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Program Description 
The goal of this program is to provide students with an enriching, challenging, and personally 
rewarding experience.  Students were placed in research labs in which they actively contributed 
to ongoing research projects.  In the mornings, scholars engaged in academic seminars aimed at 
increasing their scientific awareness and building their writing and scientific analysis skills.   
Hopkins professionals offered presentations on a range of topics exploring concepts such as the 
anatomy of a cell, microscopy, and gel electrophoresis.  The writing portion of the curriculum 
began with the basic structuring of an essay and progressed to college-level essays on a variety 
of topics, culminating in a formal scientific poster and abstract. 
 
Throughout the summer, the scholars explored strategies for effectively reading, writing, and 
analyzing scientific papers.  They also participated in math classes aimed at strengthening and 
growing their understanding of mathematics.  Math instruction addressed conceptual 
misunderstandings and then proceeded to cover more advanced knowledge.  Each scholar’s 
mathematics placement was determined by his or her performance on a personalized pre-
assessment.  Individualized instruction was provided to support each scholar’s progress, 
addressing unique experiences, needs, and strengths.  
 
During the second week of the program, the scholars visited the Towson Center for STEM 
Excellence alongside the Baltimore Inner Harbor to work on an interactive Crucial 
Concentrations laboratory investigation.  The scholars also participated in a Banking Basics and 
Budgeting workshop, hosted by Truist, to increase their financial literacy.  In addition, the 
scholars engaged in a Mental Health Wellness workshop with Christine Crimmins, a professional 
counselor who crafts mental health curriculum for the local public school system.  
 
Five weeks into SARE, the scholars visited Johns Hopkins’ undergraduate campus to tour the 
facilities, enjoy lunch with the admissions office, and learn about the college application and 
financial aid processes.  One week later, the group participated in the 2022 CARES Symposium.  
On August 11th, the scholars presented their research at the 2022 SARE and DDP Final Poster 
Presentation and Celebration.  To culminate their summer experience, scholars submitted a 
formal abstract and final reflection essay describing their summer experience and participated 
in an exit interview to assess overall satisfaction. 
 
 
SARE 2022 Class 
This year, we were excited to welcome ten scholars to take part in SARE 2022.  Scholars joined 
us from the Baltimore Polytechnic Institute, Eastern Technical High School, Baltimore City 
College High School, and Perry Hall High School.  Throughout the summer, the scholars 
demonstrated enthusiasm and curiosity in their research endeavors.  They worked diligently 
and built invaluable bonds with their peers and mentors.  Each scholar made great personal and 
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academic progress, as evidenced by the increased sophistication in their writing, scientific 
analysis, and mathematic skills as well as the quality of each scholar’s final presentation.    
 

 
    SARE Scholars outside of Towson’s SciTech learning lab  
 

 
    SARE scholars relaxing by the Inner Harbor after visiting the SciTech learning lab 
 
 
New Math Director 
This summer we were excited to welcome Mrs. Tujuana Hinton as our math director.  Tujuana 
hails from the Baltimore area and has taught at Woodlawn High School for 14 years, where she 
serves as the head of the math department.  Over the years, she has instructed a variety of 
classes, ranging from Algebra 1 to AP Calculus BC.  Outside of school, she enjoys spending time 
with family and loves to travel and read.  Tujuana has been a fantastic instructor and role model 
for the scholars.  She worked diligently to ensure all students felt welcome and received the 
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instruction necessary to succeed. Her commitment to the scholars’ personal growth and 
advancement has been exemplary. 
 
 
CARES 2022 
This year, the scholars participated in Hopkins’ 2022 virtual Career, Academic, and Research 
Experiences for Students (CARES) annual symposium.  Due to capacity regulations, the CARES 
committee decided to organize “watch parties,” so scholars could interact and engage with one 
another during the virtual programming.  The afternoon consisted of a keynote speech by Dr. 
Chi Chiung Grace Chen, Stories of Triumph, research presentations, and a virtual exhibit hall. 
The scholars enjoyed this opportunity to bond with their peers while celebrating the 
accomplishments of their colleagues across the School of Medicine.  We were particularly 
impressed by the scholars’ rapport and enthusiasm in offering one another praise and 
encouragement.   
 
During the symposium, returning scholar Fatima Sarfraz presented her work on drug 
metabolism in the brain, focusing on mass spectrometry-based approaches.  Aysha Ijaz spoke 
about her efforts to decipher the mechanics of receptors in the mosquito’s antenna.  Finally, 
Nadiat Adedoyin shared her ‘Story of Triumph,’ detailing her experience overcoming a language 
barrier within her family.  All scholars presented with sophistication and poise.  At the end of 
the program, SARE scholar Henry Vo was presented with the CARES scholarship in recognition 
of his superior academic achievement and role as a CARES student leader.  Congratulations to 
all involved! 
 
 

 
Fatima’s presentation of her research entitled “Understanding Drug  

Metabolism in the Brain Using Mass Spectrometry Based Approaches” 
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Nadiat sharing her ‘Story of Triumph’       Henry working behind the scenes as a CARES student leader  
 

 
Aysha sharing her presentation entitled “Receptors in mosquito that detect 

human odor” 
 
 
Students’ Corner 
Students were asked to respond to the following question:   
 
What did you want to gain from the SARE Program when you joined in June? What did you gain 
from the experience? 
 
Nadiat Adedoyin, Baltimore Polytechnic Institute 
When I first applied for the SARE program, I initially expected to gain skills in the biomedical 
field and learn how to navigate the lab with a new hands-on experience. Aside from gaining 
more academic skills along the mix, I had not expected to gain personal or lifelong lessons after 
completing this program. However, once I started spending more time with my mentors and 
peers, I began to see that there were more personal experiences that affected my thought 
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process and behaviors. For example, I participated in the CARES Symposium this summer, which 
allowed me to explore my cultural background, and voice my own experiences that I never 
would have felt comfortable sharing in the past. The friends that I made along the way made it 
easy for me to be myself and interact freely with myself and others. Without the guidance of 
the SARE program, I’m not sure if I could have both personally and academically progressed in 
the way that I did, in such a short amount of time. For this reason, I am thankful to the SARE 
community and grateful to have embarked on a fulfilling path. 
 
Eman Chattha, Perry Hall High School 
My main goal to get out of SARE was firsthand experience in what it looks like in real life to 
work in an academic research lab. I had learned what researchers do through school, but I had 
always wanted to form my own opinions based on my own experiences. I have a passion for 
science, but I was unsure what route I would want to take. I hoped to learn if I was a good fit for 
professional research or not.  
From this experience I got all that I wanted to get and also so much more. I learned how to use 
multiple scientific machines and saw myself running independent experiments and analyzing 
results. I learned about getting a PhD and a MD PhD and I saw that I enjoyed working in a lab 
and I could see myself doing it in the future. I was able to form my own opinions and found 
what I liked and didn’t like but also got to hear from other scholars their experiences in their 
labs. 
 
Gabrielle Farrington, Baltimore City College High School 
In June when I joined the program I wanted to gain assurance that medicine is where I want to 
head in life and to sharpen my academic skills for the upcoming school year. It will also put me 
in an environment where I am able to flourish with other likeminded students my age that are 
diverse in background. From this program I hoped to accomplish the ability to be set apart from 
peers with the skills I wanted to gained. Now looking back there are so many things I gained 
from SARE. The fundamental science classes gave me a basis for my IB Biology HL courses and 
the math classes put me on track for AP Calculus AB class this year and SAT I will be taking this 
year. The bioethics debates helped me understand that everything is circumstantial and 
listening to other scholar’s informed and logical arguments was enjoyable. 
 
Salloni Gill, Baltimore Polytechnic Institute  
Before being in SARE, I was clueless in many ways. I didn’t have an answer to whether science is 
my passion, lacked professional skills, what do I want in a career, or what I look for in college. 
So my primary goal was to gain a foundation in the sense of understanding the basics of 
research, being in a professional environment, and exploring career options. I gained that 
foundation throughout this program. Examples include Lunch and Learn. Hearing speakers talk 
about their journey and how they were in my exact shoes was inspiring and gave me a sense of 
direction when it comes to my career and education. Another thing that helped my foundation 
is ikigai. Ikigai is a practical philosophy for life, “a way to find strength in tough times, and as a 
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way to identify what you want from your career.” I believe this philosophy will help me 
throughout many decisions and challenges. 
 
Jazmine Green, Baltimore Polytechnic Institute 
In June I was very focused on gaining relationships with the people at SARE. This would include 
my mentor(s), the directors at SARE, the fellow scholars, etc. I wanted to get to a point where I 
knew them on more than a professional level. Now reflecting back on my experience, in August, 
I see that I was successful in my goals. However I was also surprised how much more I was able 
to accomplish. Not only was I able to build professional and personal relationships. I also was 
able to gain a level of knowledge that I didn’t think was possible. Not only did learn about 
myself, I learned or expanded on the field of biology I also learned about personal skills that can 
apply to everyday life. I am truly grateful that I had the opportunity to be a part of this 
experience. 
 
Aysha Ijaz, Eastern Technical High School 
When I first joined SARE in June, I realized the fact that I was taking part in a real lab, where real 
science is conducted in a day-to-day setting. I wanted to gain a full lab experience, where I was 
in charge of my research, creating independent gels, experiments, and more. Additionally, I 
wanted to make the most out of the opportunities I was given. I tried my best to remain active 
and engaged in class and while interacting with peers. When it came to lab work, I applied basic 
biology knowledge and concepts I learned in school to understand the mechanisms behind the 
science I was conducting. I can confidently say that I have gained a professional, formal lab 
experience, where I was able to interact with the lab- in lab meetings, through science 
experiments, or small scientific findings my lab had produced (such as the eggs of a transgender 
Anopheles Mosquito). My lab experience is one of the best experiences I have had- and would 
like to have in the future. In order to enhance the opportunities, I was given, I decided to 
present at the CARES Symposium. I wanted to learn professional presentation skills when it 
comes to science and research. Formally presenting and spreading the research I had 
conducted would allow me to put my research out there, spreading my passion and interest in 
science. Another goal I had set for myself this summer was to expose myself to a livelier 
environment that would allow me to reset and recharge for the summer. SARE allowed me to 
interact with peers, mentors, researchers, scientists, and more. These interactions gave me a 
new perspective on my career and motivated me to become successful like those around me 
(my PI, mentor, presenters at the lunch and learn, and more). I was able to understand the true 
value of dedication and persistence in a professional environment. Johns Hopkins is a facility 
that allows individuals to pursue their dream careers- a future I want for myself. 
 
Curelle Myles, Baltimore City College High School  
When I first joined the SARE program, I was hoping to learn about work skills, along with lab 
experience. My first day here, I was not expecting to see other teenager my age. I knew that 
there were other high-schoolers in this program, but I was surprised to see other freshman. 
During my time her, I have made many friends while also learning about myself. Having this 
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opportunity to learn more about a workplace, especially in the medical field [which is where I 
would like to pursue a career], has been a joyride with doing experiments, and being in a lab 
overall. I really enjoy my newfound skills and experiences. Now that this program is over, I have 
seen major growth within myself, businesswise and educationally. As I stated earlier, I was 
given the opportunity to meet and make new friends, as well as other lab members with 
significant knowledge in these fields. I would like to thank all of the program directors, mentors 
and fellow students for giving me this wonderful experience. 
 
Dorian Santos, Baltimore Polytechnic Institute 
Before entering the SARE program, I wanted to gain more relationships and become more 
social. I’m not really a social person and it sometimes hinders me because if I am unsure about 
something, I’m more likely to stay wondering and thinking about it instead of actually asking 
about it. I also wanted to experience Johns Hopkins and see if I would be interested in being a 
biomedical researcher in the future. I feel like I definitely became more social towards my 
mentors and my PI as the program went on. I also asked a multitude of questions nearing the 
end to make sure I really knew what I was doing and really understood the science. Being in a 
Johns Hopkins summer program was incredible because it opened so many doors and 
connected me with so many people. If I wanted to be a biomedical researcher, I know I would 
get a lot of support based on what I experienced this summer. 
 
Fatima Sarfraz, Eastern Technical High School 
As an incoming college freshman, I decided to participate as a second-year scholar in the SAREs 
program to gain invaluable research experience and academic help that would allow for a 
strong start to my undergraduate journey. The eight weeks that looking back have flown by so 
quickly, did exactly that. I learned to input the theoretical scientific skills I gained by being a first 
year scholar into experimental applications. The work was challenging at first but I know that I 
gained invaluable research skills that will propel my abilities as both a student and a scientist. 
Furthermore I gained great guidance on my so-called next steps in science. Coming from a 
family with no scientific background or college degree background, my understanding of 
academics has been shaped solely by the advice of my sisters. However, the wonderful people I 
talked to this summer who were always willing to chat for a few minutes gave me invaluable 
advice of their own and I was able to accumulate a broad range of various tips. Although the 
work was challenging at times, I would truly recommend this program to anyone who asked. 
 
Henry Vo, Eastern Technical High School 
It truly feels like we just started! I wanted to gain a greater understanding of professionalism in 
academia while challenging myself this summer. I had a general understanding of the principles 
of biology, and to see this information into action was thrilling.  
It’s always nice reading about different professions, but to see and hear professionals in their 
element was an opportunity I am indebted to. Anyone can make an impact, but finding where 
and how is the most difficult. The SARE program offered me these immense opportunities to 
explore potential career pathways. Thank you, SARE! 
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Math Program Description and Individual Recommendations 

Prior to mathematical instruction, non-calculator permitted pre-assessments were given to all 
SARE scholars based on their last completed mathematics course. The pre-assessments have a 
historical context within the SARE program since they have been used successfully in previous 
years for student placement. Assessment B was used instead of Assessment A for the students 
in order to access potential above grade knowledge, specifically Algebra 2. 

• Assessment A was planned to be given to students who had completed Algebra 1. 
• Assessment B was given to students who had completed Geometry.  
• Assessment C was given to students who had completed International Baccalaureate (IB) 

Math Analysis, Pre-Calculus, and Calculus.  
 

Assessment A Assessment B Assessment C 
N/A Nadiat Adedoyin 

Salloni Gill 
Jazmine Green 
Curelle Myles 

Eman Chattha 
Gabrielle Farrington 
Aysha Ijaz 
Dorian Santos 
Fatima Sarfraz 
Henry Vo 

 
Based on the results of the pre-assessment, students were divided into 2 groups delineated as 
Group 1 and Group 2.  
 

Group 1 Group 2 
Nadiat Adedoyin 
Gabrielle Farrington 
Salloni Gill 
Jazmine Green 
Curelle Myles 

Eman Chattha 
Aysha Ijaz 
Dorian Santos 
Fatima Sarfraz 
Henry Vo 

 

All students spent the first week reviewing scientific notation, metric conversions, solution-
making, and dilutions to support their lab work. After the first week, each group met daily for 
approximately 1 hour and 15 minutes with their instructor. 

The students in Group 1 had previously explored various levels of mathematics. Four (4) 
students completed geometry and one (1) student completed IB Math Analysis. In their pre-
assessment, three (3) students demonstrated a general competence with fundamental 
mathematical concepts and principles. All the students showed a lack of numerical fluency and 
proficiency with fractions, decimals, and percentages. Significant holes were apparent in 
algebraic thinking and proficiency. For this reason, the following topics were covered with 
Group 1: 

• Fractions, Decimals and Percentage 
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• Functions and Function Notations 
• Equations and Inequalities (algebraically and graphically) 
• Factoring  
• Key characteristics of graphs 
• Parent function  
• Rigid and Non-Rigid Transformations (algebraically and graphically) 
• Function compositions 
• Transcendentals Functions (logarithm, exponential and trigonometric functions  
• Creating expressions and graphs from context (word/situational problems) 

 
The students in Group 2 had also previously explored various levels of mathematics. One (1) 
student completed Advanced Placement (AP) Calculus BC, three (3) students completed 
Calculus AB, and one (1) student completed Pre-Calculus. In their pre-assessment, all students 
demonstrated proficiency with fundamental mathematical concepts and principles. However, 
some students demonstrated unexpected difficulty with non-calculator math fluency. Individual 
instruction and assignments were provided for differentiated instruction. The following topics 
were covered within Group 2:  

• All Group 1 Topics  
• Systems of Equations (elimination, substitution, and graphing methods) 
• Right Triangle Trigonometry 
• Solving Equations with Transcendentals Functions (logarithm, exponential and 

trigonometric functions) 
• Limits of Functions 
• Differentiation of Polynomials, Rationales and Transcendentals 
• Differentiation Techniques (Power, Chain, Quotient Rules) Functions 
• Implicit Differentiation 
• Derivative Applications  
• Differential Equation 
• Numerical Integration 
• Integration Techniques 
• Integration Applications   
• Fundamental Theorem of Calculus 
• Matrices and matrix operations 
• Determinants and their properties 
• SAT (Scholastic Aptitude Test) Prep 
• ACT (American College Test) Prep 

 
After the completion of the math program, students completed a post-assessment. The 
students completed the post-assessment aligned with their original pre-assessment regardless 
of their instructional group. Below are the pre-assessment, post-assessment, and percentage 
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change per group. 
 

Group Number Pre-Assessment 
Score 

Post-Assessment 
Score 

Percent Change 

Group 1 19.5% 40.1% 20.6% 
Group 2 68.8% 85.8% 16.9% 

 
 
Group 1 Student Summaries 
 

Nadiat Adedoyin 
Pre-assessment B score: 23/54 (42.6%)          Post-assessment B score: 35/54 (64.8%) 
 
Nadiat was a complete joy to work with over the summer. It was apparent from her pre-
assessment and class work that she was proficient with number fluency and basic algebraic 
principles. However, she did have significant gaps concerning evaluating functions, graphing, 
and factoring. Nadiat worked hard this summer to close those gaps. Her work ethic is easily 
seen with her 100% completion rate of all assignments (classwork as well as homework). Most 
of the incorrect questions from the post-assessment are topics that will be covered in her next 
mathematics course, Algebra 2. 
 
Nadiat’s leadership skills and willingness “to put herself out there” were repeatedly 
demonstrated during the instructional periods. Upon her own volition, she worked alongside a 
student who was struggling with the course content. Her willingness to “help” her classmate 
not only assisted the student, but also solidified her understanding of the topics discussed. 
Nadiat even volunteered to conduct a mini review on number fluency for the class.  
 

