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RESUMO

Biosurfactantes sdo compostos tensoativos produzidos por varios micro-organismos. A
bioflotagdo pode ser de particular importancia para as industrias de mineragdo e siderurgia,
devido a crescente demanda global por matérias primas e ao esgotamento de recursos
minerais de maior qualidade. Apresentam vantagens em compara¢do aos seus homologos
quimicos, incluindo baixa toxicidade, biodegradabilidade, aceitabilidade ecoldgica, atividade
especifica em condic¢des extremas. O conhecimento das rotas metabolicas e da fisiologia da
bactéria Rhodococcus opacus permite inferir possiveis maneiras de otimizar a producdo de
biosurfactantes. O objetivo deste trabalho foi investigar proteinas envolvidas na rota de
biossintese de biosurfactantes em um cultivo bacteriano em meio liquido. A bactéria
Rhodococcus opacus foi fornecida pela Colegédo Brasileira de Micro-organismos de Ambiente
e Indastria — CBMAI — UNICAMP. O cultivo bacteriano foi liofilizado e enviado para o
Instituto Tecnoldgico Vale, localizado em Belém-Par, para entdo serem realizadas as etapas
de analise das proteinas presentes e dos mapas metabodlicos relacionados. A extracdo foi
realizada utilizando método proposto por WANG et al., 2006. A amostra do cultivo bioldgico
de Rhodococcus opacus foi submetida a identificacdo de proteinas por cromatografia liquida
bidimensional acoplada a espectrometria de massas. No total, 991 proteinas foram
identificadas e categorizadas em trés aspectos: funcdes moleculares (643), componentes
celulares (109) e processos bioldgicos (430). As funcbes moleculares que podem estar
relacionadas a producdo de biosurfactantes identificadas neste experimento sdo associadas a
alteracbes na permeabilidade da membrana e a producdo de gliconcojugados de &cido
micolico. Destacaram-se também proteinas relacionadas a constituicdo da parede celular de
Rhodococcus, alem do carreamento de acido micolico durante a biossintese da parede celular.
Com auxilio da ferramenta KEGG as proteinas identificadas foram mapeadas em rotas
metabdlicas. Ao todo 26 proteinas detectadas neste experimento estdo envolvidas na
conversdo de glicose em trealose, parte do metabolismo do amido e sacarose. A presenca de
enzimas e proteinas da via de producdo de trealose na bactéria Rhodococcus opacus esta
associada a producdo de glicolipideos do tipo trealolipidios, composto com conhecida
atividade biossurfactante. A potencializacdo destas vias pela inducdo de alteragdes no
metabolismo e fisiologia da bactéria pode ser atil para o aumento da producdo de
biosurfactantes.

Palavras-chave: Biossurfactante, Rhodococcus opacus, Rota metabdlica.



ABSTRACT

Biosurfactants are surfactant compounds produced by microorganisms. Bioflotting may be of
particular importance to the mining and steel industries due to the growing global demand for
raw materials and the depletion of higher quality mineral resources. They have advantages
over their chemical counterparts, including low toxicity, biodegradability, ecological
acceptability, specific activity under extreme conditions. Knowing the metabolic pathways
and physiology of the bacteria Rhodococcus opacus allows us to understand how the organic
reactions impact the microorganism, from ideal cultivation conditions, seeking to stimulate
the production made possible by metabolism. The objective of this work was to investigate
proteins involved in the biosurfactant biosynthesis route in a bacterial culture. The bacterium
Rhodococcus opacus was supplied by the Brazilian Collection of Environment and Industry
Microorganisms - CBMAI - UNICAMP. The bacterial culture was lyophilized and sent to the
Vale Technological Institute, located in Belém-Para, for the analysis of the proteins present
and related metabolic pathways. Extraction was performed using the method proposed by
WANG et al., 2006. The sample from the Rhodococcus opacus biological culture was
subjected to protein identification by Two-dimensional Liquid Chromatography coupled to
Mass Spectrometry. In total, 991 proteins were identified and categorized into three aspects:
molecular functions (643), cellular components (109) and biological processes (430). The
molecular functions that may be related to biosurfactant production identified in this
experiment are associated with changes in membrane permeability and mycolic acid
glycoconjugate production. Also highlighted were proteins related to the formation of the
Rhodococcus cell wall, in addition to mycolic acid loading during cell wall biosynthesis. With
the aid of the KEGG tool, the number of proteins identified in the metabolic pathways was
obtained. Among the identified routes, 26 proteins are involved in the conversion of glucose
to trehalose, starch and sucrose metabolism. The presence of enzymes and proteins of the
trehalose production pathway in Rhodococcus opacus bacteria is associated with the
production of trehalolipid glycolipids, with probable biosurfactant activity. Potentiation of
these pathways by inducing changes in bacterial metabolism and physiology may be useful
for increasing biosurfactant production.

Keywords: Biosurfactants, Rhodococcus opacus, Metabolic pathways
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1 INTRODUCAO

A crescente demanda por minerais, utilizados ativamente no dia-a-dia, aliado ao
esgotamento de depdsitos; trouxe uma nova realidade para a pesquisa cientifica, focando no
beneficiamento de minérios de baixa qualidade e alta complexidade, a fim de atender ao
mercado global a custos competitivos (ROSARIO, 2017).

Segundo o Ministério de Minas e Energia (MME), o beneficiamento ou tratamento de
minérios visa preparar granulometricamente, concentrar ou purificar minérios por métodos
fisicos ou quimicos sem alteracdo da constituicdo quimica dos minerais. Desta forma, a
flotagdo permite a obtencdo de concentrados com elevados teores e expressivas recuperagoes.
O processo é aplicado no beneficiamento de minérios com baixo teor e granulometria fina. E
baseado no comportamento fisico-quimico das superficies das particulas minerais presentes
numa suspensdo aquosa. A utilizacdo de reagentes especificos, denominados coletores,
depressores e/ou modificadores, permite a recuperacdo seletiva dos minerais de interesse por
adsorcdo em bolhas de ar (BRASIL, 2019).

O recente foco da industria em cumprir a legislacdo ambiental, reduzindo os impactos
ao meio ambiente, da lavra e do beneficiamento na mineragéo, incentivam a realizacdo de
inimeras pesquisas em tecnologias ambientalmente amigaveis. A biofllotacdo é uma
tecnologia baseada no uso de micro-organismos, ou 0s subprodutos metabdlicos, como
reagentes de flotacdo, denominados biorreagentes, sendo coletores, depressores, ativadores ou
outros modificadores de superficie, e permitindo a separacdo seletiva de minerais, com, em
alguns casos, maior eficiéncia e menor toxicidade (ROSARIO, 2017).

A presenca de grupos funcionais hidrofobicos (cadeias hidrocarb6nicas) e grupos
hidrofilicos (carboxilas, fosfatos, hidroxilas) na superficie celular microbiana (parede celular,
capsulas, envoltoérios), conferem a alguns micro-organismos caracteristicas similares as de
moléculas de surfactantes. Diversos micro-organismos sdo capazes de produzir
biossurfactantes, compostos anfifilicos que atuam na interface das emulsGes, contendo partes
apolares e polares, em termos de tensdo superficial, estabilidade a temperatura e pH, sédo
comparaveis, ou superiores, aos surfactantes sintéticos. Estes biossurfactantes sdo produzidos
por diferentes estipes de micro-organismos vivos, como bactérias, leveduras e fungos. E o
caso da bactéria Rhodococcus opacus (rop) capaz de sintetizar compostos com propriedades

surfactantes como subprodutos metabdlicos.
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2 OBJETIVOS
2.1 OBJETIVO GERAL

Avaliar o proteoma da bactéria Rhodococcus opacus em busca de rotas metabdlicas p

na producdo de biossurfactantes Uteis para a flotacdo de minério de ferro.
2.2 OBJETIVOS ESPECIFICOS

a) ldentificar lista de proteinas presentes no cultivo biolégico de Rhodococcus opacus.
b) Mapear as proteinas e peptideos identificados em categorias funcionais
c) lIdentificar rotas metabdlicas possivelmente envolvidas na produgdo de

biossurfactantes.
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3 REVISAO DA LITERATURA
3.1 FLOTACAO

No processo de flotacdo, o ar é borbulhado através de uma polpa de minério de ferro
em granulometria adequada, em uma quantidade especifica de reagente de flotagdo. A acdo do
reagente € modificar a superficie dos 6xidos de ferro ou do principal componente da ganga
(residuos impuros de minerais) para que as particulas sejam capazes de aderir a bolha de ar e
assim ser conduzida a superficie, onde sdo removidas na forma de espuma. O minério de ferro
pode ser flotado por duas rotas. Na rota direta, o 0xido de ferro é flotado usando reagente
anionicos como sulfonato de petréleo ou &cidos graxos. Na rota reversa, industrialmente
estabelecida, a silica sob a forma de quartzo é flotada por coletores catiénicos do tipo amina e
o0 minério de ferro sob a forma de hematita, permanece na polpa auxiliado pelo depressor
amido de milho (fubd) (LOPES, 2009; MAEDA, 2014). Na Figura 1 € possivel observar a
espuma de flotacdo contendo minerais de ferro.

Figura 1 - Espuma de flotacdo contendo ferro. (A) Processo de flotacdo inversa, no qual a silica é
flotada com o auxilio de reagentes catiénicos (aminas) e depressores (amido). Ap6s as células de
flotacdo sdo filtradas e o minério de ferro liberado. (B) Processo de flotagcdo inversa em escala
industrial.
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Fonte Lopes (2009)
3.2 BIOFLOTACAO

Biorreagentes tém sido utilizados como possivel solu¢do para reduzir problemas
ambientais, provenientes dos processos industriais de flotacdo mineral (ROSARIO, 2017).
Algumas bactérias efetuam mudancas na quimica superficial dos minerais, realizando

separacdo eficiente. Pois possuem grupos apolares (cadeias hidrocarb6nicas) e grupos polares
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(carboxilas, fosfatos, hidroxilas) na parede celular microbiana, possibilitando o uso dos
produtos metabdlicos (proteinas e polissacarideos) como agentes coletores e modificadores
(ROSARIO, 2017; RAO, VILINSKA, CHERNYSHOVA, 2010; VILINSKA, RAO, 2008 )
Estes grupos, quando ionizados, formam sitios ativos capazes de adsorver espécies idnicas
presentes no sistema mineral, mediante varios mecanismos de adsorcdo (especificos e ndo
especificos), como: troca idnica, ligagdes quimicas e interacdes eletrostaticas (Oliveira, 2015).

A modificacdo da superficie mineral por produtos bacterianos pode ocorrer por
mecanismos diretos ou indiretos. O primeiro, envolve a adesdo direta das células microbianas
as particulas minerais; e o segundo, a adesdo ocorre com 0s produtos do metabolismo ou
fracBes sollveis da célula como reagentes ativos na superficie. (ROSARIO, 2017; MERMA,
2012; MERMA et al., 2013). A flotacdo mineral pode ocorrer quando um micro-organismo
com perfil hidrofébico adere a superficie mineral total ou parcialmente, atuando como um
coletor convencional. Ou quando possui um carater hidrofilico, podendo atuar como um
reagente modificador depressor. A depressdo pode resultar da oxidacdo da bactéria ou por
modificacdo complementar da superficie, ou seja: uma vez que o biorreagente esteja aderido é
impedida parcial ou totalmente uma subsequente adeséo do coletor (ZHENG; ARPS; SMITH,
2001).

A adesdo de células bacterianas a superficie mineral pode ser de trés formas:

a) ligacdo de células microbianas ao substrato solido. Os micro-organismos ou seus
produtos metabolicos, aderem a superficie de um minério e alteram as caracteristicas
superficiais;

b) reacOes de oxidacao e adsorcao

c) reacBes quimicas com os produtos de metabolitos produzidos pelos micro-organismos
(FAZAELIPOOR, KHOSHDAST, RANJBAR, 2010; BUENO, 2008).

Na literatura sdo encontrados inimeros artigos referentes a bioflotagdo de minerais.
Como exemplo, os estudos das interacdes de células da bactéria Rhodococcus opacus com a
superficie mineral investigando um sistema de flotagdo de quartzo-hematita (MESQUITA,
LINS; TOREM, 2003) e outro de quartzo-apatita (MERMA, 2012). Nos dois casos, foi
comprovado que as células da rop contém alguns polissacarideos que interagem com a
superficie mineral (MERMA, 2012; DIDYK-MUCHA et al., 2015)
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A bioflotacao pode ser de particular importancia para as industrias de mineracdo e
siderurgia, devido a crescente demanda global por matérias primas e o esgotamento de

recursos de minérios de maior qualidade (MERMA et al., 2013).
3.3 BIOSSURFACTANTES

Biossurfactantes sdo moléculas anfipaticas, constituidas por uma porcao hidrofilica -
composta de aminoacidos ou peptideos, mono, di ou polissacarideos — e outra hidrofobica,
constituida de uma cadeia hidrocarb6nica de um ou mais acidos graxos, saturados ou
insaturados (OLIVERA, 2018; ALMEIDA, 2009). A figura 2 demonstra a estrutura quimica
de alguns biossurfactantes.

Provenientes de bactérias, fungos filamentosos ou leveduras. Estes compostos séo
classificados de acordo com a composi¢cdo quimica e origem microbiana (Tabela 1), nas
classes de glicolipideos, lipopeptideos e lipoproteinas; fosfolipideos e acidos graxos;
surfactantes poliméricos e surfactantes particulados (COLLA, COSTA, 2003; MULLIGAN,
et al., 2001; BOGNOLO, 1999; KOSARIC, CAIRNS, 1987).

Os glicolipidios dividem-se em trealose, soforolipidios e ramnolipidios, e estdo
envolvidos na assimilacdo de hidrocarbonetos de baixa polaridade. (COLLA, COSTA, 2003;
SHAFI, KHANNA, 1995). A amostra trabalhada neste relatério refere-se ao género
Rhodoccocus, (Tabela 1) sendo entdo parte da classe de glicolipidios, do tipo trealolipidio,
compostos de um dissacarideo trealose unido a grupos de acidos graxos, por ligacdo éster. Sdo
produzidos por varios micro-organismos, incluindo os géneros de Mycobacterium,
Rhodococcus, Arthrobacter, Nocardia e Gordonia (OLIVERA, 2018; DHANARAJAN, SEN,
2014).
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Figura 2 - Representacdo da férmula estrutural dos biossurfactantes. (A) ramnolipideo; (B)
soforolipideos, (C) trealolipideos, (D) Emulsan, (E) polimixina e (F) surfactina. Os biossurfactantes A

B e C pertencem a classe dos glicolipideos, o biossurfactante D aos poliméricos, e os biossurfactantes
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Tabela 1 - Classificacdo dos biossurfactantes

Classe de biossurfactante Tipo Exemplos de micro-organismo
produtor
Glicolipidios Ramnolipidios Pseudomonas aeruginosa
Soforolipidios Candida bombicola,

Torulopsis bombicola, Torulopsis

apicola

Trealolipidios Rhodococcus erythropolis,

Mycobacterium sp.

Lipopeptidios Viscosina Pseudomonas fluorescens
Surfactina Bacillus subtilis
Polimixina Bacillus polymyxa
Fosfolipideos, 4cidos graxos  Acidos graxos Corynebacterium lepus
e lipideos neutros Lipidios neutros Nocardia erythropolis

Cianobactérias

Fosfolipidios Thiobacillus thiooxidans
Surfactantes poliméricos Emulsan Acinetobacter calcoaceticus
Biodispersan Acinetobacter calcoaceticus
Liposan Candida lipolytica
Surfactantes particulados Vesiculas Acinetobacter calcoaceticus

Fonte: Adaptado de: Nitschke; Pastore (2002); Winterburn; Martin (2012)

Biossurfactantes da classe glicolipideos sdo amplamente utilizados em tecnologias de
biorremediacdo e bioflotacdo mineral, devido a disponibilidade de hidrocarbonetos
(OLIVERA, 2018; DHANARAJAN, SEN, 2014). As propriedades dos biossurfactantes 0s
tornam vantajosos sobre os surfactantes quimicos em inimeras aplicacGes. A Tabela 2 mostra

um resumo de algumas funcdes e aplicagdes.
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Tabela 2 - Algumas funcdes, aplicacdes e caracteristicas dos biossurfactantes

FUNCOES

APLICACOES

CARACTERISTICAS

Emulsionantes e
dispersantes

Cosmeéticos, tintas,
biorremediacdo, 6leos,
alimentos

Adequado HLB (Balanc¢o
hidrofilico-lipofilico) e seguranca
ambiental

Solubilizantes

Produtos farmacéuticos e de
higiene

Biocompatibilidade e baixa
toxidade

Agentes molhantes e
penetrantes

Produtos farmacéuticos,
téxteis e tintas

Biocompatibilidade e baixa
toxidade

Detergentes

Produtos de limpeza,
agricultura

baixa cmc; biodegradabilidade e
estabilidade em condicdes
extremas de pH e salinidade

Agentes espumantes

Produtos de higiene,
cosméticos e flotacdo de
minério

Biocompatibilidade, baixa
toxidade, flotacdo mineral e
seguranca ambiental

Sequestrantes de
metais

Mineracéo

Flotagdo mineral

Formadores de
vesiculas

Cosméticos e sistemas de
liberagdo de drogas

Biocompatibilidade e seguranca
ambiental

Fator de crescimento
microbiano

Tratamento de residuos
oleosos

Estabilidade quimica; adsorcao de
superficies

Demulsificantes

Tratamentos de residuos
recuperacao de petroleo

Estabilidade quimica; adsorcao de
superficies

Redutores de
viscosidade

Transporte em tubulagoes,
oleodutos

Estabilidade quimica; adsorcéo de
superficies

Dispersantes

Mistura carvado-agua,
calcareo-agua

Biocompatibilidade e seguranca
ambiental

Fungicida

Agente de recuperagio

Controle bioldgico de
fitopatogénos

Recuperacéo terciaria de
petréleo

adsorcdo de superficies e
seguranca ambiental

Molhamento nas formacdes
contendo petréleo; formacao e
estabilizacdo de microemulsdo;
facilidade de quebra da emulséo
apds recuperagdo

Fonte: Khan et al., (2015); Nitschke; Pastore, (2002).
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Dentre as caracteristicas apresentadas na Tabela 2, as vantagens sobre os surfactantes
convencionais s&o:

1) Biodegrabilidade. Os micro-organismos utilizam os biossurfactantes como

substrato para obtencdo de energia mais facilmente.

i) Baixa toxicidade. Menor probabilidade de provocar reagdes alérgicas.

iii) Maior atividade superficial e interfacial. Menores concentracdes de

biossurfactantes provocam uma maior diminuicdo da tensdo superficial devido
a menor cmc (Concentracdo Micelar Critica) dos biossurfactante.

(\Y] Eficacia: Estabilidade térmica, estabilidade em valores extremos de pH, e em

ambientes com elevado grau de salinidade

V) Economia de producdo aceitavel. Possuem inimeras aplicacbes e fontes

diversas, provindas de substratos renovaveis e residuos agroindustriais - como
soro de leite, &gua de maceracdo de milho, manipueira. Além de residuos
industriais e subprodutos, o que € de particular interesse para a producdo em
massa (por exemplo, para utilizacdo em tecnologias relacionadas com o
petroleo).

Vi) Capacidade de modificacdo estrutural através da engenharia genética ou

técnicas bioquimicas.

Em relacdo as desvantagens podemos citar os desafios associados a producdo em
escala comercial; baixa produtividade dos micro-organismos; perdas com contaminagéo,
devido a producdo de espuma durante o processo de producdo de biossurfactante em
biorreator; e as etapas de recuperacdo e purificacdo do biossurfactante, ainda onerosas e com
volume de efluentes consideravel. (FELIPE, DIAS, 2017; MULLIGAN et al.,, 2014;
SAHARAN, 2011; WINTERBURN, MARTIN, 2012; COLLA, COSTA, 2003; NITSCHKE,
PASTORE, 2002; DAVIS et al., 1999; KIM et al., 1997; PRUTHI, CAMEOTRA, 1997).

3.4 0 GENERO RHODOCOCCUS

As bactérias do género Rhodococcus pertencem ao taxon supragenérico Mycolata, o
qual inclui outros géneros como Corynebacterium, Mycobacterium e Nocardia (Figura 3). S&o
gram-positivas, possuem parede celular de polissacarideos do tipo arabinogalactana, longas

ramificagcbes de acidos graxos e &cidos micolicos, ligados covalentemente a uma matriz de
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peptideoglicana-arabinogalactana-acido micélico, como mostra a Figura 4 (PACHECO,
2008.; SUTCLIFFE, 1998).

Figura 3 - Micrografia eletrénica de Rhodococcus sp. Cepa RHAL, mostrando o crescimento por
ramificagGes filamentosas

Fonte: Adaptado de BC Cancer Agency!

! Disponivel em: http://www.bcgsc.ca/project/Rhodococcus/summary
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Figura 4 - Modelo de organizacdo da parede celular do género Rhodococcus. (A) barreira lipidica
externa formada por acidos micolicos e (B) lipideos anfifilicos.
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Fonte: Oliveira (2015); Pimentel (2011) apud adaptado de Minnikin (1991).

Actinobactérias aerobias, gram-positivas, com ciclo de vida alternante entre as formas
cocos e bastonetes, algumas vezes mostrando projecdes filamentosas (FINNERTY, 1992).
N&o produzem esporos, sdo imoveis e suas col6nias apresentam aspecto mucoide (ESCH et
al., 1999). Podem ser encontradas em solos, rochas, aguas subterraneas, sedimentos marinhos,
excretas de animais, intestinos de insetos e em plantas (HERNANDEZ et al., 2017;
PACHECO, 2008; BELL et al.,1998)

Este género possui uma versatilidade metabdlica com capacidade de biodegradacéo e
transformacédo de compostos poluentes, como hidrocarbonetos, pesticidas e outros compostos
xenobidticos (MARTINKOVA et al., 2009; LARKIN et al, 2005; ART INTER,
WARHURST, FEWSON, 1994). Séo candidatos a utilizacdo em processos de biorremediagéo

e descontaminacdo de solos, devido a elevada tolerancia a condicOes de estresse. Capazes de
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sintetizar e metabolizar diversos componentes, como surfactantes, 0éleos, esteres,
polihidroxialcanoatos, glicogénio e polifosfato (ANDERSON et al., 1995; ALVAREZ et al.,
1997; ALVAREZ, 2003; HERNANDEZ et al., 2008; 2017). Dentre as espécies de
Rhodococcus, as apontadas como produtoras de biossurfactante estdo R. erythropolis, R.
ruber, R. opacus e R. rhodochrous. (PACHECO, 2008).

As vias do metabolismo central deste género de micro-organismo sao altamente
conservadas, contudo cada espécie adota uma configuragdo metabdlica especifica. Neste
contexto as vias produzem energia e metabdlitos intermediarios, ndo somente em periodos de
crescimento, mas também quando as condi¢Ges ambientais tornam as células metabolicamente
ativas. Sob condicdes de estresse ha aparente metabolismo de compostos de reserva podendo
transformar diferentes hidrocarbonetos em lipideos, e estes sdo utilizados como carbono e
energia para manter a viabilidade da célula (HERNANDEZ et al., 2008; 2017; 2019;
ALVAREZ 2003; ALVAREZ et al., 1997; ANDERSON et al., 1995). Estas reservas podem
gerar metabdlitos secundarios explorados biotecnologicamente, nos setores farmacéutico,
ambiental, quimico e de energia (PIMENTEL, 2011).

Os lipideos de trealose, composicao dos biossurfactantes, sdo parte da parede celular das
espécies de Rhodococcus, e produzidos na superficie ativa durante o crescimento em meio de
cultura rico em cadeias longas de n-alcanos. A liberacdo de biossurfactante, a partir da

biossintese de trealose, pode ser observada na Figura 5.
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Figura 5 - Mecanismo da célula de Rhocococcus sp. em contato com alcanos. Legenda: (1) (2) O
contato proporciona hidrofobicidade da membrana devido a mudancas na composi¢do dos &cidos
micolicos e fosfolipideos; (3) tais mudancas permitem a excre¢do de biossurfactantes devido a
emulsificacdo de moléculas de n-alcanos; (4) Producdo de substdncias Poliméricas Extracelulares
(EPS).
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Fonte: Cappelletti et al. (2019).

A proposta deste trabalho é a elucidacdo das rotas metabolicas para a possivel
producdo de biossurfactante, como metabdlito da bactéria Rhodococcus opacus, visando a
aplicacdo como biorreagente na flotacdo de minério de ferro. Etapa possivel gracas ao uso de
espécies microbianas como reagentes de flotacdo na separacao seletiva de sistemas minerais,
caracterizados pelo sistema hematita-quartzo (MESQUITA et al., 2003)

Esta dissertagdo possui formato de relatorio técnico intitulado “Categorizacdo

Funcional de Proteinas de um Cultivo Bioldgico da Bactéria Rhodococcus Opacus”.

4 MATERIAIS E METODOS
4.1 CULTIVO E CRESCIMENTO DA BACTERIA RHODOCOCCUS OPACUS

A bactéria Rhodococcus opacus foi fornecida pela Colecdo Brasileira de Micro-
organismos de Ambiente e Industria — CBMAI — UNICAMP.

Fez-se a propagacao das bactérias em meio solido utilizando placas de Petri, mantidas

em refrigerador a 2°C. Para a propagacao (em meio solido) e crescimento (em meio liquido)
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das células de Rhodococcus opacus, 0 meio de cultura TSA (Agar Triptona Soja) e TSB
(Caldo Triptona Soja) foi empregado.

O procedimento de inoculacdo do micro-organismo foi realizado em capela de fluxo
laminar previamente esterilizada com lampada germicida de luz ultravioleta para evitar
contaminagdo microbiana.

A partir das placas de Petri foi realizado um subcultivo em meio liquido, utilizando
frascos Erlenmeyer de 500 ml. Esses frascos foram levados a um shaker rotatorio (CIENTEC
CT-712) durante 144 horas, a uma temperatura de 28°C e 150 rpm, para atingir o crescimento
maximo do micro-organismo e realizarem seus processos metabdlicos. O cultivo bacteriano
foi liofilizado e enviado para o Instituto Tecnologico Vale, localizado em Belém-Para, para
entdo serem realizadas as etapas de analise das proteinas presentes, e dos mapas metabolicos
relacionados.

As amostras de biorreagente para flotagdo foram denominadas:

BS1: Biossurfactante 1

BS2: Biossurfactante 2

CBJ1.: Cultivo Bacteriano (Rhodococcus. opacus) 1

CB2: Cultivo Bacteriano (Rhodococcus. opacus) 2

4.2 EXTRACAO DE PROTEINAS

A extracdo da amostra de cultivo bioldgico foi realizada utilizando método proposto
por (WANG et al., 2006) adaptado, no qual foram realizadas etapas de pré-limpeza para
remover contaminantes que afetam a separacdo (lavagem de acido tricloro-acético /acetona) e
adicionalmente remover compostos (poli)fendis (lavagem de metanol).

Foram pesadas aproximadamente 3 g de amostra liofilizada e dispostas em falcons de
15 mL, posteriormente foi adicionado 630 pL. de DTT (Ditiotreitol) (70 mM final) 10 mL de
tampdo contendo sacarose (1,5 M), Tris-HCL (1 M, pH 8), SDS (Dodecilsulfato de Sédio,
10%), PMSF (Fluoreto de Metilfenilsulfonil, 100 mM), PVPP (Polivinilpolipirrolidona) e
H-O Ultra Pura, seguido da adici¢do de 10 pL de inibidor de proteases (Protease Inhibitor
cocktail - P8340 Sigma-Aldrich) e repouso em temperatura ambiente por 10 minutos.

As amostras foram submetidas a sonicacdo por seis repeticdes de 30 segundos, com

poténcia de em torno de 80W e intervalos de aproximadamente 30 — 60 segundos, no gelo,
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evitando o aquecimento. Em sequéncia, a amostra contida em cada falcon foi dividida em oito
eppendorfs (epp) de 2 mL, transferindo aproximadamente 1000 puL. da amostra em cada epp, e
adicionados 700 pL de fenol em cada epp.

As amostras foram homogeneizadas durante 15 minutos em um vortex, em seguida
centrifugadas por sete minutos, a 14000 rpm a temperatura de 4°C, para que houvesse a
separacdo da fase fendlica, a qual foi transferida para um epp novo. O processo de
centrifugacdo foi repetido para que fossem eliminados quaisquer residuos da fase aquosa ou
de SDS. Foi ent&o transferido 700 pL do sobrenadante para um novo epp e adicionado outros
700 pL de acetato de améOnia em metanol, para a precipitacdo das proteinas, as amostras
foram vortexadas rapidamente apenas para mistura-las e armazenadas a -80°C overnight.

