
The Dynamic Interaction Between Chemoattractant
Receptor cAR1 And Coupled Heterotrimeric G-Protein

Item Type text; Electronic Thesis

Authors Schultz, McKenna L.

Citation Schultz, McKenna L.. (2019). The Dynamic Interaction Between
Chemoattractant Receptor cAR1 And Coupled Heterotrimeric G-
Protein (Bachelor's thesis, University of Arizona, Tucson, USA).

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 24/05/2023 20:15:16

Item License http://rightsstatements.org/vocab/InC/1.0/

Link to Item http://hdl.handle.net/10150/632765

http://rightsstatements.org/vocab/InC/1.0/
http://hdl.handle.net/10150/632765


 

 

 

 

THE DYNAMIC INTERACTION BETWEEN CHEMOATTRACTANT RECEPTOR cAR1  

AND  

COUPLED HETEROTRIMERIC G-PROTEIN 

By 

McKenna L. Schultz 

 

_______________________________ 

 

 

A Thesis Submitted to The Honors College 

In Partial Fulfillment of the Bachelors degree 
With Honors in 

Biochemistry 
 

THE UNIVERSITY OF ARIZONA 

MAY 2019 

 

 

 

 

 

Approved by:  

 

_____________________________ 

Dr. Pascale G. Charest 
Department of Chemistry and Biochemistry 
 



Schultz| 2 

Abstract 

G-protein coupled receptors, a widely studied class of membrane receptors, are 

often found upstream in intracellular signaling cascades. One such receptor, the cyclic 

adenosine monophosphate (cAMP) receptor cAR1 in the social amoeba Dictyostelium 

discoideum, is part of a cell’s chemotactic response. The cAR1 receptor binds cAMP and 

interacts with the heterotrimeric G-protein to initiate a signal cascade, resulting in cell 

movement. Our research focuses on understanding the interaction dynamics between 

cAR1 and the G-protein subunits. We studied the receptor in its wild type (WT) form, with 

several mutations (cAR1234), and truncated beyond residue 289 (cART289). 

Fluorescently tagged forms of cAR1 and G-protein subunits were synthesized and 

transfected into D. discoideum cell lines. Expression of the transfected cells was 

measured through developmental assays, Western blots, and BRET2 analysis. There is 

a diminished ability of cells with cAR1234 constructs to aggregate when compared to cells 

with the WTcAR. Cells containing the cART289 elicit some G-protein dissociation. These 

data suggest the interaction dynamics between cAR1 and the G-protein are affected by 

the regions mutated in cAR1234 and cART289. However, no substantial conclusions can 

be drawn yet regarding which region of the receptor is interacting with a particular G-

protein subunit.  
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Introduction 

G-protein coupled receptors often play a critical role in cellular responses to 

various chemoattractants (Lambert, 2008). One such receptor is the cyclic adenosine 

monophosphate (cAMP) receptor cAR1 which is upstream in a cell’s response to 

chemical signals, also known as chemotaxis. A model organism often used to study these 

chemotactic response pathways is the social amoeba Dictyostelium discoideum. In D. 

discoiduem, the cAR1 receptor is specifically involved in a cells directed movement 

towards the stimulant cAMP (Song et al., 2006). This organism has been a common 

subject of these studies due to its ability to aggregate into multicellular structures, known 

as fruiting bodies, when starved of nutrients (Devreotes, 1989). It is this ability of D. 

discoideum to aggregate under stress that make this organism suitable for study because 

connections can be drawn between D. discoideum response pathways and those of the 

human immune response and cancer cell aggregation (Pergolizzi et al., 2017). Further, 

analysis of heterotrimeric G-proteins is ideal in targeted drug treatments for various 

diseases (Christopoulos, 2002). For instance, caffeine has been shown to affect G-protein 

dissociation (Islam, 2018).  