 
Gabrielle Farrington 
Pre-assessment C score: 3/59 (5.1%)          Post-assessment C score: 13.5/59 (22.9%) 
 
Although Gabrielle completed IB Math Analysis, it was clear that there were significant gaps in 
her number fluency and knowledge of fundamental mathematical concepts and principles. 
Therefore, Gabrielle was placed in Group 1. Gabrielle recognized that she had significant gaps 
and had a strong desire to close those gaps as much as possible. While working with Gabrielle, I 
discovered that her algebraic misconceptions were not as significant as they initially appeared 
in her pre-assessment. The majority of her errors were caused by mistakes involving number 
fluency and attention to precision. She shared that, in her previous math classes, she always 
had access to a calculator. Therefore, she was uncomfortable doing any work where a 
calculator was not available. This discomfort led to making errors that otherwise would not 
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have been made. Additionally, it led to not understanding how to accurately perform certain 
skills, especially factoring. 
 
Gabrielle excelled in geometric thinking and mathematical discourse. She was able to easily 
visualize graphical patterns but had difficulty translating those patterns into algebraic 
expressions. Gabrielle engaged readily in mathematical discourse with me and her peers to 
explain her thinking and provide alternate solution methods. Engaging Gabrielle verbally 
provided an effective method to gauge her conceptual understanding. Moving forward, 
Gabrielle has taken on the challenge of “doing the math” without computational tools. 
Additionally, she committed to practicing math facts to help with factoring.  
 

 
Jazmine Green 
Pre-assessment B score: 12/54 (22.2%)          Post-assessment B score: 22.5/54 (41.7%) 
 
Jazmine was a complete joy to have in class. Jazmine had gaps in her numerical fluency and 
ability to solve non-linear equations. She worked hard this summer, maintaining a completion 
rate of 100% for all her assignments (classwork and homework). Jazmine’s quiet nature 
disguised her drive to succeed and her ability to work well with others. She worked diligently 
towards improving her number fluency. This dedication increased her ability to manipulate and 
solve algebraic equations. Many of the concepts that were not fully mastered are components 
of the Algebra 2 curriculum: factoring, parent functions, and trigonometry. Her work this 
summer will prepare her for excellence in the Fall. 
 
Jazmine enjoyed being in SARE and her math class. While she often joked with her classmates, 
Jazmine was often the “adult of the group.” She was the one who reminded students about the 
course schedule and upcoming due dates.  
 

 
Curelle Myles 
Pre-assessment B score: 1/54 (1.9%)          Post-assessment A score: 8/54 (14.8%) 
 
Although Curelle completed Geometry, it was apparent that she was not proficient with 
number fluency or algebraic principles and concepts. While Curelle appeared engaged during 
the instructional time, mentally she was off task. Consistent check-ins were required to keep 
Curelle on target. I provided individual tutoring time prior to the start of the day. This time was 
important for spiral teaching. A classmate noticed her difficulty and began to collaborate with 
her to keep her on target. This collaboration speaks well for Curelle and her fellow student. It 
speaks to Curelle being willing to learn and accept help.  
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Curelle had difficulty completing assignments. Therefore, her assignments were modified in 
quantity, not quality.  She was required to justify ALL of her steps for her homework. This work 
was reviewed during our morning tutorials, and discourse was used to understand her thinking. 
Curelle’s knowledge and confidence grew since the mathematical discourse explored 
mathematical logic and choices opposed to “copying steps” from previous assignments.  
 
Curelle shared that calculators and notes were normally allowed on all assignments, including 
assessments. These modifications adversely impacted her ability to retain and grasp concepts 
and perform algebraic operations. I believe the study skills and material review will serve her 
well in the fall.  
 

 
Salloni Gill 
Pre-assessment B score:14/54 (25.9%)          Post-assessment B score: 30.5/54 (56.5%) 
 
Salloni was a pleasure to teach and get to know this summer. Salloni had gaps in her numerical 
fluency which impacted her academic skills but not necessarily her knowledge of algebraic 
concepts and principles. Salloni experienced a death in her immediate family just prior to the 
beginning of the SARE program. The death and the related funeral preparations and 
ceremonies impacted her attendance and potential academic progress. Regardless, Salloni 
completed all classwork and homework with an extended completion date. 
 
Salloni was extremely receptive to feedback. She was comfortable requesting assistance from 
me as needed and was an active participant in class. She particularly enjoyed discourse and 
discovering mathematical connections. Salloni was unafraid. She was willing to display and 
discuss her work with the class. She eloquently defended her methodology but was willing to 
accept critiques and modify/revise her work, as required. 
 
Many of the concepts that were not fully mastered are components of the Algebra 2 
curriculum: factoring, parent functions, and trigonometry. Her work this summer will prepare 
her for excellence in the fall. 
 

 
 
Group 2: Student Summaries 
 

Eman Chattha 
Pre-assessment C score: 52/59 (88.1%)          Post-assessment C score: 56.5/59 (95.8%) 
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Eman was a pleasure to teach. It was obvious that she was an extremely capable student. 
Before the start of the summer, she had completed AP Calculus AB and was enrolled in AP 
Calculus BC for the fall. She did have a small gap in recalling trigonometric values. However, this 
was not a matter of content but a lack of memorization. She shared that, in her previous 
classes, she was allowed to use the unit circle, which is not uncommon in a Trigonometry 
course. 
 
Eman completed all her classwork and homework with fidelity. Reviewing Eman’s post-
assessment, I noticed that she would have earned a perfect score except for careless errors. 
Because of her prior knowledge, the class emphasized Calculus BC concepts and skills in 
preparation for the fall. Additionally, we conducted SAT and ACT test prep sessions since Eman 
was interested in increasing her standardized test scores.  
 

 
Aysha Ijaz 
Pre-assessment C score: 33/59 (55.9%)          Post-assessment C score: 47/59 (79.7%) 
 
Aysha was a pleasure to work with this summer. It was apparent from the pre-assessment and 
class work that Aysha was a very capable student. She had to review some basic operations and 
concepts such as fractions, decimals, and percentages as well as some of the Algebra 2 
concepts that were not directly used in AP Calculus AB. Aysha completed all her classwork and 
homework with fidelity. Aysha was reluctant to request help. Additionally, she was reluctant to 
share her work with the class or engage in class discourse. I believe the reluctance was because 
she thought that she should have “known” and thus should not have needed assistance. Three 
(3) of the SARE students in the class were also prior friends. I believe that this contributed to 
the problem. She did not want to be “embarrassed” in front of them. However, during the 
summer the reluctance decreased. 
 
A detailed review of her post-assessment showed that lack of attention to detail opposed to 
content knowledge accounted for most of her errors. This reality was evident during her post-
assessment conference. She was able to successfully redo the incorrect problems without any 
assistance.  
 

 
Dorian Santos 
Pre-assessment C score: 18/59 (30.5%)          Post-assessment C score: 38.5/59 (65.3%) 
 
Dorian was the quietest student in this group. However, his expected zingers demonstrated 
that he was aware of everything that was occurring around him. Dorian was reluctant to 
participate in class discussions. I believe this was due to his overall introverted personality, not 
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a dislike of the content or the class. Dorian solicited assistance when he was unclear concerning 
the work. 
 
Although Dorian had Pre-Calculus, it was clear that there were gaps in his number fluency and 
knowledge of non-linear equations and graphs. He shared that virtual learning was 
exceptionally difficult for him. He stated that he completed the virtual work but did not retain 
the information. Therefore, differentiated instruction was provided for Dorian. The objectives 
were to fill in gaps as well as set him up for success for his fall class, AP Calculus. Therefore, 
mathematical concepts and principles were emphasized over computational skills. Prior to the 
end of the program, we arranged a practice regime to increase his numerical fluency. 
 

 
Fatima Sarfraz 
Pre-assessment C score: 57/59 (96.6%)  Post-assessment C score: 58/59 (98.3%)   
 
Fatima was an absolute joy to work with. Fatima’s prior mathematical courses included AP 
Calculus AB and AP Calculus BC. She was a second year SARE student.  Fatima graduated in the 
spring and decided to attend Princeton University in the fall.  Fatima was born to lead. As 
evident by her prior courses and pre-assessment scores, she was an extremely capable 
mathematics student.  
 
Fatima’s independence and self-advocacy served her well in the classroom. Before the start of 
the summer, she had contacted Princeton to determine her fall mathematics course. Needless 
to say, differentiated instruction was used extensively. Multivariable calculus and linear algebra 
topics were taught to prepare her for the fall semester.  She provided an experienced voice to 
her classmates. She was able to encourage them in their own work and motivate them to 
persevere. A few times when her mentor was absent and the lab was slow, she came to the 
Group 1 math sessions to help or ask for guidance on her differentiated assignments. I look 
forward to staying connected with Fatima this fall.  
 

 
Henry Vo 
Pre-assessment C score: 4 3/59 (72.9%)   Post-assessment C score: 53/59 (89.8%) 
 
It was a pleasure to work with Henry this summer. Henry’s respectful demeanor masked a 
strong personality with great leadership and self-advocacy skills. Henry had completed AP 
Calculus AB and was enrolled in AP Calculus BC for the fall. He did have a gap in what he 
termed “old skills” such as fractions, decimals, percentages, and the quadratic formula. He 
stated that he could not recall trigonometric values. However, this was not a matter of content 
but a lack of memorization. He shared that, in his previous classes, he was allowed to use the 
unit circle. 
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Henry expressed concerns regarding his SAT scores. He had a strong desire to improve his score 
to impress college admissions committees and increase his likelihood of earning scholarships. 
This concern led to a curriculum change to include SAT prep. Henry decided to take the ACT 
exam as well as the SAT. He requested assistance in ACT prep. His desire led to another 
curriculum change to include ACT prep.  
 

 
 
Writing Program Description 
Our goal was for the scholars to develop their writing skills through exposure to a curriculum 
which emphasized the importance of clear and effective written communication.  We began by 
reviewing the structure of a basic essay and progressed to more complex compositions, 
including a college application essay and scientific abstract.  Students prepared six-to-seven 
formal pieces of writing over the 8-week period, which were analyzed for grade level and 
quality of content.  In addition, students completed brief writing responses, addressing key 
ideas in the novels they explored.  Scholars also composed formal justifications to propose 
reasonable courses of action in response to medical case studies. 
  
All students demonstrated growth over the course of the summer.  Overall growth ranged from 
2.9-to-8.7 grade levels over the eight weeks, as calculated using the Flesch-Kincaid Writing 
algorithm.  The overall grade level increase for each student is shown below. 
 

 
 
Qualitatively, there was clear improvement in the portfolio assessment for all ten scholars.  
Essays were carefully reviewed, and feedback was provided to all students to help them 
develop their writing skills.  In our exit interviews, several students commented that these 
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writing exercises were challenging but effective in helping them hone their communication 
skills. 
 
 
Writing Objectives of the SARE Program 
By the end of the summer, students will be able to: 
 
Writing Process 

• Write a well-organized essay 
• Generate ideas and organize evidence to support a thesis statement 
• Write essays for a variety of purposes 
• Compose a personal reflection, highlighting experiences in the laboratory 
• Demonstrate an understanding of the complete writing process from outlining to final 

revisions 
 

Scientific Writing 
• “Understand the seven components of a laboratory paper” (Lerner, p.1) 
• “Understand the writing process and its application to scientific writing” (Lerner, p.1) 
• “Understand the importance of communicating in writing as a scientist” (Lerner, p.1) 
• Explain the difference between scientific and non-scientific writing (Day, p. 3-5) 
• Compose an abstract 
• Create a poster detailing the scholar’s research 
• Present research poster to both scientific and non-scientific audience 

 
Non-Scientific Writing 

• Write a personal introduction 
• Write to recall an experience (Kennedy, p. 36-43) 
• Write to compare/contrast something of interest (Kennedy, p. 85-99) 
• Respond to an essay prompt from the common application 
• Final reflection essay 

 
Cited Sources 
Day, Robert and Barbara Gastel. How to Write and Publish a Scientific Paper. Sixth Edition. 
Greenwood Press. Westport, Connecticut, 2006. 
 
Kennedy, X.J., Dorothy Kennedy, and Sylvia Holladay. The Bedford Guide for College Writers: 
Sixth Edition. Bedford/St. Martin’s, Boston, 2002. 
 
Lerner, Neal and Ogren-Balkama, Marilee. Teaching Scientific Writing. Retrieved June 12, 2010 
from http://www.appl003.lsu.edu/acadaff/cxcweb.nsf/summer.pdf. 
 

http://www.appl003.lsu.edu/acadaff/cxcweb.nsf/summer.pdf
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Writing grade level is quantified using the Flesch-Kincaid algorithm.  Students receive 
constructive feedback, and revisions are often completed. 
 
 
Second-Year Syllabus 
Returning students will be responsible for the creation and delivery of a research presentation 
for the CARES Symposium as well as a poster for the final poster presentation and celebration.  
During their second year, scholars will assume increased responsibility for their learning and 
serve as leaders and role models for their peers.  They will independently research information 
about their research topic and use that as the basis for their poster’s introduction.  Throughout 
this process, they will accomplish the following tasks: 
 

1) Interview both their mentor and principal investigator (PI) to learn about their research topic as 
well as read and synthesize relevant information from primary literature articles 

2) Present their research topic and background information to the class 
3) Research at least three scholarly articles to augment their understanding of their research topic 
4) Produce a PowerPoint outlining their research  
5) Thoughtfully compose an introduction to their poster, which will be edited by their instructor 

and mentor 
6) Create a polished poster with time for editing and review 
7) Present poster to both the class and mentoring lab in the SARE/DDP Poster Presentation and 

Celebration as well as at the CARES Symposium 
8) Support their peers in the development of their own posters 
9)  Support their peers in reviewing key science topics discussed throughout the scientific seminar 

series 
10)  Lead the class in case study discussions during the bioethics unit 

In their previous year, students worked closely with their mentors to gain an understanding of 
basic laboratory practice.  In their second year, students enhance their understanding of the 
scientific method and take a more active role in their research project. 
 
 
Second-Year Reflection 
Returning scholars are asked to reflect upon the following questions: 
 
What prompted you to re-apply to SARE?  What distinguished your second year from your first 
year?  What benefits did you gain from a second year in the program? 
 
Fatima Sarfraz 
Due to COVID-19 procedures in place at the time, my first year of participation in the SAREs 
program was virtual. Although the virtual experience helped me expand my scientific 
knowledge, allowing me to grasp theories and concepts my mind only skimmed over before, I 
gained little laboratory experience. These experiences, however, particularly in the virtual lab 
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groups run by Dr. Jamie and Mr. Wishart, along with the plethora of questions they answered 
and supplementary material they offered upon request made me fall in love with the scientific 
research process. I was quite determined on a future in clinical healthcare before the program, 
as I thought it was the only way to work in the medical field, but my experiences have 
convinced me that there are alternative ways to work in this industry. I made the decision to 
reapply to SARE because I wanted to further investigate what this would entail and acquire the 
essential laboratory experience I require to advance my academic goals. 
My experiences this semester as a second-year scholar have been very distinct from those of 
my first-year. I have discovered myself being challenged on a completely new level, in part 
because of the in-person aspect of my second year and in-part due to the nature of the Bumpus 
lab. Grasping the concepts related to drug metabolism was quite frankly difficult at first and so 
was adjusting to the fast-paced nature of laboratory procedures. Nevertheless thanks to the 
wonderful support of all the members of my lab and especially to my mentor Abigail Wheeler, 
over time I was able to understand and grasp what at first seemed quite challenging. 
The major benefit I gained as a second-year was conducting research with larger autonomy 
than for first-year scholars. From our conversations, I felt that my lab allowed me to conduct a 
larger variety of techniques. This combined with the fact that I spent more time in the lab than 
the first-year scholars allowed me to gain experience in a plethora of procedures. I am certain 
that the experience will be invaluable in my future academic pursuits. 
 
 
Science Program Description 
To facilitate an enriching laboratory experience, we found it beneficial to increase the students’ 
overall science knowledge.  As such, we created a series of ten modules, each addressing a core 
scientific topic integral to basic laboratory research. 
The modules are outlined below. 
 
 

 Class Teacher Description 
1 Basic Lab Chemistry Tujuana Hinton 

Math Director 
Scientific Notation, Dimensional 
Analysis, Concentrations, and 
Dilutions 

2 Acid and Base  
Titrations 

Xintong Dong 
Research Fellow 

Basics of acids and bases 

3 Cells Sumana 
Raychaudhuri 
Research Associate 

Prokaryotes and eukaryotes 
Organization and structure 

4 Biomolecules 
 

Shantel Angstadt 
Graduate Student 

DNA, RNA, Proteins, Lipids and 
Carbohydrates 

5 Central Dogma Jon Kuhn, Research 
Fellow 
Alexis Tomaszweski, 
Grad Student 

DNA to RNA to Protein 



 
 
 
 
 

21 

6 Genetics Mithra Kumar 
Graduate Student 

Molecular basis of heredity 

7 Cloning 1 Lauren Blake 
Graduate Student 

Plasmids and transformations 

8 Cloning 2 Lauren Blake 
Graduate Student 

Restriction enzymes, ligation and 
polymerase chain reaction 

9 Electrophoresis Fran Harris 
Graduate Student 

DNA and Protein Gels 

10 Basics of Microscopy Douglas Robinson 
Faculty 

Introduction to Microscopy 

 
 
An open-notes final was given at the end of the series, and the scores were as follows: 
 

Scholar Assessment Score  
NA 85 / 106   (80.2%) 
EC 85.25 / 106   (80.4%) 
GF 78 / 106   (73.5%) 
SG 76.5 / 106   (72.2%) 
JG 71 / 106   (70.0%) 
AI 91.5 / 106   (86.3%) 
CM 59 / 106   (55.7%) 
DS 59 / 106   (55.7%) 
FS 98 / 106   (92.5%) 
HV 96 / 106   (90.6%) 
Average 79.9/106   (75.4%) 

 
70% of students earned a score greater than 70%.  Upon return of their assessments, students 
completed corrections and engaged in discussion with their peers to enhance their 
understanding of the concepts covered and improve their ability to communicate relevant 
scientific principles. 
 
 
Bioethics Program Description 
The bioethics curriculum centers on various case studies in the field of bioethics.  Students 
discovered the basic principles of bioethics, identified key stakeholders, and learned to make 
strong justifications to support their decisions about how to address biomedical case studies.  
Some of the topics discussed included human genetic engineering, animal use in research, and 
compensation for research participation.  Student feedback indicated that students found the 
class engaging and interesting.  It was different than the subjects that most scholars had 
studied thus far in school.  They enjoyed grappling with the case studies and debating the 
appropriate course of action in each scenario.  We were successful in engaging students and 
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promoting civil and courteous discourse.  By the end of the summer, students were more 
confident in stepping outside of their comfort zone and debating issues relevant to their lives.   
 
