
Sophomore Early Research Program 2019-2020 
Natural Science Faculty Projects 

 
Natural Sciences: Projects in Biological Sciences, Chemistry/Biochemistry, 
Computer Science/Media Arts & Sciences, Neuroscience, Physics, and 
Interdisciplinary Collaborations 
 
 

Biological Sciences 
 
David Ellerby 
Ecophysiological Approaches to Understanding Fish Behavior in the Field 
 
Current work in the lab focuses on animal behavior and physiology. A primary goal is to 
integrate field and lab techniques to understand the physiological and mechanical factors that 
underlie fish swimming behavior in the field. A further aim of the research program is to equip 
students with higher-level skills beyond technical proficiency in specific techniques: the ability 
to solve problems using critical thinking, formulate hypotheses, and design experiments to test 
them. With this in mind, students working in the lab are involved in all aspects of the 
experimental process: planning, execution, data analysis, and preparation for publication and 
presentation. 
 
John Goss (2 projects) 
Characterizing Localization of Cytokinetic Regulatory Proteins by Quantitative Fluorescence 
Microscopy in Fission Yeast. 
 
The constriction of the actin-myosin contractile ring is an essential part of cytokinesis, the final 
stage of the cell division cycle. Following assembly of the ring during mitosis, a signaling 
pathway in fission yeast called the Septation Initiation Network (SIN) initiates constriction of 
the contractile ring in order to separate the cell into two daughters cell leading to successful 
completion of division. Four proteins, Blt1p, Nod1p, Rng2p and Gef2p, contribute to 
recruitment of the Sid2p/Mob1p kinase complex to the contractile ring in order to initiate 
constriction of the ring. The human homolog of Sid2p is a tumor suppressor and loss of function 
contributes to a variety of forms of cancer. In order to investigate the relative contributions of 
Rng2p, Gef2p, Nod1p and Bltp, this project aims to quantify the number of Sid2p and Mob1p 
present at the contractile ring in rng2, blt1, nod1, and gef2 single, double, and triple deletion 
mutants using quantitative fluorescence microscopy and computational analysis. This project 
introduces students to advanced fluorescence microscopy as well as basic genetics and 
common approaches to data analysis. Ideal students for this project will have completed 
BISC110 and CHEM105 (or CHEM105P or CHEM120) or BISC/CHEM116. 
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Mapping Cell Wall Integrity and Biophysical Properties in Fission Yeast Using Atomic Force 
Microscopy 
 
Polarized distribution (and rearrangement) of cellular contents is essential in eukaryotic cells 
for processes such as migration, growth, and development. Fission yeast provide a useful model 
system for studying how cells regulate polarity as it distributes new membrane and cell wall 
synthesizing enzymes to the tips during interphase, but rearranges these components to the 
division site when a cell is undergoing mitosis. This re-distribution involves the coordination of a 
variety of signaling pathways and organelles in space and time. This project will examine how 
the enzymes that synthesize the yeast cell wall are localized within the cell (using fluorescence 
microscopy) and characterize how the glucans produced by each of these enzymes contributes 
to the overall stability and strength of the cell wall (using atomic force microscopy). This project 
will introduce students to advanced microscopic techniques as well as basic genetics, cell 
biology, and data analysis approaches . Ideal students for this project will have completed 
BISC110 and CHEM105 (or CHEM105P or CHEM120) or BISC/CHEM116. Completion of PHYS107 
and MATH115 and/or MATH16 (or the equivalent) is preferred, but not required. 
 
Kaye Peterman 
The Role of PI4Kinases in Plant Development 
 
The current focus of our work is on the role of PI4Kinases in the plant genetic model organism, 
Physcomitrella patens.  PI4Kinases produce a regulatory lipid (phosphatidylinositol 4-
phosphate) that plays critical roles in all eukaryotic cells. Using CRISPR mutagenesis we have 
uncovered both conserved and novel functions for PI4Kinases in Physcomitrella development. 
We are using molecular genetic, biochemical and cell biological approaches to investigate the 
roles of these proteins in polarized cell growth during the microscopic filamentous stage and 
also in the transition from 2-dimensional to 3-dimensional growth patterns during 
establishment of the leafy shoot. A sophomore work study student would join a team of 
students working on these projects. Through these projects, the student will gain experience 
with a variety of microscopic (fluorescence, bright-field and confocal laser scanning) and 
molecular genetic (CRISPR mutagenesis, PCR, cloning, protein expression) techniques. The 
student will also present her work at weekly laboratory meetings.   
 
