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Meet and greet
My Study and Research path

PhD IN INDUSTRIAL BIOTECHNOLOGY

Federico Il University, Naples
Thesis: “Development of oxidative bio-systems for
the treatment of industrial coloured wastewaters” FIXED TIME RESEARCHER RTDb
Federico Il University, Naples
SSD CHIM/11 Chemical and fermentation
' technology

MASTER DEGREE IN INDUSTRIAL Post-Doc ASSOCIATE PROFESSOR

BIOTECHNOLOGY Federico Il University, Naples Federico Il University, Naples
Involvement in National and International

Federico Il University, Naples .
Research projects

Thesis: “The secretion of psychrophilic a-amylase
in Gram-negative bacteria: molecular evidence
of new secretion systems”
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Background

A “pure” biotechnologist: a designer of bioprocesses

Molecular Biology Protein Engineering

Microbial

Fermentation enzyme

technology




A biotechnologist in the Acodemic world

Sharing research results to stakeholders

Dissemination

Design of enzymatic and microbial bioprocesses for
valorization of wastes into bioproducts

* Chimica delle fermentazioni- CdL Biotecnologie Agro-
Ambientali e Alimentari

* Biopolymers and Bioplastics- CdL Biotecnologie
Molecolari e Industriali

» Complements of Biotechnology- CdL Industrial
Chemistry for Circular and Bio Economy



Fromthe 1dea to the
business

The genesis of Biopox
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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 Culis 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 O, is
reduced to water.

Found in plants, fungi and bacteria

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

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



Oxidotive enzymes: the caose of loccoses ’

Synthetic vs
Degradative
routes: versatile One-electron

C ope oxidation
applicability of ;
laccases O

Oxidative coupling

OI_Hand/or
@

Dead-end product/ i ]

Bond cleavage

Radical > ©°f
A kS
I Redox cycling/

Non-phenolic compound

oxidation

Synthetic chemistry: dye
synthesis

Functional polymer synthesis
Polymeric surface grafting

Juice clarification

Bleaching technology;

delignification

Bioremediation; oxidative bond
cleavage

Synthetic chemistry; oxidation
of non-phenolic functional

. Tl

Restoring Radical Dead-end product

electron from (target) Bond cleavage
target —

groups
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How to enjoy loccases

A special focus on laccases

ENZYME DISCOVERY

v' Pleurous ostreatuslaccases
v/ Bioinformatic approaches

LACCASE APPLICATION

v Bioremediation

v Dye synthesis

v' Agro-food waste
pretreatment

ENZYME IMMOBILIZATION

v Effective reuse of the enzyme and enzym
stabilization
v' Expand the applicability

COST-EFFECTIVE PRODUCTION

v" Native or recombinant hosts

v" Process optimization

v" Downstream process and product
formulation

v/ Strain improvement

ENZYME ENGINEERING

v" Rational designing or directed
evolution
v' Computer-aided approaches



My research

A case for laccases

synthesis of
textile dyes

SOPHIED
indox., L

W) | WASTE2FLELS



A Mentimeter for PowerPoint

How to transform an idea into a business?
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How to transform an idea Into @
business?

Start with a Great Idea

Make a Business Plan

Secure Funding for Your Startup

Surround Yourself With the Right People

Make Sure You're Following All the Legal Steps
Establish a Location (Physical and Online)
Develop a Marketing Plan

Build a Customer Base

© ® N OV WwN S

Plan to change




Biopox is a biotech company
devoted to develop smart,
sustainable and marketable bio-
based products and processes
for industry.

Giovanni Sannia,
President

Cinzia Pezzella,

Scientific Officer
Vincenzo Lettera, o A
A CEO o :
; \! ?‘:"‘\t ’ A v
AR - N
- Alessandra Piscitelli,
Christian-Marie Bols Scientific Officer
Marketing Manager

'/

Alberto oleHa,
Qualified Technician



Biopox is a biotech company
devoted to develop smart,
sustainable and marketable bio-
based products and processes
for industry.




Biopox approach o)

= Research and Development
Applicatiq /

n Involvement in national and
international projects

Optimize §§
production

Customer-driven activities:

|dentifying customer needs
and designing tailored
solutions

3
Inventory of §EN
laccase genes




Research and development ‘ﬁﬂ WASTE2FUELS

Involvement in national and international projects ) ) )
Sustainable production of next generation

biofuels from waste streams

METABOLIC

0 L

Enzymatic pre-treatment processes aimed at the decomposition of the lignin fraction have been
optimized through the use of enzymatic mixtures of cellulase and xylanase in combination with Pox
fungal peroxidase and laccase




Research ond development @lenus =

Involvement in national and international projects ) )
Triggered Enzymes to Recycle Multi-layers:

an INnovation for USes in plastic-
packaging

1. Enzymes and materials 2. Multilayers manufacturing and

screening and optimisation tests :
A Layers separation
Enzymes screening and Compounding of Manufacturing through enzymes
protection tie layers and andtests |, triggering
formulation of (ageing...) H,0 Layer ~ layerof
adhesives Layer of interest » "
: _interest .
5 s & = . ‘ Recyclability and
fiiith, J . reusability studies

<o

Adhesive and tie layer development

Designing and producing new types of laccase to be used in the controlled degradation of multilayer
packaging. PoOX




Research and development
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Aims and goals of the research study: comparison between re-designed (green workflow) and traditional re-tanning process (grey workflow).

