Three pillars of synthetic biology

Paul Hudson

Associate Professor

KTH Royal Institute of Technology
Science for Life Laboratory

2019-May




ﬁ&vnsusupﬁﬁ

3% OCH KONST 25

"%X&’ The new era of corporate scandal
The Algeria kicks out its dictator

Why Europe’s banks are so rotten

Economist Great wheels of China

Redesigning life

The promise of synthetic

April 2019



B,

ﬁ;;:} Synthetic biology’s vision: cell as computer

c cultures
K"

Biochemical
reactions

Y Proteins,
\ genes...
'

Weiss 2009



EEEEEEEEE

1

Synthesizing DNA of any length and sequence
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Many efforts to reduce the error rate in DNA synthesis

Price Per Base of DNA Sequencing and Synthesis
Rob Carlson, March 2016, www.synthesis.cc
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It is harder to write DNA than to read it

SGI desktop DNA printer
500,000 SEK
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SCIENCE

Researchers Say They Created a ‘Synthetic Cell’

By NICHOLAS WADE MAY 20, 2010

New York Times 2010

“WHAT | CANNOT CREATE, | DO NOT UNDERSTAND”

Encoded into genome of “M. laboratorium.”
500 necessary genes have unknown function
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New Details Emerge About the Plan to Build an
Artificial Human Genome

Forbes 2016

doi:10.1038/nature12886

The complete genome sequence of a

Neanderthal from the Altai Mountains

Nick Patterson’, Flora Ja:

Svante Paébo
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Making DNA “circuits”
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Glucose-Lactose Diauxie in Escherichia coli
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“What is true for E. coli must also be true for
the elephant.” -Monod 1960s
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Voigt 2017: “Color photography by GMO E. coli”
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...Circuitry under the hood
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“Living therapies” will use logic gates

Seek and destroy (and obey)
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Editing DNA in the genome
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GMOs of the past: not genome edited

GloFish (1999)

AquAdvantage salmon (1990)
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Streptococcus thermophilus;
the source of CRISPR/Cas9
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The DNA cut is the opportunity for editing

Complex formation
gRNA and target binding
+ —>
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Spacer / irget+PAM
Target cleavage

(DSB formation)
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Non-homologous Homology directed

end joining (NHEJ) ¥ AW repair (HDR)
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Repair template with homology arms,
desired genomic edit and PAM mutation

Deletion TITTITIIT) l

Insertion dungwm

Frameshift LTI Precise edit ITTTITIIT NI aeroTa

Image: Addgene



Medical biotechnology:
Pigs as clean organ factories

Church lab Harvard, 2015
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Industrial biotechnology

SYNTHETIC BIOLOGY

Complete biosynthesis of opioids
in yeast

Stephanie Galanie," Kate Thodey,” Isis J. Trenchard,”
Maria Filsinger Interrante,” Christina D. Smolke®

Opioids are the primary drugs used in Western medicine for pain management and
palliative care. Farming of opium poppies remains the sole source of these essential
medicines, despite diverse market demands and uncertainty in crop yields due to weather,
climate change, and pests. We engineered yeast to produce the selected opioid
compounds thebaine and hydrocodone starting from sugar. All work was co! cted in a
laboratory that is permitted and secured for work with controlled substances. We
combined enzyme discovery, enzyme engineering, and pathway and strain optimization
to realize full opiate biosynthesis in yeast. The resulting opioid biosynthesis strains
required the expression of 21 (thebaine) and 23 (hydrocodone) enzyme activities from
plants, mammals, bacteria, and yeast itself. This is a proof of principle, and major hurdles
remain before optimization and scale-up could be achieved. Open discussions of options
for governing this technology are also needed in order to responsibly realize alternative

eninnliae far thaca madirallv ralavant camnnninde

Smolke lab, Stanford 2015
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Three pillars of synthetic biology
1. Synthesizing DNA of any sequence
2. DNA “circuits” that respond to stimulus
3. Genome editing
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