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Abstract 

 

 Chemotaxis is a process by which single-cell and multi-cellular organisms are 

able to migrate in response to different chemical gradients, or chemoattractants. 

Dictyostelium discoideum, social amoebae used as a common model organism to study 

eukaryotic chemotactic pathways, have the ability to migrate and aggregate in response 

to chemoattractants like cAMP. RasG is a protein that is part of the Ras family 

GTPases, and is activated downstream of the heterotrimeric G-protein in response to 

cAMP in the Dictyostelium chemotactic pathway. Preliminary data indicates that RasG 

is possibly regulated by PKA and may be phosphorylated by PKA upon activation. To 

determine the role of RasG phosphorylation, site directed mutagenesis was used to 

develop loss of function and phosphomimetic mutations to RasG constructs. The in vivo 

functionality of these constructs was tested with growth assays, and the expression and 

activity of RasG upon cAMP stimulation was tested with the Ras activity assay and 

immunoblotting. There is currently no evidence to confirm that RasG phosphorylation 

plays a role in RasG activation upon cAMP stimulation. Growth assays suggest that 

RasG null cells lose their phenotype when kept in culture for long periods of time, 

thereby questioning the validity of this assay. The Ras activity assay shows no clear 

pattern between wild type and mutant constructs, suggesting that the phosphorylation 

sites may not directly affect RasG activity. Further investigation requires a method of 

testing the in vivo functionality of DNA constructs, while also being able to accurately 

visualize changes in RasG activity upon cAMP stimulation. 
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Introduction 

Chemotaxis is the ability of cells to detect and migrate towards chemical 

gradients, or chemoattractants. When cells detect various chemoattractants, this 

triggers an intracellular signal transduction pathway that induces cell migration (Afonso 

et al., 2012). The process of chemotaxis is a highly conserved cellular function essential 

for basic human physiology, but is also associated with the onset and progression of 

various diseases (Bravo-Cordero et al., 2012). Cell migration and chemotaxis plays a 

crucial role in cancer metastasis through recognition of chemokines and growth factors; 

therefore, drug-targeting of chemotactic pathways can potentially reduce tumor cell 

metastasis (Condeelis and Segall, 2003). However, the regulatory mechanisms involved 

in chemotactic signaling linked to cancer metastasis are not understood (Richardson 

and Lehmann, 2010).  

Dictyostelium discoideum is a common model organism used to study 

chemotactic pathways due to the conservation of regulatory pathways and processes 

with higher eukaryotes (Wang et al., 2011). These organisms are easy to grow and their 

genes can be easily manipulated through homologous recombination. Chemotactic 

activity of Dictyostelium is observed in response to the chemoattractant, cyclic AMP 

(cAMP). cAMP detection is controlled by G-Protein coupled receptors (GPCRs), and in 

Dictyostelium chemotaxis, this is cAMP receptor 1 (cAR1), which then activates an 

intracellular signaling cascade (Figure 1). Following cAR1 activation, the signal 

transduction pathway leads to activation of Ras GTPases, which activate multiple 

pathways controlling cell migration. 
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Figure 1: Chemotactic Signaling Pathway in Dictyostelium. Unpublished figure 
provided by the Charest Lab. 
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The Ras oncogene family is involved in pathological processes like cancer and 

many physiological processes, controlling cell proliferation, differentiation, and survival 

(Fernández-Medarte and Santos, 2010). In human cells, Ras proteins are involved in 

the Ras-MAPK pathway, which has been linked to causing pathological conditions 

(Fernández-Medarte and Santos, 2010). Mutations in Ras proteins can lead to 

constitutive activation of the Ras-MAPK pathway, leading to malignant tumors 

(Fernández-Medarte and Santos, 2010). In Dictyostelium, RasG is a part of the Ras 

family GTPases and is involved in the cAMP-induced chemotactic pathway of D. 

discoideum. In response to cAMP, RasG is activated downstream of the heterotrimeric 

G Protein, which in turn directly activates PI3K and controls F-actin polymerization and 

the direction of cell migration (Bolourani et al., 2006; Sasaki et al., 2004).  

 Previous data suggests a relationship between RasG and Protein Kinase A 

(PKA) in the Dictyostelium cAMP-induced chemotactic pathway. In response to cAMP 

stimulation, elevated RasG activity was observed in pkaC null cells (PKA-knockout 

cells) (Figure 2). This suggests that RasG activity is possibly regulated by PKA 

(Scavello et al., 2017). Preliminary mass spectrometry data suggests that RasG may be 

phosphorylated by PKA at one of two possible threonine residues upon activation (Not 

Published). Threonine 127 and 128 sites may be important, for they were 

phosphorylated in wild type cells, but not pkaC null cells in response to cAMP 

stimulation, indicating that PKA may be directly or indirectly involved in this 

phosphorylation. These potential phosphorylation sites of RasG have not yet been 

characterized, and the exact role of this phosphorylation on the signal transduction 

pathway is unknown. The overall goal of this project is to confirm that there is a change 
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in RasG phosphorylation upon cAMP stimulation, and to characterize the role of these 

RasG phosphorylation sites in Dictyostelium discoideum.  

