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What is Synthetic Biology?

 The first reported use of the term “Synthetic
Biology” dates as long back as 1910-1912, by j;?r
French Biologist Stéphane Leduc.

« Waclaw Szybalski is credited for popularizing it in
1974. |

 However, it has re-appeared as a new biological

discipline at the turn of the millennium (2000). mage credit

@ad_am_ara ¥



What is Synthetic Biology?

 Like any other new discipline, its definition is still evolving. It has
variously been described as a discipline:

1) “Synthetic biology is the engineering of biology: the synthesis of complex,
biologically based (or inspired) systems which display functions that do
not exist in nature. This engineering perspective may be applied at all
levels of the hierarchy of biological structures—from individual molecules
to whole cells, tissues and organisms. In essence, synthetic biology will
enable the design of ‘biological systems’ in a rational and systematic way.”
(NEST High-Level Expert Group, 2005)

2) “where ICT, biotechnology and nanotechnology meet and strengthen each
other” (De Vriend, 2006)

3) “that uses engineering principles to design and assemble biological
components” (Wellhausen & Oye, 2007)

4) “towards Biotechnology 2.0” (Zakrzewski et al., 2013)

9) “Synthetic biology is an emerging area of research that can broadly be
described as the design and construction of novel artificial biological
pathways, organisms or devices, or the redesign of existing natural
biological systems.” (The Royal Society, 2014)



What place could Synthetic Biology have in the Sciences?

‘... at the moment of its birth, a science not only gets rid of a certain number
of obstacles but also eliminates and masks a certain amount of existing
knowledge and wisdoms. It's as if applying a new grid, which allows for the
appearance of phenomena that had been previously masked while at the

same time masking already existing knowledge ...”
-Michel Foucault
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- welcome to the fourth debate of
_ the International Philosophers' Project.

A televised debate (1971)
Debate Noam Chomsky & Michel Foucault - On human nature [Subtitled]
https://www.youtube.com/watch?v=3wfNI2L0Gf8

Credit: William Rostain



A rallying cry for Synthetic Biology
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“What | cannot create, | do not understand.”

-Richard Feynman



Gene Regulatory Networks are Complex

TOP
DOWN

« Decomposing interactions can help understand complex behaviour

« But, this is NOT easy!

RegulonDB (Salgado et al., 2006. NAR.)
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A different approach: Building up Complexity

BOTTOM
UP

Starting with simpler parts, complex behaviour can be engineered

(Leonard et al, 2008. Trends in Biotech.)



What could Synthetic Biology be masking?

« “Synthetic biologists frequently cite genius physicist Richard Feynman
“What | cannot create | do not understand”. This leitmotiv, however, does
not necessarily imply that “What | can create, | do understand”, since the
ability to create is essential but not sufficient to full understanding.”

(Do | Understand What | Can Create? Schmidt, 2009.)

« Starting with a fixed idea of what is to be achieved, which is at the core of
synthetic biology, may inhibit discovery research while being essential to
the creation of new objects, whether physical or biological.

(Where Synthetic Biology Came From and Where It Needs to Go. Way,
Collins, Keasling, Silver. 2014.)



Yet, creating and learning can go hand in hand

Milestones of organic chemistry

Synthesis

1828 __|
Urea (Wdhler)

1845
Acetic acid (Kolbe)
1850s
Methanol, ethanol, benzene (Berthelot)
1854 !
Tristearin (Berthelot
e s [

Aniline Purple (Perkin)

1867 [ |

Indigo (Baeyer)

1908
Sulfanilamide (IG Farbenindustrie)

Theory

Early 1800s
Empirical formulas

1852
[~ Valence (Frankland)

[\ 1858
Structural formulas (Kekulé)

l—_\ 1865

Ring structure for benzene (Kekulé)
[\ 1874

Tetrahedral geometry for carbon
(Van't Hoff)

Y

Yeh, B.J., and Lim, W.A. (2007). Nat. Chem. Biol.

Synthetic DNA led directly to the
discovery of the genetic code
(Khorana, 1965)

Chemical synthesis of active RNase A
showed that primary sequence is
sufficient to confer tertiary structure
(Merrifield, 1971)

Complete chemical synthesis of
poliovirus DNA (Wimmer, 2002)

Complete chemical synthesis of
bacterial genome (Venter, 2010)



DBTL cycles improve creation and knowledge

Test

Petzold et al. (2015). Frontiers in Bioengineering and Biotechnology.



Synthetic biology
“Parts” Hierarchy for Biological Functions

Networks

’\ Tissues,
| cultures
v
Computers
", Pathways
Modules
Biochemical
reactions
Physical layer ‘-QF . Proteins
\ genes...

!

N
\ JJJJJ}M‘ C'

-
--._,,¢’

Andrianantoandro et al. (2006). Molecular systems biology.



A Specification sheet
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A Specification sheet for genetic parts

The ‘datasheet’ for genetic parts
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(Canton et al., 2008. Nat. Biotech.)



Engineering a Synthetic Genetic Network:
Connecting the Parts

Inputs Outputs
Chemicals \ '-'-' Reporters
Metal ions —/ Motility
— cheZ —

Light ‘;
Heat D_ i Cell growth
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Dj - | Morphology
Antigens - °/  Chemicals

1-—‘ > | >
Sensors Internal logic circuits Actuators

(Wang & Buck, 2012. Trends in Microbiology)



Standardisation in Synthetic Biology

« Well-characterised biological parts, like parts of a machine, can be re-used in
novel contexts with similar functionality.

