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The molecular building blocks of cells

Fission yeast (Source: Prof. H.Niki, National Institute of Genetics, Japan)
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Building Synthetic Cells ?

Fission yeast (Source: Prof. H.Niki, National Institute of Genetics, Japan)
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We know the molecular parts!
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BUT:

* Which molecular components are minimally
required?

 What functions are minimally necessary for life?
Cell fueling

DNA Processing
Cell division




Building a synthetic cell: a collaborative effort

DNA proce55|n&@ Division

Multi-scale modeling

Whole genome optimization

Philosophy and Ethics



| Our Long Term Vision

Synthetic Cell Products

Circular economy

Recyclable biomaterials
Zero waste production methods
: : 12N
Synthetic cells for production of Biofuel ood €515
biofuels and other compounds & - Medicine
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Smart biosensors
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Biomarker discovery
Targeted personal medicine
Regenerative medicine
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Our Long Term Vision

Synthetic Cell Products

Circular economy

 Recyclable biomaterials
e Zero waste production methods
 Synthetic cells for production of
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Khodjakov lab

Dividing cells

Canman lab
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Combining forces and molecular control Tub
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Architecture of MT-binding complexes ? Bieling et al., Nature 2007

Vladimir Volkov Louis Reese Renu Maan /7 -y
k1 T T v A " Mal3
ey B B T é® (EB homolog)
b ) - comet formation
& Hansport —-N
- o _ “dynamic microtubule

85000058 . ~ PLL-PEG-biotin
- coverslip

4
xQ4 Queen Mary
L University of London

tubulin + Mal3 + Mal3/Tip1/Tea2 plus-ends + Mal3/Tip1/Tea2

plus-end minus-end plus-end minus-end plus-end minuie,fend tubulin + PEG-35k

1IRF

A en LS
. <N

a4
g ' Y

P
Nt
2o = ,‘1,’.
RN T
: - »

v - o~ .
- X e
A D e
T w8 3
3 =

-

PR
Yewe “d
) # ok - -—

\
Dy “‘
3 B
" 3
4

3
. .

.‘:}c‘!‘r";'
'?' il -v; ¥ ;

Ao ¥,

=
L%

tubulin

e S EP - . W
. B it ¢ Vg

oW, A o oiely
WS ATAY S o
- 5
™ g

> o - e e 7 g <.
- - »
R L i e T % 3
~ L J -

e
Geh =

NG ',‘;}e

Maan et al., Nat. Cell Biol. 2022



Inlets Dust-filter Outlet
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A minimal division machinery

\Khodjakov lab
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Roth et al. BioRxiv 2019



From eukaryotic to bacterial filaments

BtubAB Microtubule
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Bacterial
plasmid microtubule
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For shape change and transport

In-liposome gene expression
+ microtubule assembly
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Bacterial microtubule:
dynamic instability

Kattan et al., ACS Synthetic Biology 2021



Container growth

External feed
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ATP, lipid
Synthesis
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DNA processing
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Multiple

Single

Temporal control

Segregation Centering Deformation Splitting

A. Asymmetric

B. Symmetric
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Active
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Entropy Proteins Proteins Proteins

L1 Bl

Synthetic cells: 3 levels of autonomy / viability

Syr

Syr

Cell A: Simplest and asymmetric (autonomy high, viability low)
Cell B: Externally controlled and symmetric (autonomy low, viability high)

Syn Cell C: Internally controlled and symmetric (autonomy high, viability high)

C. Symmetric
Autonomous







Opportunities




But also questions

* Philosophical questions?
 Ethical issues?

e Safety?

* Technology: ownership?

Future Panel on Synthetic Life

https://www.rathenau.nl/nl



What does the public think?

Designer Mies Loogman

https://www.rathenau.nl/nl
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Babyshower at the
Dutch design week 2021
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Thank you!

Marileen Dogterom
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