Developing new biotechnological approaches for tanning, dyeing and finishing of leather aimed at improving the eco-
sustainability characteristics of the material (limited use of solvents and other substances able to determine the volatile
compounds, reducing the eco-toxicological impact of the finishing phases) ensuring or optimizing, at the same time, performance
in terms of sensory pleasantness and minimizing any criticality of use.

Engagement of an Industrial PhD in Biotechnology in collaboration with the University of Naples titled “Green Chemistry and
Circular Economy as alternative strategies for the traditional leather manufacturing industry”.




Research and development
INTER faces

g Chemistry
Europe
i)

DR o NH; Research Anicle

fo) o s} ChemSusChem doLorg/ 101002/ cssc 202300226
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T TEMPOy,  TEMPO,pqy - PMP PLP . L
1a \ 1b s\ U 1d Laccases from Pleurotus ostreatus Applied to the Oxidation
\____-./ r i of Furfuryl Alcohol for the Synthesis of Key Compounds for
Laccase |Jransaminase | Polymer Industry
./’d_ _‘\ . _N\'l Nicoletta Cascelli™ ™ Vincenzo Lettera,*® Giovanni Sannia,”™ Vicente Gotor-Fernandez,”
d Ivan L dera*”
02 Hzo ’Tl-lz O and lvan Lavandera

Scheme 3. One-pot bienzymatic sequential approach for the synthesis of 1d Intemational Journal of -
using a laccase-TEMPO system and Cv-TA. Reaction conditions: Laccase Molecular Seiences MDFY)

POXC/POXA1b (58 Ummol™' 1a), oxygenated phosphate/citrate buffer

Article

(50 mM, pH 6.5!5_.5), TEMPO (20 mol %), 30°C, 16 h, 250 rpm. Then, Cv-TA Spectrophotometric Assay for the Detection of
(10 mg DCW}; KPi buffer (pH 6.5, 100 mM), PLP (1 mM), (PrNH,),PO, 2,5-Diformylfuran and Its Validation through Laccase-Mediated
(330 mM), 30°C, 24 h, 250 rpm. Oxidation of 5-Hydroxymethylfurfural

Nicoletta Cascelli ", Vicente Gotor-Ferndndez >(*, Ivan Lavandera 2, Giovanni Sannia ! and
Vincenzo Lettera 1.3.%

Research project financed by European Commission in the program Horizon 2020 under the Marie Sktodowska-Curie
grant agreement. Biopox participated, in collaboration with the Chemistry Department of the University of Oviedo, in
the training of a European Research Doctor (PhD) by developing a project aimed at the development of new POX
phenol oxidase engineered for the synthesis of ferulic acid and HMF derivatives.




- Customer-driven activities °
o .\) Designing of tailor-made solutions for industries

Biopox, developed a panel of oxidative
enzymes applicable to various industrial
sectors:

» Food beverages
» Wastewater treatment

» Pulp and Paper industry

Pox > Textile and Leather



Customer-driven activities

Designing of tailor-made solutions for industries

Biopox developed a panel of dyes starting from the combination fo more

than 40 non toxic precursors.
The dyeing process is based on the mixing of the two precursors in the

presence of a proper oxidative enzyme.

W}

Hair-dyeing Wood fibers- Leather-dyeing
dyeing




Customer-driven activities...not only laccoses

Designing of tailor-made solutions for industries

ON-DEMAND RECOMBINANT PROTEINS

On-demand recombinant protein production in
bacterial and yeast hosts: set-up of bioprocess,
| including all the steps (upstream, midstream,
downstream)

—

ANTIDXIDANTS FOR COSMETICS

Superoxide dismutase, together with catalase, form
the first line of the body’s antioxidant defenses which
Biopox produces in a recombinant form.

The product has found its main application in
cosmetics.




@
The Acodemic side

A focus on my research
activities




The Biosystem of interest:
olyhydroxyalkanoates (PHA)
nroducing bocteria

My recent focus
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What are Polyhydroxyalkanoaotes? "o
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*Li, Z., Yang, J. & Loh, X. Polyhydroxyalkanoates: opening doors for a sustainable future. NPG Asia Mater 8, €265 (2016). https://doi.org/10.1038/am.2016.48

O

Polyhydroxyalkanoates (PHAs) are
thermoplastic polyesters of R-hydroxyalkanoic
acids, synthesized and stored as intracellular
carbon and energy reserve in different
microorganisms

Why Polyhydroxyalkonoaotes?

