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Eukaryotic cells are bigger and more complex

« Eukaryotes have many cells and cell-types, as well as many cellular

compartments
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Eukaryotic cells are bigger and more complex

« Eukaryotic transcription and translation are NOT coupled

 Transcription:
1. Promoter length and complexity
2. Chromatin accessibility/ transcriptional bursts (3D nuclear positioning)

3. mRNA maturation and export
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Eukaryotic cells are bigger and more complex

« Eukaryotes have a well-defined cell cycle
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Eukaryotic transcription

« Eukaryotic transcription: 3 different polymerases

« Higher complexity of promoter interactions

 Chromatin roadblocks
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Feedback control linearizes Response Curve in Yeast
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» Negative Feedback (NF) linearizes response curve

(Nevozhay et al., 2009. PNAS.)



Feedback control linearizes Response Curve in Yeast
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» Negative Feedback (NF) linearizes response curve, and reduces heterogeneity of

expression
(Nevozhay et al., 2009. PNAS.)
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Porting a Yeast circuit to Mammalian cells
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i » Multiple optimizations were needed to adapt a yeast

“linearizer” circuit to human cells (HEK293, MCF-7).

(Nevozhay et al., 2013. Nat. Commun.)
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Rational Design of Synthetic Yeast Promoters

Tuning Yeast promoters through synthetic transcription
factors: fusion of ZNF motif and trans-activating VP16

domain.

Each ZNF domain is 30 aa long and forms a [(Ba
configuration, where a-helix AAs interact with 3 nts in the

major groove of DNA.
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(Khalil et al., 2012. Cell.)



Tunable

Rational Design of Synthetic Yeast Promoters
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Tuning Yeast promoters through synthetic transcription
factors: fusion of ZNF motif and trans-activating VP16

domain.

Each ZNF domain is 30 aa long and forms a [(Ba
configuration, where a-helix AAs interact with 3 nts in the

major groove of DNA.
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Nucleosome affinity (arbitrary units)
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Computational design of Synthetic Yeast Promoters
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Modulating nucleosome positioning allows synthetic design of Yeast promoters.

(Curran et al., 2014. Nat. Commun.
Leavitt & Alper, 2015. Curr. Op. Biotech.)



Tunable Yeast Promoters for Metabolic Engineering
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Eukaryotic translation

* Requires 5’ cap (a guanine nucleotide connected to mRNA via an unusual 5’ to 5’
triphosphate linkage)

IRESes can mimic the 5’cap
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Eukaryotic translation

* Ribosomal scanning mechanism
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Translation Calculator in Eukaryotes?
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Modelling 5’UTR structure to predict mRNA translation rate in Yeast

(Cuperus et al., 2017. Genome Research.
Weenink et al., 2018. Synthetic Biology.)



Logic Gates using 3’'UTR Riboswitches in Yeast
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« Small-molecule activated hammerhead ribozyme alters mRNA stability

(Win et al., 2007. PNAS)



Logic Gates using 3’'UTR Riboswitches in Yeast
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« Small-molecule activated hammerhead ribozyme alters mRNA stability

(Win et al., 2007. PNAS)



Logic Gates using 3’'UTR Riboswitches in worms
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Small-molecule activated hammerhead ribozyme alters mRNA stability
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microRNAs for translation regulation
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« microRNAs can emerge from diverse RNA sequences
» They can cause both translation inhibition and mRNA degradation

(Winter et al., 2009. Nat. Cell Biol.
Oliveto et al., 2017. World J Biol Chem.)



Synthetic RNA logic in Mammalian Cells

Off Standard miRNA-responsive circuit
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microRNA programming using RNA interaction logic

(Matsuura et al., 2018. Nat. Commun.)



Programming RNA stability in Mammalian Cells
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Evolutionary history: Once upon a time

Eukaryotes were Archaebacteria
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(Archibald JM, 2015. Current Biology.)



Simpler Compartments: mitochondrion and chloroplast
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organelles allow localised concentration of enzymes, and simpler

(Avalos et al., 2013. Nat. Biotech.
Mayfield et al., 2007. Curr. Op. Biotech.
Rasala et al., 2010. Plant Biotech. Journal)



Simpler Compartments: mitochondrion and chloroplast
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« Eukaryotic organelles allow localised concentration of enzymes, and simpler

expression

(Avalos et al., 2013. Nat. Biotech.
Mayfield et al., 2007. Curr. Op. Biotech.
Rasala et al., 2010. Plant Biotech. Journal)



Building synthetic organelles
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» Using bacteria to colonise mammalian cells in order to re-establish endosymbiosis

(Agapakis et al., 2011. PLoS One)



Sensor microbiome in mammalian environments
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In the presence of tetrathionate (inflammation marker: Salmonella and Yersinia
infection), TtrS sensor becomes phosphorylated, in turn phosphorylating TtrR
activator, which activates expression through PttrBCA in anaerobic conditions.

(Riglar et al., 2017. Nat. Biotech.)



Genome Engineering with CRISPR

» A programmable CRISPR nuclease can be used to cause a double strand break
at a precise location identified by its 20nt “guide RNA”
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(Sander & Joung, 2014. Nat. Biotech.
Cong & Zhang, 2015. Methods in Mol Bio)



Skewing mosquito sex ratio
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(Galizi et al., 2014. Nat. Commun.
Galizi & Hammond et al., 2016. Sci. Reports)



Base editing using CRISPR targeting in mouse embryos
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albino traits
« By fusing a base-editing cytidine deaminase to Cas9, specific nucleotides in the
genome can be edited

« Changing a single nucleotide in the dystrophin gene (Dmd) or the tyrosinase gene
(Tyr). They were successful in both cases: Embryos with the single nucleotide
mutation in the Dmd gene led to mice producing no dystrophin protein in their

muscles, and mice with the Tyr mutation showed albino traits.
(Kim et al., 2017. Nat. Biotech. 35, 435-437)



“Prime” editing using CRISPR nickase Cas9
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Figure 2: The prime editar with the pegRNA. The Casgd portion of the edffor cuts the genomic DONA and the
meverse transcripfase portion polymerzes ONA onto the nicked strand based on the pegRNA sequence. Image
from Dawid Liu with permission.

By fusing a reverse transcriptase to nicking Cas9, a small number of specific
nucleotides in the genome can be edited

“They used CRISPR prime to perform more than 175 edits in human cells including
targeted insertions, deletions, and all 12 types of point mutation”

(Anzalone et al., 2019. Nature.)
https://blog.addgene.org/prime-editing-crisp-cas-reverse-transcriptase




CRISPR babies: How far have we come, and should we have?

« He Jiankui claimed during the Human Genome Editing
Conference in Hong Kong in 2018 that he has made the
world's first gene-edited babies
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Video stream of his talk:
https://livestream.com/accounts/7036396/events/8464254/videos/184103056




Questions welcome.

manish.kushwaha@inrae.fr



