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1 RESUMO

As relagdes funcionais e interacionais entre acidos nucléicos e proteinas
sdo o arcabougo estrutural para estudos de biologia molecular. Nesse contexto,
a obtencdo de um material genético de alta qualidade € uma etapa critica para
aplicagdes downstream. Diante disso, desenvolvemos um método de extracéo
para obtencdo de DNA de alta qualidade de forma segura, ecoldgica e aplicavel
para diversos tipos de amostras biologicas. Para isso, trés tipos diferentes de
vidro reciclado de laboratorio a base de borosilicato foram usados como fonte de
silica e iodeto de sddio como sal caotropico, que se tornou uma ferramenta
poderosa para lise celular e extragdo de DNA. Este método foi usado para extrair
o DNA de diferentes amostras bioldgicas, incluindo amostras fecais e culturas
de bactérias e fungos. Todas as amostras também foram analisadas com um kit
comercial para comparacao dos resultados. O controle de qualidade dos DNAs
extraidos baseou-se na quantificacdo da concentracdo e pureza por
espectrofotometria, e a integridade foi determinada por eletroforese em gel de
agarose. Adicionalmente, os DNAs extraidos foram submetidos a amplificacéo
da Reacdo em Cadeia da Polimerase (PCR), para verificagdo da viabilidade para
processos downstream. Os resultados mostraram que nosso método apresentou
maior pureza e integridade total dos DNAs extraidos em comparagao ao kit
comercial, e o rendimento ndo foi estatisticamente diferente. Finalmente, o novo
meétodo de extracao de DNA pode ser reproduzivel e aplicavel em um processo
posterior como PCR.

Palavras Chaves

Extracdo de DNA; Substancia Caotrdpica; Silica; PCR



2 ABSTRACT

The functional and interactional relationships between nucleic acids and
proteins are the structural scaffold for molecular biology studies. In this context,
obtaining a high-quality genetic material is a critical step for downstream
applications. Given that, we developed an extraction method to obtain high-
quality DNA safely, environmentally friendly, and applicable to diverse types of
biological samples. For that, three different types of borosilicate-based recycled
laboratory glass were used as a source of silica and sodium iodide as a
chaotropic salt, which became a powerful tool for cell lysis and DNA extraction.
This novel method was used for DNA extraction from different biological samples,
including fecal samples and bacterial and fungal cultures. All samples were also
analyzed with a commercial kit for comparison of results. The quality control of
the extracted DNAs was based on the concentration and purity by
spectrophotometry, and the integrity was determined by agarose gel
electrophoresis. Additionally, the extracted DNAs were submitted to Polymerase
Chain Reaction (PCR) amplification, for verifying the viability for downstream
processes. The results showed that our method had a higher purity and full
integrity of the extracted DNAs comparing to the commercial kit, and the yield
was not statistically different. Finally, the novel DNA extraction method can be
reproducible and applicable in a downstream process such as PCR.

Keywords

DNA extraction; Chaotropic Salt; Silica; PCR
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3 INTRODUGAO

A biologia molecular € uma area dedicada ao estudo dos mecanismos
moleculares que envolvem a expressao génica e sua regulacédo (1). A expressao
de um gene comega com 0O processo de transcricdo controlado por proteinas
chamadas fatores de transcrigédo, reguladas pelos sinais recebidos pelas células,
e termina com a produgao de um RNA funcional e, posteriormente, no caso dos
mRNAs, com a tradugdo de uma proteina madura e ativa (2). Essas relagbes
funcionais entre DNA, RNA e proteinas correspondem a base do dogma central
da biologia molecular (3). Desde 1960, os bidlogos moleculares desenvolveram
métodos para identificar, isolar e manipular componentes moleculares nas
células, incluindo DNA, RNA e proteinas (4). A obtengdo de DNA ¢é o ponto de
partida para a maioria das analises genéticas, mesmo com pequenas
quantidades de DNA e por meio de ferramentas de biotecnologia e biologia
molecular, genes especificos podem ser amplificados in vitro, por meio da reagao

em cadeia da polimerase (PCR) por exemplo (5,6).
3.1 Acidos nucléicos

Os acidos nucléicos constituem o material genético dos organismos e sao
necessarios para o armazenamento e a expressdo da informacgéo genética.
Existem dois tipos de acidos nucléicos quimica e estruturalmente diferentes:
acido desoxirribonucléico (DNA) e acido ribonucleico (RNA); ambos s&o

encontrados em todas as células procaridticas, eucariotos e virus (2).
3.2 Acido desoxirribonucleico (DNA)

O DNA, ou acido desoxirribonucléico, € o sistema central de
armazenamento de informag¢des genéticas da maioria dos animais e plantas, e

até mesmo de alguns virus (7).
3.2.1 Estrutura do DNA

Essa molécula € composta por duas cadeias ligadas por ligagbes de
hidrogénio, efeito causado pela interacdo de suas bases nitrogenadas. Cada
cadeia é composta por um acgucar (desoxirribose), uma base nitrogenada
(adenina, timina, citosina ou guanina) e um grupo fosfato. A sequéncia de cada
base nitrogenada determina a codificagao para formar proteinas e moléculas de
RNA (8).
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3.2.1.1 Estrutura primaria

Corresponde a sequéncia de nucleotideos do polinucleotideo linearizado.
A informacé&o genética esta contida na ordem exata das bases nitrogenadas que
compdem os nucleotideos, e se alguma dessas bases ou sua ordem for

modificada, a informacgé&o sera alterada (2).
3.2.1.2 Estrutura secundaria

Em células eucariéticas, o DNA é encontrado como uma fita dupla de
polidesoxirribonucleotideos (DNA de fita dupla, dsDNA). As duas fitas de DNA
giram em torno de um eixo imaginario de simetria e formam uma estrutura
helicoidal. Na hélice de DNA, a coluna de desoxirribose-fosfato hidrofilica de
cada cadeia esta do lado de fora da molécula, enquanto as bases nitrogenadas
hidrofobicas sdo orientadas para dentro. A relagdo espacial gerada pela rotagao
entre as duas cadeias da hélice cria um sulco maior (largo) e um sulco menor
(estreito) (2,3)

3.2.1.3 Niveis de empacotamento de DNA

Devido ao comprimento do DNA genémico nas células eucaridticas (cerca
de 2 metros / célula) é necessario compacta-lo, para que ocupe menos espago
e se encaixe no nucleo da célula. O DNA se associa a nucleoproteinas (histonas

e nao histonas) para formar a cromatina e dar origem aos cromossomos (2).
3.3 Extracao e purificagao de DNA

A qualidade do DNA extraido € muito importante para futuras aplicagcoes
no campo da biologia molecular (9). Assim, nos processos de extragao de DNA,
ha duas categorias envolvidas em sua purificagdo, que incluem: a extracéo de
construgbes de DNA recombinante, como plasmideos ou bacteriofagos e a
extragdo de cromossomos ou DNA genémico de organismos procarioticos e
eucarioticos (10).