 

 

 

 

 

 
 
 
 
 
 
 
 
 

Figure 2: cAMP-induced RasG activation. Active RasG (RasG-GTP) was pulled 
down with GST-Raf1(RBD) and was revealed through anti-panRas immunoblotting. 
Figure adapted from Scavello et al., 2017.   
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Materials and Methods 
 
Site Directed Mutagenesis Strategy for RasG Mutant Constructs 

Note: The same site directed mutagenesis protocol was used for all wild type RasG 

templates. 

Site directed mutagenesis for switching single amino acid residues was 

completed using an adaptation of the Stratagene QuikChange Site-Directed 

Mutagenesis Kit protocol. Mutations were made to residues 127 and 128 of the RasG 

sequence. The template DNA used was mycRasG/EXP4. For each mutation, forward 

and reverse primers were designed to anneal to the plasmid template DNA and 

introduce the desired mutation. Here, T127/128A mutations were introduced using the 

following primers. 

Forward Primer: GAATCTGATCGTCAAGTCGCAGCTGGTGAAGGTCAAGATTTAG 

Reverse Primer: CTAAATCTTGACCTTCACCAGCTGCGACTTGACGATCAGATTC 

T127/128E mutations were introduced using the following primers: 

Forward Primer: GGAATCTGATCGTCAAGTCGAAGAGGGTGAAGGTCAAGATTTAG 

Reverse Primer: CTAAATCTTGACCTTCACCCTCTTCGACTTGACGATCAGATTC 

50 ng of template DNA was used in the PCR reaction. Each PCR reaction also 

contained 125 ng of both the forward and reverse primers, 5 µL of 10x KOD Hot Start 

Buffer, 5 µL of 2 mM dNTP mix, 3 µL of 25 mM MgSO4, 1 µL of KOD Hot Start 

Polymerase, and MQH2O to bring the reaction to a final volume of 50 µL. The following 

PCR protocol was used to run the reaction:  

1- 95ºC – 2 min 

2- 95ºC –30 sec 
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3- 55ºC—1 min 

4- 68ºC—8 min (protocol recommends 2min/kb of plasmid length)  

5- Go to step 2, 18x 

6- Remain at 4ºC until removal 

 Following the PCR reaction, 5 µL of PCR product was run on a 1% agarose gel 

with ethidium bromide for band detection to ensure the product was the same size as 

the template DNA. Remaining PCR product was digested with 2 µL of DpnI and was 

incubated at 37ºC for 2 hours. Digestion product was cleaned using DNA Concentrator 

Kit from Zymogen; DNA product was eluted in a final volume of 20 µL.10 µL of digested 

product was transformed into 50 µL of DH5α electrocompetent bacteria made by the 

Charest lab. The mixture of electrocompetent cells and DNA was transferred to a 0.2 

cm electroporation cuvette, and the mixture was pulsed using the EC2 setting. 200 µL of 

2YT media was immediately added to the electroporation cuvette. The mixture was then 

transferred to a 1.5 mL Eppendorf tube, and incubated in a 37ºC incubator for 1 hour. 

200 µL were plated on LB+Ampicillin agar plates and incubated over night. 

 After overnight growth on LB+Amplicillin plates, bacterial colonies were picked 

with sterile pipette tips. Cultures were grown in 2 mL of LB and 2 µL of ampicillin for 16 

hours at 37ºC in shaking culture. Bacterial cultures were miniprepped according to the 

Promega PureYield Plasmid Miniprep protocol. Miniprep samples were then sent for 

sequencing to determine whether site directed mutagenesis was successful. 

 This procedure was later repeated for FlagRasG/pDM310 and 

GFPRasG/pDM317 templates. 
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Cell Culture 

 

Cell Maintenance 

 Cells were grown at 21ºC on cell culture dishes in HL-5 medium containing 

10mL/L of 100X antibiotic/antimitotic solution from Corning. Geneticin (G418) containing 

selection media was used for selection of transformed cells, prepared by adding a final 

concentration of 20µg/mL G418 to fully prepared HL-5 medium.  

