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ENZYNC

Research project funded by the Novo Nordisk Foundation Vision: discovery and development of enzymes for
Project period: 2022-2028 recycling of plastic thermosets
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Prof. Daniel Otzen (Aarhus University)
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Prof. Maria J. Ramos (University of Porto)
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project
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PLASTICS ARE POLYMERS

»

Chemical Polymerization Mechanical
processing processing

|

|
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THERE ARE TWO TYPES OF PLASTICS

Crosslink

Monomer

W,
Can be melted Th lasti Th t Once shaped,
G ermopiastics ermosetsS ¢=p
repeatedly (not crosslinked) (crosslinked) cannot be meltea
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\_/
Thermoplastics Thermosets
(not crosslinked) (crosslinked)

370 million tons plastic produced per year
(85% thermoplastic, 15% thermoset)



WHAT IS THE FATE OF PLASTIC WASTE?

2016
million tons annually

raw material (feedstock)
recycling

chemical
recycling

Fossil raw Plastics Production
material (conventional)
(feedstock)

[New Plastics Economy, A RESEARCH, INNOVATION AND BUSINESS
OPPORTUNITY FOR DENMARK, 2019, McKinsey, Innovation Fund Denmark]

Process loss ! E

16% collected for recycling

Applications with
average lifetime >1 year
(e.g., furniture and toys)

|

Durable applications Was(it: g{r}!:/‘fl)tlon incinerated
e - (]
Non-durable applications @ landfilled
Unmanaged
dumps or leaked

Applications with
average lifetime <1 year
(e.g., packaging and
single-use products)
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STATE OF THE ART FOR PLASTIC RECYCLING:

THERMOPLASTICS
Thermal
recycling
(pyrolysis) Chemical/enzymatic

recycling
Mechanical

recycling
O
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Chemical Polymerization Mechanical Use
processing processing INsTiToT o

Reuse

Crude oil
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Polymer




STATE OF THE ART FOR PLASTIC RECYCLING :
THERMOSETS
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CHEMICAL COMPOSITION OF PLASTIC

Thermosets Thermoplastics
H Polyethylene (PE)
g’\o/\/o\n/N W\W Polystyrene (PS)
O Polyurethane

O/\/OW‘/Q)L
E{O @]
'NOLOGISK

[Ren Wei et al. 2019] 0O TITUT



PROJECT WORKFLOW




PROJECT WORKFLOW

Discovery
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DISCOVERY FUNNEL

Microbiomes
Tropical
Landfills Larvae gut
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Microbiomes

Tropical
Landfills Larvae gut
R OREE \Za o S ‘:— 2354 B S

DISCO‘

1
N
RS ol

scale preparative
size .Of 1-10
mutein library
; TLC, GC(-MS),
analytics HPLC(MS)

[Hecko et al. 2023]

>

retention
time (min)

=
—

semi-preparative

10-1000

GC(-MS), HPLC(-MS)

HTS

10.000-100.000

UV, Fluorescence, pMS

analytical

|
|
I
|
|
|
|
|
|
|

uHTS

1.000.000 - 100.000.000

Fluorescence

s
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HIGH THROUGHPUT SCREENING

Fluorescent polyurethane probe v validated against known PURases

{ K
|
| v low/no toxicity
! JL =P NH, HO ! v substrate penetrates cells
! 1 v product does not leak out of cells
Substrate Product X

am Eaa S S S S S S B S B BEE BEE B B B B e e e .
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HIGH THROUGHPUT SCREENING

Fluorescent polyurethane probe

{ \
75,0 = 76O

Substrate Product

am EEE S S S S DS S S S B B B B B B B e e .

Tropical ) l
Landﬁlls Larvae gut
& N s

Compost

v' validated against known PURases
v low/no toxicity

v’ substrate penetrates cells

v' product does not leak out of cells
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Experiments by Dr. Andreas Mgllebjerg, Aarhus University INSTITUT



HIGH THROUGHPUT SCREENING

Fluorescent polyurethane probe v validated against known PURases

{ h
|
: 0 1 v low/no toxicity
! NJLO - Ny HO ! v substrate penetrates cells
: H 1 v product does not leak out of cells
Substrate Product X

am EEE S S S S DS S S S B B B B B B B e e .

Tropical ) 1 B a
Landfills Larvae gut "

Compost

Sequencing

3 U

Up to 36 million cells/hour i

Experiments by Dr. Andreas Mgllebjerg, Aarhus University = INSTTIUT



I{ Fluorescent polyurethane probe | 0°fli g dra3 %B}gé1@gé@mmgw Med:(1018.0,86.0)
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: M ) NH, HO ; =
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PROJECT WORKFLOW




Targets:

Polyretrane PROJECT WORKFLOW
= Polyester resin
|

Discovery
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