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Resumo

Espécies reativas de oxigénio (ERO) e nitrogénio (ERN) sdo comumente geradas dentro
das células pela exposicéo a agentes endogenos e exdgenos, estas espécies, quando em
niveis normais, encontram-se envolvidas na producdo de energia, regulagcdo do
crescimento celular, sinalizagdo intercelular e sintese de substancias biologicas
importantes. Por outro lado, se produzidas em excesso, podem provocar oxidagao
lipidica, de proteinas ou do DNA causando o que conhecemos por estresse oxidativo.

Para combater o excesso de espécies reativas, os organimos produzem
moléculas antioxidantes tais como os carotenoides e enzimas como superoxido dismutase
e catalase, com alto potencial de aplicabilidade na formulagdo de alimentos, industria
farmacéutica e de cosméticos.

Diante do exposto, esta pesquisa teve por objetivo avaliar a produgdo de
carotenoides, proteoma e transcriptoma da bactéria termofila Thermus filiformis quando
submetida a diferentes condigdes de cultivo: presenca e auséncia de H,O, e temperatura
de crescimento abaixo (63 °C) e acima (77 °C) do seu 6timo (70 °C). Para tanto, os
carotenoides e a protebmica foram caracterizados por cromatografia liquida e
espectrometria de massas, e o genoma e transcriptoma foram analisados com o emprego
de tecnologias de sequenciamento de ultima geracgao e ferramentas computacionais.

Algumas diferengas foram observadas na produgdo de carotenoides de acordo
com cada condicao de cultivo. Quanto ao perfil de carotenoides, nas condicbes a 70 °C e
a 77 °C os carotenoides majoritarios foram termozeaxantinas e termobiszeaxantinas
enquanto que para condicdo a 63 °C foi a zeaxantina livre. A amostra cultivada a 70 °C
sem adigdo de H,O, apresentou a maior quantidade de carotenoides totais (1.516 ug/g),
por outro lado o extrato rico em carotenoides que apresentou maior capacidade de
desativagao do radical peroxila (50,5) foi o da amostra com adi¢cdo de H,O..

Com o intuito de se obter um banco de dados para as analises de transcriptomica
e protedmica, foi realizado o sequenciamento de DNA, o qual apresentou um tamanho
total de 2,46 MB.

Na analise de transcriptoma, 97,1% dos genes codificadores de proteinas preditos
apresentaram expressdo com valores detectédveis de RSEM (RNA-Seq by Expectation-
Maximization). Através da analise do transcriptoma foram identificados 37% e 5,86% dos
genes diferencialmente expressos (p-valor<0,05) nos ensaios com diferentes

temperaturas e com e sem adi¢cédo de H,O,, respectivamente.
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Através da anadlise do proteoma, no ensaio com diferentes temperaturas, foi
encontrado um total de 27,7% proteinas diferencialmente expressas com um FDR (False
Discovery Rate) < 0,05%, sendo 20% significativamente diferentes (p-valor<0,05, teste T)
€, no ensaio com e sem adi¢cdo de H,O,, um total de 28,3% com um FDR < 0,05%, sendo
6% significativamente diferentes (p-valor<0,05, teste T).

Os resultados do presente estudo mostram que os principais processos afetados
pela mudanga de temperatura e adicdo de peroxido de hidrogénio foram: catabolismo,
transcrigcao e tradugao de proteinas. Observou-se também que a alteragado na temperatura
teve uma maior influencia na expresséao diferencial de genes e proteinas do que a adigéao
de peroéxido.

Através das analises do trancriptoma e do proteoma de T. filiformis foram
identificadas enzimas termo-estaveis com potencial de aplicagdo industrial, como por
exemplo alfa-amilases, superdxido dismuatse, alfa-galactosidases e esterases. Além
disso, o extrato rico em carotenoides dessa bactéria apresentou capacidade de desativar
o radical peroxila superior a capacidade de extratos de frutas e até mesmo de padroes de
carotenoides.

Devido a conhecida capacidade antioxidante e potencial de aplicabilidade na
industria, foi feita a clonagem, expressao e caracterizacdo da enzima superoxido
dismutase de Thermus filiformis (TfSOD). A TfSOD apresentou atividade enzimatica

utilizando como cofator tanto manganés quanto ferro e termoestabilidade a até 80 °C.

