UNIVERSIDADE FEDERAL DE MINAS GERAIS
INSTITUTO DE CIENCIAS BIOLOGICAS
DEPARTAMENTO DE BIOLOGIA GERAL

PROGRAMA INTERUNIDADES DE POS-GRADUACAO EM
BIOINFORMATICA

ROSELANE GONCALVES DOS SANTOS

MALDI -TOF MS PARA DIFERENCIACAO DE ISOLADOS DE
Corynebacterium pseudotuberculosis BIOVAR OVIS E EQUI, E
CARACTERIZACAO DE UMA NOVA ESPECIE DE DIETZIA

Belo Horizonte
Dezembro - 2023



ROSELANE GONCALVES DOS SANTOS

MALDI -TOF MS PARA DIFERENCIACAO DE ISOLADOS DE
Corynebacterium pseudotuberculosis BIOVAR OVIS E EQUI, E
CARACTERIZACAO DE UMA NOVA ESPECIE DE DIETZIA

Versao final de tese apresentada como requisito
para a obtencdo do Grau de Doutora pelo
Programa de PoOs-graduacdo em Bioinformatica,
Instituto de Ciéncias Bioldgicas, Universidade
Federal de Minas Gerais.

Orientador: Prof. Dr. Vasco Azevedo
Coorientadores: Prof. Dr. Sandeep Tiwari

Belo Horizonte
Dezembro — 2023



043

Santos, Roselane Gongalves dos.

MALDI-TOF MS para diferenciagdo de isolados de Corynebacterium
pseudotuberculosis biovar Ovis e Equi, ¢ caracterizacdo de uma nova espécie de Dietzia
[manuscrito] / Roselane Gongalves dos Santos. — 2023.

124 f.: 1l. ;29,5 cm.

Orientador: Vasco Azevedo. Coorientador: Sandeep Tiwari Sousa.
Tese (doutorado) — Universidade Federal de Minas Gerais, Instituto de Ciéncias
Biologicas. Programa de Pos-Graduagdo em Bioinformatica.

1. Bioinformatica. 2. Actinomycetales. 3. Corynebacterium pseudotuberculosis. 4.
Genomica. I. Azevedo, Vasco. II. Universidade Federal de Minas Gerais. Instituto de
Ciéncias Biologicas. III. Titulo.

CDU: 573:004

Ficha Catalografica elaborada pelo bibliotecario Rafael Gongalves Dias (CRB: 6 - 3277)




19/12/2023, 15:14 SEI/UFMG - 2889591 - Ata

- Fo
"-r £"".."- ++'il'=:\' 'I.
*

e TP o S
e TERTRD Yo

LIt

UNIVERSIDADE FEDERAL DE MINAS GERAIS
INSTITUTO DE CIENCIAS BIOLOGICAS
PROGRAMA INTERUNIDADES DE POS-GRADUAGCAO EM BIOINFORMATICA

ATA DA DEFESA DE TESE

ROSELANE GONCALVES DOS SANTOS

As dez horas do dia 14 de dezembro de 2023, reuniu-se, através de videoconferéncia, a Comissdo
Examinadora de Tese, indicada pelo Colegiado do Programa, para julgar, em exame final, o trabalho
intitulado: "MALDI-TOF MS para diferenciacdo de isolados de Corynebacterium pseudotuberculosis
biovar Ovis e Equi, e caracterizacao de uma nova espécie de Dietzia", requisito para obtencdo do grau
de Doutora em Bioinformatica. Abrindo a sessdo, o Presidente da Comissdo, Dr. Vasco Ariston de
Carvalho Azevedo, apds dar a conhecer aos presentes o teor das Normas Regulamentares do Trabalho
Final, passou a palavra a candidata, para apresentacdo de seu trabalho. Seguiu-se a arguicdo pelos
Examinadores, com a respectiva defesa da candidata. Logo apds, a Comissdo se reuniu, sem a presenca da
candidata e do publico, para julgamento e expedicdo de resultado final. Foram atribuidas as seguintes
indicacdes:

Prof./Pesq. Instituicao Indicagao

Dr.. Vasco Ariston de Carvalho Azevedo - Universidade Federal de Minas Gerais Aprovada

Orientador

Dr. Sandeep Tiwari - Coorientador Universidade Federal da Bahia Aprovada

Dra. Flavia Figueira Aburijaile Universidade Federal de Minas Gerais Aprovada

Dr. Mateus Matiuzzi da Costa Unlve'r5|dade Federal do Vale do Sao Aprovada
Francisco

Dra. Paula Carvalhal Lage von Buettner Ristow | Universidade Federal da Bahia Aprovada

Dr. Thiago Motta Venancio Un|v§r5|dade Estadual do Norte Aprovada
Fluminense

Pelas indicag¢des, a candidata foi considerada: Aprovada

O resultado final foi comunicado publicamente a candidata pelo Presidente da Comissdo. Nada mais
havendo a tratar, o Presidente encerrou a reunido e lavrou a presente ATA, que sera assinada por todos os
membros participantes da Comissao Examinadora.

Belo Horizonte, 14 de dezembro de 2023.

eil Documento assinado eletronicamente por Flavia Figueira Aburjaile, Professora do Magistério
ﬂimm‘: E Superior, em 14/12/2023, as 13:10, conforme horario oficial de Brasilia, com fundamento no art. 52
eletrbnica do Decreto n? 10.543, de 13 de novembro de 2020.

https://sei.ufmg.br/sei/controlador.php?acao=documento_imprimir_web&acao_origem=arvore_visualizar&id_documento=3119952&infra_sistema... 1/2


http://www.planalto.gov.br/ccivil_03/_Ato2019-2022/2020/Decreto/D10543.htm

19/12/2023, 15:14
— -
eil
SEE &
assinatura
eletrbnica
—_— -
el
SEE &
assinatura
eletrénica
— -
eil
SEE &
assinatura
eletrbnica
—_— -
el
SEE &
assinatura
eletrénica
R
b

.‘)Ei!_

SEI/UFMG - 2889591 - Ata

Documento assinado eletronicamente por Sandeep Tiwari, Usuario Externo, em 14/12/2023, as
13:10, conforme horario oficial de Brasilia, com fundamento no art. 52 do Decreto n? 10.543, de 13
de novembro de 2020.

assinatura
‘ eletrénica

Documento assinado eletronicamente por Vasco Ariston de Carvalho Azevedo, Professor do
Magistério Superior, em 14/12/2023, as 23:39, conforme horério oficial de Brasilia, com fundamento
no art. 52 do Decreto n2 10.543, de 13 de novembro de 2020.

Documento assinado eletronicamente por Thiago Venancio, Usudrio Externo, em 18/12/2023, as
10:25, conforme horario oficial de Brasilia, com fundamento no art. 52 do Decreto n? 10.543, de 13
de novembro de 2020.

Documento assinado eletronicamente por Paula Carvalhal Lage Von Buettener Ristow, Usuario
Externo, em 18/12/2023, as 12:58, conforme horario oficial de Brasilia, com fundamento no art. 52
do Decreto n? 10.543, de 13 de novembro de 2020.

Documento assinado eletronicamente por Mateus Matiuzzi da Costa, Usuario Externo, em
19/12/2023, as 14:43, conforme horario oficial de Brasilia, com fundamento no art. 52 do Decreto n?
10.543, de 13 de novembro de 2020.

Referéncia: Processo n? 23072.276391/2023-98 SEl n2 2889591

https://sei.ufmg.br/sei/controlador.php?acao=documento_imprimir_web&acao_origem=arvore_visualizar&id_documento=3119952&infra_sistema...

212


http://www.planalto.gov.br/ccivil_03/_Ato2019-2022/2020/Decreto/D10543.htm
http://www.planalto.gov.br/ccivil_03/_Ato2019-2022/2020/Decreto/D10543.htm
http://www.planalto.gov.br/ccivil_03/_Ato2019-2022/2020/Decreto/D10543.htm
http://www.planalto.gov.br/ccivil_03/_Ato2019-2022/2020/Decreto/D10543.htm
http://www.planalto.gov.br/ccivil_03/_Ato2019-2022/2020/Decreto/D10543.htm
http://www.planalto.gov.br/ccivil_03/_Ato2019-2022/2020/Decreto/D10543.htm
http://www.planalto.gov.br/ccivil_03/_Ato2019-2022/2020/Decreto/D10543.htm
http://www.planalto.gov.br/ccivil_03/_Ato2019-2022/2020/Decreto/D10543.htm
https://sei.ufmg.br/sei/controlador_externo.php?acao=documento_conferir&id_orgao_acesso_externo=0
https://sei.ufmg.br/sei/controlador_externo.php?acao=documento_conferir&id_orgao_acesso_externo=0

“E quando comecei a redigir, cheio de confianca,
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de pensar em outro dominio sobrepuja sempre aquele que ndo

pensa de modo algum ou muito pouco.”

Albert Einstein (*14 margo de 1879 118 de abril de 1955)
Como Vejo o Mundo (Mein Weltbild), Zurich, 1953.
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RESUMO

Corynebacterineae € uma subordem de bactérias bacilares Gram-positivas, acido-alcool
resistentes, geralmente aerdbias, da ordem dos Actinomycetales, que inclui diversos géneros como
Corynebacterium e Dietzia. Corynebacterium pseudotuberculosis é uma bactéria de grande
importancia veterinaria que leva a grandes prejuizos ao agronegécio, necessitando de melhor
conhecimento bioldgico para se alcancar um controle das doencas. Por outro lado, espécies do
género Dietzia estdo amplamente distribuidas no ambiente, apresentando um papel oportunista,
com algumas espécies apresentando taxonomia ainda indeterminada. Métodos bioquimicos,
soroldgicos e moleculares tém sido desenvolvidos para o diagnostico laboratorial de doencas
causadas por C. pseudotuberculosis, entretanto a identificagdo do patégeno e a diferenciacdo dos
biovares algumas vezes pode ser imprecisa, e levar a classificagdes taxondmicas com outras
bactérias, ou vice-versa, de forma erronea. Neste estudo realizamos uma analise no MALDI TOF
para otimizar a identificacéo e diferenciacdo de biovares de C. pseudotuberculosis. Nossos dados
mostram que a analise MALDI TOF sdo Uteis para identificar C. pseudotuberculosis em nivel de
espécie e biovares, bem como para identificar outras cepas pertencendo a outros géneros/espécies,
como foi encontrado neste trabalho. Durante essa otimizacdo recebemos uma cepa identificada
como C. pseudotuberculosis, entretanto o resultado do PCR quadruplex, comumente utilizada para
identificacdo de C. pseudotuberculosis, foi negativa, e ao utilizarmos o0 MALDI TOF para essa
identificacdo, foi possivel identificar como uma cepa pertencendo ao género Dietzia. Baseado
nesses achados, neste trabalho partimos entdo para a caracterizacdo gendmica realizando o
sequenciamento do isolado, analises da similaridade gen6mica entre 0 nosso isolado e as espécies
de Dietzia disponivel em banco de dados publicos, analises fenotipicas da cepa, usando como
padrdo espécies ja descritas para o género, bem como algumas andlises bioquimicas. Os resultados
das andlises gendmicas, testes fisioldgicos e bioguimicos utilizados para a caracterizacdo de uma
nova espécie determinaram que essa cepa € diferente das espécies conhecidas do género Dietzia.
As andlises de gendmica comparativa fornecem informacdes sobre a diversidade gendmica,
taxonomia e adaptacdo o género Dietzia e sdo um recurso valioso para estudos gendmicos
funcionais, proporcionando resultados mais abrangentes que o convencional, auxiliando na
identificacdo correta e melhorando o entendimento de sua patologia oportunista. Além disso, 0s
dados deste trabalho sugerem que o isolado seja classificado como representante de uma nova

espécie do género Dietzia, denominada Dietzia calabriae.



Palavras Chaves: Corynebacterium pseudotuberculosis; Dietzia, lIdentificacdo bacteriana,
MALDI TOF, genbmica comparativa, diversidade gendmica, taxonomia.



ABSTRACT

Corynebacterineae is a suborder of Gram-positive, acid-alcohol resistant, usually aerobic, bacillary
bacteria of the order Actinomycetales, which includes several genera such as Corynebacterium and
Dietzia. Corynebacterium pseudotuberculosis is a bacterium of great veterinary importance that
leads to great damage to agribusiness, requiring better biological knowledge to achieve disease
control. On the other hand, species of the genus Dietzia are widely distributed in the environment,
presenting an opportunistic role, with some species presenting an undetermined taxonomy.
Biochemical, serological, and molecular methods have been developed for the laboratory diagnosis
of diseases caused by C. pseudotuberculosis, however, the identification of the pathogen and the
differentiation of biovars can sometimes be imprecise, and lead to taxonomic classifications with
other bacteria, or vice versa, erroneously. In this study, we performed a MALDI TOF analysis to
optimize the identification and differentiation of C. pseudotuberculosis biovars. Our data show that
the MALDI TOF analysis is useful to identify C. pseudotuberculosis at the species and biovars
level, as well as to identify other strains belonging to other genera/species, as was found in this
work. During this optimization, we received a strain identified as C. pseudotuberculosis, however,
the result of the quadruplex PCR, commonly used to identify C. pseudotuberculosis, was negative,
and when we used the MALDI TOF for this identification, it was possible to identify it as a strain
belonging to the genus Dietzia. Based on these findings, in this work we set out for the genomic
characterization, performing the sequencing of the isolate, analysis of the genomic similarity
between our isolate and the species of Dietzia available in public databases, phenotypic analysis of
the strain, using as standard species already described for the genus, as well as some biochemical
analyses. The results of the genomic analyses and physiological and biochemical tests used for the
characterization of a new species determined that this strain is different from the known species of
the genus Dietzia. Comparative genomic analyzes provide information on genomic diversity,
taxonomy, and adaptation to the genus Dietzia and are a valuable resource for functional genomic
studies, providing more comprehensive results than conventional ones, helping in the correct
identification and improving the understanding of its opportunistic pathology. In addition, data
from this work suggest that the isolate be classified as a representative of a new species of the

genus Dietzia, called Dietzia calabriae.

Keywords: Corynebacterium pseudotuberculosis; Dietzia, Bacterial identification, MALDI TOF,

comparative genomics, genomic diversity, taxonomy
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1. INTRODUCAO
1.1. Subordem Corynebacterineae

Corynebacterineae ¢ uma subordem de bactérias bacilares Gram-positivas, acido-alcool
resistentes, geralmente aerobias, da ordem dos Actinomycetales, que inclui diversas espécies
patogénicas, como Mycobacterium, Rhodococcus (CONVILLE; WITEBSKY, 2015; LIM et al.,
2019; STACKEBRANDT; RAINEY; WARD-RAINEY, 1997a).

Os géneros atribuidos a subordem Corynebacterineae contém acidos graxos hidroxila de
cadeia longa chamados &cidos micolicos. O comprimento das cadeias laterais do acido micolico
variam e as diferencas no niumero de carbonos encontrados nos micolatos estdo incluidas entre os
critéerios que definem géneros ou familias encontrados na subordem Corynebacterineae
(CONVILLE; WITEBSKY, 2015). Assim, a subordem Corynebacterineae inclui alguns géneros
como Corynebacterium, Dietzia, Amycolicicoccus, Mycobacterium, Gordonia, Millisia, Nocardia,
Parvopolyspora, Rhodococcus, Skermania, Smaragdicoccus, Williamsia, Segniliparus,
Tsukamurella dentre outros (CONVILLE; WITEBSKY, 2015; NOUIOUI et al., 2018).

1.2 Corynebacterium pseudotuberculosis: Aspectos microbioldgicos e caracteristicas
patologicas

Corynebacterium pseudotuberculosis em termos microbioldgicos caracteriza-se por ser um
patégeno intracelular facultativo, bacilo Gram-positivo curto e irregular (0,5 a 0,6 um por 1 a 3
um) tendo como medidas estruturais formas cocdides e bastoes filamentosos (BINNS; GREEN;
BAILEY, 2007; CONNOR et al., 2000; DERCKSEN et al., 2000; DORELLA; PACHECO; et al.,
2006; SCHREUDER; TER LAAK; DERCKSEN, 1994).

C. pseudotuberculosis pode causar diversas doencas e sintomas em diferentes hospedeiros.
A Linfadenite caseosa (LC) é uma dessas doencas, acometendo diferentes ruminantes como
equinos, bovinos, ovinos e caprinos RO et al., 2013; SCHR(WINDSOR; BUSH, 2016). LC em
pequenos ruminantes pode apresentar manifestacBes que sdo caracterizadas principalmente por
necrose dos linfonodos. Entretanto a forma mais comum da doenca é descrita pela formacdo de
lesbes granulomatosas nos linfonodos superficiais e nos tecidos subcutdneos (DORELLA,;
PACHECO; et al., 2006; SCHREUDER; TER LAAK; DERCKSEN, 1994). Ja os equinos sdo

diagnosticados com linfangite ulcerativa, e o0s bovinos infectados apresentam lesdes
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granulomatosas ulcerativas e mastite (GUEDES et al., 2015). Em bufalos € observado a doenca
cuténea edematosa (OSD), que € caracterizada por um inchacgo cutaneo, edematoso na barbela, na
parte posterior ou nos membros anteriores e na barriga. Essas doencas podem causar perdas
econémicas ao agronegdcio, devido a infeccdo por C. pseudotuberculosis ocasionar reducdo da

producdo de leite e carne, bem como o aproveitamento da pele do animal (SELIM, 2001).

Dentro da espécie C. pseudotuberculosis existe uma subdivisao a respeito da capacidade de
reducdo do nitrato, o que permite a distin¢cdo das mesmas em dois biovares, respectivamente: o
biovar Equi, representado por cepas nitrato redutoras, encontrados majoritariamente em equinos e
bovinos; e o biovar Ovis, representado por cepas isoladas principalmente de caprinos e ovinos, e
que ndo sdo capazes de reduzir nitrato (BIBERSTEIN; KNIGHT; JANG, 1971; CONNOR et al.,
2007).(BIBERSTEIN; KNIGHT; JANG, 1971; CONNOR et al., 2007).

1.3. Diagnéstico de identificacdo para C. pseudotuberculosis

Varios testes de diagndstico soroldgico tém sido desenvolvidos para superar o problema de
identificacdo clinica da infeccdo por C. pseudotuberculosis. (BAIRD; FONTAINE, 2007).
Entretanto, este diagnostico pode nem sempre ser vantajoso ou possivel, pois algumas lesbes
externas podem conter pouco material caseoso ou poucos microrganismos viaveis, bem como
podem apresentar dificuldades no crescimento bacteriano e contaminacdo das culturas (BAIRD;
FONTAINE, 2007; RIBEIRO et al., 2013).

Um método diagndstico que pode ser utilizado para C. pseudotuberculosis € o teste
bioguimico. Entretanto, esses testes possuem desvantagens devido ao custo e longo tempo para a
identificacdo em laboratério (CETINKAYA et al., 2002; MUCKLE; GYLES, 1982). Neste
contexto, técnicas de imunodiagnostico foram elaboradas na tentativa de otimizar o diagndstico. O
ensaio imunoenzimatico (Enzyme-Linked Immunosorbent Assay) (ELISA), tem se mostrado ser
um meétodo flexivel (BINNS; GREEN; BAILEY, 2007; CARMINATI et al., 2003; DERCKSEN
et al., 2000; RIBEIRO et al., 2013; SCHREUDER; TER LAAK; DERCKSEN, 1994). A
performance e aplicabilidade de testes soroldgicos baseiam-se na selecdo de um antigeno
imunodominante que seja reconhecido pela maioria dos hospedeiros infectados por C.
pseudotuberculosis (HUERTA et al.,, 2013; REZENDE et al., 2016). A primeira proteina
recombinante de C. pseudotuberculosis aplicada em ensaio de imunodiagnostico foi a PLD
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(MENZIES; HWANG; PRESCOTT, 2004; STAPLETON; BRADSHAW; O’KENNEDY, 2009).
Entretanto um estudo mais recente de Barral e colaboradores (2019), desenvolveram ensaios para
caprinos e ovinos utilizando um painel de proteinas recombinantes de C. pseudotuberculosis
(rPLD, rCP40, rPknG, rDtxR e rGrx), pois as ferramentas de diagnostico comercialmente
disponiveis apresentam problemas de especificidade, o que pode levar a resultados falso-
negativos. Assim, neste estudo foi desenvolvido um ensaio imunoenzimatico indireto (ELISA)
para a deteccdo de imunoglobulinas especificas em caprinos e ovinos, determinando, assim,

melhores parametros de sensibilidade e especificidade (BARRAL et al., 2019).

Visando a identificacdo de Corynebacterium pseudotuberculosis para deteccao rapida desse
patdbgeno em amostras clinicas, (MENZIES; HWANG; PRESCOTT, 2004; POLLOCK;
ANDERSEN, 1997; SUNIL et al., 2008). Pacheco et al. (2007) desenvolveram um ensaio de
(Polymerase chain reaction) PCR multiplex (mPCR) com os genes 16S rRNA, rpoB e pld. Esse
PCR foi especifico o suficiente para diferenciar C. pseudotuberculosis de C. ulcerans, pois ja foi
relatado que essas duas bactérias possuem 99,7% de similaridade entre seus genes 16S rRNA e
93,6% entre seus genes rpoB (KHAMIS; RAOULT; LA SCOLA, 2004; PACHECO et al., 2007b;
RIEGEL et al., 1995).