As part of the bioethics curriculum, scholars read either The Immortal Life of Henrietta Lacks by  
Rebecca Skloot or The Spirit Catches You and You Fall Down by Anne Fadiman.  In doing so, the 
scholars explored poignant narratives which highlight the incredible necessity for bioethics in 
modern scientific practice.  The scholars engaged in dialog surrounding the stories and 
generated solutions for the concerns addressed in the novels.  Following their discussions, the  
scholars met with Dr. Debra Matthews, a modern bioethicist, to discuss the Henrietta Lacks 
story as well as the evolution of informed consent.  Scholars were fascinated by Dr. Matthews’ 
insight into the development of the current legislation governing informed consent and 
expressed a desire to learn more.   
 
On the final day of the program, students participated in a mock debate in which they argued 
either in favor of or against readmission of a patient into medical rehabilitation facilities with 
long waitlists following relapse.  Before their debate, the scholars worked in teams to garner 
evidence to support their position and identify potential counterarguments. 
 
Bioethics knowledge was assessed using a pre- and post-assessment.   
The results are shown below. 
 
Student NA EC GF SG JG AI CM FS DS HV Average 
Pre- 10 10 10 7 9 14 5 ---- 8 11 9.3 
Post- 16 15 11 15 12 14 10 17 14 16 14 
Change  +6 +5 +1 +8 +3 +0 +5 ---- +6 +5 4.3 

 
 
Nine of ten students showed improvement on their post-assessment.  The class average on the 
pre-assessment was 9.3, and the average on the post-assessment was 14, indicating a mean 
improvement of 4.3 points per student.  Through this unit, our scholars practiced their critical 
thinking skills and broadened their perspectives, noting the importance of addressing the 
positions and motivations of their colleagues when approaching complex decisions.  
 
 
A Day in the Life of a Specialist: Lunch and Learn Series 
Our scholars participated in the “A Day in the Life of a Specialist” Lunch and Learn Series hosted 
by the Johns Hopkins Initiative for Careers in Science and Medicine (CSM).  Through the series, 
the scholars engaged in dialog with six biomedical experts, each representing a unique field in 
research and/or medicine.  During the series, our speakers shared their journeys in the 
biomedical sciences, noting their personal triumphs and challenges, and offered advice to our 
scholars as they discern their future career pathways.   
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Our speakers included: 
• Dr. Yvonne Commodore-Mensah (PhD MHS RN), Assistant Professor of Nursing  
• Dr. Kris Dahl (PhD), Engineer, Thornton Tomasetti and Professor, Carnegie Mellon 
• Dr. Fasika Woreta (MD MPH), Director - Ophthalmology Residency Program, Associate Professor 

of Ophthalmology 
• Dr. Eric Oliver (MD), Assistant Professor of Medicine in Allergy and Immunology 
• Dr. Oluwaseun Falade-Nwulia (MBBS MPH), Associate Professor of Medicine in Infectious Disease  
• Dr. Michelle Sharp (MD MHS), Co-Director of Johns Hopkins Sarcoidosis Program, Assistant 

Professor of Medicine 
• Dr. Julius Oni (MD), Medical Director, Orthopaedics at Johns Hopkins Bayview, Assistant Professor 

of Orthopaedic Surgery 
• Dr. Andrea Young (PhD MA), Assistant Professor of Psychiatry and Behavioral Sciences 

 

 
2022 Speaker Panel (from Left to Right) 

Row 1: Yvonne Commodore-Mensah, Kris Dahl, Fasika Woreta 
Row 2: Eric Oliver, Andrea Young 

Row 3: Oluwaseun Falade-Nwulia, Michelle Sharp, Julius Oni 
 
 
Summer Overview 
Feedback from the students demonstrated their satisfaction with their experiences in the 
program.  Overall, they felt that they benefitted on many levels.  The final poster presentation 
highlighted the scholars’ personal, academic, and professional growth.  When speaking with the 
scholars, they expressed a great deal of pride in their work as well as their academic and 
professional progress.  At the start of the summer, the scholars were largely unfamiliar with 
their mentors’ research; however, fewer than eight weeks later, the scholars spoke eloquently 
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about their research, knowledgeably sharing their lab’s work with a diverse audience.  Over the 
course of the summer, the scholars gained new insight into the world of biomedical research 
and developed their understanding of the scientific method.  They worked diligently to craft 
their final poster presentations with the help of their mentors and the SARE leadership team.  
During the final week of the program, the scholars practiced their presentations with their labs, 
peers, and the SARE team.  Each scholar worked carefully to polish his or her presentation 
delivery and predict the types of questions he or she might encounter during the symposium. 
 
While presenting their posters, the scholars appeared relaxed and confident.  The Final Poster 
Presentation and Celebration was well-attended by family and friends as well as graduate 
students, postdoctoral fellows, faculty, and staff from departments across the School of 
Medicine. The event was buzzing with scientific inquiry, and the students were able to answer 
questions about their research with great sophistication.  It was clear the scholars had a strong 
grasp on the science displayed on their posters. As always, the poster presentation was a 
memorable experience.  It was a pleasure to witness the pride of the scholars’ families as they 
witnessed their loved ones sharing their newest accomplishments. 
 
The writing, reading, mathematics, and science courses were essential to helping the scholars 
work towards their final poster presentation. We hope and anticipate that these skills will be 
useful to our scholars as they enter their next school year, college years, and professional 
career. During their stay with us, students enhanced their writing and communication skills, 
strengthened their scientific knowledge, and built meaningful connections with their PIs, 
mentors, peers, and the SARE leadership team.  They have advanced their critical thinking skills 
and practiced professionalism in their conduct.  Scholars have discussed complex themes from 
The Immortal Life of Henrietta Lacks, The Spirit Catches You and You Fall Down, The Double 
Helix, and Bioethics for Beginners.  We have endeavored to instill an appreciation for the 
necessity of bioethics in modern scientific practice. 
 

 
SARE scholars posing by the Johns Hopkins Dome on their final day of the program 



 
 
 
 
 

25 

Scholar Tracking 
 

Scholar Program 
Origin 

Years in 
Program 

High 
School 

Graduation 
Year 

University 
Attending/Plans 

to Attend 
Major Other Key Activities 

Matthew 
Green-Hill BHGH 2009-

2011 2011 

Initially, College 
of William and 

Mary; Currently, 
CCBC 

Undecided Had 100% Scholarship 
ROTC 

Donte 
Jones BHGH 2009-

2010 2012 UMES, 
Graduated 

Human Ecology/ 
Child Development Graduated from UMES 

Dwayne 
Thomas BHGH 2010-

2011 2011 

Loyola 
University, 
Graduated 

 
Started at 
Howard 

University 
Medical School, 

Fall 2020 

Biology/Spanish DDP Scholar, 2015 

Durrell 
Igwe BHGH 2010-

2011 2012 CCBC Psychology 

Summer Intern 2013: 
Legg Mason, Currently 

working for Delta 
Airlines 

Charles 
Booth BHGH 2011 2013 LaSalle 

University 
Information 
Technology 

100% Scholarship, 
Summer 2012, Intern 
at Kennedy Krieger; 
Summer 2013/14, 

Intern at Legg Mason; 
CBS Sports Writer 

Shaolin 
Holloman BHGH 2012 2014 Stevenson 

University 
Human 

Services/Psychology 
Summer intern 

2013: Legg Mason 

Stephanie 
Keyaka SEED 2012 2015 

Penn State 
University, 
Graduated 

B.A.: Political Science 
and Government, 
Women’s Studies, 
African-American 

Studies 
MA: International 

Relations and Affairs 

Student Gov’t, Dual 
Enrolled at Morgan 

State University 
(History); 

At Penn State, she will 
be in the Schreyer 
Honors Program 

Christopher 
Miller SEED 2012 

2014 2015 
Allegheny 
College, 

Graduated 
Mathematics  

Student Gov’t, Dual 
Enrolled at Morgan 

State University 
(Calculus); Received 
full-ride scholarship 

through National 
Science Foundation 
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Milan 
Dower BHGH 2013 2016 

University of 
Miami, 

Graduated 
BME 

McDaniel College 
Science Camp – Bio 
Medical; Now PhD 
student, JHU BME 

Diana Bobb SEED 2013 2015 BCCC General Studies 

Summer Internship 
with UMBC Summer 

Undergrad. Res. Fest – 
Model Membranes to 

probe for retroviral 
gag membrane 

targeting. 
 

Scholarship $45,100 
over four years, 

$9500/year from the 
university; $15,785 

grant from the 
university 

Khaleel 
Byrd SEED 2013 2016 

University of 
Baltimore 

College of Arts 
and Sciences 

Unknown – 
Considering Fashion, 

Business / 
Entrepreneurship,  

Student Gov’t, 
Interned with 

Youthworks at SEED 
MD this summer; 

Internship at Walters 
Art Museum; works at 

Panera Bread; runs 
Fashion Club; Prefect 

Jewel  
Herndon SEED 2013 2016 

Frostburg State 
University, 
Graduated 

Health Sciences and 
Exercise Physiology, 

Biology  

Student Gov’t, Prefect, 
worked at Le 

Madelaine Bakery, 
SEED Student 

Ambassador, Soccer  

De’Sean 
Markley 

Through 
Crossroads 

2013- 
2014 2015 

Furman 
University, 
Graduated 

Sociology 

$15K Scholarship + 
Financial Aid, Now, 

Assistant Educator at 
Living Classrooms 

 
Nayai Hill 

 
BHGH 2014 2016 University of 

MD Biology 

Summer 2013 JH Bond 
Program Pediatrics 
Currently a security 

guard at JHH 
Assefa 

Akinwole 
 

Through 
KIPP 

 

2014-
2015 2016 UMBC, 

Graduated Chemistry Accepted into the 
Meyerhoff Program 

Adam 
Elsaidy SEED 2014-

2015 2016 
McDaniel 
College, 

Graduated 

Business 
Administration and 

Management 

Dual Enrolled at 
Morgan State 

University (Pre-
Calculus) 

Natalie 
Suarez 

Roland 
Park 

Country 
School 

2015 2016 
Towson 

University, 
Graduated 

Business 
Administration and 

Management 
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Ayende 
Watson 

Gilman 
School 2015 2017 

University of 
Virginia 

Graduated 
 

Attended the Naval 
Academy for a year 

and then transferred 
to UVA, active 

member of track and 
field  

Stacey 
Alston SEED 2015 2016 

Bowie State 
University, 
Graduated 

Nursing Basketball 

Siri Keyaka SEED 2015 2016 UMBC 
Graduated,  

Biology Major, 
Psychology Minor 

Dual enrollment, 
internship at City Hall, 

prefect, basketball, 
volleyball  

Valedictorian of SEED 

Princess 
Massaquoi SEED 2015 2016 

Goucher 
College, 

Graduated 

Business 
Administration 

Dual Enrollment, T. 
Rowe Price Encounter 
Internship, Basketball, 

Volleyball 

TaShanna 
Sands SEED 2015 2017 

Indiana 
University of 
Pennsylvania, 

Graduated 

Public Health Intern with Baltimore’s 
“Be” Program  

Grace 
Ayole SEED 2015-

2017 2017 
Alleghany 
College, 

Graduated 

Global Health 
Studies, Political 
Science (minor) 

Soccer, Softball, 
student ambassador, 

prefect  

Malik Buck Riverdale 
HS 2016 2018 

University of 
West Georgia, 

Graduated  

Business 
Administration and 

Marketing 

Working as a graduate 
assistant at the 

University of West 
Georgia 

Victoria 
Gillam 

BHGH: 
New 

Orleans 

2016-
2017 2017 

Howard 
University, 
Graduated 

Major: Clinical 
Laboratory Science 

Minors: Spanish, 
Biology 

Working for Covance, 
a Lab Core subsidiary 

 

Nashya 
Davis 

Green 
Street  2016 2017 

Bowie State 
University, 
Graduated 

 
Wants to be a health 
or medical research 

professional 

James 
Arrington 

Green 
Street 2016 2017 Currently 

working Currently working 
Wants to be a doctor 

or shock trauma nurse 
Works for Amazon 

Jasmine 
Burrell 

Green 
Street 2016 2017 UMD CP, 

Graduated Biochemistry Wants to be a 
pediatrician 

Michael 
Carpenter 

Green 
Street 

2016-
2017 2017 Bowie State 

University Unknown 
Wants to go into 

Pharmacy or medical 
research 

Shaquita 
Johnson SEED 2016 2018 CCBC Medical technology 

Associates 

Wants to be a 
pediatric 

neurosurgeon 
Currently working 

Monique 
Miller SEED 2016 2017 Oberlin, 

Graduated Photography Serving as a pharmacy 
technician with CVS 
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Jacqueline 
Ndayizeye SEED 2016-

2017 2017 
Stevenson 
University, 
Graduated  

Human Services and 
Counseling 

Wants to be a nurse in 
an underserved area 

Malik 
Richberg-

Young 

Green 
Street 2016 2017 

Washington 
Adventist 

University, 
Graduated 

 
Attending Johns 
Hopkins Medical 

School  

Kiyea 
Milledge 

Green 
Street 

2016-
2017 2018 

Morgan State 
University, 

Graduating in 
2023 

Applied Liberal 
Studies 

Wants to be a mental 
health specialist 

Alexis 
Tisdale SEED 2016 2017 UMBC Chemistry 

Wants to be a 
neurologist, working 

as a pharmacist 
technician 

Shavona 
Mayers-

Dixon 
BHGH 2016 2016 

Goucher 
College, 

Graduated  
Spanish 

Wants to be a 
physician.  Full 

scholarship. 
Shavone 
Mayers-

Dixon 

Baltimore 
Polytechnic 

Institute 
2016 2016 Arizona State 

University Unknown 
Wants to be a 

biomedical engineer 
 

Doniqueka 
Louden 

Green 
Street 2017 2018 

Lincoln 
University, 

Graduating in 
December of 

2022 

Health Sciences 
(Major), Psychology 

(Minor) 

Planning to pursue a 
Master’s Degree in 

Public Health 

Kristhine 
Martinez 

Greater 
Grace 

Academy 
2017 2018 

Drexel 
University, 
Graduated 

Criminology, Minor 
in Legal Studies 

Passionate about 
empowering minority 

populations 
Kybriana 
Wilson 

Green 
Street 2017 2018 Unknown Unknown Wants to be a doctor 

or a nurse 

Makaiya 
Porter Dunbar 2017 2019 Unknown Unknown 

Wants to be a 
pediatric surgeon or a 

pediatrician 
Gabrielle 
McElveen 

Green 
Street 2017 2018 Unknown Unknown Wants to be a labor 

and delivery nurse 

Micaela 
Wilson 

Green 
Street 2017 2018 

University of 
Notre Dame, 

Maryland 
Pre-Med/Bio Wants to be an 

OB/GYN 

Morris 
Turner SEED 2017 2019 Unknown Unknown 

Wants to broaden his 
skills in math and 

science 
Raissa 

Kaossele BCC  2017 2019 Coppin State Unknown Wants to be a nurse in 
an underserved area 

Kalila 
Holley Dunbar 2017 2017 

Coppin State 
University, 
Graduated 

Biology Wants to be a doctor 

Tymeka 
Hill-Adams Dunbar 2017 2018 Coppin State Nursing Interested in 

becoming a nurse 
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Grace 
Adeleke BPI 2018 2020 UMBC Biochemistry and 

Molecular Biology 

Interested in 
becoming a healthcare 
professional, member 

of the Badminton 
Team 

Jevaugh 
Anderson Dunbar 2018 2018 Currently 

Working 
Currently  
Working 

Currently working, 
wants to attend 
medical school, 

working for Hopkins 
pharmacy 

Shantika 
Bhat BPI 2018, 

20, 21 2021 Johns Hopkins Biology 

Pursuing research with 
interest in 

neurodegenerative 
diseases - 

Collegebound's scholar 
of the year 

Baltimore Ravens 
Outstanding Scholar 

 

Manling 
Chen BCC HS 2018 2021 UMBC Nursing 

Interested in 
becoming a 
neurologist 

Jalen 
Cooke BPI 2018 2021 

Virginia 
Commonwealth 

University 
 Interested in 

Engineering 

Serena 
Cooper 

BHGH 
Bryn Mawr 2018 2021 

University of 
Southern 
California 

Psychology Interested in Biology, 
Member of track team 

Kirsten 
Grant BPI 2018 2019 Xavier 

University (LA) 

Biochemistry Major, 
Biology/Mathematics 

Minor 

Matriculating in Fall of 
2019 

Isaiah 
Griffith 

Mt. St 
Josephs 2018 2020 UMD CP 

Public Health 
Sciences (Major), 
African American 
Studies (Minor) 

Participated in shock 
trauma internship, 

wants to pursue 
Master’s in Public 

Health 

Brandon 
King 

Benjamin 
Franklin  2018 2019 Stevenson 

University 
Nursing or 
Accounting 

Transferred from BPI 
to Benjamin Franklin 
for his senior year, 

Interested in 
becoming a surgeon 

Jeanette 
Neal IND 2018 2020 Towson 

University  

Worked a summer 
internship at the 

Baltimore Aquarium, 
Interested in 
becoming a 

pediatrician or 
pharmacist 

Mah Noor Western 2018 2018 Stevenson Biochemistry Considering a transfer 
to UMD or UMBC, 
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wants to be a 
pediatrician 

Juno 
Owens BPI 2018 2021 Towson 

University 

Environmental 
Science, Minor in 

Philosophy and Art 

Interested in public 
policy and research 

Ingri 
Rivera-
Torres 

BPI 2017, 18 2020 UMBC  
Interested in 

becoming a doctor or 
nurse 

NaKya 
Watford BPI 2018 2021 Morgan State Information science 

and systems 

Interested in research, 
Completed an AP 
Program at Digital 

Harbor 

Hawa Sidy BPI 2018,19 2020 UMD CP 

Major in 
Neurobiology & 

Physiology, Minor in 
health, humanities, 

and medicine 
 

Aspires to pursue 
research or healthcare 

degree 

Kristiana 
Smith BPI 2018,19, 

20 2021 Johns Hopkins  
Cellular and 

Molecular Biology, 
English Minor 

Aspires to pursue Ph                                       
D in genetics – 

Baltimore Scholar 

Faridatou 
Adedoyin BPI 2019 2022 UMD College 

Park 

Operations 
Management and 
Business Analytics, 
Minor in Computer 

Science 

development of 
Neurotransmitters, 

Cognition, and 
Behavior of those on 
the Autism Spectrum 

 
Amanda 
Bolden BHGH 2019, 20 2020 LSU Biochemistry Pursuing a pre-med 

track 

Alexis Duke BPI 2019 2022 North Carolina A 
& T  

Enjoyed her work in 
the Freel lab and 
wants to pursue 

research 
Taylor 

Gardner BPI 2019 2022 Georgia State  Hoping to explore 
research further 

Zen 
Gordon BPI 2019 2022 UMD 

Taking classes in 
philosophy, political 

science, and 
economics 

interested in surgery, 
politics, allergy 

studies, and business 
 

Andrew 
Haye BPI 2019, 20 2022 Loyola Biology, pre-med 

Aspires to become a 
doctor, part of the 
Ignatius scholars 

program 

Thinzar 
Htwe 

Eastern 
Tech 2019 2020 Stanford  

STS (Science, 
Technology, and 

Society) 

Full ride scholarship to 
Stanford! 

