CYANOBACTERIA: LIGHT-DRIVEN SUSTAINABLE NATURAL PIGMENT PRODUCTION PLATFORM

Charu Deepika®™, Juliane Wolf?, John Roles?, Ben Hankamer* So= -
INSTITUTE OF MOLECULAR BIOSCIENCE, THE UNIVERSITY OF QUEENSLAND, QLD 4072, BRISBANE, AUSTRALIA | o

M ET H O D O Lo GY TEA ANALYSIS PIGMENT YIELD OPTIMISATION PIGMENT PRODUCT REFINEMENT

——

B Chlorophyll-a

BACKGROUND AND AIMS + 9/17 UN SDGs

: : : NO 600D HEALTH ] . : . . TRy .
& Natural plgments are environ meta”y frlendly 1 POVERTY AND WELL-BEING > §3UU Microalgae and Cyanobacteria strain selection Strain-specific pigment profiles ‘ T
: : : : : i P ' ' Talo & 2 250 " A o S . . S3003852330R39383350308588
{ Photosynthetic pigments are highly potent bioactives. .= Cyanobacteria Strain Screening . 00, SO\ . TR | [ oo
USD 23 BN JRSEEN Y |
. . . . (2022) e . - . . . % 200 & L2 @r @ i g:: — Bravin
é Microalgae are robust production platforms for high-value bioproducts. .+ Strain-specific pigment profile generation = @%3%,3:; i
0 JU | U - — et Y
. . . Eicosapentaenoic acid (EPA) ® . %l e @' . :;: - S —— ) el | s ‘:'i' ”
« High growth rates and increased biosafety. "« Automated pigment screens 5 100 e E— R~ :
& Microalgae biorefineries will contribute to meet 12 UN SDG’s?. " . : S 50 Growth profiles, Media selection, biomass productivity 4 ——— Jume |l srissscrsssizaasizisaiiic
* . Techno-economic analysis D I 3
2] 4R lIFE . s - R | Peimary carete
;t% - -y Sustainability! 13 senoi 15 siowwiren -E % E E E 5 Nutrient and Light Screens B B-cantene
% & — @ — o e ] e 5 o § ¢ o3| ||| maEmmgads ]
22 H> = s > elds! g § 8 38 8 et aands i .
QO (:5 - Q : g Q i LE > 1 S . 0
F  Marigoldfaming  Raw material collction Solvent extraction and purification _ Drying Product O * G 2 ABANAAL LYY AN 3 £ 30383803883038885328303883
T o wil. B00ie 000RRGAGN o
MEP PATHWAY DPOR/LPOR : i © % QRRtRATALAL, Geeaaas s ARes | 2
___________________________________________________ Astaxanthin : 1 |
S o I i . Production cost = USD 552/kg 2l § .l aeeseedds00) RessaRsEReYe A e
o g T ¥ Selling cost = USD 2500/kg C | Oeaee8s05e%s saseessecese | — po
e = s (00000000007 000000000008 tc - | T
) :"'H 8o 850 R bl - Al Lh"'!b: Ee
% Producton cost = USD 105/kg - st X
“» " Selling cost = USD 790/kg LA SIS
- _ TARGET o
qqqqqqqq - cocvanin . . . . ucoxanthin
Production gost =Y USD 46/kg et Op“::lR:FbE:iE: omess Spectrophotometric analysis Y SOOI o & A
. Selling cost = USD 548/kg 4 Growth rate (n) + Pigment specific absorbance l’
Cyanobacteria PSII-LHCII PHYCOBILIPROTEINS CAROTENOIDS CHLOROPHYLLS ¥ maxima | BASIS FOR SIMULATION MODEL . 200
Technoeconomic modelling of ‘ Efgmenf.?on?entrarfgnsl 3T YIS S8IRNRIBRRABLEIB8EER
W & Variable product yields pigment extraction Flask Cultivation Strain specific pigment Ratios —
Se LIGHT HARVESTING AND REGULATION = 3 Biomass productivity 'l
DD:CA‘ STABILISE PHOTOSYSTEMS CHALLENGES & Bioprocess challenges Microalgae Bioref (919 Spectral D |
: : : icroalgae Biorefineries : i ectral Deconvolution
Zac ADDRESSED €3 Extraction and Quality Refinement Pioments + total profeins Pigment prodctivy P
=_)» ENERGY DISSIPATION & PHOTOPROTECTION (ug/gL/a)
Wavelength (nm)
.: Autotrophic Nutrient r arndation
RESULTS & — | CONCLUSION
Cyanobacteria un loht Q
& + ipids . . .
Developed Accuracy in OD reads : ) a] Development and process optimisation
