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Workshop Overview

« Synthetic Biology
- Definition
- Integrated technologies

« Host Systems
- Microalgae opportunities and challenges

* Development of microalgae engineering kits
- Host strains
- Vector systems
- Media
- Algae engineering examples




Synthetic Biology

Engineering life for useful purposes

A rapidly growing field of research: a new approach to life sciences
Multi-disciplinary: Engineering, biology & informatics converge
Cutting edge research and development tools

Enable broad industrial applications

Standardized Parts
Engineered Hosts
Synthesis & Assembly Tools
Computational Design Software
Analytical Tools

Healthcare Energy Chemicals Agriculture Bio-Remediation
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Building a complete synthetic biology toolkit
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Jatropha
Modified PGM™ Sequencer *  Collaboration with SG Biofuels _
. > 55M single and mate pair reads on Solid 4 platform
_ . Transcriptome analysis
- Li : Tablet _qssembly . Genome: ~30k Contigs, mapped to known homologs
ifeScope Genomic editing . NS0 - 3500 bp. Max Contia ~14k
B, Analysis Software p, Max Lontig
% — Classification - Sugar Cane
-’ — ! ; Galaxy NCBI/EBI »  Collaboration with Dr. Glaucia Souza, Instituto
- The Seed di Quimica, Universidade de Sao Paulo
KEGG . Full-Length transcriptome analysis
De Novo Reactome . 2 cultivars, ~440M Single reads on Solid 4
Assembers . ~20k Clusters
-> * Velvet Visualization - . N50 ~900 bp, Max Contig ~1500 bp
* Abyss Vector NTI Advance Synechococcus elongatus
* SOAP deNovo IGV (Broad « 2 single read runs on PGM, one afternoon
* Trans-ABYSS Institute) «  De novo genome analysis: 87% complete
. 34x & 57x coverage of genome
: . 4 hours per run
™
SOLID™ NGS Platform . 16 contigs, N50 ~100kb, Max Contig 450 kb
) >> >> ) Chlamydomonas reinhardtii
Imaging & De Novo & Reference Gene Calling, . 1.5 kbp mate pair Iibrary.on Sollid 4 platform
Base Calling Mapping Algorithms Classification, . De novo genome analysis partially competed
Pathway Mapping . 530M total reads, 26.5 Bbp bases of sequence, 50 bp/read
. ~265 x coverage

mmm==) Genomic DNA s
mmmmm) RNA Hybrid — » -

Meta'bblic

Assembly Models
See Poster P0123: De novo assembly of a novel filamentous blue-green algal genome for L{e
Leptolyngbya sp. strain BLO902 enabled by a novel, extra-long read sequencing protocol technologies’



What are microalgae?

» Algae: Very diverse group of organisms
dating back ~3 billion years and spanning
several kingdoms of life of which only
green algae are in the plant kingdom

« Ultilize light and CO, to make reduced C
compounds (starch and lipids)

« 200,000-800,000 species estimated to
exist

« Higher photosynthetic efficiency than
plants and little recalcitrant biomass

« Cyanobacteria (blue green algae) are
bacteria — origin of the algal chloroplast
(3.5 hillion years old)
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Addres_si_algae pain _point with
Innovative solutions

Current source Pain points Solution
Cells Culture collections, Genetic drift, Frozen format, single use
academic labs contamination
Media make it yourself Batch to batch variability, | Validated and QC’d media
long protocols formulated by GIBCO®
Vectors academic labs Elements not optimized, Optimized elements,
poor expression TOPQ® cloning
Protocols | Web, publications Suboptimal protocols, Fast workflows, robust and
non-standardized reliable
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Chiamydomanas renharay CF10

Chlamydomonas
reinhardtii 137c

 Model eukaryotic algae

« 121 Mb genome (64% GC content)

« Facultative heterotroph

« Research focus: flagellar motility,
photosynthesis, protein expression,
lipid metabolism

in the kit:

elongatus PCC7942 W 2=

Synechococcus gt

Model cyanobacterium
2.7 Mb genome (55% GC content)
Facultative phototroph

Research focus: circadian rhythms,
nutrient regulation, environmental
response, lipid metabolism
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frozen cells
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Development of cryopreservation methods to
enable frozen cell format, storage & shipping

€S

Chlamydomonas reinhardtii Synechococcus elongatus
cryopreservation viability cryopreservation viability
30- 70 1
> 60 -
= 2
o) = 50 -
8 2 3
> S 40 4
% % 30
° 10- -
o) © 204
=\ = 10
ol = 0 = :
Method 1 Method 2 Method 3 Method 1 Method 2

