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▪ If you missed it – it’s on Moodle, ask me, a friend, a 
TA…

▪ ELMs are:

Living cells in a hospitable environment that sustains 
life and provides a responsive function related to life

OR

A cell that produces a useful material

OR

Fundamentally, any material with a biology part and a 
materials part

▪ Overview of grading scheme and course calendar

▪ Upcoming event: Lab activity on Sept 30, with reading 
homework/quiz uploaded on Sept 23, deadline Sept 30 
at noon

▪ To biology or not? We decided to biology a bit…



▪ Basic unit of organization in 
biological systems

▪ Many different types, but some 
common features

▪ Cell membrane

▪ Sometimes a cell wall (bacteria, 
yeasts, plant cells)

▪ Contains genetic material that 
provides instructions for function
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https://doi.org/10.1017/CBO9780511800986.004
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Three domains

…have membrane 

bound organelles

https://openstax.org/books/concepts-biology/pages/1-1-themes-and-concepts-of-biology
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Three domains 2

Bacteria and Archaea

Prokaryotes:

• No nucleus, no organelles, single cell

• Genetic information (DNA) is not 

compartmentalized

• Bacterial cell 1-10 µm

Eukaryotes:

• Nucleus, organelles, multicellular, more complex

• DNA located in membrane-bound nucleus

• Plant/animal cells 10-100 µm

Eukarya

https://www.micropia.nl/dossiercontent/microworld/en/4/?ph=1#:~:text=Eukarya%20is%20the%20only%20domain,%2C%20algae%20and%20micro%2Danimals.
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Notable mentions:

• Nucleus 

(chromosomes, 

DNA)
• Ribosomes (protein 

“factory”)

• Mitochondria 

(“powerhouse” of 

cell) – cellular 
respiration where 

glucose and oxygen 

are converted to 

ATP – the “energy 

currency” of the cell
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Biological molecules
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Macronutrients to  Micronutrients

• Lipids – fatty acids

• Carbohydrates – glucose

• Protein – amino acids

Different cells 

metabolize the products 

of digestion to gain 

energy (ATP)

digestion

Krebs cycle

https://www.youtube.com/watch?v=I-W-1ihnoqc


Glucose metabolism in 
eukaryotes
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ATP: Adenosine 5'-triphosphate

• Cells transform the energy in the 

chemical bonds of food 

molecules to more readily usable 
forms – energy-rich carrier 

molecules

• ATP is the most abundant energy 

carrier molecule in cells

1. Glycolysis to turn sugars into pyruvate

2. Krebs cycle

3. Oxidative phosphorylation

Glucose metabolism in a eukaryotic cell

Cell energy

Mitochondria

• Cell’s powerhouse

1 glucose molecule = 36-38 ATP molecules

Krebs cycle

https://www.nature.com/scitable/topicpage/cell-energy-and-cell-functions-14024533/
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Lipid bilayer

Synaptic vesicle

Vesicle

https://en.wikipedia.org/wiki/Lipid_bilayer
https://en.wikipedia.org/wiki/Synaptic_vesicle
https://en.wikipedia.org/wiki/Vesicle_%28biology_and_chemistry%29


▪ (CH2O)n

▪ C:H:O = 1:2:1

▪ Subtypes: Monosaccharide, disaccharide, polysaccharide

▪ Link via dehydration

Carbohydrates
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glucose maltose cellulose

Biological molecules

https://openstax.org/books/concepts-biology/pages/2-3-biological-molecules
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Biological molecules

https://opentextbc.ca/biology/chapter/2-3-biological-molecules/


▪ Expression of genetic information is 
achieved via proteins (especially enzymes)

▪ Living systems contain 1000s of different 
proteins, each with a unique function

▪ Transport, storage, membranes, toxins, 
enzymes, hormones

▪ Linear polymer of amino acids (AA’s)

▪ Different molecular weights

▪ Different shapes, e.g., globular or fibrillar

▪ Shape is critical to function (determined by 
sequence and number of AA’s)

Proteins
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Biological molecules

Cytochrome C

https://openstax.org/books/concepts-biology/pages/2-3-biological-molecules
https://en.wikipedia.org/wiki/Cytochrome_c
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▪ 20 main AA’s

