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PHA – Biodegradable plastics 
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Polyhydroxyalkanoate (PHA) biodegradable & biocompatible 
polymers accumulated by bacteria 
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PHA are thermoplastic materials with variable monomer 
composition 

C4 & C5  

Short-chain length monomers 

PHA scl 

C6 & C12  

Medium-chain length 

monomers PHA mcl 
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Monomer composition is responsible for PHA 
properties and applications 

730 
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Nonato, 2012 

Applications Bucci, 2003 
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PHA are biodegradable materials 
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PHA are biocompatible polymers 
 
Applications 

Bone tissue engineering 
Cartilage Tissue Engineering 
Drug delivery 
Medical device development: 
 Biodegradable drug eluting stents 
 Biodegradable nerve conduits 

Skin Tissue Engineering/Wound Healing 

Recently reviewed @ 
  
by Dr Ipsita Roy 
Imperial College London 
Univ. Westminster 

ISBP 2014 Brazil 

Cardiac Tissue Engineering 
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PHA production integrated to a sugar and etanol mill. 

Glycerol 



Esquema geral de projeto de pesquisa e desenvolvimento de tecnologia de 
produção de PHA (Gomez et al., 1993) 

Financiamento: PADCT/Finep, CNPq,  FAPESP 

Bacterial 
 selection 

Culture 
 colection 

Biodegradability  
tests 

Genetic 
improvement 

Defining ptoduct 
and process 

Production 
process in 
bioreactor 

Testing 
polymer 

 properties 

Enzymatic 
 
 

extraction 

Solvent 
 
 

extraction 

Pilot Plant Scale 

Technical & economic analysis 



Process transfer to industry 



Captions 

PHA 

1st generation PHA 

. 

First generation ethanol (1G) 
Currently produced from sugar or starch-based raw materials 



Over 40,000,000 tons bagasse and sugarcane leaves per season 
source UNICA 

 

Second generation ethanol (2G) 
  



•Chemical or enzymatic hydrolysis 

•Sugar mixtures available for fermentation 

•Glucose,  

•xylose,  

•Arabinose 

Releasing sugars from bagasse 

•Ethanologenic yeasts are unable to  

   ferment xylose efficiently 
 



PRIBOP CYTED-IBEROAMERICAN BIOPLASTIC NETWORK 

Scenario in Brazil 
Ethanol 2G from ligno & hemicellulose 

•Xylose  & arabinose available in large amounts 

•Perspective 107 ton/year of C5 available* 

•Use of xylose to generate ethanol and other products 

Pradella, 2012, Pereira et al., 2013 
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Opportunity to expand bioplastics industry 

• Sugarcane is an 

enviromentally sustainable 

feedstock for bioplastics 

• Integration do sugar and 

ethanol mills 

• Green plastics 

• PHA 

• PLA 

• Others 



Biorefinery 

Kamm et al.., 2006, Franco & Garzón In: Cortez, 2010 

PHA 



Biorefinery 
Ethanol and sugar mills 

Current  

• Include a number of 
processes already used 
since 19th century 

• Some processes already 
integrated  

Challenges 

• Integration of different 
technologies 
– Metabolic engineering 

– Full knowledge of the raw 
material (biomass) 

– Addition of new products 
(intermediates and final) 

• Evaluation of social and 
environmental impacts 

 

sustainability 



Bottlenecks/obstacles 

Ethanol 1G 

• The potential of ethanol 1G is 

far from being exhausted 

• Productivity gains in the same 

cultivated area (yield/ha 

yield/sugarcane ton) – new 

varieties, GMOs 

• Geographical expansion (other 

areas and other countries) 

Ethanol 2G & biorefineries 

• Hydrolysis of lignocellulose & 

hemicellulose to release 

sugars: toxic compounds are 

also released 

• Development of  (micro) 

organisms and processes to 

transform sugars into 

bioproducts 

 



High PHB content 

Low productivity 

Detoxification of hydrolysate needed 

Contributions to the process 





Strain Sugar CDW 

 (g l-1) 

Sugar  

(g l-1) 

   PHB 

(%) 

Time  

(h) 

YHB 

(g g -1) 

PHB 

(g l-1 h-1) 

Bu.sacchari Glu 6.37 14.07 63.14 36 0.29 0.11 

Busacchari Xyl 5.53 12,37 58.07 48 0.26 0.07 

Bu.sacchari Glu+Xyl 5.82 12.42 53.42 36 0.25 0.09 

Bu.sacchari Glu+Xyl+Ara 5.72 12.26 47.49 36 0.22 0.08 
MA 3.3 Glu 5.76 14.58 62.15 36 0.25 0.10 

MA 3.3 Xyl 5.54 14.97 64.36 60 0.24 0.06 

MA 3.3 Glu+Xyl 3.86 10.19 38.16 24 0.14 0.06 
MA 3.3 Glu+Xyl+Ara 3.99 14.50 39.89 48 0.11 0.03 

 

Performance in sugar mixtures (bagasse hydrolysate main sugars) 

- PPHB is 40% lower in xylose than in glucose  

-In sugar mixtures parameters were lower: %PHB, YPHB/C e PPHB. 