Para uma extracédo correta de DNA de alta pureza € necessario atender
aos requisitos como: uma adequada lise de celular ou tecidos, desnaturagao de
complexos de nucleoproteinas, remogéo de contaminantes e a inativagdo da
atividade de nucleases (RNAses e DNAses) (11). No entanto, o tempo e a

complexidade do método desempenham um papel muito importante na extragcao
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do DNA (12). Para isso, € importante saber que os processos eficientes para
extrair DNA devem ser métodos sensiveis, reprodutiveis e, sobretudo, nao
requerer uma infraestrutura altamente especializada para serem executados
(13). Ressalta-se que dependendo do foco de estudo, é imprescindivel saber o
tipo de fonte de extragdo, mais frequentemente sdo empregadas amostras
biolégicas como: isolados de culturas puras, tecidos, fezes ou amostras
ambientais como agua e/ou solo (14).

3.4 Métodos de extracao e purificagcao de DNA

Diversos métodos para extrair DNA tém sido publicados na literatura. No
entanto, a lise celular € uma etapa crucial para garantir a recuperacgéo estavel e
bem-sucedida do DNA (15,16). A ruptura celular € acompanhada pela liberagao
de diferentes componentes celulares como acidos nucleicos, proteinas e outras
macromoléculas (17). De acordo com seu processo de rompimento ou lise
celular, podemos classificar os métodos de extragdo de DNA em: métodos
mecanicos e nao mecanicos, e que além disso podem atuar combinados (18—
20).

3.4.1 Métodos mecanicos

Nos métodos de lise mecanica a membrana e a parede celular sao
decompostas fisicamente por meio do uso de for¢a de cisalhamento (21). Essa
forca pode ser gerada através dos seguintes processos que sdo 0s mais
utilizados: contas de vidro, fervura, trituradores e sonicagéo (22).

3.4.2 Métodos nao mecanicos

Esses processos, pela sua natureza, podem ser enzimaticos ou quimicos,
ou seja, ndo utilizam forgas de cisalhamento e a influéncia de fatores fisicos para

gerar a lise celular (23).
3.4.2.1 Métodos enzimaticos

A lise enzimatica € um processo de lise celular biolégica em que s&o
utilizadas enzimas como lisozima, lisostafina, zimolase, celulose, protease ou
glicanase (24). Uma vantagem da lise enzimatica é a sua especificidade, que se
deve a composicao estrutural celular de procariotos e eucariotos. Como exemplo

podem-se citar: as lisozimas sao usadas para a lise de células bacterianas, a
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quitinase pode ser usada para a lise de células de levedura e as pectinases sao

utilizadas para a lise de células vegetais (25).
3.4.2.2 Métodos quimicos

Esses métodos sdo baseados no uso de tampdes de lise para quebrar a
membrana celular. Os tampdes ou buffers de lise rompem a membrana celular
alterando seu pH, permeabilidade celular e osmose (26). Detergentes também
podem ser adicionados aos tampdes de lise celular para solubilizar proteinas de
membrana, transmembrana e romper a membrana celular para liberar seu
conteudo (27). As principais substancias utilizadas para gerar lise celular séo:
surfactantes, solventes orgéanicos, agentes caotropicos, agentes quelantes, sais
e bases como cloreto de sodio (NaCl) e hidroxido de sédio (NaOH)

respectivamente (28,29).
3.4.2.2.1 Surfactantes

S&o moléculas utilizadas para gerar rompimento celular, diminuir a tensao
superficial de um liquido e liberar o conteudo intracelular (28,30). Por outro lado,
sdo moléculas anfifilicas, o que lhes confere a capacidade de apresentar regides
hidrofilicas e hidrofébicas. Esta propriedade anfifilica permite que os detergentes
quebrem as associagbes proteina-proteina, proteina-lipidio e lipidio-lipidio,
desnaturem proteinas e outras macromoléculas e evitem ligagdes inespecificas
em ensaios imunoquimicos e cristalizagado de proteinas (31). Esses surfactantes

sé&o classificados de acordo com sua natureza eletroquimica (Tabela 1).

Tabela 1 Principais surfactantes empregados para lise celular

Tipo Exemplos
Dodecilsulfato de sddio (SDS), desoxicolato de sédio colato de
I6nico sodio, lauroil sarcosinato de sodio (sarcosil).

N&o idbnico  Familia Triton, NP40, Familia Tween, Pluronic F-68
Zwiteriobnico 3-Colamidopropil dimetilamonio 1-1propanosulfonato (CHAPS)

Adaptado de (Johnson, 2013) (29)
3.4.2.2.2 Solventes organicos

Esses compostos permitem a geragao de lise celular pelo aumento da
permeabilidade celular e de membrana, os mais utilizados sdo: alcoois, fenol e
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cloroformio (32). A extracdo por solvente organico geralmente usa fenol e
cloroférmio. Por sua vez, envolve a adicdo em série de varios outros produtos
quimicos, como dodecilsulfato de sédio (SDS) e proteinase K para quebrar as
membranas celulares e quebrar as proteinas que protegem as moléculas de
DNA enquanto estdo nos cromossomos (33). Este tipo de extragdo continua
sendo um dos mais confiaveis e eficientes, embora demore muito para ser

executado (34).

Solventes organicos como fenol e cloroférmio, de acordo com a Agéncia
Europeia de Quimica (ECHA, European Chemicals Agency) sao considerados
nocivos, toxicos e corrosivos. Portanto, sua utilizacdo pode representar uma
fonte de riscos de exposi¢ao tanto para as operadoras quanto para o0 meio
ambiente (33).

3.4.2.2.3 Agentes caotropicos

Agentes caotropicos sdo compostos que podem interromper a rede de
ligacbdes de hidrogénio entre as moléculas de agua e reduzir a estabilidade do
estado nativo das proteinas ao enfraquecer o efeito hidrofébico (36). Em geral,
eles afetam as interagbes nao covalentes entre macromoléculas na agua, esta
capacidade permite que as moléculas de agua penetrem nas proteinas e alterem
as ligagdes bissulfeto e de hidrogénio de suas conformagdes estruturais, tais
como: secundaria, terciaria e quaternaria, mas nao a primaria (37). Além disso,
apresentam capacidade inibitoria de nucleases (RNAses e DNAses), o que torna
o processo de extragdo de DNA de alto rendimento (38). As principais
substancias caotropicas utilizadas no isolamento do DNA s&o: tiocianato de
guanidina (GuSCN), cloreto de guanidina (GuCl) e iodeto de sodio (Nal).

