
There are eight DA neurons in the hermaphrodite nematode (4 CEP, 2 ADE, 2 PDE) plus six 
additional DA neurons in the male tail.   

In collaboration with Dr. Randy D. Blakely at Vanderbilt University, Fisk University and Eckerd 
College have embarked upon a paradigm shift designed to enhance programmatic outcomes 
through the introduction of authentic research into the undergraduate curriculum of biology 
majors via course specific implementation strategies. Both institutions have undergone 
extensive curricular re-mapping to adopt Caenorhabditis elegans as a model system to mirror 
the research in the Blakely lab, which uses the nematode to study dopamine signaling. 
Dopamine (DA) modulates brain circuitry relevant to cognition, reward, motor control, and 
arousal. The Blakely lab has demonstrated that DA is important for swimming behavior in the 
worm, as too much extrasynaptic DA signaling results in swimming-induced paralysis (Swip). 
To determine novel presynaptic regulators of DA signaling, they have initiated a forward 
genetic screen based on the Swip phenotype. At Eckerd, students working in four-person 
teams, conducted a small scale screen and have generated a couple of mutants. Fisk has set 
the framework for a genetic screen to be launched in the Spring, 2014. Students with 
demonstrable mastery will feed into the Masters- to-Ph.D. Bridge with Vanderbilt. Through 
discovery based-learning and conceptual integration the worm mutant screen challenges 
students to associate observable mutant phenotypes with biological processes. Student-
learning experiences include teamwork, time management, data collection, problem-solving, 
and scientific communication. The final reports reveal an understanding of neurobiology, gene 
expression, genetic screens and the nature of scientific inquiry. The shift from the traditional 
laboratory setting to student-centered inquiry-based learning has created an atmosphere of 
active engagement and dynamic intellectual stimulation. Supported by NIH award MH095044 
(to R.B.) and a NSF 1332284 HBCU-UP Implementation Award (to L.L). 

Swipping Together: A Collaborative Model for the Introduction of Authentic Research into the 
Undergraduate Curriculum of Science Majors 

Abstract VANDERBILT UNIVERSITY- BLAKELY LAB 

FISK UNIVERSITY- GENETICS LAB 

Three key barriers to student selection of STEM careers at Fisk University are: 
1) limited mathematical competence and confidence 
2) insufficient depth-of-learning learning and foundational content retention in courses over time 
3) limited on-campus research experiences. 

Through aggressive curriculum re-mapping Fisk students are expected to gain a deeper understanding and retention of fundamental 
concepts applicable to novel laboratory settings, academic success and preparedness for PhD training in STEM; thus increasing the pipeline 
of diverse talent to meet our nation’s needs for ongoing discovery and broader participation in the scientific community. The student 
mentoring that accompanies activities embedded in the courses will contribute greatly to students’ professional development as scientists.  
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Research in the Blakely lab centers around the neurotransmitter, dopamine (DA). Dopamine 
modulates brain circuitry relevant to cognition, reward, motor control, and arousal. Defects in DA 
signaling are believed to contribute to addiction, ADHD, schizophrenia, and Parkinson’s disease. 
The presynaptic DA transporter (DAT) is a major control point for DA signaling and increasing 
evidence indicates that altered regulation of DAT may contribute to risk for these disorders. Because 
of the intricacies of the vertebrate nervous system and the inability to apply forward genetic 
methods where unbiased approaches are feasible, we have chosen the nematode Caenorhabditis 
elegans as a model system to identify novel genes affording presynaptic control of DA signaling, 
including DAT regulation. 

C. elegans expresses orthologs of all of the essential DA 
signaling components including DAT (dat-1), the vesicular 
monoamine transporter (cat-1), tyrosine hydroxylase 
(cat-2), GFP cyclohydrolase 1 (cat-4) and four G-protein 
coupled DA receptors (dop-1, 2, 3, 4).  

dat-1 null (dat-1(ok157)) animals, display a rapid and 
robust paralytic phenotype termed swimming-induced 
paralysis (Swip). Whereas wild-type (N2) nematodes swim 
at a fixed frequency in a small amount of water for up to 20 
minutes, dat-1 animals paralyze within 5 minutes.  Swip 
results from an excess of extrasynaptic DA signaling, as 
elimination of DA synthesis (cat-2) or DA receptor signaling 
(dop-3), rescues Swip, as does treatment with the VMAT 
(cat-1) inhibitor reserpine (McDonald et al., 2007). 

