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What is a Biotechnologist?
A biotechnologist uses biological 
processes to their advantage in industrial 
and other application fields (agriculture, 
cosmetics, pharmaceuticals, food).

My Background
A “pure” biotechnologist



Which are the biosystems of interest?

Fungal Laccases Polyhydroxyalkanoates (PHA) 
producing bacteria



Laccases

 Multi-copper-containing enzymes catalysing the oxidation
of a wide spectrum of aromatic compounds, primarily
phenols and anilines, along with reducing molecular
oxygen to water.

 The Cu1 is the primary electron acceptor site in laccase
catalysed reaction. Four 1-electron oxidations of a
reducing substrate occur at this site. The electron is then
transferred, through the highly conserved His-Cys-His
tripeptide, to the TNC, where O2 is reduced to water.

 The spectra of oxidizable substrates can be
expanded by means of low molecular weight
compounds (mediators)

 Particularly widespread in ligninolytic
basidiomycetes fungi, where they take part to lignin
degradation

 Found in plants, fungi and bacteria



Laccases Wide industrial applicability!
The global Laccase market is
valued at 2965.6 million USD in
2020 is expected to reach 2850
million USD by the end of 2026,
growing at a CAGR of -0.6%
during 2021-2026.

Synthetic vs Degradative routes: versatile applicability of laccases



How to enjoy laccases?

ENZYME DISCOVERY

 Enzymes from extremophilic or “niche” environments
 Metagenomic approaches

ENZYME IMMOBILIZATION

 Effective reuse of the enzyme and enzyme stabilization
 Expand the applicability

COST-EFFECTIVE PRODUCTION

 Native or recombinant hosts
 Process optimization
 Downstream process and product formulation
 Strain improvement

ENZYME ENGINEERING

 Rational designing or directed evolution
 Computer-aided approaches

“How to enjoy laccases” (Pezzella C., Guarino L., and Piscitelli A.) Cell. Mol. Life Sci. 2015 72:923-40



ENZYME DISCOVERY

This study allowed enlarging the assortment of P. ostreatus
laccases laying the basis for the selection of the most suitable
biocatalysts for specific industrial application

Reported results depicted a complex picture of the laccase
expression profile, allowing to speculate on the isoform role in
vivo.

Pleurotus ostreatus laccases



ENZYME DISCOVERY

A new expression system based on constitutive
laccase production in Pichia pastoris has been
developed

Production levels have been
optimized

Purification protocols
have been set up

At all the scales the glycerol-based fermentation is more
economic than the methanol-based one. The price forecast for
rPOXA1b production is 0.34 € k U−1 for glycerol-based process,
and is very competitive with the current price of commercial
laccase.

“A step forward in laccase exploitation: Recombinant production and evaluation of techno-economic feasibility of the process”
(Pezzella C., Giacobelli V.G., Lettera V., Olivieri G., Cicatiello P., Sannia G., Piscitelli A) (2017), Journal of Biotechnology



ENZYME ENGINEERING

 Three generations of libraries (3,300 variants) have been screened using different criteria, and several variants endowed with improved features have
been selected

 Functional evolution of POXA1b laccase has been performed combining rounds of random and rational mutagenesis

Mutants Activity
Stability

pH3 pH5 pH7 pH10 60°C 

1M9B 1.5 x - - - - -
1L2B 2.5 x = + - = = 

1M10B 2.5 x = + = ++ = 
3M7C 3 x + ++ ++ = + 
2L4A 2.7 x - ++ = = = 
3L7H 2.7 x - ++ - - = 
1L9A 3 x - + = - = 
R4 2.5 x - = +++ ++ + 

1H6C 4.5 x - +++ +++ ++ + 

4M10G 4.5 x - ++ ++ + = 

1L10A 4.5 x - +++ - + = 

3L2A 3 x  ++ = +++ ++ = 

1H6C variant 
shows a higher 
redox potential 
(+0,77 V) with 

respect to POXA1b 
(+0,65 V).

1H6C variant 
shows a higher 
redox potential 
(+0,77 V) with 

respect to POXA1b 
(+0,65 V).