« Use of standardised symbols, metrics, terminology allow unambiguous
understanding of the properties or behaviour of the engineered systems

The time has come to

THINK METRIC

Canada and Mexico now use the metnc
system of measurement

A change to the metric system for the
United States is under consideration
Presented here are examples of some of the
conversions or comparisons betweer the
United States CUSTOMARY system o
measurement and the METRIC systens of
measurement.

LENGTH—a measure of extent or distance.

LINEAR MEASURE

CUSTOMARY METRIC
1inch = 1 conBMmator =
2.54 centimatars 0.39 inches
1 foot = 1 meter = 3.28 feet

1yard = 0.91 meters 1 metor « 1.09 yards

1980s AA Road Map in the USA
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“Chasses” in Synthetic Biology

» “the basic functionalities of a bacterial genome provide a chassis on top of
which forward engineered biological systems can be implanted”

(Victor de Lorenzo, 2011. Bioengineered bugs.)

Enabling ) . ) New-to-Nature
technologies Functional P. putida chassis bioproducts

Synthetic O
e Ly |
Alternative W \
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\./
3‘ Industrial
production
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Omics data 22

* Robust extant biochemistry
* Flexibility to accommodate

trans-metabolisms \ )

Nikel & de Lorenzo, 2018. Metabolic Engineering.



“Chasses” in Synthetic Biology

« Towards a new Kingdom?
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“The Synthetic Kingdom”, 2009. Alexandra Daisy Ginsberg.
https://daisyginsberg.com/work/synthetic-kingdom




iIGEM
« The International Genetically Engineered Machine (iGEM) is an international
competition

» Student teams develop synthetic biology projects over each summer

» They present their work at the Giant Jamboree in October/ November.




Synthetic Biology: The Society

Bio-art in Synthetic Biology

http://web.mit.edu/endy/www/scraps/comic/AiSB.voll.pdf

| ?\egmgt:gs The story telling

estigating Synthetic Blnlony 'S
DE-SIgI"IS on Nature




Public Engagement

Synthetic Biology: The Society

Antonina Khodzhaeva, SYNENERGENE Forum
www.ecsite.eu

The VR experience, WISB
Cheltenham Science Festival, 2018

Governance and Regulation: Biosafety, Biological Diversity

Redford et al., 2019. Genetic frontiers for conservation: An assessment of synthetic biology
and biodiversity conservation. Technical assessment. Gland, Switzerland: IUCN.

Keiper & Atanassova, 2020. Regulation of Synthetic Biology: Developments Under the
Convention on Biological Diversity and Its Protocols. Front. Bioeng. Biotechnol.

Li et al., 2021. Advances in Synthetic Biology and Biosafety Governance. Front. Bioeng.
Biotechnol.



Synthetic Biology: the First Decade

___________________________________________________________________________________________________________________________

2000: Two papers in Nature report synthetic biological circuits, a genetic toggle switch and a biological clock, by combining genes '
within E. coli cells.[12][13]

2003: The most widely used standardized DNA parts, BioBrick plasmids, are invented by Tom Knight |4 These parts will become
central to the International Genetically Engineered Machine (iIGEM) competition founded at MIT in the following year.

2003: Researchers engineer an artemisinin precursor pathway in E. coli [1°]

(SB1.0) is held at MIT.

2005: Researchers develop a light-sensing circuit in E. coli. /'8! Another group
designs circuits capable of multicellular pattern formation.['’]

2006: Researchers engineer a synthetic circuit that promotes bacterial invasion of

2004 First international conference for synthetic biology, Synthetic Biology 1.0 ,
tumour cells.[18]

Non-exhaustive list of Key landmarks

https://en.wikipedia.org/wiki/Synthetic _biology (25/09/2024)




Synthetic Biology: the Second Decade

2014 E. coli dependent on synthetic amino acids
Biosynthesis of opioids from yeast

Bacteria that sense and record in the gut
Cell-free paper-based sensors and logic
E. coli engineered with 6 bases of DNA
Synthesis of a yeast chromosome

2013

Biosynthetic production of artemisinin
Genomically recoded E. coli

2012
DNA used for data storage

Refactored nitrogen fixation cluster
Whole cell simulation of a mycoplasma

2011

Phage-based continuous evolution
Bacterial growth in stripe patterns

2010

Synchronized bacterial oscillators
Synthetic mycoplasma genome

Key landmarks (Meng & Ellis, 2020. Nat. Comms.)



Synthetic Biology: the Second Decade

2019
Full synthesis of E. coli genome

Carbon fixation in engineered E. coli
Gene circuits with designed proteins

Synthetic production of cannabinoids
2018

CAR-T cells with logic control
Yeast with synthetically fused chromosomes
Self-organizing multicellular structures

2017

Synthesis of 5 more yeast chromosomes
CRISPR-based rapid diagnostics

2016
In vivo event recorders

Synthesis of a reduced mycoplasma genome
Cello CAD for E. colilogic gates

2015

Key landmarks (Meng & Ellis, 2020. Nat. Comms.)



Synthetic Biology: Promise for the Future

Synthetic biology
The engineering of living organisms
could soon start changing everything

Synthetic biology has only just begun, says Oliver Morton

Wil Wasrsr

KO Print edition | Technology Quarterly > o o @ e
Apr 4th 2019

The Economist
https://www.economist.com/technology-quarterly/2019/04/04/the-engineering-of-living-organisms-could-soon-start-
changing-everything




Synthetic Biology: Industry

https://www.cbinsights.com/research/synthetic-biology-startup-market-map/

CB insights, 2017

=I 60+ SYNTHETIC BIOLOGY STARTUPS REIMAGINING FOOD, FUEL,
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Questions welcome.
manish.kushwaha@inrae.fr



