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Workshop Learning Objectives

• Construct an explanation based on evidence for how the structure of DNA 
determines the structure of proteins, which carry out the essential 
functions of life through systems of specialized cells.

• Explain the purpose and process of replication, transcription, and 
translation using models of DNA and RNA.

• Examine patterns within and between side chains of amino acids.

• Model protein secondary and tertiary structure based on the primary 
structure of amino acid sequence.
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What do your students find confusing about the central dogma?

• Don’t understand how the processes are related.
• Don’t understand the relevance to their own 

body.
• All the vocabulary!  
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Replication
in the 
Eukaryotic 
Nucleus
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Replication
in the 
Eukaryotic 
Nucleus
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Replication Forks
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Replication
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Continuous Replication



1010

Discontinuous Replication



1111

Comparing Leading and Lagging Strands
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A brief tour through the cell

This image is an excerpt from Tour of a Human Cell by David Goodsell, as shown in 3D Molecular
Designs’ Tour of a Human Cell© poster and David Goodsell’s book, The Machinery of Life.
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A brief tour through the cell

This image is an excerpt from Tour of a Human Cell by David Goodsell, as shown in 3D Molecular
Designs’ Tour of a Human Cell© poster and David Goodsell’s book, The Machinery of Life.



See you back in five minutes. 
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Helpful Hints:

Take care in loading the DNA 
in the RNA polymerase.

Remember RNA is 
synthesized from the 5’ to the 
3’ end.

5’ 3’

5’

3’

Transcription
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Helpful Hint:  

The DNA pieces are 
different than the RNA 
pieces!

Transcription
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Transcription: Initiation
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Transcription: Elongation
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Transcription: Termination
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A brief tour through the cell

This image is an excerpt from Tour of a Human Cell by David Goodsell, as shown in 3D Molecular
Designs’ Tour of a Human Cell© poster and David Goodsell’s book, The Machinery of Life.
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Nucleus

Nuclear 
Membrane

Cytoplasm

This image is an excerpt from Tour of a Human Cell by David Goodsell, as shown in 3D Molecular
Designs’ Tour of a Human Cell© poster and David Goodsell’s book, The Machinery of Life.
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RNA Polymerase

DNA

mRNA

mRNA

Nuclear Pore

This image is an excerpt from Tour of a Human Cell by David Goodsell, as shown in 3D Molecular
Designs’ Tour of a Human Cell© poster and David Goodsell’s book, The Machinery of Life.
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RNA Polymerase

DNA

mRNA

mRNA

Nuclear Pore

This image is an excerpt from Tour of a Human Cell by David Goodsell, as shown in 3D Molecular
Designs’ Tour of a Human Cell© poster and David Goodsell’s book, The Machinery of Life.



See you back in five minutes. 
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Translation

Acknowledgement: Illustration by David S. Goodsell. doi: 10.2210/rcsb_pdb/goodsell-gallery-006
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Messenger RNA—It’s not limp spaghetti.
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Messenger RNA—It’s not limp spaghetti.
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mRNA—Is this unstructured?

Image credit: Fbioe-09-718753-g002 - Messenger RNA - Wikipedia

https://en.wikipedia.org/wiki/Messenger_RNA
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Transfer RNA
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Comparing tRNA models

Image credit: TRNA-Phe yeast 1ehz - Transfer RNA - WikipediaImage  credit: TRNA-Phe yeast 1ehz - Transfer RNA - Wikipedia

https://en.wikipedia.org/wiki/Transfer_RNA
https://en.wikipedia.org/wiki/Transfer_RNA
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Comparing tRNA models
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Ribosome-Ribosomal RNA and protein biological machine
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Ribosome-Ribosomal RNA and protein biological machine
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Ribosome-Ribosomal RNA and protein biological machine
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Pair the tRNA with the amino acids
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A closer look at tRNAs
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Translation: Initiation
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Translation: Elongation
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Translation: Termination
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Revisit the panorama 
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Let’s review



See you back in five minutes. 
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Revisit the panorama 
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Protein Folding Activity





WHAT PATTERNS DO YOU SEE 
AMONG THE SIDE CHAINS?