Shanaja 
Johnson SEED 2019 2022   Exploring options, 

interest in social work 
Jocelyn 
Keyaka SEED 2019 2022 Ohio State  Interested in 

expanding career 
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options, SEED 2022 
Valedictorian 

Ramata 
Lam IND 2019 2020 UMD CP 

Psychology, 
Neuroscience 

(minor) 

Wants to go to 
medical school, 

interested in pediatrics 

Nyla Powell BPI 2019 2022 Johns Hopkins Chem Major, Biology 
Minor  

Passionate about 
pursuing research 

Crystal 
Tillery VT 2019 2020 UMD CP Neuroscience, Pre-

Med 
Interested in 

becoming a nurse 

Morgan 
Wilder BPI 2019 2021 McDaniel Biology (Pre-Med), 

Minor in Kinesiology 

Received full-tuition 
scholarship, interested 
in emergency or sports 

medicine 
DeAndre 

Banks Woodlawn 2020 2021 Frostburg State 
University Electrical Engineering Exploring future career 

opportunities  

Vina Chen BPI 2020 2021 UMD College 
Park 

Business 
Management and 
Computer Science 

Interested in 
becoming a software 

engineer 

Taylor 
Colston Western 2020 2022    

Excited about pursuing 
cell biology and 

research 

Naomi 
Condado BCC 2020 2021 UMD CP Neuroscience 

Interested in pursuing 
a career in 

healthcare/research 
Meiling 

Gao BPI 2020 2021 UMD CP  Interested in pursuing 
biomedical science 

Devin 
Harris Dunbar 2020 2021 UMD CP Psychology, on Pre-

Med Track 

Interested in being a 
trauma surgeon and 

earning his PhD, 
Joined pre-health 
fraternity Delta 

Epsilon Mu 
Dayvian 

Jones SEED 2020 2023 In High School In High School Exploring future 
possibilities in science 

Nakayla 
Lawson BCC 2020 2021 McDaniel Biology and Spanish 

Excited to explore 
possibilities in 

biomedical research 

Jordi 
Martinez Woodlawn 2020 2020 Towson 

University 

Biology, with a 
concentration in 

cellular and 
molecular biology 

Wants to be a 
radiologist  

Obiutodike 
Nnabugwu BPI 2020 2021 Penn State Biomedical 

Engineering 
Working in a 

mechanobiology lab 

Ariyan Sajid ET 2020, 21 2021 Princeton Engineering 

Full Ride Scholarship 
to Princeton - APL's 
MESA program and 

the ACE Mentor 
program of America 
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ACE project earned 
the "Best Architecture 

Award 

Noor Ul-Ain Woodlawn 2020 2020 UMD CP 

Biology with focus in 
Physiology and 

Neurobiology, Minor 
in History 

Joining BioFire Living 
and Learning 
Community, 

passionate about 
pursuing research - 

UMD’s CMNS 
college’s  recruitment 
ambassador and VP of 
inclusion and diversity 

in Female Forward, 
Considering MD/PhD 

Jaylin 
Liggins GS 2021 2022 Goucher College Communications and 

Media 

Interested in studying 
public health or 

sociology, worked an 
internship with BGE 

and earned his 
construction and 

skilled trades (CAST) 
certification 

Trinity 
Nock BPI 2021 2022 Towson  

Wants to become a 
pediatrician or 

pediatric surgeon 

Inioluwa 
Olaleye BPI 2021 2022 Towson  

Wants to study biology 
or biochemistry in 

college 

Odunayo 
Olaleye BPI 2021 2024 In High School In High School 

Passionate about 
pursuing opportunities 

in cell biology 

Fatima 
Sarfraz ET 2021, 22 2022 Princeton 

University 

Chemical and 
Biological 

Engineering 

Interested in pursuing 
bioengineering  

Saharsha 
Shah ET 2021 2022 UMD College 

Park Biology Interested in 
engineering 

Nadiat 
Adedoyin BPI 2022 2025 In High School In High School Exploring future 

opportunities 

Eman 
Chattha Perry Hall 2022 2023 In High School In High School Interested in pursuing 

an MD / PhD  degree 

Gabrielle 
Farrington BCC 2022 2024 In High School In High School 

Wants to major in 
social anthropology 

and then attend 
medical school 

Salloni Gill BPI 2022 2025 In High School In High School 

Interested in exploring 
business/finance, 

desires to work in a 
collaborative 
environment 
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Jazmine 
Green BPI 2022 2025 In High School In High School Passionate about 

studying psychology 

Aysha Ijaz ET 2022 2023 In High School In High School 

Exploring options in 
the biomedical 

sciences – interested 
in studying molecular 

biology 
Curelle 
Myles BCC 2022 2025 In High School In High School Exploring career 

options in the sciences 

Dorian 
Santos BPI 2022 2023 In High School In High School Interested in exploring 

criminal justice 

Henry Vo ET 2022 2023 In High School In High School 
Interested in exploring 

the intersections of 
business and science 
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Exit Interviews 
 
Nadiat Adedoyin 
 

Nadiat learned quite a bit over the summer.   She was 
excited to deepen her understanding of mathematics 
and biology and appreciated this opportunity to connect 
with others in the program.  Nadiat believes the classes 
created a safe, welcoming space in which she felt 
comfortable asking questions.   While she is not exactly 
sure what career path she would like to pursue, she is 
happy to have experienced working in a laboratory 
environment.   Due to her experiences in the program, 
she feels more prepared to return to school and better 
equipped to approach the college application process 
during her senior year.  She has strengthened her time 
management skills and recognized the importance of 

finding balance in her life and appreciating the little things she experiences every day.  Nadiat is 
most proud of her poster, noting that it turned out exactly as she had hoped. 
 
 
Eman Chattha 
 

Eman believes  she gained valuable hands-on experience 
in the lab this summer.  She was excited to take the 
scientific concepts she has been learning in school and 
apply them in her lab work with her mentor. Eman noted 
that “not many kids my age get this experience.”  She 
enjoyed passaging her cells and felt especially proud 
when she gained the skills necessary to handle them 
independently.  Eman aspires to attend a top 20 college 
where she will major in biology and minor in South Asian 
studies.  In the future, she is exploring the idea of 
pursuing an MD / PhD.  Through her lab work, Eman 
learned about the rigor behind scientific research and 
discovered the passion necessary to pursue this field as a 

career.  She noted that it required a great deal of motivation to persevere when experiments 
inevitably failed.   
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Gabrielle Farrington 
 

Gabby found that SARE played an important role in 
preparing her for the upcoming school year and her 
future classes.  When reflecting on her knowledge 
coming into the program, she expressed her pride in how 
much she learned over the course of eight weeks.  As a 
rising junior, Gabby is on the brink of the college 
application process and discerning her career path.  
Currently, she plans to study social anthropology, study 
abroad, and attend medical school.   While studying 
bioethics, Gabby recognized the importance of 
acknowledging and honoring others’ experiences when 
making a decision.   She felt that the discussions helped 
her gain insight into different perspectives, which 

ultimately affected her own decision-making process.  Overall, Gabby enjoyed her experience in 
lab and appreciated how welcoming and supportive her fellow lab members were throughout 
the summer.   
 
 
Salloni Gill 
 

Salloni gained an extensive network over the summer.  
She was excited to meet her fellow scholars, post-docs 
and researchers in the Claypool lab, and other members 
of the Hopkins community.   When reflecting on her 
experience, Salloni shared, “[I am most proud of] what I 
learned and the relations I made.”  She enjoyed learning 
from her mentor, Alex, in the lab and her peers in the 
classroom.  Given her social nature, she didn’t expect to 
enjoy lab work; however, she found it to be stimulating 
and enjoyed working as part of a team.  The “A Day in 
the Life of a Specialist” Lunch and Learn series has given  
her insight into the type of career she hopes to pursue 
one day.  Over the eight weeks of the program, Salloni 

developed her understanding of professionalism and made strides in building her writing, 
mathematics, and scientific skill sets.   
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Jazmine Green 
 

Jazmine gained new knowledge and experiences through 
SARE.  While she has taken biology in school before the 
program, she felt that she only understood the material 
on a superficial level.  After participating in the biology 
curriculum, Jazmine now feels confident in her 
knowledge of basic biology.  In the future, Jazmine is 
interested in studying psychology and becoming a 
therapist.  She has always been intrigued by the manner 
in which the brain processes information.  During the 
Lunch and Learn series, she was excited to hear from Dr. 
Andrea Young, an assistant professor in the department 
of Psychiatry and Behavioral Sciences, with whom she 
later connected via e-mail.  Jazmine appreciates the 

relationships she built in SARE and looks forward to continuing those relationships as she 
returns to school.  She reflects that SARE was more rigorous than she initially expected; 
however, the rigor showed her the power of hard work in helping her achieve her goals.  Hard 
work pays off.   
 
 
Aysha Ijaz 
 

Aysha gained motivation and insight into the 
professional world through her work in SARE.  She 
appreciated this opportunity to explore the world of 
molecular biology and witness the practical applications 
of science.  In school, she has worked diligently in her 
classes learning the basics of science; however, she has 
found the experience ‘passive’ and enjoyed this 
opportunity to work in the lab and personally contribute 
to ongoing research.  Throughout the summer, she had a 
great experience working with her mentor and 
appreciated his guidance as she approached this new 
work.  With her mentor’s help, she felt confident she 
could overcome any scientific challenges she faced.  

Aysha was proud of her presentation in the CARES symposium.  In general, she finds herself to 
be a more reserved person, so sharing her science with a large audience was a bit intimidating.  
Nonetheless, she worked diligently and pushed herself to do her best to overcome her 
reservations, and she did a great job! 
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Curelle Myles 
Curelle was excited to learn about research and gain 
experience in a professional laboratory.  She practiced 
new communication skills, which she plans to implement 
as she returns to school in the fall and continues on her 
academic journey.  Curelle learned new note-taking 
approaches and developed her active listening skills 
while exploring a diverse array of scientific concepts.  
She found the college preparatory presentations 
especially informative in helping her hone her approach 
to learning.  Overall, Curelle is most proud of her project, 
which entailed adding a halotag to FtsW to enhance 
single-molecule tracking.   Her biggest summer takeaway 
is to never be afraid of asking questions.  At times, she 

finds herself weary of speaking up in a group, but she has learned that asking questions is a sign 
of strength and an essential part of the learning process. 
 
 
Dorian Santos 
 

Dorian gained new friendships and connections from his 
time in SARE.  He said that his mentors are pretty cool 
people and appreciated this opportunity to work with 
them.  In the future, he hopes to pursue either 
bioengineering or criminal justice.  He believes his 
experience in the program will help him be more 
proactive in connecting with others and more diligent 
with his time management.  Previously, he had a 
tendency to procrastinate in his work, and this was the 
first time he had to work especially hard to accomplish 
his work on time.  Overall, he is most proud of his poster, 
which he says “looks very nice.”  Dorian learned that it is 
important to ask questions and seek support when he is 

unsure of something, which was critical during SARE as he learned about laboratory assays and 
the physiology of synapses. 
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Fatima Sarfraz 
 

Fatima appreciated the opportunity to actively engage in 
the experimental process.  During her first year of the 
program, Fatima worked remotely due to restrictions 
imposed by the pandemic.  In her second year, she was 
excited to practice laboratory techniques and revisit 
ideas she previously explored in her studies.  Fatima is 
proud of all she accomplished during the summer.  She is 
delighted by her progress with her depletion assays, 
which showed marked improvement over the course of 
the summer.  When reflecting on the summer, she 
expressed her appreciation for her experiences, noting 
that most students her age don’t have the opportunity to 
work in an academic lab or study biochemistry.  Fatima’s 

experience in SARE renewed her appreciation of the importance of persistence and seeking 
help when she needs it.     
 
 
Henry Vo 
 

Henry gained a new perspective of what it means to be a 
professional.  During his interview, Henry described that 
he wanted to learn more about what it means to be a 
successful professional, and he is proud that he 
accomplished that goal.  He appreciated the opportunity 
to network with range of professionals and learn about 
their personal journeys in the biomedical sciences.  
Henry feels that he sharpened his communication and 
leadership skills, which will aid him as he returns to 
school and prepares to lead a large conference serving 
more than 20 local high schools.  He is most proud of his 
final presentation, which highlights his refined 
knowledge and experience in the lab.  Throughout the 

summer, Henry worked diligently and practiced great discipline, taking the initiative to move his 
project forward even in his mentor’s absence. 
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SARE 2022 Final Reflection Essays 
 
Nadiat Adedoyin 
During my time with the SARE program this summer, I am grateful to have gained insight from 
my peers and mentors in both a personal and academic sense. With the guidance of Mrs. 
Hinton, I was able to strengthen my skills in Algebra, which I would be using this coming school 
year. Initially, I had thought that revisiting Algebra I would have been unnecessary, however, I 
learned that there were major topics I needed to focus on in order to ensure I would do better 
in the future. Making connections with the other SARE interns allowed me to feel comfortable 
in an environment where I’m able to freely discuss my opinions and experiences. In terms of my 
own discoveries, having had a hands-on lab experience introduced me to new perspectives on 
several aspects of science. In turn, I started to feel more comfortable in my surroundings. I 
became more accustomed to researching the biomedical field after realizing that a lengthy 
protocol was a simpler procedure than I had previously anticipated. In contrast to viewing 
meninges under a microscope and studying mouse behavior, I started to notice things as basic 
as the unique structure of a cell pellet or how two seemingly similar liquids are able to easily be 
differentiated under different circumstances.  
I would also like to thank my mentor, Ruchita Kothari, as a major role model for me in the 
biomedical field. Seeing a diverse community in JHU with their own separate ambitions in this 
field, made me feel as though I could reach a higher level of potential than I initially thought. 
With her support, I participated in the CARES Symposium as one of the speakers for the “Stories 
of Triumph”. Although I didn’t completely disclose what I spoke about in my speech to her, I 
gained constant support from her and my fellow SARE interns, which gave me the confidence to 
speak more about my cultural background and the conflicts I face.  
However, one of the major takeaways that I learned being with the SARE program, I learned 
that it’s okay to ask questions and seek answers. Being in a typical school setting, it is easier to 
feel a stronger sense of independence. I even found myself fearing being incorrect, and 
struggled with participation. Asking questions can be one of the fundamental points in 
bettering your understanding and establishing a specified career path in the future. Although I 
cannot confirm what exactly I hope to pursue in the future, and whether or not that will involve 
the biomedical field, I know that the lessons I gained during the past eight weeks would have 
been worth it in the long run. 
 
Eman Chattha 
During this summer, I was able to learn all about the field of science and how you enter it. I was 
able to talk to graduate students about their experiences being a graduate student, how they 
go into their program, the pros and cons of their programs, and what they will be doing after 
they graduate. But also, through talking to my mentor I was able to learn about science as a job 
and learned about the key differences between science in academia and science in industry. I 
learned that science wasn’t something easy to pursue and both academia and industry had 
their rewards and their struggles. I learned about what a PhD was and the pros of doing an MD 
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PhD pathway program. Through class, I was able to refresh my memory and key details that I 
had previously learned in AP Bio and learn it from a faster paced approach that highlighted the 
significance of these topics. I was able to apply my textbook learning from my school’s Biomed 
program to a real-life application and learned of various techniques and machinery through the 
lab. 
I learned that my hand could be very shaky but also very still. But, more importantly I learned 
that I enjoyed hands on activities when I first start them, but I could quickly become tired of 
them. I grew joy on passaging cells and maintaining them and I grew to hate the cold room and 
microscopy. From this program I will take away that working in a lab brings amazing networking 
and incredible opportunities. From what I have experienced I am interested in looking for a lab 
opportunity that will allow me to use all my time in the lab and to look for a lab to join in my 
undergraduate. I am looking forward to sharing my experiences with others who would also like 
to have this opportunity. In my career I want to consider doing an MD PhD program and 
working towards building up a resume to stay competitive in a sea of competitive applicants. I 
have always thought that I would end up doing a major of biology but, from my experience 
working with genetics and cells I think I would broaden my major into something like cell 
biology or genetics. 
Overall I am thankful that I was able to have this opportunity and while I complained frequently 
about the early mornings and dedicating my entire summer to SARE I do not regret my decision 
to apply. I am excited to see how the skills I learned in my lab will be able to help me in the 
future and I would love to see how I continue my experience in a lab. 
 
Gabrielle Farrington 
This summer my experience in the SARE program was extremely eventful and thrilling. From 
the fundamental biology classes we took in the first few weeks I learned an in depth view of 
what I learned in school’s biology class. These classes gave the opportunity to deeply 
understand basic biology as a whole. As for the math classes, Mrs. Hinton took the time to give 
me work that would put me on track for AP Calculus AB class this year, she also provided me 
with work that was aligned with the SAT I will be taking this year. I feel as though our bioethics 
courses, discussions and debates have caused to become a more sound person. Listening to 
other scholars make informed and reasonable arguments helped me understand that 
everything is not so black and white.  
 As I stated before, before this program I was conflicted about going into a business 
major or a science major when the time game. This program thoroughly showed me the real 
world of research, and I enjoyed it. When I first entered the lab I was surprised that it was a real 
Hopkins lab conducting important research. Joining the lab made me feel empowered and like I 
could really make a change. My mentor and I hit it off almost instantly as we had so many 
things in common, she’s also in a CSM program, we’re in the same generation and we both 
have parents who immigrated to America. My mentor, Tihitina, really made me summer the 
most enjoyed and I  plan to keep in contact with her even though the program is over. I would 
honestly say most of my success in the lab was because of her. I am so glad grateful that this 
summer I was placed in Dr. Andrea Cox’s Lab of Infectious Disease, she was a wonderful group 
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of people working under her.  There were plenty members of the lab that helped both me and 
my mentor when we didn’t know how to do something or didn’t know the answer. During the 
school year I hope to apply the knowledge I gained from the biology classes, apply some of the 
technical skills I used in the lab and apply the professionalism and networking skills I learned in 
the last few weeks to ensure I make the best out of my high school and even college years.  
 