= Single use vial One Shot format frozen cells, -80 °C storage for both hosts
» Guaranteed to be axenic and to resuscitate

= Minimal batch to batch variation
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Development of hlmydomnas
cryopreservation methods

30
2 \\ MBI SU0E % [y 251 Factors affecting viability:
>
10 . = 207
N = = Freeze rate
7 ° .
2 0 05 1 ! 35 N\g 7 8 9 1011 Z )
g 10 NN S 10- = Cryoprotectant formulation
" 20 ey
o 51 . .
- \\ \\ \'\F\3 & = Cryoprotectant incubation
0- .
_ time
® F1  “wpf2 F3 F2 F1
-50
Time (min) = Pre-freeze culture
08 R conditions
Cryoprotectant % | .
screen gz" 20- = Cell density at freeze
0.6 E’ 104 B’
S = 154
> <
E | 0- N >
%0.4 ’ i 3"’$ 3\(’§ 3"? s"@ 3”&@ ¢ o 10
o , "'5 5
3
0

Cryoprotectant incubation time
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% viability
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Development of Synechococcu

S

cryopreservation methods

N

Time in modified culture

Cryoprotectant
screen

% viability

60.00 -

50.00 A

40.00 A

30.00 A

N
©
o
S

10.00 -+
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Factors affecting viability:
= Cryoprotectant formulation

= Pre-freeze culture
conditions

= Freeze rate
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[
technologies™



Relative Units

Expression of luciferase reporter in

£ < = - S T
4

Validated vector elements for rob
selection and expression

ust

Chlamydomonas reinhardtii Synechococcus elongatus

30000 -
80000 -
M 25000 -
70000 1 W control
50000 - )
L 15000 -
40000 @
30000 - 10000 -
20000 -
5000 -
10000 1 H H H H
O T T T T T I_ll T T T T T 1 0 T T ,_l T T
1 2 3 45 6 7 8 9 10 11 12 entrl T M cntl T M

clone number

Traditional restriction enzyme cloning or TOPO® cloning

Chlamydomonas — random integration into the nuclear genome

Synechococcus —targeted integration into the genome

Robust selection markers and validated promoters

Expression of GUS reporter in

O - inducer
M + inducer

T TOPO
M MCS
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Chlamydomonas nuclear expression vectors

« Vectors construction:

cop1\ ]
\ - Geneart gene synthesis
— - Seamless cloning and assembly
. y —AmP technologies
ph7_
L « pUC and Amp for E. coli propagation
Intron-2 | | \ \
Pstl (3124) \ “®bja promotor . .
bz.tui,u.in*. | K 4468bp " . Hsp?OA-Rch_Z constitutive promoter
Nt (2638) R (+15t Rubisco intron)
Notl (2640)
psmz@:m\\_, PUC origin . |\/|u|tip|e Cloning site
MCS
Boll (26285, « Hygromycin resistance marker (+2"
Xbal (262 Hsp70A-Rbc S2

Spel (2617)._‘3"‘ ff

Kpnl (2613)' /

/ promoter

Intron-1 Rbe S2

« Cop13'UTR

2401

TATGITCITT ACTTITITAC AAGAGARAGTC ACTCAACATC TT. GC CAGGIGAGIC GACGAGCRAG CCCGGCGGAT CAGGCRAGCGT GCTTIGCAGART
ATACARGRAR TGAAARARTGE TTCTCTTCAG TGAGTTGTIAG CG GICCACTCAG CTGCTCGITC GGGCCGCCTA GTCCGTCGCA CGAACGTCTA

2501

TTGACTTGCA ACGCCCGCAT TGTGTCGRACG AAGGCTITTGE GCICCTCTGT CGCTGICTCA AGCAGCATCT AACCCTGCGT CGCCGITTCC ATTTGCAGGA
BACTGRACGT TGCGGGCGIA ACACAGCTGC TTICCGRARAC CGAGGAGACA GCGACAGAGT TCGICGIAGR TIGGGACGCA GCGGCARAGG TAARACGTICCT

2601

Hbal
Ealll ol
Kpnl Spel F=tl
RULUO U iU
GATTCGAGGT ACCATACTAG TTCTAGAGAT CTCTGCAGCGE GCCGCCATAT GATTCGAATG TCITTICTIGC GCTATGACAC TTCCAGCAAR AGGTAGGGCGE
CTARGCTICCR TGGTATGAIC RAGATCICTA GAGACGICGC CGGCGGTATA CTAAGCTTIAC AGRRAGARACG CGATACTGIG AAGGICGITTI TCCATCCCGC

