
1. PHD PROJECT DESCRIPTION (4000 characters max., including the aims and work plan) 

Project title: Creating and characterizing biological tools to study the 3 4*-nicotinic 
acetylcholine receptors 

1.1. Project goals:  Smoking addiction has long been linked to the cholinergic system, specifically 
nicotinic acetylcholine receptors (nAChRs), through the principal addictive component in 
tobacco: nicotine. The nAChRs are implicated in many neurological disorders such as 

identified the 3- 4- 5 gene cluster as having a strong role in nicotine addiction. Understanding 
the role 3 4*-nAChRs play in addiction is an important aspect to developing efficient 
therapeutics. The goal of the project is to develop biological tools that will isolate specific 
stoichiometries of the 3 4*-nAChR to help understand their role in addiction. Alleviating the
drug dependence of smoking would reduce the economic burden that lung cancer has on the 
healthcare system.  

1.2. Outline: The proposed project can be broken into three separate stages which are mostly in a 
sequential order. The creation of and characterization of chimeric acetylcholine binding proteins
(AChBPs) that mimic various regions of the 3- and 4-nAChR subunits. These characterized 
proteins will be used to generate VHH nanobodies either from alpaca immunization or from an 
already generated synthetic randomized library. The isolated VHH nanobodies will be produced 
and finally characterized for their binding against specific stoichiometries of the 3 4-nAChRs
primarily through immunofluorescence studies and functional electrophysiological studies.  

1.3. Work plan: WP1: Creation and verification of C-terminally tagged apical- 3-nAChR/A.c.-AChBP and
apical- 4-nAChR/A.c.-AChBP, as well as N-terminally tagged 3/ 3-AChBP and 4/ 4-AChBP 
chimeras (~12months). Overlap-extension PCR will be used to create various version of the 
constructs in a vector which incorporates a C-terminally linked GFP and then these constructs 
will be transiently transfected into HEK-GnT1- cell lines. Evaluation of proper expression and 
specifically pentameric oligomerization will be performed using fluorescence size-exclusion 
chromatography.
WP2: The chimeric proteins from WP1 will be used to screen an already existing synthetic VHH 
nanobody library, and potentially injected into alpacas to generate natural VHH nanobodies 
against the specific domains incorporated into the chimeras. The screening of the alpaca serum 
and/or synthetic library will be done via phage-display panning through multiple rounds of 
depletion and positive selection to isolate a series of VHH nanobodies specific to the chimeric 
proteins being used. After three rounds of panning the isolated cDNAs from the selected colonies 
will be sequenced and analyzed (2a:~3months). They will be subsequently expressed in a 
bacterial expression system (2b: ~3months), isolated from the periplasmic space through 
osmotic shock, and purified via an incorporated tag on the VHH to allow for subsequent 
characterization.
WP3: Characterization will begin with identifying VHH nanobodies which strongly bind to the 
receptors through immunofluorescence experiments on already created stable cells lines 
expressing them, using either direct fluorophore-conjugated VHH nanobodies or fluorophore-



a library of the predominant neuronal nAChR subtypes through the use of a mixture of 
transiently transfected HEK293 cells and cells lines stably expressing these receptors will 
validate the selectivity of strong binders (3a: ~9months). Afterwards, a thorough functional 
characterization, via two-electrode voltage clamp electrophysiology, will be performed to
validate specific stoichiometric binding to the ( 3)3( 4)2-nAChRs and ( 3)2( 4)3-nAChRs (3b: 
~18months).
A final six months is allocated in 2029 to write up articles and prepare the dissertation.
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1.5. Required initial knowledge and skills of the PhD candidate 
Master of Science in biochemistry, pharmacology, biology, or related field, completed 
before beginning of doctoral dissertation.

Experience in a biochemical laboratory
Good communication skills
Proficiency in written and spoken English

 

1.6.  skills  
 

Scientific development through the preparation of a doctoral dissertation,
Experience with ligand-gated ion channels in a leading laboratory with international 
connections. 
Travel to international conferences.
Successful completion of the Ph.D. may open the door to potential post-doctoral at these 
international locations.

  