Salloni Gill 
Being part of SARE was an exciting, enriching, and surprising experience. It was such a great 
feeling when I received the email informing me that I was accepted for the Summer Academic 
Research Experience. But I didn't know what to expect. It was my first job and the only thing I 
could think about was doing lab work and the stipend of course.  
Once SARE started, I didn't expect that I would love the rush of starting a project. Sitting with 
Alex, learning the project from scratch and applying the basic Honor Bio I learned. I loved how I 
was reinventing myself after learning new things. I learned in the lab, from Lunch and Learn, 
and well from life. Life is always filled with learning opportunities and sometimes we 
subconsciously learn and reinvent ourselves. Then I loved taking notes about all the new 
material  about various topics. I loved the feeling of being intellectually stimulated in the work I 
did, well at the majority it.  
The most illuminating and fun part was my social extrovert self loved being around people who 
clicked with me. I met Fatima who is a rising freshman at Princeton. Woo hoo go Princeton 
Girlie!! Then I met Yllka and Sean who were our lab summer interns. I met an international 
student from Saudi who had the coolest oversized pants I've ever seen. I would approach Erica, 
a grad student in our lab, for a post it note and end up talking to her for… a while. These 
relation and networks I made helped me gain knowledge in several aspects of life, made the 
work environment lighter, and were connections and bonds I won't forget. 
I learned many lessons but there was one word I liked. Wabi Sabi. Sounds like wasabi but it 
means “art of finding beauty within the imperfections of life and accepting the natural cycle of 
growth and decay.” Failure and mistakes is something we all accept but my mentality toward it 
changed. At first my mentality was that it's ok to fail because if you cry about it nothing will 
change. This mentality changed to “celebrating cracks, cervices, and all other marks that time 
leave behind. If I fail, make a mistake, miss a problem, it is just simply me experiencing the cycle 
of growth and decay and I just have room for improvement, And I can apply this concept to 
sports, career, and life. When my mentor would correct me I didn't mind the fact that I forgot 
that mitochondria are a singular term.  These trials and errors strengthened my speaking skills, 
writing, and my character. 
Part of this prompt was “What will you take with you as you continue into the school year and 
work towards your career aspirations?” My answer is myself. Each day we learn something new 
and build ourselves based on this wisdom. But in more narrow specific terms I will keep my 
notes in mind. I found Ms. Murphy’s lessons on writing and the mistakes on my essay great 
opportunities to strengthen my writing. I took several notes and I could have taken better notes 
to do better on the science assessment. Mrs. Hinton math will definitely help me in 10th grade 
and on the SAT’s. The memories I made will stay with me. The pictures and vlogs Aysha made 
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will be pleasant memoirs that I will smile at. I think my grandmother would have been happy 
seeing me like this. It's still odd how she passed away a day before the program but I truly thank 
SARE for this opportunity. I still may not be the best writer or mathematician but I will continue 
to reinvent myself to be better. 
 
Jazmine Green 
Over the past eight weeks, I’ve learned a lot. Not just from the program, or classes, or the lab, 
or even the people I worked with, but I also learned more about myself. The SARE program 
really opened my eyes to how difficult working a 9-5 truly is. It also made me gain a lot of 
respect for those who do. The program also broadened my view of the different career paths 
there are. Originally, I was dead-set on psychology, however, hearing others talk about their 
careers made me think more about the different types of doctors there are in the world.  
Another thing I liked about the SARE program were the classes. The classes gave me the 
opportunity to converse with others outside of lunch, and also further sealed the connections I 
had with the other scholars. An additional thing that I liked about the program's classes was the 
knowledge I gained. Each day was either a semi-familiar or unheard-of topic. This helped me to 
better understand phrases being used in the lab. This also allowed me to have more talks with 
my mentor, as I would often ask and or learn how the topic I learned in the morning related to 
my project. I also liked the math class we had. I found it to be a great refresher of math topics I 
forgot about but also, an experience to learn more! Before coming to this program I never 
knew anything about logs or an absolute function or i. However, I am very delighted to now 
know this so I am better prepared for future discussions. 
Overall, I loved my time in the lab. I thoroughly enjoyed every aspect of everything. I adored 
the environmental aspect of it, by it being a comfortable place that almost felt like a second 
home. I liked how it was a productive environment yet it didn’t feel stressful. I also loved the 
people in my lab. They were all very nice and very hardworking. This showed me a great model 
of how I should behave in a professional setting. The people in my lab also taught me so much 
about biology and epigenetics. When entering the program I was very reluctant not to choose 
anything to do with biology since my past experiences with it haven’t been anything I really 
liked. Although I came into this experience very confused, I was left full of knowledge that can 
be spread to others. 
What I found most interesting about this entire experience was how much I could learn in just a 
short period of time such as eight weeks. Not only did I learn more about career paths, I 
learned about myself, scientific topics, research, and how to work better with others. With this 
new tool-set I have equipped through the summer, I will later share my experiences with others 
in school to spread awareness about the stem field along with the SARE program. I will 
implement my professional skills everywhere I go. I am truly grateful that I have the 
opportunity to be a SARE scholar. 
 
Aysha Ijaz 
SARE has cultivated my passion for science in a professional and realistic manner. In SARE, I was 
exposed to other peers and mentors that have different educational status but still share the 
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same interest and passion for science. Interacting with my mentor and the lab environment 
gave me a sense of motivation and reality. I witnessed the workstyle in the lab, where science is 
progressed and analyzed in a realistic manner on the daily; this has motivated me to do my best 
in my studies in order to pursue a career in science or medicine as well. Watching my mentor 
and his experiences in science- his hardships and successes has guided me in understanding 
how the professional environment functions in academia. I have started to value skills such as 
professionalism, communication, formality, and more.  
The lab environment was my favorite part of SARE. Taking charge of my own science and 
exploring my boundaries and pushing them was my favorite part. I was able to apply scholarly 
information in a practical environment and understand the true mechanisms of science. Being 
an “independent scientist”, as my mentor calls it, was one of the most thrilling experiences I’ve 
ever had- pipetting constantly, working the PCR machines by myself and taking charge of the 
confocal microscope while imaging made me feel empowered (thanks to my mentor’s 
guidance). SARE helped me discover another layer to self-discovery: that I am able find myself 
taking part of the lab dynamic as an inexperienced high schooler. Despite my basic 
understanding of Biology, I was able to understand and comprehend scientific journals posted 
by my lab and apply this understanding to my personal experiments- an unusual and 
achievement I never expected.  
SARE has solidified my decision in pursuing a career in science or medicine. Scientific writing 
and professionalism are some of the main skills I have gained from this internship. Formal 
writing- such as formal e-mails and communication as well as presentations are important, 
which I will apply in my high school, as well as future career settings. SARE, this summer, has 
cultivated formality, professionalism, and my passion for sciences and biology: skills that I will 
carry throughout my professional career.  
 
Curelle Myles 
My experience during this summer internship was wonderful. I made the most out of my lab 
experience. I made a lot of new friends, and met new friendly colleagues. One of the things I 
enjoyed most at the program was running gels with my mentor. It was really satisfying to load 
the samples carefully without poking the gel or letting the samples escape. I also enjoyed 
conducting the experiment for my poster, though it took longer than I thought it would. My 
mentor, Amilcar, is truly an amazing person, and I feel like we really connected with each other. 
He is very invested in his work and is very curious. Amilcar is currently a postdoc working in the 
Xiao Lab. I got to know more about my other lab members, especially at my PIs’ house party for 
a coworker going to Stanford for his PhD, Josh, who sat at the bench behind Amilcar. I felt like I 
was invited into the Xiao lab by all of the doctors and students who are very talented and 
willing to share their ideas and work with me. The environment of the SARE program in general 
is very enjoyable because the other students in this program are very nice, as well as the 
directors. Through work and writing we composed this year, I was taught various life skills that 
are useful in the real world, such as time management, and formal communication skills. The 
biggest surprise to me was how small of a group we are. I also did not expect us to present our 
posters as if they were in a science fair, and not on a stage presenting in front of hundreds of 
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eyes. Knowing that there is pressure on you, but it’s not entirely overbearing made me feel a lot 
better once I saw what the program was actually like. I enjoyed the books we read over the 
course of the SARE program, and I would like to continue doing research on the issue of sexism, 
especially in the doctoral and scientific work fields. Another fun activity I was able to learn in 
my lab was some coding from one of the members of my lab, Martin, who is a second-year PMB 
student. I really appreciated getting to know a bit about the directors and other people 
involved in the SARE program. One thing I will take away from the program and into school is to 
not be afraid of asking questions. I also learned a lot about myself, as far as the way I learn and 
accept information, and how I sometimes present myself differently to different people. There 
are so many experiences that I enjoyed that I never would have expected, like learning how to 
pipette or writing a common app essay. I was very pleased with how the environment of my lab 
is. It was nice to see that members interacted with each other and did not just stay doing one 
thing for the whole day. Another thing that surprised me about this program is that the 
directors and labs are not all about work 24/7 and that they do actually enjoy doing other 
things, while also being productive. 
 
Dorian Santos 
Summer 2022 is a summer I’ll never forget. I have never worked so hard this summer. Normally 
during school, I’m not really challenged a lot because school is relatively easy. SARE, however, 
was very challenging. One of the reasons was because of the time frame since it is a summer 
program. This meant that I had to learn and deeply understand very complicated science in 2 
months. When I first arrived at the lab and met my mentors, they’d talk to me about synapses, 
membrane trafficking, and endocytosis, which are all things I'd never heard about. I wouldn’t 
ask any questions because I thought that this was basic knowledge and I thought I should’ve 
known this. This program however, made me ask lots of questions in order to fully understand 
the science.  
My mentors, Brady Goulden and Tyler Ogunmowo, have been two of the coolest people I’ve 
met. They are so enthusiastic about their work and they push me to do my very best every day 
and whenever I have a question, they guide me through the answer to make me understand it 
well. One thing that really surprised me about them was how active they were outside of their 
work. They play sports or rock climb frequently and they even invited me to play softball with 
them. In addition to my mentors, I had a great PI, Shigeki Watanabe. I interviewed him earlier in 
the summer and I learned so much about him and his reasons for why he is what he is now. The 
most surprising thing he told me, though, was that students can’t ask any teacher questions in 
Japan. I also met lots of really nice high school students from Poly, City, Perry Hall, and Eastern 
Tech.  
At the beginning of the program, I thought that everyone had the same mentors and the same 
projects, but I later found out that we had very different projects. Not only were our projects 
different, our departments, and the buildings we went to were totally different. I also had a lot 
of “downtime”. Downtime is the time you have to do whatever you want because certain steps 
in the experiments require you to wait a certain amount of time. This all made me feel very free 
in terms of what I wanted to do and when I wanted to do it. Whenever I had an assignment, I 
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didn’t feel rushed and felt like I had to do it as quickly as possible or else it'd be late. I could 
take my time and use my downtime to complete it to the best of my ability.  
This summer was the most productive summer I have ever had. I feel so accomplished every 
time I get an experiment done or I do parts of my poster right. One thing I learned about myself 
is that I always act like I know what other people are talking about when I really don’t. One of 
the reasons this program was so hard for me is because I didn’t ask a lot of questions in the 
beginning. That is the main thing I’ll take with me to my next year of school. Another thing I 
gained was friendships with my mentors. I have both my mentors’ phone numbers and I hope 
we get to hangout one day or play some sports. Overall, the SARE program was a great 
experience and I’d like to thank everyone involved in it for giving me a chance to be a part of it.  
 
Fatima Sarfraz 
As a second-year SARE scholar, I can truly attest to this program’s effectiveness. My first year as 
a SARE scholar was spent jumping from Zoom Meeting to Zoom Meeting as COVID-19 protocols 
restricted an in-person experience. I can clearly recall my frustration at the beginning of the 
program, when I grappled to understand challenging concepts without truly being able to 
perceive their applications due to the limitations of modern technology (no hands on 
experience). Yet at the end of the summer, this frustration turned into blank shock as I found 
myself confidently being able to explain the same material that I struggled to grapple at first. 
This so-called “Ah-hah! Moment” is exactly what made me apply to SAREs again. I was always 
intrigued by the medical field, but I thought that the only way I could really contribute to it 
would be to work in a clinical environment. However, the broad depth of material that SAREs 
covered taught me that my initial assumptions could not be further from the truth. I began to 
love research as it allowed me to be part of a field I was always interested in in a way that 
sparked my curiosity on a greater level.  
With that in mind, I stepped into my second summer as a SARE scholar extremely eager and a 
bit naive. Since most of my experience dealt with understanding the concepts behind the 
science as I was unable to conduct any hands-on experiments, I severely misunderstood the 
challenging nature of conducting precise assays and other methodologies. As I analyzed my 
data only to realize several samples were null due to an error on my end, I began to get more 
than a little frustrated. Yet, this is probably one of the most invaluable lessons I learned this 
summer. From my own errors and watching my mentor optimize her workflow, I quickly 
realized that science tends to be full of frustrations. Yet, the pursuit to overcome these 
frustrations and work towards an understanding of an unknown concept is what makes these 
daily tribulations worth it. My success rate on my depletion assays is 50% thus far, nowhere 
near perfect but with each attempt, my data is cleaner and I become more accustomed to 
climbing over the steep mountain that is research.  
Seeing those around me do the same is also what motivates me to keep on persisting. 
Lunchtime conversations with other SARE scholars are filled with recollections of our latest 
blunders. And while there are certainly a few laughs and groans, there is also conversation on 
how to adjust laboratory techniques to account for these errors. Each day I find myself and my 
fellow scholars, improving our current capabilities and scientific knowledge through these 



 
 
 
 
 

46 

discussions. It is truly inspiring to be a community where everyone is focused on improving 
themselves while still lending a hand out for others and congratulating their well-deserved 
successes. In such an environment, I discovered that mistakes are bound to happen. While I still 
continue to be meticulous and cautious with my work, I now realize that if an error does occur, 
I shouldn’t be overly critical of my abilities. Rather I have begun to view my errors as 
opportunities to further my own understanding and abilities. However, having said that, I know 
that in an unsupportive environment this lesson is easy to forget. So, I will make it my mission 
to constantly remind myself not to let my mistakes define my abilities as I enter the next stages 
of my educational journey. I will not let eight weeks of hard work and new found discoveries 
disappear. 
 
Henry Vo 
Over the past two months, I’ve had the opportunity to explore areas far beyond what any 
textbook can teach. I toured Johns Hopkins University, studied bioethics, and networked with 
an amazing group of individuals from the Blackshaw lab. From undergraduate, graduate, to 
post-docs, being able to hear their stories and their words of wisdom inspired me. I was quick 
to recognize that everyone has their own unique path. Their motivations guide their story. 
There are members from California, Colorado, Ohio, and even across the oceans from India. My 
focus in the Neuroscience Department was understanding the pathways involved in retinal 
fibrosis by using the genomic approach of single-cell RNA-sequencing.  
My favorite discussion from class was about wellness. It was nice taking a step back to reflect. 
The presenter was very engaging and I will continue to take her advice to heart. I will be using 
my “superpowers” whenever I’m feeling overwhelmed or anxious. After all, mental health is 
just as important as physical health.  
My experiences with the people in the lab were the most illuminating. There was always an 
adventure waiting to happen and I am truly grateful for the opportunities provided through the 
SARE program here at Johns Hopkins. Aside from practicing lab techniques, we always made 
time to get coffee, share snacks, and joke around. I will admit, there were certainly personal 
discoveries made during my time here. I realized that although I appreciate and admire the lab, 
I would rather prefer to work in a more moving environment. I also became squeamish when it 
came to maneuvering the mice. Research is infinite. As much as we have discovered, there is so 
much more to be solved, understood, and applied.  
I most definitely will take with me a stronger sense of perseverance and patience as I continue 
throughout my senior year. There’s always another way to see and solve problems. This 
program has granted me an insight of all things STEM. Additionally, I will take with me the 
confidence of getting to know people around me. I look forward to catching up with my 
mentors and new friends! I am unconditionally grateful for the support system that this 
program has offered. On another note, I get to tell my AP Biology teacher all about what I’ve 
done!  
In all honesty, my career goals are not set in stone. There is so much more for me to explore, 
and I thank Ms. Laura Murphy for giving us scholars these opportunities to invest in our future. I 
hope to be able to provide insight and guidance to future scholars of the SARE program! 
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Student Profiles 
 
Last Name: Adedoyin    First Name: Nadiat 
 
Bioethics Pre: 10    Bioethics Post:  16 
Math Pre:  42.6%    Math Post:  64.8% 
Science Grade: 80.2%    Attendance: 97% 
Department: Neuroscience   Mentor: Ruchita Kothari 
 
Presentation Title: Effects of Corticosteroids on a Mast-Cell Specific Receptor  
 

 
Week    Composition Assignment 
1    Personal Introduction 
2    Personal Narrative 
3    Comparative Piece 
4    Common Application College Entrance Essay 
5    Research Introduction 
7    Final Reflection 
8     Abstract 
 

 
Nadiat (Left) and Ruchita (Right) 
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Last Name: Chattha    First Name: Eman 
 
Bioethics Pre: 10    Bioethics Post:  15 
Math Pre:  88.1%    Math Post:  95.8% 
Science Grade: 80.4%    Attendance:  95% 
Department: Ophthalmology   Mentor: Casey Keuthan 
 
Presentation Title: Testing GFP-Barcoded AAV Vectors in an In Vitro Model of the Human Retina 
 

 
Week    Composition Assignment 
1    Personal Introduction 
2    Personal Narrative 
3    Comparative Piece 
4    Common Application College Entrance Essay 
5    Research Introduction 
7    Final Reflection 
8     Abstract 
 

 
Casey (Left) and Eman (Right) 

y = 0.9127x + 5.7457
R² = 0.6622
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Last Name: Farrington   First Name: Gabrielle 
 
Bioethics Pre: 10    Bioethics Post:  11 
Math Pre:  5.1%    Math Post:  22.9% 
Science Grade: 73.6%    Attendance: 100% 
Department: Oncology   Mentor: Tihitina Aytenfisu 
 
Presentation Title: Effects of SARS-CoV-2 on Monocyte Differentiations and Autologous T cell 
Function 
 

 
Week    Composition Assignment 
1    Personal Introduction 
2    Personal Narrative 
3    Comparative Piece 
4    Common Application College Entrance Essay 
5    Research Introduction 
7    Final Reflection 
8     Abstract 
 

 
Tihitina (Left) and Gabrielle (Right) 

y = 0.9554x + 6.6196
R² = 0.4264
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Last Name: Gill    First Name: Salloni 
 
Bioethics Pre: 7    Bioethics Post:  15 
Math Pre:  25.9%    Math Post:  56.5% 
Science Grade: 72.2%    Attendance:  88.2% 
Department: Physiology   Mentor: Alex Maya-Romero 
 