When cAMP binds to cAR1, it induces a conformational change in the 

transmembrane receptor cAR1 which induces the dissociation of the Gα and Gβγ 

subunits just inside the plasma membrane of the cell (Lambert, 2008). This dissociation 

has been monitored via different forms of resonance energy transfer analysis, such as 

FRET and BRET (Figure 1) which monitor fluorescence and bioluminescence, 

respectively. Once these subunits dissociate, they trigger a signal cascade that leads to 

cell movement towards the source of the cAMP stimulant (Cao, 2014; Artemenko et al., 
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2017). The result of this movement, in D. discoideum is the aggregation of individual cells 

into fruiting bodies.  Though the binding of cAMP to cAR1 is well studied and the 

subsequent response of the cells are well known, the precise interaction dynamics 

between cAR1 and the G-protein subunits are not well studied (Kamp et al., 2015). 

 

 

 

 

 

Figure 1. G-protein dissociation upon cAMP stimulation to cAR1 in two 
cell lines transfected with GαGFP2 + Gdecrease in the BRET upon cAMP 
stimulation. The cARA- transfected cells, did not exhibit any significant 
change with cAMP stimulation, but the AX3 transfected cells did exhibit a 
change upon cAMP stimulation. There is a greater change for the 10μM 
treated cells than the 10nM treated cells.  
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We will quantitatively measure the reaction dynamics of the G-protein subunits 

interacting with the receptor, which is done using bioluminescence resonance energy 

transfer (BRET2) analysis. In this procedure, there is a protein that is tagged with an 

energy donor, luciferase II (LucII), and there is a protein tagged with an energy acceptor, 

green fluorescence protein-2 (GFP-2). If these two proteins come into contact with one 

another, then there will be a visible change in the fluorescence of these proteins as the 

energy is transferred from LucII to GFP2. By observing these changes in fluorescence, 

we can develop an understanding of the dynamics of this GPCR and G-protein 

interaction. In the context of cAR1 and its G-protein, the receptor will be tagged with either 

LucII or GFP2, and either the Gα of Gβγ subunit will be tagged with the complimentary 

energy acceptor or donor. We expect to see a greater change in fluorescence for the G-

protein subunit that is interacting closely with the receptor and a lesser change for the 

subunit that is not interacting closely with the receptor. Alternatively, various forms of the 

receptor, wild-type mutated, or one with a truncated sequence, will be transfected into 

cells along with both G-protein subunits, each with a GFP2 or LucII protein tag. Here, we 

would expect to see either a diminished change in fluorescence between the G-protein 

subunits, based on which receptor is present.  

 

Materials and Methods 

DNA Amplification 

PCR amplification 

The constructs of this experiment were either retrieved via polymerase chain 

reaction (PCR) amplification of a construct or synthesized using recombinant DNA 
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methods. For the former, a 50 μL PCR reaction mixture contained, 5 μL of 10x Taq buffer 

solution, 3 uL of 25mM MgCl4, 5 μL of 2mM dNTPs, 3 μL of both the forward and reverse 

primers, 0.5 v of Taq polymerase, and 50 ng of template DNA; the mixture was volumed 

to 50 μL using dH2O. The following protocol was used to run the PCR reaction: 

1. 95°C—2 min 

2. 95°C— 30 sec 

3. 55°C— 1 min 

4. 60°C—4 min 

5. Repeat from step (2) 18 times 

6. Store at 4°C until sample is removed 

Note that the forward and reverse primers differed depending on the construct being 

amplified in the reaction: WTcAR and cAR1234 utilized TI18 as the forward primer and 

TI20 as the reverse primer; TcAR (cART289) used TI18 as the forward primer and TI20 

as the reverse primer (more information in the Charest Lab). 

 

Cloning of Recombinant DNA 

Cloning began with digestion of the DNA template and the desired DNA insert by 

a given restriction enzyme. The template DNA and the DNA insert underwent their 

respective digestions in separate reaction mixtures. For the template DNA and the insert 

DNA, the reaction mixture contained 20 ug of DNA, 1 μL of restriction enzyme (see note 

below), 2 μL of buffer (Cutsmart buffer or buffer 3.1, depending on the enzyme’s 

specifications), and was adjusted to 20 uL with dH2O. The reaction mixtures were 

incubated at 37°C for ~2 hours. No heat sensitive restriction enzymes were used during 
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the cloning procedures. However, in optimizing the procedure, there were instances 

where the digested template and digested insert were incubated in an 80°C water bath 

for 30 minutes and treated with 1 μL CIP phosphatase.  

