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Enzyme Immobilization
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Enzymes immobilized into/onto
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Nanoscale: Size Matters

* Nanoscale =1-100 nm in at least 1 dimension The ratio of a
* Increased surface area = increase reactivity nanomaterial to a
* Wave/Particle duality = unique nanoscale properties tennis ball is about
o S St the same as the
R e DL TR SRR R B ratio of tennis ball to
S | °f , @ . O the moon!
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Human hair grows
~6 inches/year
=5 nm/sec!
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N-terminal [ —ﬂ C- te'rmmal
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S ‘a2 INT serves as a “Zip code” to help deliver proteins
' , into vaults

Major vault
protein (MVP)
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Proteins of Interest: Fungal Laccase and M

Oxygen reduction site
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ubstrate oxidation site

Ciprofloxacin

Mot and Silaghi-Dumitrescu, 2012;
Gecco Biotech

REMIEC

EMERGING CONTAMINANTS [oYox (o):1- 3 [-3 y A 11 17!
SUMMIT




= et

/

Let’s make recombinant proteins

Sequence derived from

- . Laccase-INT s
Trametes versicolor —\ Recombinant Baculoviru¢ * 1 %
Bacmid Laccase-INT SN
. Laccase [ INT
o _ . Transfection of -
+ Ligation Transformation Isolation .
—_— >

Insect Cells R
ll ‘\
/A éﬁun%‘
3 ‘\ Recombinant , b
Laccase-INT-pFastBac O Laccase-INT-

Plasmid \_ ) Bacmid N

E.coli

Infected Sf9 Cells

Produce recombinant laccase-
INT in Sf9 cells
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roduce empty vaults in
yeast cells
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Laccase activity improved after packaging in vaults

Relative Activity (%)
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Bisphenol A and its Substitutes

ACAUTION

= Weak estrogenic activity = reproductive toxicity
= Causes chromosomal abnormalities and DNA damage
" |Induces germline apoptosis
= Reduces brood size
" |ncreases embryonic lethality

REPRODUCTIVE
TOXIN

Use by Authorized
Personnel Only

UNC-CH Brvmorrwend, Hasth & Saety X3-2207 by Swrnre o

= Used in production of plastics, epoxy resins, copy paper, PVC, dental sealants,

flame retardants, food packaging containers
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Improved Biodegradation Rates
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Vault-packaged enzymes showed better thermal stability, wider pH adaptation, and
biodegraded blsphenollc compounds at higher rates than unpackaged enzymes or

live mlcrob_ —
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Vault MnP Lowers BPA Product Toxicity
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Reusability of MnP-INT/vault/silica

= MnP maintained ~100% activity after 12 recycles, ~90% activity after 25 recycles
= No significant decrease in BPA removal in four repeated uses of the same MnP-
INT/vault/silica
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Degradation of Nitro-Amino-Aromatics

Enzyme free Control

00 Oh
4.0 UL vMnP Peroxide Control g ig: Vault_packaged enzymes
e were required in lower
== amounts than free enzymes
to achieve the same
degradation rates of
dinitrotoluenes (DNT),

1.5 UL!vMnP Empty Vault Control i i
aminonitrotoluenes (ANT),
and diaminotoluene (DAT).

ou Lt 1S ULt (Lothe et al., Chemosphere, 2020)
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Hurt animals!

Toxic to humans
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Vault-packaged
laccase treatment

Gao et al., Bioresguie
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Detoxification of Dyes

Model organisms
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Removal of PFOA by vLaccase

1.2 —— Enzyme-free Control = nlaccase
i —+— vl]accase
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Removal of 6:2 FtS by vLaccase
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= Among the most widely used herbicides in agriculture
to control annual weeds and grasses

=" Endocrine disruption, carcinogenesis, and
bioaccumulation in aquatic animals and plants.

" |In soil, half-life is more than 100 days; in surface water,
half-life is approx. 85 days.

