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TYPES OF PLASTICS” 0 s &

Plastics are generally categorised as polymer 'j 4 -
with a specific backbone composition; np sy S s
The elemental composition of the backbone can . — +CH;—CHs%,  PE
either be all-carbon, or other atoms may be et | C'

. H CH- Hj
present: R oo i
* oxygen DR
* nitrogen N =
- silicon — ~cHy—cHy= PVC
« sulfur c W T—
Classified by:

» specific molecular repeating monomer unit —
and through the attachment of various '
different functional side-chains Trene

» type of synthetic method used to create them

» physical properties (



GLOBAL ISSUE OF PLASTICWASTE «*
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The escalating global issue of plastic
waste accumulation and its improper
disposal practices have led to
significant environmental and health
concerns.

Only 9% of plastic waste gets
recycled.

The ingestion of microplastics pose
potential risks to human health.
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RECYCLING 7 4

» Advanced recycling is the conversion of
plastic waste into monomers or other
valuable raw materials by means of
cracking, gasification or
depolymerization;

 Enzymatic depolymerization offers a
relatively simple and cost-effective solution
for easily hydrolysable plastics such as

polyethylene terephthalate (PET). Q
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Natural
polyester
rolases

e LCC cutinase
e F. solani cutinase

2005 2016

e hc-PET

b Thermobifida 'dlfo.”e”"?‘ Engineered ¢ ThermoPETase
fusca cutinase >aKalensis Elase o FAST-PETase
PETase
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WHO IS PETase? ¢

MNative E. coli
= Genes
Ho " ‘ . L
OBJECTIVE #1 e PETase is a small protein which
PETase MHETase glycolysis consist in 290 aa:
PET — MHET —— OBJECTIVE #2
sy, O i « involved in the degradation and
i assimilation of PET
i » acts synergistically with
MHETase to depolymerize PET
TPA - » PCA -
o T -~ " (TCA cycle)




GAP OF ARTICLE
KNOWLEDGE GOALS

* Improve biophysical and * Engineering a new variant of
biochemical properties. PETase that has the following
parameters to allow the up-
scaling enzyme-based PET

« Activity with high-crystalline depolymerization.

PET.

Thermal stability

Ancestral . . ..
IsPetase Srgﬁgf]uéfatéiiser? sequence ll\ggmlr?e Hydrolytic activity
9 reconstruction 9

Expression levels




Protein Expression and Purlflcatlon

6xHis

(5781) Xhol
(5751) Nhel

: e Expressionin E. coli S/
«\\oaeo 2 terminato,
\\, ‘(t\

e Signal peptide is excluded (PETase is
normally a secreted protein)

e C-Terminal 6xHis o
: .

HisTrap column

e SDS-PAGE <

(4962) BamHI

(4957) Ndel
RBS

T7 promoter

N

R _“43jowouid ‘dd/‘%
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Thermostability Measurement )
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Folded

protein <&/
DSF - Conventional DSF uses a
. hydrophobic fluorescent dye that
Hydrophobic binds to proteins as they unfold.
protein dye

(Sypro Orange) o
(‘
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Enzymatic Activity of Engineered PETD)
Hydrolases o/

Fe(ll)-EDTA + Hz02 —»= Fe(lll)-EDTA + OH + OH hex = 328 nm .
rm=421nm *  To assess the efficiency of enzyme
fo~00 ] 0.0 0 044 activity, the fluorescence of the -/
f , # Z HOTP;
5 e ol & -
’ Ho™~~H 4 § + HOTP is 2-hydroxy terephthalate;
0

i O%\O/\/O_\ EG (1) 0”0 0”0
A (@) “°\'/P\7’\3A » TPA convertion in HOTP is obtained o

by an iron autoxidation (FeS0,)
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PETase4: Generation 1 ¢
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The 8mer-PET interacts with:

« W185
* Residues in the 6-B7 loop
(preceded by W185) (’

Molecular dynamics simulations of various
substitutions at position 186;

strong dependence of the flexibility of:

* the side chain of W185
« the B6-B7 loop

on the size of residue 186
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The beneficial effect of the flexibility of
W185 and the loops in the active siteihas
been highlighted \

D186 is not conserved in other cutinase
enzymes and is most commonly a
histidine in thermostable homologs

The substitution D186H alone does
not provide better activity
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D186A substitutions based on MDS;

exhibites an increase in:

« flexibility

* melting temperature of~10°C
« Enzyme activity at 50°C
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To improve the thermal stabllity of the first
PETase variant:

» sequence homology studies (TfCut2)

» bibliography studies (Cut190, LCC,
ThermoPETase)

Introducing disulfide bridge using N233C and
S282C

|

Triple mutant with increased melting
temperature and activity at 50°C
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PETaseACCCET. Generation 3

— N AN |
- : To further improve

NG S ‘) . me L | thermostability:

H \ { \\ |

_— : . A179C ] Thg vgriant fills a hydropﬁc‘:
] cavity in the core of the enzyme
S136E — Increase hydrolytic activity

The mutation breaks the
hydrogen bond with P184

S214T [

........
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PETase4¢¢CET: Generation 3
To further improve

thermostability:

_— : . A179C ] Thg vgriant fills a hydropﬁc‘:
] cavity in the core of the enzyme
S136E — Increase hydrolytic activity

The mutation breaks the
hydrogen bond with P184

S214T [

........