Por outro lado, esta abordagem foi aprimorada por Almeida et al. (2017), o qual
desenvolveram um novo ensaio de PCR, denominado PCR quadruplex, para espécies de C.
pseudotuberculosis com foco na diferenciacdo/identificacdo de biovares. Anteriormente, a
identificacdo de biovares de C. pseudotuberculosis, era possivel através dos procedimentos
estabelecidos que incluiam o isolamento e identificacdo do agente por meio de testes bioquimicos,
como o teste de reducdo de nitrato, onde as cepas de biovar ovis sdo negativas para reducdo de
nitrato, enquanto as cepas de biovar equi sdo positivas (ALMEIDA et al., 2017). O PCR quadruplex
tem a adicdo de um novo par de oligonucleotideos iniciadores direcionados ao gene narG do nitrato
redutase ao antigo ensaio de PCR multiplex (ALMEIDA et al., 2017; PACHECO et al., 2007) que
japossuia os genes 16S, rpoB e pld. A partir do PCR quadruplex € possivel distinguir em niveis de
especies e biovares cepas de C. pseudotuberculosis. As vantagens destes ensaios moleculares sobre
0s testes bioquimicos sdo a velocidade, desempenho e reprodutibilidade, e a capacidade de testar
um grande numero de isolados simultaneamente (DORNELES et al., 2014; SUTHERLAND;

HART; BULLER, 1996). Além disso, 0 uso de técnicas moleculares reduz a manipulacdo de
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bactérias viaveis em laboratério e consequentemente o risco de infeccdo acidental, pois C.
pseudotuberculosis pode eventualmente ser um agente zoonético (DORELLA; CARVALHO
PACHECO; et al., 2006).

Novos métodos de identificacdo e diferenciacdo dos biovares de C. pseudotuberculosis
também podem ser implementados a partir de abordagens dmicas. Nesse sentido, Silva et al. (2017)
relataram o primeiro estudo protedmico comparativo dos biovares Equie Ovisde C.
pseudotuberculosis, no qual os autores, considerando o proteoma exclusivo, detectaram proteinas
especificas para as cepas 1002 ovis e 258 equi (modelos para os biovares Equi e Ouvis,
respectivamente). Essas diferencas protebmicas foram relacionadas principalmente a proteinas
envolvidas no metabolismo celular, armazenamento e processamento de informacdes, e sinalizacdo
(SILVA et al., 2014). No proteoma exclusivo de 258 _equi, as ORFs que codificam vinte proteinas
sdo anotadas como pseudogene em 1002_ovis. No entanto, seis ORFs que codificam proteinas ndo
foram detectadas no genoma de 1002_ovis (SILVA et al., 2014, 2017).

E importante ressaltar que as deteccBes antecipadas e rapidas na identificacdo dos
microrganismos envolvidos em processos infeccioso, como o caso de C. pseudotuberculosis, sdo
essenciais para a resposta mais eficaz a um surto de doencas infecciosas no rebanho. Esta
identificacdo rapida é necessaria ndo apenas para tratar os animais de forma eficaz, mas também
para estabelecer uma gestdo de surto, o rastreamento de origem, e analise de ameaca contra a
doenca (LISTA et al., 2011).

No momento atual, os laboratérios de microbiologia clinica estdo passando por
transformacdes de ferramentas classicas para novas ferramentas de diagndstico como PCR, PCR
em tempo real, espectrometria de massa MALDI-TOF e sequenciamento, e (GONCALVES et al.,
2014; RAOULT; FOURNIER; DRANCOURT, 2004), que, devido & diminuigdo dos custos,
podem preferir usar testes moleculares em vez de bioquimicos. Além disso, os testes moleculares
costumam ser mais rapidos, faceis e tém menos subjetividade na interpretacao, tornando-os focos
de varios estudos recentes (LANGONI et al., 2017)).

Dentro desse contexto, uma técnica que esta sendo utilizada para a identificacdo de
microrganismos é o MALDI-TOF (LISTA etal., 2011). A lonizacéo de proteinas pela energia laser

(MALDI) seguida pela separacdo e deteccao de ions pelo tempo de voo (TOF) € um método rapido
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para analisar diferencas bioldgicas em microrganismos. A sua capacidade para analisar as células
bacterianas inteiras com virtualmente nenhuma preparagéo da amostra melhorou drasticamente o
tempo necessario para a identificacdo de uma cultura positiva (1-2 min, comegando com uma
colonia). As vantagens de MALDI-TOF em relacdo as técnicas convencionais € que ela é um
método preciso, rapido, eficaz em termos de custos, 0 que é apropriado para identificacdo de alto
rendimento de bactérias por pessoal de laboratério (ASSIS et al., 2017; LISTA et al., 2011). Esta
técnica tem desempenhado um papel cada vez mais significativo, e devido as suas capacidades tem
sido utilizada numa grande variedade de aplicacGes (LEWIS et. al., 2000; MANN et al., 2001).

Hé& dois métodos para o preparo da amostra, 0 método direto e o da extragdo celular. No
método direto, uma pequena porcdo da col6nia isolada de um microrganismo € espalhada
diretamente sobre a placa-alvo e a matriz orgéanica (substancia que facilita a ionizacdo da amostra)
¢ adicionada sobre ela. Esta técnica vem sendo utilizada com maior frequéncia para identificacéo
de espécies bacterianas como Streptococcus agalactiae, Lactococcus garvieae, Streptococcus iniae
e Streptococcus dysgalactiae subsp. disgalactiae (ASSIS et al., 2017). Por vezes, melhor resultados
de identificacdo bacteriana sdo relatados com o uso da extracdo proteica que consiste em uma
metodologia que rompe as células ou tecidos para conseguir acessar as proteinas-alvo, melhorando
a qualidade do espectro de massa (AGUSTINI, 2014),

Dados obtidos a partir do MALDI-TOF podem ser analisados com o auxilio de softwares,
como o Biotyper (Bruker Daltonics, Alemanha), que contém um banco de dados utilizado para
identificacdo de microrganismos, uma vez que contém espectros de massa, obtidos principalmente
de bactérias, fungos e leveduras. Os resultados das analises neste banco séo liberados na forma de
log escores que variam de 0 a 3,0, sendo estes valores gerados pela comparagéo entre a lista de
sinais de um isolado desconhecido com um espectro de referéncia, levando em consideragédo
informacgdes referentes a relagdo massa/carga (m/z), a intensidade relativa do sinal e as frequéncias
dos picos presentes(ASSIS et al., 2017; KANAK; YILMAZ, 2018; LISTA et al., 2011).

Para prevenir identificagbes incorretas, o MALDI-TOF Byotiper usa critérios bem
rigorosos para aceitar uma determinada identificagdo. Assim, um resultado é considerado
consistente no que diz respeito a uma classificacdo a nivel de espécie do microrganismo, quando
apresentar um valor de log escore > 2,0. Quando o log escore fica entre 1,7 e 2,0, apenas 0 género

é confirmado. Por outro lado, quando o resultado for < 1,7 significa que ndo Se pode atribuir
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nenhuma identificagdo ao microrganismo analisado (KANAK; YILMAZ, 2018; LISTA et al.,
2011). Para (KANAK; YILMAZ, 2018; LISTA et al., 2011). Portanto, a utilizacdo de novos
métodos de diferenciacdo dos biovares de C. pseudotuberculosis pode auxiliar numa melhor

caracterizacdo clinica e microbioldgica destes patdgenos.

E de suma importancia também destacar que uma diferenciacdo mais precisa entre 0s
biovares de C. pseudotuberculosis faz com que esta espécie também ndo seja erroneamente
classificada como uma outra espécie ou vice-versa, principalmente aquelas pertencentes a
subordem Corynebacterinaceae, como por exemplo bactérias do género Dietzia, que muitas vezes

podem apresentar semelhancgas microbiol6gicas em comum.

1.4 Género Dietzia

O género Dietzia é considerado um tdxon monoespecifico, proposto por Rainey (1995)
(RAINEY et al., 1995) para dois organismos classificados como Rhodococcus maris
(NESTERENKO; NOGINA; KASUMOVA, 1982), anteriormente conhecido como
'Flavobacterium maris'. Dietzia spp. pertence a familia Dietziaceae, subordem Corynebacterineae,
ordem Actinomycetales (NATARAJAN et al., 2005). Até o momento da escrita deste trabalho, o
género Dietzia compreende dezenove espécies descritas publicadas na Lista de nomes procarioticos
com posicdo na nomenclatura (LPSN) (https://lpsn.dsmz.de/genus/dietzia), mas apenas onze
dessas espécies tem a nomenclatura correta publicada e validada (GHARIBZAHEDI; RAZAVI;
MOUSAVI, 2013).

Varios membros do género Dietzia foram originalmente isoladas de varios ambientes, como
um lago de soda na Africa Ocidenta( DUCKWORTH et al., 1998), deserto frio do Himalaia
Indiano (MAYILRAJ et al., 2006a), deserto oriental do Egito (LI et al., 2009), ar de celeiro de pato
(KAMPFER et al., 2010), arvores de mogno em Timor Ocidental (YAMAMURA et al., 2010a),
comida tradicional coreana (KIM et al., 2011), campos de petrdleo ou solo contaminado por
petréleo (NESTERENKO; NOGINA; KASUMOVA, 1982; WANG, XING BIAO et al., 2011),
agua do produto em campo petrolifero (FANG et al., 2021; WANG, XING BIAO et al., 2011), e
também de amostras clinicas, como proétese da articulacdo do quadril, cultura de amostra da parede
aodrtica e liquido pericardico, além de cultura de pele de um paciente com papilomatose (BEMER-
MELCHIOR et al., 1999; JONES et al., 2008; PIDOUX et al., 2001a).


https://lpsn.dsmz.de/genus/dietzia
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As espécies de Dietzia sdo caracterizadas por microrganismos Gram-positivos, aerdbicos,
ndo moveis, ndo formadores de enddsporos, ndo acido-resistentes, oxidase-positivos e catalase-
positivos, que formam cocos que germinam em bastonetes curtos ou células em forma de bastonete,
e geralmente apresentam diametro celular médio de aproximadamente 1,1-1,5 um. As coldnias sao
circulares, elevadas ou convexas, brilhantes, de coloragéo laranja a vermelho coral, com bordas
inteiras sendo formadas em meio de 4gar (KOERNER; GOODFELLOW; JONES, 2009).

Algumas espeécies de Dietzia apresentam um crescimento na faixa de temperatura de 10-
45° C. No entanto, a temperatura 6tima de crescimento para varias cepas varia entre 25 e 30° C. A
maioria dos isolados de Dietzia podem crescer em condi¢Oes salinas e alcalinas elevadas
(GHARIBZAHEDI; RAZAVI; MOUSAVI, 2013), sendo que a tolerancia maxima de NaCl para o
cultivo de cepas fica na faixa de 15%, podendo variar entre 7 - 15% de NaCl, no qual as cepas
apresentam um bom crescimento (GHARIBZAHEDI; RAZAVI; MOUSAVI, 2013)

As cepas de Dietzia sdo quimiorganotrofias, apresentando metabolismo oxidativo, com
arabinose e galactose sendo os principais agucares que compdem a parede celular. Os acidos graxos
celulares de cadeia longa consistem em componentes saturados e insaturados predominantemente
de cadeia linear. Os principais perfis de lipidios polares presentes nas cepas das espécies de Dietzia
sdo difosfatidilglicerol, fosfatidilglicerol, fosfatidilinositol manosideo, fosfatidilinositol e
fosfatidiletanolamina. Os 4&cidos graxos de células inteiras de Dietzia consistem

predominantemente, em componentes saturados e insaturados de cadeia linear.

As quinonas isoprenoides sdo uma classe de lipideos terpendides com potencial inerente
semelhante a quimiotaxonomia. Eles sdo constituintes das membranas plasmaticas bacterianas e
desempenham papéis importantes no transporte de elétrons, fosforilagdo oxidativa e,
possivelmente, transporte ativo (GOODFELLOW; MALDONADO, 2006). A menaquinona
desidrogenada com oito unidades de isopreno [MK-8 (H 2)] é a predominante em cepas de Dietzia.
Entretanto, uma quantidade menor de MK-7(H 2) também foi observada em algumas espécies de
Dietzia (D. cinnamea, D. papillomatosis, D. aerolata e D. aurantiaca. Além disso, D. aerolata
e D. aurantiaca possuem o sistema de quinona composto por MK-9(H 2) (KAMPFER et al., 2010,
2012a; RAMMER et al., 2013). O conteudo de G + C do DNA gendmico para Dietzia spp varia de
aproximadamente 64,7 a 73% (GHARIBZAHEDI; RAZAVI; MOUSAVI, 2013).

1.4.1. Fatores de viruléncia e potencial patogénico
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Até 0 momento, existem poucos trabalhos tentando identificar os potenciais fatores de
patogenicidade das espécies de Dietzia. Estas espécies, sdo considerdas como patégeno
oportunistas, capazes de colonizar a pele humana (KOERNER; GOODFELLOW:; JONES, 2009)

como ja descrito no tdpico de relevancia clinica do género.

Chun et al. (1996) mostraram que as paredes das espécies Dietzia contém &cido
tuberculostearico (CHUN, J. et al., 1996), um componente de lipoarabinomanano, que por sua vez
faz parte da membrana bacteriana. Este bioproduto € um poderoso estimulador do fator de necrose
tumoral-a. em macrofagos humanos (COLSTON, 1996; HUNTER; GAYLORD; BRENNANS,
1986; RHOADES; ULLRICH, 2000). . Além disso, algumas Dietzia spp sdo capazes de oxidar
uma variedade de n -alcanos e iso-alcanos (YASSIN; HUPFER; SCHAAL, 2006a; YUMOTO et
al., 2002), assim como Corynebacterium spp. (BROADWAY; DICKINSON; RATLEDGE, 1993)
0 que poderia indicar sinais de patogénese deste microrganismo. Algumas Dietzia spp foram
claramente implicadas como um patégeno humano potencialmente invasivo (BEMER-
MELCHIOR et al., 1999; PIDOUX et al., 2001b; REYES et al., 2006). Embora o significado
desses achados permaneca incerto, a busca por Dietzia spp. como potenciais patdgenos devem ser
incluidos em investigacdes sistematicas de infecgdes humanas e em animais quando nenhum outro

patégeno bem reconhecido puder ser encontrado.

Ao investigar o potencial patogénico de microrganismos, 0s reservatorios naturais sao
considerados como fontes de infeccdo, sendo a identificacdo de fatores de patogenicidade os
primeiros passos no desenvolvimento de uma compreensdo desses patdgenos emergentes
(KOERNER; GOODFELLOW:; JONES, 2009).

1.4.2. Suscetibilidade antimicrobiana

Até o momento, nenhuma averiguagdo abrangente foi realizada sobre a susceptibilidade a
antibioticos para representantes de espécies de Dietzia. O que se conhece até 0 momento € que 0s
isolados de alguns trabalhos realizados mostram que as espécies eram susceptiveis a uma ampla
gama de antibioticos, incluindo vancomicina, amicacina, amoxicilina-acido clavulanico,
ampicilina, ceftriaxona, claritromicina, ciprofloxacina, imipenem e linezolida (NIWA et al., 2011;
PILARES et al., 2010). Dietzia maris foi relatada como suscetivel ao aztreonam, ciprofloxacina,
mezlocilina, oxacilina, penicilina G, perfloxacina e ticarcilina (NIWA et al., 2011; PILARES et
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al., 2010), enquanto Dietzia maris JCM 6166 D. natronolimnaea mostraram-se resistentes ao
trimetoprim/sulfametoxazolt por testes de difusdo de disco em conformidade com as diretrizes
estabelecidas pelo Comité de I' Antibiogramme de la Société Francaise de Microbilogie (BIZET et
al., 1997; NIWA et al., 2011; PILARES et al., 2010). Por sua vez, tem sido relatado que Dietzia
maris JCM 6166 é altamente suscetivel aos antifingicos azdlicos, mas € resistente ao voriconazol
(DABBS et al., 2003).

1.4.3. Potenciais dificuldades no isolamento e reconhecimento de espécies de Dietzia

Determinados actinomicetos corineformes, como Rhodococcus equi,
Dietzia sp., Gordonia sp. e Nocardia sp., exibem caracteristicas morfofisiologicas muito similares,
0 que pode dificultar a diferenciacdo entre os géneros microbianos (BIZET et al., 1997). Muitos
laboratérios de microbiologia utilizam essencialmente os testes fenotipicos para a identificacdo
de R. equi (PRESCOTT, 1991).

Dietzia e R. equi sdo actinomicetos intimamente relacionados. A diferenciacdo fenotipica
entre R. equi e Dietzia baseado em sua morfologia de coloragdo de Gram e aparéncia de colbnia
sdo consideradas imprecisas pois apresentam uma grande semelhanca, as propriedades de
crescimento e os perfis bioquimicos ndo é confiavel e requer métodos moleculares para diferencia-
las (DE ALEGRIA PUIG et al., 2017). Além disso, o teste APl CORYNE, provavelmente o kit de
identificacdo comercial mais utilizado, falha em identificar Dietzia ao nivel de género (KOERNER,;
GOODFELLOW; JONES, 2009). As espécies de Dietzia crescem relativamente devagar, pode
demandar incubacao a temperaturas de 37° C, e, portanto, possivelmente podem ser perdidas se as
placas de cultura ndo forem incubadas por pelo menos 48—-72 h em uma temperatura apropriada
(KOERNER; GOODFELLOW; JONES, 2009; NIWA et al., 2011).

Estudos tem realizado novas reclassificacdes de algumas de suas bibliotecas de isolados
antes identificados como Rhodococcus spp. e posteriormente reclassificado como Dietzia spp. e
outros taxons. O trabalho de (NIWA et al., 2011), reclassificaram uma colegdo que possuiam 62
isolados clinicos humanos identificados como de R. equi, cuja identificacdo tinha sido realizada
apenas por meio de testes bioquimico. Um estudo de (PILARES et al., 2010), relataram que 15
isolados bacterianos de amostras clinicas, que foram coletadas no Hospital Marqués de Valdecilla,
Santander, Espanha, haviam sido identificados como R. equi utilizando o teste API Coryne
(PILARES et al., 2010). O trabalho de (DE ALEGRIA PUIG et al., 2017) reclassificaram um
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painel de 154 isolados inicialmente identificados como R. equi pelo teste API Coryne V2.0, sendo
que um total de 144 isolados foram positivos para R. equi e os outros 10 isolados foram
identificados como pertencentes ao género Dietzia. Além disso eles avaliaram o desempenho da
espectrometria de massas para a diferenciacdo entre essas espécies usando o equipamento Biotyper
e o Viter MS que permitem a diferenciag@o entre R. equi e Dietzia spp., mas a identificacéo de
todos Dietzia sp. isolados no nivel de espécie precisaram do sequenciamento do gene 16S rRNA
(DE ALEGRIA PUIG et al., 2017).

Até o momento ndo foi encontrando nenhum trabalho descrevendo reclassificacdo, tdo
pouco algum problema na identificagcdo entre Dietzia e Corynebacterium pseudotuberculosis.
Entretanto as caracteristicas celulares micro morfoldgicas, bioquimicas, de crescimento e
guimiotaxonémicas de um microrganismo sdo frequentemente aplicadas para isolar e identificar
esses microrganismos (GHARIBZAHEDI; RAZAVI;, MOUSAVI, 2013; KOERNER;
GOODFELLOW; JONES, 2009). Porém, essas estratégias nem sempre sdo adequadas para a
classificacdo e identificacdo. Assim, analises que incluam abordagens dmicas, como a gendmica
comparativa, pangendmica, filogendmica, entre outras, vém sendo continuamente exploradas para
esta finalidade. Por exemplo, a analise filogenética usando sequéncias do gene 16S rRNA,
espectrometria de massas, Identidade Média de Nucleotideos (ANI), Valores digitais Hibridacéo
DNA-DNA (dDDH) tém sido aplicados com sucesso como um relégio molecular para estimar as
relacBes entre bactérias, e mais recentemente se tornou importante como um meio de identificar

uma bactéria desconhecida para o0 género ou espécie.

