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Nucleic Acids in Chemistry and Biotechnology (AS.030.423) 

Syllabus, Fall 2019 

 

Instructor: Shane Byrne 

         Office: Remsen 134 

         Email: sbyrne9@jhu.edu 

          

Course Meeting Times: Tuesdays and Thursdays, 9- 10:15 am, Remsen 300 

 

Office Hours: Mondays 1- 2 pm and Wednesdays 4- 5 pm, and by appointment 

 

Course Overview: 

 DNA is a complex molecule that stores the information necessary for all forms of life.  

However, in the most basic sense, DNA is a chemical compound whose properties control its 

ability to encode genetic information, as well as its sensitivity to degradation.  

This course will explore nucleic acid chemistry, biochemistry, and biology from a 

chemical biology perspective. Our studies will always be grounded in the fundamental chemistry 

of nucleic acids.  We will explore the structure, function, and reactivity of nucleic acids, as well 

as the mechanisms by which DNA is damaged and repaired, and how the chemistry governing 

nucleic acids dictates their biological activities. We will examine how nucleic acid chemistry is 

integrated into cutting edge biotechnologies and therapeutics, and how this impacts society. The 

knowledge gained from this course will allow for a broader understanding of how chemistry 

governs all aspects of our genetic code.   

 

Course Objectives:  

After completing this course, students should be able to: 

• Apply an understanding of organic chemistry, reactivity, and 

mechanisms to deduce how small molecules interact with and damage 

DNA 

• Predict how nucleic acids’ innate structure and reactivity influence their 

biological activities and functions 

• Extrapolate how a particular DNA lesion may affect the cellular 

regulation and maintenance of nucleic acids 

• Understand and evaluate how nucleic acids can be applied to address 

fundamental societal issues relevant to human health (i.e. how can 

genome editing treat diseases?) 

• Solve problems by applying the concepts and techniques of organic 

chemistry, biochemistry, chemical biology, and biology  

 

Pre-requisites: Organic Chemistry I and II, and Biochemistry I (co-requisite) 

 

Recommended Textbooks:  

 

Blackburn, Gait, Loakes, and Williams, Nucleic Acids in Chemistry and Biology, 3rd edition, 

http://pubs.rsc.org/en/content/ebook/9780854046546 (Free online version) 

 

https://www.atdbio.com/nucleic-acids-book (Free online book from ATD Bio) 

http://pubs.rsc.org/en/content/ebook/9780854046546
https://www.atdbio.com/nucleic-acids-book
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These textbooks includes most, but not all of the topics that we will cover in this course. These 

texts will be a good resource for those students who would like to supplement the lecture notes. 

Course material will also be drawn from reviews in the literature. Supplementary reading 

assignments will be announced with each lecture. All material covered on exams and problem 

sets will derive from what is covered in class. The readings are meant to provide additional 

context and explanations of the course material. 

 

Grading: 

 

Problem sets   20% (see schedule for due dates) 

Three exams   20% each (Oct. 3 and Nov. 5 in class, Dec. 17, 6-9 pm) 

Literature presentation 10% (Dec. 3 and 5) 

Classwork   10% (throughout the course) 

 

Grades will be assigned based on a curve that depends on the grade distribution of the class. 

However, the grading scale listed below will dictate the minimum possible letter grade that 

corresponds to the class average scores: 

 

A = 93-100, A- = 90-92, B+ = 87-89, B = 83-86, B- = 80-82, C+ = 77-79, C = 73-76, C- = 70-72. 

 

For example, if your total score for the course is a 91%, the lowest possible letter grade that you 

can receive is an A-. You may receive a higher grade depending on the distribution of scores for 

the class, but you cannot receive lower than an A-. 

 

Course Work: 

 

Problem sets: Problem sets will be assigned weekly and will be due one week after being handed 

out.  Feel free to consult with others on the problem sets, but please acknowledge your partners 

at the top of the assignment and submit your own work. All written work submitted must be your 

own and in your own words. Problem sets are designed to not only test your grasp of the 

concepts learned in class, but also your ability to apply the concepts. 

 

Exams: There will be three exams in this course. The first two will be held during class time, 

while the third exam will be held during the official final exam period as determined by the 

university. The in class exams will only include material covered since the previous exam. The 

third exam will be cumulative, but will largely emphasize material covered since the second 

exam. Any regrade requests for exams must be submitted within one week of receiving the 

graded exam. Regrade requests will require a brief written explanation of the portion of the exam 

in question. 

 

Literature presentation: You will be assigned a group and a course topic and together will make a 

15 minute presentation to the class.  You will choose an article in the literature related to your 

assigned topic and discuss the experimental approach, results, and implications of the work. 