Palavras chave: proteoma, transcriptoma, genoma, estresse oxidativo, carotenoides.
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Abstract

Reactive oxygen (ROS) and nitrogen (RNS) species are commonly produced in the cells
by exposure to endogenous and exogenous agents, these species, when at normal levels,
are involved in energy production, cell growth regulation, intercellular signaling and
synthesis of important biological substances. On the other hand, if overproduced, can
cause lipid, protein and DNA oxidation, leading to what is known as oxidative stress.

To combat excessive reactive species, organisms produce antioxidant molecules
such as carotenoids and enzymes such as superoxide dismutase and catalase, with
potential application on food formulations, pharmaceutical and cosmetics.

Therefore the aim of this research was to evaluate the carotenoid production, the
proteome and transcriptome of Thermus filiformis when submitted to the some cultivation
conditions under stress: without and with hydrogen peroxide and temperature below (63
°C) and above (77 °C) the optimum (70 °C). In order to achieve this aim, proteome and
carotenoids were characterized by liquid chromatography and mass spectrometry and the
genome and transcriptome were analyzed using next generation technology and
computational tools.

Regarding to the carotenoid profile, the major carotenoids under conditions at 70
°C (without and with H,O,) and at 77 °C were thermozeaxanthins thermobiszeaxanthin
while at 63 °C was free-zeaxanthin. The sample cultivated at 70 °C without H,O, showed
the highest amount of total carotenoid (1516 ug/g of dry mass), on the other hand the
sample with the highest antioxidant capacity was the one cultivated at 70 °C with H,O,.
The carotenoid rich extract of all conditions studied showed a peroxyl scavenging capacity
higher than those carotenoid rich extracts from some fruits and from some carotenoid
standards, demonstrating the potential applicability of T. filiformis extracts in industry.

In order to obtain a data bank for proteomic and transcriptome analysis, the DNA
sequencing was performed, which presented a total size of 2.46MB.

In the transcriptome analysis, 97.1% of predicted protein coding genes showed
detectable expression with RSEM values (RNA-Seq by Expectation-Maximization).
Through the computational analysis of T. filiformis transcriptome 37% and 5.86% of the
genes significantly different (p-value < 0.05) in the assays with different temperatures and

with and without H,O, were identified, respectivelly.
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In the total proteome analysis a total of 27.7% proteins were differentially
expressed with a FDR (False Discovery Rate) < 0.05%, being 20% significantly different
(p-value < 0.05, T-test) in the temperature assay and 28.3% proteins with a FDR (False
Discovery Rate) < 0.05%, being 6% significantly different (p-value < 0.05, T-test) in the
H,O, assay. Some changes were observed in the carotenoid production according to the
cultivation condition. The results of this study show that the main processes affected by
temperature change and addition of H,O, were: catabolism, transcription and protein
translation. It was also observed that the change in temperature has greater influence on
the differential expression of genes and proteins than the H,O, addition.

Through trancriptome and proteome analysis of T. filiformis thermostable enzymes
have been identified with potential industrial applications, such as alpha-amylases,
superoxide dismutase, alpha-galactosidases and esterases. Moreover, the extract rich in
carotenoids of this bacterium had a greater peroxyl radical scavenging capacity than the
capacity of fruit extracts and even carotenoids standards.

Due to its known antioxidant capacity and potential application in industry, a
superoxide dismutase from Thermus filiformis (TfSOD) was cloned, expressed and
characterized. The TfSOD showed cambialistic characteristics, once it had enzymatic

activity with either manganese or iron as cofactor and thermostability until 80 °C.

Key words: proteome, transcriptoma, genome, oxidative stress, carotenoids.
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Introducao e Justificativa

Micro-organismos extremdfilos, tais como termofilicos, pscicrofilicos, acidofilicos,
alcalifilicos, halofilicos e barofilicos, estdo adaptados a condigdes extremas consideradas
hostis pelo homem. Dentre os micro-organismos extremofilos, os termofilicos tém atraido
intensas investigacdes resultando em um avanc¢o nas pesquisas nos Ultimos anos. Estes
micro-organismos sao fontes microbiolégicas de recursos com valor cientifico, como
modelos biolégicos para estudo dos mecanismos de termoadaptacédo, e com elevado
potencial de aplicabilidade tecnolégica em processos industriais conduzidos a altas
temperaturas (Morozkina et al., 2010).

