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RESUMO

Heparina é um glicosaminoglicano de elevada carga negativa que pode ser utilizado como
ligante de afinidade ou trocador idnico para purificacdo, identificacdo e deplecdo de proteinas.
Por apresentar grupos funcionais reativos, a heparina, se torna bastante atrativa para os estudos
em imobilizagdo de biomoléculas. No presente estudo, foram sintetizadas e caracterizadas trés
diferentes particulas magnéticas: Dacron(polietilenotereftalato)-hidrazida magnético (MDAC),
quitosana magnética (QS-MAG) e magnetita revestida com polianilina (MAG-PANI). Essas
particulas foram magnetizadas a partir do método da co-precipitacdo de cloreto férrico e ferroso
em meio aquoso e alcalino. Esses materiais serviram como suporte para imobiliza¢do covalente
da heparina mediante a formacao de uma ligacdo amida entre 0s grupamentos amina presentes
nas particulas magnéticas com os grupos carboxilicos da heparina funcionalizados com
carbodiimida (EDAC) e N-hidroxissuccinimida (NHS). A morfologia e distribuicdo das
particulas foram analisadas por microscopia eletrénica (varredura e transmissao) e indicaram
que mDAC, QS-MAG e MAG-PANI apresentaram um tamanho de 1-2 pm, 100-300 um e 12
nm, respectivamente. Foram realizadas analises por difracdo de raio-X para evidenciar a
presenca da magnetita (FezO4) e dos polimeros (polietilenotereftalato, quitosana de baixo peso
molecular e polianilina) nas diferentes particulas sintetizadas. Para finalizar a caracterizacéo
fisica dos materiais, medidas de magnetizacdo foram realizadas, e todas as particulas
sintetizadas demonstraram um comportamento superparamagnético. A saturacdo magnética
(Ms) paramDAC, QS-MAG e MAG-PANI heparina foram 23, 15 e 68 emu/g, respectivamente,
nas temperaturas de 293 K, 300 K e 313 K. A quantidade de heparina imobilizada em mDAC,
QS-MAG e MAG-PANI foi, respectivamente, 51 = 0,1; 93,8 £ 1,93 ¢ 43 £+ 6,2 ug de heparina
por mg de cada suporte. Na etapa de purificacdo/separacao das proteinas plasmaticas, diferentes
volumes de plasma humano total e diluido foram incubados com as particulas de mDAC e QS-
MAG com heparina imobilizada covalentemente. A eluicdo das proteinas foi realizada com
concentragdes crescentes de NaCl entre 0,15 e 2,0 M em tampéo fosfato 10 mM pH 7,4 ou
tampdo fosfato 10 mM pH 5,5 ou tampéo Tris-HCL 50 mM pH 8,5. As nanoparticulas de MAG-
PANI com heparina imobilizada covalentemente foram utilizadas para avaliar a
interacdo/afinidade com enzimas plasmaticas humanas especificas: trombina e Fator Xa. As
proteinas que foram eluidas ap6s incubacdo do plasma humano com a heparina imobilizada nas
particulas magnéticas foram investigadas por eletroforese SDS/PAGE e/ou separadas por gel-

filtracdo (Superdex G75 - AKTA Purifier) e/ou sequenciadas por LC/MS. Ensaios de atividade



bioldgica das proteinas purificadas foram analisadas pelo TP, TTPa e teste de inibicdo da
trombina (cromogénico) e revelaram a presenca de inibidores da familia das serpinas, como por
exemplo a antitrombina, que foram separados/purificados. Além disso, proteinas como
albumina humana, protrombina, trombina e Fator Xa apresentaram afinidade a heparina
imobilizada nas particulas magnéticas, o que garante a utilizacdo dessa ferramenta como uma

alternativa facil e de baixo custo para a purificacdo e identificacdo dessas proteinas.

Palavras-chave: Afinidade. Heparina. Particulas magnéticas. Proteinas da coagulacéo.

Purificagéo.



ABSTRACT

Heparin is a high negative charge glycosaminoglycan that can be used as an affinity ligand or
ion exchange for protein purification, identification and depletion. Heparin contains has
reactive functional groups that are very attractive for studies in immobilization of biomolecules.
In the present study, three different magnetic particles were synthesized and characterized:
Dacron (polyethylene terephthalate)-hydrazide (mDAC), magnetic chitosan (MAG-CH) and
magnetite coated with polyaniline (MAG-PANI). These particles were magnetized from the co-
precipitation method of ferric and ferrous chloride in aqueous and alkaline media. These
materials served as a support for immobilization of heparin, which was covalently attached
through by the amine groups present in the composites and the carboxylic groups of heparin
functionalized with carbodiimide (EDC) and N-hydroxysuccinimide (NHS). The morphology
and distribution of the particles were analyzed by electron microscopy (sccaning and
transmition), so mDAC, MAG-CH and MAG-PANI presented sizes of 1-2 um, 100-300 pm
and 12 nm, respectively. X-ray diffraction analysis was performed to show the presence of
magnetite (Fe3O4) and polymers (polyethylene terephthalate, low molecular weight chitosan
and polyaniline) in the different synthesized particles. All magnetization measurements were
performed, and the synthesized particles showed a superparamagnetic behavior. Magnetic
saturation (Ms) for mDAC, MAG-CH and MAG-PANI was 23, 15 and 68 emu/g, respectively,
at 293 K, 300 K and 313 K. The amount of immobilized heparin in mDAC, MAG-CH and
MAG-PANI was, respectively, 51 +0.1; 93.8 + 1.93 and 43 + 6.2 pg of heparin per mg of each
support. The plasma protein purification/separation steps, different volumes of total and diluted
human plasma were incubated with mDAC and MAG-CH particles containing covalently
immobilized heparin. Elution of the proteins were performed with increasing concentrations of
NaCl (0.15-2.0 M) in 10 mM phosphate buffered saline pH 7.4 or 10 mM phosphate buffer pH
5.5 or 50 mM Tris-HCL buffer pH 8.5. MAG-PANI nanoparticles with covalently immobilized
heparin were used to evaluate the interaction/affinity with specific human plasma enzymes:
thrombin and Factor Xa. Proteins that were eluted after incubation of the human plasma with
the heparin immobilized on the magnetic particles were investigated by SDS/PAGE
electrophoresis or gel-filtration separated (Superdex G75 - AKTA Purifier) or sequenced by
LC/MS. Biological activity assays of the purified proteins were analyzed by TP, TTPa and
thrombin inhibition test (chromogenic) and revealed the presence of inhibitors of the serpin

family, such as antithrombin, which were separated/purified. In addition, proteins such human



albumin, prothrombin, thrombin and Factor Xa showed affinity for heparin immobilized on
magnetic particles. Therefore these materials can be used as an easy and inexpensive alternative
tool for the purification and identification of these proteins.

Key-words: Affinity. Coagulation proteins. Heparin. Magnetic particles. Purification.
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1 INTRODUCAO

As particulas magnéticas de oxidos de ferro tém despertado bastante interesse nas Gltimas
décadas devido as suas excelentes propriedades fisicas e quimicas, além das diversas
possibilidades de aplica¢cdes tecnoldgicas que variam desde dispositivos de memdria magnética
até aplicacdes biomédicas, como por exemplo agentes de contraste para ressonancia magnética,
drug delivery e hipertermia magnética (WU et al., 2015). A magnetita (FesO4) é uma das
particulas de 6xido de ferro mais estudadas e tecnologicamente mais usadas; além de ser um
material magnético estdvel a temperatura ambiente é adequado para muitas aplicacfes
biotecnoldgicas (MORALES et al., 2019). O revestimento das particulas de FesOs com
polimeros sintéticos, biocompativeis ou biodegradaveis as tornam ainda mais atraentes. Essas
particulas de FesO4 revestidas sdo usualmente formadas por nucleos magnéticos responsaveis
por uma resposta magnética forte e uma camada polimeérica para fornecer grupos
funcionalizaveis e caracteristicos (WUNDERBALDINGER et al., 2002). A modificacdo da
superficie das particulas magnéticas com grupos amina ou carboxilico, por exemplo, fornecem
locais para imobilizar biomoléculas especificas e o nucleo magnético desses materiais
modificados s@o responsaveis por uma rapida e facil separacdo desses compositos no meio
reacional (ZHAO et al., 2019).

A heparina é um polissacarideo de cadeia linear altamente sulfatado, formado por unidades
repetidas de dissacarideos, constituidos por um acido urénico (glucurénico ou idurdnico) e uma
glucosamina (MOURIER et al., 2015) o que confere a presenca de uma elevada carga negativa
em sua estrutura e isto possibilita a interacdo da heparina com diferentes proteinas. 1sso €
possivel devido a presenca de sitios de ligacao nas proteinas que contém aminoacidos basicos
(Lys e Arg) cujas cargas positivas, provavelmente, interagem com os grupamentos sulfatos e
carboxilatos (carregados negativamente) presentes nas cadeias da heparina (ESKO et al., 2009).
Mais de 400 proteinas, por exemplo, proteinas extracelulares, fatores de crescimento,
quimiocinas, citocinas, enzimas, lipoproteinas e outras moléculas que estdo envolvidas numa
variedade de processos bioldgicos sdo capazes de interagir com a heparina (PEYSSELON e
RICARD-BLUM, 2014).

A heparina imobilizada em suportes sélidos é amplamente utilizada na cromatografia de
afinidade para a purificacdo e identificacdo de proteinas, as chamadas “proteinas de ligagdo a

heparina”. Por apresentar grupos funcionais (sulfatos e carboxilatos) reativos, a heparina é
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facilmente imobilizada a uma matriz, por isso 0 seu uso tem sido alvo de pesquisas na area de
imobilizacdo de biomoléculas (MURUGESAN et al., 2008).

Com base no exposto, a presente tese de doutorado teve como objetivo produzir particulas
magnéticas e incorporar diferentes polimeros em sua estrutura para conseguir imobilizar a
heparina e entdo utilizar esses compositos magnéticos na separacdo e/ou purificacdo de
proteinas do plasma sanguineo humano. A heparina imobilizada em particulas magnéticas pode
se tornar uma ferramenta bastante Util para obtencdo de hemoderivados na industria
farmacéutica, ser aplicada como ferramenta de deplecdo de proteinas e em estudos de

biomarcadores tumorais devido a sua ampla capacidade de ligacdo as proteinas plasmaticas.

1.1 OBJETIVOS

1.1.1 Objetivo geral

Produzir e funcionalizar particulas magnéticas, imobilizar heparina e utilizar esses

compositos magnéticos na separacgao e identificacao de proteinas do plasma sanguineo humano.

1.1.2 Objetivos especificos

a) Produzir as particulas magnéticas pelo método de co-precipitacédo de sais de ferro Il e Il e
modifica-las com polimeros organicos e inorganicos;

b) Realizar a caracterizacdo fisico-quimica das particulas magnéticas sintetizadas;

c) Imobilizar e quantificar a heparina nas particulas magnéticas modificadas: mDAC (Dacron-
hidrazida magnético), MAG-PANI (magnetita revestida com polianilina) e QS-MAG
(quitosana magnética);

d) Utilizar a heparina imobilizada nas particulas magnéticas como um ligante de afinidade e
trocador ibnico;

e) Utilizar os compositos na separacdo e purificacdo das proteinas plasmaticas.
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2 REVISAO DA LITERATURA

2.1 Particulas magnéticas: sintese e tipos de revestimentos

As particulas magnéticas a base de 6xido de ferro como a magnetita (Fes0.) e hematita (o-
Fe203) pertencem a uma classe de materiais que oferecem varias possibilidades de aplicacao e
estdo em constante crescimento na area biomédica, principalmente pelo fato de apresentarem
propriedades Unicas, incluindo o superparamagnetismo e a baixa toxicidade (PAYSEN et al.,
2019). As estruturas cristalinas da a-Fe>Os e FesO4 e sdo apresentadas na Figura la e 1 b,
respectivamente. Estas particulas tém sido utilizadas como suporte para a imobilizacdo de
enzimas devido a varias vantagens, como facil separacéo e reutilizacdo do material atraves da
aplicagdo de um campo magnético externo (WANG et al., 2015). Além disso, as nanoparticulas
de oxido de ferro estdo sendo desenvolvidas como novos sistemas promissores com diferentes
aplicacOes, tais como: agentes de imagem por ressonancia magnética, mediadores de calor no
tratamento do cancer por hipertermia, suportes solidos em catalise heterogénea, biossensores,
adsorventes para a remocdo de corantes, metais e em sistema de liberacdo de drogas
(DEBRASSI et al., 2011).

Figura 1 - Estruturas cristalinas das principais particulas magnéticas a base de 6xido de ferro.

(a) Hematita (b) Magnetita (c) Maghemita

Fonte: Adaptado de WU et al. (2015).

As particulas magnéticas a base de éxido de ferro podem ser sintetizadas e obtidas por
diferentes métodos tais como: co-precipitacdo dos ions Fe*?/Fe*® em uma solucdo aquosa
utilizando uma base como agente de precipitacdo (WU et al., 2007; FRIED et al., 2001),
técnicas de sol-gel (XU et al., 2007), métodos coloidais (MARTINEZ et al., 2007), reacio de
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pirélise (CHIU et al., 2007) entre outros. O procedimento mais barato e simples é o método de
co-precipitacdo pois dispensa 0 uso de reagentes e equipamentos de alto custo (KANG et al.,
1996; QU et al., 1999).

De acordo com Laurent et al. (2008), a técnica de co-precipitacdo é provavelmente a via
mais eficiente para obter particulas magnéticas. Os 6xidos de ferro tais como Fe3Os ou y-Fe203
sdo geralmente preparados por uma mistura estequiométrica de sais férricos e ferrosos em meio
aquoso. A reacdo quimica de formacdo de FezO4 pode ser escrita de acordo com a equacgao

abaixo:

Fe*2 + 2Fe*3 + 8OH" — FesOs + 4H.0

Ainda de acordo com 0s mesmos autores, a precipitacdo completa de FezO4 deve acontecer
a um pH entre 8 e 14, com uma relagio estequiométrica de 2:1 (Fe3*/Fe?*) em um ambiente n&o
oxidante sem oxigénio.

ModificagOes das particulas de FesOs4 usando polimeros sintéticos, biocompativeis ou
biodegradaveis com grupos funcionais especificos as tornam mais atraentes, pois as particulas
de magnetita superparamagneticas revestidas sdo usualmente formadas por nucleos magnéticos
responsaveis por uma resposta magnética forte e uma camada polimérica para fornecer grupos
funcionalizaveis e caracteristicos (WUNDERBALDINGER et al., 2002). Além disso, o
revestimento € utilizado para evitar agregacdo, sendo possivel revestir as particulas com uma
camada de material geralmente diamagnético. As estratégias utilizadas para o revestimento
podem ser divididas em dois grupos: (i) revestimentos com compostos organicos (polimeros,
por exemplo) e (ii) revestimentos com materiais inorganicos (silica, carbono, ouro, etc.)
(MORALES et al., 2019).

O revestimento de uma matriz magnética com a polianilina ou PANI apresenta vantagens,
tais como a sua facil sintese (eletroquimicamente ou mediante uso de agentes oxidantes)
(SINGH et al., 2006), baixo custo e boa estabilidade ambiental (BALINT et al., 2014). A sua
estrutura é composta por dois segmentos: uma estrutura plana de dois grupos imina e um anel
quinodide e segmentos tetraédricos de dois grupos amina que separam trés anéis benzénicos
(Figura 2).
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Figura 2 - Estrutura quimica da polianilina (PANI).

(OO~

Fonte: Adaptado de HASOON (2014).

A PANI é sintetizada através da polimerizacdo da anilina, que pode ser obtida por trés
métodos de polimerizacdo: quimica, eletroquimica e fotoeletroquimica. O mais utilizado e
vantajoso é o de sintese quimica, que possibilita uma reacdo a baixo custo. A sintese quimica
envolve a oxidacdo direta do mondmero de anilina por oxidantes quimicos, sendo realizada na
presenca de um acido forte em meio aquoso (MOLAPO et al., 2012).

A estrutura quimica da PANI pode ser facilmente modificada mediante protonagédo. A
Figura 3 mostra as diferentes formas da PANI e a sua transformacao por qualquer acido/base
ou por reacOes eletroquimicas (JARAMILLO-TABARES et al., 2012). Porém entre essas

formas, a PANI esmeraldina, é a mais estavel e condutora (BALINT et al., 2014).

Figura 3 - Estruturas quimicas da polianilina (PANI) em diferentes estados de oxidacao.

Desprotonagao
OO O — AOH-OH-OH-OH)-
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I
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HOH OO s OO OOk

Protonacéao T
Sal Pernigranilina Base Pernigranilina

Fonte: Adaptado de JARAMILLO-TABARES et al. (2012).
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Outro exemplo de revestimento de uma matriz magnética é a quitosana (QS), um
derivado alcalino N-desacetilado de quitina (Figura 4). A QS é o segundo biopolimero mais
abundante encontrado na natureza depois da celulose (HO et al., 2016). Recentemente, em uma
revisdo feita por Ahsan et al. (2018), é demonstrado que devido as suas propriedades
farmacoldgicas, a QS consiste em um importante biomaterial que pode ser utilizado em sistemas

de liberacdo de drogas e, também, na engenharia de tecidos.

Figura 4 — Quitosana (QS) obtida a partir da deacetilacéo alcalina da quitina.

[ CH,OH CH,OH
H Q
OH Conc. NaOH OH
—_—
Deacetilacdo
H NHCOCH, H NH,
Quitina Quitosana

Fonte: Adaptado de DUTTA; TRIPATHI; DUTTA (2011).

QS também tem sido amplamente aplicada como suporte para biomoléculas devido a
sua funcionalidade, ndo toxicidade, biocompatibilidade e baixo preco (HOU et al., 2016). As
particulas de magnetita revestidas com QS podem ser um bom suporte para imobilizagéo, pois
possuem varios grupos funcionais, tais como grupos amino, hidroxila e hidroximetila (Figura
5) para ligacdo de drogas, proteinas, enzimas e outras moléculas bioldgicas (SAHIN; OZMEN,
2016). Além disso, a presenca dos grupos amina permite usar esse material para imobilizar
heparina (YANG; LIN, 2002), o que a torna bastante atraente para as aplicacbes biomédicas.
Devido ao magnetismo e biocompatibilidade das nanoparticulas magnéticas de QS, as enzimas
imobilizadas podem ter alta atividade especifica, facil recuperacdo e maior estabilidade
(WANG et al., 2015).
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Figura 5 - Estrutura quimica da quitosana e seus grupos funcionais.

- Quitosana

Fonte: Adaptado de LOPEZ-GARCIA et al. (2014).

Modificacdes de particulas magnéticas com o polietileno tereftalato (PET), ou Dacron
(nome comercial) tem sido descrito na literatura (MERCES et al., 2016; AMARAL et al., 2006).
O PET ¢é um poliéster insolivel em agua, obtido comercialmente pela condensacao do etileno

glicol com o &cido tereftalico (Figura 6).

Figura 6 - Estrutura do polietileno tereftalato (PET) formado pela condensacdo do &cido

tereftalico e etileno glicol.
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Fonte: MERCES (2016).

Como a maioria dos polimeros sintéticos, o PET é relativamente inerte e hidrofébico
sem grupos funcionais Uteis para processos de imobilizacdo. Para resolver este inconveniente,

algumas modifica¢fes quimicas sdo realizadas para alterar as propriedades de superficie desse
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material. Um dos métodos inclui a reacéo do polimero com substancias de baixo peso molecular
contendo grupos hidroxila, carboxila ou amina, que apds a reacdo esses grupos funcionais se
incorporam na superficie do polimero. Os grupos funcionais criados durante os processos de
modificacdo podem servir para imobilizacdo covalente de varias biomoléculas como, por
exemplo, carboidratos, peptideos e proteinas (IRENA et al., 2009).

A Figura 7 demonstra um tipo de reacéo para modificacdo do PET a partir da adi¢do de
grupos amina com hidrato de hidrazina, descrito pela primeira vez por Carneiro Ledo et al.
(1991). Este suporte depois de magnetizado possibilita sua rapida separacdo de uma mistura

reacional.

Figura 7 - Formacdo de Dacron-hidrazida a partir da reacdo de hidrazindlise do Dacron. Em

destaque (vermelho) o grupo hidrazida formado.

o H
& e + \N—N
\O H2 1 \".,’H
2

& H
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NH,
0 y
H2 ,l b N
C C
\o H2
O

Dacron-hidrazida

Fonte: MERCES (2016).

2.2 Separacao magnética por bioafinidade

O processo de separacdo por afinidade é um poderoso método utilizado na purificacéo
de proteinas e se baseia na formacdo de complexos especificos e reversiveis entre um ligante

imobilizado e suas moléculas alvo a serem purificados. O uso da cromatografia de afinidade
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magnética possui algumas vantagens, como ser realizada de forma mais rapida e utilizar
processos de separacao baseados em campo magnético (LAN et al., 2015).

A modificacdo da superficie das nanoparticulas magnéticas com grupos tiol, amina ou
carboxilico fornecem locais para imobilizar ligantes especificos e o nlcleo magnético dessas
particulas sdo responsaveis por uma réapida e facil separacdo das substancias adsorvidas nesses
materiais (ZHAO et al., 2019). Os materiais magnéticos funcionalizados e com ligantes
imobilizados exibem afinidade por uma molécula alvo quando sdo misturados com uma amostra
contendo essas moléculas alvo e dentro de um periodo de incubacédo, as moléculas alvo ligam-
se as particulas magnéticas. A separacdo do material magnético funcionalizado da amostra
ocorre por meio da aplicacdo de um campo magnético externo e, apés lavagens, as moléculas
alvo sdo isoladas (HE et al., 2014). O método de separacdo por bioafinidade magnética esta
representado na Figura 8.

Figura 8 - Procedimento realizado na técnica de separacdo magnética por afinidade.

Incubacdo * *
— *
Amostra - Complexo maénénco .
Bioldgica Molécula alvo  COMPOSHOS Separagdo
magneticos J L Magnética
Reuso @ @ N
eee 3 ' SR \
Eluicdo S \
Anélise ~ < 3 *&\
—
campo magnético campo magnético

Fonte: Adaptado de CHEN et al. (2011).

Devido a facilidade e eficiéncia desse método, a separacdo magnética por bioafinidade,
cada vez mais se destaca na area biotecnologica como uma ferramenta para obtencdo e
purificacdo de varios tipos de moléculas organicas. Ao utilizar essa técnica ndo ha necessidade
de diluir amostra e, comparando com outros métodos semelhantes, a perda de material durante
as lavagens pode ser considerada minima ou insignificante. Além dessas vantagens, € um

método que garante uma separacdo rapida e eficaz das particulas magnéticas da mistura
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reacional sem precisar utilizar métodos como filtragio ou centrifugacdo (HORAK et al., 2007),
reduzindo o tempo e custo do processo.

Recentemente Wang et al. (2020), imobilizaram um anticorpo (anti-apoAl) em
particulas magnéticas para capturar o HDL do soro dos pacientes através do processo de
biosseparacdo magnética, esta ferramenta foi utilizada como método para mensurar o colesterol
ndo HDL no soro dos pacientes e monitorar o desenvolvimento do risco para doencas
cardiovasculares. Lee et al. (2018) desenvolveram um método simples de purificacdo da
proteina fetuina do soro bovino e da albumina do ovo por bioseparacdo magnética usando
nanoparticulas de Fe3Os revestidas com silica. Zhang et al. (2016) estudaram o uso de
microparticulas hidrofobicas com propriedades magnéticas para serem utilizadas na remoc¢éo
eficaz do 6leo na 4gua em diferentes vias e Gao et al. (2016) utilizaram nanoparticulas
magnéticas "imprinted"” de alta eficiéncia para separacao e identificacdo de 17-p-Estradiol por
afinidade magnética a partir do leite. Lan et al. (2015) realizaram um estudo sobre a purificagdo
da enzima conversora de angiotensina através do processo de separacdo por afinidade
magnética utilizando microesfera de agarose magnética.

O uso da separacao por bioafinidade magnética tambem foi investigado para purificacdo
de proteinas do plasma sanguineo humano, como foi demonstrado por Mercés et al. (2016) que
descreveram o uso de heparina imobilizada em particulas de Dacron magnético como matriz de
afinidade para purificacdo de antitrombina a partir do plasma humano. E Sennikov et al. (2013)
utilizaram cromatografia de afinidade e separacdo magnética para purificacdo de anticorpos

para o fator de necrose tumoral a partir do soro humano.

2.3 Imobilizacdo de biomoléculas

Imobilizacdo € um processo pelo qual biomoléculas, como enzimas e proteinas, sao
aprisionadas em suportes insoluveis em agua. Em especial, 0 uso de enzimas imobilizadas
consiste em um processo de rotina aplicado na obtencdo de produtos nas industrias
farmacéutica, quimica e de alimentos. Existem muitos métodos diferentes usados para
imobilizacdo de biomoléculas, mas a indUstria e a maioria dos grupos de pesquisa sempre
preferem métodos simples e econdmicos. Os métodos mais utilizados (Figura 9) sdo baseados
na imobilizacdo fisica (adsorcdo ou aprisionamento fisico) e imobilizacdo quimica (ligacéo
covalente e cross-linking) (BASSO; SERBAN, 2019).
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Figura 9 - Métodos de imobilizacdo de biomoléculas.

g B W

adsorgao aprisionamento cross-linking ligagio covalente enzima

Fonte: Adaptado de MATHUR (2016).

De acordo com Liu, Ma e Shi (2019) a adsorcao fisica é simples porque ndo ha requisito
para a funcionalizacdo do suporte. Além disso, a conformacdo da enzima, por exemplo, pode
ser mantida e a atividade catalitica da enzima imobilizada é relativamente alta. No entanto, na
adsorcéo fisica, a lixiviacdo enzimatica € um problema critico que limita 0 uso da enzima
imobilizada nas diferentes condic¢Oes de reacdo. Para resolver esse problema, o aprisionamento
é empregado para restringir a enzima nas estruturas poliméricas.

Ainda de acordo com o0s autores supracitados, nos metodos quimicos, a enzima é
firmemente imobilizada no suporte quimicamente modificado por meio de ligacdo covalente e
cross-linking. O suporte modificado fornece, por exemplo, multipontos para a enzima,
melhorando a estabilidade operacional da enzima imobilizada. O cross-linking € uma melhoria
na ligacdo covalente porque a enzima € reticulada ao suporte com a ajuda de um reticulador.

De acordo com Mathur (2016), a ligacdo covalente € 0 método mais utilizado e como o
nome sugere, este método utiliza grupos quimicos presentes na biomolécula e no suporte para
imobilizacdo. Portanto, uma ligacdo covalente é formada entre grupos quimicos da biomolécula
e do suporte. Alguns métodos de ligacdo covalente sdo: diazoation e ligacdo peptidica. Na
diazoation ocorre entre 0 grupo amino do suporte e os residuos dos aminoacidos tirosina e
histidina da enzima, por exemplo. Na ligacdo peptidica a ligagdo mais comumente formada
ocorre entre aminoacidos da proteina e os grupos funcionais do suporte. Ocorre entre um grupo
amina do suporte e um grupo carboxila de uma biomolécula. Ainda de acordo com o0 mesmo
autor, as vantagens de utilizar a imobilizacdo covalente é devido a obtencdo de uma ligacédo
muito forte entre suporte e biomolécula, ampla aplicabilidade e flexibilidade com os grupos
funcionais. Algumas desvantagens como inativacdo ou eficiéncia reduzida da biomolécula é

possivel caso a conformacédo da biomolécula for alterada.
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O suporte é um fator chave no processo de imobilizacdo enzimética e a sua escolha atrai
muita atencdo. De uma forma geral, os suportes ideais para imobilizacdo de biomoléculas
devem apresentar excelente biocompatibilidade, propriedades fisicas e quimicas estaveis e
abundantes locais de ligacdo para as biomoléculas especificas (HARTMANN; KOSTROV,
2013). Alguns suportes comumente empregados incluem nanofibras (LI; CHEN; WU, 2007),
polimeros monoliticos (HASAN et al., 2013), materiais porosos como silicas (HUDSON;
COONEY; MAGNER, 2008), nanomateriais como nanotubos (GUPTA; MURTHY;
PRABHA, 2018) e nanoparticulas magnéticas (XU et al., 2014), entre outros.

Durante o processo reacional, é necessaria uma recuperacdo facil do ligante imobilizado,
com a finalidade de separar os reagentes dos produtos finais. A fim de tornar o processo mais
simples e barato, utilizar suportes magnéticos para essa finalidade tem sido alvo de estudos de
muitos trabalhos na literatura. Por exemplo, diversos tipos de enzimas e outras biomoléculas
tém sido imobilizadas covalentemente em diferentes suportes magnéticos ha mais de trés
décadas pelo grupo IMOBIO (LIKA/UFPE). As moléculas e suportes magneticos utilizados
pelo grupo de pesquisa desde o inicio até os dias atuais sdo apresentadas no Quadro 1. As
biomoléculas imobilizadas em suportes magnéticos séo rapidamente e facilmente separadas do
meio reacional a partir da aplicacdo de um campo magnético externo, além do baixo custo outra
grande vantagem € a reutilizacdo do material, além da excelente estabilidade fisico-quimica
(L1U; CHEN; SHI, 2018).

Quadro 1 - Diferentes biomoléculas e suportes magnéticos produzidos e estudados nas ultimas
décadas pelo grupo IMOBIO (LIKA/UFPE).

Suporte Magnético

Biomolécula imobilizada

Referéncia

Terra de diatoméceas magnética revestida
com polianilina (IMDE@PANI)

Tanase (enzima)

Lima et al. (2018)

Terra de diatoméceas magnética revestida
com polianilina (IMDE@PANI)

Invertase (enzima)
B-galactosidase (enzima)
Tripsina (enzima)

Cabrera et al. (2018)

Magnetita revestida com polianilina
(mPANI)

Protease de Penicillium
aurantiogriseum (enzima)

Duarte Neto et al. (2017)

Magnetita revestida com polianilina
(mPANI)

Tripsina (enzima)

Maciel et al. (2016)

Dacron-hidrazida magnético (mDAC)

Heparina (carboidrato)

Mercés et al. (2016)

Sementes magnéticas de Parkia pendula

Lectina Concanavalina A (proteina)

Régo et al. (2014)

Argila magnética (mMMT)
Terra de diatomaceas magnética (mDE)

Invertase (enzima)

Cabrera et al. (2014)

Levana magnética

Tripsina (enzima)

Maciel et al. (2012)

Dacron-hidrazida, POS/PVA magnético
Quitosana magnética

a-I-Rhamnosidase de Aspergillus
terréus (enzima)

Soriaetal. (2012)

Dacron-hidrazida magnético

B-galactosidase (enzima)

Neri et al. (2011)

Magnetita revestida com polianilina
(MAG-PAND)

B-galactosidase (enzima)

Neri etal. (2011)
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Polissiloxano magnetizado revestido com
polianilina (MPOS — PANI)

[B-galactosidase (enzima)

Neri et al. (2009)

Polissiloxano - alcool polivinilico
magnético (MPOS-PVA)

[B-galactosidase (enzima)

Neri et al. (2009)

Polissiloxano - alcool polivinilico
magnético (MPOS-PVA)

B-galactosidase de Kluyveromyces
lactis (enzima)

Neri et al. (2008)

Dacron-hidrazida magnético

Tripsina de Oreochromis niloticus
(enzima)

Amaral et al. (2006)

Polissiloxano - alcool polivinilico
magnético

Antigeno

Coelho et al. (2002)

Dacron ferromagnético

Albumina humana (proteina)

Ledo et al. (1994)

Dacron ferromagnético

Proteinas

Lefo et al. (1991)

Fonte: Autoria propria (2020).

2.4 Interacdo entre heparina e proteinas

A heparina consiste em um polissacarideo aniénico formado por uma estrutura linear

complexa com um peso molecular médio de 16 kDa e é amplamente utilizada na clinica como

anticoagulante (LIU et al., 2017). A analise da sua estrutura quimica (figura 10) revela que a

heparina consiste em unidades repetidas de dissacarideos formados por —4) D-GICA B(1—4)
D-GIcN o(1— e —4) L-1doA a(1—4)D-GIcN a(1—, onde D-GIcA representa o acido D-

glucurdnico, L-1doA representa o acido L-idurénico e D-GIcN representa D-glucosamina. Cada

residuo de acgucar pode conter grupos O-sulfo e GIcN ou também pode conter grupos N-sulfo

ou N-acetil, resultando em uma mistura de moléculas sulfatadas com elevado comprimento de
cadeia e peso molecular de 8000 a 40.000 Da (SOMMERS et al., 2017).
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Figura 10 - Estrutura quimica da heparina (A) e distribuicdo dos residuos formados por

unidades repetidas de dissacarideos (B).
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Fonte: Autoria prdpria (2018)

Mais de 400 proteinas, por exemplo, proteinas extracelulares, fatores de crescimento,
quimiocinas, citocinas, enzimas, lipoproteinas que estdo envolvidas numa variedade de
processos bioldgicos, tais como formacao da matriz extracelular, desenvolvimento, sinalizagdo
e cancer sdo capazes de interagir com a heparina (PEYSSELON; RICARD-BLUM, 2014).

A heparina é o glicosaminoglicano que possui a maior carga negativa distribuida em sua
estrutura polianiénica poli-sulfatada. Analises criticas nos sitios de ligacdo entre heparina e
proteinas revelaram uma distribuicdo especifica de aminoacidos de cargas positivas que
primordialmente estdo envolvidos na interacdo eletrostatica com a heparina carregada
negativamente (Figura 11). Estudos iniciais realizados por Cardim e Weintraub (1989)
mostraram que as proteinas de ligacdo a heparina contém sequéncias conhecidas que sao
responsaveis pela interacdo e especificidade com a heparina. Alguns dos segmentos de ligacao
a heparina eram XBBXBX, XBBBXXBX e XBBXXBBBXXBBX, onde B é um dos trés
aminoacidos basicos (arginina, lisina ou histidina) e X é qualquer um dos outros 17 aminoacidos
naturais (MORRIS et al., 2016)
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Figura 11 - Interacdo entre os residuos negativos da heparina com os residuos de aminoacidos
bésicos das proteinas.
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Fonte: Adaptado de ESKO et al. (2009).

A interacdo da heparina com a AT foi o primeiro caso relatado de uma interagéo de
significado fisiologico entre a heparina e uma proteina especifica (CAPILA; LINHARDT,
2002). Uma regulacdo eficiente da atividade da antitrombina requer a presenca da heparina que
possibilita 0 aumento da atividade de inibicdo da AT em milhares de vezes (MARIE et al.,
2015). De acordo com Arisaka et al. (2013), além da AT, outras proteinas sdo capazes de se
ligar a heparina, tais como fator de crescimento de fibroblastos basico, fator de crescimento
endotelial vascular, fibronectina e fatores da coagulacdo e sdo descritas na literatura como
“proteinas de ligacdo a heparina”, pois apresentam uma elevada afinidade em interagir com
esse glicosaminoglicano. Além disso, a heparina desempenha um importante papel na regulagéo

da atividade e estabilidade destas proteinas.

2.5 Cromatografia de afinidade a heparina

A imobilizacdo do ligante € o fator mais importante em uma cromatografia de afinidade e
pode determinar o sucesso do método, juntamente com o tipo de suporte ao qual o ligante é
imobilizado (TEMPORINI et al.,

amplamente utilizada na cromatografia de afinidade para a purificacdo e identificacdo das

2018). A heparina imobilizada em suportes sélidos é
chamadas “proteinas de ligagdo a heparina”. Por apresentar grupos funcionais (sulfatos e
carboxilatos) reativos, a heparina é facilmente imobilizada a uma matriz, por iSso 0 seu uso tem
sido alvo de pesquisas na area de imobilizacdo de biomoléculas (MURUGESAN et al., 2008).
Além disso, alguns trabalhos sobre imobilizacdo de heparina sdo demonstrados na literatura

com algumas aplicacOes relevantes, por exemplo Dang et al. (2019) imobilizaram a heparina
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em microesferas para melhorar a compatibilidade sanguinea na hemoperfusdo. Além disso,
biomacromoléculas miméticas de heparina foram imobilizadas em nanoparticulas de Fe3Oas por
Li et al. (2020) para obtengdo de um anticoagulante imobilizado em particulas magnéticas para
ser reutilizado. Em um estudo realizado por Fellows et al. (2018), a heparina foi imobilizada
em nanoparticulas de 6xido de ferro modificadas com um revestimento a base de poli (6xido
de etileno) formando um compdsito para ser utilizado no tratamento da hiperplasia neointimal.
Mercés et al. (2016) sintetizaram compositos magnéticos de Dacron com heparina imobilizada
para usar como uma ferramenta na purificacdo de antitrombina humana.

Para que ocorra a ligacdo covalente da heparina, primeiramente é necessario que seus
grupos carboxilicos passem por um processo de ativacdo através da adicdo de (1-etil-3-(3-
dimetilaminopropil carbodiimide). O EDAC ativa a 0s grupos carboxilicos da heparina levando
a formacdo do o-acilureia, um composto intermediario, que apresenta um grupamento éster
bastante reativo e facil de sofrer hidrolise. Para resolver esse problema é adicionado o NHS (N-
hidroxi-succinamida) que vai reagir com o grupo éster do composto intermediario deixando-o
mais estavel. Logo, em presenca de um grupamento amino do suporte, este ird reagir com a
carbonila do éster formando uma ligacdo amida (HERMANSON, 2008).

A reacdo de ativacdo dos grupos carboxilicos da heparina por EDAC/NHS esta ilustrada
na Figura 12. Estudos realizados por Oliveira et al. (2003) avaliaram as propriedades da
heparina modificada com EDAC/NHS e relataram essa ativagdo como importante processo para

imobilizacdo da heparina em materiais.
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Figura 12 - Esquema da reacédo de ativacao dos grupos carboxilicos por EDAC/NHS.
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Fonte: Adaptado de HERMANSON (2008).

Devido as possiveis interacdes especificas entre a heparina com vérias proteinas pode-

se purifica-las mediante a chamada cromatografia de afinidade & heparina. Neste caso, a

heparina é covalentemente imobilizada em um suporte ou esfera porosa e atua como um ligante

de afinidade especifico (Figura 13).

Figura 13 - Cromatografia de afinidade a heparina.
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Com base em sua alta quantidade de grupos sulfatos anidnicos, ela também funciona
como um trocador de cétions e com essa metodologia as misturas de proteinas podem ser
separadas. Além disso, a aplicagdo de colunas de cromatografia por afinidade a heparina resulta
frequentemente na concentracgdo de proteinas de ligacao a heparina a partir de lisados celulares,
mesmo que as proteinas estejam presentes apenas em baixa concentracdo (BOLTEN et al.,
2018).