WHAT QUESTIONS DO YOU 
HAVE? 





What causes proteins to fold into 

their 3-D shapes?

Make a prediction. 







SIX HYDROPHOBIC

THREE HYDROPHILIC

TWO ACIDIC

TWO BASIC

TWO CYSTEINE
 

A TOTAL OF FIFTEEN SIDE CHAINS



In any order arrange your amino acids equidistant from each 

other. 

You have made a polypeptide. 



Let’s “FOLD” it into a Protein

Rotate the hydrophobic amino 

acids to the inside. 



Continue “FOLDING”

Bring the acidic and basic side 

chains together until they are two 

cm from each other. 



Make sure that you also rotate 

any hydrophobic side chains that 

move out of place. 

Throughout this whole activity 

find a shape in which all the 

properties apply. 
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Continue “FOLDING” 

Position the cysteines so they 

are opposite each other. 
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Continue “FOLDING” 

Finally, rotate the hydrophilic 

side chains so they are on the 

outer surface. 
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Why didn’t your proteins all look the 

same? 
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The Importance of Secondary Structure

Alpha Helix

Beta Sheet
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WHAT ABOUT QUATERNARY STRUCTURE? 
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Revisit the panorama 
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Revisit the panorama 



• Tracking the Resolution of Student Misconceptions about 
the Central Dogma of Molecular Biology - PubMed 
(nih.gov)

• DNA → RNA: What Do Students Think the Arrow Means? 
- PMC (nih.gov)

• What's in a cell? — young people's understanding of the 
genetic relationship between cells, within an individual: 
Journal of Biological Education: Vol 34, No 3 
(tandfonline.com)

• Teaching More by Lecturing Less | CBE—Life Sciences 
Education (lifescied.org)
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Helpful resources

https://pubmed.ncbi.nlm.nih.gov/28101260/
https://pubmed.ncbi.nlm.nih.gov/28101260/
https://pubmed.ncbi.nlm.nih.gov/28101260/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4041510/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4041510/
https://www.tandfonline.com/doi/abs/10.1080/00219266.2000.9655702
https://www.tandfonline.com/doi/abs/10.1080/00219266.2000.9655702
https://www.tandfonline.com/doi/abs/10.1080/00219266.2000.9655702
https://www.tandfonline.com/doi/abs/10.1080/00219266.2000.9655702
https://www.lifescied.org/doi/full/10.1187/05-06-0082
https://www.lifescied.org/doi/full/10.1187/05-06-0082
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• Quentin Vicens and Jeffrey S. Kieft. 2022. PNAS. 

Thoughts on how to think (and talk) about RNA 

structure.

• Anna Marie Pyle (Yale U./HHMI) Part 1: RNA Structure –

YouTube.

• Eukaryotic cell panorama - Goodsell - 2011 -
Biochemistry and Molecular Biology Education - Wiley 

Online Library

Additional Resources

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9169933/pdf/pnas.202112677.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9169933/pdf/pnas.202112677.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9169933/pdf/pnas.202112677.pdf
https://www.youtube.com/watch?v=WCrlm18KQ48
https://www.youtube.com/watch?v=WCrlm18KQ48
https://iubmb.onlinelibrary.wiley.com/doi/10.1002/bmb.20494
https://iubmb.onlinelibrary.wiley.com/doi/10.1002/bmb.20494
https://iubmb.onlinelibrary.wiley.com/doi/10.1002/bmb.20494
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Workshop NGSS Connections 

SEPs CCCs DCIs
Using Mathematics and 

Computational Thinking

Scale, Proportion, and 

Quantity

5-PS1-2

Developing and Using 

Models

Patterns MS-PS1-1

Planning and Carrying Out 

Investigations

HS-PS1-3



We value your opinion! 
Let us know what you 
think.

Scan the QR 
Code and 

complete this 
short survey.
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