Para a limpeza, as amostras foram submetidas a repetidas etapas de lavagem.
Inicialmente centrifugadas por 20 minutos, a 14000 rpm a temperatura de 4°C, todo o liquido
foi descartado, e adicionou-se 1500 pL de acetona 80% gelada; o liquido foi continuamente
homogeneizado com auxilio de uma pipeta até o pellet se dissolver, nesta etapa todos os
pellets foram unidos em um epp, em seguida este epp foi vortexado e o liquido descartado,
este processo foi repetido trés vezes. Foi adicionado 1500 pL de etanol 70% gelado e os tubos
epp centrifugados por 7 minutos, a 14000 rpm a temperatura de 4 C. Todo o liquido foi
descartado e as amostras foram deixadas para secar por 30 minutos. Apos secas, foram
adicionadas 50uL de RapiGest SF 0,2% em cada amostra, pipetando repetidamente até a
dissolucdo do pellet. Em seguida foi realizada a quantificacdo das proteinas através do Quibit
2.0 (Invitrogen).

4.3 DIGESTAO DAS PROTEINAS

A digestdo de proteinas foi realizada utilizando 50 pg de proteina de cada amostra,
para um volume final de 150 pL por epp, este volume foi padronizado utilizando RapiGest SF
0,1%. O preparo da digestdo foi realizado inicialmente com a reducdo de proteinas com
Ditiotreitol (DTT, 5 mM), incubando-as por 25 minutos a 56°C; em seguida realizou-se a
alquilacdo com a adicdo de lodoacetamida (IAA, 14 mM), incubadas por 30 minutos em
temperatura ambiente e protegido da luz.

Posteriormente, ocorre a etapa de remocdo de IAA residual, adicionando novamente

DTT 5mM, com incubacdo de 15 minutos em temperatura ambiente, protegido da luz. As
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amostras foram diluidas em 1:5 de bicarbonato de aménio 50 mM, seguida pela adi¢do de
CaCl; 1 mM. O tratamento foi realizado com tripsina (20 ng/uL-) por 16 horas a 37°C, a
200rpm.

Para interromper a reagdo enzimética, adicionou-se &cido trifluoacético (TFA) na
concentracéo final de 0,4% do volume das amostras. O pH foi verificado em 2 e em seguida
as amostras foram vortexadas e incubadas a 37°C por 90 minutos. Apds as amostras foram
centrifugadas a 14000 rpm, em temperatura de 6 C por 30 minutos e o sobrenadante
transferido para o vial. O pH das amostras foi ajustado para 10 a partir da adi¢do de 5 puL de 1
N NH4OH.

As amostras BS1 e BS2 foram refeitas, e quantificadas no vial com volume de 120uL.
Neste caso, ndo foi utilizada a quantificacdo com a complementacao do reagente RapiGest SF
01%. As amostras CB1, CB2, foram quantificadas no vial com volume de aproximadamente
100 pL, e utilizando 1 pL de amostra.

A partir dos resultados da quantificacdo de proteinas, o cultivo biolégico 1 foi
escolhido para a analise do proteoma, pois é o tratamento ideal para avaliar a fisiologia do

micro-organismo.

4.4 CROMATOGRAFIA LIQUIDA BIDIMENSIONAL ACOPLADA A
ESPECTROMETRIA DE MASSA

Foi utilizado o cromatdgrafo Nano Acquity UPLC (Waters), configurado para um
fracionamento em duas dimensdes. Para a primeira dimensdo foi utilizada uma coluna
analitica de 5 um XBridge BEH130 C18 (300 um x 50 mm) em um fluxo de 2 uL. por minuto.
A segunda dimensao foi montada com uma coluna trap C18,5 pm (180 pm x 20 mm) e uma
coluna analitica 1.7 um BEH130 C18 um (100 um x 100 mm) em um fluxo de 400 nLmin..
A amostra foi separada em cinco fracfes a partir de um gradiente de 10.8, 14.0, 16.7, 20.4, e
65.0% de Acetonitrila (ACN ).

O cromatdgrafo foi acoplado diretamente a um espectrémetro de massas ESI-Q-ToF
Synapt G2S (Waters) configurado para operar em modo positivo, e fragmentacdo continua
(MSE) com a energia de colisdo oscilando entre 5 a 40 eV. Foram adquiridos espectros de
massas dentro da faixa de 50 a 1200 Da, com scan de 0,5 segundos e um intervalo entre scans

de 0,1 segundos. A largura do pico e resolucdo dos espectros de massas foram configurados

27



no modo automatico. O peptideo (lockmass) [Glu™] fibrinopeptideo, de massa 785.4827 Da e
cargas +2, foi utilizado como referéncia e lido a cada 30 segundos (segundo configuracdes do

lockmass spray).
4.5 BIOINFORMATICA

Os dados brutos oriundos da espectrometria de massas foram processados no
ProteinLynx Global Server 3.0.2 (Waters). Para a quantificacdo e identificacdo de proteinas
foi utilizada a plataforma Mascot (PERKINS et al., 1999). Para tal faz-se necessario um
banco de dados, neste caso o proteoma de Rhodococus opcaus depositado no NCBI.

A andlise funcional e enzimatica das proteinas identificadas foi realizada utilizando a
plataforma Unipept (https://unipept.ugent.be/) (MESUERE et al., 2015). Foi utilizado como
arquivo de entrada uma lista contendo as sequéncias dos peptideos identificados com mais de
95% de certeza. O algoritmo retorna quais enzimas estdo presentes na amostra, além da
ontologia genética (gene ontology), dividida em trés categorias: i) processos bioldgicos; ii)
componente celular; e iii) funcdo molecular. A plataforma KEEG (Enciclopédia de Genes e
Genoma de Kioto) (KANEHISA et al., 2018) foi utilizada para 0 mapeamento das enzimas

em rotas metabdlicas baseado na sequéncia completa das proteinas.
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5 RESULTADOS E DISCUSSAO
5.1 QUANTIFICACAO E DISTRIBUICAO DE PROTEINAS

A partir da andlise da amostra de cultivo biolégico da bactéria Rhodococcus opacus
foram identificadas 991 proteinas (Anexo B). Estas proteinas foram analisadas na plataforma
KEEG e identificadas conforme suas fun¢es no metabolismo bacteriano (Tabela 4). Um total
761 proteinas foram mapeadas em rotas metabdlicas. Neste trabalho, as vias do metabolismo
de carboidratos foram ressaltadas devido ao conhecimento de o numero de n-alcanos
influenciar diretamente na composicdo da parede celular das bactérias do género
Rhodococcus, na constituicdo de acido micdlico, assim como no metabolismo energético das
células. No metabolismo do amido e sacarose foram identificadas 26 proteinas, entre as
reaces envolvidas neste metabolismo, esta a responsavel pela produgdo do composto
trealose, um glicolipideo que unido ao acido micolico e a glicoproteina arabinogalactana
formam o esqueleto da parede celular. Os processos metabdlicos destacados no metabolismo
dos lipideos, também estdo relacionados a producdo de trealose; a biossintese de acidos

graxos — relacionada a biossintese de acido micolico - e dos componentes da membrana.

Tabela 3 - Numero de proteinas identificadas no metabolismo da bactéria Rhodococcus opacus

METABOLISMO DESCRICAO N° DE
PROTEINAS
MAPAS GERAIS Rotas metabolicas 761
Biossintese de metabdlitos secundarios 261
Metabolismo microbiano em diversos ambientes 276
Biossintese de antibidticos 186
Metabolismo do carbono 97
Metabolismo do &cido 2-Oxocarboxilico 24
Metabolismo de acidos graxos 22
Biossintese de aminoacidos 102
Degradacdo de compostos aromaticos 46
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Continuacéo...

METABOLISMO DOS *Glicolise/ Gliconeogénese 32
CARBOIDRATOS *Ciclo do Citrato (Ciclo TCA) 24
*Via Pentose Fosfato 24
Inter conversfes Pentose e glucoronato 10

*Metabolismo da frutose e manose 19

*Metabolismo da galactose 16

Metabolismo do ascorbato e aldarato 6

***Metabolismo do amido e sacarose 26

*Metabolismo de agUcares amino e nucleotideos 29

*Metabolismo do piruvato 37

*Metabolismo do glioxilato e dicarboxilato 33

*Metabolismo do propanoato 32

*Metabolismo do butanoato 33

Metabolismo do &cido dibésico ramificado em C5 9

Metabolismo do fosfato inositol 10

METABOLISMO *Fosforilacéo oxidativa 40
ENERGETICO Fotossintese 8
Fixacdo do carbono em organismos fotossintetizantes 11

Vias de fixacdo do carbono em procariotos 27

Metabolismo do metano 32

Metabolismo do nitrogénio 15

Metabolismo do enxofre 23

METABOLISMO DE *Biossintese de &cidos graxos 9
LIPIDEOS *Degradacéo de 4cidos graxos 19
Sintese e degradacgdo de corpos cetonados 6

Biossintese de esteroide 1

Biossintese de &cido primério de bile 1

Biossintese de hormdnio esteroide 3

*Metabolismo de glicerolipideos 13

*Metabolismo de glicerofosfolipideos 15

Metabolismo de éter lipidico 2

Metabolismo de esfingolipideos 3

Metabolismo de 4cido aracnoide 1

Metabolismo de 4cido alfa-linoléico 2

Biossintese de acidos graxos insaturados 6
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Continuagéo...

METABOLISMO DE Metabolismo da purina 55
NUCLEOTIDEOS

Metabolismo da pirimidina 28

METABOLISMO DE Metabolismo de alanina, aspartato e glutamato 29
AMINOACIDOS Metabolismo de glicina, serina e treonina 38
Metabolismo de cisteina e metionina 27

Degradacéo de valina, leucina e isoleucina 26

Biossintese de valina, leucina e isoleucina 11

Biossintese de lisina 13

Degradacdo de lisina 13

Biossintese de arginina 24

Metabolismo de arginina e prolina 25

Metabolismo de histidina 20

Metabolismo de tirosina 21

Metabolismo de fenilalanina 29

Metabolismo de triptofano 16

Biossintese de fenilalanina, tirosina e triptofano 20

Legenda: *: destaque para as vias metabdlicas ligadas & producéo de biossurfactante; ***: Via metabdlica onde é
possivel a producdo de Trealose
Fonte: KEGG

5.2 CATEGORIZACAO FUNCIONAL

A ferramenta Unipept foi utilizada para obter informages funcionais da bactéria
Rhodococcus opacus. Para tal, as sequéncias dos peptideos identificados foram inseridas na
plataforma, gerando dados de Ontologia Genética (gene ontology). Definida como fungbes
génicas relacionadas umas as outras, e divididos em trés aspectos: processo bioldgico (0s
processos maiores, ou ‘programas bioldgicos' realizados por multiplas atividades moleculares)
(Figura 6); funcdo molecular (atividades de nivel molecular realizadas por produtos genéticos)
(Figura 7), e componentes celulares (as localizagGes relativas a estruturas celulares nas quais

um produto génico desempenha uma func¢éo) (Figura 8) (ASHBURNER et al., 2000).
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Figura 6 - Processos Bioldgicos mapeados a partir do proteoma da bactéria Rhodococcus opacus.
Ranking dos 10 processos com maior nimero de proteinas identificadas.
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Figura 7 - Func¢do molecular da bactéria Rhodococcus opacus. Rancking dos top 10, no qual podemos
destacar atividade das enzimas transferase, hidrolase e oxidoredutase.
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Figura 8 - Componentes celulares presentes na bactéria Rhodococcus opacus. Destaque para o
nimero de peptideos relacionados a constituicdo do citoplasma, componentes da membrana e da
superficie celular.
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Fonte:Unipept

Os peptideos identificados foram agrupados nas trés categorias, como demonstrado na
figura acima. Na analise das 10 fun¢des mais abundantes, a “ligagdo de ATP” foi a melhor
representada (1369 sequéncias), seguida de “ligagdo a ions metalicos” (781 sequéncias) ¢
“ligacdo de DNA” e (512 sequéncias). Juntas, essas categorias representam o equivalente a
67,5% dos peptideos detectados em todo o experimento. Infere-se que a maioria dos peptideos
estdo envolvidos na producdo de energia e expressdo génica. Sabe-se que este género de
bactérias esta fortemente associado a resisténcia da toxidade de metaloides, devido a algumas
alteracdes como mudancas na permeabilidade da membrana, sequestro intracelular de metais
e oxianions, mutacfes e mecanismos de reparo do DNA (PRESENTATO et al., 2019) As
funcdes relacionadas a atividade da hidrolase e da transferase podem associar-se a producéo e
liberacdo de biossurfactantes, visto que possivelmente estdo envolvidas nas vias metabolicas
do mesmo. Foram identificadas nos peptideos relacionados a enzima hidrolase a atividade de
catéalise transmembrana podendo relacionar-se com a liberacdo de biossurfactantes para o
citoplasma; além de enzimas associadas a ligacOes de ésteres, constituintes da estrutura
quimica da trealose.
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A partir dos componentes celulares verifica-se a provavel localizagdo da proteina. Das
109 categorias presentes, aquelas observadas com a maioria dos peptideos identificados estdo
presentes no citoplasma (997) e formando as proteinas de membrana (547), o0 que pode estar
relacionado a producdo de gliconcojugados de acido micélico, os quais sdo constituintes da
parede celular do género Rhodococcus (RYLL et al., 2001).

Dentre os 430 processos bioldgicos detectados, as categorias de maior destaque
relacionadas a possivel producdo de biossurfactantes, sdo o ciclo do acido Tricarboxilico
(TCA) (232 sequéncias); este pode produzir substratos finais como citrato, succciato e
acetato, os quais auxiliam no fracionamento de acidos graxos componentes de Tiacilglicerois
(TGA) (ALVAREZ; STEINBUCHEL, 2019). O processo bioldgico para a biossintese de
acidos graxos, apresentou 104 sequéncias. Ha forte relacdo com a constituicdo da parede
celular de Rhodococcus, pois sdo carreadores de &cido micdlico durante a biossintese da
parede celular. Os processos de gliconeogénese (117) e metabolismo de carboidratos (87)
podem relacionar-se a biossintese de TAG, pois sdo produzidos a partir de diversas fontes de
carbono (ALVAREZ; STEINBUCHEL, 2019).

5.3 ENZIMAS

As reagdes bioquimicas sdo catalisadas por enzimas, sendo entéo caracterizadas como
indicadores de atividade biologica (ALKORTA et al., 2003). As enzimas sdo divididas em
seis grupos: oxirredutases, hidrolases, transferases, liases, isomerases e ligases. Cada grupo
possui subgrupos que determinam a classe, 0 nimero de cddigos e o tipo de reacdo catalisada,
tais parametros foram determinados de acordo com a Comissdo de Enzimas da Unido
Internacional de Bioquimica e Biologia Molecular.

Os peptideos analisados geraram nimeros EC (NUmeros de Classificacdo Enzimatica)
indicando a presenca de 3097 peptideos relacionados a enzimas do género Rhodococcus.
Destes, 977 sdo relativos a oxiredutases; 955 as transferases, das quais 442 sdo transferases
relativas a grupos contendo fosforo e 221 a acil-transferase (Figura 9). Na classe das
hidrolases, 657 peptideos foram identificados, dos quais 264 atuam como acidos anidridos,
sendo 125 relacionados a catalise do movimento de substéncias transmembranas, como por
exemplo os biossurfactante; 168 como pepditases e 150 atuando nas ligacdes esteres. Na

classe liase foram identificados 359 peptideos, dos quais 117 sdo carboxil-liases e 164 sdo
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hidro-liases. A classe de isomerases apresentou 218 peptideos, foi a classe menos
representada. Os Ultimos 672 peptideos foram identificados na classe ligase, caracterizada
pela formacéo de ligagdes carbono-nitrogénio, carbono-oxigénio e carbono-carbono.

Figura 9 - Arvore taxondmica enzimatica. Apresentacdo das 6 classes de enzimas e dos peptideos
relacionados a enzimas do género Rhodococcus
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Fonte:Unipept

As classes mais expressivas de enzimas identificadas, demonstram intensa demanda
energética. Visto o numero de enzimas relacionadas a producdo de compostos fosfatados,
como as nucleotidiltransferases - enzimas transferase de grupos contendo fésforo, que por
exemplo, sdo substituintes de &cidos nucleotidilicos. No metabolismo podem atuar na
adenililacdo ou uridililagcdo, permitindo a ativacdo ou inativagdo de uma enzima ou alteracao
de sua especificidade, isto pode levar a regulacdo de atividades enzimaéticas, de forma que
somente 0s compostos necessarios sejam produzidos (VOET et al., 2008). A classe de
oxidoredutases esta envolvida com o metabolismo energético da bactéria, atuando nas etapas

de respiracdo celular, cadeia transportadora de elétrons.
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5.4 IDENTIFICACAO DE PROTEINAS NO METABOLISMO BACTERIANO

Metabolismo é a soma de processos quimicos e fisicos que ocorrem dentro de um
organismo vivo. A obtencdo de energia ocorre através da oxidacdo de moléculas organicas e o
metabolismo destas moléculas (carboidratos, lipideos e proteinas) fornecendo a energia
(adenosina trifosfato - ATP) necesséria para as bactérias desenvolverem suas funcgdes vitais.

As vias metabolicas sdo uma série de reagdes quimicas, nas quais o produto de uma
reacao serve de substrato para uma proxima, e sao catalisadas por enzimas. Com auxilio da
ferramenta KEGG obteve-se a 0 numero de proteinas identificadas nas rotas metabolicas da
bactéria Rhodococcus (Tabela 4). Na aba de metabolismo dos carboidratos, destaca-se o
metabolismo do amido e sacarose no qual se realiza a conversdao de glicose em trealose,
composto constituinte da parede celular de Rhodococcus e carreador de acido micdlico
(OLIVEIRA, 2015) (Figura 4). Com o auxilio da ferramenta KEGG PATHWAY foi possivel
verificar o nimero de rotas metabdlicas presentes na bactéria em questdo (Tabela 5), assim
como o nimero de proteinas em cada via.

Tabela 4 - Lista de mapas metabdlicos presentes na bactéria Rhodococcus opacus. A bactéria
apresentou correlacéo a cepa Rhodococcus opacus B4

MAPA METABOLICO N° DE PROTEINAS

Vias metabélicas 19

Metabolismo microbiano em diversos ecossistemas

Biossintese de metabdlitos secundarios

Biossintese de antibi6ticos

Metabolismo do nitrogénio

Metabolismo da Arginina e Prolina

Metabolismo do carbono

Metabolismo do metano

Metabolismo de Glicerofosfolipideos

Metabolismo do Glioxilato e Dicarboxilato

Metabolismo da alanina, aspartato e glutamina

Degradacéo de lisina

Metabolismo do triptofano

Degradacdo de acidos graxos

Degradacéo de benzoato

RN NN NN NN W R0 O OO NN

Ciclo do Acido Tricarboxilico (Ciclo TCA)
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Continuacdo...

Degradacao de cloroalcano e cloroalqueno

Biossintese de terpendides

Biossintese de arginina

Metabolismo do piruvato

Metabolismo da fenilalanina

I I I I

Metabolismo da riboflavina

Fonte: KEGG PATHWAY

5.5 ROTA METABOLICA DA BIOSSINTESE DE TREALOSE

Existem quatro rotas até entdo conhecidas para a biossintese de trealose: (1) a via
induzida por TerYZ — produz trealose a partir de glicogénio (MARUTA et al., 1995); (2) a
rota TreS- converte maltose em trealose (TSUSAKI et al., 1996, 1997); (3) a formacdo de
trealose por glicosiltransferase (QU et al., 2004); e (4) a via OtsAB — converte glicose e/ou
glicose-6-fosfato em trealose (ELBEIN et al., 2003), segundo (MURPHY et al., 2005) é
considerada a via mais importante (Figura 10).

Nesta via, a Trealose-6-Fosfato Sintetase (TPS, OtsA) catalisa a formacéo de trealose-6-
fosfato. Seguido da Trealose-6-Fosfato Fosfatase (OtsB) catalizando a desfosforilagdo para
trealose, podemos observar esses passos na Figura 11. TPS também pode se envolver na
biossintese de trealose contendo glicolipideos, importates constituintes do grupo Mycolata,
onde o género Rhodococcus estda incluso (TISCHLER et al., 2013; KRETSCHMER;
WAGNER, 1983; ASSELINEAU; LAN_EELLE, 1998; SUTCLIFFE, 1998; SHIMAKATA,
MINATOGAWA, 2000; MINNIKIN et al., 2002).

37



Figura 10 - Rota metabélica de biossintese de Trealose. E possivel confirmar as etapas de biossintese da trealose, partindo da desfosforilacdo de
componentes n-alcanos unidos a nucleotideos glicosil. Os quadros em verde indicam as enzimas presentes nas etapas de biossintese da trealose.
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Figura 11 - Rota metabdlica da biossintese de Trealose em Rhodococcus

Glicose -6-Fosfato

Trealose-6-fosfataso sintetase (TPS, OtsA)

Trealose-6-Fosfato

Trealose-6-fosfato fosfatase (OtsB)

Fonte: SARAIVA, 2019

6 CONCLUSOES E RECOMENDACOES

O metabolismo do amido e da sacarose foi bem representado no proteoma de
Rhodococcus, com destaque na biossintese da trealose. Este composto constituinte da parede
celular das bactérias do género Rhodococcus, atua como carreadora de acido micdlico; unidos
facilitam a adsorcdo de metais, atuando assim na flotagdo mineral, ou seja, como
biossurfactante.

O agrupamento dos peptideos em categorias da analise de Gene Ontology permitiu
identificar peptideos relacionados a alteracGes na permeabilidade da membrana, mutages e
mecanismos de reparo do DNA. As enzimas foram classificadas com destaque para hidrolases
e transferases, relacionadas ao metabolismo energético e dos carboidratos.

Em relacdo aos componentes celulares foi possivel identificar peptideos relacionados a
formacdo do &cido micdlico, constituinte da parede celular de Rhodococcus. Dos peptideos
detectados nos processos bioldgicos, os processos de gliconeogénese e metabolismo de
carboidratos podem relacionar-se a biossintese de acidos graxos.

A identificacdo da presencga de enzimas e proteinas da via de producéo de trealose na
bactéria Rhodococcus opacus esta provavelmente associada a producgdo de glicolipideos do
tipo trealolipidios.

Para a producdo deste componente, segundo a literatura, 0 meio de cultura deve estar

adicionado de fontes de carbono suficientes, pois h4 uma relacdo direta entre 0 nimero de
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carbonos e a quantidade de acido micolico produzido, relacionando-se a emulsificacdo de
moléculas de n-alcanos na parede celular de Rhodococcus e a consequente liberacdo de

biossurfactante.

7 APLICA(;OES POTENCIAIS

Segundo Rosario (2017) a rota biotecnoldgica de processamento mineral € uma
alternativa atrativa sob o aspecto comercial, pois oferece baixo custo, e € ambientalmente
aceita. Os bioreagentes sdo capazes de substituir, total ou parcialmente, certos reagentes
convencionais de flotacdo em operacGes de processamento mineral, permitindo separacgdes
seletivas de minerais através de alteracdes na quimica de suas superficies.

A bioflotacao pode ser de particular importancia para as industrias de mineracéo e
siderurgia, devido a crescente demanda global por matérias primas e o esgotamento de
recursos de minérios de maior qualidade.

Segundo Niescher et al. (2006) hd uma correlacdo entre a formacdo de biomassa
(crescimento bacteriano), o consumo de n-alcanos e a formacdo de glicolipideos, nos
experimentos realizados com a cepa bacteriana Rhodococcus opacus 1CP. O consumo de
substratos n-alcanos esta diretamente relacionado a produgdo dos lipideos de trealose,
Segundo Colla e Costa (2003), nos cultivos bacterianos em batelada, o acimulo de lipidios é
favorecido quando no meio ha excesso da fonte de carbono sobre outros nutrientes limitantes.
Estas limitacdes nos levam a compreender que alteracfes nas propor¢des de nutrientes podem
favorecer ao acumulo de lipideos de trealose.

A utilizacdo de ferramentas moleculares, para o aumento da producdo de
biossurfactantes podem também ser utilizadas, visto o conhecimento da via metabdlica, genes
e proteinas envolvidos no processo.

Segundo Naughton et al. (2019) os surfactantes sdao amplamente utilizados na industria
do petréleo, farmacéutica, cosmética, alimenticia, na producdo de racdo animal, agricultura,
nos processos de biorremediacdo, tratamentos médicos — como contra células cancerosas,
tratamentos dentarios e dermatoldgicos. A pressdo social e ambiental para a utilizacdo de
substancias biodegradaveis, deu espaco para a pesquisa e utilizacdo de biossurfactantes,

produzindo sustentabilidade a partir de recursos renovaveis.
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APENDICE A - Tabelas com valores de solugdo estoque para a producio de tamp&o
SDS denso e solucédo de precipitacdo

Tabela 1 - Tampéo SDS denso

Componentes Conc. Conc. Vol. Final
Estoque Final (9ml)

Sacarose 1,5M 0,85 M 57ml
Tris-HCI pH 8,0 1M 0,1M 1ml
SDS 10% 2% (vIv) 2 mi
PMSF 100 mM 1 mM 0,1 ml
PVPP** - 2% 0,29

H20 miliQ - - 0,2 mL

Fonte: Wang 2003, adaptado
Tabela 2 - Solucéo de precipitagédo
Componentes Conc. Quantidade Metanol
final (9)
Acetato de 0,1M 0,77 100 ml

amoOnia em metanol

Fonte: Wang, 2003

Dissolver o acetato de amdnia em metanol e manter a -20°C
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APENDICE B - Tabela de identificacio das proteinas presentes na bactéria Rhodococcus

opacus

Proteinas Identificadas (991)
Elongation factor Tu OS=Rhodococcus opacus OX=37919 GN=tuf PE=3
Sv=1
DNA-directed RNA polymerase subunit beta’ OS=Rhodococcus opacus
M213 OX=1129896 GN=rpoC PE=3 SV=1
Elongation factor G OS=Rhodococcus opacus OX=37919 GN=fusA PE=3
sv=1
ATP synthase subunit alpha OS=Rhodococcus opacus OX=37919 GN=atpA
PE=3 SV=1
Fused acetyl/propionyl-CoA carboxylase subunit alpha/methylmalonyl-CoA
decarboxylase  subunit 0X=37919
GN=COO055_15595 PE=4 SV=1
Protein translocase subunit SecA OS=Rhodococcus opacus OX=37919
GN=secA PE=3 SV=1
Polyribonucleotide
0OX=37919 GN=pnp PE=3 SV=1
ATP synthase subunit beta OS=Rhodococcus opacus OX=37919 GN=atpD
PE=3 SV=1
Chaperone protein DnaK OS=Rhodococcus opacus OX=37919 GN=dnaK
PE=2 SV=1
Aconitate hydratase OS=Rhodococcus opacus OX=37919 GN=achnA PE=3
Sv=1
Succinate--CoA ligase [ADP-forming] subunit beta OS=Rhodococcus
opacus OX=37919 GN=sucC PE=3 SV=1
Phosphate-binding protein PstS OS=Rhodococcus opacus OX=37919
GN=pstS PE=3 SV=1
Chaperone protein DnaK OS=Rhodococcus opacus (strain B4) OX=632772
GN=dnaK PE=2 SV=1
Elongation factor Ts OS=Rhodococcus opacus OX=37919 GN=tsf PE=3

alpha OS=Rhodococcus opacus

nucleotidyltransferase = OS=Rhodococcus  opacus

Ndmero de Acesso
AOA076ET34_RHOOP (+2)

K8XI1Q1_RHOOP

AOA076FOP4_RHOOP (+1)

AOA076F1Q2_RHOOP (+2)

AOA3AITRP8_RHOOP

AOA3A9U3H7_RHOOP

AOA1B1K4V2_RHOOP

AOAO76EV55_RHOOP (+1)

AOA3A9TY25_RHOOP

AOA3A9UBZ2_RHOOP

AOA076EPZ8_RHOOP (+2)

AOA3A9UHAZ2_RHOOP

C1AWP6_RHOOB

AOAO076EM49_RHOOP (+1)
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Sv=1

Dihydrolipoyl  dehydrogenase = OS=Rhodococcus opacus 0OX=37919
GN=Ipd2 PE=3 SV=1
Phosphoribosylformylglycinamidine synthase subunit PurL