Andrea Sequeira 
Genetic and Epigenetic Marker of Species Invasions 
 
Invasive species threaten the success of native species worldwide. In order to protect at-risk 
ecosystems, we must understand the reasons behind the ecological success of introduced 
species. Our lab focuses on the genetic, epigenetic and physiological make-up of introduced 
populations. Students involved in these projects will learn to apply field-work techniques, as 
well as to perform molecular biology and eco-physiology experiments. Student participation 
will be encouraged in every aspect of the project from hypothesis generation to data analysis. 
We welcome students with a passion for natural history and evolution. 
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Yui Suzuki 
Mechanism of Age-dependent Loss of Regenerative Potential in Beetle Limbs 
 
Although many organisms are able to regenerate their appendages as embryos and juveniles, 
the ability to regenerate these appendages declines as organisms mature. For example, while 
children are able to grow back finger tips, adults are unable to do so. Insects have a remarkable 
ability to regenerate their appendages. However, during metamorphosis, many species lose this 
ability to regrow their limbs. In this project, we will examine the potential molecular 
mechanism underlying this loss of regenerative potential using flour beetles as a model. 
Specifically, through the use of RNA interference, a metamorphosis specification gene will be 
silenced and the legs will be removed. By observing how the leg regenerates, we can begin to 
identify the process by which regenerative potential declines with aging. The SERP student will 
learn how to perform basic molecular biology techniques (restriction digest, in vitro 
transcription, gel electrophoresis) and microinjections. Prior experience is not required, but 
applicants should be able to handle insects. 
 
Cammi Valdez 
Aging and Cerebral Small Vessel Disease - A Mouse Study 
 
Cerebral small vessel disease (SVD) is one of the most prevalent neurological conditions of old 
age, and a leading cause of stroke and cognitive impairment. We propose to investigate the role 
of aging in the development of SVD in a mouse model. For this study, we will isolate mouse 
eyes, learn microscopy techniques, trace and reconstitute the vasculature of the eye using 
imaging software, and more.   
 
 

Chemistry, Chemistry/Biochemistry 
 
Don Elmore 
Characterization and Design of Antimicrobial Peptides 
 
A SERP Project in the Elmore Lab would involve studies of antimicrobial peptides, which are 
small proteins that kill bacteria and other microorganisms and represent a potential alternative 
to conventional antibiotics.  Projects will aim to determine how peptides kill bacteria and how 
peptides and conventional antibiotics can work together synergistically.  Students joining the 
lab as part of the SERP program would participate in this project by learning experimental 
methods, such as bacterial culturing, fluorescence and circular dichroism spectroscopy, lipid 
vesicle preparation or confocal microscopy, or computational methods, such as molecular 
dynamics simulations. Qualified students will generally have completed at least two courses in 
either chemistry, biology or other related fields during their first year of Wellesley. 
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Rachel Stanley 
Improving a Noble Gas Mass Spectrometer 
 
Air-sea gas exchange-the transfer of gas between the atmosphere and the ocean-is an 
important process in the global cycle of carbon dioxide and other climatically important gases. 
Noble gases are useful tools for constraining air-sea gas exchange. The Stanley lab has 
developed a semi-portable mass spectrometer that can measure molar ratios of Ne, Ar, Kr, Xe 
and now, as of last semester, He. The mass spectrometer would be even more useful, however, 
if it could measure concentrations as well as ratios. Thus the project in my lab in Fall of 2020 
will be to adapt our mass spectrometer to measure 5 noble gas concentrations. The student 
participating in this project will learn laboratory skills, high vacuum techniques, how to “think 
like a mass spectrometer”, problem-solving skills, and marine chemistry through use of the 
mass spectrometer and weekly lab group meetings where we read current scientific papers, 
mostly focused on chemical oceanography. 
 
 

Computer Science, Computer Science/Media Arts & Sciences 
 
Catherine Delcourt 
Community-based Social Prototype 
 
This project will be part of an on-going project building a prototyping tool for online social 
systems and using this design tool to develop community-based social systems. Currently, this 
tool is being used to develop a social app to support positive mental health outcomes for 
middle schoolers. A student working through SERP could work on the development of the 
prototyping environment, or on the analysis and iteration of the mental health application, or 
on community-based research to design new social platforms using this tool in collaboration 
with community stakeholders. Students interested in Computer Science, Media Arts and 
Sciences, Psychology, Sociology, or Anthropology are encouraged to apply. 
 