 

Transforming Dicty Cells by Electroporation 

 Wild-type Dictyostelium AX3 cells and RasG null cells were cultured in 150 mm 

plates. Once at 80% confluency, cells were resuspended in 10 mL of fresh HL-5 media 

and added to a sterile tube along with 15 mL of HL-5 media. Cells were then counted 

and the necessary volume was transferred to a new sterile centrifuge tube, such that 

there were 107 cells/ transformation. Cells were centrifuged for 3 minutes at 1500 RPM, 

the media was aspirated in the sterile cell culture hood, and cells were resuspended in 

40 mL of cold 12 mM Na/KP Buffer (13g/L KH2PO4, 3.4 g/L Na2HPO4, pH to 6.1-6.3 with 

phosphoric acid, bring to volume with MQH2O). The cells were centrifuged again, the 

buffer was then aspirated, and the cell pellet was incubated on ice for 15 minutes. Cells 

were resuspended in electroporation buffer (10 mM Na/KPO4, 50 mM sucrose) to a 

concentration of 107 cells/mL. 800 µL of the cell suspension was mixed with 20 µg of 

DNA and transferred to a sterile 5 mm electroporation cuvette. This mixture was 

incubated for 1 minute before pulsing the cells twice with 10 mV. The transformed cells 
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were transferred to a 100 mm dish containing 12 mL of standard HL-5 media. After one 

day, standard HL-5 media was replaced with G20 selection media. 

 

Pulsing Dictyostelium Cells with cAMP 

Cells were starved and pulsed with 30 nM cAMP to generate developed cells that 

were responsive to cAMP. Vegetative cells were grown to log phase on plates (50-75% 

confluency). After harvesting, cells were counted using a hemacytometer, and the 

necessary amount was transferred to a sterile 50 mL centrifuge tube. Cells were pulsed 

at 5x106cells/mL at a total volume of 10 mL/flask. Cells were then pelleted for 3 minutes 

at 1500 RPM and the media was carefully decanted and drained. Cells were washed 

with 40 mL of 12 mM Na/KP buffer and pelleted for 3 minutes at 1500 RPM. Buffer was 

discarded and cells were resuspended in 10 mL of 12 mM Na/KP buffer then transferred 

to a 125 mL Erlenmeyer flask. Cells were kept in suspension by shaking at 240 RPM 

and were pulsed with 30 nM cAMP every 6 minutes for 5.5 hours at room temperature. 

Prior to each assay, cAMP-pulsed cells were pelleted for 3 minutes at 1500 RPM and 

were then washed with 12 mM Na/KP buffer and pelleted again before final cell 

resuspension in 12 mM Na/KP buffer. 

 

In Vivo Growth Assays 

 Transformed cells were grown on 150 mm dishes in G20 selection media. The 

positive control (AX3 cells) and negative control (RasG null cells) cell lines were grown 

in 150 mm dishes in standard HL-5 media. Cells were resuspended and counted. The 

appropriate amount of cells was then transferred to a 125 mL Erlenmeyer flask (cells 



11 

were prepared at a concentration of 106cells/mL at a volume of 20 mL/flask). Cells were 

grown in shaking culture at 240 RPM and were counted every 24 hours for 5 days, 

keeping cells sterile. 

 

Preparing GST-Byr2(RBD) and GST-Raf1(RBD) Beads 

 GST-Raf1(RBD) and GST-Byr2(RBD) constructs were transformed separately 

into E. cloni® EXPRESS BL21 chemically competent cells according to the provided 

transformation protocol. Single colonies were inoculated in 20 mL in LB+ampicillin in 

overnight shaking culture at 37ºC. The next day, 10 mL of the bacterial culture was 

inoculated in 200 mL LB+ampicillin and grown at 37ºC until OD600 = 0.6-0.8. The 

appropriate amount of IPTG was added to the culture (final concentration of 0.5 mM) 

and culture was grown at 37ºC for 3 hours. Cells were centrifuged at 5000 RPM for 10 

minutes, washed once with 1x PBS, and contents were transferred to a 50 mL 

centrifuge tube. For PBS wash in 50 mL tube, cells were centrifuged at 4000 RPM for 

10 minutes. Cell pellet was incubated on ice while resuspending cells in 4 mL of cold 1x 

PBS with 1 mM PMSF, 1 mM DTT, 5 µg/mL aprotinin, and 5 µg/mL leupeptin. While on 

ice, sample was sonicated four times for 10 seconds at 25% amplitude and waiting 30 

seconds between each sonication. Following sonication, NP-40 was added to the 

sample to get a final 1% NP-40. Sample was mixed and centrifuged at 4ºC at 14000 

RPM for 10 minutes. Supernatant was transferred to 1.5 mL Eppendorf tubes and 100 

µL of GSH Sepharose was added and the samples were rocked overnight at 4ºC. 

Samples were washed 5 times with cold 1x PBS, and transferred into 1 Eppendorf tube. 



12 

PBS was removed and 50 µL of 50% glycerol/PBS was added to the tube. Samples 

were then stored at -20ºC. 