Note: The enzyme varied between the DNA inserts being used and the plasmid 

vector being used. The enzymes used were SpeI, BglII, NgoMIV, or AlWN1. All 

options digested sites located in the same region, but the use of each differed in 

attempts to optimize the protocol.  

Once the digestion was complete, the samples were loaded onto a 1% agarose 

gel with ethidium bromide. The gel was placed on a UV light source (but not overexposed) 

so that the DNA fragments could be excised from the gel. Each fragment was placed into 

a small column and centrifuged at 1500 rpm for 3 minutes in order to elute the DNA from 

the agarose gel. The ligation mixture contained a 7:1 ratio of insert to template. A 10 μL 

ligation reaction contained 0.5 μL template, 3.5 μL insert, 0.5 μL DNA ligase, 1 μL 

Cutsmart buffer, and 4.5 μL of dH2O. The ligation reaction ran overnight at 16°C.  

 For DNA amplification, the ligated construct was transformed into DH5α 

electrocompetent Escherichia coli bacteria prepared in the Charest lab. The 10 μL ligation 

was gently mixed with 50 μL of bacteria cells and kept on ice. The mixture was transferred 

to a sterile 0.2 mm electroporation cuvette. The mixture was pulsed on the EC2 setting. 

Immediately following pulsing, 200 μL of 2YT media was added to the cuvette. This 

mixture was transferred to a 1.5 mL Eppendorf tube and incubated at 37°C for 1 hour. 

250 μL of this culture was plated onto an LB + ampicillin agar plate. The plates were 

incubated at 37°C overnight.  
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 Individual bacterial colonies were picked from the plate using sterile pipette tips 

and added to 3 mL of LB containing 3 μL of ampicillin. The cultures were grown in shaking 

suspension for 16 hours at 37°C. Following the Promega PureYield Plasmid Miniprep 

protocol and kit, the cultures were miniprepped to harvest DNA. The concentration and 

relative purity of the sample was recorded using a spectrometer. Before samples were 

sent for sequencing, the miniprepped samples underwent qualitative analysis and 

verification.  

 

Qualitatitve and quantitative checks of DNA 

 The DNA constructs were analyzed by means of DNA sequencing in addition to 

qualitative PCR colony checks and digestion by restriction enzyme checks. For the PCR 

colony check, the E. coli colony which was picked to for DNA collection was dipped into 

a PCR reaction mixture (which was made as described above). The sample underwent a 

PCR reaction repeated for 10 cycles. Then, 5 uL of the PCR sample was loaded onto a 

5% agarose gel containing ethidium bromide for band visualization. This was to ensure 

that the final ligated DNA construct was the appropriate number of base pairs, considering 

the template and insert sizes used.  

 An alternative means of verifying the ligation was by digesting a sample of the 

harvested DNA using the same restriction enzyme as was used in the initial digestion 

phase. A reaction mixture containing 3-4 μL of the ligated DNA, 0.5 μL of restriction 

enzyme, and 1 μL buffer was volumed to 10 μL with dH2O. This reaction mixture was 

incubated for 1 hour at 37 °C. Then, the sample was loaded onto a 1% agarose gel and 
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run alongside the digested template and digested insert. This was to qualitatively verify 

the size of the components that ligated together.  

All DNA sequencing was submitted to Eton Bioscience. 

 

Cell Culture 

 

General Cell Culture and Maintenance 

 Cells were grown at 20-21°C on cell culture dishes with HL-5 media. Plates were 

monitored each day and media was changed once a day. Transfected cells were treated 

with a selection media containing genetecin (G418) antibiotic. G20 media contained a 

final concentration of 20 μg/mL G418 in HL-5 media, whereas G10 media contained a 

final concentration of 10 μg/mL G418 in HL-5 media.  

 

Transfecting D. discoideum Cells via Electroporation 

 Wild-type AX3, cARA null (cAR1 null), Gα null, and Gβ null D. discoideum cells 

were cultured to 70% confluency in 150 mm plates. Cells were collected and resuspended 

in 10 mL of fresh HL-5 media. Cells were counted via a hemocytometer. Cells were 

pelleted for 3 minutes at 1500 RPM and 4°C. Supernatant media was aspirated from the 

cells, and cells were resuspended in 40 mL of 1x Na/K buffer (1x Na/K buffer (12 mM 

Na/K): 13 g/L, 2.4 g/L Na2HPO4, pH to 6.1-6.3 with phosphoric acid, volume with MQH2O). 