Recentemente, Minkner et al. (2018) utilizaram a cromatografia de afinidade & heparina
para concentrar as proteinas alvo semelhantes ao virus do papiloma humano (HPV-LPs) durante
a separacdo das proteinas contaminantes na amostra.

A elevada afinidade de ligagdo da AT com a heparina tem sido utilizada em sistemas de
cromatografia de afinidade para o isolamento dessa proteina a partir do plasma (HEGER et al.,
2002). Embora a cromatografia de afinidade seja uma boa abordagem para estudar essa
interacdo entre a AT e a heparina, até agora essa metodologia nédo foi explorada para determinar
constantes de ligacéo entre estes dois ligantes (MARIE et al., 2015).

A cromatografia de afinidade a heparina também foi utilizada para purificar lactoferrina
a partir de leite de cabra, bovino e humano. Além de seu uso na purificagdo de alguns fatores
de crescimento (fator de betacelulina e fator de crescimento de fibroblastos basico) a partir do
soro de leite bovino (OUNIS et al., 2008).

Bjarnadottir e Flensrud (2014) utilizaram cromatografia de afinidade a heparina para
detectar proteinas do plasma humano e foi observado que entre essas proteinas muitas eram
biomarcadores ja descritos na literatura. Hu et al. (2010) utilizaram a cromatografia de afinidade
a heparina para purificacdo do virus da sindrome reprodutiva e respiratéria dos suinos em
cultura de célula, chegando a remover das células cerca de 96% desse virus. A separacdo de
pequenos componentes proteicos presentes no soro do leite foi realizada por Ounis et al. (2008)
utilizando a cromatografia de afinidade a heparina.

A cromatografia de afinidade a heparina também pode ser aplicada como uma estratégia
para remover seletivamente algumas proteinas de grande abundancia, facilitando a analise de
proteinas de baixa concentracdo no plasma. Ja foi demonstrado que a albumina pode ser
removida, por exemplo, através de técnicas de colunas de imunoafinidade, aprisionamento

isoelétrico e cromatografia de afinidade (LEI et al., 2008).
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2.6 Proteinas plasmaéticas

O grupo de proteinas plasmaticas inclui uma variedade de proteinas, tais como albumina
(54%), globulinas (38%), fibrinogénio (7%), proteinas reguladoras (<1%) e fatores de
coagulacdo sanguinea (<1%). Embora a concentracdo de fatores de coagulacdo no plasma
humano seja muito baixa, essas proteinas sdo de vital importancia para manter a hemostasia
(SIEKMANN; TURECEK, 2020). Proteinas como imunoglobulina G (IgG), albumina, a-1-
antitripsina, transferrina, IgA e haptoglobina representam mais de 85% da massa total de
proteinas do plasma humano; apenas albumina e IgG correspondem a mais de 75%
(KULLOLLI et al., 2013; URBAS et al., 2009).

Essas proteinas do plasma humano possuem uma ampla gama de fun¢des bioldgicas e é
um dos fluidos biologicos mais amplamente utilizados no diagndstico clinico de diversas
doencas. Como o plasma esta em contato direto com todos os 6rgéos e tecidos, € provavel que
as alteracbes na funcdo do corpo sejam refletidas na composicdo do plasma e,
subsequentemente, alteracdes quantitativas no proteoma do plasma poderiam, assim, servir

como biomarcadores de efeito sistémico e clinicos de doencas (JASIM et al., 2019).

2.6.1 Proteinas da cascata da coagulacédo sanguinea

De uma forma geral, a cascata da coagulacdo consiste em uma série de reagdes
proteoliticas através de serinas proteases geradas a partir de zimogénios. O evento final é a
formacéo de um coagulo de fibrina que pode parar uma hemorragia em um vaso danificado.
Convencionalmente, estas reac6es foram divididas em trés vias (Figura 14): (i) via extrinseca -
fator tecidual e fator VII; (ii) via intrinseca - fatores V111, IX e Xl e (iii) via comum - fatores Il,
V e X (CUGNO etal., 2014).
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Figura 14 - Esquema das trés vias da cascata da coagulagdo sanguinea humana.
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Fonte: Adaptado de OVERBEY et al. (2014).

Quando ocorre um dano ao vaso, o fator tecidual (FT) é exposto e liga-se ao fator VII-
Vlla, assim a via extrinseca € ativada iniciando o processo de coagulacdo (FURIE e FURIE,
1988; REZENDE, 2010).

Enquanto que na via intrinseca, a ativagdo do fator XII ocorre quando o sangue entra em
contato com uma superficie contendo cargas elétricas negativas. Tal processo ¢ denominado
"ativacdo por contato” e requer ainda a presenca de outros componentes do plasma: pré-
calicreina (uma serinoprotease) e cininogénio de alto peso molecular (um cofator nao
enzimatico). O fator XII, assim ativado, ativa o fator XI que, por sua vez, ativa o fator 1X. O
fator IX ativado, na presenca de fator VIII ativado por tracos de trombina e em presenca de ions
calcio (complexo tenase), ativa o fator X da coagulacdo desencadeando a geracdo de trombina
e, subsequentemente, formacao de fibrina (DAVIE et al., 1991; REZENDE, 2010).

O mecanismo bioquimico do sistema hemostatico da coagulacdo gera enzimas tais como
a trombina, que precisam ser inibidas, ap6s exercer sua funcdo e, se houver um distdrbio desta
inibicdo, ocasiona coagulacdo sistémica descontrolada (MOORE et al., 2015). Desta forma, o
controle fisioldgico deste processo é determinado por anticoagulantes naturais, tais como a AT
que inibe a trombina e outros fatores de coagulacédo; a proteina C e S, as quais inibem os fatores
V e VIII; e o mecanismo fibrinolitico responséavel pela dissolucio de fibrina (FERNANDEZ;
VILLAMEDIANA, 2012).
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2.6.2 Serpinas

As serpinas consistem em um grupo de proteinas homdlogas com diversas fun¢fes como
por exemplo inibidores de proteases, e estdo envolvidas em processos como coagulacéo
sanguinea, fibrindlise, morte celular programada e inflamacéo. Aproximadamente 500 serpinas
com 350 a 400 aminoé&cidos e peso molecular de 40 a 50 kDa ja foram identificadas até hoje e
estdo presentes em uma variedade de espécies de animais e plantas. No plasma humano,
representam aproximadamente 2% da proteina total, desse total 70% corresponde a a-1-
antitripsina (a1AT, SERPINAL, também conhecida como inibidor a-1-proteina) (VAN GENT
et al., 2003).

Além da alAT, estdo presentes na circulacdo sanguinea humana a AT (SERPINCL1),
cofator Il da heparina (SERPIND1), inibidor-1 ativador de plasminogénio (SERPINE1) e
inibidor da proteina C (SERPINADS), todos, de alguma forma, contribuem para a regulagéo da
coagulacdo sanguinea (POLDERDIJK; HUNTINGTON, 2018). Certas mutacfes na
constituicdo das serpinas levam a doencas referidas como serpinopatias e estdo associadas ao
desenvolvimento de angioedema (inibidor da C1-esterase), trombose (AT), enfisema (alfa-1-
antitripsina) e deméncia (neuroserpina). Serpinas com certas mutacdes desestabilizadoras tém
uma tendéncia a se polimerizar, e tais polimeros podem ser encontrados em células e fluidos
corporais (MARSZAL; SHRAKE 2006).

A AT ¢ o principal inibidor das proteases da cascata da coagulacédo tais como fator Xa,
trombina e fator IXa (AZHAR et al., 2016). Trata-se de uma glicoproteina do plasma humano
que pertence a familia dos inibidores de serina protease (serpinas). Além do seu efeito
anticoagulante, a AT também possui propriedades anti-inflamatorias, que é observada quando
h& uma elevada concentracdo deste inibidor presente no sangue (MARIE et al., 2015). Com um
peso molecular de 58 kDa, a AT é sintetizada no figado e circula no plasma sanguineo em duas
formas principais onde a isoforma predominante (a-isoforma) constitui cerca de 90% do total
de AT do plasma. A estrutura terciaria da AT (Figura 15) baseia-se huma cadeia simples com

cinco folhas a-B e um loop central mével de reacdo (HEGER et al., 2002).
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Figura 15 - Estrutura terciaria da isoforma a da antitrombina (AT).
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Estima-se que a AT proporciona 80% do efeito anticoagulante natural contra a trombina,
e 0 seu amplo espectro de inibicdo a torna um regulador chave do sistema de coagulacdo
(ORNAGHI et al., 2014). A inibicdo da trombina realizada pela AT ¢é fortemente aumentada
pela sua ligacdo a sequéncias especificas de monossacarideos presentes na heparina (Figura
16), glicosaminoglicanos e outros proteoglicanos que estdo na circulacdo ou ao longo das
superficies endoteliais (KARLSSON; WINGE, 2004).

Figura 16 - Complexo da estrutura formada pela interacdo entre antitrombina (AT), trombina
e heparina.
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Fonte: Adaptado de RASHID e seus colaboradores (2014).
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2.6.3 Protrombina

A protrombina ou fator Il é o precursor da trombina, uma serina protease, que
desempenha um papel fundamental na coagulagcdo sanguinea. A trombina atua convertendo o
fibrinogénio circulante em mondmeros de fibrina, que depois se polimerizam para formar a
fibrina que é o principal constituinte do coagulo sanguineo. Além disso, a trombina também
pode iniciar a inibi¢do do processo de coagulacdo ativando a proteina C e a proteina S. Os niveis
elevados de trombina no organismo podem resultar em doencas tromboembdlicas, enquanto
sua insuficiéncia pode induzir sangramento excessivo. Durante o processo de coagulacéo, a
concentragdo de trombina varia acentuadamente, de nanomolar (nM) para milimolar (mM)
(KIM et al., 2018; MELGE et al., 2018).

A protrombina é ativada na superficie de uma membrana fosfolipidica que se liga a
extremidade amino da protrombina e aos fatores Va e Xa nas interagdes dependentes de Ca; o
fator Xa remove o peptideo de ativacéo e cliva a parte restante em cadeias leves e pesadas. O
processo de ativagdo comeca devagar porque o proprio fator V tem que ser ativado pelas
pequenas quantidades iniciais de trombina (UNIPROT, 2018).

A estrutura da trombina é formada por duas cadeias polipeptidicas unidas por uma ponte
dissulfeto. A cadeia menor é composta por 36 residuos e € normalmente chamada de cadeia L
(light) ou A. A cadeia maior possui 259 residuos e € chamada de cadeia H (heavy) ou B (Figura
17). A cadeia L fica localizada no hemisfério oposto de onde esta localizado o sitio ativo. Este
fica localizado na cadeia H e é caracterizado por uma cavidade no centro da molécula
(SOLOMONS, 2011).

Figura 17 - Representacdo da estrutura cristalografica da trombina humana. Vermelho - cadeia
L; Grafite - cadeia H.

Fonte: MACHADO (2014)
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A trombina possui dois exositios distintos do sitio ativo de ligacdo (Figura 18), o
primeiro exositio estd relacionado a interacdo do fibrinogénio com a trombina. O segundo
exocitio é o local onde a heparina se liga diretamente a trombina , também chamado de sitio de
ligacdo a heparina, que carrega um namero de residuos com carga positiva, incluindo Arg93,
Arg97, Argl01, Argl26, Argl65, Lys169, Argl73, Argl75, Arg233, Lys235, Lys236 e Lys240
(AZ1Z; DESAL, 2018).

Figura 18 - Localizacdo dos exositios | e Il da trombina.

Sitio Ativo

Fonte: Adaptado de PICA et al. (2017).

A heparina atua de forma indireta inibindo a trombina, pois a inibicdo ocorre através da
AT que é auxiliada pela heparina. A heparina se liga a AT de maneira especifica e ativa a
trombina através de modificacdo alostérica da estrutura fornecendo um molde para que a AT
possa interagir com a trombina (MACHADO, 2014).

2.6.4 Fator X

O fator X participa da fase intermediaria da coagulacdo sanguinea e consiste em uma
glicoproteina vitamina K dependente que é sintetizada no figado e secretada no sangue como
um zimogénio de 58,8 kDa (Figura 19). A conversdo do fator X em sua forma ativa (fator Xa)
é catalisada pelo fator 1Xa na presenca do fator Vllla, ions célcio e fosfolipidios. Esta conversao
também ¢é catalisada pelo fator VIla na presenca de fator tecidual. O fator Xa cliva a
protrombina em trombina na presenca do fator Va, ions de calcio e fosfolipidios (CUGNO et
al., 2014).
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Figura 19 - Representacdo da estrutura do fator X da coagulag¢do sanguinea.

Fonte: Wikipedia, Acesso em 10/12/2019.
https://upload.wikimedia.org/wikipedia/commons/thumb/e/eb/Protein_F10_PDB_1c5m.png/250px-

As deficiéncias adquiridas do fator X tém sido associadas com a ndo neutralizacdo de
anticorpos durante infec¢fes, doencas malignas ou exposicdo a drogas (FRANCHINI et al.,
2012)

2.6.5 Albumina

A albumina humana (HSA) é a proteina mais abundante presente no plasma sanguineo
humano, sua sintese € realizada no figado. Essa proteina possui varias fungdes no organismo:
manutencdo da pressdo osmotica coloidal, ligacdo e transporte de moléculas biologicamente
importantes, atividade antioxidante, efeito circulatdrio, permeabilidade da membrana capilar,
efeito neuroprotetor e estabilizacdo do volume de liquido extracelular (RAOFUNIA et al.,
2018).

Toda a estrutura da HSA (Figura 20) contém trés dominios a-helicoidal homologos: |
(1-195 residuos), 11 (196-383) e 111 (384-585) que sdo estruturalmente semelhantes. Esses trés
dominios consistem em dez hélices anti-paralelas e sdo divididos em dois subdominios; um
subdominio A com seis hélices (h1-h6) e um subdominio B com quatro hélices (h7-h10). Além
disso, a HSA compreende 35 residuos de cisteina envolvidos na formacéo de 17 ponte dissulfeto
que estabilizam a conformacdo desta proteina globular. Assim, a organizacdo globular dos
dominios confere propriedades alostéricas a8 HSA monomeérica, tornando-a capaz de interagir
com multiplos ligantes. A HSA contém apenas um residuo de triptofano (W214), que é
posicionado na vizinhanca da cavidade hidrofébica do subdominio 1A (ASCENZI; FASANO,
2010; BIRKETT et al., 1977; FASANO et al., 2005; RABBANI; AHN, 2018; SUDLOW et al.,
1976; ZUNSZAIN et al., 2008)
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Figura 20 - Estrutura da albumina sérica humana (HSA). Os diferentes subdominios da HSA
sdo ilustrados em cores diferentes: subdominio 1A, em amarelo; subdominio IB, em laranja;
subdominio 1A, em azul; subdominio 1IB, em ciano; subdominio 1A, em verde escuro;

subdominio 111B, em verde.

Fonte: RABBANI e AHN (2018).

A sintese da albumina ocorre no figado a partir de uma proteina precursora chamada
pro-albumina que é formada no Iimen do reticulo endoplasmatico dos hepatocitos na forma de
pré-pro-albumina. Para a sintese de pro-albumina, um unico gene é responsavel por traduzi-lo
em pré-albumina e a clivagem ocorre no reticulo endoplasmatico. O peso molecular da proteina
é de 66,5 kDa. A concentracdo normal de albumina varia entre 35-50 g/L (RABBANI; AHN,
2018). O fracionamento do plasma fornece a possibilidade de obter albumina como
hemoderivados, ja que essa proteina possui alto valor terapéutico. Cohn et al., em meados do
século XX, deram os primeiros passos no campo da tecnologia de fracionamento de plasma e
até hoje técnicas tradicionais, como fracionamento, sdo desenvolvidas e usadas extensivamente
(DENIZLI, 2011). Recentemente, além da importancia terapéutica, a albumina tem se mostrado
como o melhor e mais importante modelo de proteina para a realizacdo de estudos na area de
bioquimica e biofisica, incluindo a interacdo entre nanomateriais e proteinas (LI et al., 2018).

Embora a albumina represente um componente importante do plasma sanguineo, a sua
presenca interfere na analise de proteinas de baixa abundancia, que funcionam como
biomarcadores de doencas. Desta forma para analisar esses componentes, a albumina deve ser
removida seletivamente antes da analise e isso pode ser feito por imunoafinidade ou afinidade
por ligantes imobilizados (ANDAC et al., 2013).
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ABSTRACT

Heparin was immobilized onto magnetic chitosan particles to be used as a tool to human plasma
protein identification. Chitosan was magnetized by co-precipitation with Fe?*/Fe3* (MAG-CH).
Heparin was activated by carbodiimide and N-hydroxysuccinimide and covalently linked to
MAG-CH (MAG-CH-hep). X-ray diffraction confirmed the presence of chitosan and FezOs in
MAG-CH. This particle exhibited a superparamagnetism behaviour and 100-300 um. Human
plasma diluted with phosphate buffer 10 mM pH 5.5 or Tris-HCI buffer 50 mM pH 8.5 were
incubated with MAG-CH-hep and the proteins fixed were eluted with these above buffers
containing increasing concentrations of NaCl. The proteins obtained were investigated by
SDS/PAGE, LC/MS and biological activity tests (PT, aPTT and enzymatic chromogenic assay).
Inhibitors of the serpin family, prothrombin and human albumin were identified in this study.
MAG-CH-hep can be used to purify these proteins and presents the following advantages: low-

cost synthesis, magnet-based affinity, ionic exchange purification and reusability.

Keywords: bioaffinity; ionic exchange; magnetic; prothrombin; serpin;
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1 INTRODUCTION

Immobilization of biomolecules at solid-phase magnetic materials such as magnetic
particles is a great tool able to use rapidly and easy in biological separations and recovery from
the reaction with an external magnetic field. Modify magnetic particles, for example, magnetite
(Fe30s), using some biocompatible polymers with specific functional groups will make them
more attractive [1]. Modification of the magnetic particles with thiol, amine or carboxylic
groups provide sites for immobilizing specific binders and the magnetic core of such particles
are responsible for fast and easy separation of the adsorbed substances in such materials [2].

Chitosan (CS) is a 1,4-linked 2-amino-2-deoxy-B-D-glucan polysaccharide obtained
usually by the alkaline deacetylation of chitin and has been widely used in biomedical research
because it presents stability, hydrophilic, biocompatible characteristics and non-toxic material
[3]. CS coated magnetic particles can be good immobilization support because it has several
functional groups such as amino, hydroxyl, and hydroxymethyl groups for binding drugs,
proteins, enzymes and other biomolecules [4]. Therefore, CS has both amino and hydroxyl
groups that can be used to bind heparin or can be crosslinked with glutaraldehyde [5]. So, these
groups are very useful for the covalent attachment onto surface of chitosan and when the CS is
magnetized are used to immobilize different biomolecules and could have a high specific
activity, easy recovery, and enhanced stability [6].

Heparin (hep) is a highly charged polyanion glycosaminoglycan that widely used as a
clinical anticoagulant and structurally constituted of a complex mixture of linear anionic
polysaccharides with an average molecular weight of 16 kDa [7]. Their disaccharide repeating
units are formed for —4) D-GIcA B(1—4) D-GIcN a(1— and —4) L-IdoA a(1—4)D-GIcN
a(1—, where D-GIcA represents D-glucuronic acid, L-1doA represents L-iduronic acid, and D-
GIcN represents D-glucosamine. Each sugar residue can carry O-sulfo groups and the GIcN can
also carry N-acetyl or N-sulfo groups, resulting in a mixture of sulfated molecules [8]. When
immobilized heparin acts as an affinity ligand capable of purifying proteins that have an affinity
for heparin. Several plasma proteins are known to have strong heparin-binding properties such
as antithrombin [9] and thrombin [10]. In these proteins, in the heparin-binding region, there
are distributions of positively charged amino acid residues that are involved in electrostatic
interaction with the negatively charged heparin. Such electrostatic interactions have been
exploited by cation exchange chromatography to purify several positively charged proteins
[11]. Mercés et al. [12] described the use of immobilized heparin on Dacron magnetic particles

as an affinity matrix for antithrombin purification from human plasma.
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Serpins are a group of homologous proteins found in various species of plants and
animals with sizes about 400 amino acids and a molecular weight between 40 and 50 kDa.
Initially, they were identified for shows protease inhibition activity and are involved in a blood
coagulation, fibrinolysis and inflammation process, for example [13]. Several serpins are
present in human plasma circulation, including al-antitrypsin (alAT, SERPINA1 or al-
proteinase inhibitor), antithrombin (SERPINC1), plasminogen activator inhibitor-1
(SERPINEL) and protein C inhibitor (SERPINAS), all of which contribute in some measure to
the regulation of hemostasis process [14]. Serpinopathies are diseases associated with certain
conformational mutations in serpins that are associated above all with thrombosis
(antithrombin, AT) and emphysema (a1 AT; a1-antichymotrypsin, ACT) conditions [15].

Prothrombin is the precursor to thrombin, the main serine protease which plays a key
role in blood coagulation. It is involved in the conversion of circulating fibrinogen to fibrin
monomers in blood clots at the final step of the coagulation cascade. Moreover, it can also
initiate the inhibition of the coagulation process by activating protein C and protein S [16]. The
monitoring thrombin is of significant importance for early diagnostics of thromboembolic and
hemorrhagic complications because excessive thrombin levels in the body can result in
thromboembolic diseases and thrombin insufficiency can induce excessive bleeding [17].
Heparin and unfractionated Heparin (UFH) can bind to thrombin directly by a site called
exosite 2, or alternatively, the heparin-binding site, which carries a number of positively
charged residues including Arg93, Arg97, Arg101, Arg126, Argl65, Lys169, Argl73, Argl75,
Arg233, Lys235, Lys236 and Lys240 [10].

Human albumin (HSA) is the most abundant protein present in human blood plasma and
its exhibit several functions, for example, maintenance of colloidal osmotic pressure and
binding or transport of biologically important molecules [18]. The fractionation of plasma
provides the possibility of obtaining albumin as blood products since this protein has high
therapeutic value. In addition, albumin has been shown to be the best and most important
protein model for the study of biochemistry and biophysics, including the interaction between
nanomaterials and proteins [19]. Although albumin represents an important component of blood
plasma, its presence interferes with the analysis of low abundance proteins, which function as
disease biomarkers. In order to analyze these components, aloumin should be selectively
removed prior to analysis and this may be done by immunoaffinity or affinity for immobilized
ligands [20].

Therefore, this study aimed to synthesize and to characterize magnetic chitosan particles

with immobilized heparin to serve as an alternative tool to human plasma protein bioseparation
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or purification. These materials have several advantages including easy synthesis using low-
cost reagents and easy removal from the incubation mixture by applying a magnet and the
particles are reusable.

2 MATERIAL AND METHODS

2.1 Materials and reagents

Heparin sodium salt (5.000 UI/mL) from Cristalia© (S&o Paulo, Brazil). Carbodiimide (1-ethyl-
3-(3-dimethylaminopropyl) carbodiimide; EDC), N-hydroxysuccinimide (NHS), ferric and
ferrous chloride, benzamidine hydrochloride (99%, MW: 156.61), thrombin from bovine
plasma, chitosan low molecular weight (50-190 kDa, 75-85% deacetylated) were purchased
from Sigma Chemical Compan (Saint Louis, MO, USA). PT and aPTT and PT reagents were
obtained from Dade Behring (Marburg, Germany) and stored at 4° C. Chromogenic substrate
(Tosyl-Gly-Pro-Arg-AMC) was purchased from Bachem Americas, Inc. (Torrance, CA, USA).
Human blood was collected from a volunteer underapproval of the Ethical Committee of the

Universidade Federal de Pernambuco.

2.2 Magnetic chitosan particles preparation

Synthesis of magnetic chitosan particles was performed by co-precipitation method
similar as was described to levan magnetic particles by Maciel et al. [21]. Suspension of
chitosan low molecular weight (2.0% w/v) in distilled water stayed under stirring and then a
solution 1:1 of FeCls (1.1 M) and FeCl; (0.6 M) was added and finally the pH was adjusted to
11 with ammonium hydroxide. That mixture remained under manual stirring for 30 minutes at
80 °C. In the end, with a strong magnet, the particles were washed to the neutral pH range and

magnetic chitosan particles (MAG-CH) was obtained.
2.3 Morphology, magnetic properties and structure analysis
Distribution and morphology of the particles were analysed by scanning electron

microscopy (SEM) TESCAN-Mira3. Structure samples were characterized by X-ray diffraction
(XRD) performed at room temperature in the range 10°-90°, in equal 20 steps of 0,02°, using
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Bruker D8 Advance Davinci diffractometer with CuKa radiation (A= 1,5406 A). Magnetization
measurements (Ms) was obtained using a vibrating sample magnetometer (VSM), VersalLab,
manufactured by Quantum Design, at temperatures of 293 K, 300 K and 313 K, with magnetic
fields in the range -30000 Oe to +30000 Oe.

2.4 Immobilization and determination of heparin

The process of immobilizing heparin in the MAG-CH particles was performed
according to Mercés et al. [12]. First, a solution of heparin (3 mg/mL) was previously activated
with EDC and NHS this reaction is necessary to carboxylic groups activation. An aliquot (1
mL) of this functionalized heparin solution was incubated with 30 mg of MAG-CH for 72 h at
25°C with mild agitation yielding the covalently immobilized heparin on the magnetic chitosan
particle (MAG-CH-hep).

These composites were recovered under a magnetic field (0.6 T) and washed three times
with distilled water to remove non-immobilized heparin. Under this magnetic field the particles
precipitation occurred in about 10 seconds. The supernatant, first washed and second washed
were incubated with methylene blue at room temperature. This resulted in a complex of
methylene blue with heparin. The solution was measured at 664 nm using a Shimadzu UV
Visible Spectrophotometer (UVmini-1240) [22]. The calibration curve was obtained through
measurement of the absorbance of a series of standards at heparin concentrations of 10-100

pug/mL. The amount of immobilized heparin was calculated from the calibration curve.

2.5 Interaction study between MAG-CH-hep and plasma proteins

The magnetic composites with immobilized heparin were incubated with: (a) diluted
blood plasma (4:1) in 10 mM phosphate buffer pH 5.5 (4:1) and (b) diluted blood plasma (4:1)
in 50 mM Tris-HCI buffer pH 8.5. Boths plasmas were treated with benzamidine hydrochloride
(2 mM) to prevent proteases degradation. The incubation time was 30 minutes at 4 °C with 30
mg of MAG-CH-hep for each study. After this time, using a magnetic separation plaque (0.6
T), washes and elution were carried out with 10 mM phosphate buffer pH 5.5 or 50 mM Tris-
HCI buffer pH 8.5 supplemented 0.15, 1.0, 2.0 M NaCl. The proteins were monitored at 280
nm (Shimadzu UV Visible Spectrophotometer - UVmini-1240). The protein peaks obtained
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were pooled, dialyzed and finally dried in a speed vac. Proteins were quantified by the Bradford
method [23].

2.6 Proteins identification

After dialysis, the proteins eluted at different concentrations of NaCl have applied (10
Kg) on 10.0% SDS-PAGE electrophoresis (non-reduced samples). The gel was stained with a
solution of Coomassie brilliant blue, CBB, (R250) Bands of proteins were excised then
bleached for further digestion using trypsin (10 ng/ul in 50 mM ammonium bicarbonate).
Molecular weight and sequence of major proteins isolated on the electrophoresis gel were
analyzed by LC/MS. The analyses were performed on the Synapt G2 HDMS (Waters) mass
spectrometer coupled to nanoAcquity UPLC system (Waters). The peptides were analyzed in
the BLAST® NCBI online database.

2.7 Coaguation assays in vitro

Prothrombin time (PT) and activated partial thromboplastin time (aPTT) were the initial
tests to evaluate the inhibitory activity of proteins present in the eluates obtained from different
concentrations of NaCl in buffers with two different pH ranges (5.5 and 8.5). The
measurements were made using a semi-automated coagulometer (BFT Il - Dade Behring)
according to Salu et al. [24] and Silva et al. [25]. It was performed dose-response tests to verify
the action of the inhibitor according to the amount incubated in the plasma, the controls were
performed with 0.15 M and 0.7 M NaCl.

Eluates with a significant presence of inhibitors (1.0 M and 2.0 M in pH 5.5) were
subjected to a chromogenic assay with thrombin to assess their inhibition. Inhibition was also
evaluated in the presence of heparin. To perform the assay the enzyme used was bovine
thrombin (18 nM) in 20 mM Tris-HCI 0.15 M NaCl, the chromogenic substrate was Tosyl-Gly-
Pro-Arg-AMC (18 pM), the heparin used was of 0.021 U or 0.0625 U and 40 pL of 1.0 or 2.0
eluate obtained in elution with NaCl in 10 mM phosphate buffer pH 5.5. The reading was made
in spectrum fluorimeter: excitation at 380 nm and emission at 460 nm for 90 minutes, with

reading, collected every five minutes.
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3 RESULTS AND DISCUSSION

3.1 Physical characterization of magnetic particles

After magnetization of chitosan (MAG-CH) by chemical co-precipitation method of
Fe(Il) and Fe(lll) ions, the morphology of the particles analyzed by scanning electron
microscopy (SEM) revealed heterogeneous particles with structures ranging between 100 and
300 um (Figure 1). Furthermore, on the surface of the particles, it is possible to observe lumps
corresponding to the magnetite (FesO4) crystals (Figure 1b - arrows) present in the chitosan
structure. Also, in the Figure 1b (MAG-CH), it is possible to observe a very irregular surface.
These irregularities increase the contact area of the magnetic chitosan particles, increasing

interaction with hiomolecules.
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SEM MAG: 1.00 kx  Date(m/d/y): 10/17/17 DEPARTAMENTO DE FISICA -UFPE

Figure 1. Scanning electron microscopy images of magnetite (a) and magnetic chitosan (b)

particles. Black arrows: magnetite (Fe304) lumps.

According to the result obtained by X-ray diffraction (XRD) analysis (Figure 2), the
magnetic chitosan particles are composed of two phases: an amorphous and a crystalline phase
represented by chitosan (organic polymer) and magnetite crystals (FesOas), respectively. Six
peaks for characteristic magnetite were observed in the samples of magnetite (MAG) and
magnetite chitosan particles (MAG-CH), corresponding to (220), (311), (400), (422), (511) and
(440) planes (Table 1 and Figure 2). Diffractogram of chitosan (CH) and magnetite chitosan
particles (MAG-CH) exhibited typical peak of chitosan at 26 = 20° [26].



Table 1. Peaks obtained from the analysis of the particles by X-ray diffraction.

Particles Angles positions (26) of peaks and planes
10.35°; 19.79°; 30.07° (220); 35.48°(311); 43.23° (400); 53.64°(422);
CH-MAG
57.12° (511); 62.81° (440);
CH 10.21°; 19.61°
MAG 18.27° (111); 30.39° (220); 35.62° (311); 43.23° (400); 53.69° (422); 57.3°
(511); 62.81° (440);
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Figure 2. X-ray diffraction patterns of the chitosan (a), magnetic chitosan (b) and magnetite (c)

particles. M: magnetite phase. CH: chitosan phase.
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Isothermal magnetization curves M(H) measured at 293 K, 300 K and 313 K with
magnetic field up to 30 kOe applied at the magnetic particles synthesized are presented in figure
3. The magnetic saturation (Ms) values obtained for the magnetite (Figure 3a) were 72, 72 and
71 emu/g and for MAG-CH (Figure 3b) were 15, 16 and 15 emu/g at 293 K, 300 K and 313 K,
respectively. Ms determine the value of the magnetization present in a sample that has measured
from the application of a constant magnetic field in this magnetized sample. The magnetite
particles produced present Ms similar to the bulk magnetite (Ms of 92 emu/g) [27]. The
magnetic saturation of MAG-CH was 4.8 times lesser to magnetic particles (MAG). The
decrease in magnetic saturation of MAG-CH compared to magnetite bare particles is due to the
presence of chitosan polymer on the magnetic particles as also observed by other authors [28,
29, 30]. However, separation of the magnetic chitosan particles is done easily with an external
magnet [30]. A very similar result described in this work was obtained by Sahin and Ozmen [4]

who synthesized particles of magnetic chitosan with a Ms of 28.7 emu/g.
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Figure 3. Isothermal magnetization M(H) curves at 293 K, 300 K and 313 K for magnetite (a)

and magnetite chitosan (b).

3.2 Immobilization of heparin on magnetic chitosan particles

The amount of immobilized heparin was obtained by the difference between the amount
of heparin supplied and the sum of the amount of unfixed heparin present in supernatants and
washes, then according to a calibration curve, the amount of heparin immobilized per mg
support was obtained. The concentration of heparin supplied (stock solution) was 3.277 mg/mL,

the mean amount of heparin immobilized on the particles was 93.8 + 1.93 pg of heparin per mg
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of MAG-CH. Particles without the chitosan coating fixed about 29.4 pg of heparin per mg of
magnetite. This result demonstrates the importance of the presence of amine groups at chitosan
polymer to allow the covalent immobilization process of heparin. Interaction between the amine
groups of the particles and the functionalized carboxyl groups of heparin is in agreement with
the literature where we find different approaches to immobilize covalently the heparin in
biomaterials through covalent attachment to support using EDC and NHS [31]. Modifications
of the FesO4 particles using synthetic, biocompatible or biodegradable polymers with specific
functional groups make them more attractive because the superparamagnetic magnetite
particles coated with polymers are usually formed by magnetic cores responsible for a strong
magnetic response and a polymeric layer to provide functionalized groups and them can be used
in the biotechnological applications [32]. Different applications are described in the literature
for heparin immobilized, such as heparin immobilized on microspheres to improve blood
compatibility in hemoperfusion [33]; iron oxide nanoparticles were modified with a poly
(ethylene oxide) based coating and then further functionalized with heparin and used in the
treatment of neointimal hyperplasia [34]. Mercés et al. [12] synthesized Dacron-heparin

magnetic composites to use as a tool to human antithrombin purification.

3.3 Interaction between MAG-CH-hep and human plasma proteins

Proteins are present in human plasma at a pH range between 7.35 - 7.45. Because of
this, many of these proteins are negatively charged. According to Paull and Michalski [35], ion
chromatography is used to analyze inorganic and organic analytes in samples origin from many
industries, such as chemical and pharmaceutical. The study about the role of some molecules
organic in the body fluids is of great importance. lon chromatography is a very practical
analytical tool for the analysis of various biological fluids such as blood serum. Recently, the
application of this method for routine biological analysis became more and more popular. Due
to the specific interactions between heparin and various proteins, it can be used for protein
purification using the heparin affinity chromatography method. In this method, heparin is
covalently immobilized on support or particle and its acts as a specific affinity linker [36].

Immobilized heparin in magnetic composites has a high negative charge that can
function as a protein purification tool by ion exchange and/or affinity. Heparin interacts with
positively charged basic amino acid residues present on target proteins [37]. In addition, the use

of heparin affinity chromatography can be applied as a strategy to selectively remove some
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proteins of great abundance, facilitating the analysis of proteins of low concentration in the
plasma. It has already been demonstrated that albumin can be removed, for example, by
immunoaffinity column techniques, isoelectric entrapment and affinity chromatography [38].

Therefore, plasma proteins were diluted in buffers pH 5.5 or 8.5 and subsequently
incubated in MAG-CH-hep and eluted with different concentrations of NaCl in the same buffers
at pH 5.5 or 8.5 to observe the standards of protein binding with heparin immobilized on the
magnetic particles.

The chromatogram of the human plasma protein elution with 10 mM phosphate buffer
supplemented 0.15, 1.0 and 2.0 M NaCl, pH 5.5 or 50 mM Tris-HCI pH 8.5 are indicated in the
Figures 4 and 5, respectively. The magnetic particles and the same plasma were three times
reused in both experiments. Washings between the reuses were performed with 10 mM
phosphate buffer pH 5.5 or 50 mM Tris-HCI pH 8.5 to keep the equilibrium.
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Figure 4. Chromatogram of proteins eluted with NaCl 0.15; 1.0 and 2.0 M in 10 mM
phosphate buffer pH 5.5. The same plasma and the same MAG-CH-hep composites has been

used 3 times.
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Figure 5. Chromatogram of proteins eluted with NaCl 0.15; 1.0 and 2.0 M in in 50 mM Tris-
HCI pH 8.5. The same plasma and the same MAG-CH-hep composites has been used 3 times.

The amount of protein present in the volume of incubated plasma corresponds to 133.4
mg. Table 2 shows the amount of protein after 3 uses that have fixed and then eluted with 10
mM phosphate buffer 0.15; 1.0 and 2.0 M NaCl pH 5.5 or 50 mM Tris-HCI pH 8.5. A higher
amount of fixed protein or a higher yield was obtained by incubating diluted plasma proteins in
10 mM phosphate buffer pH 5.5. In addition, elution with 1.0 M NaCl in 10 mM phosphate
buffer pH 5.5 corresponds to most of the purified proteins: 2.024 mg. Plasma proteins diluted
in pH 5.5 buffer showed a higher interaction with MAG-CH-hep composites because in this pH
range these proteins had a positive charge. In contrast, the proteins diluted in pH 8.5 buffer
were fixed in low quantity because of its negative charge. In general, some charged solutes can

be eluted from ion-exchange columns by the addition of salts [39].



59

Table 2. Amount of purified plasma protein with MAG-CH-hep composites after three reuses.

Samples Elution buffer Amount of purified
protein (yield)

A 0.15 M NaCl in 10 mM phosphate buffer pH 5.5 797 pg
B 1.0 M NaCl in 10 mM phosphate buffer pH 5.5 2024 ug
C 2.0 M NaCl in 10 mM phosphate buffer pH 5.5 438 ug
D 0.15 M NaCl in 50 mM Tris-HCI pH 8.5 187 ug
E 1.0 M NaCl in 50 mM Tris-HCI pH 8.5 116 ug
F 2.0 M NaCl in 50 mM Tris-HCI pH 8.5 53 ug

3.4 ldentification by SDS-PAGE and LC-MS of the proteins isolated

Interactions between heparin and heparin-binding proteins occur due to protein shows
basic clusters with a density of high positive charge. The acidic groups of heparin were
electrostatically interacting with these basic clusters [37, 40]. The results of SDS-PAGE
electrophoresis of proteins eluted at in 10 mM phosphate buffer supplemented 0.15, 1.0 and 2.0
M NacCl, pH 5.5 and 50 mM Tris-HCI pH 8.5 are demonstrated at Figures 6 and 7, respectively.
It is possible to observe that there is a significant difference in the plasma protein profile that
was fixed to the heparin immobilized in MAG-CH-hep after incubation and elution of proteins
with the same ionic strength, but in different pH ranges. The majority proteins separated in the
electrophoresis of proteins eluted with NaCl in 10 mM phosphate buffer pH 5.5 (Figure 6),
were sequenced by LC/MS and the results are shown in table 3. The proteins were identified
by the UniProt database and correspond to inhibitors of the serpin family (P36955 and P05155),
prothrombin (P00734) and albumin (P02768). Some proteins like antithrombin that belongs to
the serpine family, is already a well-known example of heparin-protein interactions model [37,
41, 42]. Besides that, thrombin, a serine protease, is described as a protein with a strong affinity
to heparin [37, 42, 43].
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Figure 6. SDS/PAGE electrophoresis of the purified plasmatic proteins has been eluted with
NaCl 0.15; 1.0 e 2.0 M in 10 mM phosphate buffer pH 5.5, using MAG-CH-hep composites.
MW: molecular weight. Samples not reduced and stained with Brilliant Blue Comassie
(R250).