By the conclusion of this course students were expected to gain the ability to: 

  Learn proper C. elegans husbandry 
  Identify the different stages of C. elegans and perform successful pick transfer, and be able to distinguish males from hermaphrodites 
  Learn genetics pertinent to C. elegans and successfully perform genetic crosses 
 Understand dopamine signaling and dopamine-mediated behaviors in C. elegans, through reading of scientific literature and laboratory 

experiments 
 Record, graph and interpret experimental results, and submission of a formal laboratory report 
 Work well independently and in small groups 
  Show self-direction, motivation, and contribute to group work 

Student Learning Outcomes 

STEM Transformation Course-embedded Authentic Research 

Results 

The Lesson Learned  
“Not every experiment is going to work. Exhale, reflect, and begin again.” 

Broader Impact 
For Fisk students, a deeper understanding of fundamental concepts for application in novel 
laboratory settings will facilitate academic success and preparedness for PhD training in STEM 
through course-embedded research; thus increasing the pipeline of diverse talent to meet our 
nations needs for discovery and broader participation as mentors and role models. The student 
mentoring that accompanies activities embedded in the courses will contribute greatly to students’ 
professional development as scientists.  
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Figure 5. Mail tail morphology. Oil 
immersion. Viewing the male tails 
allowed the student to note the fan-
shaped appearance and tiny spike 
like projections called rays; marked 
contrast to the hermaphrodite.  

Figure 1. Swimming-induced Paralysis. 
The dat-1 mutant lacks the dopamine 
transporter which is required for dopamine 
re-uptake into the cell. As a result, excess  
dopamine remains in the synaptic cleft  
leading to paralysis. Combined class data. 

Figure 2. Basal Slowing.  N2, dat-1 and cat-2 worm 
behavior on and off food was assessed. The presence 
of bacteria does not affect the motor activity of cat-2 
worms. Unlike N2 worms, a decrease in motor activity 
was not observed. Combined class data. 

Figure 4. Soil Isolation. 
C. elegans was isolated 
from various locations on 
campus for observation via 
light microscopy.  

Figure 3. Osmolarity. The Swip activity of dat-1 
was reduced when the osmolarity of the 
swimming medium changed. N2 was unaffected. 

Figure 6. The Mating. Dumpy 
hermaphrodites were crossed to wild-
type males containing a GFP- fusion 
protein. The proof of a successful mating 
was the presence of “green” Dpy worms 
upon observation via fluorescent 
microscopy.  

Students	  visi+ng	  the	  Blakely	  lab	  at	  Vanderbilt	  

Students	  in	  the	  laboratory	  at	  Fisk	  
	  on	  a	  Friday	  night	  
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Pilot Study on Course-embedded Authentic Research 
Eckerd College piloted the course-embedded authentic research into a genetics project lab with 4 
students, then to a sophomore-level genetics and molecular biology course with 40 students.  

Figure 8: The fraction of L4 swimming animals for each strain (color columns) after Swip testing 
and reserpine testing. The graph indicates the percentage of rescued animals of each strain by 
reserpine (white columns). The most successful mutant lines were strains C150a, and J455a, 
showing statistically significant rescue. 

Student Learning Outcomes: 
By the conclusion of this project course students 
were expected to gain the ability to: 
  Identify the different stages of C. elegans and 

perform successful pick transfer 
  Learn genetics pertinent to C. elegans 

mutagenesis and genetic crosses 
 Work well independently and in small groups.  
  Show self-direction, motivation, and contribute to 

group work. 

Student Learning Outcomes from 
the Sophomore level Genetics and Molecular 
Biology course that assisted with the Swip 
assays: 
  Identify the different stages of C. elegans 

and perform successful pick transfer 
 Microscopic identification of paralysis and 

motility defects  
  Performing simple data analysis calculations 

The Lessons Learned:  
“The probability of getting a mutation you want, even after looking at thousands of worms, is very LOW.” 
“The excitement of getting something new to possibly help us understand Parkinson’s Disease is worth the effort.” 

Results 

1000	  	  
F2	  populaJon	  plates	  
were	  SWIP	  tested	  

10	  
F5-‐F6	  lines	  maintained	  
the	  SWIP	  phenotype	  

2	  
F6	  SWIP-‐ing	  lines	  were	  

staJsJcally	  significant	  for	  	  
rescued	  by	  reserpine	  
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