Um estudo focado na investigagdo da biodiversidade de bactérias
comensais em fezes humanas, utilizou uma substancia caotrépica como o
GuSCN para a desnaturagdo de macromoléculas como proteinas e devido a
propriedade altamente inibitéria das nucleases, que lhes permitiu obter um
excelente rendimento de extracdo de DNA e com alta pureza (39).
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3.4.2.3 Extracao de fase sélida
3.4.2.3.1 Troca idnica

Baseia-se na interacdo especifica entre fosfatos de acido nucleico
carregados negativamente e moléculas de superficie carregadas positivamente
no substrato. O DNA se liga especificamente ao substrato na presenga de um
sal de baixa concentracdo, os contaminantes sao removidos por etapas de
lavagem usando um tamp&o de baixo ou médio sal e o DNA purificado é eluido
usando um tampao de alto teor de sal (40). Esta interagdo eletrostatica da

molécula alvo com um grupo funcional da matriz colunar (41).
3.4.2.3.2 Separagao magnética

A separacdo magnética € baseada na ligacao reversivel de DNA a uma
superficie solida magnética, granulos e particulas que foram revestidas com um
anticorpo de ligagcdo a DNA ou um grupo funcional que interage especificamente
com DNA (42). Apos a ligagdo ao DNA, as contas sdo separadas de outros
componentes celulares contaminantes, lavadas e o DNA purificado é eluido por
extracdo com etanol. Este método € rapido, facil de executar e pode ser
automatizado (43).

3.4.2.3.3 Adsorcao seletiva

Na cromatografia de adsorg&o, os acidos nucléicos sédo seletivamente
fixados em silica ou vidro, na presenga de certos sais (por exemplo, sais
caotropicos). O DNA é adsorvido especificamente em membranas, granulos ou
particulas de silica na presenca de certos sais e em um pH definido. Os
contaminantes celulares sdo removidos por etapas de lavagem. O DNA é
recuperado em uma elui¢gdo ou tampéo de baixo teor de sal (41)

Com base no que foi anunciado anteriormente, um estudo realizado por
Dederich et al., 2002 (44), por meio do uso de pérolas de vidro para a purificagao
do DNA de plasmideo e posterior uso desse material genético para
sequenciamento de alto rendimento em genomas de mamiferos, demonstrou
que, o uso de contas de vidro teve grande sucesso em termos de eficiéncia e
desempenho, bem como uma redugdo econdmica nos custos normalmente

envolvidos na utilizagao de kits comerciais.
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Da mesma forma, outro estudo por Ren et al., 2007 (45) cujo foco era
desenvolver um método para extrair DNA de forma rapida, barata e eficaz para
amostras ambientais, foi realizado utilizando p6 de vidro e carvao ativado como
descontaminante de substéncias humicas. Como resultado, DNA de alta
qualidade foi obtido com base na concentragdo, pureza e integridade das
amostras extraidas, demonstrando assim a viabilidade da adsorgéo seletiva pela

silica como uma alternativa para extrair DNA.

Portanto, este projeto de pesquisa visa desenvolver um método de
extracdo de DNA gendmico utilizando vidro reciclado de laboratério de trés tipos
(transparente, ambar e verde) e em combinagdo com um agente caotropico,
iodeto de sodio (Nal) para gerar um bioproduto de baixo custo, ecologico e
reprodutivel que, acima de tudo, seja capaz de fornecer DNA de alta qualidade
para ser utilizado em qualquer processo de estudo. A partir de amostras
bioldgicas, como isolados puros de bactérias, leveduras, fungos, e assim como
amostras de fezes de animais, o material genético (DNA) foi extraido e, avaliado
baseando-se nos parametros de eficiéncia (concentra¢do), rendimento (pureza)
e pela integridade do DNA como controle de qualidade, e comparado com um

meétodo de extragdo comercial como controle.
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4 OBJETIVOS
4.1 Objetivo Geral

Desenvolver um método para extrair DNA total de amostras bioldgicas
empregando uma substancia caotrdpica e vidro reciclado de laboratorio como
fonte de silica.

4.2 Objetivos especificos

e Projetar um protocolo de trabalho para o método de extragao proposto

e Determinar o potencial sinérgico de ag&o entre o iodeto de sodio e o
po de vidro

¢ Avaliar o método em diferentes condi¢gdes de pH e temperatura

e Comparar a eficiéncia, rendimento, e integridade do método proposto
em paralelo com um método comercial

e Submeter a processos downstream por PCR das regides 16S rRNA
de procariotos e /TS de fungos
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DNARS: A Safe, Ecological and, High-Quality DNA extraction method
suitable for diverse biological samples
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Abstract
The functional and interactional relationships between nucleic acids and proteins are the
structural scaffold for molecular biology studies. In this context, obtaining a high-quality
genetic material is a critical step for downstream applications. Given that, we developed an
extraction method to obtain high-quality DNA. For that, 3 different types of borosilicate-based
recycled laboratory glass were used as a source of silica and sodium iodide as a chaotropic salt,
which became a powerful tool for cell lysis and DNA extraction. This novel method was used
for DNA extraction from different biological samples, including bacterial and fungal cultures,
and fecal samples, and it was also compared with a commercial kit. The quality control of the

extracted DNAs was based on the concentration and purity by spectrophotometry, and the
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integrity was determined by agarose gel electrophoresis. Additionally, the extracted DNAs
were submitted to Polymerase Chain Reaction (PCR) amplification, for verifying the viability
for downstream processes. The results showed that our method had a higher purity and full
integrity of the extracted DNAs compared to the commercial kit, and the yield was not
statistically different. Finally, the novel DNA extraction method can be reproducible and
applicable in any downstream process as PCR.

Keywords

DNA extraction; Chaotropic salt; Silica; PCR
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Introduction

Several methods for DNA extraction have already been reported [1, 2]. However, only few
methods not rely on a highly specialized infrastructure for sample processing, have adequate
cost-accessibility, and reduce the risk of exposure caused by the manipulation of the chemical
agents employed [3, 4]. Furthermore, an efficient method for DNA extraction need to devise
effective cell disruption processes cell, inactivate nucleoprotein complexes and nucleases,
remove of inhibitors, and have increased DNA recovery [5-7].

Nowadays, various cell disruption techniques have been tested and these are classified into
mechanical and nonmechanical techniques [8, 9]. These approaches have been used alone or in
mixed-methods [10, 11]. The mechanical disruption, involves a process of contact breaking
that uses shear force, both solid, (such as bead beating), and liquid (as high-pressure
homogenizer or microfluidizer) forces [11, 12]. On the other hand, the non-mechanical
disruption involves a non-shear force process, in which the integrity and structural composition
of cell wall and the cell membrane are sensitized due to physicochemical and biological factors
[13]. Under this focus, chemical agents like organic solvents, surfactants, chelating agents, and
chaotropic salts are commonly used; in addition, physical agents such as heat shock and osmotic
shock processes and biological agents as enzymes are also employed [14, 15].