MW Plasma 0.15 1.0 2.0

—_—

-_
116.0

66.2

45.0 -
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Figure 7 SDS/PAGE electrophoresis of the purified plasmatic proteins has been eluted with
NaCl 0.15; 1.0 e 2.0 M in 50 mM Tris-HCI pH 8.5, using MAG-CH-hep composites. MW:

molecular weight. Samples not reduced and stained with Brilliant Blue Comassie (R250).



Table 3. Identification of proteins by LC/MS.
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Protein Protein SCORE  Molecular Peptide sequence
Entry Weight
(kDa)
Serpin F1 P36955 172.429  46.5 LQSLFDSPDFSK
DTDTGALLFIGK
ALYYDLISSPDIHGTYK
LAAAVSNFGYDLYR
Plasma P05155 139.9614 55.4 FQPTLLTLPR

protease C1
inhibitor

GVTSVSQIFHSPDLAIR

Prothrombin

PO0734 2270.451 715

GQPSVLQVVNLPIVERPVCK
LAVTTHGLPCLAWASAQAK
TATSEYQTFFNPR
TFGSGEADCGLRPLFEK
HQDFNSAVQLVENFCR
ELLESYIDGR
SPQELLCGASLISDR
SEGSSVNLSPPLEQCVPDR
NPDSSTTGPWCYTTDPTVR
SGIECQLWR
ETAASLLQAGYK

KPVAFSDYIHPVCLPDRETAASLL
QAGYK
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LKKPVAFSDYIHPVCLPDRETAAS
LLQAGYK

KSPQELLCGASLISDR

SEGSSVNLSPPLEQCVPDRGQQY
QGR

IVEGSDAEIGMSPWQVMLFR

GQPSVLQVVNLPIVERPVCK

Serum P02768 2533.552 71.3 VFDEFKPLVEEPQNLIK

albumin
AVMDDFAAFVEK

SHCIAEVENDEMPADLPSLAADF
VESK

QNCELFEQLGEYK

SHCIAEVENDEMPADLPSLAADF
VESK

SHCIAEVENDEMPADLPSLAADF
VESKDVCK

3.5 Inhibitory activity of purified proteins

An assessment was made of possible inhibitory activity of the eluted proteins from the
analysis of prothrombin time (PT) and activated partial thromboplastin time (aPTT) of the
human plasma after incubation with these purified protein eluates. The results of PT and aPTT

are shown in Figure 8 and 9, respectively.
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Figura 8. Plasma TP values after incubation of the purified eluates with NaCl 0.15; 1.0; 2.0 M
in phosphate buffer pH 5.5 (a) and its in 50 mM Tris-HCI pH 8.5 (b).
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Eluates obtained with 0.15, 1.0 and 2.0 M NaCl in 10 mM phosphate buffer pH 5.5 after
incubation with normal plasma obtained high values in the PT and aPTT tests. These results
indicate the presence of inhibitors capable of prolonging the time of human blood coagulation.
The eluates obtained in ionic strength in 50 mM Tris-HCI buffer pH 8.5 did not present a
significant inhibitor capable of prolonging the coagulation time. These results demonstrate that
there was a greater interaction of the diluted proteins in 10 mM phosphate buffer pH 5.5
(positive charge) with the MAG-CH-hep particles (negative charge).

3.6 Thrombin inhibition assay by using chromogenic method

The elution of plasma proteins in MAG-CH-hep using 1.0 and 2.0 M NaCl in 10 mM
phosphate buffer pH 5.5 eluates were obtained with a highest amount of inhibitors, as was
demonstrated in the previous step in the coagulation inhibition assays blood.

The results of the thrombin inhibition assay with the proteins eluted with 1.0 M and 2.0
M NaCl are shown in figure 10a and 10b, respectively. The presence of the inhibitor eluted with
1.0 M NaCl was able to decrease the activity of thrombin and this decrease was more
pronounced when using 0.0625 U of heparin (figure 10a). Probably the inhibitor present in this
eluate has similarity to antithrombin, since it is known that heparin has the property of
increasing the antithrombin inhibitory activity hundreds of times. The inhibitor present in eluate
2.0 (Figure 10b) was able to decrease thrombin activity but its inhibitory activity was not altered

in the presence of heparin.
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Figura 10. Inhibitory activity of the protein present in the eluate obtained with 1.0 M NaCl (a)
and 2.0 M NaCl (b) in 10 mM phosphate buffer pH 5.5. HEP: heparin.
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4 CONCLUSION

In this study, magnetic chitosan particles were synthesized and characterized by SEM,
XRD and VSM methods. These particles were used to covalently heparin immobilization
yielding the MAG-CH-hep composite that was used to interaction/purification study of human
plasma proteins. Human blood plasma was diluted in two different buffers: 10 mM phosphate
buffer pH 5.5 or 50 mM Tris-HCI pH 8.5, for the purpose of becoming, respectively, proteins
charged positively or negatively. After the incubation of MAG-CH-hep composites with these
diluted plasmas using a magnetic separation plaque, washes and elution had made with high
NaCl concentrations and these experimental was reused three times. The separated proteins in
each eluate had dosed and investigated by SDS/PAGE, LC/MS and biological activity tests.
Plasma proteins diluted with 10 mM phosphate buffer pH 5.5 had a greater binding capacity to
MAG-CH-hep particles as compared to proteins diluted with 50 mM Tris-HCI pH 8.5. This
happens because of the composite MAG-CH-hep acts as an ion exchange column and the
heparin as an affinity ligand. So, using this method it was possible to identify/purify some
important proteins of the blood plasma as inhibitors (serpin family), thrombin and albumin.
Therefore, the heparin-coated magnetic composite synthesized in this study may serve as a
simple, specific and inexpensive tool to investigate these proteins or others of biomedical

interest.
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ABSTRACT

Magnetic chitosan particles (MAG-CH) were prepared by co-precipitation method with
Fe*3/Fe*2. Heparin functionalized with carbodiimide and N-hydroxysuccinimide was
covalently immobilized onto MAG-CH yielding MAG-CH-hep composites. Differents
volumes of a plasma pool (1 or 7 or 20 mL) were incubed for 40 minutes at 4 °C with each 30
mg of MAG-CH-hep. After, using an external magnet (0.6 T), washes and elution were carried
out with 10 mM phosphate buffer pH 7.4 supplemented with 0.15, 0.25, 0.5, and 1.0 M NacCl.
Eluted proteins were separated by gel filtration chromatography and investigated by SDS-
PAGE. Inhibitory activity of the eluted proteins was analyzed by coagulation assays: aPTT and
PT. Around 1.3 mg of proteins were depleted after incubation of 20 mL pool plasma, using
MAG-CH-hep. These depleted proteins showed a molecular weight between 50 and 115 kDa,
among them was human serum albumin (69 kDa). Proteins eluted with 0.25 M NaCl
demonstrated inhibitory biological activity on the extrinsic pathway of blood coagulation,
whereas proteins eluted with 1.0 M NaCl inhibited the coagulation factors of intrinsic pathway.
Finally, the proteins eluted with 0.5 M NaCl showed inhibitory activity on coagulation factors
of both intrinsic and extrinsic coagulation pathways. Therefore, using an easy and low cost
methodology, MAG-CH-hep has proved to be an alternative tool in obtaining and depleting of

inhibitory or high abundance proteins of human plasma.

Key words: bioaffinity; chitosan; heparin; magnetite;
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1 INTRODUCTION

Human plasma contains proteins with a wide range of biological functions and is one of
the most widely used biological fluids in clinical diagnostics. The ability to identify and
quantify low abundance proteins in plasma facilitates plasma proteomic analysis and the search
for disease biomarkers [1]. Proteins such as immunoglobulin G (1gG), albumin, a-1-antitrypsin,
transferrin, 1IgA and haptoglobin represent more than 85% of the total protein mass of human
plasma; only alboumin and IgG correspond to more than 75%. These high abundance proteins
make it difficult to detect low abundance proteins that are potential markers for various
diseases. To improve detection of low abundance proteins, proteins such as IgG and albumin
need to be removed [2]. Proteomics is a fast growing field of study, very relevant in discovering
possible biomarkers. However, the use of this technology is somewhat limited due to the
presence of some high molecular weight proteins in blood plasma [3], as mentioned earlier.
Affinity chromatography is a powerful tool in proteomics. This separation method is based on
the interaction between specific immobilized ligands and their target proteins. As this method
is versatile, it can be adapted to different needs [4].

Over the past decades, it has been shown that heparin is involved in many biological
processes through its interaction with a high number of proteins [5]. Heparin is a highly sulfated
polymeric straight chain polysaccharide formed by repeated disaccharide units consisting of an
uronic acid (glucuronic or iduronic) and a glucosamine [6]. Due to this structure heparin has
the highest negative charge density when compared to any other biologically active
macromolecule [7]. Because it has a unique structure, heparin can interact with different
proteins. This interaction occurs because protein binding sites always contain basic amino acids
(Lys and Arg) whose positive charges probably interact with the negatively charged sulfate and
carboxylate groups present in GAG chains [8]. Furthermore, these functional groups facilitate
immobilization of heparin in a matrix, so immobilized heparin on solid supports is widely used
in affinity chromatography for the purification and identification of proteins capable of binding
to its structure [9].

Magnetic particles have wide applications in many areas, such as materials science,
medicine, chemistry, and the environment. Thus, the use of these particles has great advantages
over conventional techniques, such as their noninvasive character and the non-use of radiation
during the analysis. In industrial biotechnology, magnetic particles have been used for
biomolecules immobilization, biocatalysis and biosensors [10]. Chitosan is an organic polymer

obtained from the N-deacetylation of chitin. The combination of chitosan and magnetic
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particles could produce an ideal support for the immobilization of several molecules, with easy
functionalization with reactive groups for immobilization of molecules and, at the same time,
providing magnetic separability, allowing easy reuse [11].

Because heparin interacts with several proteins, the present study aims to immobilize
heparin in magnetic chitosan particles, for use as a tool for depletion and fractionation of plasma

proteins by magnetic bioseparation.

2 MATERIAL AND METHODS

2.1 Materials and reagents

Heparin sodium salt (5.000 Ul/mL) from Cristalia© (S&o Paulo, Brazil). Carbodiimide (1-ethyl-
3-(3-dimethylaminopropyl) carbodiimide; EDC), N-hydroxysuccinimide (NHS), ferric and
ferrous chloride, benzamidine hydrochloride (99%, MW: 156.61), chitosan low molecular
weight (50-190 kDa, 75-85% deacetylated) were purchased from Sigma Chemical Compan
(Saint Louis, MO, USA). PT and aPTT reagents were obtained from Dade Behring (Marburg,
Germany) and stored at 4° C. Human blood was collected from a volunteer underapproval of

the Ethical Committee of the Universidade Federal de Pernambuco.

2.2 Magnetic chitosan particles preparation

Synthesis of magnetic chitosan particles was performed by chemistry co-precipitation
of iron salts according Maciel et al. 2012 [12]. Suspension of chitosan low molecular weight
(2.0% w/v) in distilled water stayed under stirring and then a solution 1:1 of FeClz (1.1 M) and
FeCl2 (0.6 M) was added and finally the pH was adjusted to 11 with ammonium hydroxide.
That mixture remained under manual stirring for 30 minutes at 80 °C. In the end, with a strong
magnet, the particles were washed to the neutral pH range and magnetic chitosan particles
(MAG-CH) was obtained.

2.3 Immobilization and determination of heparin

Heparin was immobilized in the MAG-CH particles according to Mercés et al. [13].

Initially, a solution of heparin (3 mg/mL) was previously activated with EDC and NHS this
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reaction is necessary to carboxylic groups activation. An aliquot (1 mL) of this functionalized
heparin solution was incubated with 30 mg of MAG-CH for 72 h with mild agitation yielding
the covalently immobilized heparin on the magnetic chitosan particle (MAG-CH-hep).

These composites were recovered under a magnetic field (0.6 T) and washed three times
with distilled water to remove non-immobilized heparin. Under this magnetic field the particles
precipitation occurred in about 10 seconds. The supernatant, first washed and second washed
were incubated with methylene blue at room temperature. This resulted in a complex of
methylene blue with heparin. The solution was measured at 664 nm using a Shimadzu UV
Visible Spectrophotometer (UVmini-1240) [14]. The calibration curve was obtained through
measurement of the absorbance of a series of standards at heparin concentrations of 10-100

pug/mL. The amount of immobilized heparin was calculated from the calibration curve.

2.4 Interaction between human plasma protein and MAG-CH-hep

The interaction between plasma proteins with MAG-CH-hep was performed from
different experimental conditions related to different volumes of a plasma pool. Thus,
experimental assays were performed with 1.0 or 7.0 or 20.0 ml plasma incubated each in 30 mg
MAG-CH-hep. All plasmas were treated with benzamidine hydrochloride (2 mM) to prevent
proteases degradation. The incubation time was 40 minutes at 4 °C with 30 mg of MAG-CH-
hep for each study. After this time, using a magnetic separation plaque (0.6 T), washes and
elution were carried out with 10 mM phosphate buffer pH 7.4 supplemented with 0.15, 0.25,
0.5 and 1.0 M NaCl. The same magnetic composites and the same blood plasmas were reused
3 times. The proteins were monitored at 280 nm (Shimadzu UV Visible Spectrophotometer -
UVmini-1240). The protein peaks obtained were pooled, dialyzed (cut off 10-14 kDa) and
finally dried in a speed vac. Proteins were quantified by the Bradford method [15].

2.5 Proteins identification and separation

After dialysis, the proteins eluted at different concentrations of NaCl (0.15; 0.25; 0.5
and 1.0 M) have applied (10 pg) on 12.0% SDS-PAGE electrophoresis (non-reduced samples).
The gel was stained with a solution of Coomassie brilliant blue, CBB, (R250) and next silver
nitrate.

The dialyzed protein eluates obtained with 0.15 and 0.25 M NaCl in 10 mM phosphate
buffer pH 7.4 were pooled and studied by fast protein liquid chromatography (FPLC) using the
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high resolution Superdex-G75 column (gel filtration) - AKTA Purifier (GE) - equipped with a
fraction collector and a 280 nm UV absorption detector, UPC-900. The applied volume was
500 pl using 10 mM phosphate buffer pH 7.4 as elution buffer, flow of 0.5 mL/min and fractions
were collected every 0.5 mL. After separation by gel filtration, the obtained peaks were
investigated in SDS/PAGE and stained with a solution of Coomassie brilliant blue, CBB,
(R250).

2.6 Proteins activity assays in vitro

Prothrombin time (PT) and activated partial thromboplastin time (aPTT) were the initial
tests to evaluate the inhibitory activity of proteins present in the eluates obtained from 0.15,
0.25, 0.5 and 1.0 M NaCl 10 mM phosphate buffer pH 7.4. The measurements were made using
a semi-automated coagulometer (BFT Il - Dade Behring) according to Salu et al. [16] and Silva
et al. [17]. It was performed dose-response tests to verify the action of the inhibitor according

to the amount incubated in the plasma, the control were performed with normal plasma.

3 RESULTS AND DISCUSSION

3.1 Magnetic chitosan composites and heparin immobilization

Magnetic particle modifications using some polymers such as chitosan make them
attractive as biomolecule immobilization matrices [18]. Thus, modifications of the Fe3O4
particles using synthetic, biocompatible or biodegradable polymers with specific functional
groups make them more attractive because the superparamagnetic magnetite particles coated
with polymers are usually formed by magnetic cores responsible for a strong magnetic response
and a polymeric layer to provide functionalized groups and them can be used in the
biotechnological applications [19].

The amount of immobilized heparin was obtained by the difference between the amount
of heparin supplied and the sum of the amount of unfixed heparin present in supernatants and
washes, then according to a calibration curve, the amount of heparin immobilized per mg
support was obtained. Thus, the amount of covalently immobilized heparin was 78.13 + 1.4 ug
heparin per mg MAG-CH. Particles without the chitosan coating fixed about 29.4 mg heparin

per mg magnetite. This result demonstrates the importance of the presence of amine groups at
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chitosan polymer to allow the covalent immobilization process of heparin. Interaction between
the amine groups of the particles and the functionalized carboxyl groups of heparin is in
agreement with the literature where we find different approaches to immobilize covalently the

heparin in biomaterials through covalent attachment to support using EDC and NHS [20].

3.2 Affinity-fixed proteins in MAG-CH-hep composite

In recent years, magnetic particles have attracted much attention due to their biological
applications such in depleting high-abundant proteins in human serum [21], in bovine serum
albumin separation processes [22] and protein separation in multiple myeloma serum samples
[23]. Currently, magnetic particles have attracting more attention as an important tool or
strategy for protein separation of biological samples, because they provide simple and cheap
applications in the discovery of human disease biomarkers [24].

Table 1 indicates the amount of protein fixed in the MAG-CH-hep composites after 3
reuses. Elutions were performed with sodium chloride (NaCl) at concentrations of 0.15; 0.25;
0.5 and 1.0 M in 10 mM sodium phosphate buffer pH 7.4. A larger amount of human plasma
protein was obtained from the larger plasma volume incubation. A larger amount of human
plasma protein was obtained from the larger plasma volume incubation. About 1.3 mg of
proteins affinity bound to 30 mg of MAG-CH immobilized heparin following incubation of 20
mL of a plasma pool. A smaller volume of incubated plasma (1 mL) also corresponds to a lower

value of fixed proteins around 120 pg.

Table 1. Amount of protein fixed in MAG-CH-hep composites.

Incubated plasma pool

Amount of protein fixed in

Plasma volume Plasma protein amount
MAG-CH-hep
1.0 mL 66.0 mg 120 pg
7.0 mL 462.0 mg 642 ug

20.0 mL 1320.0 mg 1340 pg
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Elutions performed after incubation with the different plasma volumes showed similar
absorption at 280 nm, and the chromatogram obtained is shown in Figure 1. Therefore, the
proteins eluted after 3 reuses and in all volumes were separated and pooled according to the
NaCl concentration (0.15, 0.25, 0.5, 1.0 M) used in their elution. Finally, they were dialyzed
(cut off 12 kDa) in 0.07 M NaCl to prevent protein precipitation. They were then dried in speed
vac and resuspended in 1 mL of deionized water for subsequent gel filtration separation,
electrophoresis identification and biological activity.

Elution Elution Elution Elution
0.15 M NaCl 0.25 M NaCl 0.5 M NaCl 1.0 M NaCl
0.4 4
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Figure 1. Chromatography of plasma proteins eluted with different NaCl concentrations after

incubation with MAG-CH-hep. first reuse (m), second reuse () and third reuse ().

3.3 SDS-PAGE electrophoresis

According to Figure 2, it can been observe the fractionation of proteins present in human
plasma that were fixed in the immobilized heparin (MAG-CH-hep) composites. The proteins
showed different molecular weights ranging from 50 to 115 kDa. The results demonstrate that

by using magnetic bioseparation and immaobilized heparin affinity it is possible to deplete high
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molecular weight proteins. Among the proteins we can visualize bands that correspond to
human serum albumin (HSA) with 69 kDa. HSA accounts for 55-60% of the measured serum
proteins in healthy humans [25]. Besides that, HSA is a main carrier for a variety of substances
in the body and also plays a key role in maintaining normal osmolarity in plasma and interstitial
fluid [26].

MW » P 015 025 0.5 1.0 MW P 0.15 0.25 0.5 10
= Prm— r p—
1160
1160 — b
662 662 - . *
450 450 - -
350 350 -
250 250 mmp -
184 184 -
144 . 144
(a) (b)

Figure 2. SDS-PAGE 12% of plasma eluted proteins with 0.15, 0.25, 0.5 and 1.0 M NaCl in 10
mM sodium phosphate buffer pH 7.4; stained with a coomassie bright blue dye solution (R250)
(a) and stained with silver nitrate (b). Unreduced samples. MW: molecular weight. P: human

blood plasma.

3.4 Protein separation by gel filtration — FPLC, AKTA Purifier

In gel filtration chromatography, proteins and peptides are separated by their size.
However, the separation result can be affected by several kinds of non-size related effects such
as ion exchange and hydrophobic interactions [27]. The 0.15 and 0.25 M protein eluates
obtained were pooled in a final volume pool of 500 pL and applied to Superdex-G75 (FPLC -
AKTA Purifier) to separate the proteins into solution. The profile of these proteins separated
by gel filtration is shown in Figure 3. According to the chromatogram shown in Figure 3, after
the separation process 4 protein peaks (280 nm) are displayed, the larger proteins correspond

to the peaks: “a, b and c¢”; the smaller proteins correspond to the peak d.
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Figure 3. Protein separation by gel filtration. Superdex G-75; Flow 0.500 mL / min - 10 mM
sodium phosphate buffer 137 mM NaCl pH 7.4; 500 pL applied and collected. Elution: 10 mM
sodium phosphate buffer 137 mM NaCl pH 7.4.

Protein peaks (a, b, c, d) obtained after gel filtration chromatography (Fig. 3) were
investigated by electrophoresis to obtain approximate values of their molecular weight (Figure
4). According with the obtained results, a protein weighing 50-60 kDa corresponding to peak
"d" was purified using magnetic separation and filtration gel separation chromatography. The
proteins present in the peaks “a, b and c¢” presented lower molecular weights and some with a
weight greater than 100 kDa, thus showing the efficiency of the methodology in the depletion

of high molecular weight plasma proteins.
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Figure 4. SDS-PAGE 12% of proteins after gel separation (Superdex-G75, FPLC - AKTA

Purifier); stained with a coomassie bright blue dye solution (R250).

3.5 Proteins biological activity

In order to evaluate a possible inhibitory biological activity of the possible proteins
obtained on the blood coagulation cascade, coagulation assays were performed from the
analysis of prothrombin time (PT) and activated partial thromboplastin time (aPTT). Thus,
understanding the clotting inhibition made by the proteins present in the eluates has impact to
investigate the biological activity of these serum proteins obtained. aPTT is a screening test for
factors 11, V, VIII, IX, X, XI and XII of the intrinsic and common pathways [28, 29], whilst PT
is a screening test for factors I, V, VII and X of the extrinsic and common pathways [29].

Figure 5 shows the different aPTT values obtained after incubation of human blood
plasma with proteins eluted in 10 mM phosphate buffer pH 7.4 with 0.15; 0.5; and 1.0 M NaCl.
aPTT measurements are the most commonly used sensitive index endogenous coagulation
function monitoring [30].

According to Figure 5d, there is a strong inhibitor present which was fixed in MAG-
CH-hep and eluted at 1.0 M NaCl in 10 mM phosphate buffer pH 7.4. In the graph we can
analyze the dose response profile of the inhibitor in its total concentration, and also diluted 5,
10, 20 and 40 times that showed the ability to prolong the normal plasma aPTT. The inhibitor
in question acted by inhibiting the activity of factors of the intrinsic and common coagulation

pathway. No significant inhibition was observed after plasma incubation with the eluates from
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0.15 and 0.25 M NaCl in 10 mM phosphate buffer pH 7.4. Probably the same inhibitor present
in the eluate obtained in 1.0 M NaCl was also present in the eluate obtained in 0.5 M NaCl, but

in smaller quantity.
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Figure 5. aPTT value of proteins present in the eluates obtained with 0.15 M (a), 0.25 M (b),
0.5 M (c) and 1.0 M (d) NaCl in 10 mM phosphate buffer pH 7.4. Control: normal human

plasma.

Figure 6 shows the different PT values obtained after incubation of human blood plasma
with proteins eluted in 10 mM phosphate buffer pH 7.4 with 0.15; 0.5 and 1.0 NaCl. According
to Figure 6b there was a significant coagulation prolongation after incubation of the eluate
obtained with 0.25 M NaCl. After incubation with eluate obtained with 0.5 M NaCl (Fig. 6c),
there was a prolongation, but lower when compared to the first. The inhibitor acted by inhibiting
the activity of factors of the extrinsic and common coagulation pathway. No significant
inhibition was observed after plasma incubation with eluates obtained by 1.0 M NaCl in 10 mM
phosphate buffer pH 7.4 (Fig. 6d).
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Figure 6. PT value of proteins present in the eluates obtained with 0.15 M (a), 0.25 M (b), 0.5
M (c) and 1.0 M (d) NaCl in 10 mM phosphate buffer pH 7.4. Control: normal human plasma.

From the above results (Fig. 5 and Fig. 6), there are presence of different inhibitors that
were fixed and eluted after incubation with MAG-CH-hep. Thus analyzing the prolongation
and or inhibition of coagulation from aPTT and PT it is possible to state that in the eluate
obtained with 0.25 M NaCl in PBS pH 7.4 buffer there are proteins with inhibitory activity
under the extrinsic pathway. The eluate obtained with 0.5 M NaCl in PBS pH 7.4 buffer
contains proteins with inhibitory activity under both extrinsic and intrinsic pathways. Finally,
the eluate obtained with 1.0 M NaCl in 10 mM phosphate buffer pH 7.4 contains proteins with
inhibitory activity under beth intrinsic pathways. These results may assist in studies of the

proteins involved in the clot formation process and inhibition of the coagulation cascade.
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CONCLUSION

The magnetic chitosan particles were correctly synthesized by the chemical co-
precipitation method and demonstrated excellent magnetic ordering. Heparin was covalently
immobilized on magnetic chitosan particles and the composite formed was used as a
fractionation and depletion tool of plasma proteins. Incubating different plasma volumes with
heparin immobilized onto magnetic chitosan, it was observed that around 1.3 mg of proteins
were fixed after incubation of 20 mL of plasma. Therefore the larger the volume of incubated
plasma the greater the amount of protein depleted. Proteins eluted with 0.15; 0.25; 0.5 and 1.0
M NacCl in 10 mM phosphate buffer pH 7.4 were investigated in SDS/PAGE and the different
eluted proteins showed molecular weights ranging from 50 to 115 kDa. After gel filtration
chromatography, some proteins depleted showed a molecular weight of over 100 kDa. In
addition, proteins eluted with 0.25 M NaCl demonstrated inhibitory biological activity on the
extrinsic pathway of blood coagulation, whereas proteins eluted with 1.0 M NaCl inhibited the
coagulation factors of intrinsic pathway. Finally, the proteins eluted with 0.5 M NaCl showed
inhibitory activity on coagulation factors of both intrinsic and extrinsic coagulation pathways.
Therefore, in view of the above, MAG-CH-hep composites have proved useful as an alternative
tool for depletion, fractionation and purification of blood plasma inhibitors. This tool has many
advantages such as low cost, easy synthesis, possibility of reuse and can be used in proteomics

studies.
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ABSTRACT

This works aimed to immobilize heparin onto magnetite coated with polyaniline nanoparticles
(MAG-PANI) and to use for interaction study or bioseparation of a-thrombin and Factor Xa.
Magnetite (FesOs) was obtained by chemistry co-precipitation method (Fe?*/Fe®"). Magnetite
coated with polyaniline was obtained by chemistry aniline oxidation. Heparin was activated by
carbodiimide and N-hydroxysuccinimide and covalently linked to MAG-PANI (MAG-PANI-
hep). SEM (scanning electron microscopy) and TEM (transmission electron microscopy)
analysis showed that MAG-PANI has heterogeneus morphology and size of 11.7 £ 2.2 nm and
XRD (X-ray diffraction) analysis suggests the presence of polyaniline and Fe304 in MAG-
PANI that it exhibited superparamagnetism behavior (magnetic analysis). Human a-thrombin
(10 nM) or Factor Xa (10 nM) was incubed with MAG-PANI-hep in 20 mM Tris-HCI pH 7.4
containing increasing concentrations of NaCl. After incubation, each supernatant was collected
for the thrombin or Factor Xa enzyme activity test. Under conditions with 800 mM NaCl was
observed a thrombin and Factor Xa supernatant enzymatic activity of around 85.0 £ 4 % and
55.4 + 12 %, respectively. Under salt-free conditions the residual supernatant activity was 5.3
+ 0.4 and 10.9 £ 0.4% for thrombin and Factor Xa, respectively. These results suggest that the
enzymes showed high affinity for immobilized heparin in MAG-PANI. This method can be
applied to the blood products industry since it proved useful as a tool for the bioseparation of

coagulation factors.

Key words: factor Xa; Fe3Oa; heparin; polyaniline; thrombin;
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1 INTRODUCTION

Iron oxide nanoparticles have been investigated extensively studied and applicate in
biochemistry, biomedical and materials sciences. Magnetite (Fe3O4) and hematite (a-Fe.O3) are
examples of iron oxide class nanoparticles offering various application such as medical
diagnosis, therapy, drug delivery, magnetic separation, magnetic resonance imaging and
catalysis [1, 2]. Magnetite is very popular due to easy synthesis, low toxicity and excellent
superparamagnetic properties. Various methods have been developed for the synthesis of
magnetite nanoparticles according of the desired shape, size and structure. The main methods
used are reduction of ferric oxide under hydrogen environment, reduction of ferric ions using
reducing agents, sonochemical, hydrothermal and coprecipitation method [3]. Coprecipitation
is the easer and is quasi-immediate at room temperature and need less equipmente to handle. A
number of parameters are required to control during coprecipitation method such as pH control,
stirring rate and temperature for example [4, 5].

The modified magnetic nanoparticles have a polymer-coated iron oxide core. This
coating has active groups that can be conjugated to biomolecules such as carbohydrates,
proteins and enzymes [6, 7]. Polymer coated superparamagnetic magnetite particles are usually
formed by magnetic core responsible for a strong magnetic response and a polymeric shell to
provide functionalizable and characteristic groups [8].

Polyethylene-terephthalate [9], polyaniline [10], chitosan [11] and poly(acrylic acid)
[12] are examples of polymers used to modify magnetic nanoparticles. Magnetite coated with
polyaniline (PANI) are efficient for the removal of dyes or heavy metals from waste water.
Also, these composites can serve as support for the immobilization of enzymes or antibodies,
as well as for the development of biosensorsor as magnetic resonance imaging contrast agents
[13]. Due to the simplicity of the synthesis and redox activity polyaniline (PANI) is one of the
most important and interesting electroconductive polymers. It is applicable, for example, as a
material for sensors, indicators and others. The most frequently used method for synthesis of
PANI is the chemical oxidative polymerization [14, 15].

Heparin is a linear polysaccharide of the glycosaminoglycan family, has a highly
sulfated chain formed by repeating disaccharide units consisting of an uronic acid (iduronic or
glucuronic) and glucosamine [16]. Heparin when immobilized may interact with various
proteins including the coagulation factors, acting as an affinity ligand capable of interacting
with these proteins [17]. Cardim and Weintraub [18] showed that heparin-binding proteins

contain known sequences that are responsible for interaction and specificity with heparin. Some
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of the heparin-binding segments were XBBXBX, XBBBXXBX and XBBXXBBBXXXXBBX,
where B is one of three basic amino acids (arginine, lysine or histidine) and X is any of the
other 17 natural amino acids [19].

Prothrombin is the precursor to thrombin, a serine protease, which plays a key role in
blood clotting. Thrombin is very effective and acts by converting circulating fibrinogen into
fibrin monomers, which then polymerize to form the fibrin that is the major constituent of the
blood clot [20, 21]. Thrombin structure is formed by two polypeptide chains joined by a
disulfide bridge. The smaller chain is composed of 36 residues and is usually called the L (light)
or A chain. The larger chain has 259 residues and is called the H (heavy) or B chain. The L
chain is located in the opposite hemisphere from which it is located [22]. Thrombin has two
distinct exocites from the active binding site, the first exocite being related to the interaction of
fibrinogen with thrombin. The second exocyte is the site where heparin binds directly to
thrombin, also called the heparin binding site, which carries a number of positively charged
residues, including Arg93, Arg97, Argl0l, Argl26, Argl65, Lys169, Argl73, Argl7s,
Arg233, Lys235, Lys236 e Lys240 [23].

Factor X (FX) participates in the intermediate phase of blood coagulation and consists
of a vitamin K dependent glycoprotein that is synthesized in the liver and secreted into the blood
as a 58.8 kDa zymogen. The conversion of factor X into its active form (factor Xa - FXa) is
catalyzed by factor 1Xa in the presence of factor Vllla, calcium ions and phospholipids. This
conversion is also catalyzed by factor Vlla in the presence of tissue factor. Factor Xa (FXa)
cleaves prothrombin to thrombin in the presence of factor Va, calcium ions and phospholipids
[24].

Therefore, this study aimed to synthesize and to characterize magnetite coated with
polyaniline particles to be used as a matrix to heparin imobilization and to serve as an alternative
tool to trombin and Factor Xa bioseparation or purification. These materials have several
advantages including easy synthesis using low-cost reagents and easy removal from the

incubation mixture by applying a magnet.

2 MATERIAL AND METHODS

2.1 Materials and reagents

Heparin sodium salt (5.000 UI/mL) from Cristalia© (Sao Paulo, Brazil). Aniline, ammonium

hydroxide, carbodiimide (1-ethyl-3-(3-dimethylaminopropyl) carbodiimide; EDC), N-
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hydroxysuccinimide (NHS), ferric and ferrous chloride were purchased from Sigma Chemical
Compan (Saint Louis, MO, USA). Chromogenic substrates: S2238 (H-D-Phe-Pip-Arg-pNA)
625.6 g/mol and S2222 (Bz-lle-Glu-(y-OR)-Gly-Arg-pNA) 741.3 g/mol were purchased from
Chrromogenix©. Human a-Trombin (36 kDa) and Factor Xa were purchased from Molecular
Innovations (USA).

2.2 Synthesis of magnetite nanoparticles.

Magnetite nanoparticles (FezOs) were synthesized by chemistry co-precipitataion
method according to Neri et al. [10]. Briefly: a solution (1:1, v/v) with 0.6 M FeCl; and 1.1 M
FeClz was prepared, next it was added in 50 mL of distilled water under stirring. The pH values
was adjust to 11 with ammonium hydroxide to precipitate the magnetite nanoparticles. Finally,
this suspension remained at 90 °C for 30 min under constant manual agitation. After this step
the magnetic nanoparticles were externally recovered with a magnet (0.6 T) and washed with
distilled water until pH neutral range. At the end was obtained a black solid residue that was
filtered and dried at 50 °C for 24 h. This material was macerated and sieved (pore < 250um) to

obtain a black powder yielding the magnetite nanoparticles (MAG).

2.3 Coating of magnetite nanoparticles (Fez0.) with polyaniline.

Magnetite nanoparticles coated with polyaniline was obtained by aniline chemical
oxidation according to Maciel et al. [25]. Briefly: 500 mg of MAG was incubated for 1 hour
with 50 ml of a 0.1 M KMnO4 at 25 °C under slight agitation. After, this functionalized
magnetic nanoparticles were recupered with a magnetic separation plate (0.6 T) and them were
washed with distilled water to remove KMnOs excess. Next step was to incubate the
functionalized magnetic nanoparticles in 50 mL of the 0.5 M aniline (in 1.0M HNO3) solution
for 1 hour at 4 °C under slight agitation. Then with an external magnet the particles were
recovered and washed with 3 steps: distilled water, 0.1M citric acid and distilled water again.

Finally, the polyaniline coated magnetite nanoparticles (MAG-PANI) was obtained.
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2.4 Physical characterization.

Distribution and morphology of MAG and MAG-PANI nanoparticles synthesized were
analyzed by scanning electron microscopy (SEM) TESCAN-Mira3. In addition, the structure
of these nanoparticles synthesized was established by transmission electron microscopy (TEM)
TECNAI (20-200kv). Particle size was obtained TEM images using ImageJ 1.48v software
(Wayne Rasband, National Institutes of Health, USA). Magnetization measurements (Ms) of
MAG and MAG-PANI were obtained using a vibrating sample magnetometer (VSM),
Versalab, manufactured by Quantum Design, at temperatures of 293 K, 300 K and 313 K, with
magnetic fields in the range -30000 Oe to +30000 Oe. Structure samples of MAG and MAG-
PANI were characterized by X-ray diffraction (XRD) performed at room temperature in the
range 10°-90°, in equal 20 steps of 0,02°, using Bruker D8 Advance Davinci diffractometer
with CuKo radiation (A = 1,5406 A).

2.5 Heparin immobilization onto MAG-PANI nanoparticles.

Heparin was covalently immobilized onto MAG-PANI nanoparticles according to
Mercés et al. [26]. Initially, the carboxylic groups of heparin was previously functionalized with
EDC and NHS. Aliquots of this functionalized heparin solution (3 mg/mL) were incubated on
each 30 mg of MAG-PANI by 72 h, under slow agitation at 25 °C. At the end, the heparin
covalently immobilized onto polyaniline coated magnetite nanoparticles (MAG-PANI-hep)
was finally obtained. These magnetic composites were recovered under a magnetic field (0.6
T) and washed three times with PBS (phosphate buffered saline) to remove non-immobilized
heparin. Under this magnetic field the particles precipitation occurred in about 10 seconds.

The supernatant, first washed and second washed were incubated with methylene blue
at room temperature. This resulted in a complex of methylene blue with heparin. The solution
was measured at 664 nm using a Shimadzu UV Visible Spectrophotometer (UVmini-1240)
[27]. The calibration curve was obtained through measurement of the absorbance of a series of
standards at heparin concentrations of 10-100 pg/mL. The amount of immobilized heparin was

calculated from the calibration curve.
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2.6 Interaction of thrombin and factor Xa with the magnetic nanoparticles.