Cells were pelleted once more for 3 minutes at 1500 RPM and 4°C and the buffer was 

aspirated. Cell pellet was left uncovered but on ice inside a sterile cell culture hood for 15 

minutes. Cells were resuspended in electroporation buffer (10 mM Na/KPO4, 50 mM 
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sucrose) at a concentration of 107 cells/mL. In sterile Eppendorf tubes, 800 μL of cell 

suspension was gently mixed with 20 μg of plasmid DNA; this mixture sat on ice for one 

minute before being transferred to a sterile 5 mm electroporation cuvette. The cells were 

pulsed twice with 10 mV and then transferred to a 100 mm dish with 10 mL HL-5 media. 

Within 24 hours of this transformation, the HL-5 media was replaced with selection media.  

 

Developmental Assays 

 Cells were grown in 150mm plates to ~80% confluency; the cells were either grown 

in HL-5, G20, or G10 selection media, depending on the cells. The cells were collected 

from the plate and counted using a hemocytometer. Then, cells were pelleted at 1500 

RPM for 3 minutes. The supernatant was aspirated, and the cell pellet was washed in 20 

mL of 1x Na/K buffer and pelleted again at 1500 RPM for 3 minutes; the washing step 

was repeated once again for a total of two washes. With the supernatant of the final wash 

aspirated, the cell pellet was resuspended at a concentration of 4x106 cells/mL. 

 The suspended cells were then spotted on a 100 mm 1xNa/K agar plate as serial 

dilutions of the 4x106 cells/mL suspension. To begin, 50 μL of the 4x106 cells/mL 

suspension was spotted onto the agar plate. Then, 50 μL of the cell suspension was 

gently mixed with 50 μL 1x Na/K buffer. 50 μL of this mixture was spotted onto the plate.  

The remaining 50 μL of suspended cells was diluted with 50 μL 1xNa/K buffer, and 50 μL 

of this was spotted onto the agar plate. This was repeated one more time so that there 

were four spots on the agar plate.  

 The spots were allowed time to dry and for the cells to adhere to the agar. Once 

this was done, the plates were stored upside down in a box with a closed lid which 
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contained a moist sponge. The boxes were stored in an incubator kept at 21°C for a 

period of 48 hours, with the aggregation of the cells monitored over that time period. 

Images were taken at 24 and 48 hours for each plate. In the figures presented below, all 

images were taken of the second highest dilution of cells at 2x magnification.  

 

Immunoblotting  

 

Running SDS-PAGE Gels 

 Samples were boiled for 5 minutes, vortexed, spun down, and then loaded onto a 

12% SDS-PAGE gel. Each gel was run at 120 V until the samples had migrated through 

the gel, signified by the loading dye running off the gel.  

 

Gel Transfer 

 The transfer apparatus consists of fiber sponges, filter paper, and a nitrocellulose 

membrane. Each of these components was soaked in 1x protein transfer buffer prior to 

final assembly of the components. The transfer itself was carried out at 60 V for 2 hours 

at 4°C. 

 

Staining and Membrane Development 

 The membranes were cut to size before blocking. Membrane underwent blocking 

for one hour at room temperature in 5% milk TBST solution (TBST: 50 mM Tris, 150 mM 

NaCl, pH 7.4 + 0.1% Tween-20). Membrane was washed three times with TBST for 5 

minutes each. Then, the primary antibody (anti-GFP or anti-Luc, depending on the 
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sample), was blocked over night at 4°C; the concentration of antibody was 1:1000 in a 

2.5% milk TBST solution. The membrane was then washed 3 times with 1x TBST for 5 

minutes each. Then, the membrane was incubated in anti-mouse-HRP antibody for 1 hour 

at room temperature; the antibody was 1:10000 in a 2.5% milk TBST solution. Finally, the 

membrane was developed with 500 μL of ECL reagent added directly to the membrane, 

which was then incubated for 5 minutes at room temperature. Membrane was imaged 

with the BIO-RAD ChemiDoc MP image system. 