Presentations will occur on the last two days of class. 

 

Class work: Classwork will consist of attendance and participation in small group activities and 

case studies. Attendance in class is expected, but I understand that situations may arise that 

warrant missing class, such as illness, religious holidays, family emergencies, etc. Please inform 
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me in advance if you anticipate missing class, especially if a group activity is planned for that 

day. Excessive unexcused absences will affect your grade. I expect everyone to participate in 

class. However, there are many ways to participate besides raising your hand to speak during 

class. Participation involves asking questions, engaging with the course material, contributing 

and working cooperatively in small group activities, and/or attending office hours.  

  

Course Format: 

 

Lectures: The course material will be presented using a combination of the chalk board and 

powerpoint slides. The powerpoint slides will be printed and distributed at the beginning of class 

for all lectures presented using slides. Class time will be structured to include lecture, as well as 

time devoted to group work consisting of problem-solving, and discussions of the course 

material, assigned literature and news articles. Recommended reading assignments (from the 

textbook and supplemental literature) will be provided for most lectures. 

 

Case Studies: Case studies will focus on real world scenario through analysis of current literature 

and news articles. Case studies will allow us to examine how the course material has been 

applied to impact society. Discussion questions will be assigned to each group to answer and 

informally present to the class. You will serve as instructors, teaching each other the course 

material. Answers to the discussion questions will be collected and will contribute to your 

“classwork” grade.  

 

Academic Integrity: 

 

The strength of the university depends on academic and personal integrity. Undergraduate 

students enrolled in the Krieger School of Arts and Sciences or the Whiting School of 

Engineering at the Johns Hopkins University assume a duty to conduct themselves in a manner 

appropriate to the University's mission as an institution of higher learning. Students are obliged 

to refrain from acts which they know, or under circumstances have reason to know, violate the 

academic integrity of the University. Violations of academic ethics include, but are not limited 

to: cheating; plagiarism of another student’s or another scholar’s work; submitting the same or 

substantially similar work to satisfy the requirements of more than one course without 

permission; copying the work of another student. Cheating on an exam will result in a grade of 

“0” for that exam. Any violations of academic integrity are subject to be reported to the Ethics 

Board. For more information, see the Homewood Student Affairs 

site on academic ethics 

(https://studentaffairs.jhu.edu/student-life/student-conduct/academic-ethics-undergraduates), as 

well as the Ethics Board Web site for more information: http://e-catalog.jhu.edu/undergrad-

students/student-life-policies/#UAEB. 

 

Disability Services: 
 

Any student with a disability who may need accommodations in this class must obtain an 

accommodation letter from Student Disability Services, 103 Shaffer, (410) 516-4720, 

studentdisabilityservices@jhu.edu. Please let me know as soon as possible if you will require 

accommodations for this course. 
 

 

https://studentaffairs.jhu.edu/student-life/student-conduct/academic-ethics-undergraduates
http://e-catalog.jhu.edu/undergrad-students/student-life-policies/#UAEB
http://e-catalog.jhu.edu/undergrad-students/student-life-policies/#UAEB
mailto:studentdisabilityservices@jhu.edu
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Mental Health Services: 

 

College can be a difficult and stressful experience at times, especially at Johns Hopkins. I am 

aware that many students experience anxiety, depression, and other emotional challenges during 

the course of the semester.  If you are struggling with anxiety, stress, depression or other mental 

health related concerns, please consider visiting the JHU Counseling Center. The Counseling 

Center is located at 3003 North Charles Street in Suite S-200 and can be reached at 410-516-

8278 and online at http://studentaffairs.jhu.edu/counselingcenter/. I am also happy to discuss any 

issues with you. 

 

Inclusivity and Classroom Climate:  

 

I am committed to creating a classroom environment that values the diversity of experiences and 

perspectives that all students bring. Everyone here has the right to be treated with dignity and 

respect. Please join me in creating a welcoming and vibrant classroom climate. Note that you 

should expect to be challenged intellectually by me and your peers, and at times this may feel 

uncomfortable. Indeed, it can be helpful to be pushed sometimes in order to learn and grow. But 

at no time in this learning process should someone be singled out or treated unequally on the 

basis of any seen or unseen part of their identity. If you ever have concerns in this course about 

harassment, discrimination, or any unequal treatment, or if you seek accommodations or 

resources, I invite you to share directly with me. Reporting will never impact your course grade. 