The interaction/affinity assay of immobilized heparin in MAG-PANI with human
thrombin and coagulation FXa had been based on a study conducted by Lira et al. [28]. Initially,
10 nM thrombin and 10 nM FXa solutions were prepared in enzymatic assay buffer (20 mM
Tris-HCI pH 7.4, 100 mM NacCl, 0.5% PEG 8000) containing increasing concentrations of 20,
50, 100, 200, 400, 600, 800 and 1000 mM NaCl. Then 125 pl of a suspension of MAG-PANI-
hep (in 20 mM Tris-HCL pH 7.5) were incubated for 3 minutes at 25 °C with 1 mL of thrombin
(10 nM) or FXa (10 nM) solutions that had been prepare. Besides that, MAG-PANI
nanoparticles and MAG-PANI-hep composites were incubated with 1 mL of a thrombin (10
nM) or factor Xa (10 nM) solution in Tris-HCI buffer without salt (0 mM) also for 3 minutes at
25 °C. After the incubation step, the magnetic composites were recovered with a magnetic rack
(MagRack ™ 6, GE) and then 200 pL of the each supernatant was collected for the thrombin
or factor Xa enzyme activity test.

2.7 Fluorescence enzymatic assay by chromogenic method.

The enzymatic assays of thrombin and FXa in the supernatant collected after incubation
with MAG-PANI-hep and MAG-PANI were performed in a Flexstation 111 from Molecular
Devices (Sunnyvale, CA) at 25 C. 200 pL of thrombin or FXa supernatant were added in a 96-
well plate. Next, 5 uL of the thrombin chromogenic substrate S2238 (H-D-Phe-Pip-Arg-pNA)
or 5 pL FXa chromogenic substrate S2222 (Bz-1le-Glu- (y-OR)-Gly-Arg-pNA) were added to
the respective well.

Progress curve of the enzyme reaction (absorbance readings over time) were obtained
at 10 seconds intervals for a maximum of 30 minute. The assay were performed in duplicate.
Data were corrected by subtracting the substrate-only absorbance and finally analyzed by

Origin85© software.
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3 RESULTS AND DISCUSSION

3.1 Electron microscopy characterization

MAG-PANI analyzed by SEM (Figure 1b) shows irregular morphology and distribution
with clumps containing nanoparticles with heterogeneous distribution between 10-100 pm.
Moreover, according TEM analyses (Figure 2) the MAG-PANI particle size had an average
size of 11.7 + 2.2 nm. Magnetite bare particles (Figure 2A) had a particle size about 9.94 + 1.5
nm, a size smaller due to the absence of polyaniline in MAG. According to Maciel et al. [29],
the coating is responsible for changes in particle size. In addition, similar results are shows by
Chelminiak et al. [12] who synthesized magnetite nanoparticles coated with a poly (acrylic
acid) polymer and these particles after TEM analysis showed a size of about 13 nm, larger than
compared to pure magnetite.

e 8 2 e g
SEMHV: 100KV |  WD: 15.14 mm

Print MAG: 322 x Det: SE 100 pm
SEM MAG: 500 x | Date(m/dly): 10/17/17 DEPARTAMENTO DE FISICA -UFPE

A 2 x
AT ATl

-9 - (i = 2R &
SEM HV: 10.0 kV WD: 14.76 mm | MIRA3 TESCAN|
Print MAG: 322 x Det: SE 100 ym

SEM MAG: 500 x  Date(m/dly): 10/27/17 DEPARTAMENTO DE FISICA -UFPE

Figure 1. Distribution and morphology of magnetite (a) and MAG-PANI (b) obtained by

scanning electron microscopy. 500x magnification.
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Figure 2. Particle size and structure of magnetite (a) and MAG-PANI (b) by transmission

electron microscopy.

3.2 Structural analysis and magnetic saturation of nanoparticles

XRD confirmed the formation of pure magnetite crystals (FezOs) and polyaniline
coating (Figure 3). The peaks corresponding to the pure magnetite and MAG-PANI
nanoparticles are shows in table 1. The MAG-PANI diffractogram (Fig 3b) contains all
reflections of pure magnetite at the 20 angles according with MiSurovi¢ et al. [15]. The
magnetite phase it was dominant and polyaniline phase correspond to 10.53° and 14.4° peaks,
absent in the uncoated FezO4 crystals. Neri et al. [10] reports a difficult differentiation between
magnetite and polyaniline coated magnetite nanoparticles by XRD pattern because their lines

are close.

Table 1. Peaks obtained from X-ray analysis of magnetite and MAG-PANI particles.

Nanoparticles Peaks 20 (degrees)

MAG-PANI 10.53°; 14.4°; 18.13°; 30.39°; 35.48°; 43.23°; 53.69°; 57.12°; 62.9°; 71.33°,
74.02°.

Magnetite 18.27°; 30.39°; 35.62°; 43.23°; 53.69°; 57.3°; 62.81°; 74.02°.

crystals
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Figure 3. Structural analysis by XRD of magnetite (a) and MAG-PANI (b) nanoparticles.

The magnetic measurements analyzed by isothermal magnetization curves M(H) in
Figure 4 determine the value of the magnetization (emu/g) present in MAG-PANI e magnetite
nanoparticles as a function of applied magnetic field (Oe) at 293 K, 300 K and 313 K. The
magnetic saturation (Ms) to MAG-PANI was 68 emu/g and 72 emu/g to magnetite (Table 2).
In addition MAG-PANI shows a superparamagnetic behavior because at the isothermal
magnetization curves M(H) no remnant magnetization or coercivity was observed [30].

The bare magnetite (uncoated) obtained a higher Ms value compared to MAG-PANI
nanoparticles, the presence of a coating or polymer in the magnetite crystal (FezO.) causes a

reduction in its magnetic saturation.
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Figure 4. Isothermal magnetization M(H) curves at 293 K, 300 K and 313 K for magnetite (a)
and MAG-PANI (b).

Table 2. Magnetic saturation measurements of the polyaniline coated magnetite and magnetite
particles at temperatures of 293, 300 and 313K.
Nanoparticles Ms (293K) Ms (300K) Ms (313K)

Magnetite crystals 72 emulg 72 emulg 71 emu/g

MAG-PANI 69 emul/g 68 emu/g 68 emu/g
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3.3 Immobilization and determination of heparin

Magnetite crystal (FesO4) coated with polyaniline become this material very attractive
as a matrix to biomolecules immobilization [31]. Neri et al. [10] synthesized and used
polyaniline-coated magnetite particles for B-galactosidase immobilization and Maciel et al. [25]
used to tripsin immobilization. Recently, Cabrera et al. [32] demonstrated that polyaniline-
coated magnetic diatomite nanoparticles can be used as a matrix for immobilization of
invertase, B-galactosidase, and trypsin. Lima et al. [33] immobilized tannase onto magnetic
diatomaceous earth nanoparticles coated with polyaniline.

In the present study, heparin was immobilized onto MAG-PANI nanoparticles due
interaction between functionalized carboxyl groups of heparin and the amine groups of the
nanoparticles; this proposal is in agreement with the literature where we find different
approaches to immobilize covalently the heparin in biomaterials through covalent attachment
to support using EDC and NHS [34]. Heparin solution initially offered was 3.411 mg/mL, the
average amount of immobilized heparin in the particles was 43 + 6.2 pg heparin per mg MAG-
PANI nanoparticles. Magnetite (uncoated) fixed approximately 29.4 ug of heparin per mg of

magnetite crystals (FesOa).

3.4 Enzyme activity and interaction

Heparin exerts its anticoagulant activity via antithrombin-mediated inhibition of
thrombin and factors Xa, 1Xa, and Xla [35]. Figure 5 shows the thrombin residual activity
present in the supernatant collected after its incubation with heparin immobilized onto MAG-
PANI nanoparticles. About 9.0 £ 3 % of thrombin enzymatic activity was detected in 20 mM
NaCl. Under conditions with 800 mM NaCl, thrombin enzymatic activity of around 85.0 + 4 %

was observed.
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Figure 5. Thrombin activity residual in 10 mM Tris-HCI buffer pH 7.4 with 0, 20, 50, 100, 200,
400, 600, 800 mM NaCl after incubation with MAG-PANI-hep.

Results of the factor Xa residual activity in the supernatant collected after its incubation
with heparin immobilized onto MAG-PANI nanoparticles is present in the Figure 6. The
observed values indicate that about 25.2 + 1 % of factor Xa enzymatic activity was detected in
20 mM NaCl. Under conditions with 800 mM NaCl, factor Xa enzymatic activity of around

55.4 + 12 % was observed.
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Figure 6. Factor Xa activity residual in 10 mM Tris-HCI buffer pH 7.4 with 0, 20, 50, 100, 200,
400, 600, 800 mM NaCl after incubation with MAG-PANI-hep.

Also according to Figure 7, thrombin and factor Xa demonstrated a low interaction with
MAG-PANI in the absence of heparin, the enzymatic activity in the supernatant after incubation
with MAG-PANI at 0 mM NaCl was about 85.0 + 3.9 % and 62.1 + 2% respectively. Therefore,
the above results suggest that thrombin and factor Xa demonstrated affinity to heparin
immobilized onto MAG-PANI.

Under salt-free conditions the residual supernatant activity after incubation in MAG-
PANI-hep was 5.3 £ 0.4 and 10.9 £ 0.4% for thrombin and factor Xa, respectively. This
demonstrates that in the absence of ionic strength the enzyme is fixed to immobilized heparin
thus decreasing its activity and when in high NaCl concentrations an amount of enzyme is still

fixed to heparin.
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Figure 7. Thrombin (a) and Factor Xa (b) activity residual after incubation with 0 mM NaCl
(Tris-HCL buffer pH 7,4) in MAG-PANI-hep e MAG-PANI. Control: free enzyme activity.

Thrombin and factor Xa showed a stronger interaction with heparin immobilized onto
MAG-PANI at differents NaCl solutions (Figure 8). Therefore, at higher sodium chloride
concentrations (600 - 800 mM) there is less residual activity in the supernatat after MAG-PANI-
hep incubation, which suggests an affinity to heparin. Factor Xa and thrombin are important
enzymes of the human blood coagulation cascade and are known to have binding sites that
recognize heparin. Thrombin is capable of interacting with heparin due to the presence of an
exocyte, also called the heparin binding site, which carries a number of positively charged
residues, including Arg93, Arg97, Argl0l, Argl26, Argl65, Lys169, Argl73, Argl75,
Arg233, Lys235, Lys236 e Lys240 [23].
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Figure 8. Comparison of thrombin and factor Xa residual activity in 10 mM Tris-HCI buffer
pH 7.4 with 0, 20, 50, 100, 200, 400, 600 and 800 mM NacCl after interaction with heparin
immobilized (MAG-PANI-hep). O: thrombin residual activity; O: factor Xa residual activity.

4 CONCLUSION

According to the above results, the magnetite nanoparticles were obtained satisfactorily
by the co-precipitation method and coated with polyaniline. TEM and SEM analysis showed
that MAG-PANI particles have a heterogeneous distribution and a size of 11.7 + 2.2 nm.
Moreover, the presence the phase magnetite and polyaniline have been proven through XRD
analysis. In addition, MAG-PANI nanoparticles exhibited a superparamagnetic behavior when
subjected to a magnetic field of +30000 Oe to -30000 Oe at of 293 K, 300 K and 313 K.
thrombin and factor Xa demonstrated affinity for immobilized heparin in MAG-PANI. These
results were confirmed by measuring enzyme activity in the supernatant after incubation with
magnetic composites. Under conditions with 800 mM NaCl the residual activity was 85.0 + 4%
and 55.4 £ 12% for thrombin and factor Xa, respectively. Under salt-free conditions the residual

supernatant activity was 5.3 £ 0.4 and 10.9 £ 0.4% for thrombin and factor Xa, respectively.
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This demonstrates that in the absence of ionic strength the enzyme is fixed to immobilized
heparin thus decreasing its activity and when in high NaCl concentrations an amount of enzyme
is still fixed to heparin. Thus, MAG-PANI-hep composite can be used as a tool for obtaining
blood products and assisting in the therapy of some diseases. In addition this tool can be used
for further studies of ligand-protein interaction /modification. The proposed method based on

the affinity magnetic separation is effective, easy and specific
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6 CONSIDERACOES FINAIS E PERSPECTIVAS

= As particulas magnéticas sintetizadas: mMDAC, QS-MAG e MAG-PANI demonstraram ser
Uteis como suporte para imobilizacdo covalente da heparina. O tamanho da particula e o
polimero utilizado na modificacdo das particulas magnéticas influenciaram na quantidade
de heparina imobilizada. As particulas de QS-MAG apresentaram uma maior quantidade de
heparina imobilizada (93,8 + 1,93 pg de heparina por mg de suporte) e também um maior

tamanho de particula (100-300 pm);

= Além disso a heparina imobilizada funcionou como um ligante de afinidade e quando capaz
de interagir por afinidade e troca i6nica com diferentes proteinas do plasma humano. A
heparina presente em mDAC e MAG-PANI foi capaz, respectivamente, de purificar e
interagir por afinidade com proteinas da cascata da coagulacdo. Uma maior quantidade de
proteina plasmatica foi depletada e purificada a partir da interacéo por troca iénica com a
heparina imobilizada em QS-MAG.

= |mportantes proteinas do plasma humano como antitrombina, protrombina, trombina, fator
Xa, albumina humana e serpinas, foram capazes de interagir com a heparina imobilizada

nos compadsitos magnéticos produzidos;

= O método proposto possui vantagens como por exemplo: facil sintese, baixo custo e

reutilizacéo;

= Diante dos resultados obtidos, mais estudos podem ser realizados a fim de se avaliar 0s
diferentes sitios de ligacdo responsaveis pela interacdo entre as proteinas e a heparina

imobilizada em suportes magnéticos;

= Além disso, estudos de afinidade entre proteinas com outros glicosaminoglicanos podem

ser investigados;

= Qs resultados obtidos neste trabalho fortalecem as pesquisas com particulas magnéticas,
bem como sua utilizagcdo em diferentes aplicacdes biotecnoldgicas, todas justificadas pelas

diversas vantagens ja citadas anteriormente.
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Human antithrombin is a blood derivative widely used in the treatment of coagulation dysfunction. Affin-
ity chromatography using heparin (HEP) derivatives is usually used for antithrombin purification. In this
study, an affinity procedure based on a magnetic Dacron-HEP composite is proposed. Dacron was firstly
converted to Dacron-hydrazide and magnetised by co-precipitation with of Fe2* [Fe>* (mDAC). HEP was
activated by carbodiimide and N-hydroxysuccinimide and covalently linked to mDAC (mDAC-HEP). EDX
and infrared spectra analyses confirmed each synthesis step of mDAC-HEP. This composite exhibited
superparamagnetism behaviour. Human plasma was incubated with mDAC-HEP (fresh and stored over
a long period) and washed with phosphate buffer containing increasing concentrations of NaCl. Human
plasma antithrombin activity was reduced by approximately 20% in the presence of the 1.0 M NaCl frac-
tion, and this eluate was able to prolong coagulation time (aPTT) using both preparations. Electrophoresis
of the eluates revealed bands corresponding to the expected size of antithrombin (58 kDa). The mDAC-
HEP particles are reusable. This method presents the following advantages: easy, low-cost synthesis of
the composite, magnet-based affinity purification steps, and reusability.

1. Introduction

Antithrombin (AT), as a serine proteinase inhibitor, can interfere
with blood coagulation and, consequently, has been used in coag-
ulation dysfunction therapies, such as acute thrombotic episodes,
for prophylaxis during surgery and in patients with AT shortage
[1]. AT is usually purified by heparin (Hep) affinity chromatography
[2] from human plasma fractions [3]. In the last four decades, Hep
covalently linked to both Sepharose and Sephadex has been used
for AT purification [4-7]. Currently, there are few reports of the
use of alternatives to these commercial resins. Here, an alternative
procedure is proposed for human AT purification based on immo-
bilised Hep on magnetic Dacron. Hep is a highly sulphated linear
polysaccharide, belonging to the glycosaminoglycan family, which
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has been used in clinics because of its anticoagulant properties [8].
Hep's structure is composed of a linear chain of repeating disaccha-
ride units comprised of an uronic acid (iduronic or glucuronic) [9]
and glucosamine that can be either N-acetylated or N-sulfonated
[10]. As a result of this structure, Hep has the highest negative
charge density compared to any other biologically active macro-
molecule [ 11]. The negative charge of Hep has been associated to its
strong binding activity to various proteins [ 12].In addition, Hep has
reactive functional groups (carboxylates and sulphates) that per-
mitits covalentimmobilisation onto water-insoluble matrices [ 13].
Immobilised Hep can interact, for example, with coagulation fac-
tors and act as an affinity ligand capable of purifying such proteins
[14]. This method is known as heparin affinity chromatography,
which is used to purify or fractionate proteins and other biological
molecules that may interact with heparin. Burnouf and Radose-
vich [15] reviewed the importance of affinity chromatography for
purification of plasma proteins, such as AT, for therapeutic use and
reported that the best way of obtaining AT purified is through the
use of immobilised Hep.

Magnetic particles are among the most common materi-
als used for separation techniques in biomedical analysis and
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Hydrazinolysis reaction with Dacron (polyethylene terephthalate) and magnetisation process:

o
"
~ HyC- HyC- O- ﬁ'@' C- 0-CH,~CHy~
o n

NH, = NH, CH;— OH

Co-precipitation method NH,
—HyC-H,C-0-C- O C- NH-NH, e"/ Fe*?

(Da:ron hydrazide) (white powder) NH,OH Magnetised Dacron-hydrazide | oac particles
+ (mDAC) (black powder)
HO - CH, - CH,
Immobilisation of heparin on the mDAC yielding mDAC-HEP composite:
SO,Na

Activation

C\= O with EDC/NHS 0O Nl
on JLO» s AR —
Immobilisation on mDAC mDAC-HEP composite

Fig. 1. mDAC-HEP composite synthesis. mDAC: Dacron-hydrazide magnetic; HEP: heparin; EDC: 1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide and NHS: N-
hidroxissuccinimida.

biotechnology. According to Laurent et al. [16] a co-precipitation Element ~ Wt%

technique is the most efficient way to obtain magnetic particles. c 44,01
For example, iron oxides such as magnetite (Fe304), are gener- N 3,00
ally prepared by a stoichiometric mixture of ferric and ferrous o 30,49
salts in an alkaline aqueous environment. The chemical reaction 60004 Si 22,50
of Fe;04 formation can be written according to the equation:

Fe*2 +2Fe*3 +80H~ — Fe304 +4H;0. The magnetic properties of

these particles allow the easy isolation of products in solution by

attracting them with the aid of an external magnetic field. Thus, A0

suspended magnetic particles tagged with analytes can be removed

using a magnet, and isolation and purification are easier and faster c

than with other methods [17]. In our laboratory, Dacron magnetic 2000 - UL AL

particles have been proposed for enzyme immobilisation [18-20].
Dacron, or Polyethylene terephthalate, is a widely used polymer
derived from a condensation reaction between terephthalic acid
and ethyleneglycol [21]. Dacron is an inert hydrophobic polymer o 400 500

without functional groups. Therefore, chemical modifications must Energy -eV a
be performed to introduce functional groups in order to alter the

surface properties. Such modifications can create groups that can

form covalent linkages with various biomolecules such as carbo-

hydrates, peptides and proteins [22]. For instance, the synthesis of

magnetic Dacron particle composites described by Carneiro Ledo

et al. [23] was initially performed by converting the polymer into
Dacron-hydrazide. Therefore, this study aimed to characterise and

use Dacron-hydrazide-Hep magnetic particles to serve as an alter-

native tool for affinity purification of AT. Dacron-hydrazide-Hep 12004
magnetic particles have several advantages compared to the resin
derivatives, including easy synthesis using low cost reagents and,

easy removal from the incubation mixture by applying a magnet, 800
and the particles are reusable.

Element Wt%
Cc 36,61
N 6,00
o 12,29
Fe 38,75
Au 6,36

2. Material and methods 4904 Fo

Au

2.1. Materials and reagents

Terphane Ltda (Cabo de Santo Agostinho, PE, Brazil) kindly o 200 400 600 b
donated Dacron. Heparin was purchased from Cristdlia Chem- Energy - eV
icals & Pharmaceuticals Ltda (Sio Paulo, Brazil). Carbodi-
imide (1-ethyl-3-(3-dimethylaminopropyl) carbodiimide; EDC),
N-hydroxysuccinimide (NHS), hydrazine hydrate, antithrombin III
from human plasma (lyophilized powder, >95% - SDS-PAGE),

Fig. 2. SEM images and EDX of Dacron-hydrazide (a) and mDAC (b).
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Fig. 3. X-ray diffraction patterns of magnetite, Dacron hydrazide and mDAC parti-
cles.

ferric and ferrous chloride were purchased from Sigma-Aldrich
Ltda (Sdao Paulo, Brazil). The antithrombin amidolytic activity
kit (TriniCHROM™ Antithrombin Ila) was acquired from Trinity
Biotech SA (New Jersey, USA), and the activated partial throm-
boplastin time (aPTT) kit was from Labtest Diagnéstica (Minas
Gerais, Brazil). Human blood was collected from a volunteer under
approval of the Ethical Committee of the Universidade Federal de
Pernambuco.

2.2. Synthesis and characterisation of magnetic particles

Dacron (polyethylene terephthalate) was converted to Dacron-
hydrazide by hydrazinolysis and then magnetised by co-

precipitation of Fe*/Fe3* (mDAC) according to Amaral et al. [18].
The particle size, morphology and chemical composition of Dacron-
hydrazide and mDAC were established by scanning electronic
microscopy (SEM) using a QUANTA 200 FEG electron microscope
equipped with an Energy Dispersive X-ray (EDX). The structural
properties were characterised by X-ray diffraction (XRD) per-
formed at room temperature in the range 10-90°, in equal 26 steps
0f 0.02°, using a Bruker D8 Advance diffractometer with CuKa radi-
ation (A =1. 5406 A). Magnetisation measurements were made as a
function of applied magnetic field (M x H) using a vibrating sample
magnetometer (VSM), Versalab, manufactured by Quantum Design.
The measurements were obtained at 293K, 300K and 313K, with
magnetic fields in the —30KOe to +30 KOe range.

2.3. Immobilisation of heparin on the magnetic particles

First, a solution of heparin (3 mg/mL) was treated with EDC/NHS
according to Oliveira et al. [24] to activate heparin carboxylic
groups. An aliquot of this functionalized heparin (1 mL) was incu-
bated with 30 mg of mDAC for 72 h with mild agitation, yielding
covalently immobilised heparin on mDAC (mDAC-HEP). The com-
posite was recovered under a magnetic field (6000 Oe) and washed
ten times with deionized water to remove non-immobilised hep-
arin. Under this magnetic field, particle precipitation occurred in
approximately 30s, but one minute was used to assure that all
particles were collected. The supernatant (SB), first wash (L1) and
second wash (L2) were reserved for heparin determination accord-
ing to Oliveira et al. [24] based on the property of heparin to form
complexes with basic dyes such as methylene blue. This magnetic
composite was suspended in water at 4°C and used immediately
(fresh preparation) or after 2 years of storage (stored over a long
period preparation) in order to investigate the stability of the com-
posite for antithrombin purification.

2.4. Physical-chemical analysis

Infrared spectra of magnetite (MAG), mDAC and mDAC-HEP
were analysed using a BRUKER instrument model IFS 66.

2.5. Plasma antithrombin purification

Citrated human plasma (1.0 mL) was incubated with mDAC-HEP
(30 mg) and incubated with stirring for 1 h at 4°C. Both fresh and
stored over a long period preparations of mDAC and mDAC-HEP
were used for AT purification from human plasma. The magnetic
composites were collected by a magnetic field (6000 Oe), and the
supernatant (human plasma) was stored for further analysis. The
composites were washed with 10 mM phosphate buffer, pH 7.2,
containing 150mM NacCl (PBS), and the composites were sub-
sequently eluted with the same buffer containing an increasing
gradient of NaCl (0.25 M; 0.5 M; 1.0 M). Both mDAC-HEP prepara-
tions (fresh and stored over a long period) were reused ten times,
washing fifty times with PBS between each successive use. The elu-
ates obtained from the increasing concentration gradient of NaCl
(0.25M; 0.5 M; 1.0 M) were analysed by sodium dodecyl sulfate gel
electrophoresis (SDS-PAGE; 12.5%) according to Laemmli [25]. Two
mDAC-HEP preparations were used: fresh and stored over a long
period.

2.6. Measurement of antithrombin activity

Plasma antithrombin activity was evaluated by amidolytic
inhibition using a chromogenic substrate assay (Tos-Gly-Pro-Arg-
ANBA-IPA) and aPTT. These procedures were performed according
to the manufacturer’s instructions. The aPTT test for the plasma was

123



76 AA.D.d. Mercés et al. /]. Chromatogr. B 1038 (2016) 73-79

a T T T T b T T T T
o] r‘—" | al .

3 25 1 S 1] i

8 s

g g

g 3

2 -

2 .25 1 2 .10 -

2 ——T=203K 2 T =293K|

= —— T =300K = —— T =300K|
.50 — T =313K| -20 —— T =313KH

30000 -15000 0 15000 30000 30000 -15000 [} 15000 30000
Magnetic field (Oe) Magnetic field (Oe)

Fig. 4. Hysteresis curves at 293 K, 300K and 313K for MAG (a) and mDAC (b).

performed by adding 20 p.L of eluate obtained from the 1.0 M NacCl
gradient to the reaction system kit.

3. Results and discussion

The synthesis method for obtaining mDAC-HEP composite is
illustrated in Fig. 1. According to this scheme, the initial process
starts with Dacron being converted to Dacron-hydrazide (hydrazi-
nolysis), which contains amine groups. Afterward, this modified
polymer (white powder) is magnetised with iron salts (black pow-
der). In parallel, heparin was functionalized with EDC/NHS. Finally
the modified heparin was covalently immobilised on the mDAC.

3.1. Morphology and size of particles

Images obtained by SEM (Fig. 2) showed heterogeneous mor-
phology and similar size for both Dacron-hydrazide (Fig. 2a;
0.7-2.0 pm) and mDAC (Fig. 2b; 1.0-2.0 um) particles, whereas
EDX analysis demonstrated the presence of the elements C, N and
O in Dacron-hydrazide and the additional presence of iron (Fe) in
mDAC particles. These findings indicate the presence of Dacron in
the magnetic composite.

3.2. X-ray analysis

The presence of magnetite phase in the Dacron-hydrazide parti-
cles was indicated by X-ray analysis. The X-ray diffraction patterns
of MAG, Dacron-hydrazide and mDAC particles can be observed in
Fig. 3. In the magnetite XRD pattern, the 26 peaks corresponding to
this phase appear at 18.39°, 30.26°, 35.65°, 43.33°, 53.74°, 57.76°,
62.94°, 74.49° and 79.50°. These peaks of magnetite also appear
in mDAC’s XRD pattern in addition to the peaks relative to Dacron
hydrazide material. Peaks corresponding to the Dacron hydrazide:
11.24°,13.10°,17.57°,19.25°,22.35°, 22,58°,23.44°, 25.33°, 26.54°,
27.49°,28.51°,30.33°,32.66°, 34.43°, 35.49°,36.76°, 38.71°,39.23°,
41.17°, 45.54°, 45.75°, 48.42°, 50.64°, 52.18°, 54.24°, 56.75°. The
magnetite diffractogram revealed a cell parameter of 8.37 A for the
magnetite phase. For the magnetite phase formed in mDAC, the
cell parameter value is 8.36 A, notably close to the value obtained
by Jamarillo-Tabares et al. [26]. The peaks corresponding to mag-
netite are according to Jamarillo-Tabares et al. [26] and Cabrera
etal.[27]. The XRD peaks of the mDAC particles are slightly broader
than those of the Dacron-hydrazide powder, which is characteristic
for amorphous materials and also of ultrafine crystalline particles.
This finding suggests the presence of polyethylene terephthalate in
mDAC particles.
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Fig. 5. Infrared spectra of MAG (a), Dacron-hydrazide (b), mDAC (c) and mDAC-HEP
(d). 1: Band of NH; group of the hydrazide; 2: Band of amide I; 3: Band of amide II.

3.3. Magnetisation measurements

The magnetisation curves dependent on the magnetic field for
pure magnetite and mDAC particles are shown in Fig. 4a and b,
respectively. The hysteresis curves revealed a magnetic satura-
tion (M;) to mDAC of 23.13 emu/g (293 K), 23.02 emu/g (300 K) and
22.67 emu/g (313 K). As expected, the mDAC particles had magnetic
ordering but the degree of Ms was lower (2.74 times) at 293 K, 300K
and 313K compared to MAG. For all of these temperatures, the
decrease in saturation could be related to magnetite modification
in the mDAC particles due to the presence of polyethylene tereph-
thalate. Cabreraetal.[27] and Maciel et al. [28] synthesized mineral
composites and magnetic levan, respectively, and reported similar
results. Furthermore, according to the analysis of MAG and mDAC
magnetisation, neither remnant magnetization nor coercivity was
observed, suggesting that both magnetic materials exhibited super-
paramagnetism. Nicolds et al. [29] also reported that the magnetic
particles produced by the co-precipitation method and modified by
the addition of stabilizers presented superparamagnetic behaviour.

3.4. Heparin immobilisation

Approaches to covalently immobilise Hep on biomaterials by
linking it to EDC and NHS supports have been described in the
literature [30]. Thus, covalent immobilisation of Hep was estab-
lished between the functionalized Hep carboxyl groups and mDAC
amino groups, yielding an amide bond. The mDAC-HEP presented
51+0.1 pgof heparin per mg of mDAC, whereas 13 + 0.4 g of hep-
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(a) stored over a long period preparation (b).

arin was adsorbed to each mg of MAG. About half of the added
heparin was covalently immobilised on the mDAC particles. This
immobilisation rate is larger than previously reported values, for
example, Funahashi et al. [31] reported a preparation containing
16 pg of Hep per mg of wet gel (Sepharose-4B modified to contain
amine groups) using EDC as a coupling agent.

3.5. Assignment of infrared absorption bands

The infrared spectrum of mDAC-HEP showed a pattern of bands
in the region between 1700 and 1500 cm~! that indicate Hep immo-
bilisation (Fig. 5). In this region, amide I bands (1650 cm~!, arrow
2) and amide Il bands (1544 cm™!, arrow 3) suggest that the amide
group was formed by linkage of the carboxyl group of heparin

Markers 025M(0) 025M(24)  05M(0) 0,5M(24) 10M(0) 1,0M(24) AT

with the hydrazide group of Dacron. Dacron-hydrazide spectrum
presents a band approximately 3300 cm~! (NH, group, arrow 1)
that is absent in mDAC-HEP, suggesting that the hydrazide groups
were consumed during the immobilisation reaction. Infrared spec-
tra of the three constituent particles (MAG, Dacron-hydrazide and
heparin) have been described in the literature. Yamaura et al. [32]
observed strong bands approximately 632cm~! and 585cm~! in
their magnetic nanoparticles and attributed these to the presence
of magnetite. Yamaye et al. [33] reported bands at 3330, 1630 and
1540 cm~! and characteristics of dihydrazide from Dacron. In this
study, the infrared spectra of the composites did not denote any
band characteristic of heparin, probably because Dacron-hydrazide
bands overlapped them. Infrared spectra of heparin should present
bands approximately 3400, 1624, 1425 and 1236 cm~! [24].

Markers  025M(0) 025M(24)  O,5M(0) 05M(24) 10M(0) 10M(24) AT

Fig. 8. Electrophoresis of protein fractions from plasma obtained with the use of magnetic particles. Elutions were carried out using increasing NaCl concentrations (0.25;
0.5 and 1.0 M) in the magnetic derivatives mDAC-HEP (a) and mDAC (b). AT: Standard antithrombin. (0): Elutions were performed in supports with immediately synthesized
(fresh preparation). (24): Elutions performed in supports that were stored for 2 years (stored over a long period preparation). Arrows: Antithrombin (58 kDa).
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3.6. Plasma antithrombin purification

Heparin affinity chromatography, eluting with increasing con-
centrations of NaCl is the most common method for separating
human plasma AT [2,34]. Fig. 6 shows plasma AT activity before
and after incubation with mDAC-HEP and mDAC using the fresh
and stored over a long period preparations. AT was removed after
incubation with fresh (Fig. 6a) and stored over a long period
(Fig. 6b) mDAC-HEP preparations at the 1st use (approximately
20%, namely, a fifth of total AT). This property was preserved dur-
ing all reuses with a small decrease, but approximately 10% was
still removed on the 10th reuse. Negligible removal of AT was
observed for the mDAC (Fig. 6) compared to antithrombin activ-
ity in fresh plasma. Purification yields have been reported in the
literature higher than these values [2,7], but these studies used pre-
prepared human plasma. In this study, whole plasma was used, and
the procedure can be reused.

3.7. In vitro anticoagulant assay and electrophoresis

Fig. 7 displays the aPTT for eluates obtained from the mDAC-
HEP-plasma antithrombin complex washes with PBS containing
1.0M NacCl. It is well-known that AT strongly binds to heparin
and is eluted at very high salt concentrations [35]. Higher aPTT
values were seen for the eluates from mDAC-HEP compared with
fresh plasma and mDAC, using either fresh (Fig. 7a) or stored over
a long period (Fig. 7b) preparations at the 1st use and all sub-
sequent reuses. The mDAC eluates did not show an increase in
coagulation time and values were similar to fresh plasma. Fig. 8
presents plasma proteins eluted from fresh or stored over a long
period mDAC-HEP-AT complex preparations (Fig. 8a) and mDAC
(Fig. 8b) using 0.25, 0.5 and 1.0 M NacCl solutions stepwise. No pro-
tein was eluted with higher NaCl concentrations (data not shown).
The number of protein bands decreased as the NaCl concentrations
increased for the eluates from fresh and stored over a long period
preparations. As displayed in Fig. 6, antithrombin activity was only
demonstrated in the 1.0 M NaCl elution. Miller-Anderson et al. [4]
obtained similar results using a heparin-sepharose column and
0.02 M Tris-HCl 1.0 M Nacl. Electrophoresis of this elution showed
a band at the same position of the antithrombin standard (58 kDa)
in both preparations. It is important to note that a strong band is
present above 58 kDa, and one might predict that this band corre-
sponds to albumin (66.5 kDa). Furthermore, the mDAC preparation
did not produce a protein band at the expected size for antithrom-
bin (Fig. 8b). The purification profile observed in the control can
be attributed to the presence of absorbed heparin. Nevertheless,
this heparin was not capable to purify antithrombin in detectable
amounts. Similar results were reported by Zhao et al. [36] using
SDS-PAGE to demonstrate AT purification by viscose-Hep fibres
composite.

4. Conclusions

According to the results presented in this contribution, one
can conclude that mDAC microparticles (1-2 pm) exhibited good
magnetic ordering and a suggestive superparamagnetic behaviour;
magnetite and Dacron-hydrazide were demonstrated in mDAC by
EDX and XRD analyses; heparin was covalently fixed onto the
mDAC as demonstrated by Infrared spectra; this derivative (mDAC-
HEP) formed a complex with human plasma proteins, including
antithrombin, and these proteins could be released into solutions
with increasing ionic strength; mDAC-HEP preparations can be
reused at least ten times and stored up to 2 years while preserving
these affinity properties.
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RESUMO

Introducio: O estudo de bioquimica envolve assuntos complexos ¢ abstratos. o que. muitas vezes. dificulta a apreciacdo dos alunos
por scus conteidos. Dessa forma. os alunos sentem-se desinteressados ¢ nio conscguem visualizar a importancia dessa disciplina,
que ¢ imprescindivel para o entendimento dos distirbios metabolicos e interpretagio de exames laboratoriais e clinicos. Objetivo:
Buscar informagdes na literatura cientifica sobre as dificuldades ¢ alternativas do ensino de bioquimica para estudantes da saude.
Métodos: Trata-se de uma pesquisa exploratorio-descritiva baseada na analise de artigos cientificos publicados em lingua portuguesa
e inglesa no periodo de 2008 a 2018, orientada a partir da questdo "Como o ensino das ciéncias basicas (bioquimica) para alunos
das areas de ciéncias da satude ¢ realizado atualmente ¢ quais os seus objetivos, métodos alternativos e resultados?”. utilizando
os descritores: educagdo em bioquimica. educagdo em ciéncias basicas. drca da saude ¢ pratica docente. Desenvolvimento: A
disciplina de bioquimica ¢ considerada como de dificil aprendizado pelos alunos devido a complexidade e grande quantidade de
assuntos. A falta de conhecimento prévio de alguns conceitos sobre bioquimica atrapalham o desempenho na faculdade ¢ também
a omissdo e passividade de alguns docentes influencia neste cenario. Materiais multimidiaticos ¢ o ensino baseado em problemas
tornam os alunos mais ativos em sala de aula, portanto sdo alternativas promissoras para aumentar o interesse e importancia do
ensino ¢ aprendizagem da bioquimica. Conclusdo: O maior desafio do ensino da bioquimica ¢ abordar os conhecimentos basicos
para os diferentes cursos de saude unindo a construgdo do conhecimento com a pratica profissional.

Palavras-chave: Bioquimica, ensino-aprendizagem, pratica docente.

ABSTRACT

Introduction: The study of biochemistry involves complex and abstract subjects. which often makes it difficult for students to
appreciate their contents. In this way, the students feel disinterested and fail to visualize the importance of this discipline that is
essential for the understanding of metabolic disorders and interpretation of laboratory and clinical exams. Objective: Search for
information in the scientific literature about difficulties and alternatives in biochemistry teaching to health students. Methods: This
is an exploratory-descriptive research based on the analysis of scientific articles published in Portuguese and English language
in the period from 2008 to 2018, guided by the question "How do basic science teaching (biochemistry) for students in science
health is currently carried out and what are its objectives. alternative methods and results? ", using the descriptors: education in
biochemistry. education in basic sciences. health arca and teaching practice. Development: The discipline of biochemistry is
considered to be difficult for students to learn due to its complexity and large amount of subjects. The lack of prior knowledge of
some concepts of biochemistry hinder performance in college and also the omission and passivity of some teachers influence in
this scenario. Multi-mediatic materials and the project based learning make the students more active in the classroom. so they are
promising alternatives to increase the interest and importance of tecaching and learning biochemistry. Conclusion: The greatest
challenge of teaching biochemistry is to approach the basic knowledge for the different health courses linking the construction of
knowledge with professional practice.

Keywords: Biochemistry, teaching-learning, teaching practice.
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1. INTRODUCAO saide, tais como medicina, fisioterapia. biomedicina
A disciplina de bioquimica faz partc dos componentes ¢ cnfermagem. Essa disciplina atende a grupos muito
do ciclo basico oferecida em alguns cursos da drea de heterogéneos de alunos ¢ sua caracteristica multidisciplinar

N
(5]

Health and Diversity, v.2, p.52-56, 2018

128



129

Mercés e Maciel, 2018

¢ um indicativo da sua imperiosa aplicacdo nos mais
diversos campos de atuacdo profissional (GARRIDO ef al.,
2010). Trata-se de uma disciplina que requer conhecimentos
interdisciplinares, o que permite a troca de contetidos
entre as mais diversas areas, a fim de entender processos
patologicos, farmacoldgicos ¢ fisiologicos do organismo
humano (ALMEIDA et al., 2014).