 To quantify concentration of prepared samples, samples were run on BIO-RAD 

Mini-PROTEAN® TGXTM precast gels against BSA standards. 1 µg, 2 µg, 5 µg, 8 µg, 

and 10 µg BSA standards were run on the gel along with 1 µL and 2 µL of sample. Gel 

was run at 120 V until sample buffer ran off the gel. The gel was then stained for 10 

seconds in the microwave with Coomassie Blue Gel Stain (225 mL ethanol, 225 mL MQ 

H2O, 50 mL acetic acid, 1.25 g BrilliantBlue R-250) and was destained (112.5 mL 

ethanol, 25 mL acetic acid, 112.5 mL MQ H2O) overnight at room temperature. Protein 

concentration of samples was estimated by comparing band intensity to BSA standards. 

Sephadex beads were added to the sample to obtain a final concentration of 0.5 µg/ µL. 

Beads were stored at -20ºC.  

 

Ras Activity Assay 

 AX3 cells transformed with WT and alanine mutant RasG constructs were pulsed 

for 5.5 hours according to the pulsing Dictyostelium cells with cAMP protocol provided 

above. Cells were resuspended in 3.5 mL of 12 mM Na/KP buffer and were kept in 

suspension while in shaking culture for 30 minutes at room temperature before cAMP 

stimulation. During this time, 2x Lysis Buffer was prepared with the following recipe and 

stored on ice: 

16.95 mL of MQ H2O 

3 mL of 1 M Tris pH 7.5 

2.25 mL of 4M NaCl 
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1.5 mL of 1M MgCl2 

6 mL of 100% glycerol 

0.3 mL of 100% NP-40 

60 µL of 1M DTT 

300 µL of 200mM Vanadate 

60 µL of Aprotinin 

60 µL of Leupeptin 

Six 1.5 mL Eppendorf tubes for each sample were labeled for stimulation time points of 

0, 5, 10, 20, 40 sec, and 60 s. 500 µL of Lysis buffer was added to each tube. After 30 

minutes, 450 µL of cells were transferred to the 0 time point tube along with 50 µL of 

Na/KP buffer. Cells were then stimulated with 10 µM cAMP final and 500 µL of cells 

were taken from each sample at 5, 10, 20, 40, and 60 s and lysed. Samples were 

incubated on ice for ten minutes while vortexing every two minutes. The samples were 

then centrifuged for 10 minutes at 4ºC. Using the remaining unlysed cells left over after 

cAMP stimulation, total protein concentration was quantified using BIO-RAD DC assay. 

Following centrifugation, the supernatant was collected and the samples were adjusted 

to a final volume of 900 µL with 1x Lysis buffer to have the same final concentration. 

Samples were then vortexed and 20 µL were transferred to new 1.5 mL Eppendorf 

tubes containing 20 µL 2x Sample Buffer for “total samples”. Remaining cell lysate 

sample was transferred to a new set of 1.5 mL Eppendorf tubes containing 20 µL of 

100X BSA for “active samples”. 20 µL of GST-Raf1(RBD) beads were added to the 

active tubes, and samples were rotated for 45 minutes at 4ºC. Active samples were then 

washed three times with 1x Lysis buffer, eluted in 30 µL of 1x Sample Buffer, and 
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incubated at 65ºC for 10 minutes. Total and active samples were stored at -20ºC until 

ready to run the immunoblot.  

 

Immunoblotting 

 

Running SDS-PAGE Gels 

 Ras proteins were resolved on 14% SDS-PAGE. Prior to loading samples on the 

gel, samples were boiled for 5 minutes, spun down, vortexed, and spun down again. 

Gel was run at 75 V until samples had migrated through the stacking gel, then it was run 

at 120 V until loading dye had run off the gel. 

Gel Transfer 

 Note: All components of the transfer apparatus (fiber sponges, filter paper, and 

nitrocellulose membrane) were all pre-soaked in chilled 1x transfer buffer.  

Transfer was carried out at 100 V for one hour at 4ºC. 

Blocking, Antibody Incubation, Membrane Development 

 Membrane was cut to the appropriate size before blocking. The protocol for 

specific antibodies is provided below: 

 Anti-myc Antibody 

- Block 1 hr RT in 5% milk TBST (50 mM Tris, 150 mM NaCl, pH 7.4 + 0.1% 
Tween-20) 
- Wash 3x 5 min w/ TBST 
- Block O/N w/ anti-myc Ab (1:1000 in 2.5% milk TBST) 
- One quick wash then 3x 5 min w/ TBST 
- Incubate 1 hr RT w/ anti-mouse-HRP (1:10000 in 2.5% milk TBST) 
- One quick wash then 3x 5 min w/ TBST 
- Develop 
 
Anti-Flag Antibody 
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- Block 1 hr RT in 5% milk TBST 
- Wash 3x 5 min w/ 5% milk TBST 
- Block 1 hr RT w/ anti-Flag mAb (1:1000 in 5% milk TBST) 
- One quick wash then 3x 5 min w/ 5% milk TBST 
- Incubate 1 hr RT w/ anti-mouse-HRP (1:10000 in 2.5% milk TBST) 
- One quick wash then 3x 5 min w/ TBST 
- Develop 
 