It’s important to highlight that some usual DNA extraction methods employ chemicals with
known health risks, for example, phenol-chloroform (PCL) or cetyltrimethylammonium
bromide (CTAB), and others. According to the notifications provided by European Chemicals
Agency (ECHA), these chemicals present risks to human health and environmental pollution,
because of their high toxicity and corrosivity [16-18]. An alternative approach to circumvent
these problems is to use chaotropic salts [19-20]. In aqueous solutions, chaotropic salts
successfully destabilize non-covalent interactions, such as hydrogen bonds and Van der Waals

forces, that can disrupt biological assemblies such as cellular membranes. Here, proteins are
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denatured by stability reduction of their native state, which awakens a hydrophobic effect [21].
It is necessary for the inactivation of nucleases and thus allowing their solubilization by
surfactants [22, 23].

Once the cellular content has been released, it is necessary to extract and purify the genetic
material. The most common extraction methods have been classified based on separation in
density gradient centrifugation, ion-exchange chromatography, reverse-phase chromatography,
salting-out, adsorption, and precipitation membranes [24, 25]. Among these, silica-based
columns have proven to be an effective, fast, inexpensive, and safe adsorption technique to
extract DNA with high efficiency, and unlike other alternative techniques, such as PCL and
CTAB, it is not laborious and does not represent a health risk [26-28]. This selective adsorption
phenomenon can be enhanced with chaotropic salts, which under specific conditions of pH and
ionic strength, interrupt the associations between nucleic acids and water, promoting the
binding of DNA to the silica [29]. Then, the denatured macromolecules are solubilized and
discarded. Previous reports that used glass matrices as a source of silica have revealed
successful yields, obtaining high-quality DNA [30-32].

Prompted by the above facts and findings, our research focused on the development and
validation of a methodology to obtain nucleic acids of sufficient quantity and quality, under the
implementation of an ecological technology through the reuse of recycled materials based on
laboratory glass borosilicate as a source of silica, and a low-demand of a chaotropic salts, using
sodium iodide (Nal). Thus, this technology aims to be an alternative for obtaining DNA in an
easy, fast, environmentally friendly way, and above all safe for operators by its low risk of

exposure.
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Materials and Methods

Samples

A total of 14 samples were tested. Four Gram-positive (Bacillus cereus, Enterococcus
casseliflavus, Enterococcus faecalis, and Staphylococcus epidermidis) and four Gram-negative
(Escherichia coli, Klebsiella oxytoca, Citrobacter freundii, and Serratia marcescens) bacterial
strains were cultured in Tryptic Soy Broth (TSB) (Liofilchem®, Italy) for 24 hours at 37°C.
Four fungi (Rhodotorula mucilaginosa, Penicillium citrinum, Exophiala phaeomuriformis
Saccharomyces cerevisiae) strains were cultured in Sabouraud Dextrose Broth (SDB) for 48
hours at 30°C. Two fecal samples from canines and felines were collected in 50 mL sterile
conical tubes and stored at 4°C until processing.

Preparation of the Glass powder solution

Three different types of borosilicate-based laboratory recycled glass (clear, green, and amber)
were individually collected from the Institute of Basic Health Sciences of the Federal University
of Rio Grande do Sul, and pulverized with mortar and pestle until obtaining a fine powder.
Then, the Glass powder solution was composed of 2 g of each glass powder, resuspended in 10
mL of ultrapure water, and sterilized by autoclaving.

Standardization and DNA extraction method design

For our study, we developed a 4 steps workflow protocol to extract DNA, divided into Cell
lysis, DNA extraction, DNA purification, and DNA elution. For the whole standardization
process, a TSB culture of E. coli was used, and also only the clear glass powder solution.

Cell lysis process

Due that our DNA extraction model is mainly composed of a chaotropic salt and a glass powder
solution, it was necessary to know the ideal working concentrations between these two salts.
So, the cell lysis is performed with ImL of the StartUp Buffer (X M Nal, 20 mM EDTA, 10

mM Tris-HCl, 5% Triton X-100, pH 8.0). The X represents the 5 different Nal molarities
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employed (6 M, 7 M, 8 M, 9 M, and 10 M). Here, when the sensitized cell wall and cell
membranes released the intracellular content, mainly actioned by the sodium iodide and Triton-
X100, the glass powder solution was added to achieve a quantity of 20 mg, 40 mg, 60 mg, and
80 mg of the clear glass powder respectively, and mixed by vortexing to improve the cell
disruption.

DNA Extraction

The DNA bonded to the silica was collected by centrifugation at 10.000 x g for 1 min and the
supernatant was discarded. The pellet was resuspended with 1 mL of the Next buffer (4 M Nal,
10 mM EDTA, 30 mM Tris-HCI, 5% Tween 20, 0.5% Triton X-100; pH 8.0); and mixed by
vortexing. Here, denatured and inactivated proteins are removed by solubilization with
surfactants, including the cell debris [33].

DNA Purification

The DNA purification process consisted of the removal of any residual cell detritus or reagent;
achieved by a double wash with the OH buffer (NaCl 100 mM, Tris-HC] 10 mM, 70% ethanol,
pH 8.0). The higher concentrations of alcohol allowed generating a dehydrated solution, the
DNA remained bonded to the silica, acquiring a more folded structure. Then, the DNA was
removed from silica with 1 mL of absolute ethanol [34]. A fully dehydrated solution based on
ethanol stops the DNA electrostatic charge, allowing its release from silica. The DNA then
precipitates by its structural supercoiling [35]. Finally, the residual ethanol was removed by dry
heat at 56°C for 15 min.

DNA Elution

The dried silica was resuspended in 100 uL of the Recovery Buffer (Tris-HCI 10 mM, EDTA 1
mM; pH 8.0) and eluted by incubating at 56°C for 5 minutes. Once the elution time has elapsed,

the glass particles are removed by centrifugation at 13.000 x g for 5 min. The supernatant
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containing DNA was collected and transferred into a new 1.5 mL sterile microtube. Finally, all
extracted DNAs were stored at -20°C.

Optimization of working conditions

As part of the standardization process, was important to evaluate whether variations in pH and
temperature conditions could improve our working conditions. From here, the clear, green, and
amber glass powder solutions were employed for the method optimization individually.

Thus, as cell lysis corresponds to an essential step for the release of intracellular content, it was
important to evaluate if the cell lysis and DNA extraction solutions could work at different pH
conditions of 8, 9, and 10. Studies have reported that DNA remains more stable in alkaline
conditions [36], which facilitates its extraction and purification. In the same way, temperature
is an important physical factor that increases the capacity of cell sensitization [13]. In that way,
different temperature ranges were also employed such as 56°C, 61°C, 66°C, and 68°C
respectively.