O estudo de bioquimica envolve assuntos complexos
¢ abstratos, o que, muitas vezes, dificulta a apreciagdo dos
alunos por scus conteudos. Dessa forma, os alunos sentem-
se desinteressados, porque ndo conseguem perceber a
relagdo entre os conteudos que estdo estudando com seu
perfil profissional (SABINO et al., 2009). O reconhecimento
da importancia das disciplinas bésicas, como a bioquimica,
ocorre tardiamente, quando os conceitos que exploram
s30 necessdrios para o prosseguimento do curso ou para
o cxcrcicio profissional. Por isso, os beneficios que essas
disciplinas poderiam trazer para a formagdo integrada
dos estudantes ficam muito comprometidos (SCATIGNO
¢ TORRES, 2016). O numero de alunos reprovados na
disciplina de bioquimica ¢ expressivo ¢ uma parte desses
alunos repete a disciplina ja cursada por mais de uma vez
(SABINO et al., 2009). Os alunos também apresentam
dificuldades sobre os temas abordados na disciplina desde os
primeiros contatos com temas relacionados ainda no ensino
médio (SCHIMIDT et al., 2014). Portanto, como ocorre
em outras disciplinas da graduagéo, parte das dificuldades
encontradas no cnsino da bioquimica, deve-s¢ também ao
grande volume de informagdes associado a uma reduzida
carga horaria e as ferramentas utilizadas pelos docentes para
abordar o conteudo (FARKUH ¢ PEREIRA-LEITE, 2014).

Mesmo diantc de tantas dificuldades no ensino-
aprendizagem, ¢ imprescindivel o conhecimento prévio em
bioquimica para o entendimento dos distirbios metabolicos
ou para interpretagdo de exames laboratoriais e clinicos.
Isto sc torna especialmente importantc na pratica dos
profissionais da saude como médicos e enfermeiros, onde,
atualmente, além de se exigir na pratica assistencial,
tornaram-sc cssenciais a pesquisa ¢ ao diagnostico. Apesar
disso, os estudantes da area da saiide mostram, em geral,
bastante dificuldade e desinteresse pelas disciplinas de
biociéncias (GARRIDO et al., 2010).

Diante dessas consideragdes, o presente trabalho teve
como objetivo buscar informagdes na literatura cientifica
sobre as dificuldades no ensino de bioquimica para estudantes
de cursos de graduacdo das areas de ciéncias da saude.
Além disso, através dessa pesquisa, propor alternativas
para aumentar o interesse e a importdncia do ensino e
aprendizagem da bioquimica na formagio do conhecimento
que ¢ tdo 1til para a futura pratica profissional.

2. METODOS

Trata-se de uma pesquisa exploratorio-descritiva, de
naturcza qualitativa, bascada nos pressupostos da andlise
de conteido e nos preceitos da revisio de literatura
(FIGUEREDO et al., 2014). A pesquisa foi orientada a
partir da questdo: “Como o ensino das ciéncias basicas
(bioquimica) para alunos das arcas de cicncias da satde
¢ realizado atualmente e quais os seus objetivos, métodos
alternativos e resultados?”, por meio de artigos cientificos
publicados em revistas brasileiras ¢ internacionais
indexados no periodo de 2008 a 2018. Foram utilizados
os descritores: “educa¢do em bioquimica”, “educagdo em
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ciéncias bdasicas”, “adrea da saude”, “pratica docente” e
“biochemistry teaching”. Como critérios de inclusio, optou-
se por selecionar maior quantidade de artigos publicados
em revistas brasileiras, escritos em portugués, disponiveis
online e em texto completo.

3. DESENVOLVIMENTO

3.1. Importincia da bioquimica na formacio dos
profissionais da saiude

Os conhecimentos cientificos fazem parte das diretrizes
curriculares dos cursos de nivel superior no Brasil, estejam
cles presentes em contetidos do ciclo bésico ou profissional,
sendo todos necessarios para a formagdo académica,
inclusive daqueles da drea da saiude. Entre esses conteudos
encontra-se a bioquimica, considerada o ramo das ciéncias
naturais que estuda a quimica da vida, definigio aprescntada
por Amabis e Martho (2010).

Abioquimica contempla contetidos nas areas de biologia
¢ quimica, sendo muito promissora para abordagens
interdisciplinares. Essencialmente, essa disciplina faz
parte do ciclo de conteudos basicos, sem os quais muitas
informagdes relevantes sobre importantes processos
fisiologicos ¢ patologicos deixam de ser compreendidas
em sua plenitude. Ao mesmo tempo em que 0s avancos na
area de pesquisa em ciéncias basicas vao aumentando, fica
cada vez mais dificil abordar os temas cldssicos e atuais em
disciplinas com cargas horarias limitadas, como bioquimica,
que esta presente nos cursos de graduacdo como medicina,
biomedicina, fisioterapia, enfermagem e odontologia, por
exemplo. Além disso, devido a complexidade dos assuntos
associada a imaturidade dos cstudantes nos primeiros
anos, muitos discentes podem ndo assimilar e perceber a
importancia desses conteudos em sua formagao profissional
ou correlacionar com outras disciplinas (PINHEIRO et al.,
2009).

3.2. Dificuldades no ensino da bioquimica para os cursos
da drea da saude

A disciplina de bioquimica ¢ considerada, pela maioria
dos alunos, como de dificil aprendizado devido ao alto
nivel de complexidade, o que dificulta a assimilagdo do
contcudo c. muitas vezes, desmotivando o interesse em
parte dos alunos. Os assuntos sdo considerados dificeis
porque os alunos precisam lidar com conceitos abstratos e
ainda necessitam de conhecimentos prévios, muitas vezes
ausentes, sobre caracteristicas essenciais das moléculas
e substancias organicas. Ministrar uma disciplina de
bioquimica também ¢ considerado dificil por parte dos
professores devido a complexidade ¢ grande quantidade de
conteudos a serem abordados (COSTA ef al., 2013).

Infelizmente, a disciplina de bioquimica apresenta
historicamente uma considerada rejeicdo entre os alunos
de graduacdo ¢ o reconhecimento da importancia das
disciplinas basicas para sua formagdo ocorre depois de
cursar tais disciplinas, € em boa parte. os beneficios dos
conhecimentos ja foram comprometidos. As necessidades
impostas pelo mercado de trabalho combinam uma formacao
profissional atrelada apenas com habilidades técnicas e,
muitas vezes, percebe a auséncia de uma formagdo critica e
autossuficiente. As atuais condigdes de ensino de disciplinas
basicas nas instituicdes publicas ¢ privadas de nivel superior
sdo pouco estudadas. Para tornar a disciplina de bioquimica
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mais efetiva na formagdo dos profissionais da saude, faz-se
necessario estudar as principais dificuldades apresentadas
pelos alunos durante as aulas e propor alternativas que
possam estimular aluno e professor a consolidar o ensino e
aprendizagem.

Em um cstudo realizado por Zeni (2010), observou-se
que 50,6% dos alunos do curso de medicina e odontologia
obtiveram um conhecimento prévio de alguns conceitos de
bioquimica durante o ensino médio e outros 16,1% a partir
de cursinhos preparatorios de vestibular. No mesmo estudo,
porém, entre os alunos de fisioterapia e farmécia um total de
61.2% ndo obtiveram esses conhecimentos, enquanto que
19,2% do total adquiram contato com a bioquimica durante
o ensino médio. Esses dados sugerem que a grande maioria
dos alunos no nivel superior ndo tem base de conhecimentos
em bioquimica o que pode atrapalhar seu desempenho
durante o curso.

Pinheiro ¢ seus colaboradores (2009) realizaram um
estudo sobre o ensino de bioquimica para alunos do curso
de fisioterapia, os resultados da pesquisa demonstraram
que 67% dos alunos estudam periodicamente os conteudos
de bioquimica, mas ainda assim 54% ndo gostam de
estudar bioquimica e outros 29% nio conseguem aprender
satisfatoriamente os assuntos ministrados em sala de aula
pelo professor.

De acordo com Scatigno e Torres (2016), um dos
maiores desafios enfrentados pelo docente de nivel superior
¢ obter uma participacdo ativa dos alunos quc facilite o
aprofundamento da aprendizagem. Além disso, as atitudes
de omissdo, passividade e desinteresse, as quais podem ser
apresentadas por ambos, aluno e professor, niio fazem parte
de um processo de cnsino construtivista. Embora muitos
professores possam ter o dominio sobre os assuntos, faltam
ainda novas ferramentas alternativas e estratégias para
solidificar o aprendizado.

As autoras possucm experiéncia na pratica docente
tradicional, que também contribui para a formagdo do
aluno: porém, atualmente, apresenta dificuldades para
manter-sc cm um ambicnte cheio de fontes de informacao
e com alunos de uma geracdo altamente tecnoldgica.
Devido a essas dificuldades e ao baixo aproveitamento na
disciplina, o curso de enfermagem da Universidade Federal
de Roraima (UFRR) tem tcntado inscrir novos métodos
de ensino, como a aprendizagem baseada em equipes, do
inglés 7eam Based Learning - TBL (MICHAELSEN e
SWEET, 208), para alunos do segundo ano do curso. Essa
metodologia prioriza o estudo individual ¢ o trabalho em
equipe, mas também permite ao professor, no momento em
que este realiza o feedback, apresentar suas contribuigoes
por meio de explicagdes fundamentadas sobre as respostas
dos testes propostos. Os resultados da aplicagdo desse
novo meétodo mostraram-se promissores com a primeira
turma, apresentando uma aprovagdo de 96,4% (resultados
nio publicados). Espera-sc dar continuidade ao método ¢
adequa-lo a realidade dos alunos do curso de enfermagem
da UFRR, visando atender as necessidades de sua formacio
profissional.

3.3. Ferramentas e alternativas para associar o ensino/
aprendizagem com a pratica profissional.

Algumas tentativas para diminuir a resisténcia em
aprender ou ensinar bioquimica estdo relacionadas em
despertar o interesse dos discentes em odontologia,
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medicina, fisioterapia e enfermagem, por exemplo, em
descnvolver projetos de iniciagdo cientifica ¢ monitorias
na area de disciplinas basicas. Albuquerque ef al. (2012)
relatam que experiéncias vivenciadas por monitores da
disciplina de bioquimica metabolica, em um curso de
medicina de uma universidade publica em Pernambuco,
contribuem para uma boa formagdo profissional. Isso
porque as atividades desenvolvidas estavam relacionadas a
pesquisa, ensino ¢ extensio o que possibilita uma conexio
entre o ensino tedrico ¢ pratico adquirido nas salas de aula.
Logo. eles concluem a importancia da participagdo dos
discentes junto a motivagdo dado pelo professor para a
construgdo do conhecimento nessa area.

Em um estudo feito por Iano e seus colaboradores
(2009), foi investigado o perfil dos alunos de graduacdo
que estavam envolvidos em projetos de iniciagdo cientifica
cm um laboratério de bioquimica de uma faculdade publica
de odontologia, 77,78% dos entrevistados afirmaram que
a partir da iniciacdo cientifica foi possivel integrar os
conhecimentos entre a teoria e a pratica. Além disso, todos
os alunos afirmaram que os conceitos de bioquimica tém
relevancia em sua formacao profissional, pois se (rata de uma
matéria basica que serve como alicerce para a compreensio
das outras ¢ que sao importantes nas atividades do cotidiano
clinico.

As aulas expositivas e experimentagdes realizadas
em laboratério sdo os recursos didaticos mais utilizados
pelos docentes para o cnsino de bioquimica; porém,
a aprendizagem a partir de metodologias criativas e
alternativas, com ambientes virtuais estimula a compreensao
dos conceitos basicos da disciplina. Uma forma ladica
cncontrada por Marinho, Castro ¢ Marinho (2014) foi a
inser¢do de aplicativos, através de dispositivos moveis,
para proporcionar ao aluno visualizar de forma dindmica
¢ tridimensional estruturas quimicas ¢ moleculares de uma
lectina (proteina).

Uma alternativa para os docentes € utilizar a tecnologia
da informagdo para proporcionar o uso de diversas
ferramentas, tais como sites ¢ softwares educacionais para
serem utilizadas no contexto educacional. Isso permite
a criagdo de novos métodos e estratégias para resolugio
dos problemas enfrentados no ensino/aprendizagem
(ALCANTARAC MORARES-FILHO. 2015). Uma proposta
também muito interessante, para driblar as dificuldades
enfrentadas pelos professores no ensino da bioquimica,
foi apresentada por Dias ¢ seus colaboradores (2013), os
quais vém descnvolvendo materiais multimidiaticos que
combinam contetido audiovisual como animagdes, filmes
que ilustram a dindmica molecular de proteinas e enzimas,
para melhorar a aprendizagem na disciplina de bioquimica.
Os resultados foram satisfatdrios, demonstrando interesse
e maior participagdo dos alunos no inicio da graduagio na
area da saude.

Outra grande dificuldade cnfrentada pelos discentes
de nivel superior ¢ conseguir agregar a [utura pratica
profissional os contetdos que sdo vistos em bioquimica.
Sabendo disso, Matta ¢ Sodré Neto (2015) descrevem um
trabalho com uma proposta de aliar os contcudos abordados
em bioquimica metabdlica com a possivel pratica docente
dos alunos, associando a formagdo em bioquimica com
uma carreira profissional. Neste caso, grupos de alunos
claboraram projetos com problematicas ¢ conteudos
relacionados a bioquimica e ministravam aulas hipotéticas
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de ensino basico. Sendo assim foi possivel construir uma
estratégia dc autonomia para os alunos através dc uma
instrumentacdo de ensino paralelo a aprendizagem dos
conteudos especificos de bioquimica.

Selecionar topicos dos contetidos a serem abordados
cm sala de aula através do interesse dos alunos, parcce uma
forma atrativa e alternativa de construir o conhecimento
em bioquimica. Apostar em competéncias para o
desenvolvimento de conhecimento, habilidades e atitudes
através da metodologia de aprendizagem bascada em
projetos (do inglés Project Based Learning) foi uma forma
que Garcés, Santos e Oliveira (2018) conseguiram trabalhar
com alunos que cursavam a disciplina de bioquimica.
Os estudantes foram questionados sobre quais assuntos
gostariam de aprender em bioquimica e eles optaram por
temas que contemplassem conteudos para compreender
mclhor doengas, rcsultados de cxames laboratoriais ¢
alimentagdo. Assim, o pedido foi atendido mediante
explicagdo e exemplos de doengas metabolicas. Isso
demonstra o quanto ¢ importante uma participagdo ativa e
direta dos alunos no processo de ensino ¢ aprendizagem.

A aprendizagem baseada em problemas (ABP, ou do
inglés Problem Based Learning - PBL) parece ser uma das
alternativas mais utilizadas para o ensino ¢ aprendizado de
bioquimica em outros paises. Por exemplo, Hartfield (2010),
da Faculdade de Ciéncia e Tecnologia da Universidade
de Tecnologia de Queensland (Australia), reforga que
nas universidades ¢ importantc introduzir um ensino
construtivista em bioquimica através da aprendizagem
baseada em casos e que os alunos aprendem de forma mais
eficaz se forem mais ativos. Ao utilizar informagdes para
resolverem um problema especifico, os alunos tém maior
chance de lembrar o que aprenderam, de processar as
informagdes que estdo recebendo e de refletir sobre como
aprenderam. Dessa forma, o ambiente de aprendizado ativo
permite a oportunidade de desenvolver pensamentos criticos
¢ habilidades orais e escritas associadas a comunicagdo de
analise de problemas.

Estudantes dec medicina de uma universidade na india
participaram de um estudo no departamento de bioquimica
realizado por Nair et al. (2013), os alunos foram divididos em
dois grupos: um deles com o ensino baseado em problemas
¢ 0 outro apenas com cnsino a partir de palestras didaticas.
Os alunos relaram que o ensino baseado em problemas foi
o método mais interessante para adquirir conhecimentos,
pois conseguiram vivenciar uma experiéncia de aplicagio
do conhecimento adquirido em situagdes voltadas a
pratica profissional. Com esse método os alunos foram
expostos aos problemas médicos reais, que os ajudaram a
desenvolver habilidades de andlise. Resultados positivos
com a proposta de ensino baseado em problemas também
foi relatada por Fardilha ef al. (2010), na Universidade de
Aveiro em Portugal, ao propor esse método aos alunos de
biomedicina para entender o metabolismo dos 4cidos graxos
na disciplina de bioquimica médica.

O processo de avaliagdo utilizado pela grande maioria
dos professores de nivel superior nem sempre leva a
construgdo do conhecimento, muitas vezes implica na
obrigacdo do aluno em memorizar os conceilos, sem que
haja uma aprendizagem significativa dos mesmos. Quando
ha, por exemplo, assuntos sobre as vias metabolicas, exige
uma preocupacdo dos alunos em memorizar 0os nomes
dos compostos intermedidrios, porém ndo reconhecem
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suas formulas estruturais ou importancia quando lhes
sdo aprescentadas. Atitudes ludicas a partir da construgao
de um jogo para o entendimento das vias glicoliticas e
da gliconeogénese foram demostradas por Oliveira e
seus colaboradores (2015) como forma de aprendizado
colaborativo entre alunos do curso de odontologia dc uma
universidade publica.

O papel da universidade em desenvolver politicas
pedagogicas junto ao corpo docente também ¢ importante
para auxiliar no processo de aprendizagem. Recentemente
Tomelin ¢ seus colaboradores (2018) defenderam a
abordagemnoensino superiordachamada "praticainclusiva".
E notavel a cxisténcia de uma deficiéneia na educagio
bésica dos alunos que atualmente estdo ingressando nas
universidades, o fato do estudante estar presente em sala de
aula ndo significa, necessariamente, a sua participagao plena
no meio universitdrio ¢ a absor¢io dos contetidos propostos.
Por isso, ¢ necessario que a universidade realize adaptagoes
para que a inclusdo seja efetiva, reconhecendo e atendendo
as necessidades individuais dos alunos, adaptando-se aos
varios cstilos ¢ ritmos de avaliagdo ¢ aprendizagem, de
modo a garantir uma qualidade de educagao para todos.

4. CONCLUSAO

O ecstudo realizado demonstra que sdo muitas
as dificuldades encontradas no processo de ensino-
aprendizagem de bioquimica para alunos dos cursos de
graduagdo da arca da satude. Esscs problemas podem cstar
relacionados, por exemplo, a falta de percepgdo dos alunos
de que conteudos basicos estdo conectados com a sua futura
pratica profissional, bem como a dificuldade de compreender
conceitos abstratos. Apcsar desscs problemas , foi verificado
que héd formas de mudar esse cenario. O professor precisa
abordar os conteudos de forma a estimular seus alunos na
compreensao dos topicos de forma critica e construtivista, ¢
ndo focar apenas em decorar nomes ¢ formulas. Atualmente,
existem muitas metodologias de ensino, em que o aluno
participa ativamente do seu processo de aprendizagem,
construindo o seu conhccimento, como ¢ o caso do
ensino baseado em problemas ¢ de abordagens a partir de
recursos multimidiaticos. O grande desafio ¢ encontrar a
metodologia mais adequada em cada turma/curso e mostrar
que a bioquimica pode scr bem compreendida ¢ contribuir
para a formacdo profissional de todos os estudantes da area
da saude.
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ABSTRACT

Lectins can easily be purified by using magnetic particles-chitosan composite coated with
heparin. Here, CrataBL, lectin obtained from bark of Crataeva tapia is purified according to
this approach as a model. CrataBL has been showed potential biomedical application as anti-
inflammatory and antitumor activities. Magnetic chitosan particles were synthesized by co-
precipitation method of ferric and ferrous ions with chitosan (MAG-CH). Heparin activated
with carbodiimide and N-hydroxysuccinimide was covalently coated the magnetic particle
(MAG-CH-hep). Crataeva tapia bark extract was incubated with MAG-CH-hep for 30 minutes
at 4° and then, using a magnetic separation rack, the complex MAG-CH-hep-CrataBL was
recovered and washed with 10 mM citrate phosphate buffer pH 5.5. Afterwards, CrataBL was
eluted with increasing ionic strength. SDS/PAGE showed 20 and 40 kDa bands suggesting the
presence of CrataBL eluted with 0.25 M and 0.5 M NaCl, which were also confirmed by size-
exclusion chromatography (Superdex G75). CrataBL presents high affinity for heparin
immobilized on magnetic chitosan particles and it can be purified using ionic strength and
magnetic separation by ease, simple and low-cost methods. MAG-CH-hep composites were

reused three times extracting CrataBL from bark extract similarly.

Keywords: affinity chromatography, CrataBL, chitosan, magnetic separation.
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1. INTRODUCTION

Lectins are proteins that bind reversibly and specifically to carbohydrates and compounds
that contain sugars in their structure. In addition, they differ in amino acid sequence and
molecular structure, as well as according to their specificity for carbohydrates. Because of this
binding ability, affinity chromatography purification techniques are commonly used to purify
these proteins [1]. The main protein of Crataeva tapia bark extract is a lectin of 20.2 kDa named
CrataBL that has been previously purified and involved in various biological activities as anti-
inflammatory, analgesic and antitumor [2]. Moreover, CrataBL acts in blocking coagulation,
arterial thrombus and binds to heparin [3].

Heparin is known in the clinic for its anticoagulant activity, but is also capable of interacting
with several other biological molecules because it has a unique structure, it is a highly sulfated
and negatively charged linear GAG formed by residues of disaccharides consisting of a -D-
glucosamine (GIcN) and a-1-iduronic acid (IdoA) or B-d-glucuronic acid (GIcA) [4]. Heparin-
interacting proteins have a specific distribution of positively charged amino acid residues to
which they are involved in the electrostatic interaction with negatively charged heparin [5].
Zhang et al. [6] reported that CrataBL shows to have high binding affinity with heparin (KD ~
49 nM), and modified positions of sulfate groups on heparin alters the affinity of CrataBL for
heparin indicating a specific interaction.

The magnetic particles are among the materials most used in separation techniques, with
applications in immobilization of biomolecules (proteins, enzymes and others), systems of
analysis in medicine and biotechnology [7]. Purification processes involving magnetic
separation, the magnetic materials functionalized with a particular type of linker exhibit affinity
for a specific target molecule present in a sample. Within an incubation period, the target
molecules bind to the magnetic particles. The entire magnetic complex is subsequently
separated from the sample from the application of an external magnetic field and, after washing,
the target molecules are isolated [8].

In view of the potential biological applications presented by CrataBL, the present work aims
to develop an alternative tool to purify this lectin by affinity to heparin immobilized on

magnetic particles using a specifically, fast and easy method.
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2. MATERIAL AND METHODS

21 SYNTHESIS OF MAGNETIC PARTICLES AND COVALENT
IMMOBILIZATION OF HEPARIN.

Magnetic chitosan (MAG-CH) particles were used as a support for heparin immobilization
and it were synthesized by co-precipitation method [9]. Briefly, solution 1:1 of FeCls (1.1 M)
and FeCl> (0.6 M) was added at the aqueous suspension of 2.0% (w/v) low molecular weight
chitosan, then the pH was adjusted to 11 with ammonium hydroxide and that mixture remained
for 30 minutes under stirring at 80 °C. At the end, the MAG-CH particles were recovered with
a magnet and washed with distilled water until reaching a neutral pH.

The immobilization process was performed from the formation of a covalent bond between
the heparin carboxyl groups and the amine groups present on the MAG-CH particles. Initially,
3 mg/mL of unfractionated sodium heparin (HEMOFOL®) was prepared in 10 mM phosphate
buffer pH 7.4, followed by activation of the heparin carboxyl groups by the carbodiimide
(EDAC) and N-hydroxysuccinimide (NHS) according to the methodology of Oliveira et al.
[10]. Thus, 1 mL of the activated heparin (EDC/NHS) solution was incubated in 30 mg of
MAG-CH for 72 hours at 25°C. After this period, using a magnetic separation rack (6000 Oe),
the magnetic chitosan particles with covalently immobilized heparin (MAG-CH-hep) were
recovered and washed three times with 10 mM phosphate buffer pH 7.4 to remove the unfixed
heparin. Quantification of immobilized heparin was performed according to the method of
Mercés et al. [11].

2.2 PURIFICATION OF CRATABL BY AFFINITY TO HEPARIN IMMOBILIZED ON
MAG-CH.

Crataeva tapia bark extracts was obtained according Aradjo et al. [2]. Briefly, 10% (w/v)
Crataeva tapia bark was mixed overnigh with 10 mM citrate-phosphate buffer pH 5.5 at 4 °C,
after it was filtered and centrifuged to obtain the crude bark extract (supernatant). MAG-CH-
hep composites (30 mg) was incubated with 10 mL (45.6 mg of proteins) of the crude bark
extract for 30 minutes at 4°C under slight shaking. After incubation, using a magnetic separation
rack (6000 Oe), the magnetic composites were recovered and then washed with 10 mM citrate-

phosphate buffer pH 5.5. Therefore, the fixed proteins were eluted with the same buffer using
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NaCl 0.25 M, 0.5, 1.0 and 2.0 M. Eluted proteins in these different ionic forces were monitored
in spectrophotometer at 280 nm. The same crude bark extract and composites was reused three
times and the peaks obtained in each elution were pooled. These eluted proteins were dialyzed
(cut off 10 kDa) for 24 h in 0.01 M NaCl and then dried in speed vac.

2.3 IDENTIFICATION OF LECTIN PURIFIED.

The pool of eluted proteins obtained after the three reuses were resuspended in 500 uL
(NaCl 0.01 M) for measurements of proteins by the method of Bradford [12]. SDS-PAGE
(polyacrylamide gel - sodium dodecyl sulfate) 12.0% electrophoresis was performed to identify
the purified proteins at the eluates samples obtained at NaCl 0.25, 0.5, 1.0 and 2.0 M.
Electrophoresis gel were stained with a solution of coomassie brilliant blue (R250). Pool of the
purified protein with NaCl 0.25 M NaCl was analyzed on the AKTA Purifier-FPLC to observe
the protein profile by the size-exclusion chromatography using Superdex-G75 column (flow:
0.5 mL / min; elution: 10 mM citrate phosphate, pH 5.5)

3. RESULTS AND DISCUSSION

The magnetic affinity separation process is an efficient method used in the purification of
proteins and is based on the formation of specific and reversible complexes between an
immobilized molecule and its ligands to be purified. This method has some advantages, such
as being carried out more quickly and by using separation processes based on magnetic field
[13]. Ferromagnetic levan particles was used by Angeli et al. [14] for purification of Cramol 1
lectin from the seed of Cratylia mollis. The amount of immobilized heparin was 94.4 ug per
mg of MAG-CH particles. In a study that has been conducted by Zhang et al. [6] the binding
affinity between heparin and CrataBL was proven, and the studies reported here demonstrate
the ability of this lectin to bind to heparin immobilized on MAG-CH particles. This suggests a
possible development of a new tool to purify this lectin by affinity, magnetic field and
separation by ionic force. The literature describes several applications and biological properties
of CrataBL, for example, in studies conducted by Ferreira et al. [15], they have shown that
addition of these lectin caused maximum growth inhibition in human prostate cancer cell lines.

Moreover studies in mice demonstrated that CrataBL is a potential therapeutic tool in the
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treatment of chronic obstructive pulmonary disease [16] and its plays a role in controlling
asthma response [17].

Figure 1A shows the chromatogram of the proteins from the Crataeva tapia bark extract
eluted with increasing ionic strength NaCl solutions from MAG-CH-hep composites. The same
particles and extract were reused three times (reusability). The proteins eluted at 0.25 NaCl; 0.5
and 1.0 M to each elution were pooled and presented amounts of protein of 181, 57 and 36 pg,
respectively. No proteins were observed in the elution with 2.0 M NaCl. Figure 1B shows the
protein bands observed in the SDS-PAGE electrophoresis of the proteins present in each
elution. In the fractions eluted with 0.25 and 0.5 M NacCl, there are bands around 20 and 40 kDa
which represent the presence of CrataBL in its monomeric and dimeric form, respectively.
Ferreira et al. [15] reported that CrataBL at high concentrations has a tendency to form dimers.
There is an excess of CrataBL that has not bound to heparin because of saturation in addition
to other proteins. Superdex-G75 (AKTA-Purifier FPLC) size-exclusion chromatography
confirmed the presence of the lectin and can be seen in figure 2 which suggests the presence of
CrataBL eluted in 0.25 M NaCl in its monomeric form which is present in the first peak

collected in 8 mL and in its dimeric form collected in the second peak in 16 mL.
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Figure 1. Purification of CrataBL by affinity to heparin immobilized onto MAG-CH particles.
Elution of the proteins of Crataeva tapia bark extract using MAG-CH-hep a using NaCl
concentrations (0.25, 0.5, 1.0 and 2.0 M) in 10 mM citrate-phosphate buffer pH 5.5 (A); SDS-
PAGE 12% of the proteins eluted with NaCl 0.25 (a); 0.5 (b); 1.0 (c) and 2.0 (d) M in 10 mM
citrate-phosphate buffer pH 5.5; stained with a solution Coomassie brilliant blue (R250).
Samples not reduced. MW: molecular weight standard. B.E.: Crataeva tapia bark extract (B).
ABS: absorbance.
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Figure 2. Profile of size-exclusion chromatography of CrataBL. The eluate obtained in 0.25 M
NaCl was subjected to gel filtration on the Superdex G75 column and eluted with 10 mM citrate
phosphate buffer pH 5.5 at a flow rate of 0.5 mL/min.

4. CONCLUSIONS

The results of this contribution showed that CrataBL, the main lectin present in the Crataeva
tapia bark extract, is able to bind to heparin immobilized on the magnetic particles.
Furthermore, it has been purified using simple methods: magnetic separation and ionic strength.
Knowing the various interactions that heparin can perform with different proteins together with
the versatility of magnetic particles with possibility of reuse, the tool presented here appears as
a simple, specific and inexpensive alternative for the study and purification of proteins such as
lectins. Furthermore, this method can also be used to investigate or purify other classes of

molecules not yet known that can be found in several plant species.
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ANEXO B - INSTRUCOES PARA AUTORES: CARBOHYDRATES POLYMERS

g Introduction

Aims and scope- The Aims and Scope of Carbohydrate Polymers must be complied with in order for
submissions to be considered for review and possible publication.

Carbohydrate Polymers is a major journal within the field of glycoscience, and covers the study and exploitation
of polysaccharides which have current or potential application in areas such as bioenergy, bioplastics,
biomaterials, biorefining, chemistry, drug delivery, food, health, nanotechnology, packaging, paper,
pharmaceuticals, medicine, oil recovery, textiles, tissue engineering and wood, and other aspects of glycoscience.

The role of the well-characterized carbohydrate polymer must be the major proportion of the work reported, not a
peripheral . At least one named carbohydrate polymer must be cited and be the main focus of the paper and its
title. Research must be innovative and advance scientific knowledge.

Characterization? For all polysaccharides, including those obtained from a supplier, essential structural
information which will affect their behavior in the subsequent work should be given, along with a description of
how that information was ascertained. Examples of such essential information include molecular weight,
mannuronate/guluronate ratio for alginates, degree of esterification for pectin, degree of deacetylation for
chitosan. Editors are unlikely to send papers for formal review with a statement such as "sodium alginate was
purchased from XXX Inc." unless additional information is supplied. For papers involving synthesis,
polysaccharide derivatives must also be well-characterized. For papers describing identity or application of newly-
discovered polysaccharides, purity and monosaccharide composition are essential; some molecular size and
linkage information is highly desirable.

Hypothesis?Nearly all scientific papers benefit from inclusion of a statement of hypothesis. Such statements
should be clear, concise, and declarative. The statement should describe the one or more key hypotheses that
the work described in the manuscript was intended to confirm or refute. Inclusion of a hypothesis statement
makes it simple to contrast the hypothesis with the most relevant previous literature and point out what the
authors feel is distinct about the current hypothesis (novelty). It also permits the authors to describe why they feel
it would be important to prove the hypothesis correct (significance).

Topics of interest to the journal:

structure-property relationships

analytical methods

chemical, enzymatic and physical modifications
biosynthesis

natural functions

interactions with other materials

Glycogen

Topics not of interest to the journal:

e biological, physiological and pharmacological aspects of non-carbohydrate; molecules attached to, or
mixed with, carbohydrate polymers, unless the polysaccharide has a relevant and specific role;

e materials science of biocomposites where there is no mention of any specific carbohydrate polymer, or
the role of the carbohydrate polymer is not the major proportion of the study;

polyalkanoates, polylactic acid, or lignin;

routine studies of extraction yields without characterisation of the extracted polysaccharide under the
different conditions;

e routine studies of complexation of a drug with a single cyclodextrin;

e studies of newly discovered natural polysaccharides or new polysaccharide derivatives where the
structure of the polysaccharide (derivative) is unknown;

e  production and isolation of enzymes which act on polysaccharides (studies on the mode of action of an
enzyme on a polysaccharide are within the journal scope);
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e carbohydrate oligomers where the degree of polymerization is less than four;

e treatments of cotton fabrics and cellulose-based paper where the research is largely not about the
component cellulose itself;

e use of carbohydrate polymers as a support material (e.g. in enzyme immobilization, chromatography,
etc.) where there is no specific involvement of the chemistry of the carbohydrate polymer.

Types of paper

Original full-length research papers should contain material that has not been previously published elsewhere,
except in a preliminary form. These papers should not exceed 6000 words of text (including references) and
generally not more than 10 figures/tables. The same information should not be repeated in a figure and a table.
Review papers will be accepted in areas of topical interest and will normally emphasise literature published over
the previous five years. They should not exceed 12,000 words (not including references) and should contain no
more than 8 figures and 6 Tables. The same information should not be repeated in a figure and a table.

This journal (as do all high impact journals) places a very high bar on acceptance of reviews. This must be the
case since a review is not the authors own work but is a representation from the author(s) of recent "high quality”
work in an important field and is intended to provide an all-encompassing and in-depth presentation from the
author(s) of the recent impactful developments, the opportunities, the failures, the challenges, the interfaces with
other disciplines (and how these interfaces affect the science) in the field. Also, review manuscripts should be of
the highest quality on initial submission and should not need considerable reworking or language improvements.

Contact details for submission

Contributors must submit their articles electronically via the Elsevier Editorial
System http://ees.elsevier.com/carbpol. This is the only method of submission, and facilitates processing of your
article.

Review process

A peer review system is used to ensure high quality of papers accepted for publication. The Editors will reject
papers without formal review when it is deemed that the paper is

on a topic outside the scope of the Journal,

lacking technical merit or lacking appropriate characterization,

missing a hypothesis,

containing data which are non-reproducible (another scientist from a third-party laboratory must be able
to reproduce your work),

of narrow regional scope and significance,

lacking novelty, does not advance scientific knowledge

Eal o N
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oris

7. poorly written.

Previous publication of a paper on a particular topic does not guarantee publication of subsequent papers in that
area, as the Aims and Scope of the journal are regularly updated. Please see the Current Aims and Scope before
you submit.

Revisions

Any revised papers returned later than three months after being sent to authors with the reviewers' comments will
be treated as a new submission. When submitting a revised paper authors must list all of the reviewer's
comments and indicate how they have responded to the comment, and where in the paper they have made
appropriate revisions. All modifications in the paper must be shown in red.

Resubmitted Manuscripts

It is the author's choice whether or not to resubmit a rejected manuscript to the journal. The expectation of the
journal and its editors is that any resubmission will be the result of significant rewriting and perhaps additional
experimentation as required to address all prior reviewer and editor concerns. Authors resubmitting previously
rejected manuscripts are required to; 1) identify the manuscript as a resubmitted manuscript in the cover letter to
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the editor, including identification of the prior title and manuscript number, 2) address all reviewer concerns from
the final reviews of the previous, rejected manuscript, and 3) include a "Response to Reviewers" document that
includes those reviews from the previous version and your responses to those reviews; clearly identify what are
reviewer comments and what are your responses, often the use of color is a convenient way to do so. You will
also be requested to indicate this status during the submission process in EES.

g Before You Begin

Ethics in publishing

Please see our information pages on Ethics in publishing and Ethical guidelines for journal publication.

Studies in humans and animals

If the work involves the use of human subjects, the author should ensure that the work described has been
carried out in accordance with The Code of Ethics of the World Medical Association (Declaration of Helsinki) for
experiments involving humans. The manuscript should be in line with the Recommendations for the Conduct,
Reporting, Editing and Publication of Scholarly Work in Medical Journals and aim for the inclusion of
representative human populations (sex, age and ethnicity) as per those recommendations. The terms sex and
gender should be used correctly.

Authors should include a statement in the manuscript that informed consent was obtained for experimentation
with human subjects. The privacy rights of human subjects must always be observed.

All animal experiments should comply with the ARRIVE guidelines and should be carried out in accordance with
the U.K. Animals (Scientific Procedures) Act, 1986 and associated guidelines, EU Directive 2010/63/EU for
animal experiments, or the National Institutes of Health guide for the care and use of Laboratory animals (NIH
Publications No. 8023, revised 1978) and the authors should clearly indicate in the manuscript that such
guidelines have been followed. The sex of animals must be indicated, and where appropriate, the influence (or
association) of sex on the results of the study.

* Plagiarism and Ethical Concerns

By submitting this manuscript, the authors agree that text, equations, or figures from previously published articles
or books have been clearly identified in full and their origin clearly explained in the adjacent text, with appropriate
references given at the end of the paper. Duplication of text is rarely justified, even with diligent referencing.
Exceptions may be made for descriptions of standard experimental techniques, or other standard methods used
by the author in the investigation; but an appropriate citation is mandatory. Authors who duplicate material from
their own published work in a new article, without clearly identifying the repeated material and its source as
outlined above, are self-plagiarising.

If an author is found to have plagiarized content from another author or submits a duplicate publication the paper
will be rejected without review. These actions may result in sanctions such as retraction of the article (along with
the publication of a corrective notice with a direct link to the original article explaining the reason for the retraction)
and a possible ban on future publications from the author. In addition, the scientific community at large, including
the author's work place, may be notified about the case and the decision reached. Committing plagiarism or
submitting a duplicate publication can have a negative impact on an author's scientific career.

