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INTRODUCTION. In the last years, economic and environmental concerns arose for oil shortage and climate change; for these 

reasons the scientific community focused on possible oil substitutes. In this perspectives, the production of new energy, materials and 

chemicals of non-fossil origin, could be based on biological resources such as biomasses. The efforts of the microbiology group of DAFNAE 

are mainly devoted to the improvement of industrial downstream processes and to the exploitation of waste and residual biomasses for the 

production of high value bio-products such as polyhydroxyalkanoates (PHAs), bioethanol and biohydrogen. Examples of our approach are 

reported below. 

MICROBIAL PROCESSING OF ORGANIC WASTE STREAMS INTO PHAs 
AND OTHER HIGH VALUE BIO-PRODUCTS 

Genetic improvement of 
C. necator 

(disruption of phaZ gene and 
insertion of lac gene from E. 

coli) 

Development of new 
green PHA extraction methods  
(dimethyl carbonate (DMC) and fatty 
acid carboxylates as “green solvents”) 

EFFICIENT PHA 
ACCUMULATION FROM  

CHEESE WHEY 

IMPROVED DOWNSTREAM PROCESSES AND EXPLOITATION OF AGRO-FOOD RESIDUAL BIOMASSES   
FOR THE SUSTAINABLE INDUSTRIAL PRODUCTION OF PHAs 

Organic Fraction of 

Municipal Solid Waste 

Brewery full scale 
anaerobic digester 

IMPROVED PRODUCTION OF BIO-HYDROGEN FROM THE ORGANIC 
FRACTION OF MUNICIPAL SOLID WASTE 

PHAs PHAs PHAs PHAs 

Isolation of H2 

producing strains  

Heat-treated 
granular sludge 

Newly isolated strains: 
Bacillus sp 2.5  and Bacillus sp 2.8  

GLUCOSE STARCH 

DEVELOPMENT OF SACCHAROMYCES CEREVISIAE  STRAINS  FOR THE 
SUSTAINABLE PRODUCTION OF SECOND GENERATION  BIOETHANOL 

Isolation of new 
S. cerevisiae strains 

PHAs 

Platform of industrially robust  
wild type S. cerevisiae 

EFFICIENT BIO-HYDROGEN PRODUCTION 

Cloning of   
glucoamylase (TLG1) from T. lanuginosus 

and  
a-amylase (SFA1) from S. fibuligera 

into  robust S. cerevisiae strains  

STARCHY RESIDUES 
(wheat and rice bran, broken rice, unripe rice, rice husk, potato peel ….) 

Grape marcs 

S. cerevisiae MEL2[TLG1-SFA1]  
 S. cerevisiae M2n[TLG1-SFA1] 
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SUSTAINABLE PHA PRODUCTION 

EFFICIENT PHA 
ACCUMULATION 

FROM LIPIDS 

Genetic improvement of 
C. necator 

(insertion of lip genes from 
newly isolated P.stutzeri) 

Lipid containing wastes 
(from slaughterhouse or rendering industry ) 

Genetic improvement of 
C. necator 

(insertion of nuc gene from 
S. aureus) 

REDUCED VISCOSITY 
OF LYSATES 

IMPROVED DOWNSTREAM PROCESSES 

GOOD BACTERIAL GROWTH 
AND  

PHA ACCUMULATION. 
HIGH COST, DIFFICULT 

DONWSTREAM PROCESSES 
(expensive carbon source, 

high density of bacterial lysates,  
polluting extraction methods)  

Glucose 
 

NO BACTERIAL 
GROWTH AND NO PHA 

ACCUMULATION 

Lactose containing wastes 
(cheese whey from dairy) 

PHAs PHAs PHAs PHAs 

ISOLATION, PHYSIOLOGICAL AND  MOLECULAR CHARACTERIZATION OF NEW PHA-ACCUMULATING MICROORGANISMS 

Growth on lipid or 
lactose containing wastes 

SUSTAINABLE PHAs 
PRODUCTION FROM RESIDUES 

Cupriavidus necator 545 

LOW PHA 
YIELD 

Isolation  from the 
environment  of new PHA 

accumulating 
microorganisms, able to 

grow in extremophile 
conditions  and/or to use 

cheap feedstocks 

Physiological and 
molecular 

characterization of 
newly isolated 

strains accumulating 
PHA from cheap  

biomasses 


