
Extra Material: Biomolecules
The stuff that makes up living stuff



Biomolecules make up  
living matter



From: https://e360.yale.edu/features/as-oceans-warm-
the-worlds-giant-kelp-forests-begin-to-disappear# From: https://cheezburger.com/6771324928

https://svs.gsfc.nasa.gov/10394
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Mycoplasma mycoides 
(David Goodsell, 2011)

From: https://pdb101.rcsb.org/sci-art/goodsell-gallery/mycoplasma-mycoides



Most biomolecules fall into four classes
nucleic acids 

From: David Goodsell (https://
pdb101.rcsb.org/motm/42) and Google

proteins

From: SF Chronicle (https://www.sfchronicle.com/
environment/article/Biggest-private-sequoia-grove-to-be-

preserved-in-14444748.php) and Google

saccharides 

From: Nature (doi.org/10.1038/
s41580-018-0037-7) and Google

lipids 

From: NIH (https://ghr.nlm.nih.gov/
primer/basics/dna)

https://pdb101.rcsb.org/motm/42
https://pdb101.rcsb.org/motm/42
https://doi.org/10.1038/s41580-018-0037-7
https://doi.org/10.1038/s41580-018-0037-7
https://ghr.nlm.nih.gov/primer/basics/dna
https://ghr.nlm.nih.gov/primer/basics/dna


Biomolecules perform the  
basic tasks of biology



Red blood cells catch oxygen 
with a protein called 

hemoglobin
From: PDB (https://pdb101.rcsb.org/

motm/41) and Flickr



ATP Synthase (complex of proteins) powers cells

From: Stuart Lab (https://www.youtube.com/watch?
v=b_cp8MsnZFA&feature=youtu.be&t=53)

https://www.youtube.com/watch?v=b_cp8MsnZFA&feature=youtu.be&t=53
https://www.youtube.com/watch?v=b_cp8MsnZFA&feature=youtu.be&t=53


DNA replicase (complex of proteins) copies DNA

From: Walter and Eliza Hall Institute (https://www.youtube.com/watch?v=mDZLiZB0iPY&feature=youtu.be&t=174)



What are biomolecules made of?



Most biomolecules are polymers

From: David Goodsell (https://
pdb101.rcsb.org/motm/42) and Google

proteins

From: SF Chronicle (https://www.sfchronicle.com/
environment/article/Biggest-private-sequoia-grove-to-be-

preserved-in-14444748.php) and Google

saccharides 

From: Nature (doi.org/10.1038/
s41580-018-0037-7) and Google

lipids nucleic acids 

From: NIH (https://ghr.nlm.nih.gov/
primer/basics/dna)

https://pdb101.rcsb.org/motm/42
https://pdb101.rcsb.org/motm/42
https://doi.org/10.1038/s41580-018-0037-7
https://doi.org/10.1038/s41580-018-0037-7
https://ghr.nlm.nih.gov/primer/basics/dna
https://ghr.nlm.nih.gov/primer/basics/dna


monomers

A

B

C

polymers

A BA AA BA A

C
B C

B A

A
B A

C
B C

B A

A
B A

C
B C

B A

A
B A



Polysaccharides are made of monosaccharides

Ribose Deoxyribose



Polysaccharides form 
straight or branched chains

From: Lumen Learning (https://courses.lumenlearning.com/wm-
biology1/chapter/reading-types-of-carbohydrates/)

https://courses.lumenlearning.com/wm-biology1/chapter/reading-types-of-carbohydrates/
https://courses.lumenlearning.com/wm-biology1/chapter/reading-types-of-carbohydrates/


Proteins are made of amino acids

L-alanine

NH2 —> 
“amino group” (N)

<— COOH 
“acid group” (C)



From: Biological Science, 2nd Ed (grabbed from https://
sites.google.com/a/providenceday.org/apbiology/codon-

charts-periodic-table)

There are  
20 amino acids* 
*(kinda, biology makes more kinds of amino 

acids by modifying these twenty)

https://sites.google.com/a/providenceday.org/apbiology/codon-charts-periodic-table
https://sites.google.com/a/providenceday.org/apbiology/codon-charts-periodic-table
https://sites.google.com/a/providenceday.org/apbiology/codon-charts-periodic-table


Nucleic acids are made of nucleotides

Deoxyadenosine triphosphate 
(dATP)

triphosphate ^ <- sugar 
(deoxyribose)

<— nucleobase 
(adenosine)



DNA 
(deoxyribonucleic acid)

RNA 
(ribonucleic acid)

Ribose Deoxyribose



DNA 
(deoxyribonucleic acid)

RNA 
(ribonucleic acid)

rGTP dATP



From: Wikimedia Commons (https://
commons.wikimedia.org/wiki/

File:Difference_DNA_RNA-EN.svg)



Lipids take on a variety of forms

trans-Retinal 



Lipids take on a 
variety of forms

From: Wikimedia Commons (https://
commons.wikimedia.org/wiki/File:
222_Other_Important_Lipids-01.jpg

)

trans-Retinal 

tetrahydrocannabinol

https://commons.wikimedia.org/wiki/File:222_Other_Important_Lipids-01.jpg
https://commons.wikimedia.org/wiki/File:222_Other_Important_Lipids-01.jpg
https://commons.wikimedia.org/wiki/File:222_Other_Important_Lipids-01.jpg


Biopolymers are  
programmable materials 
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programmable materials: e.g., DNA origami 

From: Rothemund, 
P.W.K, 2006 

(doi.org/10.1038/
nature04586)

http://doi.org/10.1038/nature04586
http://doi.org/10.1038/nature04586


From: Crick, F., 1956



From: Khan Academy (https://www.khanacademy.org/science/high-school-biology/hs-molecular-genetics/hs-rna-and-
protein-synthesis/a/intro-to-gene-expression-central-dogma)

https://www.khanacademy.org/science/high-school-biology/hs-molecular-genetics/hs-rna-and-protein-synthesis/a/intro-to-gene-expression-central-dogma
https://www.khanacademy.org/science/high-school-biology/hs-molecular-genetics/hs-rna-and-protein-synthesis/a/intro-to-gene-expression-central-dogma


How does information 
get converted from DNA to proteins?

How do atoms  
get converted from DNA to proteins?



Atoms: RNA polymerase reads DNA, writes RNA

From: Walter and Eliza Hall Institute (https://www.youtube.com/watch?v=mDZLiZB0iPY&feature=youtu.be&t=174)



Atoms: the Ribosome reads RNA, writes protein

From: Walter and Eliza Hall Institute (https://www.youtube.com/watch?v=mDZLiZB0iPY&feature=youtu.be&t=174)



Information: the Genetic Code maps RNA to Protein  



Information: the Genetic Code maps RNA to Protein  

mRNA

UUA

Protein

Leucine



Some awesome links for extra info

Protein Data Bank (web page)

Khan Academy - Central Dogma (videos)

XBio (e-book)

Cell Biology by the Numbers (e-book)

Khan Academy - Biomolecules (videos)

https://www.rcsb.org/
https://www.khanacademy.org/science/biology/gene-expression-central-dogma#transcription-of-dna-into-rna
https://explorebiology.org/
http://book.bionumbers.org/
https://www.khanacademy.org/science/biology/macromolecules