1.5 Genbmica
1.5.1 Sequenciamento de genomas

As primeiras tecnologias de sequenciamento de genomas conhecidas na literatura como
primeira geracao sdo os metodos de Sanger e o de Maxam e Gilbert, sendo que o mais utilizado €
0 de Sanger (COSTA, 2015; SANGER; NICKLEN; COULSON, 1977). Em 1987 foi lancado o
primeiro sequenciador automatico conhecido como AB370, que foi comercializado pela Applied
Biosystems, utilizando eletroforese por 6 capilaridade (LIU et al., 2012). Este sendo muito
utilizado nos anos seguintes propiciou o inicio da chamada corrida do sequenciamento gendmico,

sendo utilizado inclusive no projeto genoma humano (LANDER et al., 2001; LIU et al., 2012).
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A partir de 2004 intensificou-se o desenvolvimento das tecnologias NGS, a introdugao
destas tecnologias reduziu o custo do sequenciamento e aumentou a capacidade de producgéo de
dados por corrida (KAUR & MALIK, 2013), permitindo assim que um genoma bacteriano fosse
sequenciado em questdo de horas ou poucos dias (KOBOLDT et al., 2013; LOMAN et al., 2012).
O primeiro sequenciador com tecnologia NGS a ser lancado foi o 454 da Life Sciences (Roche)
em 2005, que utiliza o método de pirosequenciamento (LIU et al., 2012). Um ano apds o
lancamento do 454, a Solexa lanca o seu sequenciador, que foi adquirido pela Illumina no ano
seguinte, o qual utiliza o sequenciamento por sintese. A proxima tecnologia de sequenciamento foi
0 SOLID, o qual utiliza a detec¢do por ligacdo de oligonucleotideos e um codigo de cores para
identificar as bases desenvolvido pela Applied Biosystems em 2007 (atualmente pertence a Thermo
Fisher Scientific) (VAN DIJK et al., 2014). Em 2010, surge o PacBio RS (Pacific Biosciences) que
realiza o sequenciamento pelo processo conhecido como Single Molecule, Real-Time (SMRT)
(PACBIO SYSTEMS, 2016). No ano de 2015 o Oxford Nanopore Technologies MinlON foi
lancado, este tem o tamanho de um pendrive o que possibilita ser facilmente carregado para fazer
0 sequenciamento do DNA genémico no campo ou em qualquer lugar no momento da coleta do
mesmo (OXFORD NANOPORE TECHNOLOGIES, 2016). O grande diferencial dessas
tecnologias é a capacidade de sequenciamento por molécula Unica e o tamanho das reads (VAN
DIJK et al., 2014).

As tecnologias NGS tém contribuido para a realizacdo de diferentes estudos dentro da
biologia, tais como: sequenciamento de genoma completo (WGS), ressequenciamento gendémico,
metagendmica, desenvolvimento de marcadores (geralmente genes alvos para o tratamento de
doencas/infeccdes), transcriptdmica, analises epigenéticas (regulacbes celulares) e estudos de
interacdo proteina-DNA (KAUR & MALIK, 2013).

1.5.2 Genbmica comparativa

Estudos de genémica comparativa iniciaram-se em meados de 1995, quando o grupo de
Craig Venter publicou o sequenciamento de dois genomas bacterianos (COSTA, 2015;
FLEISCHMANN et al., 1995). A gendmica comparativa nos permite avaliar relacionamentos

evolutivos entre diferentes individuos, através da comparagdo entre os genomas de dois ou mais
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organismos (COSTA, 2015). A quantidade de dados gendmicos depositados nos bancos de dados
publicos vém crescendo, devido ao avanco das novas plataformas de sequenciamento, que vem
auxiliando para o desempenho de estudos na area da gendémica comparativa (Field et al., 2006; Hu
etal., 2011).

A provével funcdo dos genes que se diferenciam entre as linhagens e os estudos
direcionados a composi¢do do genoma, nos permitem identificar mecanismos importantes para
sobrevivéncia e a adaptacdo de microrganismos nos seus respectivos hospedeiros, bem como, em
seus nichos preferenciais. As pesquisas de gendmicas comparativas fornecem detalhes adicionais,
que podem auxiliar na descoberta de genes alvos de interesse biomédico, ambiental, biotecnoldgico
etc. (SHEPPARD; GUTTMAN; FITZGERALD, 2018; TOFT; ANDERSSON, 2010). Através da
comparacdo de varias linhagens de uma mesma espécie ou de espécies diferentes, faz se possivel
reconhecer similaridades e diferencas existentes entre os genomas, bem como se possivel
esclarecer quais sequéncias sdo capazes de divergir em mudancas fenotipicas nos organismos e

elucidar os mecanismos de viruléncia entre organismos patogénicos (HU et al., 2011).
1.5.3. Filogenética e Filogenébmica

Anadlise filogenética pode ser considerada como um sistema de classificacdo que leva em
conta a evolucdo entre as espécies a partir de sequéncias de acidos nucleicos ou aminoacidos
(CALDART et al., 2016). No entanto, os métodos baseados em um Unico ou um conjunto de
genes universalmente conservados, como genes codificadores de proteinas ribossémicas 16S
rRNA, muitas vezes ndo sao aplicaveis a genomas incompletos (por exemplo, 0s genes nao sao
montados), e esses genes geralmente mostram maior conservacdo de sequéncia do que a média do
genoma. Consequentemente, a analise de genes universais ndo fornece resolucao suficiente no
nivel de espécie, e frequentemente resultou na falta de descontinuidades genéticas claras entre

taxons intimamente relacionados (JAIN et al., 2018).

A disponibilidade crescente de sequéncias de genoma completo hoje em dia, permite uma
inferéncia filogenética de organismos em escala de genoma chamada filogendmica (EISEN, 1998).
A filogendmica pode ser caracterizada por ser uma analise comparativa em escala gendmica para
0 estudo dos relacionamentos evolutivos entre espécies, buscando uma melhor compreensao dos
mecanismos de evolugdo molecular (CHAN; RAGAN, 2013; EISEN, 1998). A filogenémica é
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indispensavel na avaliacdo de diversas hipdteses bioldgicas, por exemplo, a distribuicdo e
disseminacdo da patogenicidade bacteriana, a convergéncia ou divergéncia da funcdo génica, a
origem das organelas ou a resolucdo da arvore (ou rede) da vida. Geralmente utilizar o0 genoma
inteiro ou uma grande quantidade de genes torna a filogenia mais confiavel do que utilizando um
ou alguns genes podendo, assim, obter informacdo detalhada das diferencas entre os genomas e
ndo simplesmente uma classificagio geral destes (AGREN et al., 2012).

1.5.4. Similaridade nucleotidica

Um trabalho primordial na avaliacdo dos limites das espécies é a estimativa da relagdo
genética entre dois genomas. Nos Ultimos anos, a identidade de nucleotideos médios de todo o
genoma (ANI) surgiu como um método robusto para esse trabalho (JAIN et al., 2018). ANI
representa a identidade nucleotidica média de todos os genes ortélogos compartilhados entre
quaisquer dois genomas, e oferece resolucao robusta entre cepas da mesma espécie ou de espécies
intimamente relacionadas considerando uma identidade >95% como evidéncia de organismos
pertencentes a mesma espécie (RODRIGUEZ-R et al., 2018). ANI apresenta algumas vantagens
importante em relagcdo a outras técnicas ja existentes como, DDH, sequenciamenteo 16S, pois
apresenta maior resolucdo entre genomas intimamente relacionados, pode ser estimado entre
sequéncias gendmicas incompletas recuperadas do ambiente, usando técnicas metagendmicas, ou
de célula Unica que ndo codificam genes universalmente conservados, mas codificam pelo menos
algumas centenas de genes compartilhados, assim expandindo bastante o nimero de sequéncias
que podem ser estudados e classificados em comparagdo com uma abordagem universal baseada
em genes (AUCH et al., 2010; JAIN et al., 2018; RODRIGUEZ-R et al., 2018).

ANI reflete o conceito microbioldgico tradicional de relacdo de hibridizacgdo DNA-DNA
(dDDH) para definir espécies, e apresentou um potencial para substituir a hibridizacdo DNA-DNA
como medida padrdo de parentesco, pois € mais facil de estimar e representa dados portateis e
reprodutiveis. A hibridizacdo DNA-DNA é um método de laboratorio experimental, atualmente
ainda usado como padréo-ouro taxonémico para delimitacdo de espécies em Archaea e Bacteria
(MEIER-KOLTHOFF et al., 2013a). Se o DNA gendmico de dois organismos respectivos revela
uma similaridade DDH abaixo de 70% este € o principal argumento para considera-los como
espécies distintas e vice-versa. No entanto, existem calculadoras in-silico capazes de simular com

sucesso 0s resultados de hibridizacdo experimental, fornecendo correlagcbes mais altas com um
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conjunto empirico de valores de DDH do que métodos anteriores baseados em sequéncia de
genoma. Além disso, estes métodos sdo capazes de lidar com genomas bastante incompletos,
também aplicando limite minimo de 70% para se considerar um organismo da mesma espécie.
(AUCH et al., 2010; MEIER-KOLTHOFF et al., 2013a).

1.5.5 Pangendmica

O conceito de pangenoma se refere ao conjunto de todas as familias de genes que se
encontram nos genomas de um grupo de linhagens. O pangenoma € subdividido em trés grupos. O
“genoma central”, que configura os genes essenciais que por sua vez estdo presentes entre todas as
linhagens; o “genoma acessorio” que inclui os genes que as bactérias necessitam para sobreviver
em um ambiente especifico sdo compartilhados entre duas ou mais cepas; ainda temos 0s genes
espécie-especificos pertencentes a uma unica linhagem. (MIRA et al., 2010; TETTELIN et al.,
2008). Desta forma, nos estudos pangendmicos podem-se caracterizar o pangenoma de uma espécie
como “aberto” ou “fechado”. O pangenoma “aberto” indica a possibilidade do aumento de novos
genes no genoma core a medida que um novo genoma € inserido na analise. O mesmo néo acontece
no pangenoma “fechado”, pois ele € caracterizado por apresentar pouca ou nenhuma aquisigao de

novos genes (MUZZI; MASIGNANI; RAPPUOLL, 2007; TETTELIN et al., 2008).

1.5.6 Plasticidade genémica

Estudos de genémica comparativa também tém contribuido na melhor compreensdo de
caracteristicas como evolucdo e patogenicidade bacteriana. O genoma bacteriano é um
agrupamento de regides estaveis e instaveis. A variacdo na estrutura do genoma, ou plasticidade
gendmica, pode se dar pelos processos de duplicacdes, inversdes, translocagOes, aquisicdo
(insercdo) e perda (delecdo) de sequéncias (PATEL, 2016). O estilo de vida e o tamanho do genoma
estdo diretamente relacionados. O genoma bacteriano em organismos patogénicos pode ser menor
que organismos ndo patogénicos devido a sua habilidade de utilizar metabolitos produzidos pelo
hospedeiro (BARBOSA et al., 2014; OCHMAN; DAVALOS, 2006; TOFT; ANDERSSON,
2010).

Outra caracteristica que auxilia no estudo da plasticidade genémica sdo a predicéao de llhas
gendmicas (GEIs), que sé@o regides do DNA que podem ter sido adquiridas por transferéncia
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horizontal (THG), contribuindo para a plasticidade, evolucéo, e a adaptacdo de microrganismos.
GEls podem ser classificadas em quatro diferentes categorias: Ilhas de Patogenicidade (PAIS),
quando elas carregam genes de viruléncia (GAL-MOR; FINLAY, 2006; SCHMIDT; HENSEL,
2004; SOARES et al; 2016) llhas metabolicas (MIs), quando possuem genes associados a
biossintese de metabolitos (SOARES et al., 2016; TUMAPA et al., 2008); ilhas de resisténcia
(RIs), quando possuem genes que codificam a resisténcia, tipicamente contra antibioticos ;
(KRIZOVA; NEMEC, 2010; SOARES et al., 2016); e por fim as ilhas simbidticas (Sls), que
facilitam as associacdes simbioticas do hospedeiro com outros microrganismos) (BARCELLOS
etal., 2007; SOARES et al., 2016).

2. JUSTIFICATIVA DA PESQUISA DE TESE

Corynebacterium. pseudotuberculosis ¢ o causador da Linfadenite Caseosa que causa
grandes perdas econdmicas para pequenos e grandes produtores de animais ruminantes (ALVES;
PINHEIRO; PIRES, 1997). C. pseudotuberculosis pode ser dividida em dois biovares: Equi,
encontrados majoritariamente em equinos e bovinos, sdo nitrato redutoras e Ovis, isolado
principalmente de caprinos e ovinos, ndo reduz nitrato. No entanto, muitas vezes se torna dificil
diferenciar microbiologicamente estes dois biovares. Nesse contexto, varios testes de diagndstico
soroldgico, bioguimico e molecular tém sido desenvolvidos para superar o problema de
identificacdo da infeccdo por C. pseudotuberculosis. No entanto, muitos destes testes apresentam
limitacBes, necessitando-se, dessa forma, que novos métodos sejam implementados
(CETINKAYA et al., 2002; MUCKLE; GYLES, 1982). O MALDI-TOF vem se mostrando uma
excelente ferramenta para identificacdo de novos isolados bacterianos. Assim, devido a dificuldade
de se diferenciar isolados de C. pseudotuberculosis quanto ao seu biovar, nés testamos 0 MALDI
TOF para ver a precisdo da técnica na diferenciacdo dos biovares equi e ovis de C.
pseudotuberculosis, devido ao seu custo menor, apos a aquisicdo do equipamento, agilidade
metodologica, e as limitagdes que muitos testes convencionais apresentam na diferenciagdo dos
biovares desta espécie. Sendo assim, esse trabalho vai fornecer mais uma técnica adequada para a
identificacdo rotineira de microrganismos com baixo custo, fornecendo resultados precisos e

rapidos.
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Por outro lado, durante a realizacdo dos experimentos com o0 MALDI para diferenciacédo de
C. pseudotuberculosis, nosso laboratério recebeu dois isolados bacterianos removidos do abscesso
de uma égua em Reggio Calabria, Italia, identificados primeiramente como Corynebacterium
amycolatum e C. pseudotuberculosis. No animal, os locais das lesdes, tamanho e aparéncia
macroscopica pareciam lesdes tipicas da infeccdo por C. pseudotuberculosis. No primeiro
momento, a identificacdo dos isolados como Corynebacterium amycolatum e Corynebacterium
pseudotuberculosis foram realizados utilizando o teste API- Coryne com teste de maltose e leucina-

B-naftilamida atipicas para o primeiro isolado e urease atipico para o segundo isolado.

Com base nesses resultados, foi administrado um ciclo de antibioticoterapia com
rifampicina, duas vezes ao dia, por via oral por trés semanas. Devido a esse tratamento foi
observado um desaparecimento total dos nédulos menores e reducdo do tamanho das massas
maiores, juntamente com uma recuperacéo geral e melhora das condi¢des corporais do animal. Oito
meses apos o tratamento, 0s nédulos, embora menores, ainda estavam presentes e o quadro clinico
do animal se deteriorou: anorexia, letargia, perda de peso, desidratacéo e hipertermia. Sendo assim,
realizamos o PCR quadruplex que é comumente utilizado em nosso laboratoério para identificacéo
de C. pseudotuberculosis, e a técnica de MALDI TOF. O PCR quadruplex foi negativa para C.
pseudotuberculosis e a técnica de MALDI para o isolado 1 foi identificado como Arthrobacter
creatinolyticus, recentemente reclassificada como Glutamicibacter creatinolyticus. Por sua vez, o
isolado 2 foi identificado como Dietzia pelo MALDI Biotyper (Bruker Daltonics, Bremen,
Alemanha), indicando uma identificacdo confidvel apenas em nivel de género. Com base no
diagnéstico  bacteriolégico, a escolha de uma terapia alvo  final com
Sulfametoxazol + Trimetoprima (10 g/100 kg por via oral no primeiro dia e depois 5 g/100 kg por
10 dias) foi realizada, resultando em extensas reduc¢6es no nimero e tamanho das les6es detectadas

e a égua fazendo progressos clinicos significativos.

Baseado nesses achados, nos entdo decidimos trabalhar durante o0 mestrado com a espécie
identificada como Arthobacter creatinolyticus, o qual realizamos toda a caracterizacéo da espécie,
sendo esté a primeira espécie isolada de um equino, realizamos a gendmica comparativa do género
e a publicacdo. Por conseguinte, a segunda amostra identificada com o possivel género Dietzia esta
sendo trabalhada nesse doutorado, no qual entdo buscamos realizar a caracterizagcdo dessa nova

espécie, dando continuidade a este trabalho de pesquisa de Tese, em que saimos da identificacdo
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de biovares de Corynebacterium pesudotuberculosis para uma identificagdo imprecisa de um
isolado do género Dietzia.



3. CAPITULO |
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3.1 OBJETIVOS
3.2 OBJETIVO GERAL

« ldentificar biovares Equi e Ovis de C. pseudotuberculosis utilizando a técnica de MALDI

TOF;

3.3 OBJETIVOS ESPECIFICOS

e Selecionar 230 cepas de biovares equi e ovis de C. pseudotuberculosis isoladas de uma
variedade de hospedeiros naturalmente infectados;

e Extrair proteinas de quatro linhagens duas biovar ovis e duas biovar equi para utilizacdo
como referéncia dos Perfis de espectros principais ((Main Spectra Profiles) (MSPs));

e Classificar os biovares usando o método Maquina de vetor de suporte ((Support Vector
Machine) (SVM)) utilizando o software Bionumerics e método Incorporagéo de vizinhos
estocasticos distribuidos ((t-Distributed Stochastic Neighbor Embedding) (t-SNE)),
utilizando a linguagem R e o0 pacote Rtsne;

e Classificar os Biovares usando o indice Geral de Relagdo do Genoma (OGRI) para 20

linhagens de C. pseudotuberculosis;
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3.4. ARTIGO CIENTIFICO 1: Exploring the MALDI Biotyper for the identification of
Corynebacterium pseudotuberculosis biovar Ovis and Equi

Publicado em: Journal of the American Society for Mass Spectrometry; Fator de

impacto (atual): 3.262.

o DOI: https://doi.org/10.1021/jasms.2c00174

Corynebacterium pseudotuberculosis € uma bactéria patogénica intracelular facultativa,
classificada em em dois biovares Ovis e Equi que pode infectar animais silvestres e domésticos e
é potencialmente zoonoética para humanos. C. pseudotuberculosis podem causar doengas como
linfadenite caseosa em caprinos e ovinos, linfangite ulcerativa em equinos, dermatose edematosa
em bufalos e acne contagiosa em bovinos, essas doencas podem estar relacionadas perdas
econiomicas significativas. Existem diversos testes soroldgicos e moleculares para o diagnostico
laboratorial de doengas causadas por C. pseudotuberculosis, entretanto a identificacdo do patdgeno
e a diferenciagéo de biovares podem ser demoradas, caras e confusas em compara¢do com outras

bactérias.

Portanto, este artigo cientifico relata a utilizacdo da técnica de MALDI- TOF na tentatiza
de otimizar a identificacéo e diferenciacdo de biovares de C. pseudotuberculosis, juntamente com
com as analises de Support Vector Machine, o método t-Distributed Stochastic Neighbor
Embedding e abordagem baseada no indice Geral de Relacionamento do Genoma. Para realizago

do trabalho utilizamos 230 cepas de C.pseudotuberculosis.

As analises realizadas classificaram corretamente as cepas de C. pseudotuberculosis
usando o MALDI Biotyper, provando que esta tecnologia é altamente sensivel. Entretanto para a
diferenciacdo dos biovares Equi e Ovis, se faz necessaria analises estatisticas complementares para

a ccorreta diferenciacao.


https://doi.org/10.1021/jasms.2c00174
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O nosso trabalho contribuira para um correto e rapido diagnostico por doencas causadas
por C. pseudotuberculosis, complementando os métodos j& existe para a espécie. Além disso, o

trabalho seré possivel a diferenciacdo de C. pseudotuberculosis em niveis biovares.
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ABSTRACT: Biochemical, serological, and molecular methods
have been developed for the laboratory diagnosis of diseases
caused by C. pseudotuberculosis (CP), but the identification of the
pathogen and biovars differentiation may be time-consuming,
expensive, and confusing compared with other bacteria. This study
aimed to evaluate MALDI Biotyper and Overall Genome
Relatedness Index (OGRI) analysis to optimize the identification
and differentiation of biovars of C. pseudotuberculosis. Out of 230
strains isolated from several hosts and countries, 202 (87.8%) were
precisely classified using MALDI Biotyper and the BioNumerics
platform. The classification accuracies for the Ovis and Equi
biovars were 80 (88.75%) and 82 (92.68%), respectively. When

analyzing a sampling of these strains by Average Nucleotide
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Identity based on BLAST and TETRA analyses using genomic sequence data, it was possible to differentiate 100% of the strains in
Equi and Ovis. Our data show that MALDI Biotyper and OGRI analysis help identify C. pseudotuberculosis at the species and biovar

levels.

KEYWORDS: MALDI-TOEF, C. pseudotuberculosis, Equi and Ovis biovars, Overall Genome Relatedness Index, Bionumerics software

B INTRODUCTION

Corynebacterium pseudotuberculosis is a facultative intracellular
pathogenic bacterium that can infect wild and domestic
animals and is potentially zoonotic to humans.' C.
pseudotuberculosis (CP) isolates are catalase positive, oxidase
negative, and f-hemolytic and can be classified into one of two
biovars: Ovis or Equi.l The most common diseases caused by
CP include caseous lymphadenitis (CLA) in goats and sheep,
ulcerative lymphangitis in horses, oedematous skin disease in

3—6 .
" The diseases caused

buffalo, and contagious acne in cattle.
by CP are widely distributed worldwide and responsible for
significant economic losses and the risk of human infection
related to occupational activities.”