OS=Rhodococcus opacus OX=37919 GN=purL PE=3 SV=1

50S ribosomal protein L2 OS=Rhodococcus opacus OX=37919 GN=rpIB
PE=3 SV=1

Phosphoenolpyruvate carboxylase OS=Rhodococcus opacus 0OX=37919
GN=ppc PE=3 SV=1

Pyruvate kinase OS=Rhodococcus opacus (strain B4) OX=632772 GN=pyk
PE=3 SV=1

Trigger factor OS=Rhodococcus opacus M213 OX=1129896 GN=tig PE=3
sv=1

ABC transporter
0OX=37919 GN=COO055_10970 PE=4 SV=1

Translation initiation factor IF-2 OS=Rhodococcus opacus OX=37919
GN=infB PE=3 SV=1

Phosphoglycerate kinase OS=Rhodococcus opacus OX=37919 GN=pgk
PE=3 SV=1

Putative acyl-CoA carboxylase OS=Rhodococcus opacus (strain B4)
0X=632772 GN=ROP_41490 PE=4 SV=1

30S ribosomal protein S3 OS=Rhodococcus opacus OX=37919 GN=rpsC
PE=3 SV=1

Glutamine synthetase OS=Rhodococcus opacus (strain B4) OX=632772
GN=gInA PE=3 SV=1

10 kDa chaperonin OS=Rhodococcus opacus OX=37919 GN=groES PE=3
Sv=1
Glyceraldehyde-3-phosphate
(strain B4) OX=632772 GN=gap PE=3 SV=1

AAA ATPase forming ring-shaped complexes OS=Rhodococcus opacus
OX=37919 GN=arc PE=3 SV=1

Glucose-6-phosphate
GN=pgi PE=3 SV=1
RNA polymerase sigma factor SigA OS=Rhodococcus erythropolis (strain

substrate-binding protein  OS=Rhodococcus opacus

dehydrogenase OS=Rhodococcus opacus

isomerase OS=Rhodococcus opacus 0OX=37919

AOA1B1KCG4_RHOOP

AOA3A9TS45_RHOOP

AOAO076ENAG6_RHOOP

AOA1B1K6A3_RHOOP

C1AT48_RHOOB

K8X732_RHOOP

AOA3A9U397_RHOOP

AOA3AITK20_RHOOP

AOA3AITMP4_RHOOP

C1B9P3_RHOOB

AOA076EGS6_RHOOP (+2)

C1AUC3_RHOOB

AOAO076EN55_RHOOP

C1B4L6_RHOOB

AOA1B1K924 RHOOP

AOA3A9U238_RHOOP

C0ZYT9_RHOE4
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PR4 / NBRC 100887) OX=234621 GN=sigA PE=3 SV=1

Threonine--tRNA ligase OS=Rhodococcus opacus OX=37919 GN=thrS
PE=3 SV=1

Transcription termination factor Rho OS=Rhodococcus opacus OX=37919
GN=rho PE=3 SV=1

Ferredoxin
GN=COO055_04745 PE=4 SV=1

Putative acyl-CoA carboxylase OS=Rhodococcus erythropolis (strain PR4 /
NBRC 100887) OX=234621 GN=RER_40770 PE=4 SV=1

50S ribosomal protein L20 OS=Rhodococcus opacus OX=37919 GN=rpIT
PE=3 SV=1

Aconitase OS=Rhodococcus opacus (strain B4) OX=632772 GN=acn PE=4
sv=1

Protein RecA OS=Rhodococcus opacus OX=37919 GN=recA PE=3 SV=1
Phosphoenolpyruvate carboxylase OS=Rhodococcus opacus (strain B4)
OX=632772 GN=ppc PE=3 SV=1

Amine oxidase OS=Rhodococcus opacus M213 0OX=1129896 GN=tynA
PE=3 SV=1
Glutamate-1-semialdehyde
OX=37919 GN=hemL PE=3 SV=1
Heparin-binding hemagglutinin
GN=C5613_17205 PE=4 SV=1
Pyruvate dehydrogenase E1 component OS=Rhodococcus erythropolis
(strain PR4 / NBRC 100887) OX=234621 GN=aceE PE=4 SV=1

ATP synthase gamma chain OS=Rhodococcus opacus OX=37919 GN=atpG
PE=3 SV=1
Alkyl/aryl-sulfatase
GN=COO055 15270 PE=4 SV=1

Glyceraldehyde-3-phosphate dehydrogenase OS=Rhodococcus erythropolis
(strain PR4 / NBRC 100887) OX=234621 GN=gap PE=3 SV=1
Single-stranded DNA-binding protein OS=Rhodococcus opacus OX=37919
GN=ssb PE=3 SV=1

Uncharacterized

reductase OS=Rhodococcus opacus 0X=37919

2,1-aminomutase  OS=Rhodococcus opacus

OS=Rhodococcus opacus 0OX=37919

0OS=Rhodococcus opacus 0X=37919

protein OS=Rhodococcus 0X=37919

GN=R1CP_16355 PE=4 SV=1

opacus

AOA3A9TLM5_RHOOP

AOA3A9TY93_RHOOP

AOA3A9TNI2_RHOOP

C1A2F0_RHOE4

AOAO76EY30_RHOOP (+2)

C1AS64_RHOOB

AOA076EH03_RHOOP (+2)
C1B4M0_RHOOB

K8XDF8_RHOOP

AOA3A9ITWKS8_RHOOP

AOA076F088_RHOOP (+1)

C1A193_RHOE4

A0A2S8IKZ5 RHOOP (+1)

AOA3A9TTL9_RHOOP

C0ZZF2_RHOEA4

AOAO076EWK5_RHOOP (+2)

AOA1B1KS5T7_RHOOP
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Proteasome accessory factor PafA2 OS=Rhodococcus opacus OX=37919
GN=C5613_17790 PE=4 SV=1

Isocitrate dehydrogenase [NADP] OS=Rhodococcus opacus OX=37919
GN=icdl PE=3 SV=1

60 kDa chaperonin OS=Rhodococcus erythropolis (strain PR4 / NBRC
100887) OX=234621 GN=groL PE=3 SV=1

Phosphoenolpyruvate carboxylase OS=Rhodococcus erythropolis (strain PR4
/ NBRC 100887) OX=234621 GN=ppc PE=3 SV=1

DUF3068 domain-containing protein OS=Rhodococcus opacus OX=37919
GN=COO055_10600 PE=4 SV=1

FAD-dependent
GN=COO055_25855 PE=4 SV=1
Peptide chain
GN=prfB PE=3 SV=1

Putative acetyl-CoA acyltransferase OS=Rhodococcus opacus (strain B4)
OX=632772 GN=ROP_59020 PE=3 SV=1

Ribonucleoside-diphosphate reductase OS=Rhodococcus opacus (strain B4)
OX=632772 GN=nrdE PE=3 SV=1

Uncharacterized
GN=COO055_26515 PE=4 SV=1

30S ribosomal protein S5 OS=Rhodococcus opacus OX=37919 GN=rpskE
PE=3 SV=1

Catalase-peroxidase OS=Rhodococcus opacus OX=37919 GN=katG PE=3
Sv=1

30S ribosomal protein S2 OS=Rhodococcus opacus OX=37919 GN=rpsB
PE=3 SV=1

50S ribosomal protein L1 OS=Rhodococcus opacus OX=37919 GN=rplA
PE=3 SV=1

Bifunctional (P)ppGpp synthase/hydrolase relA OS=Rhodococcus opacus
OX=37919 GN=relA PE=3 SV=1

Superoxide dismutase OS=Rhodococcus opacus OX=37919 GN=sodA PE=3
Sv=1
4-hydroxy-3-methylbut-2-en-1-yl
OS=Rhodococcus opacus OX=37919 GN=ispG PE=3 SV=1

oxidoreductase OS=Rhodococcus opacus 0OX=37919

release factor 2 OS=Rhodococcus opacus OX=37919

protein ~ OS=Rhodococcus  opacus  OX=37919

diphosphate  synthase  (flavodoxin)

AOAO076EWT5_RHOORP (+1)

AOA1B1K3M8_ RHOOP

C0ZW97_RHOE4

C0ZZF7_RHOE4

AOA3A9U6F2_RHOOP

AOA3A9UEF5_RHOOP

AOA3A9UTS2_RHOOP

C1AYF4_RHOOB

C1B1P6_RHOOB

AOA3A9TWMI_RHOOP

AOA076EF42_RHOOP (+1)

AOA3A9U686_RHOOP

AOA076EDW1_RHOOP (+2)

AOA076FOK3_RHOOP (+2)

AOAO076EGB7_RHOOP (+2)

AO0A1B1JXJ5_RHOOP (+1)

AOA3A9TZF9_RHOOP (+1)
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Dihydrolipoamide acetyltransferase component of pyruvate dehydrogenase
complex OS=Rhodococcus opacus OX=37919 GN=sucB PE=3 SV=1
2-oxoglutarate dehydrogenase E1 component OS=Rhodococcus erythropolis
(strain PR4 / NBRC 100887) OX=234621 GN=sucA PE=4 SV=1

Adenylosuccinate  synthetase = OS=Rhodococcus opacus 0OX=37919
GN=purA PE=3 SV=1
Stearoyl-CoA  9-desaturase = OS=Rhodococcus  opacus OX=37919

GN=desA3-5 PE=4 SV=1
Long-chain fatty acid--CoA ligase OS=Rhodococcus opacus OX=37919
GN=COO055_ 06295 PE=4 SV=1

Dihydrolipoyl dehydrogenase OS=Rhodococcus erythropolis (strain PR4 /
NBRC 100887) OX=234621 GN=Ipd PE=3 SV=1

Inositol-3-phosphate
GN=EP51 24805 PE=4 SV=1

50S ribosomal protein L16 OS=Rhodococcus opacus OX=37919 GN=rplP
PE=3 SV=1

Electron transfer flavoprotein subunit beta OS=Rhodococcus opacus
OX=37919 GN=etfB PE=4 SV=1

CTP synthase OS=Rhodococcus opacus OX=37919 GN=pyrG PE=3 SV=1
2,3-bisphosphoglycerate-dependent
OS=Rhodococcus opacus OX=37919 GN=gpmA PE=3 SV=1
OS=Rhodococcus

synthase OS=Rhodococcus opacus 0OX=37919

phosphoglycerate mutase

Uncharacterized 0X=37919
GN=COO055_ 29180 PE=4 SV=1

DoxX family membrane protein OS=Rhodococcus opacus OX=37919
GN=COO055_31620 PE=4 SV=1

Citrate synthase OS=Rhodococcus opacus (strain B4) OX=632772 GN=gItA
PE=3 SV=1

Two-component histidine kinase MtrB OS=Rhodococcus opacus (strain B4)
OX=632772 GN=mtrB PE=4 SV=1

Putative iron-sulfur cluster assembly protein SufC OS=Rhodococcus opacus
(strain B4) OX=632772 GN=sufC PE=4 SV=1

Fructose-1,6-bisphosphatase
GN=glpX1 PE=3 SV=1
Flavodoxin OS=Rhodococcus opacus OX=37919 GN=R1CP_17860 PE=4

protein opacus

OS=Rhodococcus  opacus  OX=37919

AOA3A9UGS9_RHOOP

C1A2J5_RHOE4

AOA1B1K1V2_RHOOP

AOA1B1K3Y6_RHOOP

AOA3A9TLM9_RHOOP

C0ZUK2_RHOE4

AOAO76ER66_RHOOP (+1)

AOAO76EF53_RHOOP (+2)

AOA1B1K4A2_RHOOP (+2)

AOA3A9U078_RHOOP

AOA1B1KCE3_RHOOP (+2)

AOA3AITYUL RHOOP

AOA3A9TZR6_RHOOP

C1ATP1_RHOOB

C1B1D8_RHOOB

C1B4P4_RHOOB

AOA1B1K219_RHOOP

AOA1B1K6S8_RHOOP (+1)
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Sv=1
Dihydrolipoyl dehydrogenase OS=Rhodococcus
OX=632772 GN=Ipd PE=3 SV=1

Aldolase OS=Rhodococcus opacus OX=37919 GN=COO55 14120 PE=3
Sv=1

Uncharacterized protein OS=Rhodococcus opacus M213 0OX=1129896
GN=WSS_A05862 PE=4 SV=1

Phosphate import ATP-binding protein PstB OS=Rhodococcus opacus
OX=37919 GN=pstB PE=3 SV=1

NAD-dependent glutamate dehydrogenase OS=Rhodococcus opacus (strain
B4) OX=632772 GN=gdh PE=4 SV=1

Protein GrpE OS=Rhodococcus opacus OX=37919 GN=grpE PE=3 SV=1
Probable cell division protein WhiA OS=Rhodococcus opacus OX=37919
GN=whiA PE=3 SV=1

Glutamine synthetase | OS=Rhodococcus opacus (strain B4) OX=632772
GN=gInA PE=3 SV=1

Uncharacterized protein OS=Rhodococcus opacus (strain B4) OX=632772
GN=ROP_40830 PE=4 SV=1

30S ribosomal protein S7 OS=Rhodococcus opacus M213 OX=1129896
GN=rpsG PE=3 SV=1

50S ribosomal protein L15 OS=Rhodococcus opacus OX=37919 GN=rplO
PE=3 SV=1

Isoleucine--tRNA ligase OS=Rhodococcus opacus OX=37919 GN-=ileS
PE=3 SV=1

Chaperone protein HtpG OS=Rhodococcus erythropolis (strain PR4 / NBRC
100887) OX=234621 GN=htpG PE=3 SV=1

Uncharacterized protein OS=Rhodococcus opacus (strain B4) OX=632772
GN=ROP_56550 PE=4 SV=1

50S ribosomal protein L14 OS=Rhodococcus opacus OX=37919 GN=rpIN
PE=3 SV=1

Chaperone protein ClpB OS=Rhodococcus erythropolis (strain PR4 / NBRC
100887) OX=234621 GN=clpB PE=3 SV=1

Putative heparin-binding hemagglutinin OS=Rhodococcus erythropolis
(strain PR4 / NBRC 100887) OX=234621 GN=RER_15890 PE=4 SV=1

opacus (strain B4)

C1BOA5_RHOOB

AOA3A9TQR9_RHOOP

K8Y247_RHOOP

AOA1B1JZT3_RHOORP (+3)

C1AVS4_RHOOB

AOA1B1K1K6_RHOOP (+1)
AOA1B1K689 RHOOP

C1AUD2_RHOOB

C1B9H7_RHOOB

K8XSV9_RHOOP

AOA076E1J3_RHOOP (+2)

AOA3A9UCX3_RHOOP

C0ZQF7_RHOE4

C1AWX9 _RHOOB

AOAOQ76EI09_RHOOP (+2)

C0ZTC6_RHOEA4

C0ZUQ2_RHOE4
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Phosphate-binding protein PstS OS=Rhodococcus opacus (strain B4)
OX=632772 GN=pstS PE=3 SV=1

50S ribosomal protein L4 OS=Rhodococcus opacus (strain B4) OX=632772
GN=rpID PE=3 SV=1

60 kDa chaperonin OS=Rhodococcus opacus OX=37919 GN=groL PE=3
Sv=1

3-hydroxybutyryl-CoA dehydrogenase OS=Rhodococcus opacus OX=37919
GN=COO055_11055 PE=4 SV=1

L-cysteine:1D-myo-inositol 2-amino-2-deoxy-alpha-D-glucopyranoside
ligase OS=Rhodococcus opacus OX=37919 GN=mshC PE=3 SV=1
Phenylacetic acid degradation protein PaaN OS=Rhodococcus erythropolis
(strain PR4 / NBRC 100887) OX=234621 GN=paaN PE=4 SV=1

30S ribosomal protein S1 OS=Rhodococcus opacus (strain B4) OX=632772
GN=rpsA PE=4 SV=1

Putative heparin-binding hemagglutinin OS=Rhodococcus opacus (strain B4)
OX=632772 GN=ROP_18230 PE=4 SV=1

L-amino acid oxidase OS=Rhodococcus opacus OX=37919 PE=1 SV=1
Tryptophan synthase beta chain OS=Rhodococcus opacus OX=37919
GN=trpB PE=3 SV=1

Probable malate:quinone  oxidoreductase =~ OS=Rhodococcus opacus
0X=37919 GN=mgo PE=3 SV=1

F420-dependent glucose-6-phosphate  dehydrogenase OS=Rhodococcus
opacus OX=37919 GN=fgd PE=3 SV=1

DNA gyrase subunit A OS=Rhodococcus erythropolis (strain PR4 / NBRC
100887) OX=234621 GN=gyrA PE=3 SV=1

Pyruvate carboxylase OS=Rhodococcus erythropolis (strain PR4 / NBRC
100887) OX=234621 GN=pyc PE=4 SV=1

Pyruvate kinase OS=Rhodococcus erythropolis (strain PR4 / NBRC 100887)
0OX=234621 GN=pyk PE=3 SV=1

Phosphoribosylformylglycinamidine synthase subunit PurQ
OS=Rhodococcus opacus (strain B4) OX=632772 GN=purQ PE=3 SV=1
Aminopeptidase N OS=Rhodococcus opacus (strain B4) OX=632772
GN=pepN PE=4 SV=1

Putative tellurium resistance protein OS=Rhodococcus opacus (strain B4)

C1ATC7_RHOOB

C1B013_RHOOB

AO0A2S8J162_RHOOP

AOA3A9TRKG6_RHOOP

AOA3A9TZL4_RHOOP

C0ZTJ7_RHOE4

C1AT24_RHOOB

C1AZE2_RHOOB

Q8VPD4_RHOOP
AOA1B1K9I0_RHOOP (+1)

AOA3AITK51_RHOOP

AOA3AITWI4_RHOOP

COZLFO_RHOE4

C0ZXP8_RHOE4

C1A0B9_RHOE4

C1AT95_RHOOB

C1AVR3_RHOOB

C1B178 RHOOB
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0X=632772 GN=ROP_21750 PE=4 SV=1

Riboflavin biosynthesis protein RibBA OS=Rhodococcus opacus (strain B4)
0OX=632772 GN=ribA PE=3 SV=1

NAD-dependent glutamate dehydrogenase OS=Rhodococcus erythropolis
(strain PR4 / NBRC 100887) OX=234621 GN=gdh PE=4 SV=1
Uncharacterized
GN=R1CP_01445 PE=4 SV=1

DNA gyrase subunit B OS=Rhodococcus erythropolis (strain PR4 / NBRC
100887) OX=234621 GN=gyrB PE=3 SV=1

Carbamoyl-phosphate synthase large chain OS=Rhodococcus erythropolis
(strain PR4 / NBRC 100887) OX=234621 GN=carB PE=3 SV=1

protein ~ OS=Rhodococcus  opacus  OX=37919

Crp/Fnr  family transcriptional regulator OS=Rhodococcus opacus
OX=37919 GN=crp PE=4 SV=1
Alcohol dehydrogenase 0OS=Rhodococcus opacus 0X=37919

GN=EP51 30255 PE=3 SV=1

30S ribosomal protein S16 OS=Rhodococcus opacus OX=37919 GN=rpsP
PE=3 SV=1

NAD(P)H-quinone dehydrogenase OS=Rhodococcus opacus OX=37919
GN=COO055_38940 PE=4 SV=1

Phosphoribosyl
GN=COO055 01410 PE=4 SV=1

Chaperone protein HtpG OS=Rhodococcus opacus OX=37919 GN=htpG
PE=3 SV=1

Acyl-CoA carboxylase alpha chain OS=Rhodococcus opacus (strain B4)
0X=632772 GN=accA PE=4 SV=1

LLM class F420-dependent oxidoreductase OS=Rhodococcus opacus
0OX=37919 GN=COO55_11795 PE=4 SV=1

transferase = OS=Rhodococcus  opacus OX=37919

Uncharacterized protein OS=Rhodococcus  opacus  OX=37919
GN=COO055_19775 PE=4 SV=1
Long-chain-fatty-acid--CoA  ligase OS=Rhodococcus opacus M213

0OX=1129896 GN=WSS_A10637 PE=4 SV=1
DUF349 domain-containing protein OS=Rhodococcus opacus OX=37919
GN=COO055_02885 PE=4 SV=1

Ornithine--oxo-acid transaminase OS=Rhodococcus opacus OX=37919

C1B4K9_RHOOB

C1A1Q4 RHOE4

AOA1B1JXG4_RHOOP (+1)

CO0ZLE9_RHOEA4

C0ZZC7_RHOE4

AOAO76ELT6_RHOOP (+3)

AOAO76ERY6_RHOOP (+2)

A0A2S8JH26_RHOOP (+1)

AOA3AIT260_RHOOP

AOA3AITLT5_RHOOP

AOA3A9UKMZ2_RHOOP

C1B806_RHOOB

AOA3A9TRU5_RHOOP

AOA3A9UL59 _RHOOP

K8XMN2_RHOOP

AOA3A9TZ39_RHOOP

AOA3AITQ29_RHOOP
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GN=rocD PE=3 SV=1

Ribose-phosphate pyrophosphokinase OS=Rhodococcus opacus (strain B4)
OX=632772 GN=prs PE=3 SV=1

2-isopropylmalate synthase OS=Rhodococcus erythropolis (strain PR4 /
NBRC 100887) OX=234621 GN=leuA PE=3 SV=1

Fe-S
GN=COO055_09160 PE=4 SV=1

30S ribosomal protein S9 OS=Rhodococcus opacus OX=37919 GN=rpsl
PE=3 SV=1

Acyl carrier protein OS=Rhodococcus opacus OX=37919 GN=acpP PE=3
sv=1

Aconitate hydratase OS=Rhodococcus opacus OX=37919 GN=acnA PE=4
sv=1

60 kDa chaperonin OS=Rhodococcus erythropolis (strain PR4 / NBRC
100887) OX=234621 GN=groL PE=3 SV=1

Glycogen phosphorylase OS=Rhodococcus erythropolis (strain PR4 / NBRC
100887) OX=234621 GN=glgP PE=4 SV=1

Succinate-semialdehyde dehydrogenase OS=Rhodococcus opacus (strain B4)
0OX=632772 GN=gabD PE=3 SV=1

Pyruvate dehydrogenase E1 component OS=Rhodococcus opacus (strain B4)
0X=632772 GN=aceE PE=4 SV=1

Putative DNA-binding protein HU OS=Rhodococcus opacus (strain B4)
OX=632772 GN=hup PE=3 SV=1

Isocitrate dehydrogenase [NADP] OS=Rhodococcus opacus (strain B4)
OX=632772 GN=icd PE=3 SV=1

Amino acid--[acyl-carrier-protein] ligase OS=Rhodococcus opacus PD630
OX=543736 GN=Pd630_LPD02373 PE=4 SV=1

ABC transporter ATP-binding protein OS=Rhodococcus opacus OX=37919
GN=COO055 31450 PE=4 SV=1

Putative ribonuclease OS=Rhodococcus erythropolis (strain PR4 / NBRC
100887) OX=234621 GN=RER_37950 PE=4 SV=1

Probable long-chain fatty-acid--CoA ligase OS=Rhodococcus erythropolis
(strain PR4 / NBRC 100887) OX=234621 GN=fadD PE=4 SV=1

50S ribosomal protein L6 OS=Rhodococcus opacus OX=37919 GN=rplF

oxidoreductase OS=Rhodococcus opacus 0X=37919

C1AY40_RHOOB

C0ZN67_RHOE4

AOA3A9TQB8_RHOOP

AOA076EHZ2_RHOOP (+3)

AOAO76EW08_RHOOP (+3)

AOA3AIT2U7_RHOOP

C0ZUI9_RHOE4

C1AIW1_RHOE4

C1AWW1_RHOOB

C1B2B5_RHOOB

C1B2N2_RHOOB

C1BBF6_RHOOB

WS8GVB9_RHOOP

AOA3AITZN7_RHOOP

C1A1L8_RHOE4

C1A2H1_RHOE4

AOAOQ76EI07_RHOOP (+2)
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PE=3 SVv=1

Short dehydrogenase
GN=R1CP_31605 PE=3 SV=1
Sarcosine oxidase subunit alpha OS=Rhodococcus opacus OX=37919
GN=COO055_27560 PE=3 SV=1
Phenylalanine--tRNA ligase beta
0OX=37919 GN=pheT PE=3 SV=1
Transketolase OS=Rhodococcus opacus OX=37919 GN=COO55 20910
PE=3 SVv=1

Ribonucleoside-diphosphate reductase OS=Rhodococcus erythropolis (strain
PR4 / NBRC 100887) OX=234621 GN=nrdE PE=3 SV=1

Chaperone protein HtpG OS=Rhodococcus opacus (strain B4) OX=632772
GN=htpG PE=3 SV=1

60 kDa chaperonin OS=Rhodococcus opacus (strain B4) OX=632772
GN=groL PE=3 SV=1

Fatty acid oxidation complex subunit alpha OS=Rhodococcus opacus
0OX=37919 GN=R1CP_15365 PE=4 SV=1

Homoserine

chain OS=Rhodococcus opacus 0OX=37919

subunit OS=Rhodococcus opacus

dehydrogenase OS=Rhodococcus
0OX=632772 GN=hom PE=3 SV=1
Uncharacterized protein  OS=Rhodococcus opacus M213 0X=1129896
GN=WSS_A28395 PE=4 SV=1

Nuclear GLE1 OS=Rhodococcus
GN=EP51_21560 PE=4 SV=1

DUF3052 domain-containing protein OS=Rhodococcus opacus OX=37919
GN=C5613 38600 PE=4 SV=1

UvrABC system protein B OS=Rhodococcus opacus OX=37919 GN=uvrB
PE=3 SV=1

Polyphosphate kinase OS=Rhodococcus opacus OX=37919 GN=ppk PE=3
Sv=1

CTP synthase OS=Rhodococcus erythropolis (strain PR4 / NBRC 100887)
0OX=234621 GN=pyrG PE=3 SV=1

Dihydrolipoamide acetyltransferase component of pyruvate dehydrogenase
complex OS=Rhodococcus erythropolis (strain PR4 / NBRC 100887)
0OX=234621 GN=RER_36170 PE=3 SV=1

opacus (strain B4)

export factor opacus 0OX=37919

AOA1B1KED1_RHOOP

AOA3A9UFD2_RHOOP

AOA3A9UHP1_RHOOP

AOA3A9ULAO_RHOOP

C0ZXH5_RHOE4

C1AYK6_RHOOB

C1B076_RHOOB

AOA1B1K5A1_RHOOP (+1)

C1AW15 RHOOB (+1)

K8XCK5_RHOOP

AOAO76ELS9_RHOOP (+2)

AOAO76EW15_RHOOP (+3)

AOAO076EXMO0_RHOOP

AOA1B1K413_RHOOP

C1A035_RHOE4

C1A140_RHOE4
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Glutamine synthetase OS=Rhodococcus erythropolis (strain PR4 / NBRC
100887) OX=234621 GN=gInA PE=3 SV=1

Putative citrate lyase beta subunit OS=Rhodococcus erythropolis (strain PR4
/ NBRC 100887) OX=234621 GN=RER_41490 PE=3 SV=1
Phospho-2-dehydro-3-deoxyheptonate aldolase OS=Rhodococcus opacus
(strain B4) OX=632772 GN=ROP_08400 PE=3 SV=1

Amine oxidase OS=Rhodococcus opacus (strain B4) 0OX=632772
GN=ROP_23340 PE=3 SV=1

Putative trehalose-phosphatase OS=Rhodococcus opacus (strain  B4)
OX=632772 GN=otsB PE=4 SV=1

Aldehyde oxidase OS=Rhodococcus opacus OX=37919 GN=COO055 14195
PE=4 SV=1

Long-chain-fatty-acid-CoA ligase, FadD11 OS=Rhodococcus opacus
0OX=37919 GN=R1CP_20605 PE=4 SV=1

GTPase Der OS=Rhodococcus opacus (strain B4) OX=632772 GN=engA
PE=3 SV=1

Cutinase  family  protein  OS=Rhodococcus opacus 0OX=37919
GN=COO055_18200 PE=4 SV=1

DNA polymerase | OS=Rhodococcus erythropolis (strain PR4 / NBRC
100887) OX=234621 GN=polA PE=3 SV=1

Protein-tyrosine kinase OS=Rhodococcus opacus M213 0OX=1129896
GN=WSS_A10862 PE=4 SV=1

RNA  methyltransferase =~ OS=Rhodococcus = opacus  OX=37919
GN=R1CP_15280 PE=3 SV=1

Bifunctional glutamine synthetase adenylyltransferase/adenylyl-removing
enzyme OS=Rhodococcus erythropolis (strain PR4 / NBRC 100887)
0X=234621 GN=gInE PE=3 SV=1

Galactofuranosyl transferase GIfT2 OS=Rhodococcus opacus OX=37919
GN=gIfT2 PE=4 SV=1

ATP-dependent zinc metalloprotease FtsH OS=Rhodococcus opacus
OX=37919 GN=ftsH1 PE=3 SV=1