▪ Same fundamental structure

▪ Different R-groups: acidic, basic, polar, non-
polar

▪ AA’s connect through peptide bonds via 
dehydration reactions

▪ A polypeptide is an AA polymer

▪ A protein is also an AA polymer, with a 
distinct shape and function

▪ Proteins can consist of several polypeptides

https://openstax.org/books/concepts-biology/pages/2-3-biological-molecules
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amino acids

https://en.wikipedia.org/wiki/Amino_acid


Dehydration reactions
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Peptide bondsGlycosidic bonds

https://www.researchgate.net/figure/Peptide-bond-formation-is-a-dehydration-reaction-The-molecular-weight-of-a-free-amino_fig1_314654802
https://socratic.org/questions/what-term-is-defined-as-a-molecule-formed-by-bonding-of-two-monosaccharides
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Biological molecules

▪ Primary – sequence and number of 
amino acids, determined by gene 
that encodes the protein

▪ Secondary – folding patterns from 
interactions between non-R groups, 
held together by H-bonds, e.g., α-
helix and β-sheet

▪ Tertiary – 3D structure, mainly from 
interactions between R groups

▪ Quaternary – proteins formed from 
several polypeptides (subunits), 
functional form of many proteins

https://openstax.org/books/concepts-biology/pages/2-3-biological-molecules
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bovine rhodopsin

beta meander

https://en.wikipedia.org/wiki/Alpha_helix#/media/File:1gzm_opm.png
https://en.wikipedia.org/wiki/Beta_sheet#/media/File:Beta-meander1.png
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▪ 4 subunits (quaternary 
structure)

▪ Oxygen transport in RBCs

▪ Contains 4 iron-containing 
heme groups = can bind up to 4 
oxygen molecules

▪ Tense state: lower affinity to 
oxygen, promotes oxygen 
release in tissues where 
oxygen is low

▪ Relaxed state: upon binding 1 
oxygen molecule, easier to bind 
other 3 (cooperative binding)

Hemoglobin

https://en.wikipedia.org/wiki/Hemoglobin#:~:text=In%20adult%20humans%2C%20the%20most,as%20%CE%B12%CE%B22.


Monomer-polymer cycle…how are 
proteins made?
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• Protein is a condensation 

heteropolymer (dehydration)

• Looks simple but protein 

synthesis requires many 
components whose functions 

are coordinated during the 

complex process of 

translation

https://doi.org/10.1017/CBO9780511800986.004



So, how are proteins made?
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Chromosome

• Thread-like structure

• Made of DNA and proteins

• Carries genetic information in the form of genes

https://en.wikipedia.org/wiki/Chromosome


▪ Carry genetic blueprint of life

▪ Two main types: DNA 
(deoxyribonucleic acid) and RNA 
(ribonucleic acid)

▪ DNA = genetic material of all living 
organisms

▪ RNA = mostly involved in protein 
synthesis

▪ Nucleotides are made of 3 
components: nitrogenous base, 
pentose sugar, and a phosphate group

▪ Nitrogenous bases (A, G, C, T) have 
coding function in DNA

Nucleic acids 
(DNA/RNA)
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https://openstax.org/books/concepts-biology/pages/2-3-biological-molecules
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• Nucleotides join via 5’→3’ phosphodiester linkage that confers directionality

• 5’ end has a free phosphate, 3’ end has a free hydroxyl

https://openstax.org/books/concepts-biology/pages/2-3-biological-molecules


All genetic information – 4 letters only
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DNA bases

In RNA: Uracil (U) instead of thymine (T)

https://socratic.org/questions/what-are-the-four-bases-of-dna
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▪ Double-stranded DNA - primary genetic material 
of most organisms

▪ Must be stable (>100 years)

▪ Must be able to replicate during growth and 
development

▪ Limited potential for alteration of genetic 
materials (mutation) to enable evolutionary 
pressures to exert their effects

https://doi.org/10.1017/CBO9780511800986.004

STABLE, REPLICABLE, MUTABLE



The central dogma
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https://doi.org/10.1017/CBO9780511800986.004

• Unidirectional transfer of 

information

• DNA’s A,G, T, C codes 

are transferred to RNA’s 

A,G, U, C codes
• Encoding proteins is 

done in groups of 3 or 

codons
Transcription Translation
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https://www.youtube.com/watch?v=TNKWgcFPHqw
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From DNA to protein

https://www.youtube.com/watch?v=gG7uCskUOrA


▪ Basic units of genetic information

▪ Stretches of DNA that contain the 
instructions for building biological 
molecules, like protein

▪ Determine specific traits by encoding 
proteins, which carry out various 
functions in the body

▪ ‘Gene’ as a term usually represents the 
genetic information transcribed into one
molecule of RNA, which is in turn 
translated into one protein