Presentation Title: Djp1: Role in Metabolism 
 

 
Week    Composition Assignment 
1    Personal Introduction 
2    Personal Narrative 
3    Comparative Piece 
4    Common Application College Entrance Essay 
5    Research Introduction 
7    Final Reflection 
8     Abstract 
 

 
Salloni (Left) and Alex (Right) 

y = 0.6801x + 6.0283
R² = 0.3839
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Last Name: Green    First Name: Jazmine 
 
Bioethics Pre: 9    Bioethics Post:  12 
Math Pre:  22.2%    Math Post:  41.7% 
Science Grade: 67.0%    Attendance:  99.7% 
Department: Pharmacology   Mentor: Ana Raman 
 
Presentation Title: Using site-directed mutagenesis as a tool to explore protein-protein 
interactions between Yng1 and Taf14 
 

 
Week    Composition Assignment 
1    Personal Introduction 
2    Personal Narrative 
3    Comparative Piece 
4    Common Application College Entrance Essay 
5    Research Introduction 
7    Final Reflection 
8     Abstract 
 

 
Jazmine (Left) and Ana (Right) 

y = 0.8591x + 5.0326
R² = 0.5645
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Last Name: Ijaz    First Name: Aysha 
 
Bioethics Pre: 14    Bioethics Post:  14 
Math Pre:  55.9%    Math Post: 79.7% 
Science Grade: 86.3%    Attendance:  100% 
Department: Neuroscience   Mentor: Josh Raji 
 
Presentation Title: Receptors in Mosquito that Detect Human Odor 
 

 
Week    Composition Assignment 
1    Personal Introduction 
2    Personal Narrative 
3    Comparative Piece 
4    Common Application College Entrance Essay 
5    Research Introduction 
7    Final Reflection 
8     Abstract 
 

 
Aysha (Left) and Joshua (Right) 

y = 0.4091x + 10.533
R² = 0.2885
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Last Name: Myles    First Name: Curelle 
 
Bioethics Pre: 5    Bioethics Post:  10 
Math Pre:  1.9%    Math Post:  14.8% 
Science Grade: 55.7%    Attendance: 98.7% 
Department: Biophysics   Mentor: Amilcar Perez 
 
Presentation Title: Construction oof a functional FtsW-Halotag Fusion 
 

 
Week    Composition Assignment 
1    Personal Introduction 
2    Personal Narrative 
3    Comparative Piece 
4    Common Application College Entrance Essay 
5    Research Introduction 
7    Final Reflection 
8     Abstract 
 

 
Amilcar (Left) and Curelle (Right) 

y = 0.8134x + 5.8283
R² = 0.6951
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Last Name: Santos    First Name: Dorian 
 
Bioethics Pre: 8    Bioethics Post:  14 
Math Pre:  30.5%    Math Post:  65.3% 
Science Grade: 55.7%    Attendance: 100% 
Department: Cell Biology   Mentor: Brady Goulden and Tyler Ogunmowo 
 
Presentation Title: Retrograde endocytic trafficking to the endoplasmic reticulum 
 

 
Week    Composition Assignment 
1    Personal Introduction 
2    Personal Narrative 
3    Comparative Piece 
4    Common Application College Entrance Essay 
5    Research Introduction 
7    Final Reflection 
8     Abstract 
 

 
Dorian (Left) and Tyler (Right) 

y = 1.0859x + 3.7891
R² = 0.6736
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Last Name: Sarfraz    First Name: Fatima 
 
Bioethics Pre: N/A    Bioethics Post:  17 
Math Pre:  96.6%    Math Post:  98.3% 
Science Grade: 92.5%    Attendance: 94.7% 
Department:  Pharmacology   Mentor: Abigail Wheeler 
 
Presentation Title: Understanding drug metabolism in the brain using mass spectrometry-based 
approaches 
 

 
Week    Composition Assignment 
1    Personal Introduction 
3    Comparative Piece 
4    Common Application College Entrance Essay 
5    Research Introduction 
7    Final Reflection 
8     Abstract 
 

 
Fatima (Left) and Abigail (Right) 

y = 0.485x + 10.52
R² = 0.1597
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Last Name: Vo     First Name: Henry 
 
Bioethics Pre: 11    Bioethics Post:  16 
Math Pre:  72.9%    Math Post:  89.8% 
Science Grade: 90.6%    Attendance:  100% 
Department: Neuroscience   Mentor: Clayton Santiago 
 
Presentation Title: Single-cell RNA-seq reveals the fibrotic potential of Muller glial cells in a 
mouse model of Retinal Fibrosis 
 

 
Week    Composition Assignment 
1    Personal Introduction 
2    Personal Narrative 
3    Comparative Piece 
4    Common Application College Entrance Essay 
5    Research Introduction 
7    Final Reflection 
8     Abstract 
 

 
Clayton (Left) and Henry (Right) 

y = 1.0522x + 6.4478
R² = 0.4113
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Math Pre- / Post- Assessment A 
 
Instructions:  Complete the assessment. Show any required work. Circle your final answer. 
 
1)  

 

2)  
 

3)  
 

4)  
 
5)   

6)  
7) What is 30% of 200?  
8) 20 is what percent of 25? 
9) Change to scientific notation.  
10) Change 34.678 centimeters to meters. 
11) Put the following numbers in order from least to greatest: 

 
 
12) A banana bread recipe that makes 4 loaves calls for 12 bananas.  If you are making 24 loaves, 

how many bananas will you need? 
 
13) You are buying an iPhone 6 and the price tag says $200.  If the sales tax in Maryland is 6%, what 

will you actually pay for the phone when you get to the register? 
 

14) Evaluate the following expression if :   

13 4− −

2 3
3 4
+

0.4 1.23+

12 24
5 15
÷

( )( )1.2 0.2

( )24 1 3 5− +

0.000345

3 1 1313.1,      13.01,      13,      13.01,      ,      ,      
4 8 4

− −

4 and 3x y= − =
2 3 5x y

xy
− +
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15) Plot the following points on the coordinate plane below.  
Please label each point. 

 
A    B   
C   D  

 
 
 
 
 
 

16) Translate the following sentence into a mathematical 
equation:  “If six is decreased by four times a number n, 
the result is twelve.” 

 
In #’s 17-20, solve the equations for x. 
17)    
18)  

19)    

20)  
In #’s 21 and 22, solve the inequalities for x. 
21)   
22)    
23) On the coordinate plane below, graph   
 
 
 
For #’s 24-27, let  and . 
24) Find . 

25) Find . 

26) Find an equation for .   

27) Graph on the coordinate plane to the right. 

( )3,0 ( )0, 2−

( )4, 3− − ( )1, 4−

3 4 10x + =
( )3 2 6 9x x− = +

1 55
3 6

x − =

10 5 7x + − =

2 4 8x− − >
5 2 3 11x≤ − <

3 4y x= − +

( ) 2 3f x x= − 2( )g x x=
(5)f

( )( )4g f

( )1f x−

( ) and ( )f x g x
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28) Write the equation of the line graphed on the right.  
 
 
 
29) Find the x- and y- intercepts of the line  

30) Solve the system of equation:   

31) Simplify the following expression:
  

32) Simplify the expression:  
33) Multiply:  

34) Expand:  

For #’s 35-38, factor the given expression completely. 
35)   
36)  
37)   
38)  

39) Solve the equation for x by factoring:   
40) Solve the equation for x by using the quadratic formula:   

41) Multiply:  

 
In #’s 42-51, simplify the expression. 
42)   

43)  

44)   

45)    

46)   
47)  

48)   

49)  

2 3 18x y− =
3 5

4 7
x y

x y
− =
+ =

( ) ( )3 1 4 2 5 10x x x+ − − +
2 22 3 8 4 10 5x x x x− + + − − +

( )( )3 2 5x x− +

( )24x +

2 3 2x x− +
22 8x −
23 11 4x x+ −

22 2 3 3x y x xy+ + +
3 22 15 0x x x+ − =

23 5 1 0x x− + =
2

2

2 2 3
3 2

x x x
x x x
− + −

⋅
+ − −

( )323x y

50−
3

5

x
x

2

1 1
x xy

+

2 6 5 6−
( )( )6 3i i

2 3 2
1

x x
x
− +
−

3 10 0x x x− ⋅ ⋅
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50)   

51)  

52) State the vertex:  

53) Graph on the coordinate 
plane below: 

 
 
 
 
54) Find the x-intercepts of the function

. 
 
 
 
 
 
 
 
 
Math Pre- / Post- Assessment B 
 
Instructions:  Complete the assessment. Show any required work. Circle your final answer. 
 

1)   

2)   

3)   
4) 20 is what percent of 25? 
5) Change to scientific notation. 
6) Change 34.678 centimeters to meters. 
7) Put the following numbers in order from least to greatest: 

 
 

8) You are buying an iPhone 6 and the price tag says $200.  If the sales tax in Maryland is 6%, what 
will you actually pay for the phone when you get to the register? 

 

( )
1
327

3
2

( )22 3 10y x= − −

3 2y x= − +

( ) ( 3)( 2)( 5)f x x x x x= − + +

12 24
5 15
÷

( )( )1.2 0.2

( )24 1 3 5− +

0.000345

3 1 1313.1,      13.01,      13,      13.01,      ,      ,      
4 8 4

− −
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9) Evaluate the following expression if :  

 
10) Translate the following sentence into a mathematical equation:  “If six is decreased by four 

times a number n, the result is twelve.” 
 

In #’s 11-14, solve the equation/inequality for x. 
11)   

12)   

13)   
14)    
15) Write the equation of the line graphed on the right. 
 
 
For #’s 16-18, let  and . 
16) Find . 

17) Find an equation for . 

18) Graph on the coordinate plane to the 
right. 

 
 
 
19) Find the x- and y- intercepts of the line  

. 
20) Solve the system of equation: 

  

21) Simplify the expression: 
  

22) Multiply:  

23) Expand:  

For #’s 24-27, factor the given expression 
completely. 
24)   
25)  
26)    
27)  

4 and 3x y= − =
2 3 5x y

xy
− +

( )3 2 6 9x x− = +

1 55
3 6

x − =

10 5 7x + − =
5 2 3 11x≤ − − <

( ) 2 3f x x= − 2( )g x x=

( )( )4g f

( )1f x−

( ) and ( )f x g x

2 3 18x y− =

3 5
4 7
x y

x y
− =
+ =

( )22 ( 3) 4 5 10x x x x− − − +

( )( )3 2 5x x− +

( )24x +

2 3 2x x− +
22 8x −
23 11 4x x+ −

22 2 3 3x y x xy+ + +
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28) Solve the equation for x by factoring:   
29) Solve the equation for x by using the quadratic formula:  

30) Multiply:  

31) State the vertex:  

32) Graph on the coordinate plane to the 
right: 

 
 
In #’s 33-42, simplify the expression. 
33)  

34)  

35)   

36)    

37)   
38)  

39)   

40)  

41)   

42)  

43) Find the x-intercepts of the function . 

44) Use synthetic division to simplify:  

 

45) Solve the equation for x:  

 
 
46) Solve the equation for x by using logs:   
47) Simplify the log expression:  

48) If , then  

3 22 15 0x x x+ − =
23 5 1 0x x− + =

2

2

2 2 3
3 2

x x x
x x x
− + −

⋅
+ − −

( )22 3 10y x= − −

3 2y x= − +

( )323x y

50−
3

5

x
x

2

1 1
x xy

+

2 6 5 6−
( )( )6 3i i

2 3 2
1

x x
x
− +
−

3 10 0x x x− ⋅ ⋅

( )
1
327

3
2

( ) ( 3)( 2)( 5)f x x x x x= − + +
4 32 13 6

2
x x x

x
− + −

+

12
8

x =

2 7 5xe − =
log100

( )( )
( )( )

3 5
( )

3 7
x x

f x
x x
− +

=
− −
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a. will cross the x-axis at x = ________. 
b. will have a vertical asymptote at x = _______. 
c. will have a hole at x = _______. 
d.  

 

 

 
50) Change 10° to radians. 
51) Evaluate:  

52) State the amplitude and midline of the following function:  

( )f x
( )f x
( )f x

( )cos 30

( ) 4sin(2 3) 5f x x= − −
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53) Give an equation that could be solved to find x: 

 
54) Evaluate:  

 
 
Math Pre- / Post- Assessment C 
 
Instructions:  Complete the assessment. Show any required work. Circle your final answer. 
 

1)   

2)    

3)   
4) 20 is what percent of 25? 
5) Change to scientific notation. 
6) Change 34.678 centimeters to meters. 
7) Put the following numbers in order from least to greatest: 

 
 
8) You are buying an iPhone 6 and the price tag says $200.  If the sales tax in Maryland is 6%, what 

will you actually pay for the phone when you get to the register? 
 

 

9) Evaluate the following expression if :   

 
10) Translate the following sentence into a mathematical equation:  “If six is decreased by four 

times a number n, the result is twelve.” 
 

 
In #’s 11-14, solve the equation/inequality for x. 
11)   

12)    

tan
4
π

12 24
5 15
÷

( )( )1.2 0.2

( )24 1 3 5− +

0.000345

3 1 1313.1,      13.01,      13,      13.01,      ,      ,      
4 8 4

− −

4 and 3x y= − =
2 3 5x y

xy
− +

( )3 2 6 9x x− = +

1 55
3 6

x − =
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13)   
14)   
15) Write the equation of the line graphed on the right.   
 
 
 
16) Find the x- and y- intercepts of the line  
 

17) Solve the system of equation:   

 
 
For #’s 18-20, let  and . 
18) Find . 

19) Find an equation for . 

20) Graph on the coordinate plane to the right. 
 
 
 
 
21) Simplify the expression: 

  

22) Multiply:  

23) Expand:  

For #’s 24-27, factor the given expression 
completely. 
24)   
25)  
26)    
27)  
28) Solve the equation for x by factoring: 

  
29) Solve the equation for x by using the quadratic formula:  

30) Multiply:  

 
31) State the vertex:  

10 5 7x + − =
5 2 3 11x≤ − − <

2 3 18x y− =

3 5
4 7
x y

x y
− =
+ =

( ) 2 3f x x= − 2( )g x x=

( )( )4g f

( )1f x−

( ) and ( )f x g x

( )22 ( 3) 4 5 10x x x x− − − +

( )( )3 2 5x x− +

( )24x +

2 3 2x x− +
22 8x −
23 11 4x x+ −

22 2 3 3x y x xy+ + +

3 22 15 0x x x+ − =
23 5 1 0x x− + =

2

2

2 2 3
3 2

x x x
x x x
− + −

⋅
+ − −

( )22 3 10y x= − −
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32) Graph on the coordinate plane to the right: 

 
 
In #’s 33-42, simplify the expression. 
33)   

34)  

35)   

36)    

37)   
38)  

39)   

40)  

41)   

42)  

43) Find the x-intercepts of the function . 

44) Use synthetic division to simplify:  

45) Solve the equation for x:  

46) Solve the equation for x by using logs:  
47) Simplify the log expression:   

48) If , then  

a) will cross the x-axis at x = ________. 
b) will have a vertical asymptote at x = _______. 
c) will have a hole at x = _______. 

  

3 2y x= − +

( )323x y

50−
3

5

x
x

2

1 1
x xy

+

2 6 5 6−
( )( )6 3i i

2 3 2
1

x x
x
− +
−

3 10 0x x x− ⋅ ⋅

( )
1
327

3
2

( ) ( 3)( 2)( 5)f x x x x x= − + +
4 32 13 6

2
x x x

x
− + −

+
12
8

x =

2 7 5xe − =
log100

( )( )
( )( )

3 5
( )

3 7
x x

f x
x x
− +

=
− −

( )f x
( )f x
( )f x
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50) Change 10° to radians. 

51) Evaluate:  

52) State the amplitude and midline of the following function:  

( )cos 30

( ) 4sin(2 3) 5f x x= − −
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53) Give an equation that could be solved to find x.   
 

54) Evaluate:  

In #’s 55-57, evaluate the following limit expressions: 
55)   

56)          

57)  

58) Find . 

59) If the height of a ball h, in meters, at any time t, in seconds, is given by , 
find the instantaneous rate of change of the ball’s height when t = 1 second.   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

tan
4
π

2

4
lim 5
x

x
→

−
2

1

3 2lim
1x

x x
x→

− +
−

3 2

3

4 10lim
3 45x

x x x
x→∞

− + −
−

( ) 2 if ( ) 3 5 3f x f x x x′ = + −
2( ) 5 20 5h t t t= − + +
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2022 Science Assessment  
 

1) 1) Distinguish between genotype and phenotype.  A complete answer will include a definition of 
both terms as well as an example of each.   (4 points) 

 
2) What causes variation between species?  How about within species?  (2 points) 

 
3) Briefly describe the three Laws of Mendelian Inheritance (Law of Segregation of Genes, Law of 

Independent Assortment, and Law of Dominance)?  (3 points) 
 

4) In dogs, there is a hereditary type of deafness caused by a recessive gene. Two dogs who carry 
the gene for deafness but have normal hearing are mated. What are the possible genotypes and 
phenotypes of their offspring and the percent chance for each? (4 points) 

 
5) Distinguish between a hydroxide and hydronium ion. (2 points) 

 
6) What does pH mean?  What does the scale measure?  (3 points) 

 
7) What is the pH of a 0.00001 HCl acid solution? Please show your work.  (3 points) 

 
8) What is the pH of a 0.01 NaOH solution? Please show your work.  (3 points) 

 
9)  Is a pH of 9.4 acidic, basic, or neutral?  (1 point) 

 
10)  Is a pH of 6.5 acidic, basic, or neutral? (1 point) 

 
11) Give an example of either an acid or a base (other than HCl and NaOH).  Name the acid or base 

and identify whether it is an acid or base.   (1 point) 
Example Response ->  HCl (hydrochloric acid), a strong acid 
 

12) What is the purpose of a buffer? (1 point) 
 

13) What are two differences between RNA and DNA? (2 points) 
 

14) Which nucleic acids pair together in DNA?  (4 points) 
 

15) What four key elements make up the majority of organic compounds? (2 points) 
 

16) Name and describe three biomolecules. (6 points) 
 

17) Describe the structure of DNA. (2 points) 
 

18) What is found in the cell? Name at least three components of a cell.  (3 points) 
 

19) What distinguishes prokaryotes from eukaryotes? (2 points) 



 
 
 
 
 

70 

 
20) What is the role of the cell membrane? (1 point) 

 
21) What are the primary goals of microscopy? (2 points) 

 
22) What is resolution? (1 point) 

 
23) Name and briefly describe one type of microscopy. (2 points) 

 
24) What is the ‘skin’ of the cell?  What does it include? (3 points)  

 
25) What is the purpose of gel electrophoresis? (2 points) 

26) How long is the shortest and longest band on the gel 
above? (2 points) 

 
27) How is DNA pulled through the gel? Use at least one complete sentence to describe the process. 