Clinical diagnosis of CLA is mainly through macroscopic
observation of lesions, such as caseous necrosis in the external
lymph nodes of sheep and goa\ts.8 However, CLA may also
affect the internal lymph nodes without causing evident clinical
signs of the disease, hindering the identification of infected
animals.” The diseases caused by CP in cattle and horses have
different clinical manifestations and may present caseous

1 6,10
esions.
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The laboratory test considered the gold standard for
detecting CP in clinical samples consists of isolating the
agent by bacteriological culture and biochemical testing.''
Although biochemical tests yield dependable identification of
CP at the species level, there may be misidentification of
biovars using the nitrate reduction assay.12714 This assay has
long been used to distinguish the biovar Equi, which reduces
nitrate to nitrite, from the biovar Ovis, which does not.*'?

In 2002, a PCR assay targeting the 16S rRNA gene was
proposed to identify CP in clinical isolates.'” As this test was
not able to differentiate CP from Corynebacterium ulcerans, a
bacterium that is frequently associated with abscess formation
in small ruminants, Pacheco et al.'® developed a multiplex PCR

(mPCR) test to successfully identify CP isolates using, as
targets, the 16S rRNA gene, alongside the rpob and pld genes.16
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Phenotypic and molecular methodologies can differentiate
the Ovis and Equi biovars of CP, with the nitrate reductase
assay being the gold standard method.'”” The standard
classification methods for CP are time-consuming, require
signiﬁcant rnanipulation of a potentialiy zoonotic organism,
and may lead to highly subjective results. However, the
potential of matrix-assisted laser desorption ionization
(MALDI)-time-of-flight (TOF) mass spectrometry (MS) for
CP classification has not yet been well explored. MALDI
Biotyper has emerged as a powerful system for bacterial typing,
improving the identification of microorganisms impacting
public and animal health and providing important information
for disease prevention and control.'®

Genomic methods have also contributed to identifying and
classifying microorganisms by inferring phylogenetic relation-
ships. The Overall Genome Relatedness Index (OGRI) is a
term coined for the first time by Chun and R;-iiney13 and
represents any measurements that indicate how similar the two
sequences of the genome are. There are many algorithms for
calculating OGRI values, but the most widely used algorithm
for taxonomic studies is the Average Nucleotide Identity
(ANI)."” ANI measures the average nucleotide identity based
on BLASTn?® between two genome sequences where only
matches with at least 30% general sequence identity are
considered."’

Although the in vitro assay for nitrate reductase consists of
the gold standard method, the MALDI Biotyper and OGRI
analysis are likely to provide more accurate classifications of
CP biovars. This study evaluated these omics methodologies to
rapidly identify CP isolates at the species level and reliably
classify the Ovis and Equi biovars.

B MATERIAL AND METHODS

Bacterial Strains. All CP strains used in the present study
are maintained in the culture collection of the Laboratory of
Applied Bacteriology and the Laboratory of Cellular and
Molecular Genetics, Federal University of Minas Gerais. These
laboratories have previously classified the biovars of all strains
using the nitrate reductase activity assay. In total, 111 strains of
the biovar Ovis and 119 strains of the biovar Equi were
selected to perform MALDI TOF-MS using the MALDI
Biotyper (Bruker Daltonics). The strains were isolated from
various naturally infected hosts, including horses, cattle,
buffalo, goats, sheep, and humans (Table S1).

MALDI Biotyper Analysis. Main Spectra Profiles (MSPs)
were created using two CP strains from biovar Ovis and two
from biovar Equi as the references. Spectra of strains 1002,
FRC41, 258, and E19 were initially evaluated according to
Alatoom et al.”*' Briefly, the strains were subcultured on BHI
agar plates (HiMedia, Mumbai, India) and incubated for 48 h
at 37 °C. A bacterial colony was collected for each strain
separately and transferred into a tube with 300 uL of deionized
water delivered from Milli-Q Gradient A10 (Millipore,
Burlington, VT). The samples were homogenized for 10 s,
and 1200 L of 70% ethanol (Merck, Darmstadt, Germany)
was added for centrifugation at 13.000 X g for 2 min at 25 °C.
Carefully, the supernatants were discarded, and the samples
were centrifuged again under the same conditions. The
precipitates were dried at 25 °C, and 70% formic acid
(Merck, Darmstadt, Germany) was added sufficiently to
homogenize and lyse the bacterial mass. After adding one
volume of 100% acetonitrile (Merck, Darmstadt, Germany),
the bacterial debris was pelleted by centrifugation for 2 min at

13,000¢ at 25 °C, and then the protein-containing supernatant
was retrieved. The spots were dried for 10 min, and 1 yL of the
a-cyano-4-hydroxycinnamic acid (CHCA) (Merck, Darmstadt,
Germany) was added to the sample prior to loading the
MALDI Biotyper assay plate (Bruker Daltonics, Bremen,
Germany).”> The spectra of all colonies were acquired three
times and analyzed in FlexAnalysis software version 3.4
(Bruker Daltonics, Bremen, Germany) to assess reproducibility
levels. Next, the spectra of each strain were uploaded to the
MALDI Biotyper software version 3 (Bruker Daltonics,
Bremen, Germany) and assembled to generate one Main
Spectra Profile (MSP) using the BioTyper MSP creation
standard method. All steps were performed according to the
manufacturer’s recommendations.

All other 226 CP strains were thawed, subcultured on BHI
agar plates, and incubated for 48 h at 37 °C. Colonies of every
bacterial strain were spotted on the target steel plate using
sterile toothpicks. For each colony, 1 yL of formic acid 70%
(Merck, Darmstadt, Germany) and 1 pL of the MALDI-TOF
MS matrix, consisting of a saturated solution of CHCA
(Merck, Darmstadt, Germany), were applied to the spot and
allowed to air dry. A FlexControl MicroFlex LT mass
spectrometer (Bruker Daltonics, Bremen, Germany) was
used to verify the reproducibility of the identifications. Spectra
were acquired using a FlexControl MicroFlex LT mass
spectrometer (Bruker Daltonics, Bremen, Germany) with a
60-Hz nitrogen laser, in which up to 240 laser shots were fired
in spiral movements to collect 40 shot steps for each strain
spot, and the isolates were compared against each other to
determine specific peaks. Spectra were recorded within the
range of 2—20 kDa, and the bacterial species were confirmed
by comparison with the mass-spectrum library using
FlexAnalysis (Bruker Daltonics, Bremen, Germany) under
standard conditions. All steps were performed according to the
manufacturer’s recommendations.”>**

Biovar Classification Using the Support Vector
Machine (SVM) Method. Identification of the classes of
peaks obtained from the MALDI Biotyper analysis capable of
differentiating the biovar Ovis and the biovar Equi was
performed using the Bionumerics software version 7.5
(Applied Maths, Belgium). The average similarity of the raw
spectra from the biological replicates was calculated with
Spearman’s correlation coefficient. The spectra of the strains
were divided into two databases; one was used to identify the
peaks able to differentiate Ovis and Equi, and the other was
used to evaluate the accuracy of this methodology. A reference
set, which was further used to identify our unknown strains,
was created using 70% of the isolates (n = 162), selected
randomly within each biovar (82 Equi and 80 Ovis). For these
strains, peak class matching was performed using a constant
tolerance of 1.9, a linear tolerance of 550, and a peak detection
rate of 10%. Then the selection of peaks showing significantly
different intensities (p < 0.05) between Ovis and Equi was
performed using the Mann—Whitney test. Next, the Principal
Component Analysis (PCA) was used to reduce the complex-
ity of the data set. This reference set was then trained by the
linear Support Vector Machine classifying algorithm (SVM) to
determine the ability of the peak classes to discriminate the
different CP biovars. An internal method validation was carried
out, considering all spectra used in training as unknown and
classifying them with the trained SVM. The 30% of the
remaining spectra were used in external validation by
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Table 2. C. pseudotuberculosis Strains Selected for OGRI Analysis

CP strains Biovar Host Country of Origin MALDI Biotyper score value” Genomes BioProject
ATCCI1941 Ovis sheep USA 2215 PRJNA382169
MIC-6 Ovis sheep Brazil 2.583 PRJNA354849
12C Ovis sheep Brazil 2.581 PRJNA282769
PAT10 Ovis sheep Argentina 2,332 PRJNAG61115
N1 Ovis sheep Brazil 2.517 PRJNA301685
1002 QOvis goat Brazil 2,425 PRJNA40687
MEX1 Ovis goat Mexico 2.552 PRJNA348354
29156 Ovis cattle Israel 2.341 PRJNA273364
119 Ovis cattle Israel 2.358 PRJNAS2845
267 QOvis llama Peru 2.648 PRJNA73515
MEX30 Equi horse Mexico 2.528 PRJNA343017
MEX31 Equi horse Mexico 2361 PRJNA341961
258 Equi horse Belgium 2415 PRJNA157069
316 Equi horse USA 2.375 PRJNA71591
EI9 Equi horse Chile 2252 PRJNA271886
MBI11 Equi horse USA 2.606 PRJNA256958
43 Equi buftalo Egypt 2.446 PRJNA317386
137 Equi cattle Israel 2.293 PRJNA340871
262 Equi cattle Belgium 2452 PRJNA271872
162 Equi camel UK 2.545 PRJNA89445

“Score values/best match (2.3—3.0 = highly probable species identification: 2.0—2.29 = secure genus identification and probable species

identification).

comparing the biovars predicted by the SVM with the biovars
classified according to biochemical testing.

Biovar Classification Using the t-Distributed Stochas-
tic Neighbor Embedding (t-SNE) Method. We reduced the
sampling to 10 strains of CP Equi and 10 strains of CP Ovis to
perform the t-SNE analysis using the spectral data set (Table
2). One combined spectrum including strain replicates was
generated for every CP biovar, and the 2,000 peptide/protein
peaks with higher intensities were considered for the t-
Distributed Stochastic Neighbor Embedding (t-SNE) analysis.
The R language and Rfsne package525 were used. The t-SNE
algorithm ‘was applied to two different matrix data files, one
containing information ordered from higher to lower peptide/
protein intensity and the other ordered from a higher to lower
m/z ratio. The t-SNE parameters using the intensity-based
ordering included dims, perplexity, and max_iter equal to 9, 30,
and 500, respectively. The t-SNE parameters used with the m/
z ratio-based ordering included dims, perplexity, and max_iter
equal to 10, 20, and 500, respectively.

Biovar Classification Using OGRI. To construct one
dendrogram for the 20 CP strains used in the t-SNE analysis
(Table 2), we used an approach based on the Overall Genome
Relatedness Index (OGRI). First, both Average Nucleotide
Identity based on BLAST (ANIb) and Tetra-Nucleotide
Analysis (TNA) calculations were performed in an all-versus-
all fashion for 20 complete genomes recovered from the
database of the National Center for Biotechnology Information
(NCBI). The ANIb and TNA values were concatenated into
one single matrix to generate a Euclidean distance matrix and
one dendrogram with the wardD hierarchical clustering
method. The clades’ bootstrap values (confidence) were
calculated using the pvclust package.26 The number of
confident clades (k) was defined based on the number of
clades in which the bootstrap confidence was higher than 80%.
Finally, the dendrogram was drawn using the factoexl‘ra27 and
ggdendro™ packages, with 2 being the minimum number of

clusters (k = 2). All analyses were performed using the R
language.

B RESULTS AND DISCUSSION

Genus and Species ldentification with the MALDI
Biotyper. All 230 previously confirmed clinical CP isolates
were correctly classified at both the genus and species levels
using the MALDI Biotyper, proving this technology to be
highly sensitive for detecting CP. The MALDI Biotyper
provided highly probable species identification (scores
between 2.3 and 3.0) for 202 CP isolates (87.82% of the
total), while only 28 isolates (12.17%) presented secure genus
and probable species identification (scores between 2.0 and
2.29) (Table S1). According to the manufacturer’s recom-
mended parameters, scores between 1.7 and 2.0 indicate
genus-level identification, and those below 1.7 indicate
unreliable identification. However, the MALDI Biotyper
FlexAnalysis software could not automatically distinguish
Ovis and Equi, which made us customize the analysis of the
spectra to check whether these biovars could be reliably
classified using this data set.

The gold standard method for CP identification relies on the
biochemical testing of isolated bacterial colonies. When
performed with the aid of commercialized biochemical panels
such as the API Coryne System, testing of isolated colonies
takes approximately 30 h.”” An alternative method for
identifying CP relies on the multiplexed detection of three
validated gene markers, using the PCR technique and genomic
DNA isolated from bacteria."* Both biochemical testing and
PCR-based detection are expensive, time-consuming, and
require highly technical skills," ¢

The MALDI Biotyper platform is well suited to routine low-
cost identification of microorganisms, providing accurate
results in only a few minutes.”””" % Using one 96-well target
plate, the MALDI Biol‘{per identifies dozens of bacterial
colonies in less than 2 h.*> In this work, species confirmation
could be performed in as little as 7 min, from the loading of
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Figure 1. Principal Component Analysis of the 77 peak classes of C. pseudotuberculosis for the distinction of Ovis and Equi biovars considered
statistically different by the Mann—Whitney test after Bionumerics analysis. One hundred sixty-two strains were evaluated, and the results are
shown in a (A) two-dimensional image and (B) a three-dimensional image. The green dots correspond the biovar Ovis, and the red dots

correspond to the biovar Equi.

colony samples until the result. In addition to the low 12.17%
scores between only 2.0 and 2.29, which indicate probable
species identification, the correct identification of all strains
demonstrated how sensitive the MALDI Biotyper is for
detecting CP.

Biovar Classification Using the SVM Method. The
peptide/protein spectra data set for 162 randomly selected CP
isolates were further evaluated to correlate the peak intensities
with biovar distribution among samples. In total, 77 peptides/
proteins peaks presented statistically relevant differential
intensities between Ovis and Equi (Box S1). The most
important peaks in the spectrum data for differentiation of the
biovar Equi were 5466.35, 4015.1, 5984.06, 10932.56, and
3652.52, while those for the biovar Ovis were 3566 and
7130.81. The PCA results for these peaks are shown in Figure
1. Following the SVM algorithm training, the internal
validation of the reference set presented 90.79% accuracy,
with 88.75% true positives for the biovar Ovis strains and
92.68% true positives for the biovar Equi strains. The external
validation resulted in biovar misclassification for only $ out of
the 67 CP strains evaluated, with 92.65% accuracy (Table S1).
The classification of biovars might not interfere with the
actions taken against CP in a clinical case; however, this
classification may support epidemiological surveys in locations
where the Ovis and Equi biovars coexist. The biovar
classification in CP generally takes into consideration the
host from which the bacterium was isolated—Ovis tends to
infect goats, sheep, and camels, while Equi tends to infect
horses, cows, and buffaloes—and, more importantly, the
positive nitrate reductase activity restricted to the biovar
Equi.gf5

Although the nitrate reductase assay remains broadly
accepted, one study has pointed out exceptions to the rule
that requires careful investigation.'* The study initially
proposed a multiplex PCR assay, including detecting the
nitrate reductase gene (narG) to provide a facilitated

classification assay over traditional biochemical testing. The
authors have detected the narG gene in a few Equi strains that
yielded negative nitrate reductase activity in biochemical tests.
Also, the narG gene was not detected in a few strains that were
able to reduce nitrate to nitrite.

Biovar Classification Using tSNE and OGRI. Peptide/
protein spectra for the tSNE analysis included 10 known Ovis
and 10 Equi strains to assess the effectiveness of this method in
front of the OGRI method, which relies on the genomes of
strains. When these analyses were conducted, a small number
of genomes related to the CP strains submitted to the MALDI
Biotyper in this work had been completely sequenced and
available in the NCBI database.

First, the dendrogram generated for the concatenated ANIb
and TNA results revealed two well-defined bacterial groups
(Figure 2A). One of the groups was defined by the Ovis strains
with bootstrap confidence of 100%, and the other group was
defined by the Equi strains with bootstrap confidence of 80%.
Within the Equi group, three strains (Cpl37, Cpl62, and
Cp262) tended to group separately with bootstrap confidence
of 80%. Once the dendrogram validated the previous biovar
classifications, we proceeded to the tSNE analysis. When the
spectra data set was ordered from higher to lower m/z ratio,
the Ovis and Equi strains did not form two entirely distinct
groups using tSNE (Figure 2B). When the spectra data set was
ordered from higher to lower peak intensity, the tSNE analysis
tended to form one larger and one smaller group of Ovis
strains separated by one larger and one smaller group of Equi
strains (Figure 2C).

Exploring the complete genome sequences for dozens of CP
strains, another study attempted to find additional molecular
markers for the Ovis and Equi biovars. Despite the high
genomic conservation reported for CP, the authors identified
27 genes undergoing distinct adaptative changes in Ovis and
Eclui.37 However, CP biovar classification had not been assured
using the genome information, and the present study
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Figure 2. Applying MALDI-TOF and Overall genome relatedness index (OGRI) to classify 20 strains selected from C. pseudotuberculosis Equi and
Ovis biovars. Mass/charge values obtained by MALDI-TOF were used to perform Principal Component Analysis (A) and tSNE (B). (C) tSNE was
computed using the abundance of peptides/proteins assessed by MALDI-TOF. (D) Dendrogram based on relatedness of ANIb and TETRA
nucleotide values obtained by evaluating bacterial genomes. In the dendrogram, numbers over the clades represent the confidence values estimated

using pvclust.

effectively distinguished the CP biovars based on whole
genome analysis. Concatenation of the ANI blast and TNA
results generated genomic signatures that allowed accurate
grouping of the Ovis and Equi biovars (Figure 2).

Even though high-throughput DNA sequencing technologies
have evolved to provide complete genome sequences in a few
hours, they are not within reach of every research/clinical
microbiology laboratory. Additionally, ANIb and TNA are
performed using whole-genome assemblies, which are often
challenging to obtain. In this context, we investigated whether
the peptide/protein spectra provided by the MALDI Biotyper
might be explored to classify the CP strains into biovars.

Accurate classification of biovars in CP was not achieved
using the standard parameters in the FlexAnalysis software.
Similar results were reported for C. diphtheriae, one of the most
representative pathogenic corynebacteria. Although the four C.
diphtheriae biovars (Belfanti, Gravis, Mitis, and Intermedius)
can be differentiated using classical microbiology techniques,

the Microflex LT Biotyper did not provide reliable biovar
In another study, the MALDI Biotyper

generated ambiguous peptide/protein spectra for bacteria

. . 38
classifications.

from the Brucella genus. The identification of species was
possible only after applying multivariate statistical analysis
based on the SVM method, which has also allowed accurate
classifications of biovars in the species Brucella suis.>”

In this work, when the SVM method was applied to analyze
the MS spectra generated for CP, the intensities of 77
peptides/proteins peaks were statistically different between the
biovars. When considered for PCA, this dataset al.lowed highly
accurate biovar classification (92.65%). This result confirms
that the peak intensities in the spectra provided by the MALDI
Biotyper are useful for biovar classification and epidemiological
studies involving CP. However, given that these analyses were
performed using the Bionumerics software, which requires a
specific license, we developed another strategy for the biovar
classification using only open-source software.

https://doi.org/10.1021/jasms.2c00174
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In this new strategy, we performed tSNE analysis with a
more significant number of peptide/protein peaks and
disregarded the matching of peaks among the selected CP
strains. The spectra matrices were ordered from higher to
lower m/z ratio or intensity peak prior to the tSNE ana]ysis.
Considering the m/z ratio ordering, we noticed a highly
overlapped tSNE profile for Ovis and Equi. This result suggests
that the high genomic conservation observed in our ANIb and
TNA results leads to a similar m/z ratio distribution in the two
biovars. In contrast, the biovars were distinguished when the
tSNE analysis considered peak intensity ordering. Altogether,
our results suggest that the protein expression levels play an
essential role in the differentiation of CP biovars.