Anti-panRas Antibody 
 
- Block 1 hr RT in 5% milk TBST 
- Wash 3x 5 min w/ TBST 
- Block 1 hr RT w/ anti-panRas mAb (1:1000 in 2.5% milk TBST) 
- One quick wash then 3x 5 min w/ TBST 
- Incubate 1 hr RT w/ anti-mouse-HRP (1:10000 in 2.5% milk TBST) 
- One quick wash then 3x 5 min w/ TBST 
- Develop 
 
Anti-RasG Antibody 
 
- Block 1 hr RT in 5% milk TBS (50 mM Tris, 150 mM NaCl, pH 7.4) + 0.1% 
NP40 
- Wash 3x 5 min w/ TBST 
- Block 1 hr RT w/ anti-Ras mAb (1:1000 in 1% milk TBST) 
- One quick wash then 3x 5 min w/ TBST 
- Incubate 1 hr RT w/ anti-rabbit-HRP (1:10000 in 2.5% milk TBST) 
- One quick wash then 3x 5 min w/ TBST 
- Develop 
 
Anti-GFP Antibody 
 
- Block 1 hr RT in 5% milk TBST (0.1% Tween-20) 
- Wash 3x 5 min w/ TBST 
- Block O/N w/ anti-GFP Ab (1:1000 in 2.5% milk TBST) 
- One quick wash then 3x 5 min w/ TBST 
- Incubate 1 hr RT w/ anti-mouse-HRP (1:10000 in 2.5% milk TBST) 
- One quick wash then 3x 5 min w/ TBST 
- Develop 
 

To develop membranes, 500 µL of ECL reagent was added directly to the membrane 

and was left to incubate for 5 minutes at room temperature. Following incubation, the 

membrane was developed on a BIO-RAD ChemiDoc MP image system. 



16 

Coomassie Staining 

 Membranes were incubated in 0.1% Coomassie Blue in 50% methanol for 5 

minutes. Stain was discarded and membrane was destained with multiple changes of 

membrane destaining solution containing 50% methanol with 10% acetic acid. 

Membrane was rinsed with diH2O and imaged using the BIO-RAD ChemiDoc MP image 

system. 

 

Results 

Testing Expression of Wild-Type and Mutant mycRasG/exp4 Clones 

WT mycRasG/exp4, T127/128A mycRasG/exp4, and T127/128E mycRasG/exp4 

constructs were made through site directed mutagenesis (Figure 3). These constructs 

were then transformed into RasG null cells by electroporation. The phosphomimetic 

mutant was unable to grow and select when treated with selection media, and 

experiments were then only done with the wild type and T127/128A constructs. Once 

growing in both G10 (HL-5 medium containing 10mL/L antimitotic and 250 µL/L G418) 

and G20 (HL-5 medium containing 10mL/L antimitotic and 500 µL/L G418) selection 

media, G10 samples were cloned and an immunoblot was run to test the expression of 

the mycRasG constructs (Figure 4). This immunoblot shows that only cells treated with 

G20 selection media were expressing the mycRasG protein. Thus, cells selected in G20 

were cloned and used to create stable cell lines.  
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Figure 3: Flowchart outlining the process of site-directed mutagenesis. The 
PCR products were run on agarose gels to confirm the size of the DNA to the 
template. 
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Five different clones were tested for the wild type construct (Figure 5a) and the mutant 

construct (Figure 5b). From the wild type clones, clones 1 and 2 were seen to have 

equal expression of RasG protein, while in the mutant clones, clones 2 and 3 were 

observed to have equal protein expression.   

 

 

These four samples were then run on a single SDS-PAGE gel in order to compare 

RasG expression between wild type and mutant samples (Figure 6a). The immunoblot 

shows that the wild type samples had marginally greater expression of RasG. The in 

vivo functionality of these four clones was tested through a growth assay (Figure 6b). 

Recovery of the wild-type cell growth rate in RasG null cells was used to determine if 

                        1              2                3                 4                5                6 

kDa 
 
 25 

Figure 4: Western blot showing expression of WT mycRasG/exp4 clones using anti-
myc immunoblotting. Following the ladder, the lanes are with samples as followed: 
Lane 1: WT mycRasG/exp4 (G10 selection), Lane 2: WT mycRasG/exp4 (G20 
selection), Lane 3: WT mycRasG/exp4 clone (G10), Lane 4:  WT mycRasG/exp4 
clone (G10), Lane 5: T127/128A mycRasG/exp4 (G10), Lane 6: T127/128A 
mycRasG/exp4 (G20).  