A adaptagéo dos micro-organismos termdfilos as condicdes ambientais extremas
a que sao submetidos obrigou-os a desenvolver componentes celulares e estratégias
bioquimicas para a sua sobrevivéncia. Dentre esses componentes podemos citar os
carotenoides, com estruturas diferentes das comumente encontradas em vegetais, frutas,
animais e outros organismos e as proteinas, que englobam as enzimas termoestaveis
com caracteristicas intrinsecas de termoestabilidade e resisténcia a desnaturacao por
fatores fisicos e quimicos (Yokoyama et al., 1995; Burguess et al., 1999; Lutnaes et al.,
2004; Li et al., 2010).

Tanto os carotenoides como as proteinas com capacidade antioxidante fazem
parte do sistema de defesa antioxidante que os organismos vivos desenvolveram para
reduzir ou inibir reacbes de oxidagao, que podem ser causadas por espécies reativas de
nitrogénio (ERN) e espécies reativas de oxigénio (ERO). Tais espécies envolvem tanto
espécies radicalares, como anion superoxido (O;*), radicais hidroxila (HO®) e peroxila
(ROO®), como nao radicalares como oxigénio singlete ('O,) e peréxido de hidrogénio
(H20,) (Halliwell, 2012). Os ERO sao gerados normalmente durante o metabolismo
aerodbio, pois em concentragoes fisioldgicas eles sdo necessarios para o funcionamento
normal das células, no entanto a produgdo excessiva pode ser prejudicial a célula, uma
vez que essas substancias podem causar oxidagdo de lipideos, proteinas e do DNA
(Sivapriya e Srinivas, 2007).

E dificil apontar as estratégias de adaptagdo dos micro-organismos em resposta a
diferentes condigbes de estresse através do estudo individual de moléculas produzidas
pelos mesmos. Um dos principios emergentes da biologia é de que geralmente a resposta
de um micro-organismo a uma variedade de estimulos é dada ndo somente por um gene

individual, mas sim por vias e redes biolégicas (Quackenbush, 2007).

1



As moléculas de micro-organismos extremofilos oferecem novas oportunidades
para biocatdlise e biotransformacdo como resultado de sua alta estabilidade em
condicbes adversas. Tanto a descoberta de novas espécies extremofilicas quanto a
determinacdo do genoma, transcriptoma e proteoma destes organismos, proporcionam
uma via para o descobrimento de novas moléculas, com a possibilidade de que estas
conduzirdo a novas aplicagdes industriais.

Estudos prévios com a bactéria Thermus filiformis (Mandelli et al. 2012a; Mandelli
et al. 2012b) apresentaram a identificacdo dos carotenoides de T. filiformis, otimizagao
das condi¢des de cultivo (fonte de nitrogénio, fonte de carbono, temperatura, pH e
quantidade de sais minerais) da bactéria para produ¢cdo dos mesmos e avaliagdo da
capacidade antioxidante dos extratos ricos em carotenoides. Estes trabalhos
demostraram que as condigdes de cultivo influenciaram no perfil, quantidade e
capacidade antioxidante dos carotenoides produzidos.

Diante do exposto, O presente projeto tem como meta a avaliacdo dos
mecanismos de adaptagdo utilizados pela bactéria termofila T. filiformis quando
submetidos a diferentes condi¢des de estresse oxidativo - presenga (100 uM) e auséncia
(0O uM) de peroxido de hidrogénio e temperaturas acima (77 °C) e abaixo (63 °C) da 6tima
(70 °C). Para atingir tais objetivos, foram realizadas as seguintes analises:

e Avaliacdo do perfil de carotenoides, quantificacdo de carotenoides totais e
capacidade de desativacédo do radical peroxila pelos extratos de carotenoides,
nas diferentes condicdes de cultivo;

e Sequenciamento do DNA total de Thermus filiformis;

e Identificagdo das proteinas diferentemente expressas nas diferentes condi¢cdes
de cultivo e clonagem e caracterizagdo da enzima antioxidante, superéxido
dismutase;

e |dentificagdo dos genes diferencialmente expressos nas diferentes condicdes
de cultivo.

