


Introduction

Yeast 2.0 is completely synthetic,
carrying 16 man-made chromosomes
Yeast 2.0 can be optimized for
intended purpose

Designing a synthetic chromosome
region

Deleting genes

The yeast 2.0 can be harnessed to
produce drugs, fuels, biomolecules
etc.




Why yeast?

Eukaryotic glycosylation

Faster and cheaper and simpler than
mammalian cell factories

Robust

Genome well known

Non-toxic

Ecologically friendly: Target molecule
can be produced without toxic
solvents, harsh conditions and the
generation of by-product wastes.
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Original region

YERCsigmal == tQ(UUG)ET

. Esental

Modified chromosome region

. Essential ORF RNA intron removed

Long Terminal Repeat

PCR tag in ORF

Replace TAG with TAA
(Multiple times)

. Lox P site




260000 - 270000 bp region of the native yeast chromosome V

YEROS3CA, 23933..261 046 YEROB4C 262052..263598 ‘YEROS5C 264892, 265785 YEROSEC 266512..268113 YERDDECH 269423,.270185

- Essential gene

- Non essential gene

Synthetic construct
ROSSC 264762, 265655 YERDSACA 269319 270081

YERDGAC 261922 263568 YEROSSL 266395 . 2679%

ngtm

louPsym 266382 265394 267907266009

Mon-essential gene YER053C-A removed
LoxP-sites added
TAG-codons replaced with TAA
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What would you use the yeast for?

e Use: produce G-CSF biosimilar

e Deleting MNN1 improves glycan
homogeneity by eliminating interfering
mannosyltransferase activities

e GIcNAc2Man3GIcNAc2 glycan
abundance increased by enhancing
UDP-GIcNAc transport into Golgi
apparatus via expression of

transporter



Granulocyte colony-stimulating factor

e Human G-CSF is a single polypeptide
chain protein of 174 amino acids with O- Hematopoietic

Cell
glycosylation at one threonine residue Qj’ @g
e Filgrastim is a G-CSF analogue used for i e oo

treatment of neutropenia

Filgrastim
e Bone marrow donation was the earlier
option Normal Neutropenia
e Lenograstim is the glycosylated form e % > ® a¥®
(CHO cells) o* : o9
e  Other filgrastim products non- = - S -
glycosylated (E. coli) ’ Neutrophils Iggt:g:hil . o
e 3% helical (3 helices; 10 residues Z
( ) ® (® l
& < C AW *
e  42% beta sheet (25 strands; 134 l ©
(=

“»% 32



Homo sapiens colony stimulating factor 3 (CSF3), transcript variant 1, mRNA

NCBI Reference Sequence: NM_000759 3
GenBank FASTA

BmtI (236)
BamHI (378)

granulocyte colony-..
inference=C00..

BsgI* (1638)
BspEI* (1667)

Pwvull (2071)
(8451) AvrIl

(8196) Alel BspQI - SapI (2362)

Aatll (4293)
Stul (4447)
BIpI (4481)

Dralll (4673)
AbsI - PaeR7I - PspXI - XhoI (5194)
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Include and omit

Omit

Yblo16W = cell fusion

YLCO067C = silenced gene
Proteasomes

Introns

YGLO38C = characteristic of yeast
glycosylation

Include

Yer008C = post translational
modification

Ybl040C = vesicle mediated protein
transport

ER chaperone calnexin

Selection marker (NAT & G418 or
URA3 & LEU2)

Tet-ON (DOX inducible)
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How would you make the strain a
better chassis?

Adding useful target genes

Use metabolic modelling to redirect
fluxes and optimise production
Using genetic switches to enhance
production and yield (by diverting
metabolic fluxes to desired pathways)
Use different promoters for different
induction

Creating even more durable/tolerant
strains

Gene deletion for glycosylation




Wet lab construction procedure

Gene deletion for glycosylation:

Clone ordered oligos into E. coli
UDPGIcNACc transporter gene from K. lactis
Digested and ligated into plasmid
Transformed into yeast

Target genes replaced with kanMX4 or
natNT2 cassette and 50 bp flanks



Wet lab construction procedure

Homologous recombination with URA3
and LEUZ2 auxotrophy:

Order sequence as plasmid
Digest and linearise plasmid
Electrophoresis selection

Cut correct length band
Transform DNA into yeast
Auxotrophic marker plates
Use PCR and sequencing to
check that correct “chunk” was
transformed

e Repeat until all “chunks” have
been transformed




e Sc2.0, a highly modified
Saccharomyces
cerevisiae genome
reduced in size by nearly
8%, with 1.1 megabases
of the synthetic genome
deleted, inserted, or
altered. ~

_‘No~n—nativ g'enes :

Differs from native
dréanism, doesn’t exist in
. .nature
e Génome has been
e ® modified for better
controlling ®nd
robustness



S|gn|f|cance and impact of the
4 yeaﬁ 2.0? :

L :'- » The goal of the Sc2.0 project is
the complete synthesis of a

-
" =l : . custom-designed genome for a
: tlons and ansv T TR eukaryotic model organism to

Mtiés of ch o
on of RNA spli
Availability of a fully synthetic
@ genome allows direct testing
of evolutionary questions thgt. o o
o o are not otherwise ®
approachable
e Can help to explain the
function of certain fragments l\.‘,‘:.m:;”:
Q1010E02010 10101+1 0101 0101010 11010 1010 lul -)lnlu 1 olotoiol oio
of DNA in genome
e (Can help to optimize yeast as
production host organism of
cell factory

serve as a platform for
systematic studies of eukaryotic
chromosomes.




Thank You!
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PST modification etc.

One-step gene replacement in yeast by cotransformation
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