Figure 5a: Western blot showing WT mycRasG/exp4 expression in G20 clones for 
stable cell line using anti-myc antibody. Five different clones were tested. 
Figure 5b: Western blot showing T127/128A mycRasG/exp4 expression in G20 
clones for stable cell line using anti-myc antibody. Five different clones were tested. 
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the transformed DNA cell constructs are expressing functional RasG protein in the cell. 

The growth curve in figure 6b shows that RasG null cells grew at a slower rate than wild 

type, AX3, cells. The transformed constructs failed to recover the wild-type phenotype, 

suggesting the constructs were not functional. The mycRasG constructs were no longer 

used in further experimentation. 

 

 

 

 

 

 

 

 

 

 

Figure 6a: Western blot showing mycRasG/exp4 expression of wild-type and mutant 
clones using anti-myc antibody. These samples were used for the growth assay (Fig. 
7) to compare RasG expression levels and observe their phenotype. 

 
Figure 6b: A graphical representation of data obtained from the growth assay of wild-
type and mutant mycRasG/exp4 stable cell lines. 
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Functionality and Expression of FlagRasG Constructs 

 After mycRasG/exp4 constructs were found to be nonfunctional when 

transformed in RasG null cells through the in vivo growth assay, WT FlagRasG/pDM 

304 and T127/128A FlagRasG/pDM 304 constructs were made and transformed into 

new RasG null cells, known as IR17, obtained from a collaborator of the Charest Lab. 

Wild type and mutant transformed cells were selected in both G20 and G40 selection 

media. The expression of these samples was tested using an immunoblot (Figure 7). 

The immunoblot shows that wild type and mutant FlagRasG/pDM 304 constructs were 

expressing RasG protein.  

 

 

 

 

 

 

 

      WT FlagRasG    mut FlagRasG 
   
         G20    G40      G20      G40 kDA 
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Figure 7: Western blot showing expression of RasG null cells transformed with WT 
FlagRasG/pDM 304 and T127/128A FlagRasG/pDM 304 selected in G20 and G40 HL5 
selection media using anti-Flag antibody. 
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In order to test the activity of RasG and how it is regulated in response to cAMP 

stimulation, GST-Byr2 (RBD) and GST-Raf1(RBD) beads were prepared to do the Ras 

activity assay. This was done in order to determine whether activity of RasG changes 

upon cAMP stimulation when mutating the potential PKA phosphorylation sites. Figure 8 

shows the Coomassie-stained gel of bead samples with BSA standards to determine 

the concentration of the samples. Unfortunately the first sample of GST-Byr2(RBD) 

beads did not look good, and the protein expression was likely not induced during the 

growth of the bacteria. The concentration of the second sample of GST-Byr2(RBD) 

beads was determined to be 6 mg/mL. The beads were all diluted to a concentration of 

0.5 µg/µL to perform the Ras actvity assay. The Ras activity assay was done with wild 

type and mutant FlagRasG/pDM 304 samples, and though the SDS-PAGE gel was 

loaded with a significant amount of protein, there was no detection of the protein in the 

active samples of the Ras activity assay. 
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Figure 8: Outline of bead preparation. SDS-PAGE Gel of GST-Raf1(RBD) and GST-
Byr2(RBD) beads. Lanes 2-6 are BSA standards with concentrations indicated in 
mg/mL. Lanes 7 and 8 are the first GST-Raf1(RBD) sample, where lane 8 was 
loaded with double the amount of sample. Lanes 9 and 10 are the second GST-
Raf1(RBD) sample, where lane 10 was loaded with double the amount of sample. 
Lanes 11 and 12 and lanes 13 and 14 are the two GST-Byr2(RBD) samples, where 
lanes 12 and 14 were loaded with double the amount of sample. 
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The wild type and mutant FlagRasG constructs were transferred to the pDM 310 

vector. pDM 310 is an inducible vector, and the addition of doxycycline induces protein 

transcription and increased gene expression. Induction was analyzed through 

immunoblotting (Figure 9a). Wild type and mutant FlagRasG/pDM 310 constructs were 

transformed into IR17 cells and were pulsed with and without treatment of doxycycline. 

The immunoblot shows a double band in the induced samples, suggesting that upon 

treatment with doxycycline, there is increased RasG expression. The Ras activity assay 

was performed with induction of wild type and mutant FlagRasG/pDM 310 during 

pulsing to test the activity of RasG upon cAMP stimulation (Figure 9b). The immunoblot 

from the assay shows that RasG is being activated upon cAMP stimulation, peaking at 

10 seconds after stimulation then returning to basal levels for WT Flag RasG samples. 