_ ] . . 9 >, 2 ¥ (@] . . ‘
diazotrophic Filament aggregation worone . LY - H leads to efficient recovery of valuable pigments playing
cyanobacteria Production optimisation A : : S a significant role in medicinal and food industr
isolation technique - g oo il o o S g Y.
.1:'-'? - + icroalgae cultivation arvestin
2 ,'-:: ; . iy N . . .
& Novel > S Peak shift Stabilty ‘* —— ‘ % Solar-driven photosynthetic cyanobacteria offer
- ; X Solvent refractive inde e, . . e , ,
X8 Rapid - A Ao thag Oxidation " s y . significant new routes for the production of sustainable
2 Chlorella sp. Synechocystis sp. Anabaenasp.  Acylindrica  Anabaenasp.  N.muscorum  Markers %, L : Metal chelation e e ’ ‘ : y : : . . .
g Gentle 11_H5  PCC6803  PCCT120  CCAP1403/2A CCAP1403/13A CCAP1453/32 o Hypsochromic shift Peak broadening ' | natural pigments for use in wide range of industries.
SOIUte concentration M | | . t t Biofertilisers Ammaland aquaculture feed Food Nutraceuticals and food additives
Fig 1. Cyanobacteria diazotrophic filament isolation - Percoll gradients & AB Staining Tempe?'aetzl:ea;Tige::c;:r)ll;istivi ty o r— P Multiple product F P
800 r Desmodesmus sp. 500 Anabaena cylindrica CCAP1403/2A PDB-10N7 UTU RE E Rs P ECTIVES
—_ r Slow, less efficient recovery P Faster, more efficient recovery Desmodesmus Sp. 1-F6 nabaena cviindrica - . . ,
g . Beta-carotene Astaxanthin - . N =] A o ¢ Modelling sustainable algae coproduction platforms.
Fe) 600 ¢ DEE h R / I . m Lutein £ m Lutein . .
= 1 ouF | - TR il el ¢ Two-Phase Cultivation Systems
< 400 i = Isopropanol H _ ( R % T S . : : : :
; "~ | perlempit | — e P ¢ e Sequential extraction techniques for biorefinery.
& . Lo Hexane | = § O\ ] . .
£ 2 I o I l uetano | - 3 “ e Pigment-specific encapsulation. e
= Ethanol B 2
* 0 . o | 0 I ez Loz Acetone [y . . : . §20 ““\‘L
Chia Chib Car Chia Chib Car ° g8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 g8 8 &8 " A \“
Pigments g ‘% @ § E % % § E % | : @ = ‘% 8 ‘g_ g Mortar and ~ Bead beating Freeze drying Freeze-thaw Ultrasonication ’ Mortar and ~ Bead beating Freeze drying Freeze-thaw Ultrasonication CKNOWLEDGEMENTS \-.. e | e
. . . E (L/mol/cm) E (L/mol/cm) 5"‘53‘3' (lig N) gﬁﬁgig (lig N) ) _ .
Fig 2: Solvent extraction comparison. rnang Hankamer Group, IMB &
(Increasing polarity DEE < Acetone < DMSO < DMF < Ethanol < Methanol) Fig 3: Variations in extinction coefficient calculated Fig 4. Comparison of cell disruption techniques Fig 5: Phycocyanobilin Chromophore Degradation UQ international scholarship. / :

1. Britton, G., The biochemistry of natural pigments. 1983: Cambridge University Press.
REFERENCES 2. Kim, R.C., Can creating United Nations Sustainable Development Goals (UN SDGs) collaborate for a better world? Sustainability, 2018. 10(11): p. 4128.

, , . , . . N 1) CENTRE FOR SOLAR THE UNIVERSITY Of-40
3. Wolf, J., et al., High-throughput screen for high performance microalgae strain selection and integrated media design. Algal Research, 2015. 11: p. 313-325. @e’(}e[opment Qfa 5u5ta1na6[e 6103(,‘011011’0} (KY lTlCTeaSZTlg[y Centra[to mternatzona[govemment pOﬁCl@S t/*ie aAcCross tﬁe wor[d: BIOTECHNOLOGY % OF QUEENSLAND = :

4. Martian Colour Wheel. Warren Mars (http://warrenmars.com/visual_art/theory/colour_wheel/colour_wheel.htm). AUSTRALIA