Através da correlagao dos dados obtidos pelas analises citadas acima foi possivel

a elucidagédo dos principais mecanismos de adaptacdo utilizados pela bactéria quando
cultivada na presenca/auséncia de perdoxido de hidrogénio e em altas/baixas
temperaturas. Além disso, com este estudo foi possivel apontar possiveis moléculas com
potencial para aplicagédo industrial, como € o caso dos carotenoides e das enzimas, entre

elas a enzima antioxidante superoxido dismutase.
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1.1. Micro-organismos Extreméfilos

Organismos extremofilos sdo aqueles adaptados a ambientes extremos, que por
definicdo sao locais onde os parametros fisico-quimicos, como por exemplo temperatura,
concentragéo de sal, pressao, indice de radiagéo e valores de pH, atingem os limites nos
quais a vida ocorre (Gargaud et al. 2005).

Os extremdfilos podem ser subdivididos de acordo com a natureza do estresse ao
qual sdo submetidos, como por exemplo: termofilicos/hipertermofilicos (altas
temperaturas), psicrofilicos (baixas temperaturas), aciddfilos (baixo pH), alcaléfilos (alto
pH), haldfilos (alta concentracdo de sal), xerdfilos (ambientes secos), barofilicos (alta
presséo) e radioduricos (alto indice de radiagéo). A tabela 1 mostra alguns organismos e

as respectivas condigdes extremas as quais estes estdo adaptados (Seckbach 2004).

Tabela 1: Extremofilos e condigdes ambientais em que estdo adaptados.

Fa_tor Organismo Habitat Filogenia Tolerancia ao
ambiental estresse
Maximo: 113 °C
oma Pyrolobus fumarii ~ Ferda - Archea- - Otimo: 106 °C
emperatura maritima renarchacota  pinimo: 90 °C
. Maximo: 12 °C
‘ Balxat Po/aromlo;ras Geleiras Bactéria Otimo: 4 °C
emperatura vacuolata Minimo: 0 °C
_ Maximo > 100 MPa
.Press,a © Cepa MT41 Fosga s Bactéria Otimo: 70 MPa
hidrostatica Marianas Minimo: 50 MPa
. . Fontes Maximo: pH 4
Baixo pH Picrophilus termais Archea - O:E,mo: pH 0,7
oshimae acidas Euryarchacota  \inimo: pH -0,06
. Maximo: pH 12
Alto pH Natronobactgrlum Lagos Archea - Otimo: pH 10
gregoryi alcalinos Euryarchacota  \Minimo: pH 8,5
Maximo: saturagao de
Alta . sal
concentracdo Halobacterium Lagos Bactéria Iti
¢ salinarum salinos Otimo: 250 g/L
de sal Minimo: 150 g/L
Radiacso Resitente a 1,5 kGy de
uItravioI%ta e Deinococcus Carne Bactéria radiagdo gamma e
ionizante radiodurans enlatada 1500J/m? de radiagao

ultravioleta

Fonte: Seckbach 2004.



O estudo de micro-organismos extremofilos permite aumentar a compreenséo da
biodiversidade na Terra, além de ser importante na elucidagdo dos mecanismos de
adaptacdo a condi¢gdes hostis e conhecer novas moléculas estaveis em condigdes
extremas. Assim sendo, estes estudos nao sé fornecem uma visdo mais profunda do
funcionamento das células vivas, mas também pode levar a aplicagbes biotecnoldgicas
interessantes e exploragéo econémica destes micro-organismos (Morozkina et al., 2010).

Os micro-organismos extremofilos podem ter aplicagédo na produgédo de enzimas
com maior atividade e estabilidade e de substancias biologicamente ativas. Além disso,
alguns micro-organismos extremofilos tém a capacidade de destrui¢cdo e/ou eliminagao de
xenobidticos (compostos quimicos estranhos a um sistema bioldgico), como € o caso da
acumulacdo de ions de metais pesados e de radionuclideos (atomos com nucleos
instaveis que emitem radiagao) em rios e oceanos (Figura 1) (Podar e Reysenbach,
2006).