(2 points) 
 

28) What kind of charge does DNA have? (1 point) 
 

29) How do you determine the length of your DNA after running it through the gel? (2 points) 
 

30) What is the role of ethidium bromide in gel electrophoresis?  What would happen if you forgot 
to add this to your gel? (2 points) 

 
31) Name and describe an application of gel electrophoresis. (2 points) 

 
32) What are some enzymes that help control the flow of genetic information? Provide at least two 

and describe their roles.  (4 points) 
 

33) Distinguish between transcription and translation. (2 points) 
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34) What machinery is involved with protein translation?  How is it used? (4 points) 
 

35) What does it mean for DNA to be “coding”? (1 point) 
 

36) Name and describe two examples of how we can use recombinant DNA. (2 points) 
 

37) What are some desired features of recombinant DNA?  Please share two.  (2 points) 
 

38) What is molecular cloning? (2 points) 
 

39) What are restriction endonucleases? (1 point) 
 

40) If you have 3 DNA strands to start with, and they undergo 15 cycles of PCR, how many strands of 
DNA will you have at the end?  Show your steps.  (2 points) 

 
41) How can you tell if your cloning was successful? (1 points) 

 
42) EcoR1 cuts between G and A in the sequence GAATTC.  In the space below, indicate where this 

enzyme will cut.  (2 points) 
 

C C A A A G A A T T C G 
 
G G T T T  C T T A A G C   
 

43) The molecular weight of glucose is 180.16g/mol. How much glucose do you need to add to ½ 
liter of water to make a 1 M glucose solution?  Show all steps. (2 points) 
 

44) You have 450 mL of 1M glucose.  You want 600 mL of 0.4 M glucose.  How do you make it? Show 
all steps. (3 points) 

 
45) How many µL are in 3.25 L? Show all steps. (2 points) 

 
46) What is a dilution?  Why would we dilute a solution in the lab? (2 points) 

 
47) How many milliliters of a 2.5M NaOH solution are required to make 525 mL of a 0.150M NaOH 

solution? Show all steps.  (3 points) 
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Bioethics Pre- / Post- Assessment 
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Conclusions & Future DirectionsResults

Currently there are over 200 genes
that when mutated can cause
inherited retinal degeneration (IRD),
which can lead to blindness in many.
Gene therapy, utilizing viral vectors to
infect cells with genetic material to
correct the effects of genetic
mutation, has become an area in
science with high focus for the
treatment of the IRDs. New retinal
gene therapies are typically tested on
rodents, or other model organisms,
before advancing to a clinical stage
to be tested on humans. However,
gene therapies do not always
translate well from rodent models to
humans, due differences in retinal
structures. To overcome this,
collaborators at the University of
Pittsburgh have generated GFP-
barcoded AAV libraries, multiple
adeno associated viruses that
contains known mutations for GFP
expression, to find viral vectors that
can efficiently deliver genes to the
outer primate retina, the layer where
the photoreceptors reside. The goal
of this project was to test these same
AAV libraries in a human in vitro
model using induced pluripotent stem
cell (iPSC)-derived retinal organoids,
three-dimensional tissue masses.

A) Wild-type (EP1-WT) and retinal ganglion cell reporter (EP1-BRN3B), added
sequence to ensure that cells are ganglion cells, iPSCs were maintained in
mTeSR+ media on Matrigel-coated plates and passaged ~3-5 days. PCR was
performed on the cells to test for mycoplasma contamination (top right) and
genotyping for the presence of the BRN3B CRISPR knock-in reporter (bottom
right). B) iPSCs were differentiated into retinal organoids using an established
protocol (PMID: 32946783). C) Day 70 EP1-WT organoids were transduced with
GFP-barcoded AAVs added at various concentrations (Low = 5 x 109 vg per RO,
High = 5 x 1010 vg per RO) into their media and sat in the media for three days. D)
After GFP expression was observed, the organoids were enzymatically-dissociated
using papain and underwent cell sorting to collect GFP+ and GFP- cells. E) RNA
was extracted from the collected cells using the TRIzol protocol and synthesized
into cDNA. qPCR was performed with housekeeping gene primers and primers for
known retinal cell type genes.

Figure 1. Pre-AAV transduced retinal
organoids (Before – left) show clean
borders, however once transduced with the
virus (After – right) some became jagged
indicating toxicity. Green denotes
successful transduction of virus into the
organoid.

Figure 3. Raw data of the percentage of GFP
positive cells sorted (calculated by: total cells – GFP
negative cell) / total cells multiplied by a hundred),
number of GFP positive cells, and number of GFP
negative cells for each EP1-WT Day 70 retinal
organoid transduced with either the AAV2, K912, or
22mer Library (H = high concentration, L = low
concentration).

GFP fluorescence was observable in the retinal
organoids ~48hr post-transduction, with the most GFP
expression visible in organoids that received the higher
concentration of the 22mer Library. The number of GFP-
and GFP+ cells sorted from the transduced organoids
was relatively low, resulting in low RNA yield for qPCR
experiments. Repeating these experiments with
optimized conditions is currently underway. This
includes transducing organoids at various ages in hopes
to transduce more mature retinal cells, as well as
transducing the organoids with different concentrations
of virus to optimize for both transduction efficiency and
viral toxicity.

A. Culturing iPSCs

Figure 2. A) Representative
plot of retinal organoid cells
transduced with the 22mer
library, 22 virus mixture, at a
high concentration, showing
almost 48% GFP positive cells.
B) Plot of retinal organoid cells
transduced with the K912 virus
at a low concentration, showing
only 1% GFP positive cells. C)
Average of percent positive
GFP cells transduced by each
GFP-barcoded virus. N=3
organoids per group. Error bars
denote SD.

B. Retinal Organoid Differentiation
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COVID-19 is a disease that is caused by SAR-CoV-2. A member of the 

positive-sense RNA coronavirus (family group of related viruses that have 

positive-sense, single-stranded genomes made of ribonucleic acid). It can 

cause fever-like symptoms, nausea, sore throat, or in severe cases, death.  

The Cox lab has shown that severe COVID-19 patients have increased 

monocyte derived suppressor cell populations compared to mild COVID-19 

and flu patients, suggesting a strong correlation between this cell type and 

disease severity. 

Monocyte-derived suppressor cells or MDSCs, can be generated in vitro

using monocytes isolated from peripheral blood mononuclear cells or 

PBMCs, which includes monocytes, lymphocytes, natural killer cells, and 

dendritic cells.  MDSCs, marked by a down-regulation of the Human 

Leukocyte Antigen serotype HLA-DR, suppress innate and adaptive 

immune responses from T cells during inflammatory disease, cancers, and 

microbial infections including viruses. Human leukocyte “antigens” or HLA 

are the molecules on which antibodies from dendritic cells are served to T 

cells. 

T cells fight infections, viruses, and cancers as the cell-mediated arm of 

the adaptive immune system. T cells bind specific antigens presented by 

specific HLA serotypes and are termed “naïve” if they have never 

encountered their antigen-HLA target before. If improperly regulated, T 

cells can also occasionally attack autogenous tissues in the body, causing 

auto-immune disorders. Upon activation, a T cell begins cloning itself in 

the process of lymphoproliferation. Activation is caused by a T cell 

encountering an antigen-presenting cell called a dendritic cell; then the T 

cell receptor binds to the antigen, which triggers the first reaction. To 

trigger the second reaction, the molecule CD28 on T cells binds to two 

molecules, CD80 and CD86, on an antigen-presenting cell this then 

initiates the activation of T cell 

proliferation to fight the threat. MDSCs 

have been observed to suppress T 

cell proliferation through several 

mechanisms, including cystine and 

cysteine sequestration and reactive 

oxygen species generation. 

Our lab has generated an in vitro model of MDSCs and developed an 

assay to assess lymphoproliferation. In this project, we aim to evaluate 

whether monocytes cultured in the presence of inactivated SARS-CoV-2 

under hypoxic conditions, the more physiologically relevant condition for 

modeling MDSCs in patients with severe COVID-19, block T cell 

proliferation.  We hypothesize that if virus-treated MDSCs downregulate 

HLA-DR, then there will be reduced presentation to T cells and, therefore, 

reduced T cell proliferation. 

Flow cytometry is a widely used method to analyze phenotypic characteristics of cells using fluorescent dyes. Immune cells characteristically express different markers. For instance, cells in a myeloid 

lineage express CD11b and CD33, while T cells express CD3, B cells express CD19, and NK cells express CD56. The presence or absence of a marker protein can be evaluated by tagging markers with 

fluorescently labeled antibodies in a process called staining. Subsequently, cells are suspended in a permeabilization buffer and sent through a nozzle to be hydrodynamically focused into a single file 

line. As each cell passes through laser beams, light scatters at various angles and the fluorescently labeled antibodies become excited. Cells that bound specific fluorescently labeled antibodies can then 

be “gated” into specific subpopulations. The intensity of recorded fluorescence is proportional to the amount of the target to which the fluorophore is bound. The use of multiple fluorescent probes provides 

information regarding the co-expression of multiple targets. These targets can be proteins that are expressed on the surface or inside of the cell and have been identified using a fluorescent antibody, a 

fluorescent probe that binds to a cellular component, or a fluorescent probe that is an indicator of cellular functions. Scattered light including forward-scattered (FSC) and side-scattered (SSC) light is used 

to differentiate cell subpopulations using surface area and granularity of cell surface, respectively. In this study, we differentiated monocytes into monocyte derived suppressor cells under hypoxic 

conditions and examined their functional capability to suppress T cells using high-parameter flow cytometry. 
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Figure 1. HLA-DR Regulation in Cultured Monocytes
Figure 1A and 1B: Monocytes cultured with IL-6/GM-CSF 
(Suppressor cells, blue) and IL-4/GM-CSF (Dendritic cells, 
green) in hypoxic conditions (left) and normal oxygen 
conditions (right). Suppressor cells in both conditions 
downregulate HLA-DR, a Human Leukocyte Antigen 
Presenting Complex. 
Figures 1C and 1D: Monocytes cultured with inactivated 
Wuhan-1 strain SARS-CoV-2 (orange, MOI: 1) and mock 
media treated identically through overexpression, 
betapropiolactone inactivation, and isolation (red) under 
hypoxic conditions (left) and normal oxygen conditions 
(right). Cells cultured in hypoxic conditions and cells 
cultured with virus under normoxic conditions 
downregulate HLA-DR. Downregulation of HLA-DR is a 
phenotype typically of monocyte derived suppressor cells 
and can be predictive of cell capacity to attenuate T cell 
proliferation. Gating scheme for all monocytes in Figure a-
d used a live/dead stain and CD11b.

Cultured in 
Hypoxia Chamber

B

Figure 2. T cell proliferation after co-culture with monocytes treated 
under various conditions. In this lymphoproliferative assay, monocytes 
cultured with and without virus under hypoxic or normoxic conditions were co-
cultured with CellTrace Violet (CTV) labeled autologous PBMCs. T cell were 
non-specifically activated using monoclonal CD3 and CD28 antibody and the 
resulting proliferation was through dilution of CTV. In all figures, non-stimulated 
T cells (CD3 and CD28 antibody free media) are shown in purple, activated T 
cells (with CD3 and CD28 antibody) are shown in dark blue, T cells cultured 
alongside monocytes formerly treated with mockulum or inactivated SARS-
CoV-2 are shown in red and orange respectively. Figures 2A and 2B show 
CD4+ and CD8+ T cells respectively with monocytes treated under normoxic
conditions, while Figures 2C and 2D show CD4+ and CD8+ T cells respectively 
with monocytes treated under hypoxic conditions. Peaks with reduced CTV 
intensity are daughter cells resulting from parent proliferation. Loss of lowest 
intensity peaks between stimulated T cells with no monocytes (blue) and T 
cells with MDSCs generated through direct virus interaction suggests virus 
induces a functionally suppressive phenotype in monocytes. 

C D

Conclusions: The presence of SARS-CoV-2 induces downregulation of HLA-DR in 
monocytes and results in a cell type that suppresses T cell proliferation. This suppressive
effect is enhanced when monocytes are cultured with virus under hypoxic conditions. While 
hypoxia in the absence of virus is sufficient to lead to downregulation of HLA-DR, the cell 
type that is generated does not functionally suppress T cell proliferation. 

Future Steps: In order to effectively study this potential phenotype, we will:
First: replicate this experiment with multiple donors because for this specific experiment we 
only had one donor. 
Second: apply the experiment with multiple inactivate and active viruses to see if the 
possible phenotype is presented in multiple viruses. 

A B

C

D

D

A

Figure 1 Figure 2

Figure 3

Figure 3. Unstimulated, stimulated, stimulated and co-cultured with monocytes 
treated with mockulum, and stimulated and co-cultured with monocytes treated 
with inactivated SARS-CoV-2 from normoxic (top) and hypoxic conditions 
(bottom). Percent of proliferated T cells is reduced in the presence of MDSCs, 
a phenomenon that is enhanced if MDSCs were cultured in hypoxia.
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•Mitochondria are known for their role in ATP and lipid 
metabolism.

•Mitochondrial DNA encodes a small number of proteins 
meaning the vast majority of its proteins are nuclear-
encoded and require import to their appropriate location. 

•For proteins to go from the nucleus to mitochondria, 
there are two pathways: 1) Direct targeting; and 
2)Endoplasmic Reticulum Surface Retrieval Pathway 
(ER-SURF) (Figure 1).

•With the help of ER-SURF, nuclear-encoded 
mitochondrial proteins can go from cytosolic ribosomes 
to the ER before being delivered to mitochondria by the 
chaperone DnaJ-like protein 1 (Djp1).

•Previous lab work has shown that Psd1 is dependent on 
Djp1 (Fig.2).

•Psd1 is an inner membrane enzyme responsible for 
producing mitochondrial phosphatidylethanolamine (PE).

•We will investigate the pathway's unknown recognition 
requirements and demands by determining the effects of 
Djp1 deletion on Psd1 abundance.

Figure 1. Import of Nuclear Encoded Proteins through ER 
SURF pathway using chaperone Djp1 (Hansen et al., 2018)

Figure 3. Yeast strains were lysed and proteins were TCA (100% w/v) precipitated. We resuspended the pellet in 0.1 M NaOH and 2X 
sample running buffer. Samples were then subsequently run on 10-16% or 12% SDS-PAGE gels and analyzed by immunoblot.

3. 

4.B

4.C 4.D

4.AFigure 4. Psd1’s TM is 
not required for Djp1-
sensitivity. (A) Psd1 
N-terminal MTS-TM 
chimeras. (B)
Immunoblots of Yme1-
Psd1 and Mic60-Psd1  
chimeras. *, non-
specific binding. (C) 
Relative Yme1- Psd1 
chimera or Mic60-Psd1 
(mean± SEM; n=5). 
(D) abundance in 
absence of Djp1 
(mean± SEM; n=5). 

Figure 5. The abundance of other 
phospholipid and metabolic 
enzymes are not altered in absence 
of Djp1. (A) WT and Δdjp1 yeast 
extracts were immunoblotted for TCA 
cycle (KGD and Aconitase) and 
cardiolipin metabolizing (Cld1, Taz, 
and Crd1) enzymes’ Por1 is loading 
control (B) Relative abundance of 
indicated protein in absence of Djp1 
was quantified (mean± SEM; n=5). ( 1 
symbols P< 0.05, 2 symbols P < 0.01, 
N.S. non-significant) as determined by 
t-test. 

5.A 5.B

6.A

6.B 6.C

Figure 6. Psd1 abundance is Djp1-dependent in fermentable (YPD) and non-fermentable 
(RL) media. (A) WT and Δdjp1 yeast grown in dextrose (YPD) or lactate (RL) were 
immunoblotted as indicated. *Non-specific binding. (B) Relative YPD and RL Psd1 abundance 
without Djp1. Statistical differences (3 symbols p < 0.001) were determined by t-test. (C) 
Relative Psd1 abundance in RL with Djp1 versus YPD with Djp1; results were quantified 
(mean± SEM; n=5). Statistical differences (1 symbol P< 0.05) were determined by t-test. 

• Psd1 transmembrane region is not required for Djp1 mitochondrial-
dependent import, suggesting that the mitochondrial targeting 
sequence (MTS) contains the Djp1 targeting motif (Fig 4).

• Out of the following proteins ‒ Psd1, KGD, Aconitase, Taz1, Cld1, and 
Crd1 ‒ Psd1 was the only protein with decreased expression in the 
Djp1 knockout backgrounds (Fig 5). Djp1, which is needed for normal 
Psd1 steady state levels, may play a role in mitochondrial metabolism 
since Psd1 produces phosphatidylethanolamine (PE), one of the most 
prevalent phospholipids in all cell membranes. 

• When mitochondrial respiration is required, as occurs in RL, Psd1 
abundance is increased relative to YPD. This increase is also Djp1-
dependent (Fig 6). 

The next step is to incorporate 
Psd1’s MTS into a protein, 
such as Tim50, whose 
expression level is known to 
be unaffected by Djp1.

Furthermore, we will re-
introduce Djp1 to see if it can 
rescue Psd1 expression in the 
Djp1 knockout background 
and if so, is this restoration 
enhanced in respiratory 
conditions? 

Fig 7. Diagram shows the substitution of Psd1 
MTS and TM-chimeras. We used Tim50 to replace 
a portion of the TM. Next, we will examine if the 
removal of Djp1 causes a change in the expression 
of the Psd1-Tim50 chimeras shown in above 
cartoons.

7.

Figure 2. Psd1 expression is strongly reduced. (A) Immunoblots of control 
G74A-1A and W303 yeast strains and those without Djp1 (B) Quantified results 
of relative Psd1 abundance in G74A-1A and W303 (mean± SEM; n=5). The 
difference in expression is statistically significant (2 symbols P < 0.01, 3 symbols 
P < 0.001) as determined by student’s t-test. 

2. 

1.

G74A-1A

G74A-1A  
Δdjp1 
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Future Directions

PCR
1. PCR out Yng1-TAP from yeast subcloned into pTOPO vector with

ampicillin resistance marker (AmpR).
Mini Prep:
1. Select individual colonies of wild type Yng1.
2. Inoculate overnight, shaking, at 37 C.
3. The following day, prepare Mini- Prep DNA of the plasmids following

the specific instructions provided in the kit.
Restriction Enzyme Analyses:
1. Use restriction enzymes to analyze and confirm the quality and quality of plasmid

yield.
2. Follow the steps suggested by the enzyme manufacturer for best results.