Bacillus megaterium 

Lopes et al. 



Improving simultaneous 
consumption of different sugars 
from bagasse 



Isolate F24 (Burkholderia sp) can use toxic compounds  
from sugarcane hydrolysate 

Growth experiment with F24 in mineral 
media with xylose (10 g l-1) and individual 
compounds: (■) 2.5 g l-1 of acetic acid, (▲) 
1.25 g l-1 of formic acid, (♦) control 
experiment only with xylose, (●) 0.5 g l-1 of 
HMF, and (x) 0.5 g l-1 of furfural.  

Effect of the inoculum size (g l-1) on utilization of hydrolysates (g l-1), 
cell growth (g l-1) and PHA biosynthesis (% of PHA of the cell dry 
weight) in hydrolysate medium after 48 hours  
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Fluxes leading to: YXyl/HB = 0.25 g g-1  
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G6P 

NADPH needed for 
PHA production in B 
sacchari 

Metabolic flux analysis as a tool for 
bacterial improvement 
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Fluxes resulting on: YXyl/HB = 0.41 g g-1  
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Increasing fluxes on PPP: 

- less intermediate accumulation; 

- increase on NADPH yield; 

- increase on PHB yield; 

 

 

 

talA 

Metabolic flux analysis as a tool for 
bacterial improvement 



 
Metabolic engineering of Burkholderia sacchari for improved production of bio-

based products from xylose  

Linda Guaman, M. Schreiner, J. Cabrera, L.F. da Silva, M. Keico  

Plasmid maps of pBBR1MCS-3::crp* and pBBR1MCS-

5::talA  respectively. 

 

15% increase µmax 

35% reduction on lag phase  

simultaneous consumption of xylose and glucose  

40% productivity CDW. 

Recent approaches 



 
Metabolic engineering of Burkholderia sacchari for improved production of bio-

based products from xylose  

Linda Guaman, M. Schreiner, J. Cabrera, L.F. da Silva, M. Keico  

recombinants harboring crp* and talA increased polymer accumulation  



Expanding the spectrum of carbohydrate utilization by Pseudomonas sp. 

LFM046: Xylose utilization E.R. Oliveira, L.P. Guamán, Luiziana F. Da Silva, J.G. 

Gomez, M.K. Taciro  

 

Fig. 3: Xylose consumption and     bacterial growth curve. Fig. 3: Xylose consumption and bacterial growth. 

1      2      3 

1      2      3 

Introducing the ability to consume xylose and sugars from biomass  
 to other industrially interesting bacteria 



 
 
  

Modulation of monomer composition of poly(3-hydroxybutyrate-co-3-hydroxyhexanoate) P(3HB-co-3HHx) produced 
by Burkholderia sacchari  

T.T. Mendonça, R. Tavares, J.G.C. Gomez, L.G. Cespedes, M.K. Taciro, Luiziana F. Silva  

Figure 3 – Composition of PHA accumulated from glucose (10 
g.l-1) and hexanoic acid (0-1.5 g.l-1) by B. sacchari wild type (A) 
and recombinants (B) (phaPCJ - left -  and phaCJ - right) 

Figure 4 – Correlation of hexanoic acid concentration provided 
and 3HHx molar fraction obtained in experiments with B. 
sacchari strains (wild type and recombinants) 

(A) 

(A) 

(B) 



Other approaches  

Integration of bagasse enzymatic  hydrolysis to the biorefinery 



Biopolymer production integrated to a sugar and ethanol mill 



Perspectives and challenges 

• The production of lignocellulosic 
hydrolysates of sugarcane 
bagasse, usable by 
microorganisms, is still a 
challenge, as well as obtaining 
ethanologenic yeast or other 
microorganisms efficient in 
transforming the resulting 
hydrolysate in commercially 
attractive products.  

 

• Important issues 
– Use of other residues as 

raw materials 

– Other biorefinery models 

– Interdisiplinaty work 

– Interaction with 
industries 

– discussion forums 
involving different areas 

– Government policies and 
support 
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