You may also share concerns with the department chair (Prof. David Yarkony, 

yarkony@jhu.edu), the Director of Undergraduate Studies (Prof. Christopher Falzone, 

falzone@jhu.edu), the Assistant Dean for Diversity and Inclusion (Darlene Saporu, 

dsaporu@jhu.edu), or the Office of Institutional Equity (oie@jhu.edu).  
 

 

 

 

 
 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

http://studentaffairs.jhu.edu/counselingcenter/
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Course Schedule: 

 

 

Lecture 

 

Date 

 

Topic 

 

Problem Sets 

 

1 

 

Tues Sept 3 

Introduction, DNA and RNA 

structure- physical and chemical 

properties of DNA and RNA, higher 

order DNA structures 

Review of organic and biochemistry- 

problem set in groups  

 

2  

Thurs Sept 5 

Structure cont’d, Oligonucleotide 

synthesis- the phosphoramidite method 

 

3  

Tues Sept 10 

Molecular recognition of DNA and 

RNA- intercalation, groove binding, 

major vs. minor groove recognition, 

DNA vs. RNA recognition 

 

4  

Thurs Sept 12 

Chemical modifications of DNA 1- 

overview of DNA’s reactivity, 

spontaneous damage to DNA, 

hydrolytic damage 

Problem Set 1 Due 

(lectures 1-3) 

5  

Tues Sept 17 

Chemical modifications of DNA 2- 

oxidative and radical-induced damage to 

DNA 

 

6  

Thurs Sept 19 

Chemical modifications of DNA 3- 

DNA alkylation 

 

Problem Set 2 Due 

(lectures 4-5) 

7  

Tues Sept 24 

Chemical modifications of DNA 4- 

Drugs, toxins, and their mutagenic 

mechanisms of action, 

chemotherapeutics 

Case Study 

 

8  

Thurs Sept 26 

DNA sequencing 1- Sanger, Maxam-

Gilbert, and next generation sequencing 

technologies 

 

9  

Tues Oct 1 

DNA sequencing 2- human genome 

determination, applications 

Case Study 

Problem Set 3 Due 

(lectures 6-8) 

  

Thurs Oct 3 

EXAM 1 (covering lectures 1-9)  
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10  

Tues Oct 8 

Direct Reversal Repair and DNA 

Mismatch Repair 

 

11 Thurs Oct 10 Base Excision Repair and Nucleotide 

Excision Repair of DNA 

 

12  

Tues Oct 15 

DNA double strand break repair- 

Homologous recombination and non-

homologous end joining 

 

13  

Thurs Oct 17 

Responses to DNA damage- 

polymerases, PARPs, effects on 

replication, transcription, and 

translation, the histone code 

Problem Set 4 Due 

(lectures 10-12) 

14  

Tues Oct 22 

Nucleic acid therapeutics- antisense 

oligos, RNA interference 

 

15  

Thurs Oct 24 

CRISPR 1- overview of the system, its 

mechanism, and applications 

Problem Set 5 Due 

(lectures 13-14) 

16  

Tues Oct 29 

CRISPR 2- 2nd generation genome 

editing, base editors 

 

17  

Thurs Oct 31 

CRISPR 3- genome editing in society: 

therapy and agriculture  

Case Study 

Problem Set 6 Due 

(lectures 15-16) 

  

Tues Nov 5 

EXAM 2 (covering lectures 10-17)  

18  

Thurs Nov 7 

Nucleic acid diagnostics- RT-PCR, 

hybridization, molecular beacons, 

detection of diseases, current 

commercial uses 

Case Study 

 

19   

Tues Nov 12 

Nucleic acids as enzymes- ribozymes, 

DNAzymes, aptamers, riboswitches 

 

20  

Thurs Nov 14 

DNA modifying enzymes- ligases, 

restriction enzymes, kinases, nucleases, 

phosphatases, why and how to 

manipulate DNA, PCR, cloning 

Problem Set 7 Due  

(lectures 18-19) 

21  

Tues Nov 19 

Modified nucleotides in biology- 

unnatural base pairs, tRNA, mRNA, 

RNA post-transcriptional modifications, 

epitranscriptomics 
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22  

Thurs Nov 21 

DNA nanotechnology- DNA origami, 

nanodevices, structures, machines 

 

 Tues Nov 26 NO CLASS- Thanksgiving break  

 Thurs Nov 28 NO CLASS- Thanksgiving break  

23 Tues Dec 3 Student Presentations Problem Set 8 Due 

(lectures 20-22) 

24 Thurs Dec 5 Student Presentations  

 Tues Dec 17 

 6-9 pm 

EXAM 3 (cumulative, but focused on 

lectures 18-24) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