 

Coomassie Staining 

 Membranes were soaked in a 0.1% Coomassie Blue solution with 50% methanol 

for 5 minutes. The stain was discarded, and the membrane was de-stained over multiple 

washes with a 50% ethanol and 10% acetic acid de-staining solution. As above, 

membrane was imaged with the BIO-RAD ChemiDoc MP image system.  

 

Pulsing D. discoideum Cells with cAMP 

 In order to generate developed cells, they were starved of nutrient-rich media and 

pulsed with 30 nM cAMP over the course of several hours. The vegetative cells used did 

not undergo any starvation or pulsing with cAMP. Vegetative cells were grown to ~70% 

confluency on 150 mm plates.. Cells were collected from the plates and counted using a 

hemocytometer. Cells were pelleted 3 minutes at 1500 RPM. The pelleted cells were 

washed two times with 20 mL of 1x Na/K buffer and pelleted at 1500 RPM for 3 minutes. 

Supernatant was discarded, and the cells were resuspended using 1x Na/K buffer at a 

concentration of 5x106 cells/mL in a total volume of 10mL. The suspended cells were 
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transferred to a 125 mL Erlenmeyer flask and kept shaking at 240 RPM over the duration 

of pulsing. Cells were kept at room temperature and received 30 nM cAMP every 6 

minutes for 5.5 hours, producing the developed cells; vegetative cells were shaken over 

this time as well but were not pulsed with cAMP. The cells were pelleted and washed with 

1x Na/K buffer and pelleted once more before being resuspended in 1x Na/K buffer at 

5x106 cells/mL.  

 

BRET2 Analysis 

 If the developmental assay demonstrated that the cells with transfected with the 

recombinant constructs developed fruiting bodies and if the Western blot demonstrated 

that the desired proteins were present, then the cells underwent bioluminescence 

resonance energy transfer (BRET2) analysis. Developed or vegetative cells, procedure 

for collection was described above, underwent this analysis.   

 Cells were left in suspension shaking at 240 RPM throughout the experiment; prior 

to any analysis, cells were left shaking for 30 minutes. Standard procedure of preparing 

the plate reading device was used in order to clear the pumps of any extraneous 

chemicals. Pumps were primed to stimulate the cell samples with 50 μL of a 40 μM cAMP 

solution in 1x Na/K buffer or with plain 1x Na/K buffer.  

 Once the cells had shaken for 30 minutes, 150 μL of cell sample was added to a 

96-well plate. 1μL of cellintrozen 400 (1mM cellintrozen 400 in EtOH) was gently mixed 

with the cell sample, and the plate was loaded onto the plate reader. The cells were 

stimulated with the 50 μL 40μM cAMP solution, resulting in a final concentration of 10 μM 



Schultz| 14 

cAMP in solution with the cells. Fluorescence and luminescence measurements were 

recorded by the device over the course of 1 minute. 

 The BRET2 ratio reported is the fluorescence divided by the luminescence. The 

Net BRET ratio listed is the result of subtracting the experimental construct’s BRET2 ratio 

and subtracting the BRET2 ratio of the control construct.  

 

Luminescence Check  

 Developed or vegetative cells underwent this process. From the procedure above, 

150 μL of the 5x106 cells/mL cell suspension was added to a 96-well plate. 1 μL of 

cellintrozen H (1mM cellintrozen H in 100% ethanol) was gently mixed with the cell 

sample, and the plate was left covered for 10 minutes. Then the plate was loaded onto 

the plate reader and luminescence measurements were recorded.   

 

Results 

Testing cAR1 and G-protein Recombinant Clones 

 The constructs cART289 (TcAR) – LucII/pDM304 and TcAR – LucII + Gα – 

GFP2/pDM304 were the only pair that made it to the stage of BRET2 analysis. cAR1 is 

approximately 40 kDa. As seen in Figure 2, which was stained using the anti-Luc 

antibody, there is a strong band just below 40 kDa for in the second column and a faint 

band at this height for first. This indicates that the TcAR construct was present in either 

cell sample, but to differing extents. Though the constructs appear to be present, the 

transfected cARA null cells did not develop into fruiting bodies in the developmental assay 
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(Figure 3c). Instead, the assay shown in Figure 3c looks like the assay of cARA- cells in 

Figure 3b. 