Plant —= Insect larvae

Atrazine
Algac
\ weed control i
° ..
=0 & kg (@} - Affect development
e byt g - Reproduction
N L T e - Behavior
Impacts on aquatic New Technologies
R organisms
o c
l\')“.\' } Reduce environmental impacts
\ )\V )I\\/)\‘ o Increase the herbicide activity
H  H Decrease doses applications
Slow release systems
Atrazine

Pereira de Albuguerque et al., 'EN, 2020; P’erez et al., Chemosphere, 2022
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Texas Corn Producers
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Atrazine Degradation TeChnoIogies

DC power supply
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= Fe(OH)%* Q Atrazine g
3 @ 8 adsorption
a HO E
g Y o
: b S
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M + H,0 " H:H K ,:Z :ll:HH biochar
HO* OH
)\ Fallen leaf powder
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|
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Electrochemical advanced Adsorption
oxidative 2IEEss Cao et al., J. Environ. Chem. Eng., 2021

Komtchou et al., Water Research, 2017
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Atrazine Biodegradation

Mpyriophyllum spicatum Water

xx_’)Uk

Cyanuric Acid Biuret

Cyanuric acid
o

Arthrobacter sp.DNS10
Phytoextraction Bacteria
Jiang et al., Chemosphere, 2020 Qu et al., Chemosphere, 2018
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Laccase-mediated Atrazine Degradation

* Free plant laccase only achieved 30% of atrazine degradation after 3 days.

* Fungi, Bjerkandera adusta, showed atrazine removal (not degradation).

* We used laccase from Pycnoporus sp. SYBC-L3, gifted from Huang Lab at University of

Georgia. O
F< N
A 40¢ s &z Degradation
OLOC_Os12g15680 - Production
= 35T T T
& 30} ¥ ¥ Extracellular
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Dhiman et al., C iesphere, 2020; Huang e 016 2
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Boron Nitride as Enzyme Supporting Material

0.250 am
Y S nh Ny Zigzag N-adge

e
= Bulk hexagonal boron nitride (hBN):

= |nsoluble in water
= Lower access to enzymes and contaminants

afipg Jeyouuy

= Boron nitride nanosheet (BNNS):

= Soluble VBN (ora fow-layared BNNS) _enssapne

» High surface area: ~2600 m? g™%; bulk hBN: | o
~10 m2 g~! (Rasul et al., 2021) m“*“""m PRt o e
= High biocompatibility (Li et al., 2014) it ‘V ey ij”f’; -
= |[nert (Li et al., Chem. Commun., 2014) e TS Tl —
= Boron nitride nanosheets need to be functionalized :m:::::“;ff‘ ' -
for enzyme immobilization — |
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Inert
Biocompatible
Widely used in protein
drug delivery

Boron nitride nanosheets

“\White Graphene" (Lei et al., Nat. Commun, 2015)
But need proper functionalization

Arginine “Peptide bond”
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Stability and Reusability of BNNS-Arg@Lac

o e s vo
BNNS-Arg@Lac 7 B
3’2\ 80 g 80 + _I_ -}
= retained higher N | .
activity at near g " e "
neutral pH 3 _ 21
= exhibited higher B S S S S "Tmt wc wc wmc ec  wc
.. Temperature
activity around 30 °C i i
%0 . [ BNNs-Arg@Lac D 5 & P
" can be used for up to
6 consecutive cycles g
% 60
§ 40
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Atrazine concentration (mg/L)
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Removal of atrazine (%)
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Atrazine Degradation in Agricultural Wastewater
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Summary and Significanée

* Innovative enzyme immobilization platforms

* Both demonstrated enhanced stability, catalytic activity, and reusability.

Can be multiplexed for contaminant mixtures or intermediates in biodegradation
pathways

Generally energy- and cost-efficient for production and scaling up

 Combined with abiotic technologies for industrial processes and water treatment
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