Q:V 100% Biodegradable

C?.'\ Renewable

D@D Wide range of applications
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\
Type of
polymer! \ Application!

Wild type

microorganisms ‘

Engineered strains * Polymer extraction

Co-cultures * Co-production of other
added-value products

-

STRAIN : ]
PRETREATMENT DOWNSTREAM
“W SELECTION ! 9 TAILORING

Chemical
Physical
Biological
Thermal

Polymer characterization
Functionalization

Blending
Copolymerization

"In vivo and Post-synthesis Strategies to Enhance the Properties of PHB-Based Materials: A Review” (Turco R, Santagata G, Corrado |, Pezzella C*, Di Serio M.) (2021) Front Bioeng Biotechnol., 8:619266. doi: 10.3389/fbioe.2020.619266.
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An overview of cose-studies: ' r—j
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0 Biorefinery approach .

e A Cardoon-based biorefinery
for food packaging

e A Cardoon-based biorefinery
for biomedical application

e A Spent-coffee ground based
biorefinery

y



A cardoon bosed biroefinery for food packaging

Extraction of bioactive

molecules
A

Novel functional bioplastics

Edible films from seeds

igan

proteins
E CARDoon valorisation by InteGrAted biorefiNery
v
Microbial processes
for biopolymer
4 UNIVERSITA
oL e synthesis

EDERICO I

PRIN: PROGETTI DI RICERCA DI RILEVANTE INTERESSE NAZIONALE - Bando 2017.



Enzymatic mixture production for inulin hydrolysis

HO Screening of inulinases Data base

oM : producers ﬂ :

0~ : .

OH OH |

0 ]

o LC-MS/MS

o Enzymatic mixture

OH OH characterization :

"o
HOH(J . o] I O o
0~
o N R eI E e sersssanannnaes R TR s, .
g) Application of inulinases mixture for polymer production
OH OH i
INULIN 1. SSF 2. SHE
. Inuli it
mam oo Cupriavidus
Enzyme —s | 1h necator —y |
Enzyme
Cupriavidus __ Inulin — Fermentable
Up to 3 gIL : necator sugars

production

"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



A cardoon based biroefinery for food packoging

Inulin-rich sources

z0
@ Cupriavidus necator

Bacillus gibsonii DSM428

Inulinase

Upto2g/L
PHB in a one-
step process

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



CARDOON OIL UPGRADING
IN POLYMER ADDITIVES

» Microbial conversion into mel PHA

= Pseudomonas resinovorans

mcl
PHA
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Cardoon oil
co

* Chemical epoxidation of cardoon
seed oil

m ECO

MICROBIAL PROCESSES FOR
PHB PRODUCTION
Simultaneous saccharification and
fermentation, SSF

‘ Inulinases mixture, Plal
Cupriavidus necator
P P: e

ROOTS

PHB

Turco R, Corrado |, Zannini D, Gargiulo L, Di Serio M, Pezzella C*, Santagata G “Upgrading cardoon biomass into Polyhydroxybutyrate based blends: A holistic approach for the synthesis of

biopolymers and additives. Bioresource Technology Volume 363 November 2022

A cardoon bosed biroefinery

MODULATION OF PHB
PROPERTIES

ECO

mcl
PHA

Physical blends
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A new cardoon based biroefinery

* Bioactive loaded
PHA-nanocarriers

* PHA- derived
mucoadhesive gels '

* Functionalized
biopolymer

* Cardoon active ext?%acts

* * Biotechnological transformation of renewable
C-sources into PHA biopolymers

/’_' Chemo-enzymatic polymer functionalization
'y

Glucidic
fraction

* Extraction of bioactive molecules \&

Products Added value products >



A Spent-coffee grounds based biroefinery

Spent coffee
grounds

Nonpolar solvent extraction
#

Hydroalcoholic extraction
»{ Phenolic compounds

Extraction with Deep

Eutectic Solvent (DES)
F tabl Fermentation
* ermentable »’ Polyhydroxybutyrate ‘
Enzymatic sugars y

saccharification via &
Design of Experiments ‘%’
(DOE) o

Engineered
Escherichia coli

Upcycling
process {

Turco R, Corrado |, Zannini D, Gargiulo L, Di Serio M, Pezzella C*, Santagata G “Upgrading cardoon biomass into Polyhydroxybutyrate based blends: A holistic approach for the synthesis of
biopolymers and additives. Bioresource Technology Volume 363 November 2022



Connecting different industrial sectors

Agri-food industry




Connecting different industrial sectors

Agri-food industry
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Connecting different industrial sectors

Agri-food industry
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Circular economy and industrial symbiosis

@




Thank you for

the attention!
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Do you have any questions?

@ cpezzella@unina.it
M pezzella@biopox.com

Brain project A,‘j

RIS (Eeox

s nistero ) .
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