DNA extraction from diverse samples

DNA from diverse samples such as Gram-positives, Gram-negatives, fungal cultures, and
animal feces were extracted using the protocol as represented in Figure 1. All extraction
procedures were carried out in duplicate and also using each type of glass powder solution
respectively.

In the case of extracting DNA from liquid bacterial and fungal cultures, 1 mL of each culture
was placed into a 1.5 mL sterile microtube individually. The cells were collected by
centrifugation at 6000 x g for 5 minutes using a High-Speed Micro-Centrifuge D3024R (DLAB
Scientific Inc. Rivera St, Riverside, CA 92501, USA), the supernatant was discarded. An
amount of animal fecal matter between 100 to 125 mg, deposited individually into a 1.5 mL
sterile microtube, resuspended, and well-homogenized by vortexing in 300 uL of the Recovery

buffer until processing.
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The genetic material of the described samples was also extracted parallelly using the NewGene
PREP and NewGene PREAmp, a commercial DNA extraction method as control and following
the guidelines of the manufacture.

Spectrophotometry assay: Purity and Yield of the extracted DNA

The DNA yield and purity of the samples were determined by spectrophotometry measuring
the absorbance at Asso and the ratio Aossonso, respectively, using NanoDrop™ Lite
Spectrophotometer (NanoDrop Technologies, Inc.).

DNA Integrity

From the extracted DNA, 3 pL of each sample was used to electrophoresis in 1% (w/v) agarose
gel stained with 1X Gel Red loading buffer (QuatroG, Pesquisa e Desenvolvimento Ltda.), with
1X TAE (Tris Acetate-EDTA). The gel was visualized in a Gel documentation system L-PIX
TOUCH (Loccus do Brasil LTDA, Santa Monica, SP, Brazil).

Downstream process: PCR amplification

Extracted DNA from bacterial samples was submitted to PCR targeting a region of /6S rRNA
gene with the primers FC27 (5'-AGAGTTTGATCCTGGCTCAG-3") and R530 (5'-
CCGCGGCTGCTGGCACGTA-3"), using the PCR conditions from Gontang et al. (2011)
[36].

For fungal DNA samples, the universal fungal barcode sequence /7S (Interspaced Transcribed
Spacer) was wused as a target with the following primers ITS1 (5'-
TCCGTAGGTGAACCTGCGG-3") and ITS4 (5'-TCCTCCGCTTATTGATATGC-3"), using
the PCR condition from Menezes et al. (2010) [37]. For fecal samples, both PCRs were
performed in a 2720 Thermal Cycler (Applied Biosystems - Thermo Fisher Scientific,
Massachusetts, USA).

For fecal samples the /65 rRNA and ITS regions were amplified using the same PCR conditions

previously described.
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Statistical analysis

Statistical analysis was performed using Two-Way ANOVA for analyzing the main effect and
interaction of each independent variable and a post hoc Tukey’s test for multiple comparisons
analysis in order to find a significant difference, by the program RStudio Team. A value

(p<0.05) was regarded as a significant difference.
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Results

Standardization of the DNA extraction method

DNA extracted from an E. coli strain was used to standardize the novel DNA extraction method
by determining the best condition between the molar variations of Nal and glass powder
concentration, both employed to achieve the cell lysis and DNA extraction process. The results
in Table 1 were analyzed through Two-way ANOVA whereby, the interaction between the
glass powder concentration and the Nal molar concentration employed had a significant
difference according to the concentration of the DNA obtained (p < 0.05). Therefore, post hoc
Tukey’s test revealed that only amounts of glass powder of 20 mg and 40 mg influenced
significantly the DNA concentration obtained (p < 0.05). In turn, through the same post hoc
Tukey’s test allowed to know that DNA concentration was statistically different between the
Nal molar concentrations of 6, 7, 8, 9 and, 10 (p < 0.05). However, the purity of the DNA
(A2601280) Was not statistically significant different based on the Nal molar concentrations and
glass powder amounts employed respectively, which means that both variables did not
influence the DNA purification process (p > 0.05). So, we established to work with conditions
of 8 M Nal and 20 mg of glass powder in order to look for further improvements from this
point.

pH and temperature influence on DNA quality

As described in the previous section, the extracted DNA did not achieve the desired purity
range, Azeonso (1.8 ~ 2.0), therefore was necessary to assess if factors such as pH and
temperature may improve the DNA extraction process. Principally, after evaluating the variable
pH within the effect of the cell lysis and DNA extraction process, as shown in Table 2, through
Two-way Anova was determined a significant difference for both the DNA concentration and

purity with this variable (p < 0.05). A post hoc Tukey's test showed that pH conditions of 8, 9
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and 10 differed statistically, consequently, as more alkaline the pH became, the DNA purity
values increased by reaching the ranges at pH of 10.

The temperature was another important variable for standardizing the novel DNA extraction
method, as shown in Table 3, the results were determined also through a Two-way Anova that,
temperature influenced significantly both the DNA concentration and DNA purity (p < 0.05).
Through post hoc Tukey’s test, the interactions between temperatures revealed that this
significant difference was exerted by the temperatures of 56°C, 61°C, 66°C and 68°C, showing
that as higher the temperature became, the quality of the DNA increased.

In terms of standardization, the best DNA concentration and purity performance were achieved
using working conditions for both the cell lysis and DNA extraction process at pH of 10 and
temperature of reaction at 68°C.

Quality control of extracted DNAs: Concentration, purity, and integrity

All DNA extracted from different biological samples described in materials and methods were
quantified the concentration and purity and also processed for revealing the integrity of the
extracted. The values obtained in Table 4, demonstrated through Two-way ANOVA that, the
interaction between the extraction methods employed and the biological samples employed did
not have a significant difference with the DNA concentration, (p > 0.05). However, the main
effect of DNA concentration was measured with Tukey’s test among the different types of
biological samples used which was statistically different, (p < 0.05) (Figure 2). Therefore, the
methods used for extraction such as M1, M2, M3, and MC did not influence significantly the
DNA concentration.

In turn, the effect of the different DNA extraction methods employed according to the variable
purity Aozeonso was also measured, which through Two-way Anova, showed a significant

difference between the methods, (p < 0.05). Therefore, through a post hoc Tukey analysis, it
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was shown that the M1, M2, and M3 methods are significantly different from MC (p < 0.05)
(Figure 3), whereby the values are within the reference range of purity for DNA (1.8 ~ 2.0).
The integrity of the DNA, as another essential parameter to corroborate the quality of the
process, through an electrophoresis agarose gel run was possible to visualize that the methods
M1, M2, and M3 presented full integrity of the extracted DNA, respectively (Figure 4).
However, as the figure shows the DNA extracted by the MC as a control method, the integrity
was not visually clear in any of the 8 extracted DNA samples, instead the presence of
fragmented DNA is observed.