Detoxificagéo Biorremediagéo de solos com
biotecnologica alta concentragéo de sal

Produgéo de

bioetanol
Bioplasticos
Aumento da Microrganismos Biopolimeros ]
resisténcia na extremafilos p Lectinas
agricultura

\ Exopolissacarideos

Substancias biologicamente ativas
incluindo osmoreguladores

Extremoenzimas|

Biossensores

Figura 1: Possiveis aplicagbes de micro-organismos extremofilos na biotecnologia, medicina e
industria. Fonte: Morozkina et al. (2010).

A industria de alimentos, farmacéutica e agricola sdo as areas mais promissoras
para a aplicacdo de substancias biologicamente ativas, como por exemplo, a bactéria
acido-lactica Tetragenococcus halophila, que propicia a homofermentagéo sob alta
concentragéo de NaCl (18,0%), é utilizada na produgdo de molho de soja (Rdling e Van
Verseveld, 1997). Além disso, representantes do género Pseudomonas sao intensamente
utilizados em processos de biodegradacéo (Margesin e Schinner, 2001). Bactérias
Shewanella, Colwellia e alguns outros géneros, isoladas na Antartica, sado fontes

potenciais de acidos graxos poli-insaturados de cadeia longa (Russell e Nichols, 1999).



1.2. Micro-organismos Termofilos

Dentre todos os ambientes extremos existentes, a temperatura é o que mais
influencia a fungdo das biomoléculas e a manutengcdo das estruturas bioldgicas.
Entretanto, a existéncia de ambientes geotermicamente estaveis permite a selegdo de
micro-organismos que nao apenas resistem, mas também requerem altas temperaturas
para sobreviver (Gomes et al., 2007).

Ambientes com temperaturas abaixo de 55 °C sdo amplamente difundidos na
Terra e estao associados com o0 aquecimento solar; no entanto, temperaturas maiores
que 55 - 60 °C sao raras e normalmente associadas a ambientes geotérmicos. As areas
geotermais permitem uma grande diversidade de micro-organismos termofilicos e
hipertermdfilos. Os micro-organismos podem ser classificados de acordo com a faixa de

temperatura de seu crescimento conforme apresentado na Figura 2.

Taxa de crescimento

LR R R W S S s e S e e e e o
20 -10 0 10 20 30 40 50 60 70 8 90 100 110

Temperatura de crescimento (°C)

Figura 2: Classificagdo dos micro-organismos de acordo com sua temperatura de crescimento.
Fonte: Gargaud et al. (2005).

Muitos géneros de micro-organismos termdfilos, tais como: Thermus,
Thermoplasma, Rhodothermus, Bacillus, Sulfolobus e Hydrogenobacter, tém uma
distribuicdo mundial. No entanto, a situacdo no ambito de espécie é diferente, devido a
semelhancga fenotipica das espécies e devido a estrutura genética ser desconhecida na
maioria dos casos. Através de métodos de sistematica molecular foi possivel observar
padrbes endémicos claros na distribuicdo de alguns termdfilos (no ambito de espécie)
observando casos de auséncia de uma determinada espécie em certas areas geotérmicas
(Stan-Lotter e Fendrihan 2012).



Sao varios os mecanismos moleculares usados pelos mesmos para se adaptarem
as altas temperaturas. Dentre os mecanismos de adaptagdo a altas temperaturas
podemos citar: (a) estrutura/funcdo de macromoléculas e estruturas celulares, (b)
fisiologia e metabolismo, e (c) regulagdo da expressdo génica e manutengdo da
integridade do DNA. Pelo menos trés pontos merecem atengéo especial neste contexto:
membrana, DNA, e estabilidade e fungao das proteinas em temperaturas extremas.

