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Continuacdo: Imobilizacdo e NanoBioCatalisadores
(NBCs)
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“... biocatalytic processes are often limited by the lack of stability of the enzymes and
their short lifetime. Therefore, immobilization is key to the successful implementation of
industrial processes based on enzymes.”

Recent advances in nanostructured biocatalysts, Biochem. Eng. J., 2009, 44, 53-9

Imobiliza E em nanomateriais = NBCs = Assunto atual em pesquisa e industria

EXEMPLOS DE APLICACOES:

Emerging role of nanobiocatalysts in hydrolysis of lignocellulosic biomass leading to
sustainable bioethanol production, J. Catalysis Rev., 2018
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Nanomaterais usados para obter NBCs

Aspectos a considerar ao usa-los para empreqga-los:

v' Area superficial X tamanho

v' Porosidade

v Capacidade de carga de enzima - nanoparticulas, p. ex.
v Resisténcia de transferéncia de massa

v' Funcionalizacdo quimica

v' Capacidade de penetracao celular

Nao Magnéticos Magnéticos
Organo-silicas (silicato mesoporoso) NP Magnetita (Fe;0, modificadas ou ndo)
Materiais nanoporosos NP de Au

NP de Ag



Situacoes a considerar
no preparo dos NBCs:

Funcionalizacoes a considerar
para a imobilizacao:

ACS Catalysns pEp SPECTIVE
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Figure 2. (A) Representative image of ordered mesoporous silicate (OMS). (B) Depicts the situation where an enzyme is too large to fit inside of the
pores and is mainly adsorbed in the outer surface of the OMS. (C) Portrays enzyme adsorption in the inner pore volume when pore diameter and enzyme
size matching is achieved. (D) Depicts the opposite of case B, where the pore opening is much larger than the enzyme and is susceptible to leaching.
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Figure 3. (A—D) Represents the functionalization of OMS material surface silanols with various functional groups. Panel A is the hydrophobic
functionalization by attachment of octyltrimethoxysilane. Panel B represents the hydrophilic functionalization with the addition of 3-aminotrimethox-
ysilane (APTES). Panel C represents the subsequent treatment of APTES functionalized OMS with succinic anhydride for carboxylate functionalization.
Panel D represents the cross-linkine of APTES functionalized OMS with external anime erouns found on enzvimes.



Nanoparticulas Magnéticas = superparamagnéticas = pouca atracao entre si

Separadas dos meios reacionais = separacao magnética

Imobilizacao de
enzimas livres ou Cross-linked Enzyme Aggregates (CLEAS)
em particulas de magnetita

Production of superparamagnetic nanobiocatalysts for green chemistry applications, App/ Microbiol Biotechnol 100:7281-7296, 2016 > -2



Preparacao de
NBC a partir de lacase*

The immobilization method consists of/the
production of superpara
nanoparticles by co-precipitation of feCl2 and
FeCl3. Fe'" 4 2Fe’™ + 8OH — Fei04 + 4H,0
Subsequently, the particle surface is modified
with an organosilane containing an amino
group.

Next, the enzymes are adsorbed on the particle
surface before a cross-linking agent, i.e.,
glutaraldehyde is added which links the amino
groups on the particle surface with the amino
groups of the enzymes and leads to internal
cross-linking of the enzymes as well.

* reagdo de oxidacdo para
despolimerizar lignina

T34

Appl Microbiol Bastechnal (2016) 100:7281-7296
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Fig 1. Descricao esquematica de “sorption-assisted surface conjugation” method

desenvolvido.
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Caracterizacao do NBC tem que incluir:
1- O NBC esta ativo?
2- Quanto de E/mg de NP? v Cinética & Kcat/Km
3- E facilmente recuperavel? Quanto? v’ Estabilidade quimica
4- No NBC a enzima teve outras propriedades melhoradas? --------------------- v" pH 6timo
5- como o NBC pode ser armazenado? v' Termoestabilidade

6- o NBC pode ser reutilizado = quantas vezes?



EX: NBC = Fe;0,@silica-aCT a partir da a-quimotripsina pancreatica bovina livre
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Cycle number was determined after enzyme pre-incubation at 60 “C. The
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Fig. 3 Relative amidase activity measured after use of Fes after pre-incubation/initial activity

— O, @silica-2CT stored in suspension at room temperature for ten
cycles. The analysis of variance (ANOVA) gave a very high
p value (p = 0.2481)

Ungaro, Vitor Augusto. Desenvolvimento, estudo e aplicacdes de nanobiocatalisadores proteoliticos magnéticos / Sdo Paulo, 2020. 223 p.
Liria et al., J Nanopart Res (2014) 16:2612



ACS Catalysis

FERSPECTIVE

Table 1. Recent Methods Used to Immobilize Enzymes for Catalytic Reactions

types of reactions
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cacidation ‘reduction

relevant enzrymes
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bipase
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alcohol dehydrogenase
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microperoxidase. 11
hemoglobin
glutaminase
miyoglobin

superaxide dimutase
carbomic anbrydrase
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