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an OER for Exploring Biomolecular Structural Data to Learn Biology
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Do you have a learning outcome that
addresses structure and function in a
course you teach?



Foundational Concepts EaS:=M-REETENNNS

[\

1.
Energy & Metabolism

2.
Structure & Function

3.
Information Storage
& Transfer

4.
Scientific Skills

Homeostasis




About Us

: Complex
The BOL project was a Molecular

collaborative effort of ) ase N et ExPeri{fi?ffiLi'ESar"i"g
members participating inthe s Jigsaw Discussion
Molecular CaseNet Spring Role Playing
2022 Facu|ty Mentoring Interactive Lecture

Network | Case Studies

Groups Evaluations

(E) QUBES anmal Ceotgs

A BioQUEST Project

Forum Theater

Inquiry Learning

Active Review Sessions
(Games or Simulations)

Hands-on Technology

Brainstorming

Peer Review

Larga Creup Triad Groups

Discussion Think:-Pair-Shars

Writing

(Minute Paper) Self-assessment

Pause for reflection

Si | Image - Active Learning Strategy Spectrum
Imp e University of Minnesota Center for Educational Innovation



https://cei.umn.edu/teaching-resources/active-learning
https://cei.umn.edu/teaching-resources/active-learning

It Is challenging to integrate these concepts!
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Motivation for the “Box of Lessons”
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Biological Macromolecules

Carbohydrates

N

Proteins

Nucleic Acids »

Lipids /

Includes a total of 21 ready-

to-implement activities for
students and 9 associated
learning materials

Nucleic Acids

& =\
Learning Materials

« DNA Conformations &
\- DNA Conformations: A-, B-, Z-DNA &

(Activities \

« Exploring Nucleotides-Ex @
'- Base Pairing-Ex @ l
. equence and Structure-Ex &

« RNA Sequence and Structure-Ex &
« DNA Structure and Function-Ex
« RNA Structure and Function-Ex
« Protein-DNA Binding-Ex @&

+ Protein-RNA Binding-Ex & )

( Activity Key & Teaching Notes \

« Exploring Nucleotides-key (3

« Base Pairing-key 3

« DNA Sequence and Structure-key [3
* RNA Sequence and Structure-key [8
« DNA Structure and Function-key &
« RNA Structure and Function-key 3
« Protein-DNA Binding-key 3

& Protein-RNA Binding-key & j




What does an
activity look like?

Base Pairing
Authors: Shuchismita Dutta, Rutgers University, NJ

Lesson Overview:
This lesson reviews base-pairing between nucleotides (seen in nucleic acids, DNA and RNA).

ASBMEB Learning Objectives
(https://www.asbmb.org/education/core-concept-teaching-strategies/foundational-
concepts/structure-function)
2. Structure is determined by several factors
e Students should be able to recognize the repeating units in biological
macromolecules and be able to discuss the structural impacts of the covalent and
noncovalent interactions involved (Introductory).
e Students should be able to discuss the chemical and physical relationships between
composition and structure of macromolecules (Infroductory).




Wh at does an 3. Examine the following figures and identify the base pairs shown. Feel free to consult the
nucleotide structures to help with the identification. Complete the blanks in the

aCtIVIty IOOk Ilkef) sentences about the figure written below it. Follow the completed example.

a. Figure 1 (from PDB ID 1bna)

An example
IS provided to
get students

Started This base pair is between a C_ : G with 3 hydrogen bonds

click hide

rotate

i




What does an
activity look like?

b. Figure 2 (from PDB ID 1bna)

This base pair is between a A T with 2 hydrogen bonds

Optional Q: Is this a Watson-Crick or Hoogsteen base pair?
Ans: Watson Crick base pair

c. Figure 3 (from PDB ID 1csl)

This base pair is between a u__: A with 2 hydrogen bonds




Let's try a
guestion ...

https://www.rcsb.orq/3d-view/1ETF

Explore the base pairing interactions of the bases
in the RNA structure, PDB ID 1ETF, and answer

the following questions:
Hint: to explore the interactions of any specific nucleotide, click
on it either in the 3D canvas or in the sequence panel

a) Examine the base pairing for nucleotide G77 in
PDB entry letf. Which nucleotide does it base
pair with?

Hint: identify the base that forms one or more hydrogen bonds

with the base for G77

b) How many A:U (U:A) base pairs do you
observe in this structure?


https://www.rcsb.org/3d-view/1ETF
https://www.rcsb.org/3d-view/1ETF

a) Examine the base pairing for nucleotide
G77 in PDB entry letf. Which
nucleotide does it base pair with?

G77

b) How many A:U (U:A) base pairs do you
observe in this structure?



The current
“Box of
Lessons”
collection

All lessons have been

reviewed and pilot tested
by faculty

Topic

Activities \

Biological
Macromolecules

/

/_earning Materials
/

* Atoms, Bonds, and
Molecules in the PDB
* Water: Importance in
Biology

* Exploring Atoms and Biomolecules\
* Interrogating the PDB
* Exploring waters in the PDB

Proteins

* Amino Acids in the PDB

* Exploring Levels of Protein
Structure in the PDB

* Handedness and Twist

* Exploring Amino Acids

* Protein Sequences

* Helices and Sheet

* Insulin Structure and Function

* Hemoglobin Structure and Function

Nucleic Acids

* Nucleotides in the PDB
* DNA Conformations: A-, B-,
Z-DNA

» Exploring Nucleotides
l- Base Pairing |
. equence and Structure

* RNA Sequence and Structure
* DNA Structure and Function

* RNA Structure and Function

* Protein-DNA Binding

* Protein-RNA Binding

Carbohydrates » Saccharides in the PDB * Exploring Monosaccharides
* Exploring Polysaccharides
\ * Protein-Carbohydrate Binding
Lipids )

‘v@n the PDB

 Exploring Lipids
* Protein-Lipid Binding




Next Steps!

Publish the BOL
Materials
Projected - fall 2023

Examine the student
experience with these
materials and assess their
impact on learning!



¥

Could engaging your student in exploring
biomolecular structural data enhance their
learning experience in your course?

How could you use these resources to do so?

Are there other lessons you would like to see
added to the collection?

think by Alena from Noun Project (CCBY3.0)



https://thenounproject.com/browse/icons/term/think/

Interested in exploring the
BOL further?

Scan the QR code below
and enter your contact info
to receive a link to the beta
website!

Want to learn more about
Molecular Case Studies?

Molecular
;ff_i‘; aseNet

Visit Website:
https://molecular-casenet.rcsb.org/

Write to Shuchi Dutta at
sdutta@rcsb.rutgers.edu



https://molecular-casenet.rcsb.org/
mailto:sdutta@rcsb.rutgers.edu
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