Putative phosphoribosyl transferase OS=Rhodococcus opacus OX=37919
GN=R1CP_18080 PE=4 SV=1

Alpha-1,4-glucan:maltose-1-phosphate maltosyltransferase

C1Al146_RHOE4

C1A2M2_RHOE4

C1AU79_RHOOB

C1B2F7_RHOOB

C1BAF3_RHOOB

AOA3A9UI88_RHOOP

AOA1B1K8A3_RHOOP (+2)

C1ASX2_RHOOB

AOA3AITV43_RHOOP

C1A095_RHOE4

K8XWU4_RHOOP

AOA1B1K566_RHOOP (+1)

C1A171_RHOE4

AOA1BLIXL5_RHOOP (+2)

AOA1B1JYJ2_RHOOP

AOA1B1K6R1_RHOOP (+1)

AOA3AITYC5_RHOOP
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OS=Rhodococcus opacus OX=37919 GN=glgE PE=3 SV=1
Dihydrolipoamide acetyltransferase component of pyruvate dehydrogenase
complex OS=Rhodococcus opacus (strain B4) OX=632772 GN=ROP_08780
PE=3 SV=1

Propionyl-CoA carboxylase beta chain OS=Rhodococcus opacus (strain B4)
OX=632772 GN=pccB PE=4 SV=1

50S ribosomal protein L11 OS=Rhodococcus opacus OX=37919 GN=rpIlK
PE=3 SV=1

Multidrug ABC transporter membrane-binding protein OS=Rhodococcus
opacus OX=37919 GN=R1CP_28630 PE=4 SV=1

Porin OS=Rhodococcus opacus OX=37919 GN=C5613 04780 PE=4 SV=1
6-phosphogluconate dehydrogenase (Decarboxylating) OS=Rhodococcus
opacus OX=37919 GN=gnd PE=4 SV=1

DNA topoisomerase 1 OS=Rhodococcus erythropolis (strain PR4 / NBRC
100887) OX=234621 GN=topA PE=3 SV=1

Putative trehalose-phosphatase OS=Rhodococcus erythropolis (strain PR4 /
NBRC 100887) OX=234621 GN=0tsB PE=4 SV=1

DNA gyrase subunit B OS=Rhodococcus opacus OX=37919 GN=gyrB
PE=3 SV=1

Mycolyltransferase OS=Rhodococcus opacus OX=37919 GN=R1CP_01760
PE=4 SV=1

2-isopropylmalate synthase OS=Rhodococcus opacus OX=37919 GN=leuA
PE=3 SV=1

Aldose 1-epimerase OS=Rhodococcus opacus OX=37919 GN=R1CP_06345
PE=4 SV=1

Prokaryotic ubiquitin-like protein Pup OS=Rhodococcus opacus OX=37919
GN=pup PE=3 SV=1

Cell wall synthesis protein Wag31 OS=Rhodococcus opacus OX=37919
GN=wag31 PE=4 SV=1

Triosephosphate isomerase OS=Rhodococcus opacus OX=37919 GN=tpiA
PE=3 SV=1

Acetyl-/propionyl-CoA carboxylase subunit alpha OS=Rhodococcus opacus
0OX=37919 GN=COO055_04995 PE=4 SV=1

Cation-binding OS=Rhodococcus 0X=37919

protein opacus

C1AUB7_RHOOB

C1B808_RHOOB

AOA076EV41_RHOOP (+2)

AO0A1BLKCM9 RHOOP (+3)

A0A2S8IGKS_RHOOP
AOA3AITSRO_RHOOP (+1)

CO0ZNG9_RHOE4

CO0ZPT5_RHOE4

AOA1B1JWNG6_RHOOP

AOA1BLIXM7_RHOOP (+1)

AOA1B1JY14 RHOORP (+1)

AOA1B1K065_RHOOP

AOA1B1K8W1_RHOOP (+2)

AOA1B1K9J9 RHOOP (+2)

AOA3AITKTS_RHOOP

AOA3AITLY0_RHOOP

AOA3AITQLS_RHOOP
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GN=COO055_13540 PE=4 SV=1

Trehalose-phosphatase OS=Rhodococcus opacus OX=37919 GN=otsB PE=4
Sv=1

Long-chain fatty acid--CoA ligase OS=Rhodococcus opacus OX=37919
GN=COO055_18025 PE=4 SV=1

Putative S9C family peptidase OS=Rhodococcus opacus (strain B4)
0OX=632772 GN=ROP_55360 PE=4 SV=1

2-oxoglutarate dehydrogenase E1 component OS=Rhodococcus opacus
(strain B4) OX=632772 GN=sucA PE=4 SV=1

Uncharacterized protein OS=Rhodococcus opacus PD630 0OX=543736
GN=Pd630_LPD02225 PE=4 SV=1

Phosphotransferase family protein OS=Rhodococcus opacus OX=37919
GN=COO055_ 28580 PE=4 SV=1

Argininosuccinate synthase OS=Rhodococcus opacus OX=37919 GN=argG
PE=3 SV=1

Aspartyl/glutamyl-tRNA(Asn/GIn) amidotransferase subunit B
OS=Rhodococcus opacus OX=37919 GN=gatB PE=3 SV=1

50S ribosomal protein L7/L12 OS=Rhodococcus erythropolis (strain PR4 /
NBRC 100887) OX=234621 GN=rplL PE=3 SV=1

D-3-phosphoglycerate dehydrogenase OS=Rhodococcus erythropolis (strain
PR4 / NBRC 100887) OX=234621 GN=serA PE=3 SV=1

ATP synthase epsilon chain OS=Rhodococcus opacus OX=37919 GN=atpC
PE=3 SV=1

Uncharacterized protein OS=Rhodococcus opacus (strain B4) OX=632772
GN=ROP_07010 PE=4 SV=1

Putative NADPH oxidoreductase OS=Rhodococcus opacus (strain B4)
OX=632772 GN=ROP_11200 PE=4 SV=1

Sulfurtransferase OS=Rhodococcus opacus (strain B4) 0OX=632772
GN=ROP_49380 PE=4 SV=1

Glutamate synthase large subunit OS=Rhodococcus erythropolis (strain PR4
/ NBRC 100887) OX=234621 GN=gItB PE=4 SV=1

Phosphoglucomutase OS=Rhodococcus opacus (strain B4) OX=632772
GN=pgm PE=3 SV=1

Chaperone protein DnaK OS=Rhodococcus opacus (strain B4) OX=632772

AOA3A9TQV4_RHOOP

AOA3A9TSH5_RHOOP

C1AWLO0_RHOOB

ClAZP7_RHOOB

W8GVD5_RHOOP

AOA3A9UBR8_RHOOP

AOA3A9UD92_RHOOP

AOA1B1K4C7_RHOOP

C0ZV34_RHOE4

C0ZXM3_RHOE4

AOA1B1KAQ6_RHOOP (+2)

C1AT16_RHOOB

C1AVT7_RHOOB

C1ATC1_RHOOB

C0ZLJ1_RHOE4

CiB1M2_RHOOB

C1ASF3_RHOOB
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GN=dnaK PE=2 SV=1

Chaperone protein ClpB OS=Rhodococcus opacus OX=37919 GN=clpB
PE=3 SVv=1

MspA
GN=EP51_12695 PE=4 SV=1

DNA gyrase subunit A OS=Rhodococcus opacus OX=37919 GN=gyrA
PE=3 SV=1
Uncharacterized
GN=R1CP_03035 PE=4 SV=1
6-phosphogluconate  dehydrogenase,
opacus OX=37919 GN=yqjl PE=3 SV=1
Leucine--tRNA ligase OS=Rhodococcus opacus OX=37919 GN=leuS PE=3
sv=1

DNA-directed RNA polymerase subunit beta OS=Rhodococcus opacus
0OX=37919 GN=rpoB PE=3 SV=1

Pyruvate carboxylase OS=Rhodococcus opacus (strain B4) OX=632772
GN=pyc PE=4 SV=1

Enoyl-CoA
GN=EP51 28475 PE=4 SV=1
Keto-deoxy-phosphogluconate
0OX=37919 GN=COO055_24730 PE=4 SV=1
F420-dependent
opacus (strain B4) 0X=632772 GN=fdg PE=3 SV=1

ATP synthase subunit delta OS=Rhodococcus opacus OX=37919 GN=atpH
PE=3 SV=1

Protein-export membrane protein YajC OS=Rhodococcus opacus OX=37919
GN=R1CP_15585 PE=4 SV=1

Phosphoserine phosphatase SerB OS=Rhodococcus opacus OX=37919
GN=serB PE=4 SV=1

Epimerase OS=Rhodococcus opacus OX=37919 GN=COOQO55 04270 PE=4
Sv=1

Serine--tRNA ligase OS=Rhodococcus opacus OX=37919 GN=serS PE=3
Sv=1

Guanine deaminase OS=Rhodococcus opacus OX=37919 GN=C5613_13225

family  protein ~ OS=Rhodococcus  opacus  OX=37919

protein ~ OS=Rhodococcus  opacus  OX=37919

decarboxylating OS=Rhodococcus

hydratase 0OS=Rhodococcus opacus 0X=37919

aldolase OS=Rhodococcus  opacus

glucose-6-phosphate  dehydrogenase OS=Rhodococcus

AOA3A9TUAZ2_RHOOP

AOA076EJL6_RHOOP

AOAO076EMU7_RHOORP (+1)

AOA1B1JYF1_RHOOP (+1)

AOA1B1K6K7_RHOOP (+2)

AOA3AITVC7_RHOOP

AOA3A9U3B9_RHOOP

C1ART4_RHOOB

AOAO076EYF6_RHOOP

AOA3A9TY28_RHOOP

C1B0G5_RHOOB

AOA3A9UC00_RHOOP

AOA1B1K5B3_RHOOP (+1)

A0A2S81164_RHOOP (+2)

AOA3AITNA8_RHOOP

AOA3A9UJA1_RHOOP

AO0A2S8JBS4_RHOOP (+2)
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PE=4 SV=1

Cholesterol oxidase OS=Rhodococcus opacus M213 0OX=1129896
GN=WSS_A15429 PE=4 SV=1

Long-chain fatty-acid--CoA ligase OS=Rhodococcus opacus (strain B4)
OX=632772 GN=fadD PE=4 SV=1

Acyl-CoA carboxylase alpha chain OS=Rhodococcus erythropolis (strain
PR4 / NBRC 100887) OX=234621 GN=accA PE=4 SV=1

Fumarate hydratase class | OS=Rhodococcus opacus (strain B4) OX=632772
GN=ROP_59610 PE=3 SV=1

Putative xanthine dehydrogenase OS=Rhodococcus opacus (strain B4)
OX=632772 GN=ROP_44260 PE=4 SV=1

Polyphosphate kinase OS=Rhodococcus erythropolis (strain PR4 / NBRC
100887) OX=234621 GN=ppk PE=3 SV=1

Phosphoenolpyruvate synthase OS=Rhodococcus erythropolis (strain PR4 /
NBRC 100887) OX=234621 GN=ppsA PE=3 SV=1

Dihydroxy-acid dehydratase OS=Rhodococcus opacus (strain B4)
OX=632772 GN=ilvD PE=3 SV=1

Universal stress protein  UspA OS=Rhodococcus opacus 0OX=37919
GN=COO055_37085 PE=4 SV=1

Putative fatty-acid--CoA ligase OS=Rhodococcus erythropolis (strain PR4 /
NBRC 100887) OX=234621 GN=RER_43270 PE=4 SV=1

Glutamate dehydrogenase OS=Rhodococcus opacus (strain B4) OX=632772
GN=ROP_29480 PE=4 SV=1

30S ribosomal protein S8 OS=Rhodococcus opacus OX=37919 GN=rpsH
PE=3 SV=1

Lsr2 family protein OS=Rhodococcus opacus OX=37919 GN=C5613_ 28260
PE=4 SV=1

D-3-phosphoglycerate dehydrogenase OS=Rhodococcus opacus OX=37919
GN=serA PE=3 SV=1

1,4-alpha-glucan branching enzyme GIlgB OS=Rhodococcus opacus
OX=37919 GN=glgB PE=3 SV=1

LLM class F420-dependent oxidoreductase OS=Rhodococcus opacus
0OX=37919 GN=COO055_16570 PE=4 SV=1

Phenylacetic acid degradation bifunctional protein PaaZ OS=Rhodococcus

K8XM36_RHOOP

C1AZR9_RHOOB

C0ZWU4_RHOE4

ClAYL3_RHOOB

C1BAHO_RHOOB

CO0ZXN5_RHOE4

C1A0HO_RHOE4

C1B2L7_RHOOB

AOA3A9U1Z5_RHOOP

C1A350 RHOE4

C1B692 RHOOB

AOAO076EIJ6_RHOOP

AOA076EKGS8_RHOOP (+1)

AOA1B1K4F2_RHOOP

AOA1B1KAR7_RHOOP (+1)

AOA3AITS18 RHOOP

AOA3AITWZ9_RHOOP
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opacus OX=37919 GN=COO055_22680 PE=4 SV=1

Chaperone protein DnaK OS=Rhodococcus opacus OX=37919 GN=dnaK
PE=2 SV=1

Bifunctional glutamine synthetase adenylyltransferase/adenylyl-removing
enzyme OS=Rhodococcus opacus OX=37919 GN=gInE PE=3 SV=1
Probable long-chain fatty acyl-AMP ligase FadD32 OS=Rhodococcus
erythropolis (strain PR4 / NBRC 100887) OX=234621 GN=fadD32 PE=4
Sv=1

Putative ATP-dependent Clp protease ATP-binding subunit ClpC
OS=Rhodococcus erythropolis (strain PR4 / NBRC 100887) OX=234621
GN=clpC PE=4 SV=1

L-amino acid oxidase OS=Rhodococcus opacus (strain B4) OX=632772
GN=lao PE=4 SV=1

GuaB1 family IMP dehydrogenase-related protein OS=Rhodococcus opacus
OX=37919 GN=C5613_25460 PE=4 SV=1

Uncharacterized protein OS=Rhodococcus opacus PD630 OX=543736
GN=Pd630_LPD05730 PE=4 SV=1

Arylsulfatase OS=Rhodococcus opacus OX=37919 GN=COO55 37205
PE=4 SV=1

Molybdate ABC molybdate transporter substrate-binding protein
OS=Rhodococcus opacus OX=37919 GN=R1CP_35640 PE=4 SV=1
Adenosylhomocysteinase OS=Rhodococcus erythropolis (strain PR4 / NBRC
100887) OX=234621 GN=ahcY PE=3 SV=1

Adenylate kinase OS=Rhodococcus opacus OX=37919 GN=adkl PE=3
Sv=1

Cobaltochelatase CobN subunit OS=Rhodococcus opacus (strain B4)
0OX=632772 GN=cobN PE=4 SV=1

GDP-mannose 4,6-dehydratase OS=Rhodococcus opacus (strain B4)
OX=632772 GN=gmd PE=3 SV=1

D-alanine--D-alanine ligase OS=Rhodococcus opacus OX=37919 GN=ddlI
PE=3 SV=1

50S ribosomal protein L29 OS=Rhodococcus opacus OX=37919 GN=rpmC
PE=3 SV=1

Aldehyde dehydrogenase family 7 member Al OS=Rhodococcus opacus

AOA3A9U2A2_RHOOP

AOA3A9U573_RHOOP

C0ZLV1 _RHOE4

C0ZPM6_RHOE4

C1AZ10_RHOOB

A0A2S58J3P7_RHOOP

W8H505_RHOOP

AOA3A9UFK9_RHOOP

AOA1B1KGK9_RHOOP (+1)

CO0ZWY9_RHOE4

AOA1B1K3F5 RHOOP (+1)

C1AR61_RHOOB

C1BED2_RHOOB

AOAO076EHG6_RHOORP (+1)

AOAO076ENAO_RHOOP

AOA1B1K3S2_RHOOP
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0OX=37919 GN=R1CP_12825 PE=3 SV=1

Methylmalonyl-CoA  carboxyltransferase =~ OS=Rhodococcus  opacus
0OX=37919 GN=COO55_04945 PE=4 SV=1

Polyketide synthase OS=Rhodococcus opacus 0X=37919
GN=COO055_16335 PE=4 SV=1

Ribonuclease PH OS=Rhodococcus opacus OX=37919 GN=rph PE=3 SV=1
Phosphoenolpyruvate synthase OS=Rhodococcus opacus OX=37919
GN=COO055_37215 PE=3 SV=1

Putative electron transfer flavoprotein alpha subunit OS=Rhodococcus
erythropolis (strain PR4 / NBRC 100887) OX=234621 GN=etfA PE=4 SV=1
Nitrogen regulatory protein PII OS=Rhodococcus erythropolis (strain PR4 /
NBRC 100887) OX=234621 GN=gInK PE=3 SV=1

Carbamoyl-phosphate synthase large chain OS=Rhodococcus opacus (strain
B4) OX=632772 GN=carB PE=3 SV=1

ATP-dependent Clp protease ATP-binding subunit ClpC OS=Rhodococcus
opacus (strain B4) 0X=632772 GN=clpC PE=4 SV=1

Phosphate import ATP-binding protein PstB OS=Rhodococcus erythropolis
(strain PR4 / NBRC 100887) OX=234621 GN=pstB PE=3 SV=1

Putative oxidoreductase OS=Rhodococcus opacus (strain B4) OX=632772
GN=ROP_63230 PE=4 SV=1

Phenylacetic acid degradation protein PaaN OS=Rhodococcus opacus (strain
B4) 0X=632772 GN=paaN PE=4 SV=1

DNA repair protein RecN OS=Rhodococcus opacus OX=37919 GN=recN
PE=3 SV=1

DUF427 domain-containing protein OS=Rhodococcus opacus OX=37919
GN=COO055_28260 PE=4 SV=1

Uncharacterized  protein ~ OS=Rhodococcus  opacus  OX=37919
GN=R1CP_23445 PE=4 SV=1

Glycosyl hydrolase OS=Rhodococcus opacus OX=37919 GN=EP51_11965
PE=4 SV=1

Uncharacterized protein OS=Rhodococcus  opacus  OX=37919
GN=COO055 26270 PE=4 SV=1

Uncharacterized protein OS=Rhodococcus opacus (strain B4) OX=632772
GN=ROP_06720 PE=4 SV=1

AOA3A9TL81_RHOOP

AOA3A9TS34_RHOOP

AOA3AITYK2_RHOOP
AOA3A9U2C4_RHOOP

C0ZXJ7_RHOE4

C0ZXR3_RHOE4

C1B4J1_RHOOB

C1BA83_RHOOB

Q3L9L9_RHOE4

C1B175_RHOOB

C1B3Y6_RHOOB

AOA1B1K9A4_RHOOP

AOA3A9ULH5_RHOOP

AOA1BL1KIR9 RHOOP (+2)

AOA076EJ64_RHOOP

AOA3A9UON9_RHOOP

C1ASY7_RHOOB
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Probable cold shock protein OS=Rhodococcus erythropolis (strain PR4 /
NBRC 100887) OX=234621 GN=RER_43560 PE=4 SV=1
4-hydroxy-3-methylbut-2-enyl diphosphate reductase OS=Rhodococcus
opacus OX=37919 GN=ispH PE=3 SV=1

Sarcosine oxidase subunit alpha OS=Rhodococcus opacus (strain B4)
OX=632772 GN=soxA PE=3 SV=1

Chromosomal replication initiator protein DnaA OS=Rhodococcus opacus
0OX=37919 GN=dnaA PE=3 SV=1

Homoserine dehydrogenase OS=Rhodococcus erythropolis (strain PR4 /
NBRC 100887) OX=234621 GN=hom PE=3 SV=1
4-hydroxy-tetrahydrodipicolinate reductase OS=Rhodococcus opacus (strain
B4) OX=632772 GN=dapB PE=3 SV=1

Glutamate ABC transporter glutamate-binding protein OS=Rhodococcus
erythropolis (strain PR4 / NBRC 100887) OX=234621 GN=gluB PE=3
sv=1

Protein translocase subunit SecE OS=Rhodococcus opacus (strain B4)
OX=632772 GN=secE PE=3 SV=1

Uncharacterized protein OS=Rhodococcus erythropolis (strain PR4 / NBRC
100887) OX=234621 GN=RER_35440 PE=4 SV=1

Acyl-CoA carboxylase beta chain OS=Rhodococcus opacus (strain B4)
OX=632772 GN=accD PE=4 SV=1

ATP-binding
GN=C5613 03560 PE=4 SV=1

Sensory transduction protein regX3 OS=Rhodococcus opacus OX=37919
GN=regX3 PE=4 SV=1

Ketol-acid
0OX=37919 GN=ilvC PE=3 SV=1

Proline--tRNA ligase OS=Rhodococcus opacus OX=37919 GN=proS1 PE=3
Sv=1

Glutamate-binding protein OS=Rhodococcus opacus OX=37919 GN=gluB
PE=4 SV=1

Proteasome subunit beta OS=Rhodococcus opacus OX=37919 GN=prcB
PE=3 SV=1

Translational GTPase TypA OS=Rhodococcus opacus OX=37919 GN=typA

protein OS=Rhodococcus opacus 0X=37919

reductoisomerase  (NADP(+)) OS=Rhodococcus opacus

C1A379_RHOE4

AOAO076EHF1_RHOOP (+5)

C1AXP3_RHOOB

AOAO076EVR3_RHOOP

C1A1Z5_RHOE4

C1B356_RHOOB

COZYNO_RHOE4

C1AYX8_RHOOB

C1A0W7_RHOE4

C1AZX8 RHOOB

AOA076EG66_RHOOP (+1)

AOA076EV99_RHOOP (+3)

AOA1B1K4J7_RHOOP

AOA1B1K4U6_RHOOP

AO0A1B1K503_RHOOQP (+2)

AOA1B1K8U8_RHOOP (+1)

AO0A2S8IRZ9_RHOOP (+2)
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PE=4 SV=1

Transcription termination/antitermination protein NusG OS=Rhodococcus
opacus (strain B4) 0X=632772 GN=nusG PE=3 SV=1

Bifunctional protein FolD OS=Rhodococcus opacus (strain B4) OX=632772
GN=folD PE=3 SV=1

Copper resistance protein OS=Rhodococcus opacus M213 OX=1129896
GN=WSS_A08059 PE=4 SV=1
Methylmalonate-semialdehyde dehydrogenase
erythropolis (strain PR4 / NBRC 100887) 0X=234621 GN=mmsA PE=4
sv=1

Transcription termination/antitermination protein NusA OS=Rhodococcus
opacus (strain B4) 0X=632772 GN=nusA PE=3 SV=1

Ribosome maturation factor RimM OS=Rhodococcus opacus OX=37919
GN=rimM PE=3 SV=1

Cell division protein SepF OS=Rhodococcus opacus OX=37919 GN=sepF
PE=3 SV=1

Putative TetR family transcriptional regulator OS=Rhodococcus opacus
(strain B4) OX=632772 GN=ROP_18260 PE=4 SV=1

NADPH oxidoreductase OS=Rhodococcus erythropolis (strain PR4 / NBRC
100887) OX=234621 GN=RER_21780 PE=4 SV=1

30S ribosomal protein S17 OS=Rhodococcus opacus OX=37919 GN=rpsQ
PE=3 SV=1
Porphobilinogen
0OX=632772 GN=hemC PE=3 SV=1

Thioredoxin reductase OS=Rhodococcus opacus OX=37919 GN=trxB PE=3
Sv=1

Putative glycosidase OS=Rhodococcus opacus (strain B4) OX=632772
GN=ROP_54720 PE=4 SV=1

Methionine synthase OS=Rhodococcus opacus (strain B4) OX=632772
GN=metH PE=4 SV=1

Serine hydroxymethyltransferase OS=Rhodococcus opacus 0OX=37919
GN=glyA PE=3 SV=1

Hypothetical membrane protein OS=Rhodococcus opacus (strain B4)
OX=632772 GN=ROP_34640 PE=4 SV=1

OS=Rhodococcus

deaminase OS=Rhodococcus opacus (strain  B4)

ClAYX7_RHOOB

C1B145_RHOOB

K8XQWO_RHOOP

C1A228_RHOE4

C1B311_RHOOB

AOA1B1K4K2_RHOOP (+2)

AOAO76EXS9_RHOOP

C1AZE5_RHOOB

C0ZX01_RHOE4

AOAO076EIJ9_RHOORP (+2)

C1AZ43_RHOOB

AOA3AITWW2_RHOOP (+1)

C1AWE6_RHOOB

C1ASR2_RHOOB

AOA3A9TXZ9_RHOOP (+1)

C1B7Q8_RHOOB
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Uncharacterized protein OS=Rhodococcus opacus (strain B4) OX=632772
GN=ROP_26830 PE=4 SV=1
Alpha-1,4-glucan:maltose-1-phosphate
OS=Rhodococcus erythropolis (strain PR4 / NBRC 100887) OX=234621
GN=gIgE PE=3 SV=1

Bacteriocin OS=Rhodococcus opacus OX=37919 GN=lin PE=4 SV=1

Ethyl tert-butyl ether degradation protein EthD OS=Rhodococcus opacus
0OX=37919 GN=R1CP_31475 PE=4 SV=1

Adenosylhomocysteinase OS=Rhodococcus opacus OX=37919 GN=ahcY
PE=3 SV=1
Pyruvate
GN=COO055 03850 PE=4 SV=1

Excinuclease ABC subunit UvrA OS=Rhodococcus opacus OX=37919
GN=COO055 17550 PE=4 SV=1
Carbamoyl-phosphate  synthase
0OX=37919 GN=carB PE=3 SV=1
Translation
GN=COO55 11140 PE=4 SV=1

Piperideine-6-carboxylate dehydrogenase OS=Rhodococcus opacus (strain
B4) 0X=632772 GN=pcd PE=3 SV=1

3-phosphoshikimate 1-carboxyvinyltransferase OS=Rhodococcus opacus
0OX=37919 GN=aroA PE=3 SV=1
OS=Rhodococcus

maltosyltransferase

carboxylase OS=Rhodococcus opacus 0X=37919

large chain OS=Rhodococcus opacus

initiation factor OS=Rhodococcus opacus 0OX=37919

Uncharacterized 0X=37919
GN=COO055_26595 PE=4 SV=1

30S ribosomal protein S18 OS=Rhodococcus opacus OX=37919 GN=rpsR
PE=3 SV=1

DUF1348 domain-containing protein OS=Rhodococcus opacus OX=37919
GN=C5613_22710 PE=4 SV=1

DUF4191 domain-containing protein OS=Rhodococcus opacus OX=37919
GN=C5613_38810 PE=4 SV=1

Leucine--tRNA ligase OS=Rhodococcus opacus (strain B4) OX=632772
GN=leuS PE=3 SV=1

Putative acyl-CoA oxidase OS=Rhodococcus opacus (strain B4) OX=632772
GN=ROP_17180 PE=4 SV=1

protein opacus

C1B504_RHOOB

C1A1WZ2_RHOE4

AOA076EZF5_RHOORP (+2)

AOA1B1KE95_RHOOP

AOA3A9TPQ2_RHOOP

AOA3AITZL5 RHOOP (+1)

AOA3A9UA25 RHOOP

AOA3A9UC33_RHOOP

AOA3A9UGVZ2_RHOOP

C1B189_RHOOB

AOA3A9UDU3_RHOOP

AOA3A9UOV1_RHOOP

AOA076EPX0_RHOOP (+3)

AO0A2S8J6R2_RHOOP

AOAO076EW57_RHOOP (+5)

C1B7N7_RHOOB

C1AZ37_RHOOB
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Flavin oxidoreductase OS=Rhodococcus 0OX=37919
GN=R1CP_03405 PE=4 SV=1

Aconitate hydratase OS=Rhodococcus erythropolis (strain PR4 / NBRC
100887) OX=234621 GN=acn PE=3 SV=1

Uncharacterized protein OS=Rhodococcus opacus (strain B4) OX=632772
GN=ROP_39290 PE=4 SV=1
6-phosphogluconate  dehydrogenase,
erythropolis (strain PR4 / NBRC 100887) OX=234621 GN=gnd PE=3 SV=1
Fructose-bisphosphate aldolase class Il OS=Rhodococcus erythropolis (strain
PR4 / NBRC 100887) OX=234621 GN=fba PE=3 SVV=1

Acyl-CoA desaturase OS=Rhodococcus opacus (strain B4) OX=632772
GN=ROP_63960 PE=4 SVV=1

30S ribosomal protein S19 OS=Rhodococcus opacus OX=37919 GN=rpsS
PE=3 SV=1

Malate dehydrogenase OS=Rhodococcus erythropolis (strain PR4 / NBRC
100887) OX=234621 GN=RER_41320 PE=3 SV=1

