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About lignin...

«Lignin, nature’s dominant aromatic polymer, is found in most terrestrial plants in the approximate range
of 15 to 40% dry weight and provides structural integrity»

Chemical building blocks for
 Plastics
» Industrial additives
' Biomedical applications

F .'/‘
o ) Ethanol or
Cellulose & Advanced Fuels
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_<3 2 Fuel
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liakN 5 Carbon Fiber Y
| G Ignin recovery Production
L'Qnm and conversion by Products in
Aromatics thermochemical 5 Fuels
Resource or bialogical ™ » Composites
' Plastics
pegads + Chemicals
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e

«The U.S. Energy Security and Indipendence Act of 2007 mandates the development of 79 billion liters of
second-generation biofuels annually by 2022. Assuming a yield of 355 liters per dry ton of biomass, 223
million tons of biomass will be used annually producing about 62 million tons of lignin.»




coniferyl alcohol

OH
HO ; J
HO 0
E\jo
R, HO
R, R4
OH
p-O-4 B-5

R4
OH
O O Lignin
HO
R4
55

Lignin

=

Chemistry of lignin

IjV\/ "
_~_OH \©\/\/0H

sinapyl alcohol
G Unit SUnit

OH OH
“ =
-H"
Rz R Rz R Ry ™
OH 0o

p-hydroxycinnamyl alcohol
H Unit

COH OH

55-0-4

SD

LIGNIN
HO.
o M
HO ! P
. L,
HO} 1 (@]
[ 0-/"OH
HO\."'\O-- /; P ILAOH
D o ~(
&’\o Y,
h
HONS [ g0 o
TN\ Ho—/ T\
\  OH
HO a _-"'.},
77 o)
\\\f "
HO/_— \ Il
- HO—, S.=
~ \ Y
HO— o |
=)
X ‘\/OH \

OH



UNIVERSITA

'Tascia

GENTOXc/iem
Lignins from industrial process
/ Kraft lignin (KL) \ / Lignosulfonated (LS)
cellulose cellulose
Wood | pulp Wood pulp
ChipS 7 black boiler . KL ChlPS black boiler
liquor 90,000 (t /yr) liquor

&Strassberger, S. Tanase, G. Rothenberg, RSC Adv. 4 (2014) 25310.)

/ Soda lignin (SL) \
cellulose
Wood pulp
chips black boiler SL

liquor sulfur free

1 milion (t /yr)

~

LS

/

Organosolv lignin (OSL)

-

| . cellulose
) organic
Wood solvent pulp
Chips Il. diluite

acid

liquor

/

black boiler OQSL

<

sulfur free
high-cost

/
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Lignin nanocapsule
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In effettiva collaborazione, nell’ambito del bando POR life 2020
Benessere/Wellbeing, la IDI Farmaceutici e 1l Dipartimento DEB
dell'Universita della Tuscia hanno presdisposto il progetto “UNICO”.

Il progetto integra competenze in ambito biomedico, chimico ed industriale
per la realizzazione di un innovativo filtro solare “cosmeceutico” basato su un
ingrediente “naturale” a base di lignina, un componente del legno non tossico
ed ecocompatibile, in grado di assorbire sia UV-A che UV-B.
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PHYSICAL : !, CHEMICAL
SUNSCREENS SUNSCREENS
sit on the top of the skin and - “ - penetrate the skin and absorb
reflect the sun rays like a mirror. sun rays like a sponge.
® . 9N
¢
¥ i

kl uvgms \
22

Sunscreen

Skin

oXxybenzone

octinoxate/ethylhexyl
methoxycinnamate

toxic

chemicals homosalate

octisalate

octocrylene

safe titanium dioxide
minerals

zinc oxide



SUNSCREEN CHEMICALS AND MARINE LIFE

How sunscreen chemicals enter our environment:

/ The sunscreen you apply may not stay \ ve When we swim or shower sunscreen may
on your skin. wash off and enter our waterways. . - ¥
N s

How sunscreen chemicals can affect marine life:

E 0\ S o ,
N/ > N C .
E ¢ - Ch \ /) G
Chemicals in sunscreens that GREEN | = Can impair )i/ Accumulates in tissues. Y1155 15 Can induce defects in young.
can harm marine life: Z g
growth and photosynthesns. Can induce bleaching, damage

A - DNA, deform young and even kill.