H CONCLUSION
We effectively demonstrated that the MALDI Biotyper could

be used for biovar classification in CP as long as
complementary statistical analyses are applied to the
peptide/protein spectra generated by the equipment. This
approach dramatically increases the complexity of analysis in a
workflow designed initially for routine microorganism
identification, and the standard technical approaches should
remain as the reference for biovar classification in CP.
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4.1. OBJETIVOS
4.2 OBJETIVO GERAL
Identificar e caracterizar uma nova especie do género Dietzia, isolada de abscesso de égua

e avaliar a diversidade genémica do género;
4.3 OBJETIVOS ESPECIFICOS
e Sequenciar, montar e depositar o primeiro genoma de Dietzia sp. B32;

o Conhecer a diversidade genética através de analises filogenéticas entre 0os genomas

disponivel nos bancos de dados do género Dietzia;

o Realizar analises para avaliacdo dos limites/ estimativa da relacdo genética entre dois

genomas,;

« Realizar analise de pangenoma para melhor compreensdo da relagdo entre as cepas do

género Dietzia;

o Analisar e identificar as regides de plasticidade gendmica;
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4.5 ARTIGO CIENTIFICO 2: Comparative Genomic Analysis of the Dietzia genus: an
insight into genomic diversity, and adaptation

Publicado em: Research in Microbiology; Fator de impacto (atual): 3.946

DOI: https://doi.org/10.1016/j.resmic.2022.103998

Membros do género Dietzia sdo patdgenos oportunistas, ubiquas, de importancia na industrias
quimica, alimenticia e médica. A identificacdo taxondmica das espécies do género Dietzia sdo
realizadas através dos métodos microbioldgico, bioquimico e fenotipicos. Porém esses sistemas de
classificacdo apresentam uma deficiéncia na predicdo a nivel de espécie para o género Dietzia,
apresentando baixa sensibilidade e especificidade para identificar e o género ndo apresenta testes
populares de sistemas de classificacdo. Frequentemente, na auséncia de métodos simples e precisos
para sua identificacdo o género Dietzia tem sido desconsiderado na detecéo clinica e veterinaria,
pelo qual existe uma falta de reportes, identificacdo, e acesso publico de sistemas de classificacdo
taxonémica, levando ao fato que algumas espécies podem ter sido identificadas erroneamente
como um Rhodococcus equi e outros actinomicetos. As espécies de Dietzia podem ser facilmente
distinguidas de membros de outros géneros usando dados de sequéncia do gene 16S rRNA.
Contudo, dentro do proprio género, as pode ser dificil determinar o status taxonémico de algumas
espécies, pois certas espécies de Dietzia sdo idénticas com base no sequenciamento e amplificacdo
por PCR das sequéncias do gene 16S rRNA. Devido a dificuldade para a identificacdo taxonémica
a nivel tradicional e conhecimento do género Dietzia é importante a procura de novas estratégias
de classificacdo baseado em estratégias dmicas. Diante desse cenario, nos utilizamos um conjunto
de abordagens gendmicas que nos permite elucidar a nivel taxonémico, diversidade e adaptacao.

Portanto, este artigo cientifico relata a genémica comparativa do género Dietzia, dos genomas
disponiveis no banco de dados NCBI, elucidando a existéncia de erros na classificacdo das espécies
deste género. Realizamos anéalises de ANI, dDDH, pangenoma e plasticidade gendmica para
melhor elucida as relagdes filogendmicas entre estirpes de Dietzia. As analises realizadas apoiaram
0 agrupamento de diferentes espécies de Dietzia em quatro grupos distinto apoiando a ideia de que

algumas espécies de Dietzia poderiam ser reatribuidas em uma nova possivel classificagéo.

O nosso trabalho contribuird na avaliagdo da predigdo taxonémica do género Dietzia utilizando

genomas, trazendo uma melhor identificacdo para as espécies do género, mostrando que muitas
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delas deveriam ser reatribuidas, devido a confusdo na sua caracterizacéo, além disso n6s permitiu
elucidar a diversidade geneética e filogrupos associados a seu potencial adaptativo e de nicho,
juntamente com a caracterizacdo de uma nova espécie do género, sendo esse a primeira espécie
depositada no NCBI.
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Article history: Dietzia strains are widely distributed in the environment, presenting an opportunistic role, and some
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genome and genomic plasticity analyses better to elucidate the phylogenomic relationships between
Dietzia strains. For this, we used 55 genomes of Dietzia downloaded from public databases that were
combined with a newly sequenced. Sequence analysis of a phylogenetic tree based on genome similarity
comparisons and dDDH, ANI analyses supported grouping different Dietzia species into four distinct
groups. The pangenome analysis corroborated the classification of these groups, supporting the idea that
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that the comparison of pangenome subsets together with phylogenomic approaches can be used as an
alternative for the classification and differentiation of new species of the genus Dietzia.
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severe pathogens of humans (eg, Mycobacterium tuberculosis), ani-
mals (e.g., Rhodococcus equi = Rhodococcus hoagii), and plants (e.g.,
Rhodococcus fascians). Along with the Dietziaceae family, the order
also comprises the families Corynebacteriaceae, Gordoniaceae, Law-
sonellaceae, Mycobacteriaceae, Nocardiaceae, Segniliparace, ae and
Tsukamurellaceae and the type of the genus is Corynebacterium [2—4].

At the time of writing, there were thirteen species described for
the genus: Dietzia aerolata [1], Dietzia alimentaria [5], Dietzia aur-
antiaca [6], Dietzia Cercidiphyllum [7], Dietzia cinnamea [8], Dietzia
kunjamensis [9], Dietzia lutea [10], Dietzia maris [4,11], Dietzia
natronolimnaea [12] Dietzia papillomatosis [13], Dietzia psychralca-
liphila [14], Dietzia schimae [7] and Dietzia timorensis [15], all these
published validly with the correct name in the List of Prokaryotic
names with Standing in Nomenclature [16]. Since its first descrip-
tion in 1995, Dietzia strains have been gradually isolated from
natural habitats, such as moderately saline and alkaline East African
soda lake [12], surface-sterilized plant tissues [7], soil [10], under
mahogany trees in West [15], there are at least eight descriptions of
Dietzia species that cause infections in humans [13,17—25], dog bite
wound in an adult patient [26], Korean food [5], an air of a duck
barn [1] and the cold desert of the Indian Himalaya [9].

Many of Dietzia's isolation sites can be found in the BioSample/
BioProject of each available sample at the National Center for
Biotechnology Information taxonomy (NCBI) homepage (https://
www.ncbi.nlm.nih.gov/genome/?term=Dietzia). These bacteria
also have many applications in various industries, particularly
medical, chemical, and food [27]. Some works have shown that
Dietzia species can degrade aliphatic hydrocarbons, such as n-al-
kanes, and some strains can degrade aromatic compounds
[4,27,28]. Most Dietzia species can grow in high saline and alkaline
conditions, suggesting their potential applicability in diverse en-
vironments). Furthermore, as Dietzia species can grow in low-
temperature environments, they can be used for bioremediation
in cold environments [28].

Dietzia is aerobic, Gram-positive, immobile, catalase-positive
actinomycetes forming cocci germinating into short rods. The GC
content of the genus ranges from 66 to 73 mol% [2]. Formerly
classified as Rhodococcus species, Dietzia continues to be mis-
identified in this genus with many commercially available
biochemical testing methods due to their phenotypic similarity,
including traditional and commercial biochemical tests (Coryne
API), as the micromorphological and clinical appearance of Dietzia
strains, for example, are very similar to those of R. hoagii, formerly
R. equi, an organism frequently encountered by medical microbi-
ologists in their daily practice [27,28].

Dietzia strains can be easily distinguished from members of
other genera using sequence data from the 16S rRNA gene. How-
ever, within the genus itself, it is occasionally impossible to deter-
mine some species’ taxonomic status, as certain species of Dietzia
are identical based on sequencing and PCR amplification of 16S
ribosomal RNA (rRNA) gene sequences [2,29]. Furthermore, the
genus Dietzia is still considered new, and so far, few studies have
been aimed at the comparative genomic analysis of the genus.

16S rRNA gene sequencing is often not applicable to incomplete
genomes (e.g, genes are not assembled), and these genes generally
show higher sequence conservation than the genome average.
Consequently, analysis of universal genes does not provide suffi-
cient resolution at the species level and has often resulted in the
lack of apparent genetic discontinuities between closely related
taxa. In recent years, a methodology that offers several significant
advantages, such as higher resolution between closely related ge-
nomes, is genome-wide mean nucleotide identity (ANI). The ANI
draws an estimate of the genetic relationship between two or-
ganisms, informing if they belong to the same species if they pre-
sent a value of >95% of ANI between them [30].
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Another method to obtain an in-depth view of the genome of a
species or genus is the pan-genomic approach, which provides us
with the complete and non-redundant collection of genes of a
species or genus and is composed of three subsets (central genome,
shared genome, and singletons): the core genome, which is the
collection of all genes commonly shared among all genomes used
as a dataset; the shared genome, which contains only genes shared
between two or more lineages, which are not present in all strains
in the dataset; and, singletons, which are present in only one strain
and are referred to as strain-specific genes [31].

We present a new phylogenetic/phylogenomic and comparative
study of 55 sequenced genomes of Dietzia species available in
public databases, combined with a novel genomic sequence iso-
lated from a mare abscess in the region of Italy. The phylogenetic
and phylogenomic relationships between these isolates of the
Dietzia genus were compared, along with the pangenome. The
complete inventory of genes found in any member of the species:
the “core genome”, which is important for the basic processes of
life; and singletons, which are usually related to environmental
fitness and host adaptation. Finally, we provide information on
specific subsets (pan and core genomes) of 56 Dietzia genomes and
correlate these groups with the plasticity of genomic islands. These
data will allow new insights into the contributions of the Dietzia
genus to a correct characterization/differentiation of these species.

2. Material and methods

2.1. Genomes of the genus Dietzia used for comparative genomic
analysis

All the genome sequences used in this study are listed in
(Additional file: Table S1). The genome data of two samples, Dietzia
sp. MeA6-2017 and D. maris 97 were retrieved from the BV-BRC:
Bacterial and Viral Bioinformatics Resource Center public database,
and 54 recovered genomes from the National Center for Biotech-
nology Information (NCBI) (https://www.ncbi.nlm.nih.gov/). These
were combined with data from the Dietzia sp. B32 was isolated from
diffuse subcutaneous nodules of a mare in Reggio Calabria, Italy; this
is the first genome of the Dietzia genus isolated from an animal. The
complete genome sequence of the Dietzia sp. B32 was obtained on
an Hiseq 2500 platform (Illumina, San Diego, CA, USA) using paired-
end libraries (2 x 150 bp). The quality of the sequencing reads was
verified using the FastQC program (v.0.11.5) [32] and assembled by
The Edena software (version 3.0) [33].

The Sspace and GapkFiller algorithms were used to assess the
contigs' order, distance, and orientation and fill the gap in paired
readings, respectively [34,35]. In addition, gap closing procedures
were conducted using the GFinisher tools [36], BLASTn [37], and the
CLC Genomics Workbench 7 (Qiagen Inc.) was used for visualiza-
tion and mapping of reads. The genome information can be found
under  Bio-project number  (PRJNA802820), Biosample
(SAMN25598616) GenBank accession number (CP093845.1). A
workflow of the methodology is described in Fig. 1. It contains all
the steps of the methods of this work (Fig. 1).

2.2. Phylogenetic/phylogenomyc

The phylogenomic analysis was performed using Gegenees
software (Version 2.1) [38], which calculated the percentage of
similarity among the genomes of all strains. Gegenees separates
genomes into small sequences and stipulates the minimum content
shared by all genomes. Subsequently, the minimum shared con-
tents obtained were subtracted from all genomes resulting in var-
iable contents, which were eventually compared with all other
strains to calculate similarity percentages [38]. Data generated by
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Gegenees were extracted as a distance matrix file in nexus format
(.nex), and SplitsTree software (version 4.17.1) [39] was used to
build a dendrogram using the method of Neighbor-joining with the
generated distance matrix. Finally, these percentages were plotted
on a heat map graph ranging from low similarity (red) to high
similarity (green). Two other trees were inferred using the 16S
rRNA gene sequence and another using the gyrB gene. The 16S rRNA
and gyrB complete sequences were extracted from the genomes
and aligned using the MUSCLE program provided in MEGAX v.10.1.8
[40]. After alignment, a phylogenetic tree was inferred using the
maximum likelihood method with MEGAX software v.10.1.8 [40].
The topography of the reconstructed tree was evaluated by boot-
strap analysis with 1000 repetitions [41]. Tsukamurella paur-
ametabola ATCC8368 was used as an external group. Finally, figures
of all phylogenetic trees were generated using the Interactive Tree
of Life (iTOL) [42].

2.3. Average nucleotide identity and DNA—DNA hybridization

We performed an Average Nucleotide Identity (ANI) analysis
using the whole-genome sequences. ANI represents a mean of
identity/similarity values between homologous genomic regions
shared by two genomes. ANI was estimated by the JSpecies Web
Server (available at http://imedea.uib-csic.es/jspecies/about.html)
[43], based on BLAST [37]. Typically, the threshold frontier to
consider two organisms to belong to the same species could be set
at > 95% identity for ANI [30,43].

The digital values of DNA—DNA hybridization (dDDH) were
calculated using the Genome-to-Genome Distance Calculator 2.1
provided by the Leibniz Institute DSMZ website (http://ggdc.dsmz.
de/distcalc2.php) with recommended parameters and/or default
settings, respectively [44]. If the genomic DNA of two respective

B. Phylogenetic analysis
A. Sample collection Phylogeny based 16S rRNA and gyrB
1. Download Dietzia
genomes available from
NCBI

C. Genomic Similarity Analysis
Average nucleotide identity (ANI)
2. Download Dietzia

genomes available from
PATRIC

3. The genome sequenced by
our group, Dietzia sp. B32

o
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organisms reveals a DDH similarity of above 70%, this is the main
argument to regard them as the same species and vice versa
[44,45]. For this analysis, we performed the calculation just to the
results obtained in the analysis of the ANI, for the groups formed in
the ANI that had a type species, it was used as the query to search
for the dDDH values.

2.4. Pangenome calculation

The core genome (shared by all strains), shared genome (genes
present in two or more than two strains, and singletons (strain-
specific genes) were identified using OrthoFinder software (Version
2.4.1) through the default parameters [46]. Furthermore, we used
an in-house script in the results provided by the program for the
separation of core, shared and singleton [47]. OrthoFinder uses the.
faa amino acid sequence file for each genome to perform all-vs-all
BLASTD for the Orthologous analysis [46].

To calculate the pangenome development, we apply Heap's Law,
with the formula n = n = k*N—a, where n is the expected number of
genes for a given number of genomes, n is the number of genomes,
and the other terms are constants defined to fit the specific curve
[47,48]. According to Heap's law, a value of o < 1 is representative of
an open pangenome; this means that each added genome will
contribute some new genes and the pangenome will increase.
Instead, an o value > 1 represents a closed pangenome, in which the
addition of new genomes will not significantly affect the size of the
pangenome [47,48]. For this analysis, the same groups found in the
ANI were defined in three different environments. Group A is
classified as an environment in general for presenting several
different environments, group B was classified as a pathogenicity
group for being formed with most clinical samples, and group C
was considered as a group of Industrial water for presenting the

Search for similarity of all genomes against all

D. Pangenome calculation
Core genome, shared genome singletons identified, and Pangenome
development

|,

E. Genomic plasticity

Genomic islands prediction

Fig. 1. Workflow analysis. (A) (1, 2, and 3) Samples used for analysis. (B) Phylogenetic and phylogenomic analysis. (C) Genomic Similarity Analysis. (D) Pangenome calculation. (E)

Genomic islands prediction.
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majority samples isolated from an environment containing water;
group D was not used, as it does not present any described species,
only designated with the genus (Additional file: Table S3).

2.5. Identification of genes encoding virulence factors and antibiotic
resistance genes

In addition, a search for resistance and virulence genes was
performed using the core genome obtained by pan-genomic anal-
ysis considering all strains in the dataset. The database used to
search for resistance and virulence genes were CARD and VICTORS,
respectively [49,50]. To infer presence, a minimum identity of 70%
was considered.

2.6. Analysis of genomic plasticity

Predictions of genomic islands (GEIs) as metabolic islands (MIs),
pathogenicity islands (PAls), and symbiotic islands (SIs) were pre-
dicted using GIPSy (Genomic Island prediction) software (version
1.1) [51]. We used the same groups according to the environment
defined in the pangenome analyses (Additional file: Table S3). We
used the same groups according to the environment defined in the
pangenome analysis (Additional file: Table S3). For group A,
D. kunjamensis 313 was used as a reference; for group B D. sp. Oral
taxon 368 was used as a reference, and in the group, C
D. natronolimnaea HS-1 was used as a reference. The strain D. sp.
oral taxon was used to predict the Sls and PAls of groups A and C
and the D. sp. JS16-p6b was used as a non-pathogenic species for
the prediction of PAls in group B. After curation of the PAls, genes
from all islands in each lineage were evaluated for presence/
absence in all other lineages in the group. The island’s Sls and PAls
were plotted using BRIG software [52].

3. Results
3.1. General features

The genome lengths varied by 3,4 Mb in size. The GC content
ranged from 70.43% and around 3435 predicted CDS. The genome
information can be found under Bio project number
(PRJNA802820), Biosample (SAMN25598616) GenBank accession
number (CP093845).

3.2. Phylogenomic and Phylogenetic analysis of Dietzia

We built two phylogenetic trees based on a single gene using the
16S rRNA genes and the gyrB gene (Additional file: Fig. S1 A and B).
In the trees of 16S and gyrB, it is possible to observe that the species
of Dietzia are mixed in the clades, without a correct distinction of
the species, the species were present in several different clades.
D. maris can be found in two clades with other species of the genus,
making it difficult to distinguish which species belongs (Additional
file: Fig. S1 A and B).

The distance matrix generated using Gegenees software was
plotted as a heatmap (Fig. 2A), in which the similarity among ge-
nomes varied from ~4% (D. timorensis 1D05-A0528") to ~98% (be-
tween the genomes of D. psychralcaliphila 1LA-1 and
D. psychralcaliphila DSM 44820"). The similarity analysis using
Gegenees revealed that the genomes of Dietzia can be clustered
into at least four groups A, B, C, and D (Fig. 2B). However other
genomes were only distantly related to the other strains, such as
D. timorensis ID05-A0528T, D. aurantiaca J3, D. aerolata Sj14aT, and
D. alimentaria 72T, these genomes did not cluster with any other
sequence, D. psychralcaliphila groups correctly with its three strains
described (Fig. 2B).
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3.3. Dietzia genus has four major groups distinguished by ANI and
dDDH without taxonomic distinction

We performed an Average Nucleotide Identity (ANI) analysis
using genome sequence data (Additional file: Table S1). Using a 95%
identity cutoff, this analysis revealed the presence of the same four
groups presented in the Gegenees analyses. In cluster A it is possible
to observe that the species D. maris 97, D. kunjamensis subsp. schimae
YIM650017, D. alimentaria BP-27-1, and D. kunjamensis DSM44907
cluster together (Fig. 3). It is possible to find this same pattern in
groups B and C, in which D. maris DSM 436727, D. cinnamea BP-168,
D. papillomatosis NBRC-105045 and Dietzia massiliensis Marseille
-Q0999" are grouped in group B and group C two distinct species
Dietzia cercidiphylli YIM 65002 and D. natronolimnaea HS-1 are
shown grouped (Fig. 3). However, in group D we did not obtain any
species, only lineages designated with the genus (Fig. 3).

We also obtained some paired comparisons that resulted in
values < 95%, indicating that they can be considered distinct bac-
terial species, such as D. aurantiaca J3 a (just a representative),
D. timorensis ID05-A0528T (just a representative), D. aerolata Sj14a’
(just a representative), D. lutea YIM 80766" (just a representative)
and D. psychralcaliphila (three representatives of the same species:
shared more than 95% ANI and >70% dDDH with each other). The
genome of Dietzia sp. B32 did not show an ANI value greater than
95%, indicating that it is a distinct species (Fig. 3).

Furthermore, the results of the dDDH calculation corroborate
those of the ANI approaches in finding that the sequences of the
genomes that clustered together present a dDDH value greater
than 70%. However, D. massiliensis Marseille -Q0999" and
D. kunjamensis subsp schimae DSM 45139, samples showed a dDDH
lower than allowed it belongs to the same species (69.3% and 69.5%
respectively) (Additional file: Table S2). It is generally accepted that
ANI values of 95—96% equate to a DDH value of 70% and can be used
as a threshold for species delineation [53,54]. The analysis of
similarity, ANI, and dDDH shows that some species of Dietzia
deserve attention in their valid classification, and some of these
species could be reassigned, as shown in Table 1. Although the ANI
estimates are the gold standard for bacterial species determination,
the ANI and phylogenomic analysis did not allow taxonomic clas-
sification, however, it will enable us to identify at least four major
groups within the Dietzia genus, showing species that could be
reassigned.

3.4. Pangenome calculation for 3 groups of Dietzia

To take a global view of the Dietzia genome and further explore
the genomic diversity of this genus, we calculated the size of the
pangenome based on different datasets. When we examined all
the genomes together, orthologs analysis showed that the pan-
genome contained a total of 614 core genes, 6536 accessories, and
3494 singletons (Fig. 4A). When we consider only group A ge-
nomes, we found a total of 1370 core genes, 3518 accessory genes,
and 1701 singletons (Fig. 4B). The group B pangenome had 2150
core genes, 1376 accessories, and 878 singletons (Fig. 4C) and
Group C had 1796 core genes, 2180 accessories, and 1237 single-
tons (Fig. 4D). Using the formula o = 1—v, we inferred that the o
value of the pangenome of all genomes was 0.69, indicating that
the pangenome is probably open and increasing. Similarly, the
extrapolation of the pangenome size calculated for groups A, B,
and C generated o values of 0.74, 0.88, 0.82, and 0.75 respectively
(Fig. 5A, B, C, and D). In the tree formed with the core genome, the
results corroborate those found in the analysis of ANI, dDDH,
Gegenees, being possible to visualize the formation of the 4
groups (Additional file: Fig. S2).