 

 

 

 

 

 

Figure 2. Western blot for cARA- cells transfected with TcAR-
LucII/pDM304 or TcAR-LucII + GαGFP2/ pDM304. Stained using anti-
LucII antibody. There is a strong strong band in the TcAR-LucII + 
GαGFP2/ pDM304 just below 40kDa, and a faint band in the TcAR-
LucII/pDM304 sample at the same position.  
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Figure 3a. AX3 cells not transfected with a construct.  
Figure 3b. cARA- cells not transfected with a construct.  Cells did not 
recover the ability to form fruiting bodies.  
Figure 3c. cARA- cells transfected with TcAR-LucII + GαGFP2/ pDM304. 
The transfected cells did not recover the ability to form fruiting bodies. 
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Figure 4. BRET2 analysis of TcAR-LucII + GαGFP2/pDM304 transfected 
into cARA- cells. (a) Comparison of developed cells that underwent each 
antibiotic treatment. (b) Comparison of vegetative cells that underwent 
each antibiotic treatment. (c) Comparison of vegetative and developed 
G20 treated cells. (d) Comparison of vegetative and developed G10 
treated cells. In each panel, there is an increase in the BRET2 ratio when 
cAMP is added (10 seconds), but not for cells treated with 1x Na/K 
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The functionality of the BRET2 constructs listed above is shown in Figure 4. There 

is a clear increase in fluorescence with cAMP stimulation across all the samples, seen at 

10 seconds, and there is no change in fluorescence for those cells stimulated with buffer 

(Figure 4). There is not a significant difference between the fluorescence of vegetative 

cells as compared to developed cells as both have similar results (Figure 4c and 4d). 

Further, the cells that underwent selection in G20 media have a clearer differentiation 

between the cAMP stimulation and the buffer stimulation than those cells selected for via 

G10 media (Figure 4a). Cells selected for in G10 media appear to have greater changes 

in fluorescence than those selected for in G20 media, but the G20 cells have a more 

consistent fluorescence change over time (Figure 4e). 

 

Developmental Assay Analysis 

As mentioned, not all constructs underwent BRET2 analysis or a Western blot. 

These constructs only were subject to developmental assays. Figure 5 demonstrates the 

normal phenotype of the various D. discoideum cells that were used in subsequent 

assays. Cells lacking the cAR1 receptor or either G-protein subunit did not develop fruiting 

bodies (Figure 5b-d), whereas the AX3 wild-type cells did develop fruiting bodies (Figure 

5a).  

cARA null cells transfected with WTcAR/pJK1 (Figure 6b) recovered the ability to 

form fruiting bodies. However, when the WTcAR/pJK1 was simultaneously transfected 

into cARA null cells with the GαGFP2 + GβLucII/pDM304 construct (Figure 6c), no levels 

of aggregation were observed. Similarly, cARA null cells which received the 

cAR1234/pJK1 construct alone (Figure 7b) did form some fruiting bodies. The 
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development of the fruiting bodies appears to be different and slower for the cAR1234 

mutant than the wild-type AX3 cells (Figure 4a). Eventually, the cAR1234 mutant did 

recover “normal” fruiting bodies. No aggregation is seen in for those cells which received 

both the cAR1234/pJK1 construct and the GαGFP2 + GβLucII/pDM304 construct (Figure 

7c).  

 

 

Figure 5. Developmental assays of different Dictyostelium discoideum cell 
lines that were not transfected with any DNA constructs. (a) demonstrated 
fruiting bodies but (b)-(d) did not exhibit any cell aggregation.  
Fig. 4a. AX3 cells.  
Fig. 4b. cARA- cells. 
Fig. 4c. Gα- cells.  
Fig. 4d. Gβ- cells. 
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Figure 6. Developmental assay of cARA- cells transfected with (b) 
WTcAR/pJK1 and with (c) WTcAR/pJK1 + GαGFP2 + GβLucII/pDM304. 
(a) is AX3 cells. The development is shown between 24-48hrs and was 
taken at 3x magnification. Cells at either time step in (c) did not form 
fruiting bodies, but those in (b) did. 