- y
- A,

9 v 9 ~
Jn
Oxybenzone, Octinoxate, L3 oo o
Octocrylene, Benzophenone-1 ’ ; C —> C ? _’
Benzophenone-8, OD-PABA, N\

4-Methylbenzylidene camphor,

3-Benzylidene camphor, > Can dam.age Can 'decrease fertility and Can accumulate in tissues and
nano-Titanium dioxide, immune and reproductive reproduction, and cause female be transferred to young.
nano-Zinc dioxide systems, and deform young. characteristics in male fish.

Wi T 0xybenzo«*
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Structural exciton theory

Parallel Head-to-tail N
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Dialysis
tube

Water cointeiner for
dialysis process

GENTOXCHEM

“Micro- e nano- capsule o particelle a base di polifenoli e
loro uso in campo cosmetico e come inchiostro”.

't. @

@ ) layer deposition

deposition

=== (Cationic layer
mm==== Anionic layer
@ NOL

Consecutive

MACROMOLECULES

Subscriber access provided by UNIV OF DURHAM

Article

Layer-by-layer preparation of microcapsules and nanocapsules of
mixed polyphenols with high antioxidant and UV-shielding properties.

Davide Piccinino, Eliana Capecchi, Lorenzo Botta, Bruno Mattia
Bizzarri, Paolo Bollella, Riccarda Antiochia, and Raffaele Saladino
Biomacromolecules, Just Accepted Manuscript « DOI: 10.1021/acs.biomac.8b01006 « Publication Date (Web): 08 Aug 2018
Downloaded from http://pubs.acs.org on August 9, 2018
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Lignin nanocapsule obtained by LbL method
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Dr. Piccinino Davide
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1 campione A |GELBASEA g100|glicerina5g |etanolog5 110
2 (campione B |IDI-OLS gl |glicerina5g |etanolog5 |GELBASEA g 100 116
3 [campioneC |IDI-OLSC g1 |glicerina5g |etanolog5 |GELBASEA g 100 116
4 |campione D |IDI-OLT gl |glicerina5g |etanolog5 |GELBASEA g100 116
5 |campioneE |IDI-OLTC g1 |glicerina5g |etanolog5 |[GELBASEA g100 116
6 [campione1l |IDI-OLS g5 |glicerina10g |etanolog5 |GELBASEA g 100 130
7 campione2 |IDI-OLSC g5 |glicerina10g |etanolog5 |GELBASEA g 100 130
8 |campione 3  |IDI-OLT g5 |glicerina10g |etanolog5 |GELBASEA g 100 130
9 |campione4 |IDI-OLTC g5 |glicerina10g |etanolog5 |GELBASEA g 100 130
10|{campione 1A |GELBASE 1A g 10|glicerina5g |etanolog5 110
11|{campione 1B |IDI-OLS gl |glicerina5g |etanolog5 |GELBASE1A g 100 116
12|campione 1C [IDI-OLSC g1 |glicerina5g |etanolog5 |GELBASE 1A g 100 116
13|campione 1D |IDI-OLT gl |glicerina5g |etanolog5 |GELBASE1A g 100 116
14|campione 1E [IDI-OLTC gl |glicerina5g |etanolog5 |GELBASE1A g 100 116
15|campione 1-1 |IDI-OLS g5 |glicerina10g |etanolog5 |GELBASE1A g 100 130
16|campione 1-2 [IDI-OLSC g5  |glicerina10g |etanolog5 |GELBASE 1A g 100 130
17|campione 1-3 (IDI-OLT g5 |glicerina10g |etanolog5 |GELBASE 1A g 100 130
18|campione 1-4 [IDI-OLTC g5 |glicerina10g |etanolog5 |GELBASE 1A g 100 130

|

i—

Calculation of sun protection factor (SPF)

.

q__a
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SPF
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UVA/UVB unique filter !

4%

SPF
SN

2% Booster effect at low concentration!




Bio-based packaging
products that are
biodegradable/compostable ™
and/or recyclable
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Proposal number: 863697

UN l\’ERSlT \

Proposal acronym: FISH4FISH

EMFF OPERATIONAL *op " %) BASED
PROGRAMME Cropean rion INDUSTRIES

2014-2020 European Maritime and Fisheries Fund * Public-Private P“VtMVShlP

UNIVERS!TA
DI SIENA

Il progetto europeo“FISH4FISH” integra competenze in ambito chimico ed industriale per la
!\EICE“:>>L:;I; realizzazione di un innovativo blend realizzato con bioplastiche e lignina, un componente del legno
non tossico a basso costo ed ecocompatibile, in grado di aumentare le proprieta reologiche e chimico

fisiche delle bioplastiche attualmente in commercio.
L'obiettivo del progetto € quello di ottenere un materiale attivo a basso costo da sfruttare per le

applicazioni industriali di Imballaggi alimentari.