Mdel

Rubisco intron), driven by beta tubulin
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Synechococcus expression vectors

° Vectors construction:
- Geneart gene synthesis
ool (3659) - Seamless cloning & assembly technologies

NS pUC
x() . pUC and Spec for E. coli propagation
» Metal inducible promoter

« Spec — Syn selection

Aval (:4,1:(){))
rrnB \

Nsil (2836) "\
Kpnl (2 828) \
Sacll (282 ‘)) \
BamHI (2 mf)_,f‘
7 3780 bp
EcoRI(2808) /

/

HindlII (2801)

“pat 102) « NS1 or targeted recombination

promoter NS1
Cla 1192 « multiple cloning site / TOPO®
pore B s + Strong RBS in TOPO® vector
* 1rnB terminator
10 ug/mL
insert chloramphenicol

| EsoRl Empty vector
CGRAT TCCERAAGGAG TGTACC ;LT.!
GCTITA AGGETTCCTC CATGG TR -

NS1-mcs-CAT

L ' NS1-TOPO® dir-CAT
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Chlamydomonas reinhardtii Synechococcus elongatus
TAP media performance BG11 media performance
1A 1.6 -
0.9 1 ——GIBCO ; 1.4 - —e— GIBCO
0.8 1 home made 1.2 - Supplier S
£ 0.7 1 e
S 06- S 17
m 0.5 + ﬂ 0.8
2 s ] g 061
0.2 - 0.4 1
0.1 &6 " 021 ,
0 T T T T T T T 1 O T T T T T T T
0 7 24 32 48 60 72 84 0 7 24 32 48 60 72 84
Time Time (h)
= Convenient 1x formulation of TAP and BG-11 - -
= Minimal batch to batch variability |
g (E—
» Rigorously tested for stability and functionality -;'r___:____i S
= Formulated by an industry media leader - GIBCO® \‘_ e &
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Algae Engineering Workflow Improve

Synechococcus elongatus
A
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Algae Engineering Workflow Improvements:

Chlamydomonas reinhardtii

VAV' Medium Legend:
< > . R —resuscitation
PVQ 30°C E — electroporation
+ R Medium @ Harvest @
® ) || ) @D
> + E Medium L 30c vAg
A
o
-80 °C 3 weeks L~ +RMed|um ® DVQ
- —

O

12-16 h - 2 weeks
5-7 days

30°C
3-5 days m [ @
24 h

!

PPPPPPP

GAT GTTAT G TT
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cup1>j> E 20 T [
Ny ° 15+ -
Aph7 ! \ C
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l ssuebp ]
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Pyruvate dehydrogenase Alcohol ‘:::‘;dl':""“'
» Pyruvate [Poc3) Acetaldehyde Ethanol
i \ o - . < oH

coz2 )

NADH  NAD+

EtOH production in C. reinhardtii

* The adh1 was cloned from Saccharomyces
cerevisiae into the pChlamy_1/D-TOPO® vector
* Transformants were selected on Gibco® TAP
medium plates containing hygromycin

* Colonies were picked into TAP medium
containing hygromycin, grown for 5 days

* Ethanol production was measured in medium
by enzymatic, colormetric assay

35 n=6
30 J_
= 25 - —
5
o 20 —
©
*‘_—'cé 15 - —
2 10 - —
51— 1 — B
O __—_'_-_\
Lactate dehydrogenase \m:Da::j:‘:x":e
(Ld:A)o‘ Lactat ‘ &O\ Q\“b
Pvruvate7T) actate Q
N 2
"o NADH NAD+ Y o X ,\0&6\
&
,b(\
l Lactate transporter{Lidp) &K

Out
Lactate production in S. elongatus
* S. elongatus was transformed with pSyn_1/D-
TOPO® vector containing IdhA and re-
transformed with pSyn_1/D-TOPO® vector
containing the lldp (lactate permease) genes
from E.coli
* Transformants were selected BG-11 plates
containing spectinomycin
* Colonies were picked into BG-11 spec medium,
grown for 6 days
*Lactate production was measured by an
enzymatic, colormetric assay
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collaborations and partnerships
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Homologous
recombination Chloroplast

engineering

SD-CAB

Enhanced DNA
delivery
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UCSD

Regulated Additional

: Partnerships
expression hosts

| Addressing_uture interests trough |
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