Penicillin-binding
GN=EP51_24795 PE=4 SV=1

Pyridine nucleotide-disulfide oxidoreductase OS=Rhodococcus opacus
0OX=37919 GN=COO055_08675 PE=4 SV=1

Porphobilinogen deaminase OS=Rhodococcus erythropolis (strain PR4 /
NBRC 100887) OX=234621 GN=hemC PE=3 SV=1

Uncharacterized protein OS=Rhodococcus opacus (strain B4) OX=632772
GN=ROP_26780 PE=4 SV=1

50S ribosomal protein L5 OS=Rhodococcus opacus OX=37919 GN=rplE
PE=3 SV=1

50S ribosomal protein L24 OS=Rhodococcus opacus OX=37919 GN=rplX
PE=3 SV=1

Cell division protein FtsZ OS=Rhodococcus opacus OX=37919 GN=ftsZ
PE=3 SV=1

Aspartate aminotransferase family protein OS=Rhodococcus opacus
0OX=37919 GN=COO055_02765 PE=3 SV=1

Dihydroxy-acid dehydratase OS=Rhodococcus opacus OX=37919 GN=ilvD

PE=3 SV=1

opacus

decarboxylating OS=Rhodococcus

protein  OS=Rhodococcus  opacus  0OX=37919

AOA1B1JYL4 RHOORP (+2)

C0ZZJ1_RHOE4

C1B923_RHOOB

C0ZZM4_RHOEA4

COZTE7_RHOE4

C1B1E8 RHOOB

AOAO76EIK2_RHOOP (+2)

C1A2K5_RHOE4

AOA076EP64_RHOOP

AOA3A9TN43_RHOOP

C0ZUV5_RHOE4

C1B479 RHOOB

AOAO76EF48_RHOOP (+3)

AOA076EGS2_RHOOP (+3)

AOA1B1K9K4_RHOOP (+2)

AOA3AITIT1_RHOOP

AOA3AITP66_RHOOP
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Probable cytosol aminopeptidase OS=Rhodococcus opacus OX=37919
GN=pepA PE=3 SV=1

Ribonuclease J OS=Rhodococcus opacus OX=37919 GN=rnj PE=3 SV=1
Glycogen phosphorylase OS=Rhodococcus opacus (strain B4) OX=632772
GN=glgP PE=4 SV=1

Adenosylhomocysteinase OS=Rhodococcus opacus (strain B4) OX=632772
GN=ahcY PE=3 SV=1

Uncharacterized protein OS=Rhodococcus opacus (strain B4) OX=632772
GN=ROP_21630 PE=4 SV=1

Transketolase OS=Rhodococcus opacus (strain B4) OX=632772 GN=tkt
PE=3 SV=1

Protein-tyrosine kinase OS=Rhodococcus opacus 0X=37919
GN=R1CP_08615 PE=4 SV=1

Uncharacterized protein OS=Rhodococcus  opacus  OX=37919
GN=COO055_ 20440 PE=4 SV=1

Tyrosine--tRNA ligase OS=Rhodococcus opacus OX=37919 GN=tyrS PE=3
sv=1

Multifunctional fusion protein OS=Rhodococcus opacus OX=37919 GN=nnr
PE=3 SV=1

Putative ferredoxin--NADP(+) reductase OS=Rhodococcus erythropolis
(strain PR4 / NBRC 100887) OX=234621 GN=RER_14410 PE=4 SV=1
Citrate synthase family protein OS=Rhodococcus opacus (strain B4)
OX=632772 GN=ROP_50540 PE=3 SV=1

Propionyl-CoA carboxylase beta chain OS=Rhodococcus erythropolis (strain
PR4 / NBRC 100887) OX=234621 GN=pccB PE=4 SV=1

ATP-dependent DNA helicase OS=Rhodococcus opacus 0OX=37919
GN=uvrD1 PE=3 SV=1

Murein biosynthesis integral membrane protein MurJ OS=Rhodococcus
opacus OX=37919 GN=mviN PE=4 SV=1

Universal  stress protein  OS=Rhodococcus opacus 0OX=37919
GN=R1CP_29035 PE=4 SV=1

50S ribosomal protein L27 OS=Rhodococcus opacus OX=37919 GN=rpmA
PE=3 SV=1

Glycosyl transferase OS=Rhodococcus opacus 0X=37919

AOA3A9UCQ5_RHOOP

AOA3A9UCZ8_RHOOP
C1AVX3_RHOOB

C1B1D5_RHOOB

C1B1Y6_RHOOB

Ci1B4M5_RHOOB

AOA1B1K1E9_RHOOP

AOA3AITU75_RHOOP

AO0A3A9U592_RHOOP (+1)

AOA1B1K3H9_RHOOP

C0ZTH6_RHOE4

C1ATN7_RHOOB

C0ZwWV4_RHOE4

AOA1B1K1X1_RHOOP

AOA3AI9TT21_RHOOP

AOA1B1KCW1_RHOOP

AO0A076F254_RHOOP (+3)

AOA3AITRG2_RHOOP
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GN=COO055_15495 PE=4 SV=1
Probable  cystathionine
OS=Rhodococcus erythropolis (strain PR4 / NBRC 100887) OX=234621
GN=metB PE=3 SV=1

Putative amino-acid ABC transporter-binding protein OS=Rhodococcus
opacus OX=37919 GN=R1CP_27170 PE=3 SV=1

Uncharacterized protein OS=Rhodococcus opacus (strain B4) OX=632772
GN=ROP_51530 PE=4 SV=1

Uncharacterized
GN=R1CP_24235 PE=4 SV=1

DUF2786 domain-containing protein OS=Rhodococcus opacus OX=37919
GN=COO055 08160 PE=4 SV=1

30S ribosomal protein S13 OS=Rhodococcus opacus OX=37919 GN=rpsM
PE=3 SV=1
1,4-dihydroxy-2-naphthoyl-CoA
OX=37919 GN=menB PE=3 SV=1
Phospho-2-dehydro-3-deoxyheptonate
erythropolis (strain PR4 / NBRC 100887) OX=234621 GN=aroH PE=3
Sv=1

Glycine--tRNA ligase OS=Rhodococcus erythropolis (strain PR4 / NBRC
100887) OX=234621 GN=glyQS PE=3 SV=1

Putative non-ribosomal peptide synthetase OS=Rhodococcus opacus (strain
B4) OX=632772 GN=ROP_42870 PE=4 SV=1

50S ribosomal protein L22 OS=Rhodococcus opacus OX=37919 GN=rplV
PE=3 SV=1

Isocitrate dehydrogenase [NADP] OS=Rhodococcus erythropolis (strain PR4
/ NBRC 100887) OX=234621 GN=icd PE=3 SV=1

Uncharacterized protein OS=Rhodococcus erythropolis (strain PR4 / NBRC
100887) OX=234621 GN=RER_27420 PE=4 SV=1

Peptide methionine sulfoxide reductase MsrA OS=Rhodococcus opacus
OX=37919 GN=msrA PE=3 SV=1

Putative enoyl-CoA hydratase OS=Rhodococcus erythropolis (strain PR4 /
NBRC 100887) OX=234621 GN=RER_23640 PE=4 SV=1

Chorismate synthase OS=Rhodococcus opacus OX=37919 GN=aroC PE=3

gamma-synthase/cystathionine  gamma-lyase

protein ~ OS=Rhodococcus  opacus  OX=37919

synthase = OS=Rhodococcus  opacus

aldolase OS=Rhodococcus

C1A2Y8_RHOE4

AOA1B1KBS7_RHOOP (+1)

C1AURO_RHOOB

AOA1B1KA68_RHOOP

AOA3AITMKS3_RHOOP

AOAO76EGRO_RHOOP (+2)

AOA076EV25_RHOOP (+4)

C1A101_RHOE4

C1A1D1_RHOE4

C1BA31_RHOOB

AOAO76EI12_RHOOP (+2)

C0ZWH8_RHOE4

CO0ZYL5_RHOE4

AO0A2S8JED6_RHOORP (+1)

C0ZXI7_RHOE4

AOAQ076EFX7_RHOOQP (+5)
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Sv=1

Fumarate hydratase class Il OS=Rhodococcus opacus OX=37919 GN=aspA
PE=3 SV=1
Probable
OS=Rhodococcus erythropolis (strain PR4 / NBRC 100887) OX=234621
GN=fbiC PE=3 SV=1

DNA integrity scanning protein DisA OS=Rhodococcus opacus (strain B4)
OX=632772 GN=disA PE=3 SV=1

Putative ~ATP-dependent ClpC
OS=Rhodococcus erythropolis (strain PR4 / NBRC 100887) OX=234621
GN=clpC PE=3 SV=1

FAD-dependent
GN=COO055_ 08970 PE=4 SV=1

Glycerol-3-phosphate dehydrogenase OS=Rhodococcus opacus OX=37919
GN=EP51_ 09200 PE=3 SV=1

Enolase OS=Rhodococcus opacus OX=37919 GN=eno PE=3 SV=1
Magnesium and cobalt transport protein CorA OS=Rhodococcus opacus
OX=37919 GN=C5613_33670 PE=3 SV=1

3-ketoacyl-(Acyl-carrier-protein)
0OX=37919 GN=fabG4 PE=4 SV=1
NAD-glutamate dehydrogenase OS=Rhodococcus opacus
GN=C5613 20545 PE=4 SV=1

Valine--tRNA ligase OS=Rhodococcus opacus OX=37919 GN=valS PE=3
Sv=1

7,8-didemethyl-8-hydroxy-5-deazariboflavine synthase

Clp protease ATP-binding subunit

oxidoreductase OS=Rhodococcus opacus OX=37919

reductase = OS=Rhodococcus  opacus

0X=37919

Aspartate aminotransferase family protein OS=Rhodococcus opacus
OX=37919 GN=C5613_12310 PE=3 SV=1
Uncharacterized  protein ~ OS=Rhodococcus  opacus  OX=37919

GN=COO055_02965 PE=4 SV=1

DNA topoisomerase 1 OS=Rhodococcus opacus OX=37919 GN=topA PE=3
Sv=1

Transaldolase OS=Rhodococcus opacus OX=37919 GN=tal PE=3 SV=1
Phosphate-specific PhoU
OS=Rhodococcus opacus (strain B4) OX=632772 GN=phoU PE=3 SV=1

Transcription elongation factor GreA OS=Rhodococcus opacus (strain B4)

transport ~ system  accessory  protein

AOA3A9TME9_RHOOP

C1A2Q6_RHOE4

C1BAB7_RHOOB

CO0ZNT4_RHOE4

AOA3AITN39_RHOOP (+1)

AOA076EHQ3_RHOOP

AOAO76EPA7_RHOOP (+3)
AOA1B1K0G2_RHOOP (+1)

AOA1B1K0Q3_RHOOP (+1)

AO0A2S8J7R6_RHOOP

AO0A2S8JB68_RHOOP

AO0A2S8JCB4_RHOOP

AOA3A9TKS56_RHOOP

AOA3AITQZ1_RHOOP

AOA3A9U1J5_RHOOP
C1ATD1_RHOOB

C1AYG4_RHOOB
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OX=632772 GN=greA PE=3 SV=1
Fructose-1,6-bisphosphatase
0X=632772 GN=fbp PE=3 SV=1

Glutamate ABC transporter glutamate-binding protein OS=Rhodococcus
opacus (strain B4) OX=632772 GN=gluB PE=4 SV=1

NADH dehydrogenase OS=Rhodococcus opacus (strain B4) OX=632772
GN=ndh PE=4 SV=1

Polyketide synthase Pks13 OS=Rhodococcus opacus (strain B4) OX=632772
GN=pks13 PE=4 SV=1

OS=Rhodococcus opacus (strain  B4)

2-isopropylmalate  synthase OS=Rhodococcus opacus (strain B4)
OX=632772 GN=leuA PE=3 SV=1
Inosine-5'-monophosphate  dehydrogenase =~ OS=Rhodococcus  opacus

OX=37919 GN=guaB PE=3 SV=1

Peptide deformylase OS=Rhodococcus opacus M213 OX=1129896 GN=def
PE=3 SV=1

50S ribosomal protein L10 OS=Rhodococcus opacus OX=37919 GN=rplJ
PE=3 SV=1

KsdD-like steroid dehydrogenase OS=Rhodococcus opacus OX=37919
GN=R1CP_29965 PE=4 SV=1

Alkyl hydroperoxide reductase AhpD OS=Rhodococcus opacus OX=37919
GN=COO055_40050 PE=3 SV=1

Single-stranded DNA-binding protein OS=Rhodococcus erythropolis (strain
PR4 / NBRC 100887) OX=234621 GN=ssb PE=3 SV=1

Thioredoxin OS=Rhodococcus opacus OX=37919 GN=trxA PE=3 SV=1
Alpha-hydroxy-acid oxidizing enzyme OS=Rhodococcus opacus OX=37919
GN=COO055_06095 PE=3 SV=1

Putative plasmid partitioning protein ParA OS=Rhodococcus opacus (strain
B4) OX=632772 GN=parA PE=4 SV=1

1-acyl-sn-glycerol-3-phosphate acyltransferase OS=Rhodococcus opacus
M213 0X=1129896 GN=WSS_A23970 PE=4 SV=1

Alkyl hydroperoxide reductase AhpD OS=Rhodococcus opacus OX=37919
GN=COO055_31470 PE=3 SV=1

50S ribosomal protein L18 OS=Rhodococcus opacus OX=37919 GN=rpIR
PE=3 SV=1

C1AYH9_RHOOB

C1B385_RHOOB

C1B4V1_RHOOB

C1B937_RHOOB

C1B9P5_RHOOB

AOA1B1K3J9_RHOOP

K8XJI0_RHOOP

AOAO76ETL6_RHOOP (+2)

AOA1B1KDD7_RHOOP

AOA3A9T330_RHOOP

C0ZVv44_RHOE4

AOAO76ENK9_RHOOP (+3)
AO0A3A9U465 RHOOP

C1BE56_RHOOB

K8XPF6_RHOOP

AOA3A9U023_RHOOP (+2)

AOAO076EGR9_RHOORP (+2)
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Peptidyl-prolyl cis-trans
0OX=543736 GN=Pd630_LPD00025 PE=3 SV=1

Glutamate transport ATP-binding protein GluA OS=Rhodococcus opacus
0OX=37919 GN=gluA2 PE=4 SV=1

Carbamoyl-phosphate synthase small chain OS=Rhodococcus erythropolis
(strain PR4 / NBRC 100887) OX=234621 GN=carA PE=3 SV=1
Phosphoglucomutase, alpha-D-glucose phosphate-specific OS=Rhodococcus
opacus OX=37919 GN=COO055_04355 PE=3 SV=1

Alpha-ketoacid dehydrogenase subunit beta OS=Rhodococcus opacus
0OX=37919 GN=COO055_37260 PE=4 SV=1

Malto-oligosyltrehalose synthase OS=Rhodococcus opacus OX=37919
GN=treY PE=4 SV=1

Putative glycerophosphoryl diester phosphodiesterase OS=Rhodococcus
opacus (strain B4) OX=632772 GN=glpQ PE=4 SV=1

Protein PafB OS=Rhodococcus opacus OX=37919 GN=pafB PE=4 SV=1
Threonine synthase OS=Rhodococcus opacus OX=37919 GN=thrC PE=3
sv=1

Uncharacterized

isomerase OS=Rhodococcus opacus PD630

protein OS=Rhodococcus 0X=37919
GN=R1CP_22380 PE=4 SV=1

Uncharacterized protein OS=Rhodococcus opacus (strain B4) OX=632772
GN=ROP_pKNR-00310 PE=4 SV=1

Putative phosphatase OS=Rhodococcus opacus (strain B4) OX=632772
GN=ROP_32770 PE=4 SV=1

PadR family transcriptional regulator OS=Rhodococcus opacus OX=37919
GN=R1CP_30275 PE=4 SV=1

Phosphatidylserine decarboxylase proenzyme OS=Rhodococcus opacus
0OX=37919 GN=psd PE=3 SV=1

Non-homologous end joining protein Ku OS=Rhodococcus opacus

0OX=37919 GN=ku PE=3 SV=1

opacus

Uncharacterized protein OS=Rhodococcus  opacus  OX=37919
GN=R1CP_28035 PE=4 SV=1
Aldehyde  dehydrogenase = OS=Rhodococcus  opacus  OX=37919

GN=EP51_26945 PE=3 SV=1

Transcription termination factor Rho OS=Rhodococcus opacus (strain B4)

W8GX86_RHOOP

AOA1B1K546_RHOOP

C0ZZC6_RHOE4

AOA3A9U3B7_RHOOP

AOA3AIUFL7_RHOOP (+1)

A0A2S58JF89_RHOOP

C1B876_RHOOB

AOA1B1K908_RHOOP (+3)
AOA1B1KAS4 RHOOP

AOA1B1K949 RHOOP (+5)

C1BES83 RHOOB

C1B771_RHOOB

AOA1B1KDL4 _RHOOP (+2)

AOA3A9TZ21_RHOOP

AOAO76ECA6_RHOOP (+4)

AOA1B1KCB2_RHOOP

AOA076EQ56_RHOOP

C1AW12_RHOOB
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0OX=632772 GN=rho PE=3 SV=1

Putative oxidoreductase OS=Rhodococcus erythropolis (strain PR4 / NBRC
100887) OX=234621 GN=RER_02350 PE=4 SV=1
Glutamine--fructose-6-phosphate
OS=Rhodococcus erythropolis (strain PR4 / NBRC 100887) OX=234621
GN=gIlmS PE=3 SV=1

Uncharacterized
GN=EP51 11020 PE=4 SV=1

Translation initiation factor IF-3 OS=Rhodococcus opacus OX=37919
GN=infC PE=3 SV=1

Acetate--CoA ligase OS=Rhodococcus opacus OX=37919 GN=acs PE=4
sv=1

60 kDa chaperonin OS=Rhodococcus opacus OX=37919 GN=groL PE=3
Sv=1

Succinate--CoA ligase [ADP-forming] subunit alpha OS=Rhodococcus
erythropolis (strain PR4 / NBRC 100887) OX=234621 GN=sucD PE=3
sv=1

ATP-binding subunit of ATP-dependent Clp protease OS=Rhodococcus
opacus M213 OX=1129896 GN=WSS_A31570 PE=4 SV=1

Glycogen debranching enzyme GlgX OS=Rhodococcus opacus OX=37919
GN=glgX PE=3 SV=1

Two-component response regulator MtrA OS=Rhodococcus opacus (strain
B4) OX=632772 GN=mtrA PE=4 SV=1

Malto-oligosyltrehalose synthase OS=Rhodococcus opacus OX=37919
GN=treY PE=4 SV=1

Isocitrate dehydrogenase [NADP] OS=Rhodococcus opacus (strain B4)
OX=632772 GN=icd PE=3 SV=1

23S rRNA (Guanosine(2251)-2'-0)-methyltransferase
OS=Rhodococcus opacus OX=37919 GN=C5613_ 28095 PE=3 SV=1
NAD kinase OS=Rhodococcus opacus OX=37919 GN=ppnK PE=3 SV=1
Peptidase M13 OS=Rhodococcus opacus OX=37919 GN=COO55 10960
PE=4 SV=1
Methylmalonyl-CoA
OX=37919 GN=EP51_21195 PE=4 SV=1

aminotransferase [isomerizing]

protein ~ OS=Rhodococcus  opacus  OX=37919

RImB

carboxyltransferase ~ OS=Rhodococcus  opacus

C0ZLW6_RHOE4

C0ZW84_RHOE4

AOAO76E1Y6_RHOOP (+6)

AOA1B1K9C7_RHOOP (+2)

AOA3AITRCO_RHOOP

AOA3A9TZ28_RHOOP (+1)

C1A3F1_RHOE4

K8XK36_RHOOP

AOA3A9U379_RHOOP

C1B1D7_RHOOB

AOA3A9U1R2_RHOOP

C1B149 RHOOB

AOAO76EN42_RHOOP (+3)

AOAO076EVUO_RHOOP (+5)
AOA3AITRD2_RHOOP

AOAQ076EP81_RHOOP (+1)
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Sugar ABC transporter ATP-binding protein OS=Rhodococcus opacus
0OX=37919 GN=COO0O55_15310 PE=3 SV=1

ArsR family transcriptional regulator OS=Rhodococcus opacus OX=37919
GN=EP51_ 20915 PE=4 SV=1

Glucose-1-phosphate  adenylyltransferase =~ OS=Rhodococcus  opacus
0OX=37919 GN=glgC PE=3 SV=1

Dihydrolipoamide acetyltransferase component of pyruvate dehydrogenase
complex OS=Rhodococcus opacus OX=37919 GN=R1CP_25750 PE=3
Sv=1

Uncharacterized protein OS=Rhodococcus  opacus  OX=37919
GN=EP51_ 07055 PE=4 SV=1

Aspartokinase OS=Rhodococcus opacus (strain B4) OX=632772 GN=ask
PE=3 SV=1

DNA topoisomerase 1 OS=Rhodococcus opacus (strain B4) OX=632772
GN=topA PE=3 SV=1

Sec-independent protein translocase protein TatC OS=Rhodococcus opacus
0OX=37919 GN=tatC PE=3 SV=1

Ferritin OS=Rhodococcus opacus (strain B4) OX=632772 GN=ftn PE=3
Sv=1

Uncharacterized  protein ~ OS=Rhodococcus  opacus  OX=37919
GN=R1CP_17830 PE=4 SV=1

Uncharacterized  protein ~ OS=Rhodococcus  opacus  OX=37919
GN=COO055_03835 PE=4 SV=1

Family 65 glycosyl hydrolase OS=Rhodococcus opacus OX=37919
GN=COO055_09565 PE=4 SV=1

Bifunctional glutamine synthetase adenylyltransferase/adenylyl-removing
enzyme OS=Rhodococcus opacus (strain B4) OX=632772 GN=gInE PE=3
sv=1

Transcription termination/antitermination protein NusA OS=Rhodococcus
erythropolis (strain PR4 / NBRC 100887) OX=234621 GN=nusA PE=3
Sv=1

PPOX class F420-dependent enzyme OS=Rhodococcus opacus OX=37919
GN=COO055_16250 PE=4 SV=1

Soj/ParA-related  protein ~ OS=Rhodococcus  opacus  OX=37919

AOA3A9TRI95_RHOOP

AOA076EP33_RHOOP

AOAO076EIW3_RHOOP (+2)

AOA1B1KB20_RHOOP

AOAO76EFG1_RHOOP (+2)

C1B9U9_RHOOB

C1BAO7_RHOOB

AOA1B1K8V1 RHOOP (+2)

C1B878 RHOOB

AOA1B1K6I8_RHOOP (+2)

AOA3A9TN29_RHOOP

AOA3AITNAL RHOOP

C1AUD1 _RHOOB

CO0ZYA3_RHOE4

AOA3AITRVI_RHOOP

AOA1B1K7B5_RHOOP (+1)
76



GN=R1CP_19250 PE=4 SV=1

Uncharacterized protein OS=Rhodococcus opacus (strain B4) OX=632772
GN=ROP_41960 PE=4 SV=1
Acyl-CoA  dehydrogenase

GN=EP51_09135 PE=4 SV=1
Acyl-CoA oxidase OS=Rhodococcus opacus OX=37919 GN=R1CP_27935
PE=4 SV=1

Malate synthase G OS=Rhodococcus opacus (strain B4) OX=632772
GN=glcB PE=3 SV=1

27 kDa antigen Cfp30B OS=Rhodococcus opacus OX=37919 GN=cfp30B
PE=4 SV=1

Uncharacterized protein OS=Rhodococcus opacus (strain B4) OX=632772
GN=ROP_56900 PE=4 SV=1

Transcription termination factor Rho OS=Rhodococcus erythropolis (strain
PR4 / NBRC 100887) OX=234621 GN=rho PE=3 SV=1

Aldehyde dehydrogenase OS=Rhodococcus opacus (strain B4) OX=632772
GN=ROP_61390 PE=3 SV=1

Uncharacterized protein OS=Rhodococcus opacus (strain B4) OX=632772
GN=ROP_68150 PE=4 SV=1

NAD(P)/FAD-dependent
0OX=37919 GN=COO055_19560 PE=4 SV=1

Cyclase OS=Rhodococcus opacus OX=37919 GN=C5613 12045 PE=4
Sv=1

Fumarylacetoacetase OS=Rhodococcus opacus (strain B4) OX=632772
GN=ROP_20210 PE=4 SV=1

VOC
GN=COO055_12365 PE=4 SV=1

Enoyl-[acyl-carrier-protein] reductase [NADH] OS=Rhodococcus opacus
(strain B4) OX=632772 GN=fabl PE=3 SV=1

Uncharacterized protein OS=Rhodococcus opacus (strain B4) OX=632772
GN=ROP_06350 PE=4 SV=1

Putative glycosidase OS=Rhodococcus opacus (strain B4) OX=632772
GN=ROP_58230 PE=4 SV=1

Uncharacterized

OS=Rhodococcus  opacus  OX=37919

oxidoreductase =~ OS=Rhodococcus  opacus

family ~ protein ~ OS=Rhodococcus  opacus = OX=37919

protein OS=Rhodococcus  opacus  OX=37919

C1B9UO_RHOOB

AOAO76EI50_RHOOP (+4)

AOA1B1KC92_RHOOP

C1ASU9_RHOOB

AOA1BLIXU9_RHOOP (+1)

C1AX14_RHOOB

C1A1Z2_RHOE4

C1AZW5_RHOOB

C1B473_RHOOB

AOA3A9UB49_RHOOP

AOAO76ELW5_RHOOP (+4)

C1BOR8_RHOOB

AOA3A9U407_RHOOP (+1)

C1B4R0O_RHOOB

C1ASV0_RHOOB

C1AY75_RHOOB

AOA3A9TZA1l _RHOOP
7



GN=COO055_26265 PE=4 SV=1

Fe-S cluster assembly protein SufB OS=Rhodococcus opacus OX=37919
GN=sufB PE=4 SV=1

Valine--tRNA ligase OS=Rhodococcus erythropolis (strain PR4 / NBRC
100887) OX=234621 GN=valS PE=3 SV=1

3-hydroxyacyl-CoA dehydrogenase type-2 OS=Rhodococcus
0OX=37919 GN=R1CP_01465 PE=3 SV=1
Daunorubicin/doxorubicin resistance ABC transporter ATP-binding protein
DrrA OS=Rhodococcus opacus OX=37919 GN=COO55_ 02515 PE=4 SV=1
Carbonic anhydrase OS=Rhodococcus opacus (strain B4) OX=632772
GN=ROP_43660 PE=3 SV=1
Alpha-1,4-glucan:maltose-1-phosphate
OS=Rhodococcus opacus (strain B4) OX=632772 GN=glgE PE=3 SV=1
Menaquinol-cytochrome ¢ reductase iron-sulfur protein OS=Rhodococcus
erythropolis (strain PR4 / NBRC 100887) OX=234621 GN=qcrA PE=4
sv=1
Oxidoreductase
GN=ROP_18690 PE=4 SV=1

Chromosome partitioning protein ParB OS=Rhodococcus opacus (strain B4)
OX=632772 GN=parB PE=3 SV=1

RNA polymerase sigma factor OS=Rhodococcus erythropolis (strain PR4 /
NBRC 100887) OX=234621 GN=sigH PE=3 SV=1

Putative cobaltochelatase CobN subunit OS=Rhodococcus erythropolis
(strain PR4 / NBRC 100887) OX=234621 GN=cobN PE=4 SV=1

DUF3027 domain-containing protein OS=Rhodococcus opacus OX=37919
GN=COO055_11705 PE=4 SV=1

Amino acid adenylation protein OS=Rhodococcus opacus OX=37919
GN=COO055 14800 PE=4 SV=1

Phosphate-binding protein PstS OS=Rhodococcus opacus 0OX=37919
GN=pstS3 PE=3 SV=1

Putative
GN=R1CP_12430 PE=4 SV=1

Acrylyl-CoA reductase Acul OS=Rhodococcus opacus OX=37919 GN=acul
PE=4 SV=1

opacus

maltosyltransferase

OS=Rhodococcus opacus (strain B4) 0OX=632772

oxidoreductase =~ OS=Rhodococcus  opacus  OX=37919

AOAO76EE31_RHOOP (+3)

C1A1M3_RHOE4

AOA1B1IXH7_RHOOP (+2)

AOA3A9TLQ7_RHOOP

C1BABO_RHOOB

C1AVX4_RHOOB

C1A120_RHOE4

C1B0OB6_RHOOB

C1B7R8_RHOOB

C0ZX09_RHOE4

C0ZZR4_RHOEA4

AOA3AITPE7_RHOOP

AOA3A9UIJ5_RHOOP

AOA1B1JZS6_RHOOP (+1)