The FISH4FISH concept is reported in the following scheme:

Shellfish wastes from food processing (shrimp,crab,squid, lobster)

Waste
packaging

Shrimp

D,

Chitinase

v €.«

fﬁ '} ‘ i Envnro'nmelr?tal
UNI\S/IEERNS/LTA ’ : ‘ sustainabliity Alternative
Fertilizer Fish packaging - o
-+ Colloidal Chitin-
NE 4T " Chitosan-
TECHNOLOGY
chitooligosaccarides Plarmacatitieals
Biomedical
Other products . . Cosmatics
Functionalized Food preservative
iy Prebiotic
{\ hgnm . Textile
nanoparticles Agriculture

L&

EDE G

Food packaging Film and trays

Lignin waste
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Nanofilter membrane

NEXT

TECHNOLOG

Addition of EtOH/H,0
LIGNIN solution

Cationic layer

deposition

ai

Turning on
vacuum pump

Vacuum with @

Recycling H,0 + EtOH
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Preparazione di nanoparticelle e sistemi colloidali per la
produzione di bioplastiche
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European Union
European Maritime and Fisheries Fund

B HEALTH & FOOD / PROJECT

European Industrial Biotechnology Innovation and Synthetic Biology Accelerator

An accelerator for research and innovation in Industrial Biotechnology and Synthetic Biology
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UNIVERSITA
Tuscia Design of bioinks

PhD Student Eliana Capecchi

Mail: e.capecchi@unitus.it
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INKs GLOBAL ISSUES

Health, Environmental and Regulamentation Concerns

TATTOOS: What Do People Really

Know About the Medical Risks of
Body Ink?

by ILIANA A. RAHIMI, BSc; IGOR EBERHARD, PhD; and ERICH KASTEN, PhD

Maligninant melanoma

* Use of toxic phenol-formaldehide resins

Can contain PAH (polycyclic aromatic hydrocarbons)
* Photosensitivity

Enhanced psoriasis and autoimmune problems

INK’S ENVIRONMENTAL FOOTPRINT

Regulamentation

Decomposition time

450 to 1000 Years

“+ VOC (Volatile Organic Compounds) u P IA \
* Energy demanding |

\ (
“ Ewropean Printing Ink Associatio
. ' Label Printing  \ _
A sector of CEPE aisbl . Need To Knows

Dr. Eliana Capecchi
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ABOUT INKs

How ink is made

Complex Composition

Additive 0.1-10%

Vehicle or Binders 6-7%

Pigments 33-34%

Solvent 60%

uonenuwio] Asiiuay)

Dr. Eliana Capecchi



ECO FRIENDLY BINDER

* Synthetic polymers obtained by the reaction of phenol or
substituted phenol with formaldehyde.
* Carcinogenic formaldehyde (Toxicity) High Environmental

N R T T impact for air pollutants emitted
"~ Lignin Based Bind
- ignin Based Binders
M2 OH Ligni o i
'\ - ignin ~an OH
CH, \F OH o O
4 @/ ks I o
gt RS
— CH, O O
CH,
CHo~7 = OCH,
o OCH3
CH
2 \ / ngmn HO
OH H3CO
CH, S HsCO OCH3
J / Lignin~~0O H3CO

* The actual structure of the lignin molecule it is similar of a
fully set formaldehyde polymer.

* Lignin based binders allow for raw materials cost savings

e Lignin as a raw material is non toxic and easy to handle.

* improving the viscosity of the medium

) UNIVERSITA

'Tuscia

Dr. Eliana Capecchi



Our technology for an innovative Bioink

Lignin Nanoparticles with
Biocatalytic Functionalization

Pigment

: Vehicle
Pigmentation Binder

5 “
T P2 i e 0
@ o F, Additive
SN e T g
2N, ?"%}ﬁv r
N

N -
{ N
RE e O
At
> [

1 & Cite This: Biomacromolecules XXXX, XXX, XXX-XXX pubs.acs.org/Biomac

Enzyme-Lignin Nanocapsules Are Sustainable Catalysts and Vehicles
for the Preparation of Unique Polyvalent Bioinks

Eliana Capecchi,f Davide Piccinino,’ Bruno Mattia Bizzarri, © Daniele Avitabile,i Claudia Pelosi,*
Claudia Colantonio,” Giuseppe Calabrd," and Raffaele Saladino*"'