Piscitelli A. et al C.R. Biol., 2011 Vol. 11, 789-94
Macellaro G. et al, Appl Microbiol Biotechnol. 2014; DOI 10.1007/s00253-013-5491-8.

No mutations in 
the substrate

binding pocket 
Laccase engineering allows to “create” tailored enzyme for
specific industrial applications

Evolved laccases



SNAPSHOTS
A case for laccase



ENZYME IMMOBILIZATION

Dye decolorization Fruit Juice clarification

• Covalent immobilization on 
Inorganic  siliceous support

• Very cheap
• Good mechanical resistance
• High Immobilization yield 

(70%)
• Improvement in enzyme 

stability

The applicability of immobilized laccase on a cheap support was
demonstrated for the treatment of wastewaters from colour
industries

• Covalent immobilization on Epoxy activated 
poly(methacrylate) beads

• High Immobilization yield (98%)
• Improvement in enzyme stability

A laccase-based pre-treatment of raw juice represents an
effective alternative to conventional physical-chemical methods



The ability of two laccase preparations (rPOXA1b and mixP.o.) to delignify and detoxify three different
un-pretreated AFWs (apple pomace, AP; potato peels, PP; coffee silverskin, CS) was evaluated with or
without laccase mediator system (LMS).

CASE-STUDY
Agro-food waste pretreatment

Detoxification

Delignification



The sequential protocol, without filtration and washing steps between pretreatment and enzymatic
hydrolysis, was performed: before the enzymatic hydrolysis, laccase pretreated AFWs were
incubated for 6 h at 50°C in order to deactivate laccases and avoid their interference with cellulase
enzymes.

CASE-STUDY
Agro-food waste pretreatment

“Laccase pretreatment for agrofood wastes valorization”(Giacobbe S, Pezzella C, Lettera V, Sannia G, Piscitelli A) (2018) Bioresource Technology 265, pp. 59-65
“Butanol production from laccase-pretreated brewer's spent grain” (Giacobbe S, Piscitelli A, Raganati F, Lettera V, Sannia G, Marzocchella A, Pezzella C.) (2019); Biotechnology for Biofuels; 12:47



Which are the biosystems of interest?

Fungal Laccases Polyhydroxyalkanoates (PHA) 
producing bacteria



PHA 
A dream come true?

 Polyhydroxyalkanoates (PHAs) are biodegradable and
naturally synthesized polyesters, accumulated by various
microorganisms as carbon, energy, and redox storage
material

They are attracting extensive interest as “green”
polymers due to their peculiar properties:

 Substitution potential for industrial
thermoplastics such as PP, PE, PVC, PET

 Biodegradability in aerobic and anaerobic
conditions including aquatic environments

 Bio-based, renewable origin

 Biocompatibility with cells and tissues

 Structural diversity

Their monomer size: Short chain length PHA (scl-PHA) with
C4-C5 monomers, or Medium chain length PHAs (mcl-
PHAs) with C6-C14 monomers

PHA synthesis mechanisms predominantly comprise three
pathways



How to exploit PHA potential?

The challenge for the new 
polymers produced by 

microorganism is to retain the 
physical-chemical 

characteristics of traditional 
petrochemically-derived plastics, 

but benefit from 
biocompatibility and 

biodegradability.

In spite of the worldwide 
efforts committed to 

biopolymer research, PHAs 
are still not actually 

competitive to petrochemical 
plastics mainly considering 
production costs and to a 
certain extent concerning 
their material properties.

Tailoring of PHA 
properties

Sustainable PHA 
productionIn vivo and 

Post-synthesis 
strategies



PHA from wastes



Type of 
polymer!