 

 

 

 

 



Schultz| 21 

 

 

 

 

 

 

Figure 7. Developmental assay of cARA- cells transfected with (b) 
McAR/pJK1 and with (c) McAR/pJK1 + GαGFP2 + GβLucII/pDM304. (a) is 
AX3 cells. The development is shown between 24-48hrs and was taken at 
3x magnification. Cells at either time step in (c) did not form fruiting 
bodies, but those cells in (b) formed some fruiting bodies at a delayed 
rate.   
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Discussion 

The results of this study do not definitively point towards any one single conclusion 

as they are insufficient to paint a thorough picture about the interaction dynamics between 

cAR1 and the G-protein subunits. What can be noted is that some of the constructs used 

are biologically relevant and should be studied further and the potential errors to be 

addressed moving forward.   

  Some G-protein dissociation is recovered in the cARA null cells with cART289-

LucII + GαGFP2/pDM304 construct. This indicates that the region of cAR1 which was 

truncated is not solely responsible for interacting with the G-protein subunits. The 

developmental assay for these cells do not indicate recovered ability to aggregate, which 

conflicts with the ability to observe any changes in fluorescence; this construct needs to 

undergo another further experiments to verify whether it is actually viable for analysis.  

cAR1234/pJK1 cells recover some normal phenotypic function, but not completely. 

This could indicate a change in the receptor’s ability to induce a signal cascade, but it 

require further investigation. Further, the transfection of cAR1234/pJK1 + GαGFP2 + 

GβLucII/pDM304 did not seem to grow. This indicates that the transformation may have 

failed to get both plasmids into the cells. The same thought applies to WTcAR/pJK1 + 

GαGFP2+GβLucII/pDM304. Because these transformations were into cARA null cells, 

they require a functional cAR1 protein in order to aggregate; the cells could have survived 

antibiotic selection on the GαGFP2+GβLucII/pDM304 construct alone, but would not have 

been able to aggregate, which was observed.  
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This study can only inform a small portion of the interaction dynamics between 

cAR1 and its coupled G-protein. More constructs need to be analyzed under various 

conditions, but first, the procedure for obtaining those constructs must be optimized. 

Future research will need to address the dilemmas pertaining to synthesis and purification 

of all constructs involved.  

Some errors that could have occurred involve incomplete digestion of the DNA 

strands where the restriction enzymes did not establish sticky ends on both the template 

and insert DNA. Another dilemma pertains to the transformation of recombinant DNA 

constructs into E. coli for DNA amplification. On multiple occasions, the voltage used 

during electroporation was often lower (~2.5) than the ideal threshold voltage (~4.0V). 

So, this lower voltage means that the bacterial membranes were not as permeable for 

plasmid uptake as would be ideal. As such, the likelihood of successful transformation 

was decreased throughout many attempts during the cloning process. When attempts 

were made to use the alternative means of transformation, chemical transformation, that 

relied on using temperature differences in the process, … Finally, it is vital to maintain 

ideal conditions for the D. discoideum cells. On some instances, the cells were exposed 

to large changes in temperature or humidity while kept in cell culture due to building power 

malfunctions. As such, some potentially viable cells were unable to be analyzed due to 

environmental conditions affecting the cells.  

 With viable constructs, it will be important to examine the cAR1 receptor and G-

protein subunits in several contexts. The study began in an attempt to verify whether the 

truncated and mutant constructs still demonstrated G-protein dissociation. Though this 

research was performed, only a rudimentary picture can be drawn. Beyond this, we must 
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look to the specific interaction dynamics of between the G-protein and the receptor 

protein. This can be done by continuing the development of receptor constructs tagged 

with LucII and/or GFP2 and measuring the fluorescence and luminescence of these 

receptors as they interact with the tagged G-protein subunits.  

This investigation merely scratched the surface of the G-protein and cAR1 

interaction dynamics, and there is much more work that needs to be done to establish a 

better framework of how the two proteins interact with one another.   
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