PETaseACCCET. Generation 3 € p

S136E ) To further improve
N thermostability:
i {
) . A179C The variant fills a hydrophgblc
! cavity in the core of the enzyme
‘ e onyioia |atesoe | @ |« S136E ——> Increase hydrolytic activity
_ number | Mutations (mg/lL) | (uM)TPA 2
| Seaffold | D186AS N23sC + Sap2C (new | S - R The mutation breaks the
T e e [ | hycrogen bond with P184
located in the loop, increasing
flexibility and enzyme activity

It shows a 1.3-fold increase in

m hydrolytic activity
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PETase4ET; Generation 3 € f
) |
);" ﬁﬁl To further improve

My ~ thermostability: ' 4
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| cavity in the core of the enz

e

S136E — Increase hydrolytic activity

The mutation breaks the
hydrogen bond with P184

S214T [

........



PETaseACCCET. Generation 3 ¢

k’ m? &1\ / To further improve
i thermostability:

. A179C ] The variant fills a hydropk(pbic

] cavity in the core of the enzyme
e SI136E — Increase hydrolytic activity

The mutation breaks the
hydrogen bond with P184

. S214T [

9 located in the loop, increasing

< s =

g 0 flexibility and enzyme activity
3y
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Distance to P184 [A]




PETaseACCCET. Generation 3 ¢

‘ Purificati | Activity | Tm (*C)
Mutant onyleld | at45°c
number | Mutations (mgiL) | (pM) TPA

Scaffold | D1BEA + N233C + S282C (naw | 42T.0 64.7
scaffold) < PETase*"* +0.11

The variant increases the enzymatic
activity by 12%

To further improve
thermostability:

. A179C |—

e S136E —

. S214T [

y
The variant fills a hydrophgbic
cavity in the core of the enzyme

Increase hydrolytic activity

The mutation breaks the
hydrogen bond with P184
located in the loop, increasing
flexibility and enzyme activity
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to further improve
thermostability:

. A179C |

e S136E —*

. S214T [

The variant fills a hydrophRgbic
cavity in the core of the enzyme

Increase hydrolytic activity

The mutation breaks the
hydrogen bond with P184
located in the loop, increasing
flexibility and enzyme activity

The effect of
mutations is additive
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/ P « Ancestral Sequence
YN BN /AL Recostruction
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PETase : Generation 4 _
80, A {//
£ o® - 1251C o PsPETase * AncestralSequence |
§ ™ E 1.004 1 PETase’ Recostruction
¢ © ACC
& 60 Q al * PETase™ .
3 pr o - peTaserccceT @ o K95N mutation
£ 504 £ 0.50+ < PETase*ccce™ @
-
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.. .. & & G'\ _\\ o
\d > Q.\-‘ [ ¥ o'w
Q.sé eﬁq,\;},.' & é". 20 3 4 S 6 70 80
g R Temperature [°C)
v
Purification | Activity at Tm (*C)

Mutant eld (mg/L) | 50°C for 1h -

number | Mutations yiedmom (uM) TPA Thermal stability at 70.4°C

Scaffold | PETase*CCCET 4478 *{E}B{; and 12% increase in terms

1.

— of enzymatic activity
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PETase4KCETN; Generation 5

* Machine Learning

« N233K mutation ( ;
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* Modest Tm decrease to 67.5°C compared
to Combi-PETase

* reduction of 10°C of the optimum
temperature back to 50°C

» However, the yield of the PETaseAKCETN
variant is much higher




SUITABILITY FOR INDUSTRIAL
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Mutations Activity [TPA mM/1 h] Tm['Q Protein Yield [mg/L] |
None 0.20 4 0.04 432402 05 (=g
D186A 0.19+ 0.02 §3340.1 29

D186A/N233C/5282C 0.54 +0.01 64.7 +0.1 6.6

ACC/A179C/S136E/ 0.77+0.2 68.640.2 11
S2147

ACCCET/K9SN 0.85:+0.2 704 +0.04

D186A/N233K/A179C/S136E/S214T/K9SN 0.56 +0.05 67.5 +0.1




SUITABILITY FOR INDUSTRIAL ¢
APPLICATIONS
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Long-term reaction experiments at high temperatures and high enzyme
concentrations:

« at 60°C Combi-PETase performs better than PETaseAKCETN, which in turn is
better than FAST-PETase

» 4-fold increase in the optimal enzyme concentration for the reaction
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SUITABILITY FOR INDUSTRIAL ¢
APPLICATIONS
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Figure 4. Ic-PET and hc-PET (90 mg) using 2 uM Combi-PETase (PETase™““™)
enzyme incubated for 2, 6, 22 and 28 hours determining the amount of TPA

MHET

and MHET. Both reactions were performed in three replicates each and

incubated at 60°C for one hour agitating at 1000 rpm analysed using UPLC.

Test of the residual activity of the enzyme
against high-cristalline PET substrate;

The new variant retains 65% of the
activity, which is very high compared to
other PETase enzymes.



SUMMARY

wWildtype PETase Rational design ASR-based Al-based approach Combi-PETas¢
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First Generation:

« Electron density around the ‘wobbly’ W185
residue, with the D186A mutation;




SUMMARY

Second Generation:

» Electron density at the N233C and S282C
mutations;

e

N2IX




SUMMARY

Third Generation:

* The mutation fills the hydrophobyc cavity
in the core of the enzyme;




SUMMARY

Third Generation:

* The mutation S214T breaks the
interaction with P184;




THE NEW Combi-PETase €

They have engineered the Covai-PETase(
variant to perform better in terms of: 1

Protein yields

Thermo stability |
Activity (
Tolerance to high enzyme concentration
Longer reaction times




IMMOBILIZZAZIONE ENZII\/IA'

|
| |

Self-immobilization Carrier

Tipo di interazione
(Natura del Carrier)

Reticolati Cristallini Aggregati Amorfi Forma del Carrier
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