Site -Directed Mutagenesis:
1. Identify the amino acid in the Yng1 protein you want to change.
2. Design nucleotide primers and set up PCR reactions to modify the site of

interest.
3. Following add Dpn1 restriction enzyme to eliminate the parental template

carry over.
4. Transform your DNA into E. coli and select for colonies on LB + Ampicillin.

Incubate at 37 C overnight.
5. The following day, observe the test and control plates.

Analysis of Potential Mutants: 
1. Carefully select 3-4 individual colonies and prepare mini- preps.
2. Next, do a restriction analysis to check the quality of the plasmid.

Sequencing: 
1. Sequences analyze the potential mutant to confirm the presence of 

the mutation of interest.

Figure 6: Partial sequence profile of mutagenized DNA 

Figure 7: YNG1 wild type and mutant sequence alignment
Observed Leucine codon (CTG) changed to Aspartic Acid codon (GAT).

Our next experiment is to make yeast that express this Yng1 L115D mutant.
We will then do pull down experiments to study the Yng1 mutant’s
interaction with Taf14, and perform transcription assays to determine the
biological impact of disrupting the interaction.

We were successful at changing the leucine at position 115 in the
YNG1 gene to aspartic acid.

Results

Figure 2: PCR amplification of YNG1 -TAP
Lane 1:1kb DNA ladder
Lane 2: negative control
Lane 3:independent duplicate of lane 1
Lane4:amplified Yng1 gene from yeast
genome.

Figure 3: Restriction analysis of plasmid, pTOPO-Yng1-TAP [WT]
Lane 1: plasmid digested with Bamh1
Lane 2: plasmid digested with Not1
Lane 3: plasmid digested with EcoR1
Lane 4: 1 kb ladder
Lane 5: plasmid uncut
Lane 6-8: independent duplicates

Figure 4: Selection of potential mutants
Test Plate: observed growth of AmpR. colonies (white dots)
Control Plate: observed no growth of colonies
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Figure 5: Restriction analysis of potential mutants 
Lanes 1, 2, 4, & 5: potential independent mutant
plasmids digested with EcoR1
Lane 3: 1 kb ladder

Site-Directed Mutagenesis (SDM) is a significant technique
used globally in molecular biology to study the properties of a
protein. Prevalent methods of SDM employ PCR using
oligonucleotide primer pairs that carry the desired mutation
[3]. In this work, we used a modified version of the
QuickChange™ Site-Directed Mutagenesis Protocol (QCM)
developed by Stratagene(La Jolla, CA) to change the DNA
sequence in the yeast gene YNG1. We created the Yng1 L115D
DNA which will now be used to generate yeast cells that
express the Yng1 L115D mutant.

One of the most important functions of any cell is its ability to
properly turn on or turn off gene expression when needed.
Epigenetic factors can change gene expression without
alterations to a cell’s DNA sequence, and help the cell adapt
to environmental conditions, and control critical cellular
programs such as development and death. Epigenetic factors
function in part by “writing” small chemical modifications on
the histone proteins that package the majority of our DNA,
and these factors can also “write” chemical modifications on
DNA itself. When Misfunction of epigenetic factors has been
connected to a variety of diseases, such as cancer and
neurological conditions. It is important to study epigenetic
factors because they may be good targets for pharmaceutical
intervention.

In the Taverna Lab, researchers work on identifying and
characterizing epigenetic factors which “write” epigenetic
modifications, like acetylation, on histone proteins. My
project involves studying two proteins in an epigenetic factor
that is found in the model organism yeast, the NuA3 protein
complex. NuA3 is a histone acetyltransferase (HAT) complex,
and the histone acetylation it “writes” helps proper
transcription occur in yeast. Because the human version of
NuA3 contains tumor suppressors, understanding how yeast
NuA3 functions may also help us understand cancer, in
addition to understanding gene expression. The two yeast
proteins I studied in the NuA3 complex were named Yng1 and
Taf14, which bind directly together [1,2]. It is not known if
binding of Yng1 to Taf14 is required for NuA3 to properly
regulate transcription in cells. The Taverna lab has identified
the “hinge region” of Yng1, located at amino acids 105-125,
as the binding site for Taf14, and they have also shown that
the leucine at position 115 on Yng1 is important for binding
Taf14 in vitro. We are attempting to mutate the “hinge
region” of Yng1 and put it back into yeast cells to determine
the biological impact of disrupting the Yng1 and Taf14
interaction. I was involved in changing leucine (L) to aspartic
acid (D) at position 115 of Yng1, a mutation which reduces
binding between Yng1 and Taf14 in vitro

Figure 1: NuA3a complex with interacting proteins Yng1 and Taf14

NuA3



The mosquito’s antenna can be likened to a human nose,
which is the main appendage mosquitos use to navigate
their chemical world. They also possess maxillary palp
and proboscis for smell and taste sensation (Figure 1A).
The antenna is populated by receptors which detect odor
molecules and send signals to the brain[1]. There are two
main classes of receptors that detect odors in the
mosquito antenna: odorant receptors (ORs) and
ionotropic receptors (IRs)[2]. The IRs form a functional unit
when a tuning IRX complexes with an IR co-receptor
(Figure 1B). Understanding how mosquitoes smell can
lead to development of new vector control strategies.
Ultimately, the mosquito’s powerful sense of smell can be
used against it, preventing humans from infectious bites.

Here, we examined the spatial organization of IR co-
receptors in the antennae of malaria mosquitos.
Furthermore, we asked if the number of cells expressing
IR co-receptors is modulated by age. Earlier study
reported that ORs expression are peaked 5-6 days post-
emergence (dpe) from pupal stage[3], but it is unknown if
this phenomenon is true for the IRs. In-Situ hybridization
was used to map the spatial expression pattern of the IR
co-receptors and to estimate IR population at different
age in mosquitos.

I am indebted to my mentor, Dr. Joshua Raji and PI, Dr. Christopher Potter and the 
Potter Lab for their tremendous help and support. The Johns Hopkins Initiative for 
Careers in Science and Medicine is funded by the Warnock Foundation, Thomas 
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individuals. 

Receptors in Mosquito That Detect Human Odor

Aysha Ijaz, Joshua I. Raji, Christopher J. Potter

Solomon H. Synder Department of Neuroscience, Johns Hopkins University School of Medicine, Baltimore, MD

Acknowledgements

Mosquitos navigate their environment using their sense of
smell, and in this process transmit deadly diseases to
humans. The antenna, the primary olfactory receptor,
houses IR co-receptors that detect odor molecules that
emanate from human skin. In this study, we investigate
whether the number of IR co-receptors is modulated by
age. In-Situ Hybridization was conducted to visually
localize IR co-receptors in antennae obtained from 5-day
old and 14-day old mosquitos. It was discovered that
there is no significant difference between the number of IR
co-receptors expressed in these two age groups.
Understanding IR expression in the mosquito’s main
olfactory appendage can inform novel strategies to fight
mosquito bites.

Abstract

Introduction

Future Directions

Having detected that the number of cells expressing IR
co-receptors are fully determined at 5 dpe, it would be of
interest to see how this data translates to mosquito
behavioral attraction to human odor. Although the number
of cells did not change in 5 dpe compared to 14 dpe
mosquitos, we wonder if the amount of mRNA expressed
in these two stages may differ. The In-Situ hybridization
data from this study would be compared to their transcript
abundance using quantitative RT-PCR.
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Results

Figure 4. Box and Whisker 
plots showing the number 
of cells expressing IR co-
receptors at 5 dpe (blue) 
and 14 dpe (pink). There 
was no significant 
difference (IR8a- p=0.477, 
IR25a-p=0.169m, IR76b-
p=0.604) when analyzed by 
independent sample t-test. 

Figure 3. In-Situ Images showing the localization of IR co-receptors on the antenna

Methods

Methods

Antennae were dissected from 5 dpe and 14 dpe female Anopheles Mosquitos. In order
to localize co-receptors within the antennae, whole-mount fluorescent In-situ
hybridization (wm-FISH) was conducted. The RNA probes for IR co-receptors were
synthesized by Molecular Instruments™. These probes were used to detect the native
expression of IR co-receptors. The spatial localization of IR co-receptors were visualized
under the Confocal Microscope.

Figure 2. Workflow for performing whole-mount Fluorescent In-Situ Hybridization 
in mosquito antenna

Results

Conclusion

Conclusively, there is no significant difference in the
number of IR co-receptors in 5 dpe mosquitos in
comparison to 14 dpe. This suggests that the number of
cells expressing IR co-receptors can be determined 5 dpe
and this number is not modulated after this age.
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of chemosensory gene expression in the malaria mosquito Anopheles gambiae. 
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Figure 1. Mosquito’s olfactory sensory appendages 
and the structure of Ionotropic Receptors
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Abstract

Peptidoglycan synthesis is an essential part of
bacterial cell division, as well as a target for
antibiotics. During cell division, we know that a
multitude of proteins carry out peptidoglycan
synthesis. While we know that peptidoglycan is
synthesized and incorporated into the cell wall by
molecular machines. We do not fully understand
how proteins move through space and time, or
how proteins move and carry out their functions in
cell divisions. In this study, we examine the spatial
temporal organization of FtsW. FtsW is a
peptidoglycan polymerase essential for cell
division. Previous tracking of FtsW fused with
tagRFP revealed dynamic motions consistent with
activity. However imaging of tagRFP is not as
photostable as imaging with HaloTag-JF646. Thus,
I am interested in finding a functional Halotag
fusion of FtsW. We aim to construct a functional
FtsW-HaloTag that functions similarly to FtsW-
TagRFP or wild-type FtsW. We will try using
different linkers to fuse FtsW and Halotag, in
hopes of finding a functional FtsW-HaloTag for
future single molecule studies.

• PG is in between the layers 
of the inner and outer 
membrane.

• PG gives the bacteria cells 
structure and protection.

Fig. 1: Bacterial Peptidoglycan (PG)

• Single molecule tracking of FtsW-
tagRFP.

• FtsW-tagRFP is dynamic at the 
midcell.

• Tag-RFP is not as photostable as 
HaloTag; which is why we want to 
change the tag.

• FtsW is a PG polymerase
• FtsW is in the inner 

membrane

Fig. 2: FtsW is a PG polymerase

Fig. 3: Single molecule tracking of FtsW 
in cells

Plasmid Map FtsW-LGPG-HALO used to 
amplify backbone

Linker 
Annotation

Linker amino acid 
sequence

Plasmid #

L0A GSAGSAAGSG pAP82

L2 KLDIEFLQ pAP84

L5 SGSGGEAAAKAG pAP150

LGPG GGGGSPAPAPGGGGA

Make PCR backbone containing FtsW-HT with 
different Linkers using PCR

Transformed into stellar 
strain to obtain plasmids

Obtained plasmids from strains. 

Transformed plasmids into the 
recipient experimental strain in 

arabinose+Carbencillin.

Stored the strains in arabinose+carbencillin

Perform experiments for 
functionality using colony 

forming units plating 
assay

Strain construction flowchart

Legend for plating results

• Confirmed FtsW is essential and requires to be 
present in wild-type cells or by induction via  
arabinose or IPTG

• Under the conditions tested, all the constructs 
behave similarly.

• Compare the constructs made here FtsW-GPG-Halo 
and to untagged FtsW+

• Determine cell shape and morphology of these cells
• Localize the constructs made in this report.

Different Linkers used in this study

To test functionality of the different FtsW-L-Halotag fusions, we will perform 
viability assay using dilution series.

Colony forming units of E. coli will be compared to FtsW-TagRFP under different 
induction conditions.
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Introduction

A Western Blot is a technique used to 
visualize specific protein molecules 
from a cell mixture. It works by 
separating proteins by size and 
transferring them to a membrane for 
better visualization. Once transferred 
the mixture is coated with specific 
antibodies that will detect the desired 
protein molecule. To quantify results an 
imaging system is used to find the 
integrated density of the coated bands. 
Once the measurements are taken, the 
normalized protein levels are graphed.

P

Abstract

As of 2021, 28.2 million people have accessed antiretroviral
therapy globally in response to recent HIV or AIDS diagnoses
(UNAids, 2021). Although HIV has wide-reaching
implications, current HIV drugs have been cited with induced
organ toxicity (Seneviratne et. al, 2020). Understanding the
metabolism of these therapeutics is therefore critical in the
development of effective treatment practices. Although
current treatment practices utilize combination therapy, for
the purposes of this study, the metabolism of efavirenz (EFV)
has been of key focus.
EFV is a non-nucleoside inhibitor of reverse transcriptase, an
enzyme that permits the replication of HIV. The metabolic
pathway of EFV can be divided into two phases. In Phase I of
its pathway, cytochromes P450 work enzymatically to
oxidize EFV for later excretion. Wherefore, in Phase II,
another metabolic enzyme, Uridine diphosphate glucuronosyl
transferase (UGT), works to induce glucuronidation of the
drug for later excretion. Although, like most drugs, EFV is
primarily metabolized in the liver, it is also one of the several
HIV medications that can cross the blood brain barrier and
has been implicated in the neurotoxicity of patients as well as
induced hepatotoxicity (liver toxicity). Prior research has
focused on analyzing the metabolic pathway of EFV as it
contributes to liver toxicity, but little research has been done
analyzing the mechanisms of its metabolism within the brain.
With this in mind, mass spectrometry-based approaches
were utilized to analyze the metabolism of EFV in comparison
to the normal metabolism of the liver.
Utilizing a proteomics approach, hepatocytes were first
isolated from mice and were fragmented and analyzed using
the ZenoTOF mass analyzer. Results from the analysis were
dissected via SKYLINE to obtain necessary information on
P450 expression. A series of depletion assays were then run
with human liver and brain microsomes incubated with EFV
at different concentrations to study the metabolism of EFV
over time. The results of these varying approaches aided in
the characterization of P450 expression in the brain as it
directly relates to metabolism.

Proteomics Microsomal Depletion 

25 ms 50 ms

75 ms

Future Steps

10.1021/.0c00015
An untargeted methodology was run to identify proteins
present in the primary mouse hepatocyte samples.
23920 proteins were found. An number of different drug
metabolizing were found including Cytochrome P450
2A12 highlighted in the figure to the right. Other proteins
displayed included a high sequence coverage and are
related to endogenous metabolism.

100 ms

The proteomics analysis on primary mouse hepatocytes introduced a workflow
used to characterize P450s expression in the liver. The depletion assays were
used to compare the metabolism of EFV overtime in different human
microsomes. From the results of the 0.5 µm depletion assay, the kdepvalues of
HLM and HBM were found.

Utilizing the same workflow, a proteomics methodology will be ran on neurons,
astrocytes, and microglia taken from mice to characterize P450 expression in the
brain. Depletion assays will continue to run at different concentrations of EFV to
find associated kdep values later characterized in kinetics assays with associated
Kmvalues.

A B
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● Current HIV drugs have 
been cited with induced 
organ toxicity 

● EFV is a non-nucleoside
inhibitor of reverse
transcriptase

● Cytochromes P450 
oxidize EFV (Phase I)

● UGTs induce 
glucuronidation (Phase 
II)

● EFV can cross the blood 
brain barrier, implicated 
in neurotoxicity

● Want to characterize 
P450 expression
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Retinal fibrosis is characterized by abnormal blood vessels
spreading from the inner retina, optic disc, towards the vitreous
cavity. The tractional force produced pulls on the retina
resulting in its detachment from its underlying supporting tissue
leading to permanent vision loss. As the major glial cell type,
the Müller glia (MG) maintains the structural and functional
integrity of the retina. Disturbed retinal homeostasis, due to
detachment, induces MG cells to undergo morphological
changes, increased cell proliferation, and abnormal scar
formation. The molecular pathways involved in the induction of
retinal fibrosis are poorly understood. In this study, we sought
to identify the transcriptional changes involved in the
progression of this disease using the JR5558 inherited retinal
degenerating mouse model using single-cell RNA-sequencing
(scRNA-seq) These mice recapitulate the abnormal blood
vessel outgrowth and scar formation similar to retinal fibrosis
seen in human patients. scRNA-seq is a popular genomic
approach equipped to quantitatively analyze the heterogeneity
of different cells of the same tissue and their cellular responses
that otherwise would go undetected. It provides fundamental
characteristics of gene expression patterns. By comparing
transcriptional differences and similarities, we hope to further
research in developing novel therapeutics to combat retinal
degeneration and fibrosis.

Introduction

All animal procedures were conducted in accordance with the ARVO Statement for the Use of Animals in Ophthalmic
and Vision Research and were approved by the Johns Hopkins Animal Care and Use Committee. Obtained from
Jackson Laboratory, JR5558 mice were reared in a 14hr light/10hr dark cycle. At 7 months of age, retinas were
dissociated into either single cells or single nuclei preps. Samples were then processed to assess the transcriptional
profile by single-cell RNA-sequencing (scRNA-seq) or single-nuclei RNA-sequencing (snRNA-seq) using 3’ version
3.1 RNA capture reagents on the 10x Genomics Chromium platform. The libraries were sequenced using the Illumina
NovaSeq 6000. Raw sequencing data were aligned to the mm10 mouse reference genome and demultiplexed into a
cell-by-gene count matrix using cellranger. Downstream analysis was performed using the Loupe single cell browser
and the Seurat R package. Cell types were identified using known marker genes and cell type similarity between
single cell and single nuclei datasets were determined by the MetaNeighbor R package.

Results
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Collective, and numerous generous individuals. We extend our thanks to
members of the Blackshaw lab, Mr. Moss, Ms. Luciano, Ms. Brager, Alexa
Harant, and Sirus Proctor for their tremendous mentorship and support.

Figure 1. All major neuro-retinal cell types are captured by single cell RNA-seq

Figure 2. All major neuro-retinal cell types are captured by single nuclei RNA-seq

Figure 3. Comparison of cell type-specific expression 

Figure 5. Fibrotic genes are expressed in Müller glia

Figure 4. Cell capture rate of each modality

In this study, we profiled >20,000 single cells and nuclei and were able to
identify all the major neuronal and glial cell types. Direct comparison of cell type-
specific expression profiles showed high correlation between scRNA-seq and
snRNA-seq. snRNA-seq may have an advantage over scRNA-seq as it
improved captured efficiency of cones and RGCs by reducing dissociation-
induced cellular stress responses. Our RNA-seq analysis identified several
fibrotic genes that were exclusively expressed in stressed Müller glia. These
studies support snRNA-seq and scRNA-seq as useful tools to study
transcriptional networks in animal models of retina fibrosis and to identify novel
molecular targets for potential pharmacologic modulation.

Conclusions
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