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What is evolution?
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Why Evolution Matters

* 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?

e Variation

e Heritability

e Natural Selection

e Organism <> Environment interactions

Result: adaptive change over time, not random
chaos.



WHAT ARE THE ELEMENTS OF EVOLUTION BY
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*“Mutor’

Life Timeline

4 billion years ago 3 billon years ago 2 bilon years ago 1 billion years ago

“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

e Origin of life ~¥3.5-3.8 Ga

e Oxygenic photosynthesis ~2.5 Ga
e Eukaryotes ~1.5 Ga

e Multicellularity ~600 Ma

e Humans <0.3 Ma



LUCA & Universal Biochemistry

LUCA - Last Universal Common Ancestor

*What it is:The hypothetical 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 essential genes (for replication, translation,

core metabolism) are shared by all living organisms.
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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
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Molecular Similarity: Orthologs & Homologs

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

e Genetic code, metabolic pathways, ribosome
structure all conserved

e Hard evidence that life shares common origin

e Not just Darwin's finches — it's molecular and
measurable



Evolution as Nature's Engineering

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

engineering Iterative Design Process N




From Evolution to Engineering

Today we re-engineer biology: CRISPR,
synthetic biology, directed evolution P
- What was sci-fi is now reality |

- Nanotechnology + molecular biology € /
= new design space ‘

£




Deep Time vs Human Technology
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* billions of years vs decades of human tech

* nature as the ultimate R&D lab with infinite parallel
experiments.
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Implications for This Course

e Macromolecular structures shaped by
evolutionary constraints

e Learning from nature's solutions helps design
better nanodevices

e \We stand at the beginning of a new
engineering revolution



Summary & Challenge

Summary:

e Evolution explains molecular complexity

e Life is deeply engineered by selection
e \We can now re-engineer life

Challenge:

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



Further Reading — Evolution &
Universal Biochemistry
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