No que diz respeito as membranas celulares, sugere-se que a estrutura tetraédrica
da monocamada lipidica encontrada em archaeas extremamente termdfilas sdo mais
adequadas para sobrevivéncia em altas temperaturasdo que as bicamadas lipidicas das
membranas bacterianas compostas por ésteres. A monocamada lipidica das archeas é
considerada mais rigida e possui ligacbes éteres que sdo mais resistentes a oxidacao a
altas temperaturas quando comparadas a ligagdes ésteres (Van de Vossenberg et al.
1998).

Quanto ao DNA, os mecanismos que contribuem para a manutengdo da sua
estrutura primaria e secundaria em temperaturas de crescimento sugerem que fatores
como mutagao genética, recombinagao intramolecular e transferéncia horizontal de genes
entre micro-organismos de diferentes espécies tiveram papel fundamental na adaptacao
dos micro-organismos termdfilos (Grogan 1998; Averhoff and Muller 2010).

As enzimas termdfilas, quando comparadas com suas homélogas mesdfilas, ndo
sdo apenas mais resistentes a temperatura, mas também a agentes quimicos,
propriedades estas que tornam estas termoenzimas interessantes para aplicacédo em
processos industriais (Pantazaki et al. 2002). Os mecanismos especificos envolvidos na
termoestabilidade das enzimas variam de enzima para enzima. Comparacgdes estruturais
realizadas entre enzimas mesdfilas e terméfilas validaram mecanismos de estabilizacéo
proteica incluindo interagdes hidrofébicas, eficiéncia de empacotamento, pontes salinas,
pontes de hidrogénio, redugdo da tensdo conformacional e resisténcia a destruigéo

covalente (Zeikus et al. 1998).

1.3. Micro-organismos do género Thermus
O género Thermus pertence a um dos mais antigos ramos filogenéticos na
evolugao bacteriana (Willians e Sharp, 1995). Em 1969, Thomas Brock e Hudson Freeze
da Universidade de Indiana (EUA) relataram uma nova espécie de bactéria termofilica
nomeada Thermus aquaticus (Brock e Freeze, 1969), sendo esta a primeira espécie do

género Thermus a ser descoberta.



Atualmente, de acordo com Euzéby (2014), ja foram identificadas 16 diferentes

espécies pertencentes ao género Thermus: T. aquaticus, T. antranikianii, T. arciformis, T.

brockianus, T. chliarophilus, T. composti, T. filiformis, T. igniterrae, T. islandicus, T.

oshimai, T. profundus, T. ruber, T. scotoductus, T. silvanus, T. tengchongensis e T.

thermophilus. Na tabela 2 sao apresentadas algumas das principais caracteristicas de

bactérias do género Thermus.

Tabela 2: Caracteristicas de diferentes espécies de Thermus.

Relacéao

L. Cor do L . Local de onde Descobridor
Espécie . Temperatura pH Nutricdo com .
pigmento P foi isolada (Ano)
oxigénio
Fontes de nitrogénio,
agucares e acidos
organicos. Cresce Parque
Thermus 6,0-  melhor em meio nacional de Brock et al.
. Al I 40-79 °C ‘ Obi
aquaticus marelo 0-79 9,5 complexo com 0,1 a aerobia Yellowstone - (1969)
0,3% de triptona e EUA
extrato de levedura.
N&o reduz nitrato.
Meio minimo
suplementado com FonFes
Thermus Vermelho R 6,5-  Peptona como fonte - termals da Loginova et al.
ruber claro 35-70 °C 73  de nitrogénio, extrato aerobia peninsula de (1975)
de levedura e uma Kamcha.tka -
fonte de carbono. Russia
Carboidratos, acidos
organicos e FonFes
Tjﬁerml{s Amarelo 37-80 °C 6,0-  aminoacidos como aerébia termais da Hudson et al.
filiformis 8,6  fonte de carbono. Ndo Nova (1987)
reduz nitrato. Zelandia
Fonte de nitrogénio, Fontes
Thermus R 7,5-  extratode levedurae - termais de Chung et al.
igniterrae  AMarelo 45-80°C g5 fonte de carbono. aerobia g kyaflot - (2000)
Reduz nitrato. Islandia
Fonte de nitrogénio, Fontes
Thermus 7,5- extrato de levedura e - termais de Chung et al.
o A I -80 ° )
antranikianii marelo 50-80°C 8,5 fonte de carbono. aerébia Hruni na (2000)
Reduz nitrato. Islandia

Fonte: adaptado de Chung et al. (2000).