16S rRNA and ITS regions PCR gene amplification

As a Downstream process application, the DNA samples extracted from Gram-positive and
Gram-negative microorganisms were submitted to PCR to amplify the /65 rRNA region, which
is a taxonomic gene for prokaryotic organisms, due that encodes the /6S ribosomal gene,
present in the DNA. Therefore, as reported in Table 5, all extracted DNA with the methods
M1, M2, and M3 amplified the /6S gene, which PCR product had a size of approximately 530
bp in an agarose electrophoresis gel.

In turn, for fungal samples including filamentous fungus and yeast, the /7S region was
employed for its identification, by PCR amplification. In the same way, through an agarose
electrophoresis gel was possible to evidence a PCR product of about 560 bp between the
methods M1, M2, and M3, respectively.

Due to the diversity of microorganisms present in feces, total DNA extracted from fecal samples
was submitted to amplify the /6S rRNA and the ITS gene region. Thus, the stool samples of
both feline and canine animals obtained a positive reaction against these genes, thus

demonstrating the presence of the biodiversity of prokaryotic and fungal species.
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Discussions

The development of the proposed method to extract DNA involved the use of important
parameters to standardize it. Thus, during the standardization process it was shown that the Nal
concentration significantly influenced the DNA concentration, but not its purity, so its values
obtained by absorbance Axeo280 suggested the presence of RNA. This fact was confirmed
through an agarose gel, which made it possible to observe the total or residual presence of RNA
and also to demonstrate the integrity of the extracted DNAs as observed in Appendix 1 [39]. It
is possible to mention that, as the molarity of Nal increased, the presence of RNA decreased.
This characteristic is related to the hydrolysis of RNA by factors such as pH, temperature and
ionic strength, which are conditions that directly influence the molecular stability of RNA [40],
which suggests that the use of Nal as a chaotropic salt for the DNA extraction processes can be
an optimal alternative since, generally, conventional extraction methods involve highly toxic
chemical agents such as PCL and CTAB [41].

Based on this fact, as mentioned the DNA purity did not achieve the ideal ranges, A2s0/280 (1.8
~ 2.0), this was caused by the residual presence of RNA in the samples during their
quantification, and which was also corroborated by observation on an agarose gel. Researches
have already been reported that physical-chemical factors such as pH and temperature can
directly influence the stability and quality of DNA [42]. So, for the optimization of the method,
it was necessary to evaluate whether different pH and temperature conditions could influence
the purity of the DNA without resorting to the use of enzymes such as RNases, since these
enzymes represent a resource with high operational cost [43]. The results showed that as more
pH turns alkaline, the purity values reach their ideal range and, on the other hand, the presence
of RNA decreases the values substantially, Appendix 1. This is due that RNA exhibits low
stability under alkaline pH conditions and high ionic strength from Nal, which makes it a highly

reactive molecule and, therefore, generates structural cleavage of its phosphodiester bonds, and
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finally, the presence of the hydroxyl group at the 2 'position of the sugar allows the RNA to be
highly reactive at alkaline pH [44]. Consequently, the formation of these alkoxide ions allowed
the structural destabilization of RNA by hydrolysis, thus facilitating removal by solubilization
and increasing the purity of DNA [45].

Additionally, the method was evaluated at different temperature conditions, thus verifying that
this variable had a significant influence on the concentration and purity of the DNA. This
phenomenon is caused by the fact that, during the cell lysis process, where the cell content is
released, factors such as temperature and chemical agents influence the sensitization of the cell
structure and membrane, thus increasing its permeability, which produces a high cellular
disruption [46]. Then, by optimizing these two variables together, pH and temperature, the
hydrolysis kinetics of RNA was increased, the sensitivity and cell disruption allowed the
elimination of denatured proteins, among other cellular components by solubilization,
providing a high-quality DNA [47—49].

Finally, the DNA extracted from diverse biological sources allowed us to know that the yield
of the DNA was not statistically different between the proposed extraction method and the
commercial method employed. However, an internal analysis of the DNA concentration
obtained, allowed to know that, among the different types of samples used, there was a
significant difference. Gram-negative samples were those that achieved the highest DNA
concentration values. This is due that, during the cell lysis process, the reduced glycan peptide
content of the Gram-negative cell wall makes it a more permeable cell type and susceptible to
osmotic and mechanical stress factors, such as ionic strength, pH and temperature [50].
Additionally, the cell lysis process seems to increase using glass powder particles, probably due
to the fact that irregular edges allow to sensitize the cells by using shear forces mechanically,
which further facilitates the release of the cellular content. On the other hand, the concentration

of DNA from fungal microorganisms was significantly lower than from the other samples
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(Figure 2), this phenomenon is due to its structural composition. Fungal cell wall is composed
by glycan, chitin, chitosan and glycosylated proteins, which contributes to its cellular rigidity
and generally hinders the DNA extraction processes, which needs more rigorous treatments for
achieving the cell wall disruption, such as the common use of liquid nitrogen and grinding with
mortar and pistil [51, 52].

In addition, the purity of the DNA was an important preamble because comparing with the
control method, it was demonstrated that the proposed method obtained high-quality DNA,
independently of the glass powder employed (Figure 3). Within this panorama, it is important
to highlight that the integrity of the DNA constitutes a quality standard since, when comparing
all extracted DNA with the control through an agarose gel, revealed that the extracted DNA by
the control was all fragmented (Figure 4), which makes hard to use for subsequent applications
such as PCR. It should be noted that DNA quantification methods are not ideal for corroborating
the integrity of the extracted DNA molecules [53]

Finally, it was possible to reuse recycled materials such as glass as a source of'silica, and sodium
iodide as a chaotropic salt, allowing the development of a bioproduct with optimal quality
conditions to extract DNA, suggesting it to be an economical and safe alternative to extract
DNA. Furthermore, it is important to highlight that the use of enzymes or specialized equipment
was not necessary for its execution. Additionally, its performance in processes such as PCR
was very significant for its validation, which demonstrated excellent results, guaranteeing its

applicability for subsequent processes such as the PCR tested here.
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Figure 1. Diagram of the DNA extraction process. The figure represents our DNA extraction

method design. It involves cell lysis, DNA extraction and purification, and DNA elution. High-

quality DNA is a final product.

