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JAMES MONROE SCHOLARSHIP PROGRAM APPLICATION 2010 
Turn in the original plus one copy to the Charles Center by noon on Wednesday, November 3. 

Please type directly onto the form. 
 
Intended Major(s)  Biology and Chemistry 
 
Title of proposed Monroe project:  
The Functional Analysis of GABAB Receptor Subunits in Development 
 
The following information should be single-spaced.  Type directly onto the form and please delete extra white 
space before you email it to your Project Advisor. 
 
1. Title of project  
 The Functional Analysis of GABAB Receptor Subunits in Development 
 
2. What do you propose to do / what question are you hoping to answer?  
 GABA is one of the most important neurotransmitters in the developed adult brain, and is involved in 
countless neurological disorders including epilepsy, schizophrenia, and many more, as are the GABA receptors.  
With this project, I will be investigating the role of the two GABAB receptor subunits in the development of the 
nervous system, as well as where the genes for these subunits are expressed together. 
 
3. Why do you want to do this research / what are your goals in undertaking the project?  Why is this 
project the best way of achieving these goals?  How will this research help further your academic / 
intellectual development?  Why is this project exciting or unique?   
 
Goals: 
 GABA is an important neurotransmitter in the mature brain and its role in the developed brain has been 
well characterized.  However, recent studies have found that GABA is present in the developing, immature 
brain.  Furthermore, while working in Dr. Margaret Saha's lab, another student and I have characterized the 
expression of GABA receptor subunits, which make up the receptors to which GABA binds, in the developing 
brain of Xenopus laevis embryos.  Now that the presence of GABA and its receptors in the developing brain has 
been established, I hope to determine what role these receptors play in the development of the brain.  
 For this project, I will be focusing on one receptor, the GABAB receptor which has only two subunits.  
Most literature states that these two subunits can only work together, yet in my previous experiments, it appears 
that the genes for these subunits may not always be expressed in the same cells.  I intend to definitively 
determine whether or not the two genes for the subunits are expressed together in the developing brain, and, if 
so, where.  Additionally, I hope to determine the function of these two subunits by determining their effect, both 
on each other and on other aspects of neural development, such as what type of neurons they lead cells to 
become. 
Why this project -  
 Xenopus is an ideal organism to use for these experiments.  Xenopus, the African Clawed Frog, is an 
aquatic frog whose embryos are quite large and develop quickly.  The brain and other neural tissues are easily 
visible in albino embryos, which are virtually transparent.  The brains of these embryos develop in a similar 
fashion to mice and other mammals, so information gathered from their neural development can often be 
applied to the development of the human brain.  The embryos are produced in large quantities, and can easily be 
fixed at various stages of development for analysis. This project makes full use of the advantages of using 
Xenopus embryos and modern protocols, allowing for a meaningful and significant project that can be 
completed in a single summer.   
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Unique and exciting: 
 GABA receptors have been thoroughly studied in adult mature brains, but the presence of GABA and 
GABA receptors in the developing nervous system indicates that GABA has a role in development, a role that is 
quite unexplored.  This project is so exciting because it is based on a series of meaningful experiments in a 
subject barely touched by the scientific community.  The development of the brain is an intricate and highly 
controlled process, and understanding what controls it can significantly further our understanding of 
neuroscience, lead to the discovery of the causes of many major neurological disorders and cures for these 
devastating diseases. 
 
Advance my academic/intellectual development: 
 I hope to pursue a career in research in biology, and experience with this cutting edge project in a lab as 
an undergraduate, an opportunity unique to William and Mary, would help advance me toward that goal.  
Following this project from conception to completion will give me a complete understanding of research in a 
real research lab, an understanding that many seeking graduate programs in research lack. 
 
4. What coursework or other experience have you had that is relevant to this proposal? 
 I have been a researcher in Dr. Saha's lab since the spring semester of 2010, and I have continued 
research through the summer, and now the fall semester.  My research with another undergraduate, Gwen 
Kaeser (now graduated), to clone and characterize the expression of the many GABA receptor subunits has 
culminated in a research paper which we hope to submit in a matter of days and publish by the end of the year.  
I will be the second author of three on this paper which also include Gwen Kaeser and Dr. Saha. 
 Other coursework relevant to this proposal includes Biol 204, Biol 203, Biol 150W (emphasis on 
scientific writing) and Biol 206 (I am currently taking Biol 206).  Additionally, freshman honors chemistry and 
organic chemistry classes have contributed to my lab work as we often work with chemicals and chemical 
reactions in our laboratory protocols.  Also, my DNA science class and biotechnology senior research 
laboratory in high school have helped me to build a strong foundation of modern molecular and cellular 
biology. 
5. Discuss your methodology – how will you carry out your work?   Where do you propose to conduct the 
research and why is it necessary to be there?  Describe the timeline, making sure that the project lasts a 
minimum of seven weeks.  Give detailed information on your final product, which must be an academic paper 
written in accordance with the standards, expectations and format of the appropriate discipline.   
 