• Chemical
• Physical
• Biological
• Thermal

010101

PRETREATMENT

• Wild type 
microorganisms

• Engineered strains
• Co-cultures

020202

STRAIN 
SELECTION

• Separated Hydrolysis and 
Fermentation (SHF)

• Simultaneous 
Saccharification and 
Fermentation (SSF)

• Consolidated process
• Feeding strategies030303

PROCESS SET-
UP

• Polymer extraction
• Co-production of other 

added-value products

040404

DOWNSTREAM

• Polymer characterization
• Functionalization
• Blending
• Copolymerization

050505

PHA 
TAILORING

Application!
Waste 

biomasses

"In vivo and Post-synthesis Strategies to Enhance the Properties of PHB-Based Materials: A Review” (Turco R, SantagataG, Corrado I, Pezzella C*, Di Serio M.) (2021) Front Bioeng Biotechnol., 8:619266. doi: 10.3389/fbioe.2020.619266.



PHA from wastes
Waste frying oils

Biodiesel production cost is strictly related to Free
Fatty Acid (FFAs) content of feedstock.
In addition to the economical detriment, an high
environmental impact is linked to the required acid
pre-treatment.

A bioprocess for PHA production from waste frying oils (WFOs) 
with high content of FFAs was set up

“Conversion of no/low value waste frying oils into biodiesel and polyhydroxyalkanoates”(Vastano M, Corrado I, Sannia G, Solaiman DKY, Pezzella C.) (2019) Scientific Reports 9(1):13751



“Conversion of no/low value waste frying oils into biodiesel and polyhydroxyalkanoates”(Vastano M, Corrado I, Sannia G, Solaiman DKY, Pezzella C.) (2019) Scientific Reports 9(1):13751

PHA from wastes
Waste frying oils

FFA ≈ 10%

(mcl-PHA)
FFA < 5% 

biodiesel ≈ 90%

 High yield in biodiesel conversion 
even with reduced amount of 

catalyst
 PHA yield (1.3 g/L)

Strain engineering:

Pseudomonas resinovorans
wild type vs lipase free 
mutant



The system is designed to improve the fraction of mcl-
monomers in the synthesized PHA

The strain has been exploited for the production of
PHA from Waste fried oils (WFOs)

PHA from wastes
Waste frying oils

 The system is able to produce scl-mcl copolymers
(PH3B-PHHx), by driving the incorporation of 3-

hydroxyhexanoate monomers (>40%)  whatever is
the supplied fatty acid.

Strain engineering:

Recombinant E. coli strain 
endowed with a heterologous 
pathway (B. cereus 6E/2 phaRBC
operon) for PHA production 
from lipidic carbon sources 

“Production of medium-chain-length polyhydroxyalkanoates from waste oils by recombinant Escherichia coli” (Vastano M, Casillo A, Corsaro MM, Sannia G, and Pezzella C.) Eng in Life Sci, 2015, 15,
700–709.



PHA from wastes
Cardoon biomass



PHA from wastes
Cardoon biomass

Up to 3 g/L PHB 
production 

Native producer:

Cupriavidus necator + 
enzymatic pre-treatment

"Optimization of Inulin Hydrolysis by Penicillium lanosocoeruleum Inulinases and Efficient Conversion Into Polyhydroxyalkanoates" (Corrado I, Cascelli N, Ntasi G, Birolo L, Sannia G, Pezzella C*) (2021) Front Bioeng
Biotechnol., 9, 108; doi10.3389/fbioe.2021.616908



PHA from wastes
Cardoon biomass

Artificial consortium:

PHA producer: C. necator + Inulinase 
producer: Bacillus gibsonii

Up to 2 g/L PHB 
in a one-step 

process

"The power of two: an artificial microbial consortium for the conversion of inulin into Polyhydroxyalkanoates" (Corrado I, Petrillo C, Isticato R, Casillo A, Corsaro MM, Sannia G, Pezzella C*) (2021) Submitted to
International Journal of Biological Macromolecules



 Enzyme and microorganisms are powerful tools for the
valorization of waste materials

 “Nature inspired” and/or artificially created biosystems can be
designed to address specific process needs

 The integration of the bioprocesses lay the basis for the
development of biorefinery systems, allowing highly efficient
and cost-effective processing of biological feedstock to a range
of biobased products

Integration is the key!
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Piante e colori dello spettro: fiat lux

Prossimo Caffè scientifico 
Roberta Paradiso, 23 giugno 2021


