
Lecture 25: Synthetic life



Synthetic biology highlights

• Minimal cell

• Synthetic cell

• Artificial cell (biomemetic chemistry)

• Death



Engineering genetic circuits

Repressilator: light oscillates as generations pass…

3 transcriptional
 repression systems



Gene transcription at single cell
level

 Tagging protein

Target mRNA

repressed by LacI and activated by AraC

inducible by anhydrotetracycline (aTc).



Single mRNA production
Variation of mRNA number 

across cells

Transcription occurs in bursts!

Cell 123:1025 (I. Golding)



Producing antimalarial drug with
engineered bacteria

Nature Review Genetics 6:539



Library of standard DNA parts that encode basic biological functions (BioBricks)
http://parts.mit.edu/registry/index.php/Main_Page



Indispensable and essential
genes
Bacillus subtilis: total 4,100 genes 

What is the smallest set of genes an organism needs to live
in a particular Environment?

        Grew thousands of B. subtilis cells and
systematically inactivated one gene per cell

PNAS 100(8):4678 (2003)

192 are indispensable
Another 79 are essential





Minimal bacterial genome
• Patented (2007). Only 381 genes.

• The particular set of gene required to sustain free-living cell
(Mycoplasma laboratorium.)

• 23% of genes of unknown function are essential

• Use: design bacteria for hydrogen gas production, conversion of
cellulose into ethanol, or maybe straight 87 gasoline

PNAS 103:425 (2005)





Craig Venter’s synthetic bacteria
1. Synthesize the genome you like

(done) Science 319:1215
      6000 bases + enzymes + yeast

2.    Replace natural genome with
      a synthetic one (entire genome)

Science 317:632 

3.   Boot up (not done yet)



Synthetic minimal cell
Or how far can we push self-assembly?

Ribosomes, viruses can be assemble in vitro, but not cells!

George Church

Cell: self-replication, membrane-
encapsulated collection of
biomolecules

“Life cannot be understood by
studying its parts, it should be
put together from its parts”

The simplest cell would be very
complex. Let’s substitute complex
subsystems with simplified (synthetic) analogs

Molecular Systems Biology (2006)



Approach
“Building machine from mysteriois parts will only create a
mysterious machine”

Membrane proteins and polysac-
charides may be dispensable

Subsystems:
Genome replication
Transciption
RNA processing
Translation
Post-translation
Compartments and division
Integrating the subsystems



Minimum self-replicating system



Minimum self-replicating system



Synthetic biology highlights

• Minimal cell

• Synthetic cell

• Artificial cell (biomemetic chemistry)



Liposomes

proteoliposome immunoliposome

http://www.biophys.au.dk/Person/fc/fceng.htm

Encapsula NanoSciences



Sol-gel process

PEG

Silica particles



Bacteriorhodopsin (bR)

Proton pump in 
halobactaria (archaea)

Retinal cofactor

http://anx12.bio.uci.edu/~hudel/br/

New on DVD?



FoF1 ATP synthase

(Wolfgang Junge)



Proteogel

Nature Mat. 4:220
“cell” size: ~120nm

Gel “doped” with proteoliposomes



It can pump protons and make ATP !

Fluorescence of pyranine Charge-discharge cycles



Polymersome

Nano Lett. 5:2528

Membrane is a triblock copolymer!
Average size: 37nm

Luciferase + luciferen was used to 
prove ATP production



Ni post (height 200 nm,
diameter 80 nm)

nanopropeller (length 750 to 1400 nm, diameter 150 nm).

Nano-propeller

Engineered F1-ATPase

F1-ATPase propeller

Carlo
Montemagno



Muscle powered walker

Nature Materials 4:180

138 µm long, 40 µm wide, and 20 nm/300 nm (Cr/Au) thick.

cardiomyocytes