GPS: Glass powder solution

* Solid samples must be homogenized previously in 300uL of the Recovery buffer

** For bacterial samples, cell lysis between 30-60 min is recommended. In the case of fungal

and fecal samples, 60-min is recommended



Table 1. DNA extraction method standardization process: DNA yield and purity

Nal Glass powder DNA Yield Purity
Molarity mg ng/uL A260/280
6 M bde 20 84.65 +2.61 2.61+0.01
40 133.25+2.53 2.53+0.07
60 165.35 +£2.47 2.47+0.07
80 225.00+2.33 2.33+0.04
7M€ 20 68.70 + 2.80 2.80+0.15
40 63.50 + 2.81 2.81+0.15
60 68.25 +2.77 2.77+0.11
80 78.20 + 2.88 2.88+0.17
8 M be 20 124.75 £2.55 2.55+0.37
40 197.40 £2.55 2.55+0.28
60 90.10 + 2.87 2.87+0.16
80 70.35 +2.54 2.54 +0.54
9M 2 20 70.20 + 2.80 2.80 +0.25
40 159.30 £2.53 2.53+0.14
60 113.70 £2.65 2.65 +0.45
80 92.20+2.72 2.72 +0.03
10 M aed 20 58.80 +2.60 2.60 +0.49
40 58.45+2.36 2.36+0.01
60 68.70 +2.35 2.35+0.01
80 82.45 + 2.66 2.66 + (.23

47

Lowercase letters indicate a significant difference between the different Nal Molar

concentrations according to the DNA concentration obtained, Tukey test analysis for multiple

comparisons, (p <0.05).
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Table 2. Escherichia coli DNA extracted at different pH conditions

Method pH DNA Yield Purity
ng/uL A260/280
M] beBC 8.00b¢BC 163.10 £ 0.42 2.21+0.01
9.00%¢AC 137.65 £ 0.07 2.02+0.01
10.002-0:4B 107.15 + 1.48 1.97 +0.01
M2 acAC 8.00><B.C 166.90 + 0.57 2.19+£0.01
9.00%¢AC 98.95 +2.33 2.08 +0.01
10.002:0:4B 131.25+2.90 2.03+0.01
M3 abAB 8.00><B.C 139.60 £ 0.71 2.00+0.01
9.00%c-AC 148.45 +£4.17 1.92+0.01
10.00204-8 180.80 + 0.57 1.96 +0.01

Lowercase letters indicate significant difference between the methods and pH employed
respectively, according to the DNA concentration obtained, (p<0.05). Capital letters indicate
significant difference between the methods and pH employed respectively, according to the
DNA purity, (p<0.05). Tukey s test for multiple comparisons. M1: Novel method + Clear glass,

M2: Novel method + Green glass, M3: Novel method + Amber glass.



Table 3. Escherichia coli DNA extracted at different temperature conditions

Method Temperature DNA Yield Purity
°C ng/ul. A260/280
M] beC 56b<4B.CD 103.80 £ 0.28 2.21+£0.01
612dA.CD 140.40 £ 0.42 2.18 £0.01
66%A-B.D 161.00 + 0.42 2.07 +0.03
6820-AB.C 163.70 £5.52 1.88 £0.03
M2 aeC 56°-c.d.B.C.D 108.75 £ 0.64 2.08 +0.01
6124A.CD 179.20 £ 0.99 2.51+£0.01
66%A-B.D 159.80 £ 1.27 2.00+0.01
6820-A-B.C 164.90 +£5.23 1.90 +£0.02
M3 2bAB 56b<4B.CD 106.10 +2.83 2.90+0.06
6124A.CD 156.40 £ 1.27 2.78 £0.02
66%ABD 164.90 £ 0.99 2.14+£0.01
68%-A-B.C 167.80 + 6.33 1.85+0.05

Lowercase letters indicate a significant difference between the methods and temperature values
employed respectively, according to the DNA concentration effect, (p<0.05). Capital letters
indicate a significant difference between the methods and temperature values employed
respectively, according to the DNA purity, (p<0.05). Tukey’s test for multiple comparisons.

M1: Novel method + Clear glass, M2: Novel method + Green glass, M3: Novel method +

Amber glass.



Table 4. Yield and purity of the extracted DNA from diverse biological samples
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M1 M2 M3 MC
Sample DNA Yield DNA purity DNA Yield DNA purity DNA Yield DNA purity DNA Yield DNA purity
ng/ul A2601280 ng/ul A260/280 ng/ul A260/280 ng/ul A260/280

B. cereus 5220+0.85 2.02+0.01 43.70+0.28 2.01+0.04 64.00+0.28 1.90+0.01 22.20+0.14 4.52+0.54
E. casseliflavus 5790+0.28 1.83+0.01 3040+0.28 1.93+0.04 55.60+0.71 2.07+£0.02 1530+042 5.18+0.51
E. faecalis 64.55+0.07 2.03+0.07 46.65+0.35 190+0.01 82.85+0.07 2.02+0.01 29.35+0.21 5.83+0.78
S. epidermidis 56.25+035 2.09+0.01 4325+2.05 194+0.03 8030+0.14 1.88+0.11 22.80+6.36 3.78+0.07
E. coli 101.10+£0.14 1.94+0.06 5500+0.42 2.03+0.02 67.75+0.21 1.88+0.06 59.85+28.21 4.05+0.88
K. oxytoca 187.40+£0.28 1.97+0.02 126.60+0.42 1.78+0.04 143.05+0.21 1.95+0.08 89.00+5.52 3.20+0.05
C. freundii 245.00+£0.14 1.98+0.04 22445+0.49 190+0.02 140.05+0.21 2.05+0.02 99.85+12.80 3.35+0.27
S. marcescens 148.25+0.21 2.05+0.05 133.60+0.42 1.79+0.04 120.45+0.49 1.85+0.02 100.80+6.36 3.23+0.33
P. citrinum 840+0.28 195+0.05 9.50+042 1.86+0.06 10.15+0.07 1.73+£0.02 19.40+0.14 3.55+0.07
R. mucilaginosa 7.80+0.14 2.05+0.06 9.05+0.21 1.88+0.04 995+049 2.17+0.02 27.80+0.28 5.18+0.03
S. cerevisiae 1270 £2.40 1.65+0.01 16.15+£3.04 1.85+0.14 11.20+£0.14 2.08+0.01 30.85+530 2.36+0.08
E. phaeomuriformis 1290+ 0.42 1.74+0.02 13.10+042 1.72+0.00 1535+0.07 1.76+0.03 27.00+3.11 3.16+0.21
Fecal male canine ~ 100.90 £1.84 1.96+0.02 242.60+3.68 1.87+0.03 329.55+3.75 1.85+0.01 61.40+240 2.32+0.01
Fecal female canine 76.85+0.64 1.72+0.00 52.80+3.82 1.76+0.01 5840+0.00 1.80+0.01 72.50+1.70 2.45+0.01
Fecal male feline 40.25+0.64 1.81+£0.05 67.85+035 1.75+0.01 45.00+0.57 1.79+0.01 5890+0.14 2.45+0.01
Fecal female feline  72.85+0.78 1.69+0.02 40.75+0.21 2.01+0.01 45.70+0.57 1.71+0.01 44.85+0.21 2.87+0.06




