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Exemplo #2

Aumentar o rendimento em etanol (Y)

pela captura de CO, em leveduras

\ : BRIGHT SCIENCE. BRIGHTER LIVING.



Can S. cerevisiae be engineered to reduce CO, to ethanol?

nATP nADP +nP; 6NADH + 6 H* 6 NAD*

2 CO, \./ > \—j= Ethanol + 3 H,0

Ethanol production from CO, as (alternative) redox sink

Victor Guadalupe ef al. (2013)
Biotechnology for Biofuels - accepted
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Phosphoribulokinase (PRK) and

ribulose-1,5-bisphosphate carboxylase (Rubisco)
key enzymes in the Calvin cycle for autotrophic CO, fixation

ATP Cco,
Ribulose-5P L-) Ribulose-1,5di-P L-> @-glyc@
PRK Rubisco
2 ATP
2 pyruvate
2CO,
2 NADH \i
2 ethanol

Victor Guadalupe et al. (2013)
Biotechnology for Biofuels - accepted
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Qual deve ser a funcéo do glicerol?

Tabela 1.1 — Proporcdo dos diversos produtos da fermentagdo alcodlica, em g/100g de glicose metabolizada,
de acordo com vdrias fontes e para diferentes eficiéncias fermentativas

0,7—1,7

Produto da fermentacao Pasteur Jackman, 1987 Basso et al. 1996
95% 90—95% 85—92 %
Etanol 48,5 45,0—49,0 43,0—47,0
Gés carboOnico 4
Glicerol 3,3 2,0—5,0 3,0—6,0
c1do succinico 0,6 0,5—1,5 0,3—1,2
Acido acético — 0,0—1,4 0,1—0,7
Oleo ftsel - 0,2—0,6 —
Butilenoglicol — 0,2—0,6 —
Biomassa (massa seca) 1,2 1,0—~2,0




Figure 1
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Current Opinion in Biotechnology

Schematic representation of the distribution of sugar for ethanol
production, formation of yeast biomass, and formation of glycerol as a
by-product. To achieve a high ethanol yield on sugar, the robustness
of the process and yeast strains are essential.



Rubisco and PRK-expressing S. cerevisiae

Product yields in anaerobic, sugar-limited chemostat cultures
(D =0.05 h}, N,-sparged, equimolar glucose/galactose feed)

Relevant genotype reference Cgf:g;_;gg
e 0.083 + 0.000 0.093 + 0.000
gg? ' - . -
Glycerol yield on sugar

P 0.14 + 0.00 0.04 + 0.00

Ethanol yield on sugar
(mol mol™) 1.56 =+ 0.03 1.73 +£0.01

Corrected for evaporation

70 % reduction of glycerol production
Rubisco/PFK competes with native glycerol pathway

11% aumentO = YE/S Victor Guadalupe et al. (2013)
Biotechnology for Biofuels - accepted
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Engenharia Metabdlica
(Exemplo #3)

nature Vol 440(13 April 2006|doi:10.1038/nature04640

LETTERS

Production of the antimalarial drug precursor
artemisinic acid in engineered yeast
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Artemisinin
the best anti-malarial drug
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O Ciclo da Engenharia Metabdlica

Molecular biolayy
Rccambmanr DNA technology
Synthesis - Cloning
[ Geneﬂc modifications \m’"‘fm”m
Design Analys
Fum modlflcaflons Metabohc characferlsaﬂon
Interpretation of the MGM ration physiology ~
Suggestions for further Metabolic pathway analysis
modifications Analytical techni

- Expression analysis (DNA arrays)
* Protein analysis
- Merabolite levels :

\ Flux analysis W,

Jens Nielsen, 2001. Appl Microbiol Biotechnol (2001) 55:263-283
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Projeto, Sintese, e Analise
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Figure 2 | Production of amorphadiene by S. cerevisiae strains. The various
S. cerevisiae strains are described in the text. Cultures were sampled after
144 h of growth, and amorphadiene levels were quantified. Data, shown as
total production, are mean * s.d. (n = 3).
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Analise
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Conclusoes

* Prova-de-conceito para producao de artemisinina
através de um bioprocesso através do uso de
engenharia metabdlica

* Producao de artemisinina (acido artemisinico) com
uma produtividade muito maior que da planta
(Artemisia annua)

* Independéncia de fatores climaticos e politicos

* Sem risco de outros terpenos contaminantes



