 

o Authors: Trevor M. Morey, R. Jane Rylett 

o Scope: Institutional 

 

• London Health Research Day; London, Ontario, Canada; April 1, 2015. 

o Platform Presentation: Regulation of Human Choline Acetyltransferase 

Protein Stability and Enzyme Activity by an N-terminal Proline-rich Motif. 

o Authors: Trevor M. Morey, R. Jane Rylett 

o Scope: Institutional 

 

• Physiology and Pharmacology Annual Research Day; London, Ontario, Canada; 

November 4, 2014. 

o Poster: Regulation of Human Choline Acetyltransferase Protein Stability by a 

N-terminal Proline-rich Motif. 

o Authors: Trevor M. Morey, R. Jane Rylett 

o Scope: Departmental 

o Awarded first place prize - Neurosciences 

 

• Canadian Student Health Research Forum; Winnipeg, Manitoba, Canada; June 10-12, 

2014. 

o Poster: Regulation of Human Choline Acetyltransferase Protein Stability by a 

N-terminal Proline-rich Motif. 

o Authors: Trevor M. Morey, R. Jane Rylett 

o Scope: National; invite-only 

o Awarded an honorable mention 
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• Robarts Research Retreat; London, Ontario, Canada; June 9, 2014. 

o Poster: Regulation of Human Choline Acetyltransferase Protein Stability by a 

N-terminal Proline-rich Motif. 

o Authors: Trevor M. Morey, R. Jane Rylett 

o Scope: Institutional 

 

• Southern Ontario Neuroscience Association; London, Ontario, Canada; May 5, 2014. 

o Poster: Regulation of Human Choline Acetyltransferase Protein Stability by a 

N-terminal Proline-rich Motif. 

o Authors: Trevor M. Morey, R. Jane Rylett 

o Scope: Regional 

 

• London Health Research Day; London, Ontario, Canada; March 18, 2014. 

o Poster: Regulation of Human Choline Acetyltransferase Protein Stability by a 

N-terminal Proline-rich Motif. 

o Authors: Trevor M. Morey, R. Jane Rylett 

o Scope: Institutional 

o Awarded first place prize – Neuroscience and Mental Health  

 

• Physiology and Pharmacology Annual Research Day; London, Ontario, Canada; 

November 4, 2013. 

o Poster: Regulation of Human Choline Acetyltransferase Protein Stability by a 

N-terminal Proline-rich Motif. 

o Authors: Trevor M. Morey, R. Jane Rylett 

o Scope: Departmental 

 

• Molecular and Cellular Biology Annual Research Day; Guelph, Ontario, Canada; 

April 2009. 

o Poster: The Effect of Noxa Serine-13 Phosphorylation on Hyperthermia-

induced Apoptosis. 

o Authors: Trevor M. Morey, Richard Mosser 

o Scope: Departmental 
 

 

Scientific and Technical Expertise: 

 
• Mammalian cell culture: 

o Culture and maintenance of primary murine cells and mammalian cell lines. 

o Plasmid transfection of adherent and non-adherent human cells lines. 

o Generation of stably-expressing mammalian cells lines. 

o Pharmacological experimentation. 

 

• Molecular techniques: 

o Plasmid design and generation: PCR (for both insertion and mutagenesis 

cloning), restriction digestion and purification, plasmid ligation. 
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o Plasmid preparation: Bacterial transformation, plating, growth, and 

purification. 

o Immunoblotting: Mammalian cell lysis, protein sample preparation, 1D SDS-

PAGE, electroblotting, and protein detection by chemiluminescence using film 

or ChemiDoc. 

o Immunoprecipitation, co-immunoprecipitation, and affinity purification. 

o Confocal microscopy 

o Advanced techniques: BioID, PLA, SDD-AGE. 

o Fluorescent and colorimetric plate-reader assays. 

o Radioenzymatic assays, 32P-orthophosphate live-labeling and detection. 

o Generation of novel assays (i.e. SPAAC pulse-chase). 

 

• Biochemical techniques: 

o Recombinant protein purification: Expression in E. coli BL21, bacterial lysis, 

Ni2+ affinity purification, TEV digestion, dialysis, cation exchange 

purification. 

o Biochemical plate-reader assays: enzymatic assays. 

o Circular dichroism with tandem thermal denaturation for measurement of in 

vitro protein structure and thermal stability. 

o MALDI and ESI mass spectrometry to identify protein-protein interactors 
 

 

Teaching Experience: 

 
• Phys1020 – Human Physiology, Western University, Sept. 2015 – April 2016. 

o Supervisor: Christine Bell 

o Position: Teaching Assistant 

 

• Phys1020 – Human Physiology, Western University, Sept. 2014 – April 2015. 

o Supervisor: Christine Bell 

o Position: Teaching Assistant 

 

• Phys1020 – Human Physiology, Western University, Sept. 2013 – April 2014. 

o Supervisor: Tom Stavraky 

o Position: Teaching Assistant 

 

• Phys3130y – Physiology Laboratory, Western University, Sept. 2013 – April 2013. 

o Supervisor: Tom Stavraky 

o Position: Teaching Assistant 

 

• Biol1090 – Introduction to Molecular and Cellular Biology, University of Guelph, 

Jan. 2011 – April 2011. 

o Supervisor: Kim Kirby 

o Position: Teaching Assistant 
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• MCB4010 – Advanced Cell Biology, University of Guelph, Jan. 2011 – April 2011; 

Jan. 2010 – April 2010. 

o Supervisor: Dr. Richard Mosser 

o Position: Teaching Assistant 

 

• MBG2000 – Introductory Genetics, University of Guelph, Sept. 2010 – Dec. 2010; 

May 2010 – Aug. 2010; Sept. 2009 – Dec. 2009. 

o Supervisor: Christine Schisler 

o Position: Teaching Assistant 

 
 

 