Methodology: 
 Firstly, in order to determine whether the genes for the two subunits are expressed in the same cells, I 
will use what is called a double fluorescent in situ hybridization (FISH).  This essentially uses gene specific 
labeled RNA probes and antibodies to cause cells expressing a particular gene to fluoresce when exposed to a 
certain spectrum of UV radiation.  In a double FISH, I can actually cause cells expressing one gene to fluoresce 
red and cells expressing a second gene to fluoresce green.  I can then overlay these images, both from the same 
embryo, in order to find exactly where both are expressed.  In this case the two genes would be the genes that 
code for the two GABAB receptor subunits.  The images I take will include whole embryos, as well as 
extremely thin cross-sections on slides that will allow me to see expression in individual cells. 
 In order to determine the function of these two subunits, I will prevent the subunits from forming.  I can 
do this using small pieces of RNA, called morpholinos, which, when injected into a young Xenopus embryo, 
can prevent the gene from ever being translated into protein.  This method can be especially effective if, when 
the embryo consists of just two cells, only one is injected with these morpholinos.  This will result in an embryo 
whose injected side (right or left) will be affected while the other side will develop normally, providing a very 
good negative control in addition to entire non-injected negative controls.  These embryos, injected with 
morpholinos for one of the subunits or both, can then be analyzed using a regular single in situ hybridization 
(ISH) which will cause cells expressing a particular gene to turn a dark purple color.  I will look for changes in 
expression of both subunits as well as genes that are important in neural development as a result of the injection 
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of these morpholinos.  Changes in gene expression as a result of silencing one or both subunits of the GABAB 
receptor are good indicators of the function of these subunits. 
 
Final Product: 
 My final product will be a paper in the format of a scientific research article, including an abstract, 
introduction, materials and methods, results, analysis/discussion, and conclusion sections.  I have had much 
experience writing in this format, which is similar to a lab report, throughout high school and my time in 
college, especially in my freshman seminar, emerging diseases.  The paper will include figures of photos of 
whole embryos as well as sections of embryos.  These figures are an effective way to convey expression data.  
The paper will be submitted to a leading peer-reviewed journal in the field, namely Developmental Dynamics or 
Developmental Biology. 
 
Why here in Dr. Saha’s lab: 
 I will carry out this experiment in Dr. Saha’s lab in the Integrated Science Center (ISC).  This is an ideal 
location, as Dr. Saha’s lab is equipped with all the necessary equipment, including a machine used to carry out 
in situ hybridizations, microtomes for sectioning embryos, and microscopes equipped with cameras to 
photograph whole embryos and sections.  Additionally, Dr. Saha has a large colony of Xenopus in the vivarium 
of the ISC from which to collect embryos often, even several times a week if necessary.   
 
Timeline: 
Below is a general timeline for the project, which would span both summer 2011 sessions (9 weeks). 

• Week 1-2 – create RNA probes needed for the double FISH, performing double FISH on a wide 
variety of stages of Xenopus embryos and design and order morpholinos. 

• Week 1-6 – continue any needed double FISH, inject embryos with morpholinos, fixing at various 
stages for single ISH analysis, and perform ISH on injected embryos for various neural genes (both 
subunits, subunits of other GABA receptor subunits, as well as other important neural markers). 

• Week 2-8 – Section embryos of both double FISH and single ISH into ultra thin slices on slides for 
microscopic analysis and pictures.  Also take pictures of entire embryos of both double FISH and 
single ISH. 

• Week 3-9 – Compile pictures and analyze to determine where the genes of the subunits are 
expressed together and the function of the subunits, and write the final paper. 

Note on timeline: 
 As you can see, there are many overlaps as I will be performing many parts of the project at the same 
time.  This is possible because many of the protocols I will be using include long waits, during which I can 
pursue another aspect of the project. 

 6.  Protection of Human Subjects. This is from Professor Michael Deschenes, Chair of the Protection of 
Human Subjects Committee (PHSC):  “Any time data is collected from living humans (regardless of 
techniques used) it is considered research and MUST come to Protection of Human Subjects Committee 
for review.  Since Monroe Scholars must present their findings afterward, everything they do in cases 
where info is collected from living humans must be submitted for review. The real key is for them to get 
their project advisors to work with them as they do this (they should since this is vital part of research 
process) and to go online to see the proposal form (just answer the questions posed with each section) 
and look over the properly constructed informed consent document.” 

