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What is evolution?



Why Evolu1on Ma3ers

• Understanding evolution is essential to understand 
why macromolecules look and function the way they 
do.

• For engineers, it shows how nature 'designed' 
systems over billions of years.



What is Evolution?

• Varia.on
• Heritability
• Natural Selec.on
• Organism ↔ Environment interac.ons

Result: adap.ve change over .me, not random 
chaos.





“If the Earth’s 4.6-billion-year history is compressed into a single day
… the first life on Earth would appear at 4:00 am … 

modern humans would not appear until the last two seconds of 11:59 pm.”



Deep Time: Scale of Evolution

• Origin of life ~3.5–3.8 Ga
• Oxygenic photosynthesis ~2.5 Ga
• Eukaryotes ~1.5 Ga
• Multicellularity ~600 Ma
• Humans <0.3 Ma



LUCA & Universal Biochemistry
LUCA – Last Universal Common Ancestor
•What it is:The hypothe6cal ancestral organism that lived about 
3.5–4.2 billion years ago, from which bacteria, archaea, and 
eukaryotes all evolved.
•What we know:We infer LUCA’s existence by comparing 
genomes — many essen6al genes (for replica6on, transla6on, 
core metabolism) are shared by all living organisms.



LUCA & Universal Biochemistry
What LUCA had:
•DNA or RNA genome with a nearly modern genetic code
•Ribosomes for protein synthesis
•Basic metabolic pathways (e.g., glycolysis-like energy 
generation)
•Cell membrane separating internal chemistry from the 
environment
Why it matters:
•Explains the universality of biochemistry (same 20 amino 
acids, same genetic code, ATP as energy currency)
•Shows that life had a single origin, not multiple independent 
origins



Case Study: 
Glycolysis

• Present in bacteria, 
archaea, eukaryotes
• Highly conserved enzymes
• Likely one of the earliest 
metabolic pathways
• Evidence of strong 
evolutionary constraint



Molecular Similarity: Orthologs & Homologs

• Example: GAPDH structure conserved from E. coli to humans
• Sequence and 3D structure homology
• Evolution uses duplication + divergence to innovate



Universal Evidence

• Gene.c code, metabolic pathways, ribosome 
structure all conserved
• Hard evidence that life shares common origin
• Not just Darwin's finches — it's molecular and 
measurable



Evolution as Nature's Engineering

• Incremental prototyping across billions of years
• Gene duplication, recruitment, optimization
• Compare with iterative design cycles in 
engineering



From Evolu1on to Engineering



Deep Time vs Human Technology

• billions of years vs decades of human tech
• nature as the ultimate R&D lab with infinite parallel 

experiments.



nanotube





Implications for This Course

• Macromolecular structures shaped by 
evolu.onary constraints
• Learning from nature's solu.ons helps design 
be\er nanodevices
• We stand at the beginning of a new 
engineering revolu.on



Summary & Challenge

Summary:
• Evolution explains molecular complexity
• Life is deeply engineered by selection
• We can now re-engineer life

Challenge:
Pick a molecular machine and think: how might 
it have evolved?



Further Reading – Evolu:on & 
Universal Biochemistry

• NR Pace (2001), 'The universal nature of biochemistry', PNAS — [Open link]
• Moody et al. (2024), 'The nature of the last universal common ancestor', Nature E&E — [Open link]
• SJ Kierans (2024), 'Glycolysis: multifaceted metabolic pathway', JBC — [Open link]
• MJ Harms et al. (2013), 'Evolutionary biochemistry', PNAS — [Open link]
• Court, Waclaw & Allen (2014), 'Lower glycolysis carries a higher flux...', arXiv — [Open link]

https://www.pnas.org/doi/10.1073/pnas.98.3.805
https://www.nature.com/articles/s41559-024-02461-1
https://www.sciencedirect.com/science/article/pii/S0021925824024086
https://pmc.ncbi.nlm.nih.gov/articles/PMC4418793/
https://arxiv.org/abs/1404.2900