AOA1B1K3K6_RHOOP (+1)

AOA1B1KE11l_RHOOP
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Succinate dehydrogenase flavoprotein subunit OS=Rhodococcus opacus
0OX=37919 GN=C5613_31670 PE=3 SV=1

ABC ATP-binding protein  OS=Rhodococcus
erythropolis (strain PR4 / NBRC 100887) OX=234621 GN=RER_38330
PE=4 SV=1

Signal recognition particle protein OS=Rhodococcus opacus OX=37919
GN=ffh PE=3 SV=1

Putative ABC transporter substrate-binding protein OS=Rhodococcus opacus
(strain B4) OX=632772 GN=ROP_18450 PE=4 SVV=1

Signal recognition particle protein OS=Rhodococcus opacus (strain B4)
OX=632772 GN=ffh PE=3 SV=1

LLM class F420-dependent oxidoreductase OS=Rhodococcus opacus
0OX=37919 GN=COO055_25270 PE=4 SV=1

Carbamoyl-phosphate synthase small chain OS=Rhodococcus opacus M213
0OX=1129896 GN=carA PE=3 SV=1

Nicotinate phosphoribosyltransferase OS=Rhodococcus opacus OX=37919
GN=COO055 29270 PE=3 SV=1

Fructose-1,6-bisphosphatase OS=Rhodococcus erythropolis (strain PR4 /
NBRC 100887) OX=234621 GN=fbp PE=3 SV=1

CRP/FNR family transcriptional regulator OS=Rhodococcus erythropolis
(strain PR4 / NBRC 100887) OX=234621 GN=RER_04800 PE=4 SV=1
7,8-didemethyl-8-hydroxy-5-deazariboflavine
opacus (strain B4) OX=632772 GN=fbiC PE=3 SV=1

Putative transporter

synthase OS=Rhodococcus

Stage Il sporulation protein OS=Rhodococcus opacus 0OX=37919
GN=COO055_ 16410 PE=4 SV=1
Zinc-binding  dehydrogenase = OS=Rhodococcus opacus OX=37919

GN=COO055_11855 PE=3 SV=1

Hydrolase OS=Rhodococcus opacus OX=37919 GN=R1CP_18410 PE=4
Sv=1

Tat pathway signal sequence domain protein OS=Rhodococcus opacus
0OX=37919 GN=COO055_09665 PE=4 SV=1

Polyphosphate glucokinase OS=Rhodococcus opacus OX=37919 GN=ppgK
PE=4 SV=1

3-oxoacyl-[acyl-carrier-protein] reductase FabG OS=Rhodococcus opacus

AO0A2S8IVG6_RHOOP

C1A1Q6_RHOE4

AOA1B1K4G6_RHOOP

C1B092_RHOOB

C1B2R5_RHOOB

AOA3A9U395_RHOOP

K8XAS7_RHOOP

AOA3A9UGB7_RHOOP

C1A2W2_RHOE4

C0ZND6_RHOE4

C1AZI2_RHOOB

AOA3AI9TRY9_RHOOP

AOA3AITRV7_RHOOP

AOA1B1K704_RHOOP (+1)

AOA3AITNF4_RHOOP

AOA1B1KS582_RHOOP

AOA1B1K6A8_RHOOP
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0OX=37919 GN=fabG5 PE=4 SV=1

DNA-binding response regulator OS=Rhodococcus opacus OX=37919
GN=COO055_12230 PE=4 SV=1

Isocitrate lyase OS=Rhodococcus erythropolis (strain PR4 / NBRC 100887)
0OX=234621 GN=aceA PE=4 SV=1

Adenosine deaminase OS=Rhodococcus opacus OX=37919 GN=add PE=3
Sv=1

Phage holin family protein OS=Rhodococcus opacus OX=37919
GN=COO055_15070 PE=4 SV=1
Uncharacterized protein OS=Rhodococcus  opacus  OX=37919

GN=R1CP_05745 PE=4 SV=1

50S ribosomal protein L4 OS=Rhodococcus erythropolis (strain PR4 /
NBRC 100887) OX=234621 GN=rpID PE=3 SV=1

Uncharacterized protein OS=Rhodococcus opacus (strain B4) OX=632772
GN=ROP_41140 PE=4 SV=1

Cupin OS=Rhodococcus opacus OX=37919 GN=COO055 22570 PE=4
sv=1

50S ribosomal protein L21 OS=Rhodococcus opacus OX=37919 GN=rplU
PE=3 SV=1

Virulence factor mviN OS=Rhodococcus opacus PD630 0OX=543736
GN=OPAG_07521 PE=4 SV=1

Ribonucleoside-diphosphate
erythropolis (strain PR4 / NBRC 100887) OX=234621 GN=nrdF PE=3
Sv=1

Putative acetyl-CoA acyltransferase OS=Rhodococcus erythropolis (strain
PR4 / NBRC 100887) OX=234621 GN=fadA PE=3 SV=1

Putative electron transfer flavoprotein beta subunit OS=Rhodococcus
erythropolis (strain PR4 / NBRC 100887) OX=234621 GN=etfB PE=4 SV=1
Bifunctional purine biosynthesis protein PurH OS=Rhodococcus opacus
(strain B4) OX=632772 GN=purH PE=3 SV=1

Uncharacterized

reductase subunit beta OS=Rhodococcus

protein OS=Rhodococcus 0X=37919
GN=R1CP_24855 PE=4 SV=1
3-phosphoshikimate 1-carboxyvinyltransferase OS=Rhodococcus opacus

0X=37919 GN=aroA PE=3 SV=1

opacus

AOA3A9TPX2_RHOOP (+1)

CO0ZUN7_RHOE4

AOA1B1K3R1_RHOOP

AOA3A9TVS57_RHOOP

AO0A1B1JZU6_RHOORP (+4)

C0ZwW26_RHOE4

C1B9K8_RHOOB

AOA3AITUQ4_RHOOP

AOAO76EWTY_RHOOP (+2)

W8HFL5_RHOOP

C0ZXH6_RHOE4

C0ZRS9_RHOE4

C0ZXJ6_RHOE4

C1AWX2_RHOOB

AOA1B1KAN3_RHOOP

A0A2S58JH98_RHOOP
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3-oxoacyl-ACP  reductase =~ OS=Rhodococcus 0X=37919
GN=COO055_12055 PE=4 SV=1

Uncharacterized protein OS=Rhodococcus opacus (strain B4) OX=632772
GN=ROP_20900 PE=4 SV=1

Acyl-CoA desaturase DesA3 OS=Rhodococcus opacus (strain B4)
OX=632772 GN=desA3 PE=4 SV=1

Gamma-glutamyl phosphate reductase OS=Rhodococcus opacus OX=37919
GN=proA PE=3 SV=1

Putative ATP-dependent helicase OS=Rhodococcus opacus (strain B4)
OX=632772 GN=ROP_63320 PE=4 SV=1

Peptidase C56 OS=Rhodococcus opacus OX=37919 GN=EP51 13370 PE=4
sv=1

Signal recognition particle receptor FtsY OS=Rhodococcus opacus (strain
B4) OX=632772 GN=ftsY PE=3 SV=1

Putative aminotransferase OS=Rhodococcus opacus (strain B4) OX=632772
GN=ROP_67820 PE=3 SV=1

ATP-dependent Clp protease proteolytic subunit OS=Rhodococcus opacus
(strain B4) OX=632772 GN=clpP PE=3 SV=1

Uncharacterized
GN=R1CP 13110 PE=4 SV=1

Acyl-CoA thioesterase OS=Rhodococcus opacus M213 0OX=1129896
GN=WSS_A26225 PE=4 SV=1

Aminodeoxychorismate synthase, component | OS=Rhodococcus opacus
0X=37919 GN=pabB PE=4 SV=1

Transaldolase OS=Rhodococcus opacus M213 0X=1129896 GN=tal PE=3
Sv=1
4-hydroxy-3-methylbut-2-en-1-yl
OS=Rhodococcus erythropolis (strain PR4 / NBRC 100887) OX=234621
GN=ispG PE=3 SV=1

Glutamate synthase small subunit OS=Rhodococcus opacus (strain B4)
OX=632772 GN=gItD PE=4 SV=1

Two-component histidine kinase MprB OS=Rhodococcus opacus (strain B4)
OX=632772 GN=mprB PE=4 SV=1

4Fe-4S ferredoxin OS=Rhodococcus opacus OX=37919 GN=COO055_37345

opacus

protein ~ OS=Rhodococcus  opacus  OX=37919

diphosphate  synthase  (flavodoxin)

A0A3A9U4J3_RHOOP (+1)

C1BOY7_RHOOB

C1B1E9_RHOOB

AOAO076EVR2_RHOOP

C1B184_RHOOB

AOA076EQ66_RHOOP (+4)

C1B2R1_RHOOB

C1B3B2_RHOOB

C1AVQ4_RHOOB

AOA1B1K3Y7_RHOOP

K8XN36_RHOOP

AOA3A9TLH4 _RHOOP

K8X909 RHOOP

C0ZY27_RHOE4

C1B7Y0_RHOOB

C1AX10_RHOOB

AO0A3A9U246_RHOOP
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PE=4 SV=1
Periplasmic binding family protein OS=Rhodococcus opacus OX=37919
GN=R1CP_29355 PE=4 SV=1

Putative
erythropolis (strain PR4 / NBRC 100887) OX=234621 GN=RER_11200
PE=4 SV=1

Ribosomal RNA small subunit methyltransferase OS=Rhodococcus opacus
M213 OX=1129896 GN=WSS_A31975 PE=3 SV=1

synthase

3-oxoacyl-[acyl-carrier-protein]  reductase = OS=Rhodococcus

Geranylgeranyl  pyrophosphate OS=Rhodococcus
0OX=37919 GN=COO055_30940 PE=3 SV=1

Putative non-heme bromoperoxidase BpoC OS=Rhodococcus opacus
0OX=37919 GN=bpoC PE=4 SV=1

Uncharacterized protein OS=Rhodococcus opacus (strain B4) OX=632772
GN=ROP_38740 PE=4 SV=1

Ribonucleoside-diphosphate reductase subunit beta OS=Rhodococcus opacus
OX=37919 GN=EP51_08300 PE=3 SV=1

Serine hydroxymethyltransferase OS=Rhodococcus opacus OX=37919
GN=glyA PE=3 SV=1

Succinate--CoA ligase [ADP-forming] subunit alpha OS=Rhodococcus
opacus OX=37919 GN=sucD PE=3 SV=1

Phosphoenolpyruvate carboxykinase [GTP] OS=Rhodococcus
0OX=37919 GN=pckG1 PE=3 SV=1

2-oxoglutarate metabolism enzyme OS=Rhodococcus

opacus

opacus

Multifunctional
opacus OX=37919 GN=kgd PE=4 SV=1

DNA-directed RNA polymerase subunit alpha OS=Rhodococcus opacus
0X=37919 GN=rpoA PE=3 SV=1

UDP-glucose 4-epimerase OS=Rhodococcus opacus OX=37919 GN=galE2
PE=3 SV=1

ATP synthase subunit b OS=Rhodococcus opacus OX=37919 GN=atpF
PE=3 SV=1

Pyruvate carboxylase OS=Rhodococcus opacus 0X=37919
GN=C5613_02775 PE=4 SV=1
S9  family peptidase =~ OS=Rhodococcus  opacus 0X=37919

GN=COO055_29830 PE=4 SV=1

AOA1B1KD41 RHOOP

C0ZRS8_RHOE4

K8XNA8_RHOOP

AOA3A9U7C2_RHOOP

AOA1B1JZD8_RHOOP (+2)

C1B8W8_RHOOB

AOAO76EE55_RHOOP (+1)

AOAO76EIU0_RHOOP (+3)

AOA076EJV3_RHOOP (+2)

AOA1B1KOM6_RHOOP

AOA1B1K311 _RHOOP

AOA1B1K3F8_RHOOP (+3)

AOA1B1K585 RHOOP (+1)

AOA1B1KAU3_RHOOP (+1)

A0A258IGU2_RHOOP

AOA3AITYEO_RHOOP
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Ribonucleoside-diphosphate reductase OS=Rhodococcus opacus OX=37919
GN=COO055_04225 PE=3 SV=1
dehydrogenase E1
OX=37919 GN=aceE PE=4 SV=1
Uncharacterized protein OS=Rhodococcus erythropolis (strain PR4 / NBRC
100887) OX=234621 GN=RER_30070 PE=4 SV=1

Uncharacterized protein OS=Rhodococcus opacus M213 0OX=1129896
GN=WSS_A35442 PE=4 SV=1
Glycogen  phosphorylase
GN=EP51_35655 PE=4 SV=1
DUF4193 domain-containing protein OS=Rhodococcus opacus OX=37919
GN=C5613 28790 PE=4 SV=1

Phosphate import ATP-binding protein PstB OS=Rhodococcus erythropolis
(strain PR4 / NBRC 100887) OX=234621 GN=pstB PE=3 SV=1

Bifunctional

Pyruvate component OS=Rhodococcus opacus

OS=Rhodococcus  opacus  OX=37919

aldehyde
OS=Rhodococcus opacus M213 0X=1129896 GN=WSS A12063 PE=4
sv=1

Daunorubicin/doxorubicin resistance ABC transporter ATP-binding protein
DrrA OS=Rhodococcus opacus OX=37919 GN=COO55 14240 PE=4 SV=1
Polyribonucleotide nucleotidyltransferase (Fragment) OS=Rhodococcus
opacus OX=37919 GN=pnp PE=3 SV=1

Mycolyltransferase OS=Rhodococcus opacus (strain B4) OX=632772
GN=cspl PE=4 SV=1

DNA helicase OS=Rhodococcus opacus OX=37919 GN=uvrD2 PE=4 SV=1
Esterase OS=Rhodococcus opacus OX=37919 GN=COO55 16360 PE=4
Sv=1

DUF1508 domain-containing protein OS=Rhodococcus opacus OX=37919
GN=C5613 31160 PE=4 SV=1

Acetyl-CoA  C-acyltransferase
GN=COO055 22685 PE=3 SV=1
Carbamoyl-phosphate synthase small chain OS=Rhodococcus opacus (strain
B4) OX=632772 GN=carA PE=3 SV=1

Glucose-6-phosphate 1-dehydrogenase OS=Rhodococcus opacus OX=37919
GN=zwf2 PE=3 SV=1

dehydrogenase/enoyl-CoA hydratase

OS=Rhodococcus opacus 0OX=37919

AOA3A9U2P5_RHOOP

AOA3A9UMI9_RHOOP

C0Z2ZD0_RHOEA4

K8X8N6_RHOOP

AOA076EV84_RHOOP

AOA076EU07_RHOOP (+3)

C0ZP13_RHOE4

K8XW11_RHOOP

AOA3AITQTY_RHOOP (+1)

U5U433_RHOOP

C1B932 RHOOB

AOA1B1K499 RHOOP (+1)
AODA3A9U6T8_RHOOP

AO0A2S8IW19_RHOOP

AOA3A9U712_RHOOP

C1B4J0_RHOOB

AOA1B1KD87_RHOOP (+1)
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Alpha/beta hydrolase OS=Rhodococcus opacus 0X=37919
GN=C5613_ 27835 PE=4 SV=1
Universal  stress protein  OS=Rhodococcus opacus 0OX=37919

GN=R1CP_29045 PE=4 SV=1

Beta-ketoacyl-[acyl-carrier-protein] synthase 1l OS=Rhodococcus opacus
0OX=37919 GN=COO55_30455 PE=3 SV=1

Cell division protein FtsZ OS=Rhodococcus erythropolis (strain PR4 /
NBRC 100887) OX=234621 GN=ftsZ PE=3 SV=1

ATP-dependent zinc metalloprotease FtsH OS=Rhodococcus opacus (strain
B4) OX=632772 GN=ftsH PE=3 SV=1

Phenylacetic acid degradation bifunctional protein PaaZz OS=Rhodococcus
opacus OX=37919 GN=C5613_37925 PE=4 SV=1

Pyruvate
GN=Pd630_LPD01918 PE=3 SV=1

SPFH/Band 7/PHB domain protein OS=Rhodococcus opacus OX=37919
GN=COO055_00515 PE=4 SV=1

Glutamate synthase large subunit OS=Rhodococcus opacus (strain B4)
OX=632772 GN=gItB PE=4 SV=1

FAD-binding
GN=COO055_28270 PE=4 SV=1

Putative S9A family peptidase OS=Rhodococcus opacus (strain B4)
0X=632772 GN=ROP_18590 PE=4 SV=1

Long-chain fatty acyl-AMP ligase FadD32 OS=Rhodococcus opacus (strain
B4) OX=632772 GN=fadD32 PE=4 SV=1

UPF0678  fatty ROP_49350
OS=Rhodococcus opacus (strain B4) OX=632772 GN=ROP_49350 PE=3
Sv=1

LLM class F420-dependent oxidoreductase OS=Rhodococcus opacus
0OX=37919 GN=COO055_24005 PE=4 SV=1

kinase = OS=Rhodococcus opacus PD630 0OX=543736

oxidoreductase = OS=Rhodococcus opacus 0OX=37919

acid-binding  protein-like  protein

Dihydrolipoyl dehydrogenase OS=Rhodococcus opacus (strain B4)
OX=632772 GN=Ipd PE=3 SV=1
Uncharacterized protein OS=Rhodococcus  opacus  OX=37919

GN=R1CP_06925 PE=4 SV=1

Putative 3-oxoacyl-[acyl-carrier-protein] reductase OS=Rhodococcus opacus

AO0A2S8J0K5_RHOOP (+3)

AOA1B1KCX7_RHOOP (+1)

AOA3A9UUP5_RHOOP (+1)

C1A0X2_RHOE4

C1BA67_RHOOB

A0A258IM81_RHOOP

W8GUJ2_RHOOP

AOA3A9UBY?2_RHOOP

C1B7X9_RHOOB

AOA3A9TYB5_RHOOP

C1B0A6_RHOOB

C1B936_RHOOB

C1ATB8_RHOOB

AOA3AITXNI_RHOOP

C1B5NO_RHOOB

AOA1B1K0G4_RHOOP (+1)

C1AV06_RHOOB
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(strain B4) OX=632772 GN=ROP_52490 PE=4 SV=1

UDP-galactopyranose mutase OS=Rhodococcus opacus OX=37919 GN=glIf
PE=4 SV=1

50S ribosomal protein L19 OS=Rhodococcus opacus OX=37919 GN=rplS
PE=3 SV=1

Sensor  kinase =~ OS=Rhodococcus opacus PD630 OX=543736
GN=0OPAG_06466 PE=4 SV=1

Decaprenylphosphoryl-beta-D-ribose  oxidase OS=Rhodococcus opacus
OX=37919 GN=EP51_21140 PE=4 SV=1

N5-carboxyaminoimidazole ribonucleotide synthase OS=Rhodococcus
opacus OX=37919 GN=purK PE=3 SV=1

Putative aminotransferase OS=Rhodococcus erythropolis (strain PR4 /
NBRC 100887) OX=234621 GN=RER_58800 PE=3 SV=1
Ribosome-recycling factor OS=Rhodococcus opacus OX=37919 GN=frr
PE=3 SV=1

3-oxoacyl-[acyl-carrier-protein] synthase 3 OS=Rhodococcus opacus
0OX=37919 GN=fabH PE=3 SV=1

Uncharacterized protein OS=Rhodococcus  opacus  OX=37919
GN=R1CP_28395 PE=4 SV=1

Putative beta-mannosidase B OS=Rhodococcus opacus PD630 OX=543736
GN=Pd630_LPD02375 PE=4 SV=1

4-hydroxy-tetrahydrodipicolinate ~ synthase = OS=Rhodococcus  opacus
0OX=37919 GN=dapA2 PE=3 SV=1

Pyridoxal 5'-phosphate synthase subunit PdxS OS=Rhodococcus opacus
OX=37919 GN=pdxS PE=3 SV=1

50S ribosomal protein L17 OS=Rhodococcus opacus OX=37919 GN=rplQ
PE=3 SV=1

Serine hydroxymethyltransferase OS=Rhodococcus erythropolis (strain PR4
/ NBRC 100887) OX=234621 GN=glyA PE=3 SV=1

MarR family transcriptional regulator OS=Rhodococcus opacus OX=37919
GN=R1CP_19415 PE=4 SV=1

Uncharacterized protein OS=Rhodococcus  opacus  OX=37919
GN=COO055 25290 PE=4 SV=1

FMN-binding glutamate synthase family protein OS=Rhodococcus opacus

AOA076EMNO_RHOOP (+3)

AOAO076EHE3_RHOOP

AOA3GIM2UO0_RHOOP

AOAO76EPA0_RHOOP (+3)

AOA3A9U068_RHOOP

C0ZV94_RHOE4 (+1)

AOAO076EGZ5_RHOOP

AOA3AITSR7_RHOOP

AOA1B1KCG2_RHOOP (+2)

W8H3M7_RHOOP

AOA1B1KSE9 RHOOP (+2)

AOAO76EGI8_RHOOP (+3)

AOAO76EHZ9_RHOOP (+2)

C1A2X5_RHOE4

AOA1B1K7G7_RHOOP (+2)

AOA3A9U508_RHOOP

AOA3A9TZS7_RHOOP
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0OX=37919 GN=COO055_27260 PE=3 SV=1
Uncharacterized protein OS=Rhodococcus opacus M213 0OX=1129896
GN=WSS_A39561 PE=4 SV=1

Sarcosine oxidase subunit gamma OS=Rhodococcus opacus OX=37919
GN=COO055_27555 PE=4 SV=1

Putative fatty-acid--CoA ligase OS=Rhodococcus opacus (strain B4)
OX=632772 GN=ROP_60160 PE=4 SV=1

Ribosome maturation factor RimP OS=Rhodococcus opacus M213
0X=1129896 GN=rimP PE=3 SV=1

Heat shock protein OS=Rhodococcus opacus OX=37919 GN=R1CP_14505
PE=3 SV=1

Glutamate ABC transporter
erythropolis (strain PR4 / NBRC 100887) OX=234621 GN=gluA PE=4
Sv=1

Stress-like protein OS=Rhodococcus opacus OX=37919 GN=R1CP_30080
PE=4 SV=1

Putative oxidoreductase OS=Rhodococcus erythropolis (strain PR4 / NBRC
100887) OX=234621 GN=RER_03840 PE=4 SV=1

Glycerol-3-phosphate dehydrogenase OS=Rhodococcus opacus OX=37919
GN=COO055_02940 PE=3 SVv=1

TIyA family RNA methyltransferase OS=Rhodococcus opacus OX=37919
GN=COO055_31790 PE=4 SV=1
OS=Rhodococcus

ATP-binding protein OS=Rhodococcus

Uncharacterized 0X=37919
GN=R1CP_19755 PE=4 SV=1

Putative exodeoxyribonuclease 111 OS=Rhodococcus erythropolis (strain PR4
/ NBRC 100887) OX=234621 GN=xthA PE=4 SV=1

Uncharacterized protein OS=Rhodococcus opacus (strain B4) OX=632772

GN=ROP_40040 PE=4 SV=1

protein opacus

Pyruvate El OS=Rhodococcus
OX=37919 GN=EP51_36985 PE=4 SV=1

Lipoprotein OS=Rhodococcus opacus OX=37919 GN=R1CP_09240 PE=4
Sv=1
UDP-N-acetylmuramate--L-alanine

0X=37919 GN=murC PE=3 SV=1

dehydrogenase component opacus

ligase = OS=Rhodococcus opacus

K8X8F7_RHOOP

AOA3A9TXI2_RHOOP

C1AZJ2_RHOOB

K8XPZ0_RHOOP

AOA1B1K4TO_RHOOP

COZYN1_RHOE4

AOA1B1KDES_RHOOP (+1)

C0ZN40_RHOE4

AOA3A9TZ49_RHOOP

AOA3A9UDAO_RHOOP (+3)

AOA1B1K7N1_RHOOP (+2)

COZUF3_RHOE4

C1B998 RHOOB

AOA076F2D8_RHOOP

AOA1B1K1X5_RHOOP

AOA1B1K9K3_RHOOP
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Ribonuclease, Rne/Rng family domain protein OS=Rhodococcus opacus
0X=37919 GN=R1CP_24400 PE=4 SV=1

dehydrogenase E1
0OX=37919 GN=aceE2 PE=4 SV=1
Dihydrolipoamide acetyltransferase component of pyruvate dehydrogenase
complex OS=Rhodococcus opacus OX=37919 GN=sucB PE=3 SV=1
Multifunctional

Pyruvate component OS=Rhodococcus opacus

oxoglutarate decarboxylase/oxoglutarate dehydrogenase

thiamine pyrophosphate-binding subunit/dihydrolipoyllysine-residue
succinyltransferase subunit OS=Rhodococcus opacus OX=37919 GN=kgd
PE=4 SV=1

Glutamyl-tRNA(GIn) amidotransferase subunit A OS=Rhodococcus opacus
OX=37919 GN=gatA PE=3 SV=1

Methionyl-tRNA formyltransferase OS=Rhodococcus opacus OX=37919
GN=COO055_12980 PE=4 SV=1

DNA gyrase subunit A OS=Rhodococcus opacus (strain B4) OX=632772
GN=gyrA PE=3 SV=1
Glutamate-binding
GN=C5613_ 12175 PE=4 SV=1

DNA polymerase | OS=Rhodococcus opacus OX=37919 GN=polA PE=3
Sv=1

Succinate dehydrogenase flavoprotein subunit OS=Rhodococcus erythropolis
(strain PR4 / NBRC 100887) OX=234621 GN=sdhA PE=3 SV=1

UvrABC system protein A OS=Rhodococcus opacus OX=37919 GN=uvrA
PE=3 SV=1

Putative

protein  OS=Rhodococcus opacus OX=37919

zinc-containing  alcohol  dehydrogenase = OS=Rhodococcus
erythropolis (strain PR4 / NBRC 100887) OX=234621 GN=RER_18210
PE=3 SV=1
Beta-ketoadipyl-CoA
GN=R1CP_31465 PE=3 SV=1

Beta-lactamase OS=Rhodococcus opacus OX=37919 GN=EP51 17160
PE=4 SV=1

Putative enoyl-CoA hydratase OS=Rhodococcus erythropolis (strain PR4 /
NBRC 100887) OX=234621 GN=RER_51630 PE=3 SV=1

NADP-dependent oxidoreductase OS=Rhodococcus opacus 0OX=37919

thiolase OS=Rhodococcus opacus 0OX=37919

AOA1B1KA85_RHOOP

AOA1B1KDT5_RHOOP

AO0A2S8JFC8_RHOOP

AOA3A9TLZ5_RHOOP

AOA3AITPBO_RHOOP

AOA3AITQ51_RHOOP

CiB7U1_RHOOB

AO0A258IJDD4_RHOOP

AOA3A9TZB8_RHOOP

CO0ZWL6_RHOE4

AOA3A9UR38_RHOOP

C0ZVZ4 _RHOE4

AOA1B1KE99_RHOOP

AOAO076EKL7_RHOOP (+2)

C0ZQV3_RHOE4

AOAO076EIH5_RHOOP
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GN=EP51_10880 PE=4 SV=1

Malate synthase G OS=Rhodococcus opacus OX=37919 GN=glcB PE=3
Sv=1
Glutamine--fructose-6-phosphate
OS=Rhodococcus opacus (strain B4) OX=632772 GN=glmS PE=3 SV=1
Valine--tRNA ligase OS=Rhodococcus opacus OX=37919 GN=valS PE=3
Sv=1

Putative ATP-dependent helicase Ihr OS=Rhodococcus opacus OX=37919
GN=lhr PE=4 SV=1

Putative NAD(P)H nitroreductase acg OS=Rhodococcus opacus OX=37919
GN=acg PE=4 SV=1

Malate dehydrogenase
GN=EP51 42585 PE=4 SV=1
NADH-quinone oxidoreductase OS=Rhodococcus opacus OX=37919
GN=C5613_ 34220 PE=3 SV=1

Uncharacterized protein OS=Rhodococcus erythropolis (strain PR4 / NBRC
100887) OX=234621 GN=RER_48110 PE=4 SV=1

Putative trans-acting enoyl reductase OS=Rhodococcus opacus OX=37919
GN=R1CP_22200 PE=4 SV=1
2,3,4,5-tetrahydropyridine-2,6-dicarboxylate
OS=Rhodococcus erythropolis (strain PR4 / NBRC 100887) OX=234621
GN=dapD PE=3 SV=1

Chaperone protein ClpB OS=Rhodococcus opacus OX=37919 GN=clpB
PE=3 SV=1
Transcription
GN=EP51 22350 PE=4 SV=1