Declaration of interest

All authors must disclose any financial and personal relationships with other people or organizations that could
inappropriately influence (bias) their work. Examples of potential competing interests include employment,
consultancies, stock ownership, honoraria, paid expert testimony, patent applications/registrations, and grants or
other funding. Authors must disclose any interests in two places: 1. A summary declaration of interest statement
in the title page file (if double-blind) or the manuscript file (if single-blind). If there are no interests to declare then
please state this: 'Declarations of interest: none'. This summary statement will be ultimately published if the article
is accepted. 2. Detailed disclosures as part of a separate Declaration of Interest form, which forms part of the
journal's official records. It is important for potential interests to be declared in both places and that the information
matches. More information.

Preprints

Please note that preprints can be shared anywhere at any time, in line with Elsevier's sharing policy. Sharing your
preprints e.g. on a preprint server will not count as prior publication (see 'Multiple, redundant or concurrent
publication' for more information).
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Use of inclusive language

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to differences, and
promotes equal opportunities. Articles should make no assumptions about the beliefs or commitments of any
reader, should contain nothing which might imply that one individual is superior to another on the grounds of race,
sex, culture or any other characteristic, and should use inclusive language throughout. Authors should ensure that
writing is free from bias, for instance by using 'he or she’, 'his/her' instead of 'he’ or 'his', and by making use of job
titles that are free of stereotyping (e.g. ‘chairperson’ instead of 'chairman’ and ‘flight attendant' instead of
'stewardess’).

Author contributions

For transparency, we encourage authors to submit an author statement file outlining their individual contributions
to the paper using the relevant CRediT roles: Conceptualization; Data curation; Formal analysis; Funding
acquisition; Investigation; Methodology; Project administration; Resources; Software; Supervision; Validation;
Visualization; Roles/Writing - original draft; Writing - review & editing. Authorship statements should be formatted
with the names of authors first and CRediT role(s) following. More details and an example

Changes to authorship

Authors are expected to consider carefully the list and order of authors before submitting their manuscript and
provide the definitive list of authors at the time of the original submission. Any addition, deletion or rearrangement
of author names in the authorship list should be made only before the manuscript has been accepted and only if
approved by the journal Editor. To request such a change, the Editor must receive the following from

the corresponding author: (a) the reason for the change in author list and (b) written confirmation (e-mail, letter)
from all authors that they agree with the addition, removal or rearrangement. In the case of addition or removal of
authors, this includes confirmation from the author being added or removed.

No additions, deletions or changes to authorship of a paper will be permitted after the article is accepted.

Copyright

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement' (see more
information on this). An e-mail will be sent to the corresponding author confirming receipt of the manuscript
together with a 'Journal Publishing Agreement' form or a link to the online version of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal circulation
within their institutions. Permission of the Publisher is required for resale or distribution outside the institution and
for all other derivative works, including compilations and translations. If excerpts from other copyrighted works are
included, the author(s) must obtain written permission from the copyright owners and credit the source(s) in the
article. Elsevier has preprinted forms for use by authors in these cases.

For gold open access articles: Upon acceptance of an article, authors will be asked to complete an 'Exclusive
License Agreement' (more information). Permitted third party reuse of gold open access articles is determined by
the author's choice of user license.

Author rights
As an author you (or your employer or institution) have certain rights to reuse your work. More information.

Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.

Role of the funding source
You are requested to identify who provided financial support for the conduct of the research and/or preparation of
the article and to briefly describe the role of the sponsor(s), if any, in study design; in the collection, analysis and

interpretation of data; in the writing of the report; and in the decision to submit the article for publication. If the
funding source(s) had no such involvement then this should be stated.

Open access

Please visit our Open Access page from the Journal Homepage for more information.
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Elsevier Researcher Academy

Researcher Academy is a free e-learning platform designed to support early and mid-career researchers
throughout their research journey. The "Learn” environment at Researcher Academy offers several interactive
modules, webinars, downloadable guides and resources to guide you through the process of writing for research
and going through peer review. Feel free to use these free resources to improve your submission and navigate
the publication process with ease.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a mixture of these). Authors
who feel their English language manuscript may require editing to eliminate possible grammatical or spelling
errors and to conform to correct scientific English may wish to use the English Language Editing service available
from Elsevier's Author Services.

Submission

Submission to this journal proceeds totally online and you will be guided stepwise through the creation and
uploading of your files. The system automatically converts source files to a single PDF file of the article, which is
used in the peer-review process. Please note that even though manuscript source files are converted to PDF files
at submission for the review process, source files containing the accepted revisions are needed for further
processing after acceptance. All correspondence, including notification of the Editor's decision and requests for
revision, takes place by e-mail removing the need for a paper trail.

Reviewers

Authors are required to submit with their articles, the names, complete affiliations (spelled out), country and
contact details (including current and valid (preferably business) e-mail address) of three potential reviewers.
Email addresses and reviewer names will be checked for validity. Your potential reviewers must not be from your
institute, and at least two should be from a different country. Authors must not suggest reviewers with whom they
have collaborated within the past two years. Your submission will be rejected if these are not supplied. Names
provided may be used for other submissions on the same topic. Reviewers must have specific expertise on the
subject of your article and/or the techniques employed in your study. Briefly state the appropriate expertise of
each reviewer. Do not select a referee only because they have expertise on polysaccharides, this is not specific
enough. For each reviewer you suggest you must include details of two recent relevant research or review papers
authored by the potential reviewer which have appeared in good quality scientific journals. Authors cited in your
paper can be useful suggested reviewers, provided that they have published in the field over the last few years.

g Preparation

Peer review

This journal operates a single blind review process. All contributions will be initially assessed by the editor for
suitability for the journal. Papers deemed suitable are then typically sent to a minimum of two independent expert
reviewers to assess the scientific quality of the paper. The Editor is responsible for the final decision regarding
acceptance or rejection of articles. The Editor's decision is final. More information on types of peer review.

Use of word processing software

It is important that the file be saved in the native format of the word processor used. The text should be in single-
column format. Keep the layout of the text as simple as possible. Most formatting codes will be removed and
replaced on processing the article. In particular, do not use the word processor's options to justify text or to
hyphenate words. However, do use bold face, italics, subscripts, superscripts etc. When preparing tables, if you
are using atable grid, use only one grid for each individual table and not a grid for each row. If no grid is used,
use tabs, not spaces, to align columns. The electronic text should be prepared in a way very similar to that of
conventional manuscripts (see also the Guide to Publishing with Elsevier). Carbohydrate Polymers requires
authors to include tables and figures in the body of the article at the appropriate position, not at the end of the
article. See also the section on Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check’ functions of
your word processor.

Pages must be numbered, and lines must be numbered consecutively throughout the manuscript.

Article structure

(The abstract is not included in section numbering; see specific instructions below.)
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Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be numbered 1.1 (then 1.1.1,
1.1.2,...), 1.2, etc. (the abstract is not included in section numbering). Use this numbering also for internal cross-
referencing: do not just refer to 'the text'. Any subsection may be given a brief heading. Each heading should
appear on its own separate line.

Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed literature survey or a
summary of the results. Focus on a number of key references; do not overlook the earlier, seminal work.

Hypotheses

Nearly all scientific papers benefit from inclusion of a statement of hypothesis. Such statements should be clear,
concise, and declarative. The statement should describe the one or more key hypotheses that the work described
in the manuscript was intended to confirm or refute. Inclusion of a hypothesis statement makes it simple to
contrast the hypothesis with the most relevant previous literature and point out what the authors feel is distinct
about the current hypothesis (novelty). It also permits the authors to describe why they feel it would be important
to prove the hypothesis correct (significance). Submissions must include a statement of hypothesis and
authors will be asked to copy and paste this into the editorial system as part of the submission

process. The hypothesis shall be stated in the introductory section, and the conclusion section shall include your
conclusion about whether the hypothesis was confirmed or refuted, as well as describing any new hypotheses
generated by the work described. Here is an example of a famous, excellent hypothesis statement; declarative,
concise, clear, and testable:

"Equal volumes of gases, at the same temperature and pressure, contain equal numbers of molecules."
Lorenzo Romano Amedeo Carlo Avogadro di Quareqa e di Carreto (Avogadro), 1811

Material and methods (or experimental)
Provide sufficient detail to allow the work to be reproduced. Methods already published should be indicated by a
reference: only relevant modifications should be described.

Results

A combined Results and Discussion section is often appropriate. Avoid extensive citations and description of
published literature.

Results should be clear and concise.

Discussion
This should explore the significance of the results of the work, not repeat them.

Conclusions

The main conclusions of the study may be presented in a short Conclusions section, which may stand alone or
form a subsection of a Discussion or Results and Discussion section. The Conclusion should not be a summary,
but should illustrate the advances and claims of innovative aspects of the research work done.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and equations in appendices
should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a subsequent appendix, Eq. (B.1) and so on.
Similarly for tables and figures: Table A.1; Fig. A.1, etc.

Essential title page information

» Title. Concise, attractive and informative. The title should not exceed 120 characters excluding spaces and
should make clear the focus of the paper and the fact that the focus is within the scope of the journal. Specifically
name the carbohydrate polymer or group of carbohydrate polymers that is the main focus of the research.
Because titles are used in information-retrieval systems, avoid abbreviations and formulae, avoid general terms
when specific ones are available, avoid strings of names. Check for syntax and spelling. If your paper is a review
paper, please include the word "review" somewhere in the title.

* Author names and affiliations. Where the family name may be ambiguous (e.qg., a double name), please
indicate this clearly. Present the authors' affiliation addresses (where the actual work was done) below the names.
Indicate all affiliations with a lower-case superscript letter immediately after the author's name and in front of the
appropriate address. Provide the full postal address of each affiliation, including the country name and the e-mail
address of each author. Authors must provide and use an email address unique to themselves and not shared
with another author registered in EES, or a department. Institutional email addresses, rather than personal email
addresses such as gmalil, are strongly preferred for all authors who are affiliated to an institution; this is
particularly important for the corresponding author.

» Corresponding author. Carbohydrate Polymers allows only one corresponding author. Clearly indicate who will
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handle correspondence at all stages of reviewing and publication, also post-publication. Ensure that telephone
and fax numbers (with country and area code) are provided in addition to the e-mail address and the
complete postal address. Contact details must be kept up to date by the corresponding author.

* Present/permanent address. If an author has moved since the work described in the article was done, or was
visiting at the time, a 'Present address' (or '‘Permanent address’) may be indicated as a footnote to that author's
name. The address at which the author actually did the work must be retained as the main, affiliation address.
Superscript Arabic numerals are used for such footnotes.

Highlights

Highlights are mandatory for this journal as they help increase the discoverability of your article via search
engines. They consist of a short collection of bullet points that capture the novel results of your research as well
as new methods that were used during the study (if any). Please have a look at the examples here: example

Highlights.

Highlights should be submitted in a separate editable file in the online submission system. Please use 'Highlights'
in the file name and include 3 to 5 bullet points (maximum 85 characters, including spaces, per bullet point).

Abstract

A concise and factual abstract is required, and should be a maximum of 150 words in length. The abstract should
state briefly the purpose of the research, the principal results and major conclusions. Numerical values for the
most important findings should be reported. An abstract is often presented separately from the article in
databases, so it must be able to stand alone. For this reason, vague terms and references should be avoided.
Also, non-standard or uncommon abbreviations should be avoided, but if essential they must be defined at their
first mention in the abstract itself.

Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it draws more attention to the online article.
The graphical abstract should summarize the contents of the article in a concise, pictorial form designed to
capture the attention of a wide readership. Graphical abstracts should be submitted as a separate file in the online
submission system. Image size: Please provide an image with a minimum of 531 x 1328 pixels (h x w) or
proportionally more. The image should be readable at a size of 5 x 13 cm using a regular screen resolution of 96
dpi. Preferred file types: TIFF, EPS, PDF or MS Office files. You can view Example Graphical Abstracts on our
information site.

Authors can make use of Elsevier's lllustration Services to ensure the best presentation of their images and in
accordance with all technical requirements.

Keywords

Immediately after the abstract, provide a minimum of 3 and maximum of 6 keywords, using American spelling and
avoiding general and plural terms and multiple concepts (avoid, for example, 'and’, 'of"). Be sparing with
abbreviations: only abbreviations firmly established in the field may be eligible. These keywords will be used for
indexing purposes.

Abbreviations

Define abbreviations that are not standard in this field or approved by learned societies in a footnote to be placed
on the first page of the article. Such abbreviations that are unavoidable in the abstract must be defined at their
first mention there, as well as in the footnote. Ensure consistency of abbreviations throughout the article.
Abbreviations, except for very common terms (e.g. DNA, NMR), should not be used in the title of the paper.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references and do not,
therefore, include them on the title page, as a footnote to the title or otherwise. List here those individuals who
provided help during the research (e.g., providing language help, writing assistance or proof reading the article,
etc.).

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyy]; the Bill &
Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes of Peace [grant
number aaaa].
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It is not necessary to include detailed descriptions on the program or type of grants and awards. When funding is
from a block grant or other resources available to a university, college, or other research institution, submit the
name of the institute or organization that provided the funding.

If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit
sectors.

Units
Follow internationally accepted rules and conventions: use the international system of units (SI). If other units are
mentioned, please give their equivalent in SI.

Math formulae

Please submit math equations as editable text and not as images. Present simple formulae in line with normal text
where possible and use the solidus (/) instead of a horizontal line for small fractional terms, e.g., X/Y. In principle,
variables are to be presented in italics. Powers of e are often more conveniently denoted by exp. Number
consecutively any equations that have to be displayed separately from the text (if referred to explicitly in the text).

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article. Many word processors
can build footnotes into the text, and this feature may be used. Otherwise, please indicate the position of
footnotes in the text and list the footnotes themselves separately at the end of the article. Do not include footnotes
in the Reference list.

Artwork

Electronic artwork

General points

» Make sure you use uniform lettering and sizing of your original artwork.

* Embed the used fonts if the application provides that option.

» Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, or use fonts that
look similar.

* Number the illustrations according to their sequence in the text.

» Use a logical naming convention for your artwork files.

« Size the illustrations close to the desired dimensions of the published version.

A detailed guide on electronic artwork is available on our website:

https://www.elsevier.com/artworkinstructions.

You are urged to visit this site; some excerpts from the detailed information are given here.

Formats

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then please supply
‘as is' in the native document format.

Regardless of the application used other than Microsoft Office, when your electronic artwork is finalized, please
'Save as' or convert the images to one of the following formats (note the resolution requirements for line drawings,
halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings, embed all used fonts.

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000 dpi.

TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of 500 dpi.
Please do not:

» Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically have a low number
of pixels and limited set of colors;

* Supply files that are too low in resolution;

» Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or MS Office
files) and with the correct resolution. If, together with your accepted article, you submit usable color figures then
Elsevier will ensure, at no additional charge, that these figures will appear in color online (e.g., ScienceDirect and
other sites) regardless of whether or not these illustrations are reproduced in color in the printed version. For
color reproduction in print, you will receive information regarding the costs from Elsevier after receipt of
your accepted article. Please indicate your preference for color: in print or online only. Further information on the
preparation of electronic artwork.
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Figure captions

Ensure that each illustration has a caption. A caption should comprise a brief title (not on the figure itself) and a
description of the illustration. Keep text in the illustrations themselves to a minimum but explain all symbols and
abbreviations used.

Tables and Figures

Data used in tables and figures must be legible and relevant to the stated aims of your paper and related to a
specific point. Number tables consecutively in accordance with their appearance in the text. Place footnotes to
tables below the table body and indicate them with superscript lowercase letters. Avoid vertical rules. Please
ensure that the data presented in tables do not duplicate results described elsewhere in the article. Do not exceed
a total of 10 tables/figures; any additional figures or tables can be included in the supplementary data. Please
note that over half the papers submitted to Carbohydrate Polymers in 2017 were sent back to authors
because of poor figure resolution or exceeding the number of figures permitted.

Carbohydrate Polymers requires authors to include tables and figures in the body of the article at the appropriate
position, not at the end of the article

References

Citation in text

All citations in the text should refer to:

1. Single author: the author's name (without initials, unless there is ambiguity) and the year of publication (Smith,
2003);

2. Two authors: both authors' names and the year of publication (Smith & Jones, 2004);

3. Three, four or five authors: all authors names and year of publication (Smith, Jones, & Brown, 2005). For all
subsequent citations of this work use et al. (Smith et al., 2005).

4. Six or more authors: first author's name followed by et al. and the year of publication (Black et al., 2007).
Citations may be made directly or parenthetically. Groups of references should be listed first alphabetically, then
chronologically. Examples: "as demonstrated (Allan, 1996a, b, 1999; Allan & Jones, 1995; Allen et al., 1994).
Kramer et al. (2000) have recently shown..."

Web references

As a minimum, the full URL should be given and the date when the reference was last accessed. Any further
information, if known (DOI, author names, dates, reference to a source publication, etc.), should also be given.
Web references can be listed separately (e.g., after the reference list) under a different heading if desired, or can
be included in the reference list.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them in your text
and including a data reference in your Reference List. Data references should include the following elements:
author name(s), dataset title, data repository, version (where available), year, and global persistent identifier. Add
[dataset] immediately before the reference so we can properly identify it as a data reference. The [dataset]
identifier will not appear in your published article.

References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and any citations in the text) to
other articles in the same Special Issue.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language styles, such

as Mendeley. Using citation plug-ins from these products, authors only need to select the appropriate journal
template when preparing their article, after which citations and bibliographies will be automatically formatted in the
journal's style. If no template is yet available for this journal, please follow the format of the sample references and
citations as shown in this Guide. If you use reference management software, please ensure that you remove all
field codes before submitting the electronic manuscript. More information on how to remove field codes from
different reference management software.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the following link:
http://open.mendeley.com/use-citation-style/carbohydrate-polymers

When preparing your manuscript, you will then be able to select this style using the Mendeley plug-ins for
Microsoft Word or LibreOffice.

Reference style
Text: Citations in the text should follow the referencing style used by the American Psychological Association.


http://citationstyles.org/
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List: references should be arranged first alphabetically and then further sorted chronologically if necessary. More
than one reference from the same author(s) in the same year must be identified by the letters 'a’, 'b', 'c’, etc.,
placed after the year of publication.

Examples:

Reference to a journal publication:

Van der Geer, J., Hanraads, J. A. J., & Lupton, R. A. (2010). The art of writing a scientific article. Journal of
Scientific Communications, 163, 51-59.

Reference to a book:

Strunk, W., Jr., & White, E. B. (2000). The elements of style. (4th ed.). New York: Longman, (Chapter 4).
Reference to a chapter in an edited book:

Mettam, G. R., & Adams, L. B. (2009). How to prepare an electronic version of your article. In B. S. Jones, & R. Z.
Smith (Eds.), Introduction to the electronic age (pp. 281-304). New York: E-Publishing Inc.

[dataset] Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T. (2015). Mortality data for Japanese oak wilt disease
and surrounding forest compositions. Mendeley Data, v1. http://dx.doi.org/10.17632/xwj98nb39r.1.

Submission declaration and verification

Submission of an article implies that the work described has not been published previously (except in the form of
an abstract, a published lecture or academic thesis, see 'Multiple, redundant or concurrent publication' for more
information), that it is not under consideration for publication elsewhere, that its publication is approved by all
authors and tacitly or explicitly by the responsible authorities where the work was carried out, and that, if
accepted, it will not be published elsewhere in the same form, in English or in any other language, including
electronically without the written consent of the copyright-holder. Your article will be checked for plagiarism by the
originality detection service Crossref Similarity Check. If the editors find an unacceptable level of similarity
between your article and an existing paper in any journal, your article will be rejected, In cases of significant
similarity, the Editors will consider further action, including contacting your institution and/or ethics committee.

Video

Elsevier accepts video material and animation sequences to support and enhance your scientific research.
Authors who have video or animation files that they wish to submit with their article are strongly encouraged to
include links to these within the body of the article. This can be done in the same way as a figure or table by
referring to the video or animation content and noting in the body text where it should be placed. All submitted
files should be properly labeled so that they directly relate to the video file's content. In order to ensure that your
video or animation material is directly usable, please provide the file in one of our recommended file formats with
a preferred maximum size of 150 MB per file, 1 GB in total. Video and animation files supplied will be published
online in the electronic version of your article in Elsevier Web products, including ScienceDirect. Please supply
'stills" with your files: you can choose any frame from the video or animation or make a separate image. These will
be used instead of standard icons and will personalize the link to your video data. For more detailed instructions
please visit our video instruction pages. Note: since video and animation cannot be embedded in the print version
of the journal, please provide text for both the electronic and the print version for the portions of the article that
refer to this content.

Data visualization

Include interactive data visualizations in your publication and let your readers interact and engage more closely
with your research. Follow the instructions here to find out about available data visualization options and how to
include them with your article.

Supplementary material

Supplementary material such as applications, images and sound clips, can be published with your article to
enhance it. Submitted supplementary items are published exactly as they are received (Excel or PowerPoint files
will appear as such online). Please submit your material together with the article and supply a concise, descriptive
caption for each supplementary file. If you wish to make changes to supplementary material during any stage of
the process, please make sure to provide an updated file. Do not annotate any corrections on a previous version.
Please switch off the 'Track Changes' option in Microsoft Office files as these will appear in the published version.

Research data

This journal encourages and enables you to share data that supports your research publication where
appropriate, and enables you to interlink the data with your published articles. Research data refers to the results
of observations or experimentation that validate research findings. To facilitate reproducibility and data reuse, this
journal also encourages you to share your software, code, models, algorithms, protocols, methods and other
useful materials related to the project.
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Below are a number of ways in which you can associate data with your article or make a statement about the
availability of your data when submitting your manuscript. If you are sharing data in one of these ways, you are
encouraged to cite the data in your manuscript and reference list. Please refer to the "References" section for
more information about data citation. For more information on depositing, sharing and using research data and
other relevant research materials, visit the research data page.

Data linking

If you have made your research data available in a data repository, you can link your article directly to the dataset.
Elsevier collaborates with a number of repositories to link articles on ScienceDirect with relevant repositories,
giving readers access to underlying data that gives them a better understanding of the research described.

There are different ways to link your datasets to your article. When available, you can directly link your dataset to
your article by providing the relevant information in the submission system. For more information, visit
the database linking page.

For supported data repositories a repository banner will automatically appear next to your published article on
ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your manuscript, using the
following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053; PDB: 1XFN).

Mendeley Data

This journal supports Mendeley Data, enabling you to deposit any research data (including raw and processed
data, video, code, software, algorithms, protocols, and methods) associated with your manuscript in a free-to-use,
open access repository. During the submission process, after uploading your manuscript, you will have the
opportunity to upload your relevant datasets directly to Mendeley Data. The datasets will be listed and directly
accessible to readers next to your published article online.

For more information, visit the Mendeley Data for journals page.

Data in Brief

You have the option of converting any or all parts of your supplementary or additional raw data into one or
multiple data articles, a new kind of article that houses and describes your data. Data articles ensure that your
data is actively reviewed, curated, formatted, indexed, given a DOI and publicly available to all upon publication.
You are encouraged to submit your article for Data in Brief as an additional item directly alongside the revised
version of your manuscript. If your research article is accepted, your data article will automatically be transferred
over to Data in Brief where it will be editorially reviewed and published in the open access data journal, Data in
Brief. Please note an open access fee of 600 USD is payable for publication in Data in Brief. Full details can be
found on the Data in Brief website. Please use this template to write your Data in Brief.

Data statement

To foster transparency, we encourage you to state the availability of your data in your submission. This may be a
requirement of your funding body or institution. If your data is unavailable to access or unsuitable to post, you will

have the opportunity to indicate why during the submission process, for example by stating that the research data
is confidential. The statement will appear with your published article on ScienceDirect. For more information, visit

the Data Statement page.

Submission checklist

The following list will be useful during the final checking of an article prior to sending it to the journal for review.
Please consult this Guide for Authors for further details of any item.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:
» E-mail addresses for all authors

* Full postal address

* Phone numbers

All necessary files have been uploaded, and contain:

» Keywords

« All tables and figures (with captions) included in the body of the article

Further considerations

» Manuscript has been 'spell-checked' and 'grammar-checked'

* References are in the correct format for this journal

« All references mentioned in the Reference list are cited in the text, and vice versa
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» Permission has been obtained for use of copyrighted material from other sources (including the Web)

* Color figures are clearly marked as being intended for color reproduction on the Web (free of charge) and in
print, or to be reproduced in color on the Web (free of charge) and in black-and-white in print

« If only color on the Web is required, black-and-white versions of the figures are also supplied for printing
purposes

For any further information please visit our customer support site at http:/service.elsevier.com.

' After Acceptance

Online proof correction

To ensure a fast publication process of the article, we kindly ask authors to provide us with their proof corrections
within two days. Corresponding authors will receive an e-mail with a link to our online proofing system, allowing
annotation and correction of proofs online. The environment is similar to MS Word: in addition to editing text, you
can also comment on figures/tables and answer questions from the Copy Editor. Web-based proofing provides a
faster and less error-prone process by allowing you to directly type your corrections, eliminating the potential
introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF version. All instructions for
proofing will be given in the e-mail we send to authors, including alternative methods to the online version and
PDF.

We will do everything possible to get your article published quickly and accurately. Please use this proof only for
checking the typesetting, editing, completeness and correctness of the text, tables and figures. Significant
changes to the article as accepted for publication will only be considered at this stage with permission from the
Editor. It is important to ensure that all corrections are sent back to us in one communication. Please check
carefully before replying, as inclusion of any subsequent corrections cannot be guaranteed. Proofreading is solely
your responsibility.

Offprints

The corresponding author will, at no cost, receive a customized Share Link providing 50 days free access to the
final published version of the article on ScienceDirect. The Share Link can be used for sharing the article via any
communication channel, including email and social media. For an extra charge, paper offprints can be ordered via
the offprint order form which is sent once the article is accepted for publication. Both corresponding and co-
authors may order offprints at any time via Elsevier's Author Services. Corresponding authors who have published
their article gold open access do not receive a Share Link as their final published version of the article is available
open access on ScienceDirect and can be shared through the article DOI link.

B Author Inquiries

Visit the Elsevier Support Center to find the answers you need. Here you will find everything from Frequently
Asked Questions to ways to get in touch.
You can also check the status of your submitted article or find out when your accepted article will be published.

Do not contact the editors - they do not have access to this information and will not be able to help you.


http://service.elsevier.com/
https://www.elsevier.com/authors/journal-authors/submit-your-paper/sharing-and-promoting-your-article/share-link
https://www.sciencedirect.com/
https://webshop.elsevier.com/myarticleservices/offprints/
https://service.elsevier.com/app/home/supporthub/publishing
https://service.elsevier.com/app/answers/detail/a_id/29155/supporthub/publishing/kw/status+submitted+article/
https://service.elsevier.com/app/answers/detail/a_id/5981/kw/5981/p/13783/supporthub/publishing
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ANEXO C - INSTRUCOES PARA AUTORES: SEPARATION AND PURIFICATION
TECHNOLOGY

Your Paper Your Way

We now differentiate between the requirements for new and revised submissions. You may choose to submit your manuscript
as a single Word or PDF file to be used in the refereeing process. Only when your paper is at the revision stage, will you be
requested to put your paper in to a ‘correct format' for acceptance and provide the items required for the publication of your
article.

To find out more, please visit the Preparation section below.

Submission checklist

You can use this list to carry out a final check of your submission before you send it to the journal for review. Please check
the relevant section in this Guide for Authors for more details.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:
» E-mail address
* Full postal address

All necessary files have been uploaded:

Manuscript:

* Include keywords

* All figures (include relevant captions)

* All tables (including titles, description, footnotes)

* Ensure all figure and table citations in the text match the files provided
* Indicate clearly if color should be used for any figures in print
Graphical Abstracts / Highlights files (where applicable)

Supplemental files (where applicable)

Further considerations

» Manuscript has been 'spell checked' and 'grammar checked'

« All references mentioned in the Reference List are cited in the text, and vice versa

* Permission has been obtained for use of copyrighted material from other sources (including the Internet)
* A competing interests statement is provided, even if the authors have no competing interests to declare

* Journal policies detailed in this guide have been reviewed

* Referee suggestions and contact details provided, based on journal requirements

For further information, visit our Support Center.

g Before You Begin

Ethics in publishing

Please see our information pages on Ethics in publishing and Ethical guidelines for journal publication.

Declaration of interest

All authors must disclose any financial and personal relationships with other people or organizations that could
inappropriately influence (bias) their work. Examples of potential conflicts of interest include employment, consultancies,
stock ownership, honoraria, paid expert testimony, patent applications/registrations, and grants or other funding. Authors
should complete the declaration of interest statement using this template and upload to the submission system at the
Attach/Upload Files step. If there are no interests to declare, please choose: 'Declarations of interest: none' in the template.
This statement will be published within the article if accepted. More information.
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Submission declaration and verification

Submission of an article implies that the work described has not been published previously (except in the form of an abstract,
a published lecture or academic thesis, see 'Multiple, redundant or concurrent publication' for more information), that it is not
under consideration for publication elsewhere, that its publication is approved by all authors and tacitly or explicitly by the
responsible authorities where the work was carried out, and that, if accepted, it will not be published elsewhere in the same
form, in English or in any other language, including electronically without the written consent of the copyright-holder. To
verify originality, your article may be checked by the originality detection service Crossref Similarity Check.

Preprints

Please note that preprints can be shared anywhere at any time, in line with Elsevier's sharing policy. Sharing your preprints
e.g. on a preprint server will not count as prior publication (see 'Multiple, redundant or concurrent publication' for more
information).

Use of inclusive language

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to differences, and promotes equal
opportunities. Articles should make no assumptions about the beliefs or commitments of any reader, should contain nothing
which might imply that one individual is superior to another on the grounds of race, sex, culture or any other characteristic,
and should use inclusive language throughout. Authors should ensure that writing is free from bias, for instance by using 'he
or she', 'his/her" instead of 'he' or 'his', and by making use of job titles that are free of stereotyping (e.g. ‘chairperson’ instead of
‘chairman’ and 'flight attendant' instead of 'stewardess').

Author contributions

For transparency, we encourage authors to submit an author statement file outlining their individual contributions to the paper
using the relevant CRediT roles: Conceptualization; Data curation; Formal analysis; Funding acquisition; Investigation;
Methodology; Project administration; Resources; Software; Supervision; Validation; Visualization; Roles/Writing - original
draft; Writing - review & editing. Authorship statements should be formatted with the names of authors first and CRediT
role(s) following. More details and an example

Changes to authorship

Authors are expected to consider carefully the list and order of authors before submitting their manuscript and provide the
definitive list of authors at the time of the original submission. Any addition, deletion or rearrangement of author names in
the authorship list should be made only before the manuscript has been accepted and only if approved by the journal Editor.
To request such a change, the Editor must receive the following from the corresponding author: (a) the reason for the
change in author list and (b) written confirmation (e-mail, letter) from all authors that they agree with the addition, removal
or rearrangement. In the case of addition or removal of authors, this includes confirmation from the author being added or
removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement of authors after the
manuscript has been accepted. While the Editor considers the request, publication of the manuscript will be suspended. If the
manuscript has already been published in an online issue, any requests approved by the Editor will result in a corrigendum.

Copyright

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement' (see more information on
this). An e-mail will be sent to the corresponding author confirming receipt of the manuscript together with a ‘Journal
Publishing Agreement' form or a link to the online version of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal circulation within
their institutions. Permission of the Publisher is required for resale or distribution outside the institution and for all other
derivative works, including compilations and translations. If excerpts from other copyrighted works are included, the
author(s) must obtain written permission from the copyright owners and credit the source(s) in the article. Elsevier

has preprinted forms for use by authors in these cases.

For gold open access articles: Upon acceptance of an article, authors will be asked to complete an 'Exclusive License
Agreement' (more information). Permitted third party reuse of gold open access articles is determined by the author's choice
of user license.

Author rights
As an author you (or your employer or institution) have certain rights to reuse your work. More information.
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Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.

Role of the funding source

You are requested to identify who provided financial support for the conduct of the research and/or preparation of the article
and to briefly describe the role of the sponsor(s), if any, in study design; in the collection, analysis and interpretation of data;
in the writing of the report; and in the decision to submit the article for publication. If the funding source(s) had no such
involvement then this should be stated.

Open access

Please visit our Open Access page from the Journal Homepage for more information.

Elsevier Researcher Academy

Researcher Academy is a free e-learning platform designed to support early and mid-career researchers throughout their
research journey. The "Learn" environment at Researcher Academy offers several interactive modules, webinars,
downloadable guides and resources to guide you through the process of writing for research and going through peer review.
Feel free to use these free resources to improve your submission and navigate the publication process with ease.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a mixture of these). Authors who feel
their English language manuscript may require editing to eliminate possible grammatical or spelling errors and to conform to
correct scientific English may wish to use the English Language Editing service available from Elsevier's Author Services.

Submission

Submission to this journal proceeds totally online. Use the following guidelines to prepare your article. Via the homepage of
this journal (http://ees.elsevier.com/seppur/) you will be guided stepwise through the creation and uploading of the various
files. The system automatically converts source files to a single Adobe Acrobat PDF version of the article, which is used in
the peer-review process. Please note that even though manuscript source files are converted to PDF at submission for the
review process, these source files are needed for further processing after acceptance. All correspondence, including
notification of the Editor's decision and requests for revision, takes place by e-mail and via the author's homepage, removing
the need for a hard-copy paper trail.

Referees

Authors are required to suggest the names of at least 3 international reviewers (complete with e-mail addresses, fax
and telephone numbers) in their cover letter. All contributions will be rigorously reviewed to ensure both scientific quality
and technical relevance. Revisions of manuscripts may thus be required.

n Preparation

NEW SUBMISSIONS

Submission to this journal proceeds totally online and you will be guided stepwise through the creation and uploading of your
files. The system automatically converts your files to a single PDF file, which is used in the peer-review process.

As part of the Your Paper Your Way service, you may choose to submit your manuscript as a single file to be used in the
refereeing process. This can be a PDF file or a Word document, in any format or lay-out that can be used by referees to
evaluate your manuscript. It should contain high enough quality figures for refereeing. If you prefer to do so, you may still
provide all or some of the source files at the initial submission. Please note that individual figure files larger than 10 MB
must be uploaded separately.

References

There are no strict requirements on reference formatting at submission. References can be in any style or format as long as
the style is consistent. Where applicable, author(s) name(s), journal title/book title, chapter title/article title, year of
publication, volume number/book chapter and the article number or pagination must be present. Use of DOI is highly
encouraged. The reference style used by the journal will be applied to the accepted article by Elsevier at the proof stage. Note
that missing data will be highlighted at proof stage for the author to correct.

Formatting requirements
There are no strict formatting requirements but all manuscripts must contain the essential elements needed to convey your
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manuscript, for example Abstract, Keywords, Introduction, Materials and Methods, Results, Conclusions, Artwork and
Tables with Captions.

If your article includes any Videos and/or other Supplementary material, this should be included in your initial submission
for peer review purposes.

Divide the article into clearly defined sections.

Review Articles
More detailed guidelines for submitting a Review are providedhere.

Figures and tables embedded in text
Please ensure the figures and the tables included in the single file are placed next to the relevant text in the manuscript, rather
than at the bottom or the top of the file. The corresponding caption should be placed directly below the figure or table.

Peer review

This journal operates a single blind review process. All contributions will be initially assessed by the editor for suitability for
the journal. Papers deemed suitable are then typically sent to a minimum of two independent expert reviewers to assess the
scientific quality of the paper. The Editor is responsible for the final decision regarding acceptance or rejection of articles.
The Editor's decision is final. More information on types of peer review.

REVISED SUBMISSIONS

Use of word processing software

Regardless of the file format of the original submission, at revision you must provide us with an editable file of the entire
article. Keep the layout of the text as simple as possible. Most formatting codes will be removed and replaced on processing
the article. The electronic text should be prepared in a way very similar to that of conventional manuscripts (see also

the Guide to Publishing with Elsevier). See also the section on Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check’ and 'grammar-check’ functions of your word
processor.

Article structure

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be numbered 1.1 (then 1.1.1, 1.1.2, ...),
1.2, etc. (the abstract is not included in section numbering). Use this numbering also for internal cross-referencing: do not just
refer to 'the text'. Any subsection may be given a brief heading. Each heading should appear on its own separate line.

Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed literature survey or a summary of
the results.

Experimental

Provide sufficient detail to allow the work to be reproduced. Methods already published should be indicated by a reference:
only relevant modifications should be described.

Results
Results should be clear and concise.

Discussion
This should explore the significance of the results of the work, not repeat them. A combined Results and Discussion section
is often appropriate. Avoid extensive citations and discussion of published literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which may stand alone or form a
subsection of a Discussion or Results and Discussion section.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and equations in appendices should be
given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in a subsequent appendix, Eq. (B.1) and so on. Similarly for tables and
figures: Table A.1; Fig. A.1, etc.


https://www.elsevier.com/__data/promis_misc/SEPPUR_Review%20Paper_Guidelines.docx
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Essential title page information

« Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid abbreviations and formulae
where possible.

 Author names and affiliations. Please clearly indicate the given name(s) and family name(s) of each author and check that
all names are accurately spelled. You can add your name between parentheses in your own script behind the English
transliteration. Present the authors' affiliation addresses (where the actual work was done) below the names. Indicate all
affiliations with a lower-case superscript letter immediately after the author's name and in front of the appropriate address.
Provide the full postal address of each affiliation, including the country name and, if available, the e-mail address of each
author.

« Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing and publication, also
post-publication. This responsibility includes answering any future queries about Methodology and Materials. Ensure that
the e-mail address is given and that contact details are kept up to date by the corresponding author.

* Present/permanent address. If an author has moved since the work described in the article was done, or was visiting at the
time, a 'Present address' (or 'Permanent address') may be indicated as a footnote to that author's name. The address at which
the author actually did the work must be retained as the main, affiliation address. Superscript Arabic numerals are used for
such footnotes.

Highlights

Highlights are mandatory for this journal as they help increase the discoverability of your article via search engines. They
consist of a short collection of bullet points that capture the novel results of your research as well as new methods that were
used during the study (if any). Please have a look at the examples here: example Highlights.

Highlights should be submitted in a separate editable file in the online submission system. Please use 'Highlights' in the file
name and include 3 to 5 bullet points (maximum 85 characters, including spaces, per bullet point).

Abstract

A concise and factual abstract is required. The abstract should state briefly the purpose of the research, the principal results
and major conclusions. An abstract is often presented separately from the article, so it must be able to stand alone. For this
reason, References should be avoided, but if essential, then cite the author(s) and year(s). Also, non-standard or uncommon
abbreviations should be avoided, but if essential they must be defined at their first mention in the abstract itself.

Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it draws more attention to the online article. The graphical
abstract should summarize the contents of the article in a concise, pictorial form designed to capture the attention of a wide
readership. Graphical abstracts should be submitted as a separate file in the online submission system. Image size: Please
provide an image with a minimum of 531 x 1328 pixels (h x w) or proportionally more. The image should be readable at a
size of 5 x 13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office files. You
can view Example Graphical Abstracts on our information site.

Authors can make use of Elsevier's Illustration Services to ensure the best presentation of their images and in accordance
with all technical requirements.

Keywords

Immediately after the abstract, provide a maximum of 5 keywords, using American spelling and avoiding general and plural
terms and multiple concepts (avoid, for example, "and", "of"). Be sparing with abbreviations: only abbreviations firmly
established in the field may be eligible. These keywords will be used for indexing purposes.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the first page of the article. Such
abbreviations that are unavoidable in the abstract must be defined at their first mention there, as well as in the footnote.
Ensure consistency of abbreviations throughout the article.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references and do not, therefore, include
them on the title page, as a footnote to the title or otherwise. List here those individuals who provided help during the
research (e.g., providing language help, writing assistance or proof reading the article, etc.).

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:
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Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyy]; the Bill & Melinda Gates
Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes of Peace [grant number aaaa).

It is not necessary to include detailed descriptions on the program or type of grants and awards. When funding is from a
block grant or other resources available to a university, college, or other research institution, submit the name of the institute
or organization that provided the funding.

If no funding has been provided for the research, please include the following sentence:
This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit sectors.

Nomenclature and units

Follow internationally accepted rules and conventions: use the international system of units (Sl). If other quantities are
mentioned, give their equivalent in SI. You are urged to consult the International Union of Pure and Applied Chemistry
(IUPAC) http://www.iupac.org/ for further information.

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article. Many word processors build
footnotes into the text, and this feature may be used. Should this not be the case, indicate the position of footnotes in the text
and present the footnotes themselves separately at the end of the article.

Artwork

Electronic artwork

General points

» Make sure you use uniform lettering and sizing of your original artwork.

* Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbol, Courier.

* Number the illustrations according to their sequence in the text.

* Use a logical naming convention for your artwork files.

* Indicate per figure if it is a single, 1.5 or 2-column fitting image.

« For Word submissions only, you may still provide figures and their captions, and tables within a single file at the revision
stage.

* Please note that individual figure files larger than 10 MB must be provided in separate source files.

A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are given here.

Formats

Regardless of the application used, when your electronic artwork is finalized, please 'save as' or convert the images to one of
the following formats (note the resolution requirements for line drawings, halftones, and line/halftone combinations given
below):

EPS (or PDF): Vector drawings. Embed the font or save the text as 'graphics'.

TIFF (or JPG): Color or grayscale photographs (halftones): always use a minimum of 300 dpi.

TIFF (or JPG): Bitmapped line drawings: use a minimum of 1000 dpi.

TIFF (or JPG): Combinations bitmapped line/half-tone (color or grayscale): a minimum of 500 dpi is required.

Please do not:

* Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPGQG); the resolution is too low.

* Supply files that are too low in resolution.

« Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or MS Office files) and with
the correct resolution. If, together with your accepted article, you submit usable color figures then Elsevier will ensure, at no
additional charge, that these figures will appear in color online (e.g., ScienceDirect and other sites) regardless of whether or
not these illustrations are reproduced in color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted article. Please indicate your preference for
color: in print or online only. Further information on the preparation of electronic artwork.

Figure captions
Ensure that each illustration has a caption. A caption should comprise a brief title (not on the figure itself) and a description
of the illustration. Keep text in the illustrations themselves to a minimum but explain all symbols and abbreviations used.
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Text graphics
Text graphics may be embedded in the text at the appropriate position. If you are working with LaTeX and have such features
embedded in the text, these can be left. See further under Electronic artwork.

Tables

Please submit tables as editable text and not as images. Tables can be placed either next to the relevant text in the article, or
on separate page(s) at the end. Number tables consecutively in accordance with their appearance in the text and place any
table notes below the table body. Be sparing in the use of tables and ensure that the data presented in them do not duplicate
results described elsewhere in the article. Please avoid using vertical rules and shading in table cells.

References

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice versa). Any references cited in
the abstract must be given in full. Unpublished results and personal communications are not recommended in the reference
list, but may be mentioned in the text. If these references are included in the reference list they should follow the standard
reference style of the journal and should include a substitution of the publication date with either 'Unpublished results' or
'Personal communication'. Citation of a reference as 'in press' implies that the item has been accepted for publication.

Reference links

Increased discoverability of research and high quality peer review are ensured by online links to the sources cited. In order to
allow us to create links to abstracting and indexing services, such as Scopus, CrossRef and PubMed, please ensure that data
provided in the references are correct. Please note that incorrect surnames, journal/book titles, publication year and
pagination may prevent link creation. When copying references, please be careful as they may already contain errors. Use of
the DOI is highly encouraged.

A DOl is guaranteed never to change, so you can use it as a permanent link to any electronic article. An example of a citation
using DOI for an article not yet in an issue is: VanDecar J.C., Russo R.M., James D.E., Ambeh W.B., Franke M. (2003).
Aseismic continuation of the Lesser Antilles slab beneath northeastern Venezuela. Journal of Geophysical Research,
https://doi.org/10.1029/2001JB000884. Please note the format of such citations should be in the same style as all other
references in the paper.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them in your text and
including a data reference in your Reference List. Data references should include the following elements: author name(s),
dataset title, data repository, version (where available), year, and global persistent identifier. Add [dataset] immediately
before the reference so we can properly identify it as a data reference. The [dataset] identifier will not appear in your
published article.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular reference management software
products. These include all products that support Citation Style Language styles, such as Mendeley. Using citation plug-ins
from these products, authors only need to select the appropriate journal template when preparing their article, after which
citations and bibliographies will be automatically formatted in the journal's style. If no template is yet available for this
journal, please follow the format of the sample references and citations as shown in this Guide. If you use reference
management software, please ensure that you remove all field codes before submitting the electronic manuscript. More
information on how to remove field codes from different reference management software.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the following link:
http://open.mendeley.com/use-citation-style/separation-and-purification-technology

When preparing your manuscript, you will then be able to select this style using the Mendeley plug-ins for Microsoft Word
or LibreOffice.

Reference formatting

There are no strict requirements on reference formatting at submission. References can be in any style or format as long as
the style is consistent. Where applicable, author(s) name(s), journal title/book title, chapter title/article title, year of
publication, volume number/book chapter and the article number or pagination must be present. Use of DOI is highly
encouraged. The reference style used by the journal will be applied to the accepted article by Elsevier at the proof stage. Note
that missing data will be highlighted at proof stage for the author to correct. If you do wish to format the references yourself
they should be arranged according to the following examples:

Reference style
Text: Indicate references by number(s) in square brackets in line with the text. The actual authors can be referred to, but the
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reference number(s) must always be given.

Example: ..... as demonstrated [3,6]. Barnaby and Jones [8] obtained a different result ...."

List: Number the references (numbers in square brackets) in the list in the order in which they appear in the text.
Examples:

Reference to a journal publication:

[1] J. van der Geer, J.A.J. Hanraads, R.A. Lupton, The art of writing a scientific article, J. Sci. Commun. 163 (2010) 51-59.
https://doi.org/10.1016/j.S¢.2010.00372.

Reference to a journal publication with an article number:

[2] J. van der Geer, J.A.J. Hanraads, R.A. Lupton, 2018. The art of writing a scientific article. Heliyon. 19, e00205.
https://doi.org/10.1016/j.heliyon.2018.e00205.

Reference to a book:

[3]1 W. Strunk Jr., E.B. White, The Elements of Style, fourth ed., Longman, New York, 2000.

Reference to a chapter in an edited book:

[4] G.R. Mettam, L.B. Adams, How to prepare an electronic version of your article, in: B.S. Jones, R.Z. Smith (Eds.),
Introduction to the Electronic Age, E-Publishing Inc., New York, 2009, pp. 281-304.

Reference to a website:

[5] Cancer Research UK, Cancer statistics reports for the UK.
http://www.cancerresearchuk.org/aboutcancer/statistics/cancerstatsreport/, 2003 (accessed 13 March 2003).
Reference to a dataset:

[dataset] [6] M. Oguro, S. Imahiro, S. Saito, T. Nakashizuka, Mortality data for Japanese oak wilt disease and surrounding
forest compositions, Mendeley Data, v1, 2015. https://doi.org/10.17632/xwj98nb39r.1.

Journal abbreviations source
Journal names should be abbreviated according to the List of Title \Word Abbreviations.

Video

Elsevier accepts video material and animation sequences to support and enhance your scientific research. Authors who have
video or animation files that they wish to submit with their article are strongly encouraged to include links to these within the
body of the article. This can be done in the same way as a figure or table by referring to the video or animation content and
noting in the body text where it should be placed. All submitted files should be properly labeled so that they directly relate to
the video file's content. In order to ensure that your video or animation material is directly usable, please provide the file in
one of our recommended file formats with a preferred maximum size of 150 MB per file, 1 GB in total. Video and animation
files supplied will be published online in the electronic version of your article in Elsevier Web products,

including ScienceDirect. Please supply 'stills' with your files: you can choose any frame from the video or animation or make
a separate image. These will be used instead of standard icons and will personalize the link to your video data. For more
detailed instructions please visit our video instruction pages. Note: since video and animation cannot be embedded in the
print version of the journal, please provide text for both the electronic and the print version for the portions of the article that
refer to this content.

Data visualization

Include interactive data visualizations in your publication and let your readers interact and engage more closely with your
research. Follow the instructions here to find out about available data visualization options and how to include them with
your article.

Supplementary material

Supplementary material such as applications, images and sound clips, can be published with your article to enhance it.
Submitted supplementary items are published exactly as they are received (Excel or PowerPoint files will appear as such
online). Please submit your material together with the article and supply a concise, descriptive caption for each
supplementary file. If you wish to make changes to supplementary material during any stage of the process, please make sure
to provide an updated file. Do not annotate any corrections on a previous version. Please switch off the 'Track Changes'
option in Microsoft Office files as these will appear in the published version.

Research data

This journal encourages and enables you to share data that supports your research publication where appropriate, and enables
you to interlink the data with your published articles. Research data refers to the results of observations or experimentation
that validate research findings. To facilitate reproducibility and data reuse, this journal also encourages you to share your
software, code, models, algorithms, protocols, methods and other useful materials related to the project.

Below are a number of ways in which you can associate data with your article or make a statement about the availability of
your data when submitting your manuscript. If you are sharing data in one of these ways, you are encouraged to cite the data
in your manuscript and reference list. Please refer to the "References" section for more information about data citation. For
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more information on depositing, sharing and using research data and other relevant research materials, visit the research
data page.

Data linking

If you have made your research data available in a data repository, you can link your article directly to the dataset. Elsevier
collaborates with a number of repositories to link articles on ScienceDirect with relevant repositories, giving readers access to
underlying data that gives them a better understanding of the research described.

There are different ways to link your datasets to your article. When available, you can directly link your dataset to your
article by providing the relevant information in the submission system. For more information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your published article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your manuscript, using the following
format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053; PDB: 1XFN).

Mendeley Data

This journal supports Mendeley Data, enabling you to deposit any research data (including raw and processed data, video,
code, software, algorithms, protocols, and methods) associated with your manuscript in a free-to-use, open access repository.
During the submission process, after uploading your manuscript, you will have the opportunity to upload your relevant
datasets directly to Mendeley Data. The datasets will be listed and directly accessible to readers next to your published article
online.

For more information, visit the Mendeley Data for journals page.

Data in Brief

You have the option of converting any or all parts of your supplementary or additional raw data into one or multiple data
articles, a new kind of article that houses and describes your data. Data articles ensure that your data is actively reviewed,
curated, formatted, indexed, given a DOI and publicly available to all upon publication. You are encouraged to submit your
article for Data in Brief as an additional item directly alongside the revised version of your manuscript. If your research
article is accepted, your data article will automatically be transferred over to Data in Brief where it will be editorially
reviewed and published in the open access data journal, Data in Brief. Please note an open access fee of 600 USD is payable
for publication in Data in Brief. Full details can be found on the Data in Brief website. Please use this template to write your
Data in Brief.

MethodsX

You have the option of converting relevant protocols and methods into one or multiple MethodsX articles, a new kind of
article that describes the details of customized research methods. Many researchers spend a significant amount of time on
developing methods to fit their specific needs or setting, but often without getting credit for this part of their work.
MethodsX, an open access journal, now publishes this information in order to make it searchable, peer reviewed, citable and
reproducible. Authors are encouraged to submit their MethodsX article as an additional item directly alongside the revised
version of their manuscript. If your research article is accepted, your methods article will automatically be transferred over to
MethodsX where it will be editorially reviewed. Please note an open access fee is payable for publication in MethodsX. Full
details can be found on the MethodsX website. Please use this template to prepare your MethodsX article.

Data statement

To foster transparency, we encourage you to state the availability of your data in your submission. This may be a requirement
of your funding body or institution. If your data is unavailable to access or unsuitable to post, you will have the opportunity
to indicate why during the submission process, for example by stating that the research data is confidential. The statement
will appear with your published article on ScienceDirect. For more information, visit the Data Statement page.

u After Acceptance

Online proof correction

To ensure a fast publication process of the article, we kindly ask authors to provide us with their proof corrections within two
days. Corresponding authors will receive an e-mail with a link to our online proofing system, allowing annotation and
correction of proofs online. The environment is similar to MS Word: in addition to editing text, you can also comment on
figures/tables and answer questions from the Copy Editor. Web-based proofing provides a faster and less error-prone process
by allowing you to directly type your corrections, eliminating the potential introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF version. All instructions for proofing will be
given in the e-mail we send to authors, including alternative methods to the online version and PDF.
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We will do everything possible to get your article published quickly and accurately. Please use this proof only for checking
the typesetting, editing, completeness and correctness of the text, tables and figures. Significant changes to the article as
accepted for publication will only be considered at this stage with permission from the Editor. It is important to ensure that all
corrections are sent back to us in one communication. Please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility.

Offprints

The corresponding author will, at no cost, receive a customized Share Link providing 50 days free access to the final
published version of the article on ScienceDirect. The Share Link can be used for sharing the article via any communication
channel, including email and social media. For an extra charge, paper offprints can be ordered via the offprint order form
which is sent once the article is accepted for publication. Both corresponding and co-authors may order offprints at any time
via Elsevier's Author Services. Corresponding authors who have published their article gold open access do not receive a
Share Link as their final published version of the article is available open access on ScienceDirect and can be shared through
the article DOI link.

E’ Author Inquiries

Visit the Elsevier Support Center to find the answers you need. Here you will find everything from Frequently Asked
Questions to ways to get in touch.
You can also check the status of your submitted article or find out when your accepted article will be published.
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ANEXO D - INSTRUCOES PARA AUTORES: JOURNAL OF MAGNETISM AND
MAGNETIC MATERIALS

Your Paper Your Way

We now differentiate between the requirements for new and revised submissions. You may choose to submit your manuscript
as a single Word or PDF file to be used in the refereeing process. Only when your paper is at the revision stage, will you be
requested to put your paper in to a ‘correct format' for acceptance and provide the items required for the publication of your
article.

To find out more, please visit the Preparation section below.

Submission checklist

You can use this list to carry out a final check of your submission before you send it to the journal for review. Please check
the relevant section in this Guide for Authors for more details.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:
» E-mail address
* Full postal address

All necessary files have been uploaded:

Manuscript:

* Include keywords

* All figures (include relevant captions)

* All tables (including titles, description, footnotes)

* Ensure all figure and table citations in the text match the files provided
* Indicate clearly if color should be used for any figures in print
Graphical Abstracts / Highlights files (where applicable)
Supplemental files (where applicable)

Further considerations

» Manuscript has been 'spell checked' and 'grammar checked'

« All references mentioned in the Reference List are cited in the text, and vice versa

* Permission has been obtained for use of copyrighted material from other sources (including the Internet)
* A competing interests statement is provided, even if the authors have no competing interests to declare

* Journal policies detailed in this guide have been reviewed

« Referee suggestions and contact details provided, based on journal requirements

For further information, visit our Support Center.

g Before You Begin

Ethics in publishing

Please see our information pages on Ethics in publishing and Ethical guidelines for journal publication.

Declaration of interest

All authors must disclose any financial and personal relationships with other people or organizations that could
inappropriately influence (bias) their work. Examples of potential conflicts of interest include employment, consultancies,
stock ownership, honoraria, paid expert testimony, patent applications/registrations, and grants or other funding. Authors
should complete the declaration of interest statement using this template and upload to the submission system at the
Attach/Upload Files step. If there are no interests to declare, please choose: 'Declarations of interest: none' in the template.
This statement will be published within the article if accepted. More information.
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Submission declaration and verification

Submission of an article implies that the work described has not been published previously (except in the form of an abstract,
a published lecture or academic thesis, see 'Multiple, redundant or concurrent publication' for more information), that it is not
under consideration for publication elsewhere, that its publication is approved by all authors and tacitly or explicitly by the
responsible authorities where the work was carried out, and that, if accepted, it will not be published elsewhere in the same
form, in English or in any other language, including electronically without the written consent of the copyright-holder. To
verify originality, your article may be checked by the originality detection service Crossref Similarity Check.

Preprints

Please note that preprints can be shared anywhere at any time, in line with Elsevier's sharing policy. Sharing your preprints
e.g. on a preprint server will not count as prior publication (see 'Multiple, redundant or concurrent publication' for more
information).

Use of inclusive language

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to differences, and promotes equal
opportunities. Articles should make no assumptions about the beliefs or commitments of any reader, should contain nothing
which might imply that one individual is superior to another on the grounds of race, sex, culture or any other characteristic,
and should use inclusive language throughout. Authors should ensure that writing is free from bias, for instance by using 'he
or she', 'his/her" instead of 'he' or 'his', and by making use of job titles that are free of stereotyping (e.g. ‘chairperson’ instead of
‘chairman’ and 'flight attendant' instead of 'stewardess’).

Author contributions

For transparency, we encourage authors to submit an author statement file outlining their individual contributions to the paper
using the relevant CRediT roles: Conceptualization; Data curation; Formal analysis; Funding acquisition; Investigation;
Methodology; Project administration; Resources; Software; Supervision; Validation; Visualization; Roles/Writing - original
draft; Writing - review & editing. Authorship statements should be formatted with the names of authors first and CRediT
role(s) following. More details and an example

Changes to authorship

Authors are expected to consider carefully the list and order of authors before submitting their manuscript and provide the
definitive list of authors at the time of the original submission. Any addition, deletion or rearrangement of author names in
the authorship list should be made only before the manuscript has been accepted and only if approved by the journal Editor.
To request such a change, the Editor must receive the following from the corresponding author: (a) the reason for the
change in author list and (b) written confirmation (e-mail, letter) from all authors that they agree with the addition, removal
or rearrangement. In the case of addition or removal of authors, this includes confirmation from the author being added or
removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement of authors after the
manuscript has been accepted. While the Editor considers the request, publication of the manuscript will be suspended. If the
manuscript has already been published in an online issue, any requests approved by the Editor will result in a corrigendum.

Article transfer service

This journal is part of our Article Transfer Service. This means that if the Editor feels your article is more suitable in one of
our other participating journals, then you may be asked to consider transferring the article to one of those. If you agree, your
article will be transferred automatically on your behalf with no need to reformat. Please note that your article will be
reviewed again by the new journal. More information.

Copyright

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing Agreement' (see more information on
this). An e-mail will be sent to the corresponding author confirming receipt of the manuscript together with a ‘Journal
Publishing Agreement' form or a link to the online version of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal circulation within
their institutions. Permission of the Publisher is required for resale or distribution outside the institution and for all other
derivative works, including compilations and translations. If excerpts from other copyrighted works are included, the
author(s) must obtain written permission from the copyright owners and credit the source(s) in the article. Elsevier

has preprinted forms for use by authors in these cases.
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For gold open access articles: Upon acceptance of an article, authors will be asked to complete an 'Exclusive License
Agreement' (more information). Permitted third party reuse of gold open access articles is determined by the author's choice
of user license.

Author rights
As an author you (or your employer or institution) have certain rights to reuse your work. More information.

Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.

Role of the funding source

You are requested to identify who provided financial support for the conduct of the research and/or preparation of the article
and to briefly describe the role of the sponsor(s), if any, in study design; in the collection, analysis and interpretation of data;
in the writing of the report; and in the decision to submit the article for publication. If the funding source(s) had no such
involvement then this should be stated.

Open access

Please visit our Open Access page from the Journal Homepage for more information.

Elsevier Researcher Academy

Researcher Academy is a free e-learning platform designed to support early and mid-career researchers throughout their
research journey. The "Learn" environment at Researcher Academy offers several interactive modules, webinars,
downloadable guides and resources to guide you through the process of writing for research and going through peer review.
Feel free to use these free resources to improve your submission and navigate the publication process with ease.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a mixture of these). Authors who feel
their English language manuscript may require editing to eliminate possible grammatical or spelling errors and to conform to
correct scientific English may wish to use the English Language Editing service available from Elsevier's Author Services.

Submission

Our online submission system guides you stepwise through the process of entering your article details and uploading your
files. The system converts your article files to a single PDF file used in the peer-review process. Editable files (e.g., Word,
LaTeX) are required to typeset your article for final publication. All correspondence, including notification of the Editor's
decision and requests for revision, is sent by e-mail.

u Preparation

NEW SUBMISSIONS

Submission to this journal proceeds totally online and you will be guided stepwise through the creation and uploading of your
files. The system automatically converts your files to a single PDF file, which is used in the peer-review process.

As part of the Your Paper Your Way service, you may choose to submit your manuscript as a single file to be used in the
refereeing process. This can be a PDF file or a Word document, in any format or lay-out that can be used by referees to
evaluate your manuscript. It should contain high enough quality figures for refereeing. If you prefer to do so, you may still
provide all or some of the source files at the initial submission. Please note that individual figure files larger than 10 MB
must be uploaded separately.

References

There are no strict requirements on reference formatting at submission. References can be in any style or format as long as
the style is consistent. Where applicable, author(s) name(s), journal title/book title, chapter title/article title, year of
publication, volume number/book chapter and the article number or pagination must be present. Use of DOI is highly
encouraged. The reference style used by the journal will be applied to the accepted article by Elsevier at the proof stage. Note
that missing data will be highlighted at proof stage for the author to correct.

Formatting requirements

There are no strict formatting requirements but all manuscripts must contain the essential elements needed to convey your
manuscript, for example Abstract, Keywords, Introduction, Materials and Methods, Results, Conclusions, Artwork and
Tables with Captions.
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If your article includes any Videos and/or other Supplementary material, this should be included in your initial submission
for peer review purposes.
Divide the article into clearly defined sections.

Figures and tables embedded in text
Please ensure the figures and the tables included in the single file are placed next to the relevant text in the manuscript, rather
than at the bottom or the top of the file. The corresponding caption should be placed directly below the figure or table.

Peer review

This journal operates a single blind review process. All contributions will be initially assessed by the editor for suitability for
the journal. Papers deemed suitable are then typically sent to a minimum of one independent expert reviewer to assess the
scientific quality of the paper. The Editor is responsible for the final decision regarding acceptance or rejection of articles.
The Editor's decision is final. More information on types of peer review.

REVISED SUBMISSIONS

Use of word processing software

Regardless of the file format of the original submission, at revision you must provide us with an editable file of the entire
article. Keep the layout of the text as simple as possible. Most formatting codes will be removed and replaced on processing
the article. The electronic text should be prepared in a way very similar to that of conventional manuscripts (see also

the Guide to Publishing with Elsevier). See also the section on Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check’ and 'grammar-check’ functions of your word
processor.

LaTeX

You are recommended to use the Elsevier article class elsarticle.cls to prepare your manuscript and BibTeX to generate your
bibliography.

Our LaTeX site has detailed submission instructions, templates and other information.

Article structure

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be numbered 1.1 (then 1.1.1, 1.1.2, ...),
1.2, etc. (the abstract is not included in section numbering). Use this numbering also for internal cross-referencing: do not just
refer to 'the text'. Any subsection may be given a brief heading. Each heading should appear on its own separate line.

Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed literature survey or a summary of
the results.

Material and methods

Provide sufficient details to allow the work to be reproduced by an independent researcher. Methods that are already
published should be summarized, and indicated by a reference. If quoting directly from a previously published method, use
quotation marks and also cite the source. Any modifications to existing methods should also be described.

Theory/calculation
A Theory section should extend, not repeat, the background to the article already dealt with in the Introduction and lay the
foundation for further work. In contrast, a Calculation section represents a practical development from a theoretical basis.

Results
Results should be clear and concise.

Discussion
This should explore the significance of the results of the work, not repeat them. A combined Results and Discussion section
is often appropriate. Avoid extensive citations and discussion of published literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which may stand alone or form a
subsection of a Discussion or Results and Discussion section.
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Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae and equations in appendices should be
given separate numbering: Eg. (A.1), Eq. (A.2), etc.; in a subsequent appendix, Eq. (B.1) and so on. Similarly for tables and
figures: Table A.1; Fig. A.1, etc.

Essential title page information

« Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid abbreviations and formulae
where possible.

 Author names and affiliations. Please clearly indicate the given name(s) and family name(s) of each author and check that
all names are accurately spelled. You can add your name between parentheses in your own script behind the English
transliteration. Present the authors' affiliation addresses (where the actual work was done) below the names. Indicate all
affiliations with a lower-case superscript letter immediately after the author's name and in front of the appropriate address.
Provide the full postal address of each affiliation, including the country name and, if available, the e-mail address of each
author.

« Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing and publication, also
post-publication. This responsibility includes answering any future queries about Methodology and Materials. Ensure that
the e-mail address is given and that contact details are kept up to date by the corresponding author.

* Present/permanent address. If an author has moved since the work described in the article was done, or was visiting at the
time, a 'Present address' (or 'Permanent address') may be indicated as a footnote to that author's name. The address at which
the author actually did the work must be retained as the main, affiliation address. Superscript Arabic numerals are used for
such footnotes.

Highlights

Highlights are mandatory for this journal as they help increase the discoverability of your article via search engines. They
consist of a short collection of bullet points that capture the novel results of your research as well as new methods that were
used during the study (if any). Please have a look at the examples here: example Highlights.

Highlights should be submitted in a separate editable file in the online submission system. Please use 'Highlights' in the file
name and include 3 to 5 bullet points (maximum 85 characters, including spaces, per bullet point).

Abstract

A concise and factual abstract is required. The abstract should state briefly the purpose of the research, the principal results
and major conclusions. An abstract is often presented separately from the article, so it must be able to stand alone. For this
reason, References should be avoided, but if essential, then cite the author(s) and year(s). Also, non-standard or uncommon
abbreviations should be avoided, but if essential they must be defined at their first mention in the abstract itself.

Keywords

Immediately after the abstract, provide a maximum of 6 keywords, using American spelling and avoiding general and plural
terms and multiple concepts (avoid, for example, 'and', 'of). Be sparing with abbreviations: only abbreviations firmly
established in the field may be eligible. These keywords will be used for indexing purposes.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the first page of the article. Such
abbreviations that are unavoidable in the abstract must be defined at their first mention there, as well as in the footnote.
Ensure consistency of abbreviations throughout the article.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references and do not, therefore, include
them on the title page, as a footnote to the title or otherwise. List here those individuals who provided help during the
research (e.g., providing language help, writing assistance or proof reading the article, etc.).

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyy]; the Bill & Melinda Gates
Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes of Peace [grant number aaaa).

It is not necessary to include detailed descriptions on the program or type of grants and awards. When funding is from a
block grant or other resources available to a university, college, or other research institution, submit the name of the institute
or organization that provided the funding.
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If no funding has been provided for the research, please include the following sentence:
This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit sectors.

Math formulae

Please submit math equations as editable text and not as images. Present simple formulae in line with normal text where
possible and use the solidus (/) instead of a horizontal line for small fractional terms, e.g., X/Y. In principle, variables are to
be presented in italics. Powers of e are often more conveniently denoted by exp. Number consecutively any equations that
have to be displayed separately from the text (if referred to explicitly in the text).

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article. Many word processors build
footnotes into the text, and this feature may be used. Should this not be the case, indicate the position of footnotes in the text
and present the footnotes themselves separately at the end of the article.

Artwork

Electronic artwork

General points

» Make sure you use uniform lettering and sizing of your original artwork.

* Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbol, Courier.

* Number the illustrations according to their sequence in the text.

* Use a logical naming convention for your artwork files.

« Indicate per figure if it is a single, 1.5 or 2-column fitting image.

* For Word submissions only, you may still provide figures and their captions, and tables within a single file at the revision
stage.

* Please note that individual figure files larger than 10 MB must be provided in separate source files.

A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are given here.

Formats

Regardless of the application used, when your electronic artwork is finalized, please 'save as' or convert the images to one of
the following formats (note the resolution requirements for line drawings, halftones, and line/halftone combinations given
below):

EPS (or PDF): Vector drawings. Embed the font or save the text as ‘graphics'.

TIFF (or JPG): Color or grayscale photographs (halftones): always use a minimum of 300 dpi.

TIFF (or JPG): Bitmapped line drawings: use a minimum of 1000 dpi.

TIFF (or JPG): Combinations bitmapped line/half-tone (color or grayscale): a minimum of 500 dpi is required.

Please do not:

* Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the resolution is too low.

* Supply files that are too low in resolution.

* Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or MS Office files) and with
the correct resolution. If, together with your accepted article, you submit usable color figures then Elsevier will ensure, at no
additional charge, that these figures will appear in color online (e.g., ScienceDirect and other sites) regardless of whether or
not these illustrations are reproduced in color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted article. Please indicate your preference for
color: in print or online only. Further information on the preparation of electronic artwork.

Figure captions
Ensure that each illustration has a caption. A caption should comprise a brief title (not on the figure itself) and a description
of the illustration. Keep text in the illustrations themselves to a minimum but explain all symbols and abbreviations used.

Tables

Please submit tables as editable text and not as images. Tables can be placed either next to the relevant text in the article, or
on separate page(s) at the end. Number tables consecutively in accordance with their appearance in the text and place any
table notes below the table body. Be sparing in the use of tables and ensure that the data presented in them do not duplicate
results described elsewhere in the article. Please avoid using vertical rules and shading in table cells.

References
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Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice versa). Any references cited in
the abstract must be given in full. Unpublished results and personal communications are not recommended in the reference
list, but may be mentioned in the text. If these references are included in the reference list they should follow the standard
reference style of the journal and should include a substitution of the publication date with either ‘Unpublished results' or
'Personal communication'. Citation of a reference as 'in press' implies that the item has been accepted for publication.

Reference links

Increased discoverability of research and high quality peer review are ensured by online links to the sources cited. In order to
allow us to create links to abstracting and indexing services, such as Scopus, CrossRef and PubMed, please ensure that data
provided in the references are correct. Please note that incorrect surnames, journal/book titles, publication year and
pagination may prevent link creation. When copying references, please be careful as they may already contain errors. Use of
the DOI is highly encouraged.

A DOl is guaranteed never to change, so you can use it as a permanent link to any electronic article. An example of a citation
using DOI for an article not yet in an issue is: VanDecar J.C., Russo R.M., James D.E., Ambeh W.B., Franke M. (2003).
Aseismic continuation of the Lesser Antilles slab beneath northeastern Venezuela. Journal of Geophysical Research,
https://doi.org/10.1029/2001JB000884. Please note the format of such citations should be in the same style as all other
references in the paper.

Web references

As a minimum, the full URL should be given and the date when the reference was last accessed. Any further information, if
known (DOI, author names, dates, reference to a source publication, etc.), should also be given. Web references can be listed
separately (e.g., after the reference list) under a different heading if desired, or can be included in the reference list.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them in your text and
including a data reference in your Reference List. Data references should include the following elements: author name(s),
dataset title, data repository, version (where available), year, and global persistent identifier. Add [dataset] immediately
before the reference so we can properly identify it as a data reference. The [dataset] identifier will not appear in your
published article.

References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and any citations in the text) to other articles in
the same Special Issue.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular reference management software
products. These include all products that support Citation Style Language styles, such as Mendeley. Using citation plug-ins
from these products, authors only need to select the appropriate journal template when preparing their article, after which
citations and bibliographies will be automatically formatted in the journal's style. If no template is yet available for this
journal, please follow the format of the sample references and citations as shown in this Guide. If you use reference
management software, please ensure that you remove all field codes before submitting the electronic manuscript. More
information on how to remove field codes from different reference management software.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the following link:
http://open.mendeley.com/use-citation-style/journal-of-magnetism-and-magnetic-materials

When preparing your manuscript, you will then be able to select this style using the Mendeley plug-ins for Microsoft Word
or LibreOffice.

Reference formatting

There are no strict requirements on reference formatting at submission. References can be in any style or format as long as
the style is consistent. Where applicable, author(s) name(s), journal title/book title, chapter title/article title, year of
publication, volume number/book chapter and the article number or pagination must be present. Use of DOI is highly
encouraged. The reference style used by the journal will be applied to the accepted article by Elsevier at the proof stage. Note
that missing data will be highlighted at proof stage for the author to correct. If you do wish to format the references yourself
they should be arranged according to the following examples:

Reference style

Text: Indicate references by number(s) in square brackets in line with the text. The actual authors can be referred to, but the
reference number(s) must always be given.

Example: ..... as demonstrated [3,6]. Barnaby and Jones [8] obtained a different result ...."

List: Number the references (numbers in square brackets) in the list in the order in which they appear in the text.
Examples:
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http://www.mendeley.com/features/reference-manager
https://service.elsevier.com/app/answers/detail/a_id/26093
https://service.elsevier.com/app/answers/detail/a_id/26093
http://open.mendeley.com/use-citation-style/journal-of-magnetism-and-magnetic-materials

175

Reference to a journal publication:

[1] J. van der Geer, J.A.J. Hanraads, R.A. Lupton, The art of writing a scientific article, J. Sci. Commun. 163 (2010) 51-59.
https://doi.org/10.1016/j.Sc.2010.00372.

Reference to a journal publication with an article number:

[2] J. van der Geer, J.A.J. Hanraads, R.A. Lupton, 2018. The art of writing a scientific article. Heliyon. 19, e00205.
https://doi.org/10.1016/j.heliyon.2018.e00205.

Reference to a book:

[3]1 W. Strunk Jr., E.B. White, The Elements of Style, fourth ed., Longman, New York, 2000.

Reference to a chapter in an edited book:

[4] G.R. Mettam, L.B. Adams, How to prepare an electronic version of your article, in: B.S. Jones, R.Z. Smith (Eds.),
Introduction to the Electronic Age, E-Publishing Inc., New York, 2009, pp. 281-304.

Reference to a website:

[5] Cancer Research UK, Cancer statistics reports for the UK.
http://www.cancerresearchuk.org/aboutcancer/statistics/cancerstatsreport/, 2003 (accessed 13 March 2003).

Reference to a dataset:

[dataset] [6] M. Oguro, S. Imahiro, S. Saito, T. Nakashizuka, Mortality data for Japanese oak wilt disease and surrounding
forest compositions, Mendeley Data, v1, 2015. https://doi.org/10.17632/xwj98nb39r.1.

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word Abbreviations.

Video

Elsevier accepts video material and animation sequences to support and enhance your scientific research. Authors who have
video or animation files that they wish to submit with their article are strongly encouraged to include links to these within the
body of the article. This can be done in the same way as a figure or table by referring to the video or animation content and
noting in the body text where it should be placed. All submitted files should be properly labeled so that they directly relate to
the video file's content. In order to ensure that your video or animation material is directly usable, please provide the file in
one of our recommended file formats with a preferred maximum size of 150 MB per file, 1 GB in total. Video and animation
files supplied will be published online in the electronic version of your article in Elsevier Web products,

including ScienceDirect. Please supply 'stills' with your files: you can choose any frame from the video or animation or make
a separate image. These will be used instead of standard icons and will personalize the link to your video data. For more
detailed instructions please visit our video instruction pages. Note: since video and animation cannot be embedded in the
print version of the journal, please provide text for both the electronic and the print version for the portions of the article that
refer to this content.

Data visualization

Include interactive data visualizations in your publication and let your readers interact and engage more closely with your
research. Follow the instructions here to find out about available data visualization options and how to include them with
your article.

Supplementary material

Supplementary material such as applications, images and sound clips, can be published with your article to enhance it.
Submitted supplementary items are published exactly as they are received (Excel or PowerPoint files will appear as such
online). Please submit your material together with the article and supply a concise, descriptive caption for each
supplementary file. If you wish to make changes to supplementary material during any stage of the process, please make sure
to provide an updated file. Do not annotate any corrections on a previous version. Please switch off the 'Track Changes'
option in Microsoft Office files as these will appear in the published version.

Research data

This journal encourages and enables you to share data that supports your research publication where appropriate, and enables
you to interlink the data with your published articles. Research data refers to the results of observations or experimentation
that validate research findings. To facilitate reproducibility and data reuse, this journal also encourages you to share your
software, code, models, algorithms, protocols, methods and other useful materials related to the project.

Below are a number of ways in which you can associate data with your article or make a statement about the availability of
your data when submitting your manuscript. If you are sharing data in one of these ways, you are encouraged to cite the data
in your manuscript and reference list. Please refer to the "References" section for more information about data citation. For
more information on depositing, sharing and using research data and other relevant research materials, visit the research
data page.
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Data linking

If you have made your research data available in a data repository, you can link your article directly to the dataset. Elsevier
collaborates with a number of repositories to link articles on ScienceDirect with relevant repositories, giving readers access to
underlying data that gives them a better understanding of the research described.

There are different ways to link your datasets to your article. When available, you can directly link your dataset to your
article by providing the relevant information in the submission system. For more information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your published article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your manuscript, using the following
format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053; PDB: 1XFN).

Mendeley Data

This journal supports Mendeley Data, enabling you to deposit any research data (including raw and processed data, video,
code, software, algorithms, protocols, and methods) associated with your manuscript in a free-to-use, open access repository.
During the submission process, after uploading your manuscript, you will have the opportunity to upload your relevant
datasets directly to Mendeley Data. The datasets will be listed and directly accessible to readers next to your published
article online.

For more information, visit the Mendeley Data for journals page.

Data in Brief

You have the option of converting any or all parts of your supplementary or additional raw data into one or multiple data
articles, a new kind of article that houses and describes your data. Data articles ensure that your data is actively reviewed,
curated, formatted, indexed, given a DOI and publicly available to all upon publication. You are encouraged to submit your
article for Data in Brief as an additional item directly alongside the revised version of your manuscript. If your research
article is accepted, your data article will automatically be transferred over to Data in Brief where it will be editorially
reviewed and published in the open access data journal, Data in Brief. Please note an open access fee of 600 USD is payable
for publication in Data in Brief. Full details can be found on the Data in Brief website. Please use this template to write your
Data in Brief.