Um padrao particular de distribuicdo de espécies de acordo com a influéncia

geografica é encontrado para bactérias do género Thermus (Figura 3). Estudos anteriores

observaram diferengas na composi¢cdo das espécies de diferentes locais, algumas

linhagens apresentaram-se endémicas a um local e outras se apresentaram mais

cosmopolitas (Hreggvidsson et al., 2006).
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Figura 3: Padréo de distribuicdo geografica das bactérias do género
Fendrihan (2012).

Thermus. Fonte: Stan-Lotter e

Algumas espécies de Thermus possuem seu DNA sequenciado, como pode-se

observar na tabela 3, os genomas de bactérias deste género tem tamanho em torno de

2Mb e conteudo de GC variando entre 64,8 e 69,4 %. Recentemente, foram publicados os
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genomas completos de T. oshimai JL-2 e T. thermophilus JL-18. A andlise desses
genomas revelou que estas bactérias codificam enzimas responsaveis pela redugao de
nitrato a 6xido nitrico, o que é coerente com o elevado fluxo de 6xido nitrico presente na

fonte termal de onde essas espécies foram isoladas (Senthil et al. 2013).

Tabela 3: Bactérias do género Thermus com genomas completos sequenciados.

Organismo Tazrl\]nabr;ho GC % Genes Proteinas

Thermus aquaticus Y51MC23 2,34 68,0 2.593 2.539
Thermus igniterrae ATCC 700962 2,23 68,8 2.345 2.293
Thermus antranikianii DSM 12462 2,17 64,8 - -
Thermus islandicus DSM 21543 2,26 68,3 2.432 2.330
Thermus oshimai JL-2 2,40 68,6 2.548 2.435
Thermus oshimai DSM 12092 2,26 68,7 2.401 2.341
Thermus scotoductus SA-01 2,36 64,9 2.515 2.458
Thermus scotoductus DSM 8553 2,07 64,8 2.259 2173
Thermus thermophilus HB8 2,12 69,5 2.245 2173
Thermus thermophilus HB27 2,13 69,4 2.263 2.210
Thermus thermophilus JL-18 2,31 69,0 2.508 2.402
Thermus thermophilus SG0.5JP17-16 2,30 68,6 2.488 2.339
Thermus thermophilus ATCC33923 2,15 69,4 - -
Thermus sp. CCB_US3_UF1 2,26 68,6 2.334 2.279
Thermus sp. NMX2.A1 2,29 65,3 2.523 2.449
Thermus sp. RL 2,04 68,6 2.082 1.986
Fonte: NCBI

O interesse no estudo de micro-organismos do género Thermus comegou ha anos
atras, quando em 1976, Chien e colaboradores purificaram uma DNA polimerase de
Thermus aquaticus com temperatura 6tima de 80 °C, o que possibilitou a automacao das
reacbes de PCR (reagdo de polimerase em cadeia), revolucionando a biotecnologia.
Desde entdo, além das enzimas termoestaveis, outros compostos interessantes com
potencial de aplicabilidade na industria foram isolados de bactérias do género Thermus,
como por exemplo: vitamina B12, carotenos e poli-hidroxialcanoatos (Pantazaki et al.
2002; Pantazaki et al. 2003; Henne et al. 2004).
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1.4. Thermus filiformis

Em 1886, cerca de 100 anos antes do descobrimento da bactéria Thermus
filiformis que foi objeto de estudo desta pesquisa, o vulcdo Mount Tarawera, localizado em
Rotorua na Nova Zelandia entrou em erupcado destruindo toda area ao seu redor. A
erupcao abriu uma fissura na terra de 17 quildmetros de extensdo, que separou o Mount
Tarawera em dois, ampliou em 20 vezes o tamanho original do lago Rotomahana e
formou 7 crateras que hoje compdem o Vale Vulcanico de Waimangu, que é considerado
o sistema geotermal mais recente da Terra.