Upn; . . . .
"Department of Biological and Ecological Sciences (DEB), Tuscia University, Via S. Camillo de Lellis snc, 01100 Viterbo, Ttaly M ICro- € Nano- Ca psu Ie o pa rtlcel Ie d base dl pOI |fen0|| € Ioro

*IDI Farmaceutici stl, Via dei Castelli Romani 83/85, Pomezia, 00040 Rome, Ttaly uso | n cam po cosm etICO e come | n Ch IOSt ro”
§Depanment of Economics, Engineering, Society and Business Organization (DEIM), Tuscia University, 01100 Viterbo, Italy )

=% UNIVERSITA
)'luscia

Dr. Eliana Capecchi



THE BASES OF OUR TECHNOLOGY

Biocatalytic Component

(From Mushroom)

TYROSINASE (EC 1.14.18.1)

OH (@)
0, H,0 O
Tyrosinase
R R
et
UNG| LACCASE (EC 1.10.3.2)
EXTRACTION
OH o
0, 2H,0
4
Laccase
OH OH

LIGNIN

Electro Active support For
Enzymatic Immobilization

LIGNIN NANOPARTICLES

Tyrosine/L-Dopa ‘
4 A
Electron Transfep>.,, Hod4

. 7z
nanomaterials m\D\Pﬂ
Z

Article
Functionalized Tyrosinase-Lignin Nanoparticles as
Sustainable Catalysts for the Oxidation of Phenols

Eliana Capecchi !, Davide Piccinino !, Ines Delfino !, Paolo Bollella 2, Riccarda Antiochia
and Raffaele Saladino *

Dr. Eliana Capecchi



BIOTECHNOLOGY APPROACH

Layer by Layer Assembly Technology for the enzymatic functionalization of Lignin nanoparticles

Lignin
Nanoparticles

Lignin

UNIVERSITA

DLEGLL SIUDI DELLA

i) PDDA or CH
SN

( 1

\‘/

ii) loading with
oxidative enzymes

A)

B)

2. ol
&P

OL/PDDA/Tyrosinase (I)
OL/CH/Tyrosinase (I)

OL/PDDA/Laccase (III)
OL/CH/Laccase (IV)

.

_/

Layer-by-Layer (LbL) Assembly

Polycation Assembly

—_—

‘Washing Step

Technology

Polyanion Assembly
—_—

‘Washing Step

Consecutive

Layer Deposition
—_—

N

/

Tuscia

Dr. Eliana Capecchi



BIOINKS PRODUCTION

Tyrosinase in melanin pathway

Tyrosine
Tyrosine hydroxylase/T yr i
Melanm presu\rsor
g > \ DOPA y
: DOPA oxndasefl'yr L & ‘
» o \ 4 “' -\j\;\
DOPAT o - S DOPA qurf‘sgne X Glutathlgne
=5 ; or cysteine
tautomerase v _f s
- g Q ry
/ < l’-r'
DOPAchrome ~ A Cy%te.ﬁyl DQPA

DHICA DHI ‘__‘

oxidase/ ' oxudase/ \}""-\ ¢ Q)

THEN N 4 80
DHICA DHI !"\ & —F ¢
¢ ¢ 6 g ¢

Indole-5,6-quinone Indole-5,6- Alanyl-hydroxy-
carboxylic acid quinone benzothiazine

Eumelanin Eumelanin Pheomelan
(black form) (brown form) (yellow to re

) UNIVERSITA

Immobilized Tyrosinase in Bioink Technology

0 ; 5
A ) i @ z}%* -4
‘] I OH N l “OH o
NH; l ‘I NH,
HO™
2 h at r.t.

L-Dopa 2mM  L-Tyrosine Il mM  PBS,pH70.1 M

Melanin precursors
=

0 :?f_f«" Tyrosinase

) Chitosan
Layer

L-Dopa 1 mM L-Tyrosine 0.5 mM

' | IL)L(.LJ SIuDL DLU..\

Dr. Eliana Capecchi



BIOINKS CHARACTERIZATION

Transmission Electron Microscopy (TEM)

, Bioihk ‘ Biolnk Chemical Structure

'f EPR Melanin Radical

3450 3460 3470 3480 349 3500 35104 3

EPR intensity

Magnetic Field (G)

Dr. Eliana Capecchi



BIOINKS PRODUCTION

Laccase Chromogenic Substrates Immobilized Laccase in Bioink Technology

A E

OH -
O NH, O / ‘
HO o} B 0 oH g ‘
A E :
OH .