MethodsX

You have the option of converting relevant protocols and methods into one or multiple MethodsX articles, a new kind of
article that describes the details of customized research methods. Many researchers spend a significant amount of time on
developing methods to fit their specific needs or setting, but often without getting credit for this part of their work.
MethodsX, an open access journal, now publishes this information in order to make it searchable, peer reviewed, citable and
reproducible. Authors are encouraged to submit their MethodsX article as an additional item directly alongside the revised
version of their manuscript. If your research article is accepted, your methods article will automatically be transferred over to
MethodsX where it will be editorially reviewed. Please note an open access fee is payable for publication in MethodsX. Full
details can be found on the MethodsX website. Please use this template to prepare your MethodsX article.

Data statement

To foster transparency, we encourage you to state the availability of your data in your submission. This may be a requirement
of your funding body or institution. If your data is unavailable to access or unsuitable to post, you will have the opportunity
to indicate why during the submission process, for example by stating that the research data is confidential. The statement
will appear with your published article on ScienceDirect. For more information, visit the Data Statement page.

u After Acceptance

Online proof correction

To ensure a fast publication process of the article, we kindly ask authors to provide us with their proof corrections within two
days. Corresponding authors will receive an e-mail with a link to our online proofing system, allowing annotation and
correction of proofs online. The environment is similar to MS Word: in addition to editing text, you can also comment on
figures/tables and answer questions from the Copy Editor. Web-based proofing provides a faster and less error-prone process
by allowing you to directly type your corrections, eliminating the potential introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF version. All instructions for proofing will be
given in the e-mail we send to authors, including alternative methods to the online version and PDF.

We will do everything possible to get your article published quickly and accurately. Please use this proof only for checking
the typesetting, editing, completeness and correctness of the text, tables and figures. Significant changes to the article as
accepted for publication will only be considered at this stage with permission from the Editor. It is important to ensure that all
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corrections are sent back to us in one communication. Please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility.

Offprints

The corresponding author will, at no cost, receive a customized Share Link providing 50 days free access to the final
published version of the article on ScienceDirect. The Share Link can be used for sharing the article via any communication
channel, including email and social media. For an extra charge, paper offprints can be ordered via the offprint order form
which is sent once the article is accepted for publication. Both corresponding and co-authors may order offprints at any time
via Elsevier's Author Services. Corresponding authors who have published their article gold open access do not receive a
Share Link as their final published version of the article is available open access on ScienceDirect and can be shared through
the article DOI link.

Author benefits

Author benefits

No page charges.Publishing in the Journal of Magnetism and Magnetic Materials is free.Free offprints. The
corresponding author will receive 25 offprints free of charge. An offprint order form will be supplied by the Publisher for
ordering any additional paid offprints.Discount. Contributors to Elsevier journals are entitled to a 30% discount on all
Elsevier books.

E’ Author Inquiries

Visit the Elsevier Support Center to find the answers you need. Here you will find everything from Frequently Asked
Questions to ways to get in touch.
You can also check the status of your submitted article or find out when your accepted article will be published.
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ANEXO E — INSTRUCOES PARA AUTORES: JOURNAL OF BIOTECHNOLOGY

D Introduction

Journal of Biotechnology has an open access mirror journal, Journal of Biotechnology: X

Journal of Biotechnology provides a medium for the rapid publication of both full-length articles and short
communications on novel and innovative aspects of biotechnology. The Journal will accept papers ranging from
genetic or molecular biological positions to those covering biochemical, chemical or bioprocess engineering
aspects as well as computer application of new software concepts, provided that in each case the material is
directly relevant to biotechnological systems. Papers presenting information of a multidisciplinary nature that
would not be suitable for publication in a journal devoted to a single discipline, are particularly welcome.
The following areas are covered in the Journal:

* Nucleic Acids/Molecular Biology

* Physiology/Biochemistry

* Biochemical Engineering/Bioprocess Engineering

* Industrial Processes/New Products

* Medical Biotechnology

* Agro- and Food Biotechnology

* Genomics and Bioinformatics

Types of Paper

(1) Full-length papers, generally not exceeding 15 typewritten pages. Full-length papers should: (a) be divided
into sections (Abstract, Introduction, Materials and methods, Results, Discussion); (b) contain an Abstract, not
exceeding 200 words, at the beginning of the paper, followed by 3-6 keywords; (c) not exceed 10-12 printed
pages (approximately 15 typewritten pages) including the space required for figures.

(2) Short Communications, not exceeding 1500 words or equivalent space including figures and tables. These
must be brief definitive reports and not preliminary findings. Short communications need not be divided into
Materials and Methods, Results and Discussion, instead, Materials and Methods may be described in the text or,
if appropriate, in figure legends or table footnotes.

(3) Reviews will be published following invitation from Editors or by the suggestion of authors.

(4) Special Issues on highlighted aspects of biotechnology are also published. Special Issues may contain
selected contributions (invited lectures) from international conferences, or a collection of papers on a specific

Submission checklist

You can use this list to carry out a final check of your submission before you send it to the journal for review.
Please check the relevant section in this Guide for Authors for more details.

Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:
* E-mail address
* Full postal address

All necessary files have been uploaded:

Manuscript:

* Include keywords

« All figures (include relevant captions)

« All tables (including titles, description, footnotes)

* Ensure all figure and table citations in the text match the files provided
* Indicate clearly if color should be used for any figures in print
Graphical Abstracts / Highlights files (where applicable)

Supplemental files (where applicable)
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Further considerations

» Manuscript has been 'spell checked' and 'grammar checked'

« All references mentioned in the Reference List are cited in the text, and vice versa

+ Permission has been obtained for use of copyrighted material from other sources (including the Internet)
» A competing interests statement is provided, even if the authors have no competing interests to declare
« Journal policies detailed in this guide have been reviewed

» Referee suggestions and contact details provided, based on journal requirements

For further information, visit our Support Center.

a Before You Begin

Ethics in publishing

Please see our information pages on Ethics in publishing and Ethical guidelines for journal publication.

Declaration of interest

All authors must disclose any financial and personal relationships with other people or organizations that could
inappropriately influence (bias) their work. Examples of potential conflicts of interest include employment,
consultancies, stock ownership, honoraria, paid expert testimony, patent applications/registrations, and grants or
other funding. Authors should complete the declaration of interest statement using this template and upload to the
submission system at the Attach/Upload Files step. If there are no interests to declare, please choose:
'Declarations of interest: none' in the template. This statement will be published within the article if accepted. More
information.

Submission declaration and verification

Submission of an article implies that the work described has not been published previously (except in the form of
an abstract, a published lecture or academic thesis, see 'Multiple, redundant or concurrent publication' for more
information), that it is not under consideration for publication elsewhere, that its publication is approved by all
authors and tacitly or explicitly by the responsible authorities where the work was carried out, and that, if
accepted, it will not be published elsewhere in the same form, in English or in any other language, including
electronically without the written consent of the copyright-holder. To verify originality, your article may be checked
by the originality detection service Crossref Similarity Check.

Preprints

Please note that preprints can be shared anywhere at any time, in line with Elsevier's sharing policy. Sharing your
preprints e.g. on a preprint server will not count as prior publication (see 'Multiple, redundant or concurrent
publication' for more information).

Use of inclusive language

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to differences, and
promotes equal opportunities. Articles should make no assumptions about the beliefs or commitments of any
reader, should contain nothing which might imply that one individual is superior to another on the grounds of race,
sex, culture or any other characteristic, and should use inclusive language throughout. Authors should ensure that
writing is free from bias, for instance by using 'he or she', 'his/her' instead of 'he’ or 'his', and by making use of job
titles that are free of stereotyping (e.g. ‘chairperson'’ instead of ‘chairman' and 'flight attendant' instead of
'stewardess').

Author contributions

For transparency, we encourage authors to submit an author statement file outlining their individual contributions
to the paper using the relevant CRediT roles: Conceptualization; Data curation; Formal analysis; Funding
acquisition; Investigation; Methodology; Project administration; Resources; Software; Supervision; Validation;
Visualization; Roles/Writing - original draft; Writing - review & editing. Authorship statements should be formatted
with the names of authors first and CRediT role(s) following. More details and an example

Changes to authorship

Authors are expected to consider carefully the list and order of authors before submitting their manuscript and
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provide the definitive list of authors at the time of the original submission. Any addition, deletion or rearrangement
of author names in the authorship list should be made only before the manuscript has been accepted and only if
approved by the journal Editor. To request such a change, the Editor must receive the following from

the corresponding author: (a) the reason for the change in author list and (b) written confirmation (e-mail, letter)
from all authors that they agree with the addition, removal or rearrangement. In the case of addition or removal of
authors, this includes confirmation from the author being added or removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or rearrangement of

authors after the manuscript has been accepted. While the Editor considers the request, publication of the
manuscript will be suspended. If the manuscript has already been published in an online issue, any requests
approved by the Editor will result in a corrigendum.

Copyright

Upon acceptance of an article, authors will be asked to complete a ‘Journal Publishing Agreement' (see more
information on this). An e-mail will be sent to the corresponding author confirming receipt of the manuscript
together with a 'Journal Publishing Agreement' form or a link to the online version of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal circulation
within their institutions. Permission of the Publisher is required for resale or distribution outside the institution and
for all other derivative works, including compilations and translations. If excerpts from other copyrighted works are
included, the author(s) must obtain written permission from the copyright owners and credit the source(s) in the
article. Elsevier has preprinted forms for use by authors in these cases.

For gold open access articles: Upon acceptance of an article, authors will be asked to complete an 'Exclusive
License Agreement' (more information). Permitted third party reuse of gold open access articles is determined by
the author's choice of user license.

Author rights
As an author you (or your employer or institution) have certain rights to reuse your work. More information.

Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.

Role of the funding source

You are requested to identify who provided financial support for the conduct of the research and/or preparation of
the article and to briefly describe the role of the sponsor(s), if any, in study design; in the collection, analysis and
interpretation of data; in the writing of the report; and in the decision to submit the article for publication. If the
funding source(s) had no such involvement then this should be stated.

Open access

Please visit our Open Access page from the Journal Homepage for more information.

Elsevier Researcher Academy

Researcher Academy is a free e-learning platform designed to support early and mid-career researchers
throughout their research journey. The "Learn" environment at Researcher Academy offers several interactive
modules, webinars, downloadable guides and resources to guide you through the process of writing for research
and going through peer review. Feel free to use these free resources to improve your submission and navigate
the publication process with ease.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but not a mixture of these). Authors
who feel their English language manuscript may require editing to eliminate possible grammatical or spelling
errors and to conform to correct scientific English may wish to use the English Language Editing service available
from Elsevier's Author Services.

Submission

Our online submission system guides you stepwise through the process of entering your article details and
uploading your files. The system converts your article files to a single PDF file used in the peer-review process.
Editable files (e.g., Word, LaTeX) are required to typeset your article for final publication. All correspondence,
including notification of the Editor's decision and requests for revision, is sent by e-mail.
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Referees

Please suggest at least 4 internationally recognized researchers as referees with their full name, affiliation and
email address. At least 1 of these should be a member of the editorial board of the Journal of Biotechnology (for a
list of board members see www.elsevier.com/locate/jbiotec).

Additional Information

Instructions regarding GenBank/DNA Sequence Linking:DNA sequences and GenBank Accesion
numbers:Many Elsevier journals cite "gene accession numbers" in their running text and footnotes. Gene
accession numbers refer to genes or DNA sequences about which further information can be found in the
database at the National Center for Biotechnical Information (NCBI) at the National Library of Medicine. Elsevier
authors wishing to enable other scientists to use the accession numbers cited in their papers via links to these
sources, should type this information in the following manner:

For each and every accession number cited in an article, authors should type the accession number in bold,
underlined text.Letters in the accession number should always be capitalised. (See Example 1 below). This
combination of letters and format will enable Elsevier's typesetters to recognize the relevant texts as accession
numbers and add the required link to GenBank's sequences.

Example 1: "GenBank accession nos. A1631510, Al631511, A1632198, and BF223228, a B-cell tumor from a
chronic lymphatic leukemia (GenBank accession no. BE675048), and a T-cell lymphoma (GenBank accession
no. AA361117".

Authors are encouraged to check accession numbers used very carefully. An error in a letter or number can result
in a dead link. In the final version of the printed article, the accession number text will not appear bold or
underlined (see Example 2 below).

Example 2: "GenBank accession nos. Al631510, Al631511, Al632198, and BF223228, a B-cell tumor from a
chronic lymphatic leukemia (GenBank accession no. BE675048), and a T-cell ymphoma (GenBank accession no.
AA361117)".

In the final version of the electronic copy, the accession number text will be linked to the appropriate source in
the NCBI databases enabling readers to go directly to that source from the article.

g Preparation

Peer review

This journal operates a single blind review process. All contributions will be initially assessed by the editor for
suitability for the journal. Papers deemed suitable are then typically sent to a minimum of two independent expert
reviewers to assess the scientific quality of the paper. The Editor is responsible for the final decision regarding
acceptance or rejection of articles. The Editor's decision is final. More information on types of peer review.

Use of word processing software

It is important that the file be saved in the native format of the word processor used. The text should be in single-
column format. Keep the layout of the text as simple as possible. Most formatting codes will be removed and
replaced on processing the article. In particular, do not use the word processor's options to justify text or to
hyphenate words. However, do use bold face, italics, subscripts, superscripts etc. When preparing tables, if you
are using atable grid, use only one grid for each individual table and not a grid for each row. If no grid is used,
use tabs, not spaces, to align columns. The electronic text should be prepared in a way very similar to that of
conventional manuscripts (see also the Guide to Publishing with Elsevier). Note that source files of figures, tables
and text graphics will be required whether or not you embed your figures in the text. See also the section on
Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and ‘grammar-check’ functions of
your word processor.

Article structure

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should be numbered 1.1 (then 1.1.1,
1.1.2, ..), 1.2, etc. (the abstract is not included in section numbering). Use this numbering also for internal cross-
referencing: do not just refer to 'the text'. Any subsection may be given a brief heading. Each heading should
appear on its own separate line.
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Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed literature survey or a
summary of the results.

Material and methods

Provide sufficient detail to allow the work to be reproduced, with details of supplier and catalogue number when
appropriate. Methods already published should be indicated by a reference: only relevant modifications should be
described.

Theory/calculation

A Theory section should extend, not repeat, the background to the article already dealt with in the Introduction
and lay the foundation for further work. In contrast, a Calculation section represents a practical development from
a theoretical basis.

Results
Results should be clear and concise.

Discussion
This should explore the significance of the results of the work, not repeat them. A combined Results and
Discussion section is often appropriate. Avoid extensive citations and discussion of published literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which may stand alone or
form a subsection of a Discussion or Results and Discussion section.

Essential title page information

« Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid abbreviations and
formulae where possible.

» Author names and affiliations. Please clearly indicate the given name(s) and family name(s) of each author
and check that all names are accurately spelled. You can add your name between parentheses in your own script
behind the English transliteration. Present the authors' affiliation addresses (where the actual work was done)
below the names. Indicate all affiliations with a lower-case superscript letter immediately after the author's name
and in front of the appropriate address. Provide the full postal address of each affiliation, including the country
name and, if available, the e-mail address of each author.

» Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing and
publication, also post-publication. This responsibility includes answering any future queries about Methodology
and Materials. Ensure that the e-mail address is given and that contact details are kept up to date by the
corresponding author.

* Present/permanent address. If an author has moved since the work described in the article was done, or was
visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as a footnote to that author's
name. The address at which the author actually did the work must be retained as the main, affiliation address.
Superscript Arabic numerals are used for such footnotes.

Highlights

Highlights are mandatory for this journal as they help increase the discoverability of your article via search
engines. They consist of a short collection of bullet points that capture the novel results of your research as well
as new methods that were used during the study (if any). Please have a look at the examples here: example

Highlights.

Highlights should be submitted in a separate editable file in the online submission system. Please use 'Highlights'
in the file name and include 3 to 5 bullet points (maximum 85 characters, including spaces, per bullet point).

Abstract

A concise and factual abstract is required. The abstract should state briefly the purpose of the research, the
principal results and major conclusions. An abstract is often presented separately from the article, so it must be
able to stand alone. For this reason, References should be avoided, but if essential, then cite the author(s) and
year(s). Also, non-standard or uncommon abbreviations should be avoided, but if essential they must be defined
at their first mention in the abstract itself.

Graphical abstract
Although a graphical abstract is optional, its use is encouraged as it draws more attention to the online article.


https://www.elsevier.com/authors/journal-authors/highlights
https://www.elsevier.com/authors/journal-authors/highlights
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The graphical abstract should summarize the contents of the article in a concise, pictorial form designed to
capture the attention of a wide readership. Graphical abstracts should be submitted as a separate file in the online
submission system. Image size: Please provide an image with a minimum of 531 x 1328 pixels (h x w) or
proportionally more. The image should be readable at a size of 5 x 13 cm using a regular screen resolution of 96
dpi. Preferred file types: TIFF, EPS, PDF or MS Office files. You can view Example Graphical Abstracts on our
information site.

Authors can make use of Elsevier's lllustration Services to ensure the best presentation of their images and in
accordance with all technical requirements.

Keywords

Immediately after the abstract, provide a maximum of 6 keywords, using American spelling and avoiding general
and plural terms and multiple concepts (avoid, for example, 'and’, 'of). Be sparing with abbreviations: only
abbreviations firmly established in the field may be eligible. These keywords will be used for indexing purposes.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the first page of the article.
Such abbreviations that are unavoidable in the abstract must be defined at their first mention there, as well as in
the footnote. Ensure consistency of abbreviations throughout the article.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references and do not,
therefore, include them on the title page, as a footnote to the title or otherwise. List here those individuals who
provided help during the research (e.qg., providing language help, writing assistance or proof reading the article,
etc.).

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyy]; the Bill &
Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes of Peace [grant
number aaaa).

It is not necessary to include detailed descriptions on the program or type of grants and awards. When funding is
from a block grant or other resources available to a university, college, or other research institution, submit the
name of the institute or organization that provided the funding.

If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit
sectors.

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the article. Many word processors
can build footnotes into the text, and this feature may be used. Otherwise, please indicate the position of
footnotes in the text and list the footnotes themselves separately at the end of the article. Do not include footnotes
in the Reference list.

Image manipulation

Whilst it is accepted that authors sometimes need to manipulate images for clarity, manipulation for purposes of
deception or fraud will be seen as scientific ethical abuse and will be dealt with accordingly. For graphical images,
this journal is applying the following policy: no specific feature within an image may be enhanced, obscured,
moved, removed, or introduced. Adjustments of brightness, contrast, or color balance are acceptable if and as
long as they do not obscure or eliminate any information present in the original. Nonlinear adjustments (e.g.
changes to gamma settings) must be disclosed in the figure legend.

Electronic artwork

General points

» Make sure you use uniform lettering and sizing of your original artwork.

* Embed the used fonts if the application provides that option.

 Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, or use fonts that
look similar.

* Number the illustrations according to their sequence in the text.
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* Use a logical naming convention for your artwork files.

* Provide captions to illustrations separately.

» Size the illustrations close to the desired dimensions of the published version.

» Submit each illustration as a separate file.

* Ensure that color images are accessible to all, including those with impaired color vision.

A detailed guide on electronic artwork is available.

You are urged to visit this site; some excerpts from the detailed information are given here.

Formats

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then please supply
‘as is' in the native document format.

Regardless of the application used other than Microsoft Office, when your electronic artwork is finalized, please
'Save as' or convert the images to one of the following formats (note the resolution requirements for line drawings,
halftones, and line/halftone combinations given below):

EPS (or PDF): Vector drawings, embed all used fonts.

TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.

TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000 dpi.

TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of 500 dpi.
Please do not:

» Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically have a low number
of pixels and limited set of colors;

» Supply files that are too low in resolution;

» Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or MS Office
files) and with the correct resolution. If, together with your accepted article, you submit usable color figures then
Elsevier will ensure, at no additional charge, that these figures will appear in color online (e.g., ScienceDirect and
other sites) regardless of whether or not these illustrations are reproduced in color in the printed version. For
color reproduction in print, you will receive information regarding the costs from Elsevier after receipt of
your accepted article. Please indicate your preference for color: in print or online only. Further information on the
preparation of electronic artwork.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to the figure. A caption
should comprise a brief title (not on the figure itself) and a description of the illustration. Keep text in the
illustrations themselves to a minimum but explain all symbols and abbreviations used.

Tables

Please submit tables as editable text and not as images. Tables can be placed either next to the relevant text in
the article, or on separate page(s) at the end. Number tables consecutively in accordance with their appearance
in the text and place any table notes below the table body. Be sparing in the use of tables and ensure that the
data presented in them do not duplicate results described elsewhere in the article. Please avoid using vertical
rules and shading in table cells.

References

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and vice versa). Any
references cited in the abstract must be given in full. Unpublished results and personal communications are not
recommended in the reference list, but may be mentioned in the text. If these references are included in the
reference list they should follow the standard reference style of the journal and should include a substitution of the
publication date with either 'Unpublished results' or 'Personal communication'. Citation of a reference as 'in press'
implies that the item has been accepted for publication.

Reference links

Increased discoverability of research and high quality peer review are ensured by online links to the sources cited.
In order to allow us to create links to abstracting and indexing services, such as Scopus, CrossRef and PubMed,
please ensure that data provided in the references are correct. Please note that incorrect surnames, journal/book
titles, publication year and pagination may prevent link creation. When copying references, please be careful as
they may already contain errors. Use of the DOI is highly encouraged.


https://www.elsevier.com/authors/author-schemas/artwork-and-media-instructions
https://www.elsevier.com/authors/author-schemas/artwork-and-media-instructions
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A DOl is guaranteed never to change, so you can use it as a permanent link to any electronic article. An example
of a citation using DOI for an article not yet in an issue is: VanDecar J.C., Russo R.M., James D.E., Ambeh W.B.,
Franke M. (2003). Aseismic continuation of the Lesser Antilles slab beneath northeastern Venezuela. Journal of
Geophysical Research, https://doi.org/10.1029/2001JB000884. Please note the format of such citations should be
in the same style as all other references in the paper.

Web references

As a minimum, the full URL should be given and the date when the reference was last accessed. Any further
information, if known (DOI, author names, dates, reference to a source publication, etc.), should also be given.
Web references can be listed separately (e.g., after the reference list) under a different heading if desired, or can
be included in the reference list.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them in your text
and including a data reference in your Reference List. Data references should include the following elements:
author name(s), dataset title, data repository, version (where available), year, and global persistent identifier. Add
[dataset] immediately before the reference so we can properly identify it as a data reference. The [dataset]
identifier will not appear in your published article.

References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and any citations in the text) to
other articles in the same Special Issue.

Reference management software

Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language styles, such

as Mendeley. Using citation plug-ins from these products, authors only need to select the appropriate journal
template when preparing their article, after which citations and bibliographies will be automatically formatted in the
journal's style. If no template is yet available for this journal, please follow the format of the sample references and
citations as shown in this Guide. If you use reference management software, please ensure that you remove all
field codes before submitting the electronic manuscript. More information on how to remove field codes from
different reference management software.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the following link:
http://open.mendeley.com/use-citation-style/journal-of-biotechnology

When preparing your manuscript, you will then be able to select this style using the Mendeley plug-ins for
Microsoft Word or LibreOffice.

Reference formatting

There are no strict requirements on reference formatting at submission. References can be in any style or format
as long as the style is consistent. Where applicable, author(s) name(s), journal title/book title, chapter title/article
title, year of publication, volume number/book chapter and the article number or pagination must be present. Use
of DOI is highly encouraged. The reference style used by the journal will be applied to the accepted article by
Elsevier at the proof stage. Note that missing data will be highlighted at proof stage for the author to correct. If you
do wish to format the references yourself they should be arranged according to the following examples:

Reference style

Text: All citations in the text should refer to:

1. Single author: the author's name (without initials, unless there is ambiguity) and the year of publication;

2. Two authors: both authors' names and the year of publication;

3. Three or more authors: first author's name followed by 'et al." and the year of publication.

Citations may be made directly (or parenthetically). Groups of references can be listed either first alphabetically,
then chronologically, or vice versa.

Examples: 'as demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones, 1999).... Or, as demonstrated (Jones,
1999; Allan, 2000)... Kramer et al. (2010) have recently shown ...'

List: References should be arranged first alphabetically and then further sorted chronologically if necessary. More
than one reference from the same author(s) in the same year must be identified by the letters 'a’, 'b', 'c', etc.,
placed after the year of publication.

Examples:

Reference to a journal publication:

Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2010. The art of writing a scientific article. J. Sci. Commun. 163,
51-59. https://doi.org/10.1016/j.Sc.2010.00372.

Reference to a journal publication with an article number:

Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2018. The art of writing a scientific article. Heliyon. 19, e00205.
https://doi.org/10.1016/j.heliyon.2018.e00205.
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Reference to a book:

Strunk Jr., W., White, E.B., 2000. The Elements of Style, fourth ed. Longman, New York.

Reference to a chapter in an edited book:

Mettam, G.R., Adams, L.B., 2009. How to prepare an electronic version of your article, in: Jones, B.S., Smith ,
R.Z. (Eds.), Introduction to the Electronic Age. E-Publishing Inc., New York, pp. 281-304.

Reference to a website:

Cancer Research UK, 1975. Cancer statistics reports for the UK.
http://www.cancerresearchuk.org/aboutcancer/statistics/cancerstatsreport/ (accessed 13 March 2003).
Reference to a dataset:

[dataset] Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T., 2015. Mortality data for Japanese oak wilt disease
and surrounding forest compositions. Mendeley Data, v1. https://doi.org/10.17632/xwj98nb39r.1.

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word Abbreviations.

Video

Elsevier accepts video material and animation sequences to support and enhance your scientific research.
Authors who have video or animation files that they wish to submit with their article are strongly encouraged to
include links to these within the body of the article. This can be done in the same way as a figure or table by
referring to the video or animation content and noting in the body text where it should be placed. All submitted
files should be properly labeled so that they directly relate to the video file's content. In order to ensure that your
video or animation material is directly usable, please provide the file in one of our recommended file formats with
a preferred maximum size of 150 MB per file, 1 GB in total. Video and animation files supplied will be published
online in the electronic version of your article in Elsevier Web products, including ScienceDirect. Please supply
'stills" with your files: you can choose any frame from the video or animation or make a separate image. These will
be used instead of standard icons and will personalize the link to your video data. For more detailed instructions
please visit our video instruction pages. Note: since video and animation cannot be embedded in the print version
of the journal, please provide text for both the electronic and the print version for the portions of the article that
refer to this content.

Data visualization

Include interactive data visualizations in your publication and let your readers interact and engage more closely
with your research. Follow the instructions here to find out about available data visualization options and how to
include them with your article.

Supplementary material

Supplementary material such as applications, images and sound clips, can be published with your article to
enhance it. Submitted supplementary items are published exactly as they are received (Excel or PowerPoint files
will appear as such online). Please submit your material together with the article and supply a concise, descriptive
caption for each supplementary file. If you wish to make changes to supplementary material during any stage of
the process, please make sure to provide an updated file. Do not annotate any corrections on a previous version.
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Supplementary material captions
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This journal encourages and enables you to share data that supports your research publication where
appropriate, and enables you to interlink the data with your published articles. Research data refers to the results
of observations or experimentation that validate research findings. To facilitate reproducibility and data reuse, this
journal also encourages you to share your software, code, models, algorithms, protocols, methods and other
useful materials related to the project.
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availability of your data when submitting your manuscript. If you are sharing data in one of these ways, you are
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Data linking

If you have made your research data available in a data repository, you can link your article directly to the dataset.
Elsevier collaborates with a number of repositories to link articles on ScienceDirect with relevant repositories,
giving readers access to underlying data that gives them a better understanding of the research described.

There are different ways to link your datasets to your article. When available, you can directly link your dataset to
your article by providing the relevant information in the submission system. For more information, visit
the database linking page.

For supported data repositories a repository banner will automatically appear next to your published article on
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Mendeley Data
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data, video, code, software, algorithms, protocols, and methods) associated with your manuscript in a free-to-use,
open access repository. During the submission process, after uploading your manuscript, you will have the
opportunity to upload your relevant datasets directly to Mendeley Data. The datasets will be listed and directly
accessible to readers next to your published article online.

For more information, visit the Mendeley Data for journals page.

Data in Brief

You have the option of converting any or all parts of your supplementary or additional raw data into one or
multiple data articles, a new kind of article that houses and describes your data. Data articles ensure that your
data is actively reviewed, curated, formatted, indexed, given a DOI and publicly available to all upon publication.
You are encouraged to submit your article for Data in Brief as an additional item directly alongside the revised
version of your manuscript. If your research article is accepted, your data article will automatically be transferred
over to Data in Brief where it will be editorially reviewed and published in the open access data journal, Data in
Brief. Please note an open access fee of 600 USD is payable for publication in Data in Brief. Full details can be
found on the Data in Brief website. Please use this template to write your Data in Brief.

Data statement

To foster transparency, we encourage you to state the availability of your data in your submission. This may be a
requirement of your funding body or institution. If your data is unavailable to access or unsuitable to post, you will
have the opportunity to indicate why during the submission process, for example by stating that the research data
is confidential. The statement will appear with your published article on ScienceDirect. For more information, visit
the Data Statement page.
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Title: IDENTIFICATION OF BLOOD PLASM PROTEINS USING HEPARIN-COATED
MAGNETIC CHITOSAN PARTICLES

Article Type: Research Paper
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Corresponding Author: Professor Luiz Bezerra Carvalho Junior, PhD
Corresponding Author's Institution: Universidade Federal de Pernambuco
First Author: Aurenice A Dutra das Merces, MSc

Order of Authors: Aurenice A Dutra das Merces, MSc; Rodrigo S Ferreira,
PhD; Karciano J Santos Silva, PhD; Bruno R Salu, PhD; Jackeline C Maciel,
PhD; Jose Albino O Aguiar, PhD; Alexandre k Tashima, PhD; Maria Luiza V
Oliva, PhD; Luiz Bezerra Carvalho Junior, PhD

Abstract: Heparin was immobilized onto magnetic chitosan particles to be
used as a tool to human plasma protein identification. Chitosan was
magnetized by co-precipitation with Fe2+/Fe3+ (MAG-CH). Heparin was
activated by carbodiimide and N-hydroxysuccinimide and covalently linked
to MAG-CH (MAG-CH-hep). X-ray diffraction confirmed the presence of
chitosan and Fe304 in MAG-CH. This particle exhibited a
superparamagnetism behaviour and 100-300 pm. Human plasma diluted with
phosphate buffer 10 mM pH 5.5 or Tris-HCl buffer 50 mM pH 8.5 were
incubated with MAG-CH-hep and the proteins fixed were eluted with these
above buffers containing increasing concentrations of NaCl. The proteins
obtained were investigated by SDS/PAGE, LC/MS and biological activity
tests (PT, aPTT and enzymatic chromogenic assay). Inhibitors of the
serpin family, prothrombin and human albumin were identified in this
study. MAG-CH-hep can be used to purify these proteins and presents the
following advantages: low-cost synthesis, magnet-based affinity, ionic
exchange purification and reusability.
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Manuscript number SEPPUR_2020_547

Title HUMAN PROTEINS BIOSEPARATION AND DEPLETION BY AFFINITY TO
HEPARIN IMMOBILIZED ONTO MAGNETIC CHITOSAN PARTICLES.

Article type Full Length Article

Abstract

Magnetic chitosan particles (MAG-CH) were prepared by co-precipitation method with Fe+3/Fe+2. Heparin
functionalized with carbodiimide and N-hydroxysuccinimide was covalently immobilized onto MAG-CH yielding MAG-
CH-hep composites. Differents volumes of a plasma pool (1 or 7 or 20 mL) were incubed for 40 minutes at 4 °C with
each 30 mg of MAG-CH-hep. After, using an external magnet (0.6 T), washes and elution were carried out with 10 mM
phosphate buffer pH 7.4 supplemented with 0.15, 0.25, 0.5, and 1.0 M NaCl. Eluted proteins were separated by gel
filtration chromatography and investigated by SDS-PAGE. Inhibitory activity of the eluted proteins was analyzed by
coagulation assays: aPTT and PT. Around 1.3 mg of proteins were depleted after incubation of 20 mL pool plasma,
using MAG-CH-hep. These depleted proteins showed a molecular weight between 50 and 115 kDa, among them was
human serum albumin (69 kDa). Proteins eluted with 0.25 M NaCl demonstrated inhibitory biological activity on the
extrinsic pathway of blood coagulation, whereas proteins eluted with 1.0 M NaCl inhibited the coagulation factors of
intrinsic pathway. Finally, the proteins eluted with 0.5 M NaCl showed inhibitory activity on coagulation factors of both
intrinsic and extrinsic coagulation pathways. Therefore, using an easy and low cost methodology, MAG-CH-hep has
proved to be an alternative tool in obtaining and depleting of inhibitory or high abundance proteins of human plasma.

Keywords bioaffinity; chitosan; heparin; magnetite.

Manuscript category Chromatographic separations in non-analytical applications
Corresponding Author Luiz Bezerra Carvalho Junior

Corresponding Author's Universidade Federal de Pernambuco

Institution
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Manuscript Details

Manuscript number MAGMA_2020_237

Title INTERACTION BETWEEN HUMAN a-THROMBIN AND FACTOR Xa WITH
HEPARIN IMMOBILIZED IN POLYANILINE-COATED MAGNETITE
NANOPARTICLES.

Article type Full Length Article

Abstract

This works aimed to immobilize heparin onto magnetite coated with polyaniline nanoparticles (MAG-PANI) and to use
for interaction study or bioseparation of a-thrombin and Factor Xa. Magnetite (Fe304) was obtained by chemistry co-
precipitation method (Fe2+/Fe3+). Magnetite coated with polyaniline was obtained by chemistry aniline oxidation.
Heparin was activated by carbodiimide and N-hydroxysuccinimide and covalently linked to MAG-PANI (MAG-PANI-
hep). SEM (scanning electron microscopy) and TEM (transmission electron microscopy) analysis showed that MAG-
PANI has heterogeneus morphology and size of 11.7 + 2.2 nm and XRD (X-ray diffraction) analysis suggests the
presence of polyaniline and Fe304 in MAG-PANI that it exhibited superparamagnetism behavior (magnetic analysis).
Human a-thrombin (10 nM) or Factor Xa (10 nM) was incubed with MAG-PANI-hep in 20 mM Tris-HCI pH 7.4
containing increasing concentrations of NaCl. After incubation, each supernatant was collected for the thrombin or
Factor Xa enzyme activity test. Under conditions with 800 mM NaCl was observed a thrombin and Factor Xa
supernatant enzymatic activity of around 85.0 + 4 % and 55.4 + 12 %, respectively. Under salt-free conditions the
residual supernatant activity was 5.3 + 0.4 and 10.9 + 0.4% for thrombin and Factor Xa, respectively. These results
suggest that the enzymes showed high affinity for immobilized heparin in MAG-PANI. This method can be applied to
the blood products industry since it proved useful as a tool for the bioseparation of coagulation factors.

Keywords Factor Xa; Fe304; heparin; polyaniline; thrombin.
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Biotechnology or its open access mirror
Manuscript Draft

Manuscript Number:

Title: MAGNETIC HEPARIN COATED PARTICLES FOR LECTIN PURIFICATION
Article Type: Research Paper

Section/Category: Biochemical Engineering/Bioprocess Engineering

Keywords: affinity chromatography; CrataBL; chitosan; magnetic
separation.
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Abstract: Lectins can easily be purified by using magnetic particles-
chitosan composite coated with heparin. Here, CrataBL, lectin obtained
from bark of Crataeva tapia is purified according to this approach as a
model. CrataBL has been showed potential biomedical application as anti-
inflammatory and antitumor activities. Magnetic chitosan particles were
synthesized by co-precipitation method of ferric and ferrous ions with
chitosan (MAG-CH). Heparin activated with carbodiimide and N-
hydroxysuccinimide was covalently coated the magnetic particle (MAG-CH-
hep) . Crataeva tapia bark extract was incubated with MAG-CH-hep for 30
minutes at 4° and then, using a magnetic separation rack, the complex
MAG-CH-hep-CrataBL was recovered and washed with 10 mM citrate phosphate
buffer pH 5.5. Afterwards, CrataBL was eluted with increasing ionic
strength. SDS/PAGE showed 20 and 40 kDa bands suggesting the presence of
CrataBL eluted with 0.25 M and 0.5 M NaCl, which were also confirmed by
size-exclusion chromatography (Superdex G75). CrataBL presents high
affinity for heparin immobilized on magnetic chitosan particles and it
can be purified using ionic strength and magnetic separation by ease,
simple and low-cost methods. MAG-CH-hep composites were reused three
times extracting CrataBL from bark extract similarly.
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urindrio.

2017 - 2018: Co-orientacao do projeto de iniciacdo cientifica (PIBIC/CNPq) da aluna do curso
de ciéncias farmacéuticas (CCS/UFPE), Maria Luiza Cavalcanti Lucena: “Desenvolvimento de
uma técnica para obtencdo de trombina e fibrinogénio humanos a partir de uma Unica doagdo

de plasma”.

2018: Realizacdo do Doutorado Sanduiche (AMD/FACEPE) no laboratério de Bioquimica do
Instituto de Farmacologia e Biologia Molecular da Escola Paulista de Medicina na Universidade
Federal de Sdo Paulo (INFAR/UNIFESP). Execucdo de atividades relacionadas a processos de
purificacdo e caracterizacdo de proteinas, com orientacdo da Profa. Dra. Maria Luiza Vilela

Oliva.

2018: Revisora do periodico internacional PARTICULATE SCIENCE AND TECHNOLOGY
(Print ISSN: 0272-6351 Online ISSN: 1548-0046).

2018 - 2019: Co-orientacdo do projeto de iniciacdo cientifica (PIBIC/CNPQq) da aluna do curso
de ciéncias farmacéuticas (CCS/UFPE), Maria Luiza Cavalcanti Lucena: “Padronizag¢ao de
metodologia analitica para caracterizacéo de trombina e fibrinogénio humanos obtidos a partir

de tnica doagdo de plasma”.

2019 - 2020: Co-orientacdo do projeto de iniciacdo cientifica (PIBIC/CNPQq) da aluna do curso
de ciéncias farmacéuticas (CCS/UFPE), Maria Luiza Cavalcanti Lucena: “Avaliacdo do perfil
de qualidade de trombina humana obtida a partir de uma doacdo de plasma autéloga em sua

forma liofilizada”.