R.G. Santos, R. Hurtado, D.L.N. Rodrigues et al.

Research in Microbiology 174 (2023) 103998

[

ey TR

s s s

o sz

s 72

[r——

e

S desci

o ““ut’s Tohors 2017
St
[

Fig. 2. Heat map analysis of 56 genomes of the Dietzia genus. (A) Heatmap and (B) distance-matrix-based phylogenetic network of Dietzia genus. The numbers in the heatmap show

the percentage of similarity between genomes; the colors vary from red (low similarity) to green (high similarity). The network was constructed using SplitsTree software with
NeighborNet and equal angle methods, based on a distance matrix from Gegenees software.
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Fig. 3. Average nucleotide identity. The colors orange, green, blue and purple corresponds to clusters A, B, C, and D respectively.

3.5. Antibiotic resistance genes and virulence factors (VFs)
predicted in the genus Dietzia within the core genome

In the search for resistance genes and virulence factors, the core
genome obtained by pan-genomic analysis was used, considering
all strains in the dataset. The database used was CARD and VICTORS
respectively. To infer presence, a minimum identity of 70%. Two
resistance genes were found, namely (I) mtrA, the gene encoding
the “DNA-binding response regulator MtrA” protein, an efflux
pump capable of generating resistance to macrolides; (II) rpoB2, an
analog of rpoB that shows the same function as its paralog and that

confers resistance to rifampicin by acting as a competitive inhibitor
(https://www.uniprot.org/uniprotkb/?query==*).

Twelve virulence genes were found, as follows (I) mtrA
resistance gene mentioned above; (II) panD - coding for the
aspartate alpha-decarboxylase protein that determines the rate of
the gamma-aminobutyric acid reaction (Ill) icl - encoding the
enzyme isocitrate lyase that acts on the malate biosynthesizer
complex and on energy production; (IV) Rv3489 - encoding a hy-
pothetical protein (V) accD1 - gene encoding the beta subunit of the
carboxylase carboxyl transferase enzyme and acts in the produc-
tion of energy through the manipulation of Acetyl-CoA; (VI) relay -
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Table 1
Summary of results found in the analysis of ANI, dDDH, and pangenome.
Phylogeny gyrB and Species DDH ANI Pangenome values Strains that can be reassigned References
Phylogenomic
Group A Dietzia maris >70% >95% a=0.74 97, YIM 65001T, IMV 195, 313, BP-27-1, [4,5,7,9,11]
Dietzia kunjamensis DSM 44907, K30-10T, DSM 45139
Dietzia kunjamensis
subsp schimae
Dietzia alimentaria
Group B Dietzia maris >70% >95% o = 0.82 SST1, DSM-43672, BP_168, NBRC-102147, [4,11,13,25]
Dietzia cinnamea AMT, NBRC-105045, Marseille-Q0999T
Dietzia papillomatosis
Dietzia massiliensis
Group C Dietzia cercidiphylli >70% >95% a=0.75 YIM-65002T, HS-1 [7,12,75]
Dietzia natronolimnaea
Group D Species no assigned >70% >95% o = 0.88 D. sp DQ12_76, D. sp JS16-p6b, D. sp SYD_A1,

D.sp DQ11_38_2, D. sp DQ12-45-1b

The table shows the results of the species that had an ANI value > 95% and dDDH >70%, the alpha value of the pangenome, and the strains that may need reassignment. All
other species described for the genus showed ANI <95%, and dDDH <70%, corroborating the description of the species.

A
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Cc
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Fig. 4. Diagram depicting the subsets of the Dietzia pangenome (A): Pangenome subsets from an analysis based on all 56 Dietzia genomes. Graph (B): subset based on the analysis of
eighteen genomes from group A. Graph (C): subset based on the analysis of eight genomes from group B. Graph (D): subset based on the analysis of nine genomes from group C.

a gene associated with the success of Pseudomonas aeruginosa as an
extracellular pathogen (VII) sigH — coding factor H of RNA poly-
merase; (VIII) mprA — a transcriptional repressor and also acts as a
response to antibiotics (IX) ino1 - encoded inositol-3-phosphate
synthase and acts on the conversion of glucose into inositol; (X)
coaA-a structural gene that acts in the biosynthesis of coenzyme A
(XI) ftsY - Involved in targeting and insertion of nascent membrane

proteins into the cytoplasmic membrane. Acts as a receiver for the
complex formed by the signal recognition particle (SRP) and the
ribosome-nascent chain (RNC). Interaction with SRP-RNC leads to
the transfer of the RNC complex to the Sec translocase for insertion
into the membrane, the hydrolysis of GTP by both Ffh and FtsY, and
the dissociation of the SRP-FtsY complex into the individual com-
ponents (UNIPROT, https://www.uniprot.org/uniprotkb/?
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graph: development based on 8 genomes of group B, and the lower right graph: development based on 9 genomes of group C.

query==*); (XII) sigE — necessary factor for the differentiation and
development of heterocysts.

3.6. Detection of islands in Dietzia's genome and variations in
symbiotic islands between group A and group C

The genome plasticity of the three groups was determined using
GIPSy (Genomic Island Prediction Software). BRIG software (BLAST
Ring Image Generator) [25] was used to visualize the circular
comparison of the genome, using only the samples present in the
group. We found differences in the presence/absence of symbiotic
islands in a study based on groups: seven symbiotic islands (SIs) in
group A; and fourteen SIs in group C (Fig. 6A and B).

Regarding the presence of genes in Sls, we compared genes in all
strains of group A with each other. When we compared the genes
related to the SIs of group A with those of group C, there were
differences in several genes found that were present only in group
A and others only in group C. Among these genes, we can highlight
the cupin domain-containing protein present only in the C group.
Cupin domain-containing proteins have been found in organisms
from thermophilic bacteria to plants and animals that inhabit a
whole spectrum of environments. When the domain is conserved,
it can provide a stable scaffold that allows these proteins to survive

and function under various extreme conditions [55]. In addition,
the clusters of genes related to SI7 of group A were similar to SI3 of
group C, where there were differences in three genes found that
were present only in A (SDR family oxidoreductase, TetR/AcrR
family transcriptional regulator, phosphotransferase family pro-
tein) and three other genes present only in group C (C40 family
peptidase, precorrin-6A/cobalt-precorrin-6A reductase, cobyrinic
acid a,c-diamide synthase) (Fig. 6A and B).

Interestingly, we found that the genomic region related to SI7
and SI13 of group C was not present in any of the SIs of group A. This
may reflect that the genomic signature of these regions can already
be adapted to specific isolation sites. The list of genes related to SI7
and SI13 of group C is mentioned in Additional file: Table S4.

3.7. Detection of islands in Dietzia's genome and variations in
pathogenic islands (PAls) between groups A, B, and group C

The pathogenic islands were analyzed for the three groups A, B,
and C: seven PAls in group A; eight PAls in group B, and ten PAls in
group C (Fig. 7A, B, and C, respectively). Nonetheless, aimed at
finding specific genes in group B, as it is the group that presents
isolated cases from clinical samples. Regarding PAls, it was not
possible to find any island for any of the three groups, however,
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several genes were specific to each group: group A (72), group B 4. Discussion

(47) and group C (97). However, group B presented important

proteins such as type Il toxin-antitoxin system Phd/YefM family The micromorphological, biochemical, growth, and cellular
antitoxin, antibiotic biosynthesis monooxygenase, ferric iron chemotaxonomic characteristics of a microorganism are often
reductase, and universal stress protein, which may be associated applied to isolate and identify that microorganism [27]. However,
with its pathogenic role (Fig. 7B). these strategies are not always adequate for classification and
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identification, some studies have carried out the reclassification of
some Dietzia species that had previously been misidentified as
R. equi, as well as other actinomycetes [27].

Species definition and the best methods for taxonomic classifi-
cation in prokaryotes continue to be debated [56,57]. Measures of
phenotypic similarity have defined many bacterial species and
many of these methods may be inadequate or unable to keep up
with the levels of diversity being discovered in nature [58]. 16S
rRNA genes have been widely used in bacteria to study phyloge-
netic relationships. Despite that, this approach is difficult since
several forces that configure the evolution of bacterial genomes act
with different strengths on different parts of the genome and
bacterial strains [59,60]. Therefore, it is important to consider not
only 16S rRNA sequences but also the whole genome to determine
the diversity within a bacterial genus or species.

The study of the evolutionary history of the genus Dietzia has
been primarily carried out through 16S rRNA sequence analysis and
phenotypic tests, including traditional biochemical tests [2,27].
Some authors have reported difficulty in differentiating Dietzia
species. For instance, in the study of Niwa et al., 2012, the sequence
of the 16S rRNA gene from the type strains of D. schimae and
D. cercidiphylli were identical to D. maris and D. natronolimnaea,
respectively, and it was not possible to identify which species the
strain belonged only to using the 16S rRNA gene [61]. Sudhindra
et al.,, 2016 showed in their work that Dietzia spp. isolated from
cardiac tissue showed that D. cercidiphylli has an identical 16S rRNA
sequence and cannot be distinguished from D. natronolimnaea us-
ing the MicroSEQ 500 sequencing kit [62].

Phylogenetic analysis using sequences from the 16S rRNA gene
has been applied and has also become important as a means of
identifying an unknown bacterium at the genus or species level, but
for the genus Dietzia, the 16S rRNA gene has not been a good
marker for the identification of bacteria. species, as the 16S rRNA
gene sequences, can sometimes be identical. The 16S rRNA gene is
often not applicable to incomplete genomes (e.g., genes are not
assembled, and have partial genes), as species characterization is
based on sequencing and PCR amplification of 16S ribosomal RNA
(rRNA) gene sequences [30]. Consequently, analysis of universal
genes does not provide sufficient resolution at the species level and
has often resulted in the lack of clear genetic discontinuities be-
tween closely related taxa.

Here in this work, using the 16S rRNA and gyrB gene, it was not
possible to have a clear view of the distinction of the species of the
genus, the species are mixed in the broths formed in the tree.
However, the gyrB gene managed to separate these species with
better precision, presenting a better bootstrap value than the 168,
most of the bootstrap values for the 16S were less than 50%. Despite
better clade formation using the gyrB gene, many Dietzia strains do
not cluster with their species. D. maris appears in two distinct
clades, along with other species such as D. cinnamea, and
D. papillomatosis, making it difficult to distinguish precisely which
species is the real one.

These ambiguities motivated our use of other techniques to
better understand diversity within the Dietzia genus. A genome-
wide similarity matrix was obtained with the Gegenees software
and used for a phylogenomic analysis showed 4 large groups: A, B, C
and D. What we show once again that the 16S rRNA gene is not a
good marker for classify Dietzia species. To improve the resolution
of our analysis, ANI analysis showed new relationships identified, in
group A, D. maris 97, D. maris IMV-195, D. maris SST1, D. alimentaria
BP-27-1, D. kunjamensis K30-10", D. kunjamensis 313, D. kunjamensis
DSM-44907, D. kunjamensis subs. schimae DSM-45139 and
D. kunjamensis subs. schema YIM-650017, grouped, showing to be
very close, and can be considered distinct strains and not distinct
species; however, there are two types of strains in this group, which
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makes it difficult to know which species this group really belongs
to. In group B, D. cinnamea NBRC 102147, D. papillomatosis
NBRC105045, D. maris DSM-43672, D. maris AMT, and
D. massiliensis Marseille-Q0999" could belong to a single species,
and not distinct species. Likewise, in the genomes of group C, the
classification of D. natronolimnaea HS-1 could be a strain of
D. cercidiphylli YIM 650027 considering that D. cercidiphylli YIM
650027 is a strain type. In group D, only genomes designated with
the genus, but which have a high ANI value, share more than
98.64%.

We also applied a strategy based on the calculation of
DNA—DNA Hybridization. Here, for the four groups (A, B, C, and D)
the dDDH value presented a value greater than 70%, except
D. kunjamensis subsp. schimae DSM-45139 and D. massiliensis
Marseille-Q0999" presented a DDH lower than 70%, which is the
limit to consider that two samples belong to the same species, as
shown in the results of the AN analysis, except for these two iso-
lates. These results corroborate the results found in the work of
Nouioui et al.,, 2018 in which in their DDH analyses it was not
possible to distinguish some validly named species, even at the
subspecies level, since they presented dDDH values > 79%, these
included Cellulosimicrobium aquatile [63]) vs. Cellulosimicrobium
funkei [64]; D. cinnamea [65] vs. D. maris [11]; several species of
Bifidobacterium, Nocardiopsis and Streptomyces [3].

To further corroborate the existence of these potential “mis-
classifications of Dietzia species”, we performed a pangenome
analysis, which confirmed the new relationships identified in pre-
vious analyses. Using our grouping of the Dietzia genus, supported
by the results of the Gegenees, ANI, and DDH, investigated genomic
diversity through pangenome calculation analysis. The same four
datasets were used to perform pangenome calculations. As would
be expected, the number of genes in the core genome was greater in
each cluster than in the dataset containing all 56 genomes, which is
consistent with the idea that the genomes within a cluster are of
the same species. Extrapolations from pangenome development
also supported this assumption. The o value generated from an
analysis of all genomes indicated that the Dietzia genus has an open
pangenome (o. = 0.69), as well as each of the groups (o = 0.74,
o = 0.82, . = 0.75 and o = 0.88, respectively). However, intragroup
. values reveal that these latter pangenomes are increasing in size
more slowly than the pangenome of all species (as indicated by
higher o values). This means that if we consider all genomes as part
of the Dietzia genus, each new genome sequenced will substantially
increase the number of non-redundant genes in this genus. This
phylogenetic approach to pangenome analysis revealed patterns
fully in agreement with the results of our other analyses. In the tree
of the core genome, it is also possible to visualize the separation of
the four groups defined in the previous analyses, corroborating the
idea that some species of Dietzia are strains of some species and not
distinct species.

Interspecies genome plasticity can result from several events, of
which horizontal gene transfer is particularly important because it
can cause the acquisition of gene blocks (genomic islands, or GIs),
producing evolution by quantum leaps [66]. Generally, these genes
are often flanked by transposases (insertion elements) and have
altered G + C content and skew, suggesting their acquisition
through Horizontal Gene Transfer (HGT), mediated by phages or
recombination [67].

The analysis of genome plasticity reveals differences in the
presence and absence of some regions of the genome when
compared at the group level. Symbiotic islands provide the bacte-
rium with a genomic repertoire to sustain a symbiotic
host—bacterium relationship [68] and characterize a class of
Genomic Island [51]. Comparative analysis of SIs showed the
absence of genes at the group level. We found clusters of genes
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belonging to SI7 and SI13 of group C that was not identified in any SI
of group A. However, only SI7 was present in all strains of group C. A
protein present in SI7 is ribbon-helix-helix protein, CopG family,
this protein regulates the transcription of genes that may be
involved in metal uptake, amino acid biosynthesis, cell division,
plasmid copy number control, bacteriophage lytic cycle [69].
Another protein found in SI7 is a trypsin-like serine protease.
Prokaryotic serine proteases are involved in several physiological
processes associated with cell signaling, defense response, and
development. Proteases belonging to the trypsin family have been
implicated in the heat shock response, as well as being important in
the growth and defense response in various bacteria [70].

The type Il protein toxin-antitoxin system Phd/YefM family
antitoxin found for group B are small genetic elements composed of
a toxic protein and its cognate antitoxin protein, the latter
neutralizing the toxicity of the former. This protein has been
implicated in several biological processes, including plasmid
maintenance, phage inhibition, persistence, stress response, and
biofilm formation [71]. Another important protein for the group
was the antibiotic biosynthesis monooxygenase (ABM) domain,
which is found in proteins involved in several biological processes,
including metabolism, transcription, translation, and secondary
metabolite biosynthesis, and in Streptomyces coelicolor ActVA-Orf6,
monooxygenase, a role in the biosynthesis of aromatic polyketides,
specifically the antibiotic actinorhodin, oxidizing phenolic groups
to quinones [72]. Universal stress protein participates in a range of
cellular responses to biotic and biotic stresses. Its physiological
functions are associated with ion elimination, hypoxia responses,
cell mobility, and regulation of cell growth and development,
which may consist of its roles in resistance to multiple stresses [73].
Finally, ferric reductases are widely distributed electron transport
proteins that are expressed by numerous infectious organisms and
have been identified as a key virulence factor for the establishment
of infection by single-celled pathogens [74]. The true pathogenic
profile of Dietzia is not yet known, nevertheless, these proteins may
contribute to the true pathogenicity of some species described for
the genus.

5. Conclusion

Taken together, our analyzes suggest that there is more phylo-
genetic complexity in classifying these species than has been pre-
viously shown in other studies. In short, each of the analyzes we
performed suggested the existence of an error in the classification
of the species of the genus Dietzia, which leads us to the fact that
notably, some species probably need to be reassigned. In addition,
considering the genes in SIs and PAls, we identified some absence
of symbiotic islands in all strains present in group A. The genes
present in the pathogenicity islands of group B are absent in the
strains of groups A and C, which reveals that the presence/absence
of genomic islands may be related to the isolation location.

5.1. Final remarks

Here, we used a variety of methods to analyze whole genome
data, which together showed that: (i) the current application for
differentiating between Dietzia species should be reviewed,; (ii) this
genus contains at least four separate groups; and (iii) sequencing of
the gyrB gene can be used efficiently to reliably identify Dietzia
species. Collectively, our results provide evidence for reconsidering
the phylogenetic and genomic relationship between species
currently assigned to Dietzia.

Furthermore, to the best of our knowledge, this is the first work
to combine an analysis of pangenome development with an anal-
ysis of ANI and dDDH to support the attribution that some Dietzia
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species could be reassigned. Here, we aim that subsets of pan-
genomes and the o value generated by these analyzes can be used
as an alternative approach, together with ANI, and dDDH, for the in-
silico classification of species of the genus Dietzia. A high intragroup
o value can be considered a good indicator of a new, more clonal
species within the genus, although low o values can be discovered
within a species group due to the high degree of variation between
genomes resulting from horizontal gene transfer events.
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5.1 OBJETIVOS
5.2 OBJETIVO GERAL

Caracterizar uma nova espécie do género Dietzia, isolada de abscesso de égua;
5.3 OBJETIVOS ESPECIFICOS

e Caracterizar genomicamente a espécie identificada (sequenciar, montar, anotar e depositar
0 genoma);

e Caracterizar quimiotaxonomicamente a nova espécie identificada (classificacdo biol6gica
baseado em semelhancas e diferencas na estrutura de certos compostos entre 0s organismos
que estdo sendo classificados).

e Caracterizar fenotipicamente a nova espécie identificada (observar e descrever
caracteristicas observaveis ou caracteres de um organismo ou popula¢do, como:
morfologia, desenvolvimento, propriedades bioquimicas ou fisiologicas e

comportamento).
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5.4 ARTIGO CIENTIFICO 3: Dietzia calabriae sp. nov., a bacterial species isolated from a
mare's abscess

Artigo submetido ao journal em: Journal of Basic Microbiology; Fator de impacto

(atual): 3.1

O género Dietzia é considerado um taxon monoespecifico e proposto por Rainey et al
1995. Este género pertence a subordem Corynebacterineae. O género apresenta 19 espécies
descritas, entretanto apenas 13 dessas espécies apresenta 0 nome publicado validamente, incluindo
sinbnimos. Espécies de Dietzia ja foram isoladas de diferentes habitantes, varios ambientes
naturais, amostras clinicas, tecido de plantas dentre outros. Até 0 momento ndo havia nenhuma

amostra de Dietzia isolada de um animal.

Neste trabalho isolamos e identificamos uma nova espécie do género, isolada de nodulos
subcutaneos de uma égua de 12 anos de idade em Reggio Calabria, Itdlia. A amostra foi
identificada através da técnica de MALDI - TOF, pertencendo ao género Dietzia, entretanto sem
espécie distinguida. Sendo assim a amostra foi sequenciada, e depositada no NCBI. Por ser uma

nova espécie todos os procedimentos necessarios para descri¢do da espécie estdo sendo realizados.