OH 2-amino 3 methoxybenzoicacid
Epicatechin
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R @ i-€
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) A A
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Dr. Eliana Capecchi



PHYSICAL PROPERTIES OF BIOINKS

Color strength and light fastness are important physical properties for the
quality, weather resistance, and applications of the inks. Alkaline medium

and artificial and natural light may cause most pigments to degrade
resulting in color change.

CIE L*a*b* Color Space Spectrophotometer Analysis Results
60 -
50 1 _ ,::_;;13: '::J(.—o—\
. _p:'/'ji’/'-'i/ ==V UV 2h
40 1 A R, 1.No Colour Changes
-Alkaline medium o~ o .
P . X v ===’ NaOH 1M 2h .
_. -Artificial light E 30 - > N 2.Pigments not degraded
) S e - +§,,‘,\,"OH M
& A o S——
v ] S 3.Bio-Ink stable
" 20 e e VI UV 2h
/‘/
Bio-l nk I VIII UV 24h
400 450 500 550 600 650 700
Wavelenght (nm)

5% UNIVERSITA

&' Tuscia

Dr. Eliana Capecchi
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Design of colorimetric biosensors

ANALYTE BIORECEPTOR

aptamers, proteins,
antibodies, quantum
dots, DNA

TRANSDUCTOR

Colorimetric Detection

Absorption

Refraction index LDRs
Fluorescence Photodiodes
Phosphorescence Phototransistors
Reflectivity CCDs
Wavelenght

MEASURABLE
SIGNAL

Data processing

SPACE MISSION

APPLICATIONS

MEDICAL

AGRICULTURE

ENVIRONMENT




Design of colorimetric biosensors

A novel Biosensors that combining colorimetric and Electrochemical detection

Colorimetric Detection

OH

@%_Ofo D-Glucono-1,5-lactone
HO

OH

Chromogenic substrates

Chromogenic Substrates

ABTS oxidized Melanin Synthesis

O~ /oH _<< HO
P = U e IO

Dopamine




Design of colorimetric biosensors

BIOTECHNOLOGY STRATEGY

Concanavalin A Multienzyme

&% Glucose Oxidase

Lectin from

iack-bean Peroxidase

Canavalia ensiformis

DESIGN OF GLUCOSE BIOSENSORS BASED ON RAW MATERIAL SUPPORT
W BIORECEPTORELECTROACTIVE [ AnAwYTE [ COLORIMETRIC g e ASURABLE SIGNAL

REACTION
Lignin nanoparticles 51‘ El OH -
é%
OH
ConA Multienzyme Complex HO o
Ph 7 PBS0.1M :
Electroactive Gllicose Determination
Support Samibles of Glucose
Concentration




= BIORECEPTORELECTROACTIVE [

Biodegradable Support

Lignin Nanoparticles

o Lignin Nanoparticles/Chitosan

GOx-ConA-HRP Aggregate Biosensorl
Lignin Nanoparticles/CATLIG

Concanavalin A (ConA)

E1 Glucose Oxidase (GoX)

' Horseradish Peroxidase (HRP)

Biosensorll

Biosensor I ‘



BIORECEPTORELECTROACTIVE [

Lignin Nanoparticles/ConA
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1642

Glucose Oxidase

a2 1644 1535

Lignin nanoparticles 9
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Lignin Nanoparticles/ConA
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«Amide | Band
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Fourier transform infrared spectra (FTIR) of Lignin Nanoparticles, ConA and ConA- :. 95 e iy N\ AN
Lignin Nanoparticles, showing a typécal C=0 peak at 1600 cm-1 for Lignin M Sop

Nanopartiches with ConA, a simdar trend s reported in previous work. [ref] e
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Design of colorimetric biosensors
_ BIORECEPTORELECTROACTIVE [

Donor Channel Accepted Channel FRET signal Magnification

FITC donatore
GOX

RESULTS
R=7nm

FRET Channel Corrected FRET




ANALYTE [ COLORIMETRIC m n\1EASURABLE SIGNAL BIOSENSOR
REACTION SENSITIVITY

(LOD)

GLUCOSE CONCENTRATION (0-20 mM)
OmM 0.04mM 0.1mM 0.2mM 04mM 0.5mM 2mM 5mM 10 mM 15 mM

ABTS oxidize(}
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MELANIN PRODUCTION IN COLORIMETRIC ASSAY
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