The results are presented as the mean + standard deviation. M1: Novel method + Clear glass, M2: Novel method + Green glass, M3: Novel

Method + Amber glass, MC: Commercial method
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Figure 2. Variation of DNA concentration by each type of sample. Each bar represents the
mean with the standard deviation of the DNA concentration obtained based on the biological
source employed, and the lines exposed above represent a significant difference between the

biological samples employed (p<0.05). Tukey's test for multiple comparisons.
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Figure 3. DNA purity comparison through the different DNA extraction methods. Each bar

Sample

. Fungus
. Gram Negative
. Gram Positive

. Stool

»
o

A260/280

N
o

shows the mean with the standard deviation values of A260/280 achieved by each method
through the different biological samples employed. (p<0.05) significant difference. Tukey’s
test for multiple comparisons. M1: Novel method + Clear glass, M2: Novel method + Green

glass, M3: Novel Method + Amber glass, MC: Commercial metho
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Figure 4. The integrity of the extracted DNA samples. The figure represents all methods
employed for extracting DNA from bacterial liquid samples, it is visible that M1, M2,
and M3 maintain the DNA integrity without fragmentation instead of the MC used as a
control method in which DNA is fully degraded. M1: Novel method + Clear glass, M2:
Novel method + Green glass, M3: Novel Method + Amber glass, MC: Commercial
method. Lanes 1-4 represent Gram-positive extracted DNA: B. cereus, E. casseliflavus,
E. faecalis, and S. epidermidis, and lanes 5-8 represent Gram-negative extracted DNA:

E. coli, K. oxytoca, C. freundii, and S. marcescens.



Table 5. Downstream process: PCR amplification

Sample M1 M2 M3
16S ITS 16S ITS 16S ITS
Gram-positive + NA + NA + NA
Gram-negative + NA + NA + NA
Filamentous fungus NA + NA + NA
Yeast NA + NA + NA
Fecal + + + + +

NA: Not apply, +: Positive.
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Appendix 1. Assessment of the E. coli genomic DNA extracted in an agarose
electrophoresis gel. The running performance was in 1% agarose gel in 1X TAE. Notice
that as the concentration of Nal increases, the presence of RNA decreases. Columns A-D
represent glass powder concentrations; A: 20 mg/100uL, B: 40 mg/100uL, C: 60
mg/100uL, D: 80 mg/100uL. Rows M1-M6 represent different Molarities of Nal; M1:

6M, M2: 7TM, M3: 8M, M4: OM, M5: 10M.
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6 DISCUSSAO GERAL

O desenvolvimento de um método para extrair DNA de forma ecologica,
segura e, acima de tudo, de alta qualidade foi um processo que envolveu muitos
aspectos a serem considerados como forca iénica, pH, temperatura e tipo de
amostra biolégica a ser utilizada. Diante deste fato e na comparagdo com
diferentes condi¢des de trabalho foi possivel observar que as concentragoes de
DNA obtidas tiveram um rendimento de processo maior ou igual a um método
comercial, garantindo assim sua viabilidade em futuras extragbes. Por sua vez,
a variavel pureza do DNA foi significativamente maior em comparagdo ao
método comercial, cuja avaliagdo foi por espectrofotometria. Uma terceira
variavel utilizada como controle de qualidade do DNA foi sua integridade por
eletroforese em gel de agarose, o qual os DNAs extraidos pelo método proposto
apresentou integridade completa e sem fragmentagado, ao contrario do método
comercial utilizado, pois sua integridade era altamente questionavel, isso &
devido a que os DNA extraidos estavam totalmente degradados no gel de
agarose. Por fim, as amostras de DNA submetidas a processos de PCR
conferiram-lhe uma importante aplicacdo, permitindo assim que o método
proposto e suas futuras aplicacbes subsequentes tivessem viabilidade e
fidelidade na sua execugao.

Adicionalmente, certas modificagcbes na composicdo das solugdes
utilizadas abrem a oportunidade de obter e extrair outras moléculas, como RNA
e proteinas, respectivamente. Assim, a perspectiva desse método sugere que
ele é uma alternativa promissora para extrair material genético e proteinas de
alta qualidade. Além disso, deve-se mencionar que independente do tipo de vidro
utilizado durante o estudo para gerar a lise e extragdo do DNA, seus resultados
nao foram significativamente diferentes provavelmente devido as composigdes
quimicas semelhantes desses materiais, 0 que sugere que o uso de qualquer
um desses resultados sera altamente confiavel dentro das condi¢cdes analisadas

nesse trabalho.

Este método de extracdo de DNA foi desenvolvido sob a iniciativa da
implantagdo da Quimica Verde, atendendo assim a requisitos como: /) a redugao
do consumo de energia por ter utilizado menos equipamentos para toda a
execucao; ii) redugao de desperdicios, tanto em termos de geracao de residuos
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como reaproveitamento de materiais; iii) reducdo da toxicidade visto que, o
principal reagente do método foi baseado na utilizagdo de uma alta concentragao
molar de iodeto de sddio, que segundo a ECHA néo corresponde a um agente
quimico téxico para saude; iv) reducdo de riscos de contaminagdo ao meio
ambiente; e v) redugéo de matéria-prima com a reutilizagdo do vidro reciclado,
que servia como fonte de silica. Esses principios garantem que a composi¢céo
das solugdes utilizadas para a extragdo de DNA proporcionem seguranga na
execucao tanto para os operadores quanto para o meio ambiente em caso de

possivel exposicdo nao intencional.

Por fim, os resultados obtidos no trabalho motivam pesquisas futuras para
dar continuidade a essa linha de pesquisa e desenvolvimento

7 CONCLUSOES

Concluimos com sucesso com o desenvolvimento de um método para
extrair DNA usando uma substancia caotrépica que empregou iodeto de sédio,
e vidro reciclado de laboratério como fonte de silica.

O método apresentou grande viabilidade de trabalho por ser adaptavel a
diversas amostras biolégicas como: Gram positivas, Gram negativas, fungos

filamentosos, fungos n&o filamentosos e fezes de animais.

A eficiéncia e integridade do método proposto apresentou resultados
significativamente superiores comparado com o controle, porém o rendimento do

método nao foi estatisticamente diferente.

Os DNAs extraidos mostraram viabilidade de uso para processos
subsequentes como PCR amplificando as regides 16S rRNA para Procariotos e
ITS para Fungos.

Por fim, podemos concluir que 0 método proposto apresenta viabilidade
econdmica e técnica, confiabilidade e aplicabilidade de execugao para extracao
de DNA de diferentes fontes biologicas de forma segura, ecoldgica e
proporcionando extratos de alta qualidade.
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