A nova espécie foi designada com o nome Dietzia calabriae B32, e apresenta na cor
laranja, cresce de 4 a 40°C, catalase positiva, ndo reduz nitrato e € urease negativa. Nosso trabalho
contribuird na disponibilidade de dados do género, sendo essa a primeira espécie isolada de um
animal sendo descrita, assim trara informagdes relevantes que podem ajudar no entendimento do

género ser considerado oportunista.
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Abstract

This study provides a taxonomic characterization of a bacterial strain isolated from the abscess
of a 12-year-old mare in Regio de Calabria, Italy. The strain of the new species shared the 16S
rRNA gene sequence with species representing the genus Dietzia. However, the DNA-DNA in silico
hybridization (dDDH) values indicate that they belong to a different genomic species. The
estimated in silico value of dDDH between the species of the genus and the isolated B32" strain
was only 20.8% and 38.2%, respectively. The average nucleotide identity value (ANIb) of the B32"
strain among all genomes used in the study had a maximum value of 88.44%, which was not
within the recommended threshold of 95-96% for bacterial species delimitation. In addition, the
DNA G + C content of the B32" strain was 70.5 mol%, and the growth temperature ranged from
4 to 40 °C, which is the expected limit for the genus. The results of this polyphasic approach
support the membership of these strains in a new species within the genus Dietzia, for which we
propose the name Dietzia calabriae sp. nov. The corresponding type of the strain is B32T (B32™=

CBAS 9867).

Keywords:

Dietzia; taxogenomics; genome analysis; mare; phylogeny.

Wiley-VCH
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The genus Dietzia was considered a monospecific taxon and was proposed by Rainey et al., to
accommodate two organisms classified as Rhodococcus maris (Nesterenko et al., 1982), but
formerly known as 'Flavobacterium maris' (Rainey, Kl, Kroppenstedt & Stackebrandt 1995; Nesterenko
et al. 1982). Dietzia is a member of the suborder Corynebacterineae (Stackebrandt et al., 1997),
which belongs to the family Dietziaceae, and includes 19 validly described names in the list of
names of prokaryotes with the position in the nomenclature, but only 13 of these species have a

validly published name, including synonyms (LPSN; https://Ipsn.dsmz.de/genus/dietzia ). Dietzia

species occupy different niches and can be isolated from a wide variety of sources, including
clinical specimens, different natural environments, such as hydrocarbons, alkaline soda ponds,
soil, the skin of an immunocompromised patient, plant tissues (Bemer-Melchior et al., 1999;
Duckworth et al., 1998; Jones et al., 2008a; Koerner et al., 2009; Mayilraj et al., 2006; Yamamura
et al., 2010). Studies suggest that the genus may be underestimated, because the Gram
morphology and colony appearance of Dietzia species share remarkable similarities with
Rhodococcus and other related actinomycetes, and accurate and simple methods for identifying
Dietzia species are still lacking (Fang et al., 2021; Koerner et al., 2009). The genus Dietzia includes
aerobic, Gram-positive, non-motile, and catalase-positive actinomycetes that form cocci that
germinate into short rods. The GC content of the genus ranges from 66-73 mol% (Koerner et al.,
2009). In the present work, we isolated a strain of the genus Dietzia from subcutaneous nodules
(abscess) of a 12-year-old mare in Reggio Calabria, Italy. The sequence of the 16S rRNA gene and
the complete genome of the B32 strain showed no similarity to the strains described in the genus

Dietzia. However, analysis of the complete genome sequence together with thin layer
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chromatography (TLC) and other bioinformatic analyses provided evidence that these strains are

a new species of Dietzia. The B32 strains are proposed as Dietzia calabriae sp. nov.

Material and methods

Bacterial isolation and identification

In 2018, an orange-pigmented strain, B32T was isolated in Brain Heart Infusion (BHI) at 37 ° C
from subcutaneous nodules (abscess) of a 12-year-old mare in Reggio Calabria, Italy (Rifici et al.,
2020). A colony of the bacterial strain was plated onto a target steel plate using a sterile toothpick
and mixed with a saturated matrix solution of a-cyano-4-hydroxycinnamic acid (HCCA). The
preparation dried at room temperature and analyses were performed in a MALDI-TOF-MS
(Bruker Daltonics, Bremen, Germany) equipped with a 337-nm nitrogen laser. Spectra were
automatically recorded using the FlexControl Microflex LT mass spectrometer (Bruker Daltonics)
according to the method of identification described by Assis et al (Assis et al., 2017) and the
calibration performed using a bacterial standard test as described elsewhere (Seibold et al.,
2010). For MALDI-TOF analysis, we proceed as recommended by the manufacturer, scores >2.000
indicate reliable identification at the species level; scores >1.700 and <2.000 indicate reliable

identification at the gender level and scores <1.700 indicate unreliable identification.

Genome sequencing and analysis

The complete genome sequence of strain B32T was obtained on an lllumina HiSeq 2500 platform
(Ilumina, San Diego, CA, USA), using paired-end libraries (2 x 150 bp). The quality of sequencing
reads was verified using the FastQC program (v.0.11.5) (Andrews, 2010). The Edena software

(version 3.0.) was used to reassemble the reads (Hernandez et al., 2008). The Sspace and
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GapfFiller algorithms were used to evaluate the order, distance, and alignment of contigs and to
close the gap in paired reads, respectively (Boetzer et al., 2011; Nadalin et al., 2012). Gap-closing
procedures were performed using the GFinisher (Guizelini et al., 2016), BLASTn (Altschul et al.,
1990) tools, and CLC Genomics Workbench 7 (Qiagen Inc.) was used to visualize and map the

reads with their own reads.

After we obtained the genome of strain B32T, two trees were inferred based on the 16S rRNA
gene sequence and another based on the gyrB gene. The 16S and gyrB sequences were extracted
from the genomes and aligned using the program MUSCLE from MEGAX 10.1.8 software (Kumar
et al., 2018). After alignment, the phylogenetic tree was inferred with the maximum likelihood
method, Tamura-Nei model with gamma distribution, using MEGAX software v.10.1.8 (Kumar et
al., 2018). The topography of the reconstructed tree was assessed by bootstrap analysis with
1000 repetitions (Felsenstein, 1985). Tsukamurella paurametabola ATCC8368 was used as an
outgroup. All phylogenetic trees were plotted using the Interactive Tree of Life (iTOL) (Letunic
and Bork, 2019).

Digital values of DNA-DNA hybridization (dDDH) and average nucleotide identity (ANI) were
calculated using the Genome-to-Genome Distance Calculator 2.1 of the Leibniz Institute DSMZ

website  (http://ggdc.dsmz.de/distcalc2.php) and the  JSpeciesWS web  service

(http://ispecies.ribohost.com/jspeciesws/#analyse), with recommended parameters and/or

default settings, (Meier-Kolthoff et al., 2013; Richter et al., 2016).

Morphological, biochemical, and physiological exams

Wiley-VCH
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Colonial characteristics of the B32T strain were recorded from a 37° Brain Heart Infusion (BHI)
agar plate. Gram staining was performed using the RenyLab Kit according to the manufacturer's
standard recommendations, according to the method of Gerhardt et al 1994 (Gerhardt P., 1994).
Motility was examined by light microscopy in suspended drops, and cultures were grown on BHI
agar plates. Cell morphology was observed by optical microscopy using SCANNING ELECTRON
MICROSCOPE - JEOL JSM - 6360LV and transmission microscope Tecnai G2-12 - FEI SpiritBiotwin
120 kV using cells cultured in BHI agar for 48 hours at 37 °C. Colony color was determined by
comparing color chips from standard samples from the ISCC-NBS color chart (Kenneth Kelly,
1965). Growth temperature was determined at 4-8, 10, 15, 20, 25, 30, 37, 40, 45, and 50 °C on
BHI-agar plates. A growth curve using a temperature of 37°C was constructed by measuring the
0.D. of the B32T strain every hour for 67 hours, using the Elisa reader Thermo
Spectrophotometer - Multiskan SkyHi UV-Vis Reader. All parameters used were based on studies

on the genus Dietzia.

NaCl tolerance was evaluated according to the method described by Xu et 2019 (XU et al., 2019),
with some modifications. For this purpose, 1 mL of strain culture was grown in BHI (Himedia) in
a bacteriological incubator at 37 oC for 48h, then centrifuged at 5000 rpm for 5 min and
resuspended in 1mL of BHI. Then, 150 pL of the culture were inoculated in 15 mL of BHI previously
supplemented with NaCl (Vetec) (previously autoclaved at 121 2C for 15 min) at concentrations
of 1-12%. As a control, 150 pL of strain culture was inoculated into 15 mL of BHI medium without
NaCl supplementation. After 48 hours of growth at 37 2C, the absorbance of the samples was
measured at an O.D. (optical density) of 600 nm. Phenotypic identification was achieved by

biochemical tests for catalase, glucose, sucrose, urea, and nitrate reduction, using commercial

Wiley-VCH



oNOYTULT D WN =

Journal of Basic Microbiology

gallery RapID™ CB Plus using commercial gallery RapID™ CB Plus (Remel, Thermo Fisher Scientific,
Italy). According to the manufacturer’s instructions, readings were taken using REMEL open

software (http://www.remel.com/ERIC/IdentificationSingle.aspx) (MARKEY B et al., 2013).

A previously established strain culture, in accordance with the methods detailed earlier,
underwent a trilateral extraction procedure employing 70% ethyl alcohol (EtOH) at ambient
conditions. The resultant ethanolic solution was differentially distributed between normal
butanol (n-BuOH) and deionized water (H20) in a 1:1 ratio, yielding both soluble constituents and
an insoluble precipitate. The soluble n-BuOH fraction was subsequently subjected to
chromatographic separation on a silica gel matrix, with elution being facilitated by a solvent
mixture of dichloromethane (CH2CI2) and ethyl acetate (EtOAc) in a 2:1 proportion. This process
yielded a spectrum of seven distinct fractions. Selected fractions were subjected to further
purification via thin layer chromatography (TLC) using a solvent mixture of dichloromethane
(CHCI3) and methanol (MeOH) at a volumetric ratio of 13:1. Consequently, this purification
strategy yielded the targeted compounds of significance, menaquinone as isoprenoid quinone

lipids, and vanillic acid.

Hemolytic activity and antibiotic susceptibility

Hemolytic activity was assessed according to the methods of Xu and coworkers (Xu et al., 2019),
using blood agar plates. Positive control was prepared using Staphylococcus aureus 046 cells.
Antibiotic susceptibility of the B32T strain was assessed using the disk diffusion method described
by the Clinical and Laboratory Standards Institute (Clinical and Laboratory Standard Institute,

2009). The following antibiotics were tested (CECON): Gentamicin (GEN) (10mcg), Ampicillin

Wiley-VCH
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(AMP)(10mcg), Tetracycline (TET) (30mcg), Chloramphenicol (CLO) (30mcg), Vancomycin (VAN)
(30mcg), Clindamycin (CLI) (2mcg), Strptomycin (EST) (10mcg), Erythromycin (ERI) (15mcg). We
measured the diameters of the bacteria-free zones, and the results were expressed as resistance
based on the Clinical & Laboratory Standards Institute design criteria (Clinical and Laboratory

Standard Institute, 2009).

Results and discussion

The isolated and cultured microorganism was identified by protein profiling using MALDI-TOF MS
obtained from BHI agar (37°C). The strain was identified with a reliable value for the genus Dietzia

(score 1.791).

The genome of the species is available in the GenBank database under accession number
CP093845. The strain was sequenced and has a length of 3.4 Mb, with G + C content of 70.5%
and a total of 3435 CDSs, 9 rRNAS clusters (5S, 16S, and 23S) and 57 tRNA genes.

The sequence of 16S rRNA and gyrB gene of strain B32T was compared with 11 sequences of
recognized species of the genus Dietzia. The results of the reconstruction of the phylogenetic
tree based on the maximum likelihood method and the Tamura-Nei model showed that the new
strain formed a monophyletic clade with known species of this genus that had differences in
bootstrap values (Fig. 1 and Fig. 2). In addition, we performed sequence similarity calculations
based on pairwise comparison, which showed that the sequence similarities of the 16S rRNA gene
with the known species of the genus Dietzia ranged from 93.24% to 97.07%. The closest
phylogenetic relation was Dietzia lutea YIM 80766, which has 97.07% sequence similarity with

the strain of this work, strain B327(Li et al., 2009).
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The G + C content of strain B327 calculated from its genome, was 70.5 mol%, a value like species
in the genus Dietzia (Table 1) (Kdmpfer et al., 2012, 2010; Li et al., 2009). As an alternative general
index of genome relatedness (OGRI), genome-based taxonomic analysis based on in silico DDH in
the TYGS database was performed (Meier-Kolthoff et al., 2022). The dDDH value between strain
B32T and the species used in the work varied by 20.8% [18.6 - 23.2% as confidence interval] for
Dietzia timorensis 1D05-A0528 and 38.2 [35.7 - 40.7% as a confidence interval] for Dietzia
kunjamensis DSM 44907 (Table 1). In the analysis carried out to calculate ANI, the highest value
was 88.44% for Dietzia kunjamensis DSM 44907. The in silico calculated dDDH and ANI of B32"
with species of the genus Dietzia was clearly below the recommended threshold of 70% (dDDH)
and 95% (ANI) for species identification, indicating that isolate B32T represents a distinct species
(Table 1) (Felsenstein, 1985; Meier-Kolthoff et al., 2022; Richter et al., 2016).

Colonies of strain B32T were bright and had an orange color on BHI agar plates. The cells were
Gram-positive, immobile, cocci-shaped that germinate in short rods or rod-shaped cells, that
were up to 1.0 um in size in agreement with previous studies (Fig. 3 A, B, C, and D) (Rainey et al.,
1995).

The temperature range for growth was 4-40 °C, with growth not possible at 45 and 50°C. Optimal
growth occurred at 37 °C as shown by the growth curve performed at this temperature for 67
hours (Fig.4 A). Furthermore, the strain can grow in the presence of sodium chloride at a
concentration of up to 12%. The B32T strain has a positive catalase, does not reduce nitrate, and
has a negative urease. Other physiological and biochemical results showed that the strain The
strain had similar polar lipids, lipoquinones and major fatty acids profiles as listed in (Table 2 and

Table 3) and in the species description, all these characteristics are consistent with previous
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studies of the genus Dietzia (Duckworth et al., 1998; Kampfer et al., 2012, 2010; Li et al., 2008;
Mayilraj et al., 2006; F. A. Rainey et al., 1995; Rammer et al., 2013; Yumoto et al., 2002). The
strain did not show any a- and B-hemolytic activity when cultivated on blood agar (Figure 4 B).
Eight antibiotics from different families were investigated (Table 4). The B32T strain showed
sensitivity to all antibiotics tested (Table 4). Based on the physiological, biochemical, and
genotypic data, strain B32" represents a new species within the genus Dietzia, for which the name
Dietzia calabriae B32 sp. nov. is proposed.

The characteristics of the proposed new species D. calabriae are listed in the protologue
description in Table 5. Draft of the genome sequences of Dietzia calabriae sp B32" been
deposited in DDBJ/EMBL/GenBank under accession number GCA_024732245.1, Biosample

(SAMN25598616) and Bioproject (PRINA802820).

Description diagnostic characteristics of Dietzia calabriae sp. nov.

Cells are Gram-positive, aerobic, and non-motile, and form circular, smooth, bright orange
colonies. Cells are coccus-shaped and germinate in short stalks or rod-shaped cells about 1.0 in
diameter. Nitrate is not reduced, catalase is produced, and urea is not hydrolyzed. The
temperature range for growth is 4 to 40°C, with optimal growth at 37°C. Above 45°, no growth
occurs. The bacterium grows on BHI agar in the presence of 0—12% NacCl. It uses D-glucose but
not maltose, or sucrose, does not form hemolysis and is susceptible to eight different antibiotics
(Gentamicin, Ampicillin, Tetracycline, Chloramphenicol, Vancomycin, Clindamycin, Streptomycin,

and Erythromycin).
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The strain type is B32T (B32"= CBAS 986") and was derived from an abscess sample from a 12-

year-old mare in Reggio Calabria, Italy, in which the animal had diffuse subcutaneous nodules.

Dietzia calabriae (ca.la.bri'ae. NL fem. adj. calabriae belonging to Reggio Calabria, Italy, from

where the organism was first isolated).
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Figures:

Fig. 1. Maximum likelihood tree based on 1,506 positions of the multiple alignments of the 16S
rRNA gene from strain B32T and related species (accession numbers are given in parentheses).
Phylogenetic analysis was performed using the Tamura-Nei model with gamma distribution.
Bootstraps were calculated with 1000 repetitions. The Tsukamurella paurometabola ATCC8368
sequence was used as an outgroup. The scale bar indicates the number of replacements per site.

The new species is shown in bold.

Fig.2. Phylogenetic analysis of the investigated Dietzia isolates based on the gyrB gene sequences
(~1,324 to 1340 bp). Bootstraps were calculated with 1000 repetitions; only values above 50%
are shown. The Tsukamurella paurometabola ATCC8368 sequence was used as an outgroup. The
scale bar indicates the number of replacements per site. The new species is shown in red. The
gyrB gene sequences were extracted from each of the genomes downloaded from the NCBI.
Dietzia aurantiaca has no published genome and does not have the gyrB gene sequence

deposited in public banks. The new species is shown in bold.

Fig.3: Cell morphology of the B32T strain observed by optical microscopy. A and B, cell
morphology was observed by scanning electron microscopy using the Scanning Electron
Microscope - JEOL JSM - 6360LV. C and D, cell morphology observed by transmission electron
microscopy using the Tecnai G2-12 - FEI SpiritBiotwin 120 kV transmission microscope.

Fig. 4: A Growth curve of strain B32T strain for 67 hours in BHI medium at 37°C, showing the
0.D reached in each hour. B. Hemolysis test, strain B327, no reaction (y-hemolysis); S. aureus

046, a clear zone of hydrolysis around the colony (B-hemolysis).

Wiley-VCH



oNOYTULT D WN =

Journal of Basic Microbiology

Tables:

Table 1. Values of dDDH and ANI between the genome of strain B32T as a reference genome and
that of closely related species. ANI values were calculated using JSpecies with the ANIb algorithm
(mean nucleotide identity based on BLAST). The dDDH values were calculated using Genome-to-

Genome Distance Calculator 2.1 provided by the Leibniz Institute DSMZ, numbers between

parentheses after dDDH values are the confidence intervals.

Bio project

Size

G+C

ANI
Q Reference genome NCBI (MB (mol dDDH (%) %
uery genome number ) %) b
Dietzia Dietzia lutea YIM PRINA31913 39 71 29.4 [27 - 84.6
calabriae B32 80766" 4 ’ 31.9%] 4
Dietzia Dietzia alimentaria 23.1[20.8- 80.2
calabriae B32 727 PRINA72173 3.3 673 25.6%] 7
Dietzia Dietzia alimentaria  PRJNA33819 371 69.8 38.4[359- 80.6
calabriae B32 BP 27/1 8 ' ' 40.9%] 8
Dietzia o ) PRJNA75383 23.6[21.3- 80.6
calabriae B32 Dietzia aurantiaca J3 3 3.77 69.7 26.1%] 7
Dietzia Dietzia timorensis PRJNA34511 36 65.6 20.8 [18.6 - 71.8
calabriae B32 ID05-A0528" 0 ) ' 23.2%] 1
Dietzia o ) PRJNA50037 38 [35.6 - 89.2
calabriae B32 Dietzia maris 97 7 4.09 69.9 40.6%] 1
Dietzia o . PRJNA45489 3.41 27.6[25.2- 84.2
calabriae B32 Dietzia maris AMT 0 70.7 30.1%] 7
Dietzia Dietzia maris IMV PRJNAG0760 307 69.7 39.7[37.2 - 89.7
calabriae B32 195 8 ' ' 42.2%] 1
Dietzia . . PRINA47814 38.1[35.7- 89.0
calabriae B32 Dietzia maris SST1 6 3.88 70 40.6%] 3
Dietzia Dietzia maris DSM PRJNA31574 35 709 28.3[25.9 - 82.6
calabriae B32 436727 5 ) ' 30.8%] 9
Dietzia
Dietzia . PRJNA31913 24.8[22.5- 81.3
calabriae B32 psychralcalllphl/a ILA- 5 39 69.67 27.3%] 6
Dietzia Dietzia PRJNAG8626 422 694 24.2 [21.9 - 81.1
calabriae B32  psychralcaliphila J11D 4 ' ' 26.7%)] 6
Dietzia
Dietzi PRINA44 24.3 [22 - 7
cala blfizz;aBaz psychralcaliphila . 0 369 39 69.6 ) 63 8[‘7] 8%
DSM 448207 =
Wiley-VCH
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Dietzia Dietzia PRINA39156 23.8[21.5- 80.3
calabriae B32 natronol/rrinaea S-XIJ- 0 3.7 70 26.3%] 4
Dietzia  Dietzia PRINA22411 275[25.1- 83.2
calabrice B32 papillomatosis NBRC 6 34 709 30%] 5
105045
Dietzia Dietzia kunjamensis  PRINA60760 303 69.9 39.8[37.3- 89.6
calabriae B32 K30-10T 8 ' ' 42.3%)] 6
Dietzia Dietzia kunjamensis ~ PRJNA85199 4.02 70 38 [35.5- 89.0
calabriae B32 313 2 ' 40.5%] 6
Dietzia Dietzia kunjamensis  PRJINA36353 35 706 38.2[35.7- 88.3
calabriae B32 DSM 44907 8 ) ' 40.7%)] 3
o Dietzia kunjamensis
Dietzia subsp schimae DSM  PRIEB20683  3.65 70.5 or1357- 893
calabriae B32 40.7%)] 7
45139
N Dietzia kunjamensis
ol zfgf%z subsp schimae YIM "1 N/';60760 289 69.5 40412_[:;)']6 897'6
650017
Dietzia Dietzia cercidiphylli PRJNAG0760 32 69.8 25.8[23.4 - 82.0
calabriae B32 YIM 650027 8 ' ' 28.2%] 5
Dietzia Dietzia aerolata PRJNA60760 23.9[21.6- 80.2
. . 3.3 68.1
calabriae B32 Sjl4a’ 8 26.4%)] 9
ca /525;083 5 Dietzia cinnamea 55 PRJNA750053 3.55 71 27.;’%_[;;']5 i 81'6
Dietzia Dietzia cinnamea BP  PRINA70149 359  70.7 27.6[25.3 - 84.2
calabriae B32 168 1 ’ ' 30.1%] 9
Dietzia Dietzia cinnamea PRJNA31228 414 676 28 [25.6 - 84.4
calabriae B32 CD11-5 4 \ ' 30.5%] 6
Dietzia Dietzia cinnamea 27.7 [25.3 - 84.5
calabriae B32 NBRC 102147 PRIDBA49 3.6770.8 30.2%)] 3
ol 322?332 Dietzia cinnamea pa T ONASIO0L 5 o0 oy 285??%"’ ) 8:'5
Dietzia Dietzia massiliensis ~ PRINA72780 358 707 28 [25.6 - 84.4
calabriae B32 Marseille-Q0999" 3 ' ' 30.5%] 9
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Table 2. Differential characteristics of strain B32T (a strain of this work) and type strains of Dietzia
species. Strains: 1, D. spp. B32T (strain of this work), 2, D. aurantiaca CCUG 35676 T; 3, D. aerolata
Sj14aT; 4, D. timorensis ID05-A0528"; 5, D. cercidiphylli YIM 65002 T; 6, D. psychralcaliphila ILA-1
T. 7, D. natronolimnaea CBS 107,95 T; 8, D. kunjamensis K30-107; 9, D. maris DSM 43672 7; 10, D.
lutea DSM 45074 7; 11, D. papilomatose N 1280 7. The data for rates 2 to 3 are from (Kampfer et
al., 2012, 2010); the data for D. timorensis IDO5-A0528 are from (Yamamura et al., 2010), the
data for de D. papillomatosis N 1280 ™ are from (Jones et al., 2008b; Rammer et al., 2013); the

data of D. lutea are from (Li et al., 2009). + Positivo; - negativo; ND not determined.
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Characteristics 1 2 3 4 5 6 7 8 9 10 11

oNOYTULT D WN =

Colony color orange Deep Deep nd Reddish Soft Soft Red Deep Orange Orange
orange orange orange red pink orange yellow

