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What are polyhydroxyalkanoates? 

PHA as tailor-made polymers. 

Tabela 13.3. Propriedades térmicas e mecânicas de alguns PHA e plásticos 
petroquímicos. 

Material Tm 
(oC) 

Tg 
(oC) 

Alongamento 
para ruptura (%) 

P3HB 177 4 5 
P3HB-co-10%3HV  150 - 20 
P3HB-co-20%3HV 135 - 100 
P3HB-co-3%4HB 166 - 45 
P3HB-co-10%4HB 159 - 242 
P3HB-co-10%3HHx  127 -1 400 
P3HB-co-17%3HHx 115 0 760 
PP 170 - 400 
PEBD 130 -30 620 
PET 262 - 730 

 



PHA metabolism 



Naturally produced PHA – P3HB 

P3HB is produced by bacteria 
belonging to several genera. 



Screening of PHA producers 



P3HB production from sugarcane carbohydrates 
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P3HB production from sugarcane carbohydrates 



 A new bacterial species 



Controlling PHA compostion – P3HB-co-3HV 

The 3HV molar fraction determines 
thermomechanical properties of PHA. 

The 3HV molar fraction of P3HB-co-3HV 
can be controlled by the supply of different 

propionic acid/carbohydrates ratio. 



P3HB-co-3HV production from 
carbohydrates and propionic acid 

Maximum theoretical yield = 1.35 g/g 



Silva et al., 2000 

Rocha et al., 2008 

P3HB-co-3HV production from 
carbohydrates and propionic acid 
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Naturally produced PHA - PHAMCL 

Medium-chain-length PHA 
are produced mainly by 

Pseudomonas spp. 



Table 1. Production of PHAMCL from carbohydrates by some sugarcane soil isolates. 

PHA composition (mol%) Bacterial 

strain 

CDW 

(g/L) 3HHx 3HO 3HD 3HDd 

PHA 

(%CDW) 

Y
G

PHA/G 

(g/g) 

%YMAX 

KT2440 3.96 3.25 12.48 79.88 4.39 48.52 0.127 60.0 

LFM046 3.72 5.01 21.85 71.83 1.31 60.51 0.161 62.9 

LFM047 2.21 1.72 22.88 61.81 13.58 13.99 0.023 34.3 

LFM050 2.50 0.92 15.98 67.75 15.35 18.55 0.037 41.9 

LFM065 4.06 0.00 8.88 87.81 3.30 30.52 0.084 60.6 
CDW – Cell dry weight  3HHx - 3-hydroxyhexanoic acid 3HO - 3-hydroxyoctanoic acid 

3HD - 3-hydroxydecanoic acid 3HDd - 3-hydroxydodecanoic acid YG
PHA/G – global PHA yield from glucose 

%YMAX - percentual of the maximum theoretical yield. 



PHA de óleos vegetais 

 Constituintes formados que podem ser incorporados 

 

Glicerol 

 

3HHx3HO3HD3HDd3HTd3HDd
5
3HTd

7
 

 

Ácidos graxos  

Octanóico (C8) 3HO 3HHx 

Decanóico (C10) 3HD 3HO 3HHx 

Dodecanóico (C12) 3HDd 3HD 3HO 3HHx 

Mirístico (C14) 3HTd3HDd3HD3HO3HHx 

Palmítico (C16) 3HTd3HDd3HD3HO3HHx 

Esteárico (C18) 3HTd3HDd3HD3HO3HHx 

Oleico (C189) 3HTd53HDd3HD3HO3HHx 

Linoleico  (C189,12) 3HTd
5,8
3HDd

6
3HD3HO3HHx 

Linolênico (C189,12,15) 3HTd
5,8,11

3HDd
6,9
3HD

7
3HO

5
3HHx 

-eleosteárico (C189,11,13) 3HTd
5,7,11

3HDd
5,7
3HD

5
3HO3HHx 

Ricinoleico (C18;12 hidroxi -9) 3,8dHTD53,6dHDd3HD3HO3HHx 

 



Análise de fluxos - Balanços 

metabólicos  



Genomic scale metabolic networks 



Naturally produced PHA – P3HB-co-3HHx 

P3HB-co-3HHx are produced 
by Aeromonas spp from plant 

oils and fatty acids. 

Burkholderia sacchari 



PHA production by Burkholderia sacchari 



PHA production by Burkholderia sacchari 



PHA production by Burkholderia sacchari 



Pseudomonas sp. abrigando genes 

de R. eutropha 



Pseudomonas sp. abrigando genes 

de R. eutropha 







Pseudomonas sp. LFM046  
pJN105::sulA 



Integrated PHB, Sugar and Ethanol Mill 

Copersucar Technology Center 
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Produção de 1,3-propanodiol 

Processo biotecnológico: 

• Produção de propanodiol a partir 

do glicerol, por exemplo 

 

• Bactérias produtoras como: 

Klebsiella pneumoniae, Citrobacter 

freundii e Clostridium butyricum 

Vantagens: 
Fonte renovável, limpa e de baixo custo 



Produção de 1,3-PDO por bactérias 

 Klebsiella pneumoniae 

B12 + 
Enzimas 

DhaGF 

DhaBCE 



Balanço NAD/NADH 
Respiração/Fermentação 

O2 



 E. coli transformada capaz de produzir 
1,3-PDO 

 

 

 

Trabalhos anteriores 



Trabalhos anteriores 

NAD 

N
AD
H 

NADP 

NADPH 

icdNAD  

∆yqhD 

E. coli MG1655 icdNAD ∆yqhD + pBBR1::dha 

• O gene yqhD de E. coli é homólogo ao 

dhaT 

• No entanto, YqhD é NADPH dependente. 

YqhD 



Overview 
Laboratory  of Bioproducts 

Sucrose 
Glucose 
Xylose  

Glycerol  
Fat acids 
Plant oils 

Soybean molasses 
Others... 

Pseudomonas sp. 
B. sacchari 

E. coli 
Platforms for... 

 

PHA 
Rhamonolipids 
1,3-Propanediol 

Others... 

We are applying the concept of 
biorefineries 



Muito obrigado 


