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A High yield

A A lot of interesting bio -products that cannot be
obtained in other systems

A Sustainable economy , sequestering of waste
CO,, bio-fuelsof 3@ gener ati on &



Objectives of Strain Improvement

Enhance specific Increase tolerance to
productivities lipids, stress conditions (salinity,
proteins, pigments) temperature, light)

Improve growth rates
and biomass yield
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Microalgae as an alternative to Palm Oil



ldea:
To find sustainable alternatives to palm oll

27?7
Fatty acid Amount [%)]
Lauric acid (C12:0) 0.2
Myristic acid (C14:0) 1.1
Palmitic acid (C16:0) 44.0
Stearic acid (C18:0) 4.5
Oleic acid (C18:1) 39.2
Linoleic acid (C18:2) 10.1
Linolenic acid (C18:3) 0.4
Arachidic acid (C20:0) 0.1
Total SFAs 49.9
Total MUFAS 39.2
Total PUFAs 10.5




Amount [%)]

Fatty acid e — S
Palm oil CCALA CCALA CCALA CCALA CCALA CCALA CCALA CCALA CCALA \) CCALA
455 688 456 242 467 243 244 464 463 / 453
Lauric acid (C12:0) 0.2 0.1 3.8 0.0 0.0 0.0 0.0 0.1 0.1 0.1 0.0
ristic aci : . . . . ; . . . . . .
Myristi id (C14:0) 11 1.1 3.9 0.4 0.4 0.3 0.8 25 0.7 0.1 0.5

Stearic acid (C18:0) 4.5 7.5 1.9 3.9 8.0 5.2 9.1 9.5 9.0 4.4 4.8
Oleic acid (C18:1) 39.2 21.9 13.1 35.0 32.7 30.1 26.8 10.7 24.2 21.6 34.4
Linoleic acid (C18:2) 10.1 12.0 4.3 15.6 5.7 14.3 5.2 3.9 10.4 15.6 15.6
Linolenic acid 04 14.4 37.3 5.8 24.4 4.6 26.3 24.4 13.7 10.8 8.5
(C18:3)

Arachidic acid 0.1 0.7 3.8 1.8 0.0 1.1 0.1 0.9 0.7 0.9 0.9
(C20:0)

Total SFAs 49.9 44.7 17.8 35.3 32.2 1.6 37.4 56.1 45.9 45.7 36.6
Total MUFAs 39.2 23.8 25.8 38.2 21.3 33.4 27.9 11.9 26.1 1.6 354
Total PUFAs 10.5 26.3 8.8 24.1 325 22.4 34.7 31.9 28.0 31.1 28.0

A Numbers higlighted in bold are comparable or higher than the values found in palm oil




Desmodesmus Chlamydomonas Desmodesmus

subspicatus moewusii communis
CCALA 467 CCALA 244 CCALA 463
1. NORMAL CONDITIONS 2. STRESS CONDITIONS
A Cultivation at optimim temperature and optimum A Salt stress 8 Chlamydomonas at 0.1M NacCl
LI at larger scale in the laboratory (30L AC  -PBR) 0 Desmodesmus 0.03M= 2 g/L

A Characterization of the growth and verification of
FA composition



I O -

CCALA m={c)H KN nu=0.16 d? TFA~4-7 % DW
s, up = 4.43 C16:0 app. 25% of TFA C18:1n9 8.42% of TFA
Max DW 2.84g/L
NaCl Culture Crashed after 3 days
BG11 n=0.2d+1 TFA11.7 % DW
L1 =34 C16:0 app. 2 0.52% of TFA C18:1n9 27.33% of TFA
Final DW 3.23g/L
NaCl H=04d-1 TFA between 21.7% (D11) and 17.7% (D18)
.1 =18 C16:0 app. 25% of TFA C18:1n9 31.2% of TFA(D18)
Final DW 8.45 g/L
BG11 nH=0.2d+1 TFA17.8 % DW
.12 =35d C16:0 app. 25% of TFA C18:1n9 31.7% of TFA
Max DW 5.23g/L
NaCl n=02d?, ,,=3d 4.5% TFA

Max DW 5.20g/L C16:0 app. 25% of TFA C18:1n9 10.9% of TFA



Microalgae as a source for Lutein



Monoraphidium sp.

Capable of accumulating Lutein up to 26.39 mg g 1
DW in a outdoor TL -RWP*

Cold -tolerant species cable of growth at ranges
between 20°C -10°C

* DOI: 10.1016/j.algal.2022.102926
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Higher productivities at 10°C
(29%) and 15°C(21%)



Taping into the microalgads phycoshpere



Growth in LB Plate Isolation of Supernatant
Media innoculation bacteria extraction

Y Y MS analysis
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SAM

Substrates:

Acyl -ACP = Acyl carrier protein

SAM = Sadenosylmethionin
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Cultivation Centrifugation Extraction and

of the and filtration of concentration Activity assay

bacteria the supernatant




Concentration Optimization
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Fig - Dry mass evolution of tested groups during the assay
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Fig 0 Lutein content of each test group at the end of the assay



Growth Assay
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41% Improvement



UV mutagenesis



Chlorella vulgaris

~

Chlorella
vulgaris 0.13 £ 0.07
heterotrophic

I S P
rate doubling time
O (ah h

Average % DM

0:20038
0.28:0:37

0.20+0.38
0.33 +0.37
0.29+0
0.29 + 0.34
0.28 + 0.37

chlorophyll a carotenoids starch

5.33 0.03x0 0.02+0 12.86 =+ 5.09
2.39 00 0.02 £ 0.01 8.16 + 0.87
2.45 00 0.01+£0 6.37 £0.47
2.39 0+0 0.05+£0.01 26.36 £ 1.37
2.1 0.02 £ 0.01 0.04+0 25.71+1.17
2.39 0.04+0 0.03+0 14.37 0

2.42 0.04 £0.02 0.04 £0.02 10.08 £ 5.2
2.45 0.03x0 0.04+0 31.7+3.33

23




Lutein production in novel and existing mutants

Mutant Lutein [%] Chlorophyll a [%] StrainsHY-1 and EXT lare greatlutein
no producers as they lack chlorophyll.

AL bisae baze MT2 mutant hasreasonablelutein
I MT2 0.454 0.034 | production, highergrowth rates and
biomass productivity.

13 0.568 0.116
MT4 0.324 0.033
MT5 0.562 0.186
MTo 0.314 0.021
MT/7 0.236 0.023

HY-1 0.479 0 |

EXT1 0.398 0 |




Growth optimization
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4-factor Central Composite Design  with
variables : X; glucose content, X , nitrogen
content, X ; phosphorus content, X ,
temperature.

Response variables : growth rate ( 1), lutein
content. Culture pH=7, mixing speed = 300
rom, aeration = 1000 mL/min.

Optimal conditions :

Specific growth rate: y=0.034 h'1
Optimal glucose concentration: 30 g/L
Optimal KNO ; concentration: 12 .5 g/L
Optimal KH ,PO, concentration: 2 g/L
Optimal temperature: 30 °C



Targeted genetic modifications



Production of therapeutic peptides in cyanobacteria

Metabolic
engeneering

Growth phase
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Bacterial modet> maxdoubling time around 4 heasy to construct mutants, available
genetics toolsCRISPKas plasmids, homologue recombination... ), multiple mutagenesis
... (~3000mutant strains in @boz collection). Capable to groleterotrophically

™~~~ no photosystems