Glucose-6-phosphate 1-dehydrogenase OS=Rhodococcus opacus OX=37919
GN=zwfl PE=3 SV=1

Sulfurtransferase OS=Rhodococcus opacus OX=37919 GN=sseA PE=4
Sv=1

aminotransferase [isomerizing]

0OS=Rhodococcus opacus 0X=37919

N-succinyltransferase

initiation protein  OS=Rhodococcus opacus OX=37919

Uncharacterized protein OS=Rhodococcus  opacus  OX=37919
GN=EP51_32735 PE=4 SV=1
Uncharacterized protein OS=Rhodococcus  opacus  OX=37919

GN=COO055_10870 PE=4 SV=1

AOA3A9TZJ5_RHOOP

C1B063_RHOOB

AOA3AI9TYE9_RHOOP

AOA1B1K3Z6_RHOOP

AOA1B1K6L1_RHOOP

AOA076EYJ1_RHOOP

AO0A2S8IS50_RHOOP

C0ZP23_RHOE4

AOA1B1K918_RHOOP (+2)

C1A2P5 RHOE4

AOA3A9U5SN1_RHOOP

AOAO76EN79_RHOOP (+4)

AOA1B1K6F6_RHOOP

AOA1B1K3T5_RHOOP

AOA076ESS7_RHOOP (+3)

AOA3A9U378_RHOOP
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Aconitate hydratase OS=Rhodococcus opacus (strain B4) OX=632772
GN=acn PE=3 SV=1

Putative ribonuclease OS=Rhodococcus opacus (strain B4) OX=632772
GN=ROP_10360 PE=4 SV=1

Uncharacterized
GN=C5613_14955 PE=4 SV=1

Putative oxidoreductase OS=Rhodococcus opacus (strain B4) OX=632772
GN=ROP_26430 PE=3 SV=1

Sugar ABC transporter ATP-binding protein OS=Rhodococcus opacus M213
0X=1129896 GN=WSS_A39526 PE=3 SV=1

protein ~ OS=Rhodococcus  opacus  OX=37919

Acetyl-CoA C-acyltransferase OS=Rhodococcus opacus 0OX=37919
GN=COO055 27235 PE=3 SV=1
Antitermination ~ regulator ~ OS=Rhodococcus  opacus  0OX=37919
GN=COO055_ 36820 PE=4 SV=1
FAD-binding oxidoreductase = OS=Rhodococcus opacus OX=37919
GN=COO055 11110 PE=4 SV=1
Heme-binding protein 0OS=Rhodococcus opacus 0X=37919

GN=COO55 10060 PE=4 SV=1

3-oxoacyl-[acyl-carrier-protein] synthase Il OS=Rhodococcus opacus (strain
B4) OX=632772 GN=fabF PE=3 SV=1

Antigen 85 protein OS=Rhodococcus opacus OX=37919 GN=R1CP_28415
PE=4 SV=1

Sulfurtransferase  OS=Rhodococcus
GN=ROP_63480 PE=4 SV=1

opacus (strain B4) 0OX=632772

Signal transduction protein GarA OS=Rhodococcus opacus M213
OX=1129896 GN=WSS_A37849 PE=4 SV=1
Malto-oligosyltrehalose  synthase = OS=Rhodococcus opacus PD630

OX=543736 GN=OPAG_05955 PE=4 SV=1

GTPase Era OS=Rhodococcus opacus OX=37919 GN=era PE=3 SV=1
Uncharacterized protein OS=Rhodococcus 0X=37919
GN=R1CP_33170 PE=4 SV=1

Putative acetyl-CoA acyltransferase OS=Rhodococcus opacus (strain B4)
OX=632772 GN=ROP_32540 PE=3 SV=1

UvrABC system protein A OS=Rhodococcus erythropolis (strain PR4 /

opacus

C1B4Q3_RHOOB

C1AVK3_RHOOB

AOA2S8JAY9_RHOOP

C1B442_RHOOB

K8X6A8_RHOOP

AOA3A9UP26_RHOOP

AOA3A9U2L1_RHOOP

AOA3A9UUO7_RHOOP

AOA3AITNSS_RHOOP (+1)

C1AUG3_RHOOB

AOA1BL1KCL4 RHOOP (+2)

C1B1A0_RHOOB

K8XGJ6_RHOOP

W8H2Q3_RHOOP

AOAO076EXEO_RHOOP (+3)
AOA1B1KF86_RHOOP (+1)

C1B748 RHOOB

C1A073_RHOE4
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NBRC 100887) OX=234621 GN=uvrA PE=3 SV=1

GMP  synthase [glutamine-hydrolyzing] = OS=Rhodococcus opacus
0OX=37919 GN=guaA PE=3 SV=1

DUF2334 domain-containing protein OS=Rhodococcus opacus OX=37919
GN=COO055_12410 PE=4 SV=1

Putative inosine-5'-monophosphate dehydrogenase OS=Rhodococcus opacus
(strain B4) OX=632772 GN=ROP_70270 PE=4 SV=1

Uncharacterized protein OS=Rhodococcus opacus (strain B4) OX=632772
GN=ROP_41350 PE=4 SV=1

Acetoin dehydrogenase OS=Rhodococcus opacus 0X=37919
GN=COO055_ 06430 PE=3 SV=1

Phenylalanine--tRNA ligase beta subunit OS=Rhodococcus opacus (strain
B4) OX=632772 GN=pheT PE=3 SV=1

Deoxyuridine 5'-triphosphate nucleotidohydrolase OS=Rhodococcus opacus
OX=37919 GN=dut PE=3 SV=1

Polyketide cyclase 0OS=Rhodococcus opacus 0X=37919
GN=COO055_31880 PE=4 SV=1

Acetate--CoA ligase OS=Rhodococcus opacus 0X=37919
GN=COO055_37250 PE=4 SV=1

Transcription antitermination protein NusB OS=Rhodococcus opacus
0OX=37919 GN=nusB PE=3 SV=1

Bifunctional purine biosynthesis protein PurH OS=Rhodococcus erythropolis
(strain PR4 / NBRC 100887) OX=234621 GN=purH PE=3 SV=1
Cobaltochelatase subunit CobN OS=Rhodococcus opacus 0OX=37919
GN=C5613 34990 PE=4 SV=1

Putative ABC transporter ATP-binding protein  OS=Rhodococcus
erythropolis (strain PR4 / NBRC 100887) OX=234621 GN=RER_41440
PE=3 SV=1

Probable GTP-binding protein TypA OS=Rhodococcus erythropolis (strain
PR4 / NBRC 100887) OX=234621 GN=typA PE=4 SV=1

Uncharacterized protein OS=Rhodococcus  opacus  OX=37919
GN=COO055 36270 PE=4 SV=1

NADH-quinone oxidoreductase OS=Rhodococcus opacus OX=37919
GN=COO055_ 06980 PE=3 SV=1

AOA1B1K3K4_RHOORP (+2)

AOA3A9TS92_RHOOP (+2)

C1B4T5_RHOOB

C1B9M9_RHOOB

AOA3AITQI9_RHOOP

C1AT04_RHOOB

AO0A2S58JC71_RHOOP

AOA3A9TZP1_RHOOP

AOA3A9U4K8_RHOOP

AOAO76EFI7_RHOOP (+4)

C1A3E6_RHOE4

AO0A2S8IQRO_RHOOP

C1A2L7_RHOE4

C1A2R5_RHOE4

AOA3A9U1J4_RHOOP

AOA3A9UG04_RHOOP
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IcIR family transcriptional regulator OS=Rhodococcus opacus OX=37919
GN=EP51_09965 PE=4 SV=1

GNAT family N-acetyltransferase OS=Rhodococcus opacus OX=37919
GN=COO055_03445 PE=4 SV=1

4-hydroxy-tetrahydrodipicolinate synthase OS=Rhodococcus erythropolis
(strain PR4 / NBRC 100887) OX=234621 GN=dapA PE=3 SV=1

Flippase OS=Rhodococcus opacus OX=37919 GN=EP51 23465 PE=4
Sv=1

AAA  family = ATPase  OS=Rhodococcus  opacus  OX=37919
GN=COO055_ 37230 PE=4 SV=1
Uncharacterized protein OS=Rhodococcus  opacus  OX=37919

GN=COO055_37505 PE=3 SV=1

Magnesium chelatase subunit chll OS=Rhodococcus opacus OX=37919
GN=R1CP_09325 PE=4 SV=1
Glutamine--fructose-6-phosphate
OS=Rhodococcus opacus 0X=37919 GN=gImS PE=3 SV=1

UvrABC system protein C OS=Rhodococcus opacus OX=37919 GN=uvrC
PE=3 SV=1
S-adenosylmethionine
GN=metK PE=3 SV=1
Proline--tRNA
GN=proS PE=3 SV=1

Pyruvate dehydrogenase E1 component OS=Rhodococcus opacus PD630
OX=543736 GN=Pd630_LPD05298 PE=4 SV=1

NADH dehydrogenase
GN=R1CP_17625 PE=4 SV=1
Phosphoenolpyruvate carboxykinase [GTP] OS=Rhodococcus opacus (strain
B4) OX=632772 GN=pckG PE=3 SV=1
2,3,4,5-tetrahydropyridine-2,6-dicarboxylate
OS=Rhodococcus opacus OX=37919 GN=dapD PE=3 SV=1
Phosphogluconate
GN=C5613_ 15355 PE=3 SV=1

Glycogen debranching enzyme OS=Rhodococcus opacus (strain B4)
OX=632772 GN=glgX PE=3 SV=1

aminotransferase [isomerizing]

synthase OS=Rhodococcus opacus 0OX=37919

ligase OS=Rhodococcus opacus M213 0OX=1129896

OS=Rhodococcus opacus 0X=37919

N-succinyltransferase

dehydratase OS=Rhodococcus opacus 0OX=37919

AOA076EF62_RHOOP (+3)

AOA3A9TKES_RHOOP

C0ZYK5_RHOE4

AOA076EQI0O_RHOOP

AOA3A9U219_RHOOP

AOA3A9U2G2_RHOOP

AOA1B1K1T6_RHOOP

AOA1B1K3K7_RHOOP (+1)

AOA3AITIT5_RHOOP

AOA076ECD9_RHOOP (+1)

K8XLGO_RHOOP

W8HHD1_RHOOP

AOA1B1K6L8_RHOOP (+2)

Cl1AUY7_RHOOB

AOA1B1K2V7_RHOOP (+1)

A0A258IJBG1_RHOOP

C1AU23_RHOOB
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Acetyl-CoA  acyltransferase  OS=Rhodococcus opacus (strain  B4)
OX=632772 GN=fadA PE=3 SV=1
Integration  host  factor =~ OS=Rhodococcus  opacus  OX=37919

GN=C5613_35605 PE=4 SV=1

Uncharacterized protein OS=Rhodococcus opacus (strain B4) OX=632772
GN=ROP_56920 PE=4 SV=1

LuxR family transcriptional regulator OS=Rhodococcus opacus OX=37919
GN=EP51_09530 PE=4 SV=1

Enoyl-CoA hydratase 0OS=Rhodococcus opacus 0X=37919
GN=R1CP_13685 PE=4 SV=1

Aldo/keto reductase 0OS=Rhodococcus opacus 0X=37919
GN=COO055_32060 PE=4 SV=1

Short-chain  dehydrogenase = OS=Rhodococcus opacus 0OX=37919

GN=COO055_12070 PE=4 SV=1

ATP-dependent RNA helicase DeaD OS=Rhodococcus opacus OX=37919
GN=deaD PE=3 SV=1

Phosphogluconate
GN=EP51 31010 PE=3 SV=1

Gamma-glutamyl phosphate reductase OS=Rhodococcus opacus (strain B4)
OX=632772 GN=proA PE=3 SV=1

Uncharacterized protein  OS=Rhodococcus opacus M213 0X=1129896
GN=WSS_A15824 PE=4 SV=1

DNA gyrase subunit B OS=Rhodococcus opacus (strain B4) OX=632772
GN=gyrB PE=3 SV=1

Ribonuclease J OS=Rhodococcus opacus (strain B4) OX=632772 GN=rnj
PE=3 SV=1

Ribonuclease E OS=Rhodococcus opacus OX=37919 GN=EP51 36360
PE=4 SV=1

dehydratase OS=Rhodococcus opacus 0OX=37919

Uncharacterized protein OS=Rhodococcus  opacus  OX=37919
GN=EP51_13995 PE=4 SV=1
Uncharacterized protein OS=Rhodococcus  opacus  OX=37919

GN=R1CP_14050 PE=4 SV=1
ATP-dependent 6-phosphofructokinase OS=Rhodococcus opacus (strain B4)
OX=632772 GN=pfkA PE=3 SV=1

C1B496_RHOOB

AOA076EKK9_RHOOP (+3)

C1AX16_RHOOB

AOAO76EIF3_RHOOP (+5)

AOA1B1K497_RHOOP

AOA3A9U271_RHOOP

AOA3AITS24_ RHOOP

AOA1B1K359 RHOOP (+1)

AOA076EUCS_RHOOP

C1AVI9_RHOOB

K8XJ77_RHOOP

C1B7T5_RHOOB

C1B364_RHOOB

AOAQ76EX77_RHOOP

AOA076EJ01_RHOOP

AOA1B1K4G3_RHOOP (+2)

C1B2L2_RHOOB
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Glycine--tRNA ligase OS=Rhodococcus opacus OX=37919 GN=glyQS
PE=3 SV=1

Methylmalonate-semialdehyde dehydrogenase OS=Rhodococcus opacus
(strain B4) OX=632772 GN=mmsA PE=4 SV=1

Acetyl-CoA acetyltransferase
OX=632772 GN=ROP_11670 PE=3 SV=1
Phenylacetate-coenzyme A

OS=Rhodococcus opacus (strain B4)

ligase OS=Rhodococcus M213
0OX=1129896 GN=WSS_A12113 PE=3 SV=1
GTP-binding protein TypA OS=Rhodococcus
OX=632772 GN=typA PE=4 SV=1
NAD-dependent
GN=COO055 35305 PE=4 SV=1

DUF1918 domain-containing protein OS=Rhodococcus opacus OX=37919
GN=COO055_ 37170 PE=4 SV=1

ATP-dependent dsDNA exonuclease OS=Rhodococcus opacus OX=37919
GN=C5613_ 34440 PE=4 SV=1

Glycine cleavage system H protein OS=Rhodococcus opacus OX=37919
GN=gcvH PE=3 SV=1

ATP-dependent 6-phosphofructokinase OS=Rhodococcus opacus OX=37919
GN=pfkA PE=3 SV=1

UvrABC system protein A OS=Rhodococcus opacus (strain B4) OX=632772
GN=uvrA PE=3 SV=1

Enoyl-CoA hydratase/isomerase family protein OS=Rhodococcus opacus
(strain B4) OX=632772 GN=ROP_65640 PE=4 SV=1

5'-3' exonuclease OS=Rhodococcus opacus OX=37919 GN=COO055_32305
PE=4 SV=1
Uncharacterized
GN=EP51 29610 PE=4 SV=1
NAD-dependent
GN=R1CP_38335 PE=4 SV=1

Uncharacterized protein OS=Rhodococcus opacus (strain B4) OX=632772
GN=ROP_16900 PE=4 SV=1

Phenylacetate-coenzyme A ligase OS=Rhodococcus opacus OX=37919
GN=paaF PE=3 SV=1

opacus

opacus (strain B4)

malic enzyme OS=Rhodococcus opacus OX=37919

protein ~ OS=Rhodococcus  opacus  OX=37919

malic enzyme OS=Rhodococcus opacus OX=37919

AOA1B1KA10_RHOOP

C1AW62_RHOOB

Cl1AVY4_RHOOB

K8XW23_RHOOP

C1AZHO_RHOOB

AOA3A9U183_RHOOP

AO0A3A9U209 RHOOP (+1)

AOA2S8IRC5_RHOOP

AOAO76EY66_RHOOP (+5)

AOAO76EHI2_RHOOP (+3)

C1AT14 RHOOB

C1B2P4_RHOOB

AOA3A9ITZQ9 RHOOP

AOAO076ETHO_RHOOP (+1)

AOA1B1KIB5_RHOOP

C1AZ09_RHOOB

AOA3AITV26_RHOOP

93



Preprotein translocase subunit SecA OS=Rhodococcus opacus OX=37919
GN=C5613_09215 PE=4 SV=1

Type VII
GN=EP51_09780 PE=4 SV=1

secretion protein OS=Rhodococcus opacus 0OX=37919

Cell division ATPase OS=Rhodococcus opacus M213 0X=1129896
GN=WSS_A36713 PE=3 SV=1
GYD  domain  protein  OS=Rhodococcus  opacus  OX=37919
GN=C5613_15820 PE=4 SV=1
Cytokinin riboside 5'-monophosphate phosphoribohydrolase

OS=Rhodococcus opacus (strain B4) OX=632772 GN=ROP_60250 PE=3
sv=1

Polyphosphate kinase OS=Rhodococcus opacus (strain B4) OX=632772
GN=ppk PE=3 SV=1

Acetyl-CoA C-acyltransferase OS=Rhodococcus opacus 0OX=37919
GN=COO055_ 08770 PE=3 SV=1
Uncharacterized protein OS=Rhodococcus  opacus  OX=37919

GN=EP51_09320 PE=4 SV=1

Uncharacterized protein OS=Rhodococcus opacus (strain B4) OX=632772
GN=ROP_21460 PE=4 SV=1

Putative oxidoreductase OS=Rhodococcus opacus (strain B4) OX=632772
GN=ROP_38980 PE=4 SV=1

Uncharacterized protein OS=Rhodococcus opacus (strain B4) OX=632772
GN=ROP_43520 PE=4 SV=1

Proteasome subunit beta OS=Rhodococcus opacus OX=37919 GN=prcB
PE=3 SV=1

Probable transcriptional regulatory protein EP51_06330 OS=Rhodococcus
opacus OX=37919 GN=EP51_06330 PE=3 SV=1

3-oxoacyl-ACP reductase (Fragment) OS=Rhodococcus opacus M213
0OX=1129896 GN=WSS_A42775 PE=4 SV=1

Serine protease OS=Rhodococcus opacus OX=37919 GN=R1CP_09495
PE=4 SV=1

Putative NADH dehydrogenase OS=Rhodococcus opacus (strain B4)
OX=632772 GN=ROP_44240 PE=4 SV=1

Putative oxidoreductase OS=Rhodococcus erythropolis (strain PR4 / NBRC

AOA2S8JE78_RHOOP

AOAO076EII6_RHOOP

K8X9V9_RHOOP

AO0A2S8JAJ5_RHOOP

C1AZK1 RHOOB

C1B2N4_RHOOB

AOA3A9UFR2_RHOOP

AOA076EHR6_RHOOP (+4)

CiB1wW9_RHOOB

C1B8Z2_RHOOB

C1BA96_RHOOB

AOA076EY03_RHOOP

AOAO76EF00_RHOOP (+4)

K8XH43_RHOOP

AOA1B1K1Z7_RHOOP (+3)

C1BAG8_RHOOB

C0ZZX6_RHOE4
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100887) OX=234621 GN=RER_32030 PE=4 SV=1

Short-chain  dehydrogenase = OS=Rhodococcus opacus 0OX=37919
GN=EP51_12605 PE=3 SV=1
Acyl-ACP desaturase OS=Rhodococcus opacus 0OX=37919

GN=EP51_16940 PE=4 SV=1

Bifunctional protein FolD OS=Rhodococcus erythropolis (strain PR4 /
NBRC 100887) OX=234621 GN=folD PE=3 SV=1

Short-chain  dehydrogenase  OS=Rhodococcus 0X=37919
GN=EP51_21145 PE=4 SV=1

Aspartokinase OS=Rhodococcus erythropolis (strain PR4 / NBRC 100887)
OX=234621 GN=ask PE=3 SV=1

Nitroreductase

opacus

family oxidoreductase
OS=Rhodococcus opacus OX=37919 GN=COO055_ 32235 PE=4 SV=1
Putative 8-0x0-dGTP diphosphatase 1 OS=Rhodococcus opacus OX=37919
GN=mutT1 PE=3 SV=1

IcIR family transcriptional
0OX=1129896 GN=WSS_A07854 PE=4 SV=1

Inosine-5'-monophosphate  dehydrogenase OS=Rhodococcus erythropolis
(strain PR4 / NBRC 100887) OX=234621 GN=guaB PE=3 SV=1

ABC transporter ATP-binding protein OS=Rhodococcus opacus OX=37919
GN=EP51 35925 PE=4 SVv=1

Isocitrate dehydrogenase [NADP] OS=Rhodococcus opacus OX=37919
GN=icd2 PE=3 SV=1
S-adenosylmethionine
GN=metK PE=3 SVv=1
Aspartate-semialdehyde

deazaflavin-dependent

regulator OS=Rhodococcus opacus M213

synthase OS=Rhodococcus opacus OX=37919

dehydrogenase =~ OS=Rhodococcus
0OX=37919 GN=asd PE=3 SV=1

Menaquinol-cytochrome C reductase OS=Rhodococcus opacus OX=37919
GN=COO055_30810 PE=4 SV=1

Cystathionine
OS=Rhodococcus opacus (strain B4) OX=632772 GN=metB PE=3 SV=1
NAD-dependent glutamate dehydrogenase OS=Rhodococcus opacus M213
0OX=1129896 GN=WSS_A38366 PE=4 SV=1

Pup--protein ligase OS=Rhodococcus opacus M213 0X=1129896 GN=pafA

opacus

gamma-synthase/cystathionine gamma-lyase

AOAO76EJI9_RHOOP (+2)

AOAO76ELR2_RHOOP (+5)

CO0ZWH1_RHOE4

AOAQ076EP71_RHOOP (+2)

C0ZN70_RHOE4

AOA3A9U029_RHOOP

AOA1B1K4F1_RHOOP

K8XPJ7_RHOOP

C0ZWAG6_RHOE4

AOA076F1V4_RHOOP (+1)

AOA1B1K8M8_RHOOP (+1)

AOA3AITLI3_RHOOP

AOA3A9TRC3_RHOOP

AOA3AITZQ2_RHOOP (+2)

C1AYF8_RHOOB

K8X6R5_RHOOP

K8XVH0_RHOOP
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PE=3 SV=1

Ketol-acid reductoisomerase (NADP(+)) OS=Rhodococcus opacus PD630
OX=543736 GN=ilvC PE=3 SV=1

Ppx/GppA
GN=R1CP_10165 PE=4 SV=1

Putative oxidoreductase OS=Rhodococcus opacus (strain B4) OX=632772
GN=ROP_19710 PE=4 SV=1

DNA-directed
erythropolis (strain PR4 / NBRC 100887) OX=234621 GN=rpoA PE=3
Sv=1

phosphatase =~ OS=Rhodococcus  opacus  OX=37919

RNA  polymerase subunit alpha OS=Rhodococcus

Alcohol dehydrogenase 0OS=Rhodococcus opacus 0X=37919
GN=R1CP_19765 PE=3 SV=1
SRPBCC family protein OS=Rhodococcus opacus 0OX=37919

GN=COO055_15660 PE=4 SV=1

GNAT family N-acetyltransferase OS=Rhodococcus opacus OX=37919
GN=C5613_01400 PE=4 SV=1

ABC transporter
OX=37919 GN=EP51_24775 PE=4 SV=1
Long-chain-fatty-acid-AMP  ligase FadD32 OS=Rhodococcus
0OX=37919 GN=fadD32 PE=4 SV=1

Adenylate cyclase OS=Rhodococcus opacus OX=37919 GN=COO55_ 20065
PE=4 SV=1

substrate-binding protein  OS=Rhodococcus opacus

opacus

Transketolase OS=Rhodococcus opacus PD630 0OX=543736
GN=0OPAG_06736 PE=4 SV=1

MspA  family  protein  OS=Rhodococcus  opacus  OX=37919
GN=COO055 08345 PE=4 SV=1

Alpha/beta hydrolase OS=Rhodococcus opacus 0X=37919

GN=C5613_20580 PE=4 SV=1
FAD-dependent
GN=COO055_24785 PE=4 SV=1

Uncharacterized

oxidoreductase OS=Rhodococcus opacus OX=37919

protein OS=Rhodococcus 0X=37919
GN=COO055_13900 PE=3 SV=1
DUF3417 domain-containing protein OS=Rhodococcus opacus OX=37919

GN=C5613_20810 PE=4 SV=1

opacus

W8H511_RHOOP

AOA1B1K2F2_RHOOP

C1BOL8_RHOOB

C0ZW54_RHOE4

AOA1B1K7N4_RHOOP

AOA3A9UIX3_RHOOP

A0A2S8JHHO_RHOOP

AOAO076ER81_RHOOP

AOA1B1JXM4_RHOORP (+1)

AOA3A9U7T3_RHOOP

AOA3GIMHAO_RHOOP

AOA3A9TMY6_RHOOP

AO0A2S8J7P0_RHOOP

AOA3AITYJ4_RHOOP

AOA3A9U4K7_RHOOP

A0A258J819_RHOOP
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Aminopeptidase N OS=Rhodococcus opacus OX=37919 GN=EP51_35995
PE=4 SV=1

Plasmid partitioning protein ParA OS=Rhodococcus opacus OX=37919
GN=EP51_08765 PE=4 SV=1

Acyl-CoA carboxylase alpha chain (Fragment) OS=Rhodococcus opacus
M213 0X=1129896 GN=WSS_A27020 PE=4 SV=1

Rhodanese-like OS=Rhodococcus
OX=37919 GN=C5613_14585 PE=4 SV=1

Pyruvate kinase OS=Rhodococcus opacus OX=37919 GN=EP51 28320
PE=3 SV=1

Cell division protein FtsZ OS=Rhodococcus opacus (strain B4) OX=632772
GN=ftsZ PE=3 SV=1

Peptidyl-prolyl cis-trans isomerase OS=Rhodococcus erythropolis (strain
PR4 / NBRC 100887) OX=234621 GN=RER_46110 PE=3 SV=1

Sugar ABC transporter ATP-binding protein OS=Rhodococcus opacus
OX=37919 GN=EP51_20035 PE=3 SV=1

domain-containing  protein opacus

DoxX  family  protein  OS=Rhodococcus  opacus  0OX=37919
GN=C5613_07245 PE=4 SV=1
Transketolase OS=Rhodococcus opacus M213 0X=1129896

GN=WSS_A17381 PE=3 SV=1

Menaquinol-cytochrome c¢ reductase iron-sulfur protein OS=Rhodococcus
opacus (strain B4) OX=632772 GN=qcrA PE=4 SV=1

Amino  acid  oxidase =~ OS=Rhodococcus OX=37919
GN=C5613_16785 PE=4 SV=1

ABC transporter ATP-binding protein OS=Rhodococcus opacus OX=37919
GN=C5613_04500 PE=4 SV=1

Fumarylacetoacetase OS=Rhodococcus opacus OX=37919 GN=EP51 31305
PE=4 SV=1

Inositol 2-dehydrogenase OS=Rhodococcus opacus OX=37919 GN=iolG
PE=3 SV=1

ATP-dependent DNA helicase RecG OS=Rhodococcus opacus (strain B4)
OX=632772 GN=recG PE=3 SV=1

Isocitrate lyase OS=Rhodococcus opacus OX=37919 GN=C5613 17285

PE=4 SV=1

opacus

AOAO076EWV1_RHOOP

AOA076EMNS_RHOOP (+3)

K8XDC3_RHOOP

AOAO76ESV9_RHOOP (+1)

AOAOQ076EQI7_RHOOP (+1)

C1AU52_RHOOB

CO0ZMR1_RHOE4

AOAO076ENJ5_RHOOP

AO0A2S8JFM9_RHOOP

K8XJ22_RHOOP

C1AU99 RHOOB

AO0A2S8J9K7_RHOOP

AOA1B1K257_RHOOP (+1)

AOAO076ESP9_RHOOP

AOA3A9UGKO_RHOOP (+2)

C1B2P7_RHOOB

AOAO076EUU4_RHOORP (+3)
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Ribonucleoside-diphosphate reductase OS=Rhodococcus opacus OX=37919
GN=nrdE PE=3 SV=1
Formate-dependent phosphoribosylglycinamide
OS=Rhodococcus opacus OX=37919 GN=purT PE=3 SV=1
Uncharacterized
GN=COO055_37935 PE=4 SV=1

Sulfurtransferase OS=Rhodococcus erythropolis (strain PR4 / NBRC
100887) OX=234621 GN=RER_48100 PE=4 SV=1