For the mutant samples, there is no clear pattern of RasG activation, though RasG is 

detected at 0, 20, and 40 seconds.  
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Figure 9a: Western blot showing induction of Flag RasG/pDM 310 upon treatment 
with doxycycline using anti-Flag immunoblotting. Samples were pulsed with and 
without doxycycline treatment and were lysed immediately after pulsing. Lane 1 
shows WT FlagRasG/pDM 310 selected in G20 not treated with doxycycline 
(uninduced). Lane 2 shows WT FlagRasG/pDM 310 selected in G20 induced with 
doxycycline. Lane 3 shows WT FlagRasG/pDM 310 selected in G40 induced with 
doxycycline. Lane 4 shows T127/128A FlagRasG/pDM 310 selected in G20 
uninduced. Lane 5 shows T127/128A FlagRasG/pDM 310 selected in G20 induced 
with doxycycline. Lane 6 shows T127/128A FlagRasG/pDM310 selected in G40 
induced with doxycycline. 
 
Figure 12: cAMP induced activation of wild type FlagRasG/pDM 310 and T127/128A 
Flag RasG/pDM 310 treated with doxycycline. Active Flag RasG was pulled down by 
GST-Raf1(RBD) beads and was revealed by anti-Flag immunoblotting. Cells were 
stimulated with cAMP, and aliquots were collected at 0, 5, 10, 20, 40, and 60 s after 
stimulation. The last two lanes were WT and mutant samples pulsed without 
doxycycline treatment. 
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The Ras activity assay was repeated with wild type and mutant FlagRasG/pDM 310 

samples transformed into wild type AX3 cells to test the activity of RasG upon cAMP 

stimulation. Initially, wild type and mutant samples were pulsed without doxycycline, and 

RasG was detected in the active samples of WT FlagRasG/pDM 310 (Figure 10). The 

immunoblot clearly has bands at the 5 sec and 10 sec time points, deeming the assay 

and GST-Raf1(RBD) beads as functional.  

 

 

 

The in vivo functionality of WT FlagRasG/pDM 310 and T127/128A FlagRasG/pDM 310 

was tested through a growth assay. New RasG null cells (IR17) were used to test 

expression of Flag RasG constructs, thus IR17 and their corresponding AX3 cells were 

grown in shaking culture prior to performing the growth assay to confirm their phenotype 

(Figure 11a). The growth curve shows that IR17 cells grow at a slower rate than wild 

type AX3 cells, confirming the predicted phenotype of RasG null cells when growing in 

shaking culture. Figure 11b shows the results from the growth assay testing functionality 

Figure 10: cAMP induced activation of wild type FlagRasG/pDM 310. Active Flag 
RasG was pulled down by GST-Raf1(RBD) beads and was revealed by anti-Pan-Ras 
immunoblotting. Cells were stimulated with cAMP, and aliquots were collected at 0, 5, 
10, 20, 40, and 60 s after stimulation. 
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of IR17 cells transformed with wild type and mutant FlagRasG/pDM 310. The data 

shows that AX3 and IR17 cells were growing, but the transformed cells both with and 

without doxycycline treatment were not growing.  

 

 

Figure 11a: Growth assay testing new RasG null (IR17) and AX3 cells 

Figure 11b: Growth assay of RasG null (IR17) cells transformed with WT Flag 
RasG/pDM 310 and T 127/128 A Flag RasG/pDM 310 and treatment with and 
without doxycycline. 
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Testing GFPRasG/pDM 317 Constructs 

The growth assay with Flag RasG constructs did not confirm the in vivo 

functionality of these constructs, and because the negative control IR17 cells were 

growing similar to that of wild type cells, it brought to question the legitimacy of the 

growth assay as an accurate measure of in vivo functionality. WT GFPRasG/pDM 317 

and T127/128A GFPRasG/pDM 317 constructs were used for the remainder of the 

experiments, as they were seen to express GFP when observed through 

immunoblotting and fluorescence microscopy. The growth assay was repeated with 

IR17 cells (Figure 12). Wild type and mutant GFP constructs were transformed into both 

IR17 and AX3 cells. The growth curve shows that AX3 cells were growing at the 

greatest rate, while all the transformed cells and the IR17 cells were growing at 

approximately equal rates. AX3 cells transformed with the GFP RasG constructs were 

used in the Ras activity assay because growth of IR17 cells in the growth assay suggest 

that they are not a proper background when testing the constructs of interest. The Ras 

activity assay was repeated three times for GFP RasG samples (Figures 13 a-c). In all 

three repeats, active GFP was pulled down by GST-Raf1 beads and was detected; 

however, there was no distinct pattern of RasG activation present. The bands in the 

active samples looked similar to the total samples, as there were bands present from 0 

sec-60 sec for both wild type and mutant constructs.  
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Figure 12: Growth assay of RasG null (IR17) cells and AX3 cells transformed 
with WT GFP RasG/pDM 317 and T 127/128 A GFP RasG/pDM 317. 
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Figure 13a: cAMP induced activation of wild type GFPRasG/pDM 317 and 
T127/128A GFP RasG/pDM 317. Active GFP RasG was pulled down by GST-
Raf1(RBD) beads and was revealed by anti-Pan-Ras immunoblotting. Cells 
were stimulated with cAMP, and aliquots were collected at 0, 5, 10, 20, 40, 
and 60 s after stimulation. 
 