P. Takis Metaxas 
Measuring Polarization in Online Social Media During Elections 
 
Polarization in online (and offline) dialog on political topics is often discussed in the media, 
however, there is no objective way of measuring polarization. We have developed a method for 
measuring it and we are working towards validating it and refining it. The student researcher 
will participate in collecting, cleaning and analyzing data from Twitter and Amazon Turkers. 
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Eni Mustafaraj 
Monitoring Gender Bias in the Online Media Portrayal of Women in Politics  
 
Currently, several high-profile Democratic women are running in the primaries for the 
upcoming 2020 U.S. Presidential election. Their campaigns are receiving a large media 
coverage, especially online. The Wellesley Cred Lab has been collecting thousands of news 
stories in the past months about the potential candidates (women and men) and is annotating 
them in order to generate a searchable database of how the media frames women and men 
running for the presidential office. One goal for the annotation is to create training data for 
machine learning algorithms that will then automatically detect gender bias in news articles. 
Another goal is to provide communication researchers and journalists with data and 
visualizations that depict the nature and extent of bias in our political discourse. A SERP student 
could contribute to any part of this project, as they learn more CS during the year: doing 
visualizations, building the database, applying machine learning algorithms. Strong candidates 
will have completed CS 230. 
 
 

Neuroscience 
 
Barb Beltz 
Immune System Regulation of Adult Neurogenesis 
 
Projects in the Beltz lab are focused on the contributions of the immune system to the 
generation of adult-born neurons in the crustacean nervous system. Current projects are 
testing the roles of serotonin (released by the nervous system) and the cytokine astakine 1 
(released by the immune system) in communication between these systems. Students working 
on these projects will learn a variety of methods to explore specific questions at the cellular and 
molecular level, including microdissection techniques, western blot analysis, 
immunocytochemistry and confocal microscopy. 
 
Marc Tetel 
Estrogens and Energy Homeostasis 
 
Steroid hormones act throughout the body to regulate development, growth and reproduction. 
Our lab is interested in how the ovarian steroid hormone, estradiol, regulates energy 
homeostasis. Estrogens elicit profound effects on metabolism by acting as an anorectic in 
humans and rodents. In support, postmenopausal women gain fat weight, which increases their 
risk of heart disease, cancers and type 2 diabetes.  Recent work from our lab and others reveals 
that estradiol treatment protects against high fat diet-induced obesity in female mice.  
However, the mechanism by which estradiol prevents weight gain and obesity is not well 
understood. Within the gastrointestinal tract there is an exclusive combination of different 
communities of organisms, including bacteria, viruses, protozoa and fungi, which are 
collectively referred to as the gut microbiota. The collection of these microorganisms, their 
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genomes and the factors they produce are all part of the gut microbiome.  Studies of the 
human and rodent gut microbiome reveal that microbial communities present in the intestines 
are a key player in obesity. Increasing evidence suggests that these microorganisms actively 
participate in shaping and maintaining physiology in humans. Our lab is investigating how 
estrogens affect the gut microbiome in female mice.  In addition, we are currently studying how 
estradiol, diet and the gut microbiome may influence anxiety in female mice.    
 
 

Physics 
 
James Battat 
Computational Modeling of the Event Horizon Around a Black Hole 
 
This year, an image of a black hole was made for the first time ever using the so-called Event 
Horizon Telescope.  This revolutionary measurement opens the door for many follow-up studies 
of the environment around black holes as well as tests of fundamental physics. I look forward to 
working with a SERP student to explore projects at the interface of particle physics and 
astrophysics in the context of the new black hole observation. 
 
Katie Hall 
Generating and Characterizing Ultrafast Laser Pulses 
 
Ultrafast lasers produce very short optical pulses that can be used to investigate nonlinear 
optical effects in waveguides and optical devices.  In this project you will build a fiber laser that 
can produce 100 femtosecond pulses and you will learn how to characterize those pulses using 
a spectrometer and an autocorrelator.  If you are interested in a hands-on experience and want 
to learn more about lasers, optical fibers and optical measurements, this project is for you. The 
required skills are perseverance and a passion for science. 
 
 

Interdisciplinary Project 

 
Suzanne Langridge 
Paulson Water Challenge 
 
The student would be part of the Paulson Water Challenge project. They would be extending 
summer research projects using the campus as a “living laboratory”, including aspects of 
investigating history, management, and ecological processes of Paramecium Pond, developing 
water quality monitoring systems, or improving water quality and distribution on Science Hill as 
it undergoes major renovations. The student would be working with an interdisciplinary team 
of faculty and staff to develop their research questions and methods and would be using 
relevant skills developed during the summer program and/or from appropriate coursework and 
experience. 
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