L-ectoine synthase OS=Rhodococcus opacus OX=37919 GN=ectC PE=3
Sv=1

Inosine-5'-monophosphate dehydrogenase OS=Rhodococcus opacus (strain
B4) OX=632772 GN=guaB PE=3 SV=1

formyltransferase

protein ~ OS=Rhodococcus  opacus  OX=37919

Uncharacterized protein OS=Rhodococcus  opacus  OX=37919
GN=R1CP_21220 PE=4 SV=1
VOC  family  protein  OS=Rhodococcus  opacus  OX=37919

GN=C5613_30805 PE=4 SV=1

IMP dehydrogenase family protein OS=Rhodococcus opacus (strain B4)
OX=632772 GN=ROP_62600 PE=4 SV=1

Putative molybdopterin synthase sulfurylase MoeB OS=Rhodococcus opacus
(strain B4) OX=632772 GN=moeB PE=4 SV=1

Putative oxidoreductase OS=Rhodococcus opacus (strain B4) OX=632772
GN=ROP_24000 PE=1 SV=1

Peptidase C69 OS=Rhodococcus opacus OX=37919 GN=COO55 36575
PE=4 SV=1

Malate synthase G OS=Rhodococcus opacus OX=37919 GN=glcB PE=3
Sv=1

2,5-diketo-D-gluconic acid reductase OS=Rhodococcus opacus OX=37919
GN=C5613_ 19480 PE=4 SV=1

Branched-chain amino acid transport protein AzIC OS=Rhodococcus opacus
PD630 OX=543736 GN=Pd630_LPD04011 PE=4 SV=1

Uncharacterized protein OS=Rhodococcus 0X=37919
GN=R1CP_22090 PE=4 SV=1

ATP-dependent DNA helicase RecG OS=Rhodococcus opacus OX=37919

GN=recG PE=3 SV=1

opacus

AOA1B1K4C4_RHOOP

AOAQ076EZX7_RHOOP (+4)

AOA3A9T415_RHOOP

C0zP22_RHOE4

AOA076F258 RHOOP (+3)

C1B111_RHOOB

AOA1B1K8G4_RHOOP (+1)

AO0A2S8IWLE_RHOOP (+2)

CiB112_RHOOB

C1B1H4_RHOOB

C1B3E9 RHOOB

AOA3A9U4F9_RHOOP

AOA076EVX6_RHOOP

AOA2S8J9L1_RHOOP (+1)

W8H8D6_RHOOP

AOA1B1K8Z1 RHOOP

AOA3AITKGE8_RHOOP
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Ferredoxin ~ OS=Rhodococcus 0OX=632772
GN=ROP_50850 PE=4 SV=1

Inorganic pyrophosphatase OS=Rhodococcus opacus OX=37919 GN=ppa
PE=3 SV=1

Pyruvate kinase OS=Rhodococcus opacus OX=37919 GN=pyk PE=3 SV=1
30S ribosomal protein S14 type Z OS=Rhodococcus opacus OX=37919
GN=rpsZ PE=3 SV=1

Uncharacterized
GN=R1CP_06080 PE=4 SV=1

Chromosome partition protein Smc OS=Rhodococcus opacus OX=37919
GN=smc PE=3 SV=1

Glutamate--tRNA ligase OS=Rhodococcus opacus (strain B4) OX=632772
GN=gltX PE=3 SV=1

1,4-alpha-glucan branching enzyme GlgB OS=Rhodococcus opacus (strain
B4) OX=632772 GN=glgB PE=3 SV=1

SufE family protein OS=Rhodococcus opacus
GN=WSS_A42580 PE=4 SV=1

opacus  (strain  B4)

protein ~ OS=Rhodococcus  opacus  OX=37919

M213 0OX=1129896

Universal  stress  protein  OS=Rhodococcus  opacus 0OX=37919
GN=C5613 21085 PE=4 SV=1
Uncharacterized  protein ~ OS=Rhodococcus  opacus  OX=37919

GN=R1CP_35285 PE=4 SV=1

Enolase OS=Rhodococcus opacus OX=37919 GN=eno PE=3 SV=1

Putative dipeptidase PepE OS=Rhodococcus opacus OX=37919 GN=pepE
PE=3 SV=1

DNA-directed RNA polymerase subunit beta OS=Rhodococcus opacus
0X=37919 GN=rpoB PE=3 SV=1

60 kDa chaperonin OS=Rhodococcus opacus (strain B4) OX=632772
GN=groL PE=3 SV=1

Electron transfer flavoprotein alpha subunit OS=Rhodococcus opacus (strain
B4) OX=632772 GN=etfA PE=4 SV=1

Methylmalonate-semialdehyde dehydrogenase [acylating] OS=Rhodococcus
opacus PD630 OX=543736 GN=Pd630_LPD05678 PE=4 SV=1

Pyruvate dehydrogenase E1 component OS=Rhodococcus opacus PD630
OX=543736 GN=Pd630_LPD06794 PE=4 SV=1

C1ATR8_RHOOB

AOAO076ELM4_RHOOP (+4)

AO0A3A9TV80 RHOOP
AOAO76EN95_RHOOP (+2)

AOA1B1K014 _RHOOQP (+2)

AOA3AITMC6_RHOOP

C1B2M6_RHOOB

C1AVX5_RHOOB

K8X6Q0_RHOOP

AOAO76EKY6_RHOOP (+3)

AOA1B1KGB1_RHOOP (+2)

AOA076EM21_RHOOP
AOA1B1K900_RHOOP

A0A2S8J2J7_RHOOP

C1BOBO_RHOOB

C1B1R8_RHOOB

W8HD24 RHOOP

W8HG40_RHOOP
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Ribonucleoside-diphosphate reductase subunit beta OS=Rhodococcus opacus
0OX=37919 GN=nrdF PE=3 SV=1

Cystathionine gamma-synthase OS=Rhodococcus opacus 0OX=37919
GN=COO055_07330 PE=3 SV=1
Acetyl-CoA  acyltransferase  OS=Rhodococcus opacus (strain  B4)

OX=632772 GN=fadA PE=3 SV=1

7,8-didemethyl-8-hydroxy-5-deazariboflavin  synthase = OS=Rhodococcus
opacus OX=37919 GN=fbiC PE=3 SV=1
Succinate-semialdehyde dehydrogenase (NAD(P)+) OS=Rhodococcus

opacus M213 OX=1129896 GN=WSS_A22518 PE=3 SV=1

Fumarylacetoacetase ~OS=Rhodococcus M213 0X=1129896
GN=WSS_A28859 PE=4 SV=1

Diaminopimelate epimerase OS=Rhodococcus opacus M213 OX=1129896
GN=dapF PE=3 SV=1
Delta-1-pyrroline-5-carboxylate
OS=Rhodococcus opacus OX=37919 GN=R1CP_11155 PE=4 SV=1

50S ribosomal protein L3 OS=Rhodococcus opacus OX=37919 GN=rpIC
PE=3 SV=1

NAD-dependent succinate-semialdehyde dehydrogenase OS=Rhodococcus
opacus OX=37919 GN=COO055_08645 PE=3 SV=1

3-ketoacyl-CoA thiolase OS=Rhodococcus opacus OX=37919 GN=fadA5
PE=3 SV=1

Malate dehydrogenase OS=Rhodococcus opacus OX=37919 GN=mdh PE=3
Sv=1

Polyketide cyclase OS=Rhodococcus opacus OX=37919 GN=C5613_28950
PE=4 SV=1

opacus

dehydrogenase, mitochondrial

ATP-dependent  helicase =~ OS=Rhodococcus  opacus  OX=37919
GN=COO055_04635 PE=3 SV=1

tRNA nucleotidyltransferase = OS=Rhodococcus opacus (strain B4)
OX=632772 GN=ROP_34610 PE=3 SV=1

Putative  peptidase y4nA  OS=Rhodococcus opacus OX=37919

GN=R1CP_28405 PE=4 SV=1
Putative cyclopropane fatty acid synthase OS=Rhodococcus opacus (strain
B4) OX=632772 GN=cfa PE=4 SV=1

AOA1B1K481_RHOOP (+2)

AOA3A9TMA8_RHOOP

C1AV07_RHOOB

AOA3A9UEV3_RHOOP

K8XG94_RHOOP

K8XQ34_RHOOP

K8XMC3_RHOOP

AOA1B1K2U5_RHOOP

AOA1B1K3F4_RHOOP (+2)

AOA3A9TRU7_RHOOP

AOA1B1K5B4_RHOOP

AOA1B1K3W5_RHOOP

AO0A258J015_RHOOP

AOA3AITNG2_RHOOP

C1B7Q5_RHOOB (+1)

AOA1B1KCH7_RHOOP

C1B9M8_RHOOB
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Succinate-semialdehyde dehydrogenase OS=Rhodococcus opacus (strain B4)
OX=632772 GN=gabD PE=3 SV=1

Molybdenum cofactor
0OX=37919 GN=C5613_04805 PE=4 SV=1
Uncharacterized
GN=R1CP_22585 PE=4 SV=1

ABC transporter ATP-binding protein OS=Rhodococcus opacus OX=37919
GN=C5613_03100 PE=4 SV=1

Phosphoenolpyruvate
GN=R1CP_17975 PE=3 SV=1

Putative aldehyde dehydrogenase family 7 member A1 OS=Rhodococcus
opacus PD630 OX=543736 GN=Pd630_LPD02933 PE=3 SV=1

DNA polymerase | OS=Rhodococcus opacus (strain B4) OX=632772
GN=polA PE=3 SV=1

Succinate dehydrogenase flavoprotein subunit OS=Rhodococcus opacus
(strain B4) OX=632772 GN=sdhA PE=3 SV=1

Ferredoxin-NADP(+)
GN=R1CP_28945 PE=4 SV=1
NADPH-dependent
0OX=37919 GN=curA PE=4 SV=1
Phosphoribosylamine--glycine
0OX=1129896 GN=purD PE=3 SV=1
Putative acetate--CoA
0X=632772 GN=ROP_67970 PE=4 SV=1

Ribonuclease E OS=Rhodococcus opacus OX=37919 GN=COO55 29900
PE=4 SV=1

Branched-chain-amino-acid aminotransferase OS=Rhodococcus
0OX=37919 GN=COO055_30735 PE=3 SV=1

biosynthesis protein OS=Rhodococcus opacus

protein ~ OS=Rhodococcus  opacus  OX=37919

synthase OS=Rhodococcus opacus 0OX=37919

reductase OS=Rhodococcus opacus 0OX=37919

curcumin  reductase  OS=Rhodococcus opacus

ligase OS=Rhodococcus opacus M213

ligase OS=Rhodococcus opacus (strain B4)

opacus

Sarcosine oxidase subunit alpha OS=Rhodococcus opacus M213
0OX=1129896 GN=WSS_A04350 PE=3 SV=1

Acyl-ACP desaturase OS=Rhodococcus opacus 0X=37919
GN=COO055_25285 PE=4 SV=1

Dipeptidyl  aminopeptidase = OS=Rhodococcus opacus 0OX=37919

GN=R1CP_24480 PE=4 SV=1

C1AWY5_RHOOB

AOA076EJQ4_RHOOP

AOA1B1K9D6_RHOOP (+1)

AOAQ076EFZ3_RHOOP

AOA1B1K6S0_RHOOP

W8GX87_RHOOP

C1AT34_RHOOB

C1B157_RHOOB

AOA1BL1KCV6_RHOOP (+1)

AOA1B1K315_RHOOP

K8XQT1_RHOOP

C1B3C7_RHOOB

AOA3A9U131_RHOOP

AOA3A9U3S3_RHOOP

K8XSM6_RHOOP

AOA3AITWI1_RHOOP

AOA1B1KAF1_RHOOP
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Acetolactate synthase OS=Rhodococcus opacus (strain B4) OX=632772
GN=ilvB PE=3 SV=1

Probable cytosol aminopeptidase OS=Rhodococcus opacus OX=37919
GN=pepA PE=3 SV=1

60 kDa chaperonin OS=Rhodococcus opacus OX=37919 GN=groL3 PE=3
Sv=1

Probable M18 family aminopeptidase 2 OS=Rhodococcus opacus PD630
0OX=543736 GN=apeB PE=3 SV=1

MspA
GN=C5613_04795 PE=4 SV=1

Branched-chain-amino-acid aminotransferase OS=Rhodococcus opacus
OX=37919 GN=EP51_37240 PE=3 SV=1

Probable 30S ribosomal protein S1 OS=Rhodococcus erythropolis (strain
PR4 / NBRC 100887) OX=234621 GN=rpsA PE=4 SV=1

Sarcosine oxidase subunit alpha OS=Rhodococcus opacus OX=37919
GN=C5613_05400 PE=3 SV=1

1-acyl-sn-glycerol-3-phosphate acyltransferase OS=Rhodococcus opacus
PD630 OX=543736 GN=OPAG_06418 PE=4 SV=1

family  protein ~ OS=Rhodococcus  opacus  OX=37919

Acetyl-CoA  acetyltransferase = OS=Rhodococcus opacus 0OX=37919
GN=R1CP_07345 PE=3 SV=1
Acyl-ACP desaturase OS=Rhodococcus opacus 0OX=37919

GN=R1CP_29030 PE=4 SV=1

Delta(24)-sterol reductase OS=Rhodococcus opacus PD630 OX=543736
GN=Pd630_LPD00609 PE=4 SV=1
Fructose-bisphosphate aldolase OS=Rhodococcus
GN=EP51_13200 PE=3 SV=1

Oxidoreductase OS=Rhodococcus opacus OX=37919 GN=COO055 23105
PE=4 SV=1

Membrane protein OS=Rhodococcus opacus OX=37919 GN=EP51 21160
PE=4 SV=1

Trehalose-phosphatase OS=Rhodococcus opacus OX=37919 GN=otsB PE=4
Sv=1

Putative phosphoribosyl transferase OS=Rhodococcus opacus OX=37919
GN=R1CP_16290 PE=4 SV=1

opacus OX=37919

C1B2L9_RHOOB

AOA2S8JEY1_RHOOP

AOA1B1K7T3_RHOOP (+2)

W8H611_RHOOP

AO0A2S8JGP5_RHOOP

AOA076F215_RHOOP

C1A085_RHOE4

AO0A2S8JFI3_RHOOP

W8GQC5_RHOOP

AOA1B1KOP9_RHOOP

AOA1B1KCV4_RHOOP

W8H400 RHOOP

AOA076EJY4_RHOOP

AOA3A9U3W2_RHOOP

AOAO076EMKS8_RHOOP (+7)

AOA2S8ITM6_RHOOP

AOA1B1K5T2_RHOOP
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Putative quinone oxidoreductase YhdH OS=Rhodococcus opacus PD630
OX=543736 GN=Pd630_LPD06879 PE=4 SV=1

Molybdenum cofactor biosynthesis protein OS=Rhodococcus opacus M213
0OX=1129896 GN=WSS_A22243 PE=4 SV=1

Polyketide synthase OS=Rhodococcus opacus OX=37919 GN=EP51_21200
PE=4 SV=1
S-(Hydroxymethyl)mycothiol
PD630 OX=543736 GN=Pd630_LPD06814 PE=3 SV=1

Acetyl-coenzyme A synthetase OS=Rhodococcus opacus 0OX=37919
GN=acsA4 PE=4 SV=1

UPF0182 protein WSS _A21569 0OS=Rhodococcus
OX=1129896 GN=WSS_A21569 PE=3 SV=1
Carbamoyl-phosphate  synthase
OX=37919 GN=carB PE=3 SV=1
Branched-chain-amino-acid aminotransferase OS=Rhodococcus
(strain B4) OX=632772 GN=ilvE PE=3 SV=1

Glutamate synthase large subunit OS=Rhodococcus opacus OX=37919
GN=COO055 18210 PE=4 SV=1

UPF0182 protein C5613_ 03405 OS=Rhodococcus opacus OX=37919
GN=C5613_03405 PE=3 SV=1

Uncharacterized protein  OS=Rhodococcus opacus M213 0X=1129896
GN=WSS_A33145 PE=4 SVv=1

Ribonuclease J OS=Rhodococcus opacus OX=37919 GN=rnj PE=3 SV=1
Phenylalanine--tRNA  ligase
OX=37919 GN=pheT PE=3 SV=1

Fumarylacetoacetase OS=Rhodococcus opacus OX=37919 GN=fahA PE=4
Sv=1

Mycothione reductase OS=Rhodococcus opacus PD630 0OX=543736
GN=Pd630_LPD03269 PE=3 SV=1
Malate synthase G OS=Rhodococcus
GN=0OPAG_09184 PE=4 SV=1

Fis family transcriptional regulator OS=Rhodococcus opacus OX=37919
GN=EP51 02195 PE=4 SV=1

DNA polymerase | OS=Rhodococcus opacus OX=37919 GN=polA PE=3

dehydrogenase OS=Rhodococcus opacus

M213

opacus

large chain OS=Rhodococcus opacus

opacus

beta subunit OS=Rhodococcus opacus

opacus PD630 0OX=543736

WB8HGC5_RHOOP

K8XG33_RHOOP (+1)

AOAO076EUF1_RHOOP

W8HG60_RHOOP

AOA1B1KH92_RHOOP

K8XGU2Z2_RHOOP

AOA1B1K674_RHOOP

C1AUB3_RHOOB

AOA3AITWRO_RHOOP

AO0A2S8JIA7_RHOOP

K8XBM2_RHOOP

AO0A2S8JC90_RHOOP
AOA2S8JFF3_RHOOP

AOA3A9UN5S3_RHOOP

W8HBQ3_RHOOP

AOA3GIMEC6_RHOOP (+1)

AOA076EEI3_RHOOP

AOA076F2X0_RHOOP
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Sv=1

Uncharacterized  protein ~ OS=Rhodococcus  opacus  OX=37919
GN=EP51_31615 PE=4 SV=1
Acetoin  dehydrogenase  operon  transcriptional  activator  AcoR

OS=Rhodococcus opacus PD630 OX=543736 GN=OPAG_05114 PE=4
Sv=1

Putative acetyl-CoA acetyltransferase OS=Rhodococcus opacus OX=37919
GN=R1CP_25115 PE=3 SV=1

Transaldolase OS=Rhodococcus opacus (strain B4) OX=632772 GN=tal
PE=3 SV=1

Uncharacterized protein  OS=Rhodococcus opacus M213 0X=1129896
GN=WSS_A17041 PE=4 SV=1

DivIVA family protein OS=Rhodococcus opacus (strain B4) OX=632772
GN=ROP_08080 PE=4 SV=1

Dephospho-CoA kinase OS=Rhodococcus opacus OX=37919 GN=coaE
PE=3 SV=1

Cystathionine gamma-synthase (Fragment) OS=Rhodococcus opacus M213
0OX=1129896 GN=WSS_A42900 PE=3 SV=1

60 kDa chaperonin OS=Rhodococcus opacus OX=37919 GN=groL PE=3
Sv=1
Mycothiol-dependent  formaldehyde dehydrogenase OS=Rhodococcus
opacus M213 OX=1129896 GN=WSS_A26565 PE=3 SV=1

Superoxide dismutase [Cu-Zn] OS=Rhodococcus opacus (strain B4)
OX=632772 GN=sodC PE=3 SV=1

Membrane protein OS=Rhodococcus opacus OX=37919 GN=EP51_20385
PE=4 SV=1
Uncharacterized
GN=EP51 32475 PE=4 SV=1

30S ribosomal protein S4 OS=Rhodococcus opacus OX=37919 GN=rpsD

PE=3 SV=1

protein ~ OS=Rhodococcus  opacus  OX=37919

S9  family peptidase =~ OS=Rhodococcus  opacus 0X=37919
GN=COO055_09185 PE=4 SV=1
Aminopeptidase = OS=Rhodococcus  opacus  M213  OX=1129896

GN=WSS_A38426 PE=4 SV=1

AOAO76EUR4_RHOOP (+4)

W8HA25_RHOOP

AOA1B1KAP5_RHOOP (+2)

C1B4M4_RHOOB

K8XKZ0_RHOOP

C1AU47_RHOOB

AOA3A9UUR1_RHOOP

K8X4F2_RHOOP

AOA3A9UIW9_RHOOP

K8XDE2_RHOOP

C1B0OD6_RHOOB

AOAO076ENY1_RHOOP (+3)

AOA076F0A9_RHOOP (+6)

AOAO076EN81_RHOOP (+1)

AOA3AITN77_RHOOP

K8X8X0_RHOOP
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Peroxiredoxin osmC OS=Rhodococcus PD630 0OX=543736
GN=Pd630_LPD00879 PE=4 SV=1

Glycine

opacus
dehydrogenase  (decarboxylating) OS=Rhodococcus
OX=37919 GN=gcvP1 PE=3 SV=1

Glycogen phosphorylase OS=Rhodococcus opacus OX=37919 GN=gIgP
PE=4 SV=1

NADH dehydrogenase
GN=R1CP_09205 PE=4 SV=1
Proline--tRNA ligase OS=Rhodococcus opacus OX=37919 GN=proS PE=3
sv=1

NADPH-ferredoxin reductase fprA OS=Rhodococcus opacus PD630
OX=543736 GN=Pd630_LPD06422 PE=4 SV=1

30S ribosomal protein S4 OS=Rhodococcus opacus OX=37919 GN=rpsD
PE=3 SV=1

Dipeptidyl aminopeptidase OS=Rhodococcus opacus PD630 OX=543736
GN=0OPAG_05674 PE=4 SV=1

Malate synthase G OS=Rhodococcus opacus OX=37919 GN=glcB PE=3
sv=1

50S ribosomal protein L3 OS=Rhodococcus opacus OX=37919 GN=rpIC
PE=3 SV=1

O-acetylhomoserine (Thiol)-lyase OS=Rhodococcus opacus OX=37919
GN=EP51 09395 PE=3 SV=1

Putative Usp family protein OS=Rhodococcus opacus (strain B4)
0OX=632772 GN=ROP_07030 PE=4 SV=1

Aminopeptidase N OS=Rhodococcus opacus OX=37919 GN=pepN PE=4
Sv=1

Pyruvate dehydrogenase E1 component OS=Rhodococcus opacus PD630
OX=543736 GN=Pd630_LPD05297 PE=4 SV=1

Aldehyde dehydrogenase OS=Rhodococcus opacus M213 0OX=1129896
GN=WSS_A26675 PE=3 SV=1

Uncharacterized

opacus

OS=Rhodococcus opacus 0X=37919

protein OS=Rhodococcus 0X=37919
GN=COO055_14000 PE=4 SV=1
Transketolase OS=Rhodococcus opacus OX=37919 GN=tktl PE=3 SV=1

Peptide chain

opacus

release factor 1 OS=Rhodococcus opacus OX=37919

W8H4Q1_RHOOP

AOA1B1K916_RHOOP

AOA1B1KAQ5_RHOOP (+1)

AOA1B1K1S4_RHOOP

AOA3A9U2U2_RHOOP

W8HF43_RHOOP

AOA1B1K3H3_RHOOP

AOA3GIM4M7_RHOOP

AOA3A9U376_RHOOP

AOAO076EI14_RHOOP

AOAO76EHS7_RHOOP (+2)

C1AT18_RHOOB

AO0A258J828 _RHOOP

W8H335_RHOOP

K8XRB0O_RHOOP

AOA3AITUM6E_RHOOP

AOA1B1K698 RHOOP

AOA1B1KAU7_RHOOP
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GN=prfA PE=3 SV=1

Aminopeptidase N OS=Rhodococcus opacus PD630 0OX=543736
GN=0OPAG_05618 PE=4 SV=1

Long-chain-acyl-CoA synthetase OS=Rhodococcus opacus OX=37919
GN=C5613_01245 PE=4 SV=1

ABC transporter substrate-binding protein OS=Rhodococcus opacus
0OX=37919 GN=R1CP_28335 PE=4 SV=1

Fumarylacetoacetase OS=Rhodococcus opacus OX=37919 GN=fah PE=4
Sv=1

Uncharacterized protein OS=Rhodococcus opacus PD630 OX=543736
GN=Pd630_LPD02224 PE=4 SV=1

Peptidyl-prolyl cis-trans isomerase OS=Rhodococcus opacus OX=37919
GN=C5613_10620 PE=3 SV=1

S9  family peptidase =~ OS=Rhodococcus  opacus 0X=37919
GN=C5613_ 37255 PE=4 SV=1

Acetyl-coenzyme A synthetase OS=Rhodococcus opacus OX=37919
GN=acsA5 PE=4 SV=1

Amine oxidase OS=Rhodococcus opacus OX=37919 GN=R1CP_31320
PE=3 SV=1

Transcriptional regulator OS=Rhodococcus opacus M213 0OX=1129896
GN=WSS_A39671 PE=4 SV=1

Uncharacterized protein OS=Rhodococcus opacus PD630 OX=543736
GN=Pd630_LPD03160 PE=4 SV=1

S-(Hydroxymethyl)mycothiol dehydrogenase OS=Rhodococcus opacus
0OX=37919 GN=R1CP_30795 PE=3 SV=1

Acetyl-CoA  acetyltransferase  OS=Rhodococcus opacus 0OX=37919
GN=EP51_18350 PE=3 SV=1

Acyl-CoA desaturase OS=Rhodococcus opacus 0X=37919
GN=COO055 17835 PE=4 SV=1

Bifunctional o0-acetylhomoserine/o-acetylserine sulfhydrylase
OS=Rhodococcus opacus OX=37919 GN=COO055_05230 PE=3 SV=1
Glutamate-binding  protein ~ OS=Rhodococcus  opacus OX=37919
GN=EP51 06970 PE=4 SV=1

Leucine--tRNA ligase OS=Rhodococcus opacus OX=37919 GN=leuS PE=3

AOA3GIMBY2_RHOOP

AO0A2S81J20_RHOOP

AOA1B1KCH2_RHOOP

AOA1B1KD28 RHOOP

W8GZP6_RHOOP

AOAO76ELI1_RHOOP (+3)

A0A258IMQ1_RHOOP

AOA1B1KHEO_RHOOP

AOA1BLKE51_RHOOP (+2)

K8X8A5_RHOOP

WB8GXX5_RHOOP

AOA1B1KDV6_RHOOP

AOA076EL43_RHOOP (+3)

AOA3AITSV2_RHOOP

AOA3AITL32_RHOOP

AOA076ELU8_RHOOP

AOA076EMZ6_RHOOP
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Sv=1

Dipeptidyl peptidase family member 6 OS=Rhodococcus opacus PD630
OX=543736 GN=Pd630_LPD02041 PE=4 SV=1

50S ribosomal protein L23 OS=Rhodococcus opacus OX=37919 GN=rplW
PE=3 SV=1

Citrate (Pro-3S)-lyase 0OS=Rhodococcus opacus 0X=37919
GN=EP51 10715 PE=3 SV=1

Succinate-semialdehyde dehydrogenase [NADP(+)] GabD OS=Rhodococcus
opacus OX=37919 GN=gabD4 PE=3 SV=1

DNA topoisomerase 1 OS=Rhodococcus opacus OX=37919 GN=topA PE=3
sv=1

AMP-dependent  synthetase = OS=Rhodococcus opacus 0OX=37919
GN=EP51 10810 PE=4 SV=1

ATP-dependent DNA helicase RecG OS=Rhodococcus opacus OX=37919
GN=recG PE=3 SV=1

Putative ABC transporter substrate-binding protein OS=Rhodococcus opacus
(strain B4) OX=632772 GN=ROP_32460 PE=4 SV=1

UvrABC system protein A OS=Rhodococcus opacus OX=37919 GN=uvrA
PE=3 SV=1

Uncharacterized  protein ~ OS=Rhodococcus  opacus  OX=37919
GN=R1CP 34175 PE=4 SV=1

Serine hydroxymethyltransferase OS=Rhodococcus opacus (strain B4)
0X=632772 GN=glyA PE=3 SV=1

NAD-dependent succinate-semialdehyde dehydrogenase OS=Rhodococcus
opacus OX=37919 GN=C5613_04950 PE=3 SV=1

FO synthase OS=Rhodococcus opacus OX=37919 GN=fbiC1 PE=3 SV=1
3-ketoacyl-CoA thiolase OS=Rhodococcus opacus PD630 OX=543736
GN=0OPAG_07334 PE=3 SV=1

Acetate-CoA ligase OS=Rhodococcus opacus PD630 0OX=543736
GN=0OPAG_06098 PE=4 SV=1

W8GUY1_RHOOP

AOA076EF56_RHOOP (+2)

AOAO076EID9_RHOOP (+2)

AOA1B1K1X3 RHOOP (+2)

AOA1B1JYF4_RHOOP

AOAO076EFJ5_RHOOP

AOA1B1K4F3_RHOOP

C1B740_RHOOB

AOA076EVQ4_RHOOP

AOA1B1KFT5_RHOOP

C1AYH3_RHOOB

AOA2S8JHTO_RHOOP

AOA1B1K2S6_RHOOP
W8HJ10_RHOOP

W8GRM9_RHOOP
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