Urea hydrolysis nd - - + + + - + - +

16 Nitrate nd nd 5 - - - + + - +
17 reduction

20 Maximum NacCl 12 12 nd nd 10 10 10 15 15 15 8
21 tolerance (%,
w/v)

Growth 4-40  4-37 10-30 10- 1037 10—~ 10- 10- 10-45 10-45 10-37
27 temperature 37 37 37 37
28 range (°C)

31 Utilization as a
32 sole carbon
source:

37 d-Glucose + + + nd + - + + + + +
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Maltose

Sucrose

nd
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+ + +
+ + +
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Table 3. Polar lipids and isoprenoid menaquinone present in the strain type B32T. This table

presents the composition of polar lipids and isoprenoid menaquinones identified in Dietzia strain

oNOYTULT D WN =

Type B32T. The strain's lipid profile and quinone content provide insights into its potential

11 characterization in the Dietzia genus.

17 Compound Description

Phosphatidylglycerol
22 Diphosphatidylglycerol

23 Majos polar lipids
Phosphatidylethanolamine

29 MK8(H2)

32 MK9(H2)
33 Isoprenoid quinones*

* Menaquinone (MK) are a type of quinone molecule essential for electron transport within the
44 respiratory chain of bacteria. The number represents the length of the isoprene unit side chain

attached to the quinone ring. Here we found the two variants with 9 and 8 isoprene units.
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Table 4. Susceptibility to antibiotics of the strain B32'.

Strain Antibiotic tested *
AMP CLI CLO ERI EST GEN TET VAN
Strain B32
S S S S S S S S

* Antibiotics: Ampicillin (AMP), Clindamycin (CLI), Chloramphenicol (CLO), Erythromycin (ERI),
Streptomycin (EST), Gentamicin (GEN), Tetracycline (TET) (30mcg), and Vancomycin (VAN). S,

sensitive. Each experiment was repeated three times.

Table 5. Protologue description of Dietzia calabriae sp. nov.

Genus’s name Dietzia

Species name Dietzia calabriae
Specific epithet carnosa

Species status Sp. nov.

ca.la.bri‘ae. NL fem. adj. calabriae
Species etymology belonging to Reggio Calabria, Italy, from
where the organism was first isolated

Designation of the

B32
Type Strain

Strain Collection

CBAS 986
Numbers

Type Genome Nr.

GCA_024732245.1
[INSDC databases] -

Genome size 3.4 MB.
GC mol% 70.43 GC mol%.
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Description of the
new taxon and
diagnostic traits

Country of origin

Region of origin

Date of isolation
(dd/mm/yyyy)

Source of isolation

Sampling date
(dd/mm/yyyy)

Latitude
(xx°xx'xx""N/S)

Journal of Basic Microbiology

Cells are gram-positive, aerobic, and
non-motile, and form circular, smooth,
bright orange colonies. The cells are
coccus-shaped and germinate in short
stalks or rod-shaped cells about 1.0 in
diameter. Nitrate is not reduced,
catalase is produced, and urea is not
hydrolyzed. The temperature range for
growth is 4 to 40°C, with optimum
growth at 37°C. No growth occurs above
45 °C. The bacterium grows on BHI agar
in the presence of 0-12% NaCl. It uses D-
glucose but not maltose, or sucrose,
does not form hemolysis and s
susceptible to eight different antibiotics
(Gentamicin, Ampicillin, Tetracycline,
Chloramphenicol, Vancomycin,
Clindamycin, Streptomycin, and
Erythromycin). The type of strain is B32
T (= CBAS 986T) and was from an abscess
sample from a 12-year-old mare in
Reggio Calabria, Italy, in which this
animal had diffuse subcutaneous
nodules.

Italy

Reggio Calabria

05/03/2018

Subcutaneous nodules (abscess) of a 12-
year-old mare

05/03/2018

not applicable
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Longitude

(XXX XX"E/ W) not applicable

Altitude (meters

not applicable
above sea level) PP

Number of strains

. one
in study

Information related

to the Nagoya not applicable

Protocol

Abbreviations: ANI, average nucleotide identity; dDDH, digital DNA-DNA hybridization; MALDI-
TOF MS, Matrix-Assisted Laser Desorption/lonisation Time-of-Flight Mass Spectrometry, NaCl
sodium chloride, BHI Brain Heart Infusion.
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Fig. 1. Maximum likelihood tree based on 1,506 positions of the multiple alignments of the 16S rRNA gene

from strain B32T and related species (accession numbers are given in parentheses). Phylogenetic analysis

was performed using the Tamura-Nei model with gamma distribution. Bootstraps were calculated with 1000

repetitions. The Tsukamurella paurometabola ATCC8368 sequence was used as an outgroup. The scale bar
indicates the number of replacements per site. The new species is shown in bold.
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Fig.2. Phylogenetic analysis of the investigated Dietzia isolates based on the gyrB gene sequences (~1,324
to 1340 bp). Bootstraps were calculated with 1000 repetitions; only values above 50% are shown. The
Tsukamurella paurometabola ATCC8368 sequence was used as an outgroup. The scale bar indicates the

number of replacements per site. The new species is shown in red. The gyrB gene sequences were extracted
from each of the genomes downloaded from the NCBI. Dietzia aurantiaca has no published genome and
does not have the gyrB gene sequence deposited in public banks. The new species is shown in bold.
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34 Fig.3: Cell morphology of the B32T strain observed by optical microscopy. A and B, cell morphology was
35 observed by scanning electron microscopy using the Scanning Electron Microscope - JEOL JSM - 6360LV. C
36 and D, cell morphology observed by transmission electron microscopy using the Tecnai G2-12 - FEI
SpiritBiotwin 120 kV transmission microscope.
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Fig. 4: A Growth curve of strain B32T strain for 67 hours in BHI medium at 37°C, showing the O.D reached
in each hour. B. Hemolysis test, strain B32T, no reaction (y-hemolysis); S. aureus 046, a clear zone of
hydrolysis around the colony (B-hemolysis).
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6. CONCLUSAO GERAL

Em conclusdo, este estudo ressalta a importdncia de aprimorar os métodos de
identificacéo e classificagdo de cepas bacterianas, tanto para Corynebacterium pseudotuberculosis
(CP) quanto para o género Dietzia. A infeccdo por CP representa um potencial risco zoon6tico
para humanos, tornando essencial a identificagéo precisa das cepas para o controle de doencas. Os
métodos convencionais, como cultura bacteriana e testes bioquimicos, tém sido utilizados, mas a
identificacdo incorreta de biovares pode ocorrer. Para superar esses desafios, técnicas moleculares,

como o MALDI Biotyper e a anélise gendmica, mostraram-se promissoras.

O MALDI Biotyper é um poderoso sistema de tipagem bacteriana, sendo avaliado por
sua capacidade de identificar microrganismos e fornecer informacg6es valiosas para prevencao e
controle de doengas. Além disso, métodos gendmicos, especificamente a Identidade Nucleotidica
Média (ANI), sdo discutidos como um meio de inferir relagbes filogenéticas e classificar
microrganismos. Neste estudo, usamos os métodos MALDI Biotyper e Support Vector Machine
(SVM). Os espectros das cepas de CP séo adquiridos e os Perfis de Espectro Principal (MSPs) sdo
criados. Os picos obtidos da analise MALDI Biotyper sdo entdo usados para diferenciar os biovares
Ovis e Equi. O algoritmo SVM € empregado para classificar os picos e diferenciar com precisao
entre os biovars. MALDI-TOF-MS, juntamente com métodos genémicos, pode ser usado para
melhorar a identificacéo e classificacdo de cepas de CP. Esses avangos tém o potencial de fornecer
classificagdes mais precisas e rapidas, o que pode auxiliar no gerenciamento de doencas e medidas

de controle.

Da mesma forma, no género Dietzia, a distin¢do entre as cepas e a identificacdo de novas
espécies podem ser desafiadoras devido a sua similaridade fenotipica. Embora o sequenciamento

do gene 16S rRNA possa fornecer alguma ajuda na identificacdo, métodos adicionais, como
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analise gendmica, ANI e abordagens pan-genémicas, sdo necessarios para determinar o status
taxonémico de algumas espécies dentro do género. A andlise comparativa de 56 genomas de
Dietzia revelou informacdes valiosas sobre a diversidade genética e caracteristicas genémicas do
género, contribuindo para uma melhor compreensdo e diferenciacdo dessas especies. Essas
analises envolveu relacGes filogenéticas/filogendmicas, caracterizacdo do pangenoma e
identificacdo de genes especificos e core. Os resultados fornecem informacdes valiosas sobre a
diversidade genética e caracteristicas genémicas do género Dietzia, contribuindo para uma melhor

compreensdo e diferenciacdo dessas espécies.

Além disso, o estudo descreve o isolamento de uma nova cepa, B32T, de nodulos
subcutaneos de uma égua, que foi identificada como uma nova espécie de Dietzia por meio de
analise gendmica. A analise filogenética confirmou sua colocagdo dentro do género, e os valores
de hibridizacio DNA-DNA e ANI apoiaram sua distingdo como uma nova espécie. Exames
morfoldgicos, bioquimicos e fisioldgicos foram realizados para caracterizar a cepa, que apresentou
caracteristicas tipicas do género Dietzia. A suscetibilidade a antibidticos e a atividade hemolitica

foram avaliadas, fornecendo informacdes adicionais sobre suas caracteristicas.

Os achados deste estudo contribuem para o entendimento da diversidade e taxonomia do
género Dietzia. O isolamento de uma nova espécie enfatiza a potencial subestimacéo do género e

destaca a importancia de métodos precisos de identificacao.

No geral, esta pesquisa expande nosso conhecimento sobre as espécies de Dietzia e ressalta a
necessidade de métodos de identificacdo confidveis. Mais estudos sdo necessarios para explorar o

significado ecoldgico, as aplicagdes biotecnoldgicas e o potencial patogénico das cepas de Dietzia.
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7. PERSPECTIVAS
CAPITULO I

Testar uma subfuncdo do MALDI: Desenvolver um modulo de subtipagem que se concentra na
analise dos picos altamente reproduziveis de ambos os biovares. 1sso se deve ao fato de que,
devido ao log (pontuacéo), a diferenciacdo por si s ndo é viavel. No entanto, € concebivel
realizar uma segunda rodada de classificagdo potencial exclusivamente com base no MALDI,

sem a necessidade de utilizar ferramentas adicionais.
CAPITULO II

Seréa feito um artigo de revisdo de como caracterizar uma nova espécie bacteriana, com
énfase no género Dietzia.
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Case Report

A Typical Multibacterial Granulomatous Myositis in a
Horse: First Report in Italy

Claudia Rifici *'*, Anna-Rita Attili >**, Davide De Biase 3,[Roselane Gongalves dos Santos]",
Nubia Seyffert 5 Thiago Luiz De Paula Castro @, Henrique Cesar Pereira Figueiredo /,
Carmelo Scaramozzino %, Stefano Reale ?, Orlando Paciello ", Vincenzo Cuteri 2,

Sharon Jane Spier ', Vasco Azevedo *' and Giuseppe Mazzullo

DOI https://doi.org/10.3390/vetsci7020047

Este artigo também é um trabalho que esta relacionado ao meu trabalho de mestrado e
doutorado. Neste artigo, fiz a identificacdo de duas amostras isoladas uma égua italiana de 12 anos
de idade, em que o animal apresentou ndédulos subcutaneos difusos, foram realizadas investigacdes

como PCR. MALDI-TOF, bem como também trabalhei na escrita do artigo.
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Genomic investigation of antimicrobial resistance in Brucella abortus strains
isolated from cattle in Brazil

Carine Rodrigues Pereira”, Rodrigo Bentes Kato ", Fabricio Almeida Aradjo”,

Alessandra Lima da Silvh °, Roselane Gongalves dos Santos ‘, [Thiago de Jesus Sousa“,
Raquel Costa Neia“, SaulS BITO OX SV, CIATTeS I, iamson ', John Gillece', Andrey
Pereira Lage “, David O’Callaghan " Derek Pickard ', Rommel Thiago Juca Ramos ", Vasco
Ariston de Carvalho Azevedo®, Jeffrey T. Foster', Elaine Maria Seles Dorneles ™
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Neste artigo, trabalhamos com a montagem de 52 genomas de Brucella abortus isoladas
no Brasil. Trabalhei na montagem, anotacdo, deposito do genomas no NCB, analises de ilhas de

patogenicidade, pangemona, dentre outras analises em que tinha a capacidade de fazer.
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Volume 855,1 March 2023, 147131

Comparative genomic analysis of ovine and
other host associated isolates of
Staphylococcus aureus exhibit the important
role of mobile genetic elements and
virulence factors in host adaptation

Alessandra Lima “, Ana Carolina Barbosa Caetano ©, Raquel Hurtado Castille ©,

[Rose[ane Goncalves dos Santos!a, Diego Lucas Neres Rodrigues “, Thiago de Jesus Sousa “,

Rodrigo Bentes Kato 9, Marcus Vinicius Candrio Viana “, Anne Cybelle Pinto Gomide 9,

Flavia Figueira Aburjaile f, Sandeep Tiwari ® ® ", Arun Jaiswal ?, Alfonso Gala-Garcia ©,

Nulbia Seyffert b, Thiago Luiz de Paula Castro b Bertram Brenig 9, Mateus Matiuzzi da Costa 3

Elaine Maria Seles Dorneles ¢, Yves Le Loir 9, Vasco Azevedo ® L =

Neste artigo, trabalhamos com a montagem de genomas de Stapylococcus aureus.
Trabalhei na montagem, anotacdo, deposito do genomas no NCB, bem como nas analises de

bioinformatica como busca por fatores de viruléncia, pangenoma.
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Genes selected after application modified logistic regression in the
microarrays gene expression for breast cancer.

Francielly Morais-Rodrigues’ ", Diego Lucas Nere i I Ri ilyério-V

Gabriel Rodrigues Gomes’, Rodrigo Bentes Kato' [Roselane Goncalves dos Santos
Azevedol, Marcos A dos Santos”.

chado', Lucas
, Vasco A. C.

1 Institute of Biological Sciences, Federal University of Minas Gerais, Brazil. Av. Antonio Carlos, 6627,
Belo Horizonte, MG 31270-901,Brazil.

2 Department of Computer Science, Federal University of Minas Gerais, Brazil Av Antonio Carlos, 6627
Belo Horizonte, MG 31270-901,Brazil.

DOI https://doi.org/10.18535/ijsrm/v8i12.b01

Neste trabalho utilizamos a regressédo logistica modificada foi usada para classificar os
subtipos de cancer de mama usando todas as amostras de banco de dados de microarray. Neste

artigo trabalhei junto com a autora na redacao do artigo e revisao.
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after the application modified logistic regression e
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Neste artigo, apresentamos um novo modelo baseado em regressdo logistica para
classificar amostras de tumor de cancer de mama com base em dados de expressao de microarray,
incluindo todos 0s recursos de expressdo génica e sem reduzir a matriz de dados de microarray.

Trabalhei na escrita e revisao do artigo.
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Characterization of a new multidrug-resistant
Brazilian K. pneumoniae isolate and 172 Klebsiella
spp- sequenced strains: Genomic island,
multilocus sequence typing and capsule locus
dataset

Rodrigo Profeta 2, Niibia Seyffert » b, Sandeep Tiwari 2, Marcus V.C. Viana % Arun Kumar Jaiswal * ¢, Ana Carolina

Caetano ?, Daniel Henrique Biicker , Luciana Tavares de Qliveira 9 Roselane Santos § Alfonso Gala-Garcia 2,

Rodrigo B. Kato 2, Francine F. Padilha ¢, Isabel B. Lima-Verde , Preetam Ghosh £, Debmalya Barh ", Aristdteles Gdes-
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Neste artigo um isolado brasileiro de K. pneumoniae foi fenotipicamente caracterizada e
submetida ao sequenciamento do genoma completo e analise genébmica comparativa. Minha

participacdo neste artigo foi nas analises de genémica compartiva.
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Comparative genomics with a multidrug-resistant Klebsiella pneumoniae
isolate reveals the panorama of unexplored diversity in Northeast Brazil
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Neste artigo, um isolado de K. pneumoniae multirresistente, isolado de um paciente
infectado na comunidade e internado em uma unidade de terapia intensiva no Nordeste do Brasil
foi avaliado quanto a susceptibilidade antimicrobiana e as informacGes do genoma foram
investigadas para caracterizar o isolado em frente a 172 cepas sequenciadas de diferentes paises.

Trabalhei com os dados de gendmica, ajudando nas analises comparativa, e extracdo DNA.
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Neste artigo, trabalhei nas analises realizadas para busca do pan-resitoma de Acinetobacter
baumannii.
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Este artigo € relacionado a organizacdo do Curso de Verdo em Bioinformatica da UFMG,

em que uma comissdao organizadora composta por alunos de graduacdo e pés-doutorados da

Universidade Federal de Minas Gerais (Brasil) promove um evento de uma semana denominado

Curso de Verdo em Bioinformética (CVBioinfo). Este evento tem como objetivo divulgar

principios, novidades e métodos de bioinformatica voltados principalmente para o publico de

alunos de graduagdo. Aqui, apresentamos e discutimos os insights obtidos com a promocéao do

Workshop Online em Bioinformatica (WOB) organizado em novembro de 2020. Eu fui uma dos

membros da organizacdo do curso, trabalhando também na escrita do artigo, realizagdo do curso.
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Neste artigo, relatamos o primeiro isolamento, identificacdo e caracterizacdo de
Pseudochrobactrum saccharolyticum da América Latina. Trabalhei na montagem, anotacao,

deposito do genoma, bem como na ajuda das analises realizadas.
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Este artigo utiliza uma abordagem baseada em imunoinformatica e projeta uma
candidata potencial a vacina para a sifilis. Trabalhei na revisdo do artigo, entretanto fui sua

coorientadora durante o desenvolvimento do trabalho.
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Neste capitulo de livro, apresentamos uma estratégia de gamificacdo usada para ampliar
0 engajamento dos participantes durante o I Workshop Online de Bioinformatica (WOB20)., a
fim de aumento o engajamento e interacdo entre participantes. Fui organizadora do evento e

tdos juntos trabalhamos na escrita e desenvolvimento do trabalho.
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