Figure 13b: cAMP induced activation of wild type GFPRasG/pDM 317 and 
T127/128A GFP RasG/pDM 317. Active GFP RasG was pulled down by GST-
Raf1(RBD) beads and was revealed by anti-GFP immunoblotting. Cells were 
stimulated with cAMP, and aliquots were collected at 0, 5, 10, 20, 40, and 60 s 
after stimulation.  
 
Figure 13c: cAMP induced activation of wild type GFPRasG/pDM 317 and 
T127/128A GFP RasG/pDM 317. Active GFP RasG was pulled down by GST-
Raf1(RBD) beads and was revealed by anti-GFP immunoblotting. Cells were 
stimulated with cAMP, and aliquots were collected at 0, 5, 10, 20, 40, and 60 s 
after stimulation.  
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Discussion 

 We have not been able to confirm that RasG phosphorylation plays a role in 

RasG activation upon cAMP stimulation. Prior to being able to confirm that there is a 

change in RasG phosphorylation upon cAMP stimulation, it is important to test the 

functionality of the wild type and loss of function (T127/128A) constructs. In vivo 

functionality was tested using growth assay. When grown in shaking culture, RasG null 

cells have been phenotypically characterized to grow at much slower rates than wild 

type cells (Tuxworth et al., 1997). This was not consistently seen in the growth assays 

done. When the growth assay was done with the Flag RasG constructs, the same wild 

type and IR17 cells that were originally transformed were used to produce the growth 

curves shown in figures 11a and 11b. When the IR17 cells were initially tested about a 

week after thawing, they had the characterized phenotype. However, about a week and 

a half later, when the cells expressing the Flag RasG constructs were selected and 

ready, the IR17 cells began growing well in shaking culture. This led us to believe that 

perhaps the IR17 cells lose their phenotype kept in culture for longer periods of time.  

 New IR17 cells were thawed to test the GFP RasG constructs, and these IR17 

cells were also growing in shaking culture. This was also observed in another RasG 

knockout cell line we had access to. These results caused us to question the validity of 

the growth curve for determining in vivo functionality of different RasG DNA constructs. 

Thus, when expression and activity of GFP RasG constructs were tested with the Ras 

activity assay, the constructs were transformed into AX3 cells because we were unsure 

of the validity of the IR17 cells.  
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 The Ras activity assay was unsuccessful in allowing for determination of 

changes in RasG activity upon cAMP stimulation for both wild type and mutant samples. 

GST-Raf1(RBD) beads were used for the pull down assay because GST-Raf1(RBD) 

beads bind and pull down active RasG specifically, while GST-Byr2(RBD) beads are 

used to detect active RasC and RasG (Kae et al., 2004). Thus, when using GST-

Raf1(RBD) beads, RasG will be the predominant protein pulled down The first Ras 

activity assay done with FlagRasG/pDM 310 samples showed active protein being 

pulled down only when immunoblotting with the anti-Pan-Ras antibody, which detects 

the endogenous protein as well as the tagged protein. Protein was not visible when 

using the anti-Flag antibody. This shows that the GST-Raf1(RBD) beads were 

functional in that they were able to pull down protein. However, this immunoblot showed 

that we were only detecting endogenous RasG since with the Flag antibody we are 

unable to see the protein and with pan-Ras we would expect to see the endogenous 

Ras and the Flag tagged RasG slightly above it. The Ras activity assays done with 

induced FlagRasG/pDM 310 and GFPRasG/pDM 317 constructs were successful in 

pulling down active Flag RasG and active GFP RasG, respectively, yet they showed no 

consistent and distinct pattern in RasG activity upon cAMP stimulation. Therefore, it was 

not possible to draw significant conclusion regarding RasG phosphorylation based on 

the results obtained. 

 In order to eventually be able to confirm changes in RasG phosphorylation upon 

cAMP stimulation and characterize the role of RasG phosphorylation sites in 

Dictyostelium, it is necessary to develop a different method of testing the in vivo 

functionality of the RasG DNA constructs. Additionally, it will be important to be able to 
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accurately determine how RasG activity changes upon cAMP stimulation. The Ras 

activity assays could be done with GST-Byr2(RBD) beads instead of GST-Raf1(RBD) 

beads to see if this reduces the amount of background seen with the GST-Raf1 beads. 

In addition to continuing to troubleshoot the Ras activity assay to study the role of the 

phosphorylation site on RasG activity, the ability to express the GFP RasG constructs 

provides a tool to also study whether the phosphorylation site affects localization, which 

will be done in future studies. 
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