You can access the PHSC forms through my.wm.edu   If you have any questions about the PHSC process, 
please contact Prof. Deschenes at mrdesc@wm.edu 
Does this project require approval by the Protection of Human Subjects Committee (PHSC)?  If yes, describe 
where you stand in the approval process.  
 No, only Xenopus embryos will be involved. 
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7. Will this project lead to further work, such as an Honors project or independent study during the 
academic year? 
 This project will definitely lead to further research, and a publication.  I will be exploring the expression 
and function of these subunits so that later I can research the regulation of these genes.  For instance, while in 
this proposed project I will be controlling the translation of messenger RNA to protein using morpholinos, the 
cells of the developing brain also control whether a gene is ever even transcribed to messenger RNA in the first 
place.  Regulation of the genes of these two subunits, i.e. the process that turns these genes on and off, is an 
extremely important component of understanding how these subunits fit into the inordinately complex web of 
processes of neural development.  I will publish the results of this Monroe Project along with my research on 
the subunit expression regulation in a comprehensive research paper.  Mot likely the paper will be submitted to 
Developmental Dynamics or Developmental Biology,  major journals in my field.  I will also be presenting my 
work as it develops at national meetings, including the Society for Developmental Biology meeting this 
summer.  Additionally, I plan on pursuing an honors project in Dr. Saha's lab, and this Monroe Project will 
provide the foundation on which I will build my honors thesis.  
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Monroe Essay 
 
 One of the best qualities of William and Mary, in my opinion, is the ability of a single undergraduate 
student to make a real impact in the community. Such a student would, at a massive school like UVA, appear as 
nothing but an ant, all but powerless to have so great an effect on so many.  The emphasis on undergraduates 
here at the college is the reason I chose William and Mary, and it is the reason I have not regretted the decision 
since.  I came here to learn with and make an impact on a group of students who share a passion for academics 
and learning, a diverse group that has nonetheless been brought together to form a productive and accepting 
community which I have yet to see surpassed. 
 Just as I am applying for the Monroe Scholars program because I enjoy learning and researching, I also 
enjoy teaching.  Beginning with my first study session for my first biology exam, biology being my strongest 
subject and interest, I found myself in the role of a tutor.  Soon many students would ask me to lead biology 
study groups, and I was happy to do so.  I have found that teaching actually helps me to solidify my own 
understanding of the subject, and I also find it incredibly enjoyable.  However, I don't just tutor students for 
biology exams.  In my research lab, Dr. Saha's lab, I take part in helping new members to learn their way 
around the lab, showing them procedures and advising them on how to proceed with experiments.  My proposed 
Monroe Project is just one part of a larger GABA project in my research lab, and, beginning with new freshman 
who will be brought in as part of the HHMI freshman research program in the spring, I will be helping some to 
choose their own projects within the GABA project, and mentoring them as they proceed to develop their 
experiments.  I greatly enjoy this aspect in the research labs here at William and Mary, and I feel it serves to 
create a close knit and inclusive community in the lab.   
 Undergraduate research, a unique aspect of William and Mary, further allows undergraduates to 
positively affect the entire community.  I am the second author of three on a research paper in Dr. Saha's lab 
that we hope to submit for publication in a matter of days, and I intend to combine my proposed Monroe Project 
with further research in another scientific research publication.  These publications, as well as research 
presentations that undergraduate researchers frequently participate in, all give credit to William and Mary, and 
further not only the reputation of the college, but also undergraduate research as a viable and effective 
institution. 
 As an enthusiastic William and Mary undergraduate student and researcher, I relish the opportunity to 
encourage other students outside the college to consider coming here.  I am constantly encouraging high school 
students to consider William and Mary, especially those interested in science.  Of course, the initial reaction, 
disbelief that a small liberal arts school could have strong science programs, is typical.  However, I tell them 
about the amazing research opportunities, such as the Monroe Scholars Program and the HHMI Freshman 
Research Program, and many reconsider.  I will continue to strongly encourage students to come here because I 
truly believe William and Mary provides one of the best undergraduate educations in science that one can 
receive.   
 Making an impact on the William and Mary community, the community in which I live, has been one of 
the most enriching experiences of my life.  Never before have I been amongst such talent and enthusiasm, nor 
been able to contribute to it.  I am determined to give back to this community just as much as it has given to me, 
and, knowing William and Mary students, I am sure that my efforts will be met with acceptance and 
appreciation. 
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List of Significant Activities 
High School Activities 

• Greenhouse Club – September of 2005 to June of 2009, president from June of 2007 to June of 2009 (10 hours a 
week) 

• Biotechnology Club – September of 2006 to June of 2009 (2 hours a week) 
• Biotechnology Senior Technology Research Laboratory – September of 2008 to June of 2009 (10 hours a week) 
• Marching band – August of 2005 to November of 2008 (15‐40 hours a week from August to November) 
• Soccer Refereeing – Spring of 2005 to Spring of 2009 (5‐15 hours a week during fall and spring seasons) 

College Activities 
• Research in Dr. Saha’s lab – January of 2010 to present (10‐40 hours a week) 
• Research in Dr. Coleman’s lab – September of 2009 to December of 2009 (7‐10 hours a week) 
• Botany Club – August of 2009 to present, president from May of 2010 to present (2‐4 hours a week) 
• CPK tutoring – August of 2009 to December of 2009 (~2 hours a week) 
• Pep Band – August of 2009 to present (3‐5hours a week) 
• RA in Barrett – March of 2009 to present (10‐15 hours a week) 

 
 