Genes
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• Prokaryotes – in cytoplasm

• Eukaryotes – in nucleus

https://doi.org/10.1017/CBO9780511800986.004



▪ 20 AA’s but only 4 letters (A,G, C, T)

▪ Triplet combinations of 4 letters: 43 = 64 possibilities

▪ Codons are sets of 3 nucleotides (trinucleotides) that specify a given 
amino acid

▪ More codons than needed – 3 are ‘STOP’ codons, some amino acids 
are specified by more than 1 codon (redundancy in code)

The genetic code
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https://doi.org/10.1017/CBO9780511800986.004



The genetic code
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https://doi.org/10.1017/CBO9780511800986.004

• Read 5’ → 3’

• RNA uses uracil (U) to 

replace thymine (T)

• Genes are made of 
sequences of 

trinucleotides that 

encode for a specific AA 

acid sequence, e.g. a 

protein



A protein made up of 300 
amino acids needs how 
many nucleotides at a 
minimum? 

A. 4

B. 900

C. 600

D. 64

M
S

E
 4

9
3

35



Provide the codons for the 
‘STOP’ command 
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Gene structure in prokaryotes 
(lac operon example)
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https://doi.org/10.1017/CBO9780511800986.004

• Operon is a cluster of genes 

usually found in prokaryotes, can 

code for more than 1 protein

• Lac operon - codes the enzymes 
for lactose catabolism

• 3 structural genes that code for 

protein that digests lactose 

• Gene circuit that only lets cell use 

lactose in the absence of glucose

• Repressor gene codes for LacI

repressor protein (off switch)



Why are we learning lac operon 
in ELM’s?
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https://doi.org/10.1017/CBO9780511800986.004

• ON/OFF Switch for genes (and their 

response)

• LacI is a repressor protein that keeps 

the switch off

• IPTG is a chemical inducer

• To turn the switch ON: IPTG binds to 

LacI, leading to its release

• Now transcription and translation can 

happen – stays ON

• Remove IPTG, LacI binds again, off-
switch (LacI is not metabolized)

• You can engineer the structural gene 

part to turn on/off the expression of 

different proteins! 



General idea: 

▪ Used to alter the genetic make up 
of an organism

▪ Combines DNA from different 
sources to create sequences that 
do not naturally occur

▪ Can be used to get a host to 
produce a non-native trait or 
protein

Recombinant DNA technology
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Recombinant DNA technology

Steps:

(1) Identify target gene

(2) Cut DNA with restriction 
enzymes

(3) Insert target gene into vector 
(carrier molecule, usually a 
plasmid), join with DNA ligase; 
now you have recombinant 
DNA

(4) Introduce rDNA into host 
organism

(5) Host organism can express new 
gene to produce, e.g., a protein 
of interest

https://www.genome.gov/genetics-glossary/Recombinant-DNA-Technology


Recombinant DNA 
technology 
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Recombinant DNA technology

https://www.genome.gov/genetics-glossary/Recombinant-DNA-Technology


Tools for gene editing  - Recombinant 
DNA Technology
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Recombination

https://www.youtube.com/watch?v=8rXizmLjegI


▪ CRISPR – “Clustered Regularly 
Interspersed Short Palindromic Repeats”

▪ DNA sequences in bacteria that are from a 
past viral infection

▪ CRISPR DNA is coupled to a molecular 
scissor (Cas9)

▪ CRISPR-Cas9 defends bacteria against 
subsequent viral infection by recognizing 
the viral sequence, cutting the viral DNA, 
and deactivating the virus

▪ Part of the adaptive immune system of 
bacteria

What is CRISPR?
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https://www.nobelprize.org/uploads/2020/10/p

opular-chemistryprize2020.pdf



2020 Nobel Prize: CRISPR-Cas9,
Emmanuelle Charpentier
Jennifer A. Doudna
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CRISPR-Cas9 Story

https://www.youtube.com/watch?v=cuHD7jCY8X4
https://www.youtube.com/watch?v=cuHD7jCY8X4
https://www.youtube.com/watch?v=cuHD7jCY8X4


Tools for gene editing  - CRISPR-CAS9
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https://www.youtube.com/watch?v=2pp17E4E-O8



▪ Biological ingredients

▪ Some glimmer of tools of genetic engineering

▪ Can create designer microbes that elicit a specific response, on demand

▪ This is the worst it will get in terms of the biology that we will study

Take aways
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