Waimangu € uma area de atividade hidrotermal diversa e intensa, onde se
encontram duas das maiores fontes termais do mundo, nomeadas: Frying Pan Lake, com
faixa de temperatura de 44 a 56 °C, e Inferno Crater Lake, com faixa de temperatura de
35 a 84 °C (Waimangu: Geology - Disponivel on-line em:
http://www.gns.cri.nz/Home/Learning/Science-Topics/Volcanoes/New-Zealand-
Volcanoes/Volcano-Geology-and-Hazards/Waimangu-Geology. Acessado em 05 de
fevereiro de 2014).

A bactéria Thermus filiformis isolada do Vale Vulcanico de Waimangu em 1987,
por Hudson et al., (1987) (Figura 4), pertence ao dominio Bactéria, a familia Thermaceae
e ao género Thermus, € uma bactéria termdfila, Gram negativa, ndo esporulada, catalase
e oxidase positivas e aerébia. Em geral, as bactérias Thermus apresentam crescimento
6timo entre 70°C e 75°C; no entanto algumas espécies apresentam temperaturas de
crescimento mais baixas ao redor de 60°C. A faixa 6tima de pH para crescimento dessas
bactérias é entre 7,5 e 8,0, podendo crescer em valores de pH mais baixo (~ 5,1) ou mais
elevado (~ 9,5) (Huber e Stetter, 2004).

= e 52

Figura 4: Fonte termal do Vale Vulcanico de Waimangu. A coloracdo amarela é devido a presenca
da bactéria Thermus filiformis. Fonte: True Travel.
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Embora a bactéria T. filiformis tenha sido descoberta ha mais de 20 anos, nenhum
estudo sobre seus mecanismos de adaptacao foi realizado até o presente momento. As
publicacbes existentes sdao sobre enzimas termoestaveis (Egas et al. 1998; Choi et al.
2001; Kang et al. 2004) e caracterizagdo de carotenoides (Mandelli et al. 2012a; Mandelli
et al. 2012b).

1.5. Extresse Oxidativo

O estresse oxidativo € uma condic¢édo biolégica em que ocorre desequilibrio entre a
producado de espécies reativas de oxigénio (ERO) ou de nitrogénio (ERN) e a sua
desintoxicagdo através de sistemas bioldgicos que removam estas espécies ou que
reparem os danos por elas causados.

As espécies reativas de oxigénio, como o proprio nome indica, sdo derivadas do
oxigénio molecular com atividade redox e elevada reatividade, ja as espécies reativas de
nitrogénio séo derivadas do oxido nitrico (Tabela 4). As ERO e ERN podem ser geradas
dentro das células tanto pela exposi¢do a agentes enddégenos como exdgenos (Gomes et
al., 2005; Gomes et al., 2006).

Tabela 4: Lista de espécies reativas de oxigénio e nitrogénio.

Estrutura Descrigcao
Formado pela dismutacdo do &nion superéxido ou pela
Peroxido de
H,0, reducdo direta do O,. Por ser lipossolivel pode difundir
hidrogénio . =
pela membrana. E substrato da reagao de Fenton.
Forma altamente reativa de O, pode ser produzida in vivo
L por enzimas peroxidases, durante reagdes catalisadas por
Oxigénio ] o ] ) -
Sinalet O, lipoxigenases e também a partir de reacdes de
inglete
g fotosensibilizagdo através da reagéo entre o estado triplete
excitado de sensibilizadores e o 302.

ERO Formado em muitas reagdes de auto-oxidacdo e pela
. cadeia de transporte de elétrons. Sofre dismutagdo para
Anion

o 0"~ formar o]

roxi . s
Superoxido H,O, espontaneamente ou por catalise enzimatica.
Catalisado por metal, é o precursor para formacao de HO".
Radical Formado pela reacdo de Fenton ou decomposicdo do

‘OH
Hidroxila peroxinitrito. Altamente reativo.

Acido HOO! Formado a partr do H,O, por mieloperoxidases.
Hipocloroso Lipossolivel e altamente reativo. Oxida rapidamente os
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constituintes de proteinas, incluindo grupos tiol, grupos

amino e metionina.

Hidroperdxido Formado através de reagbes radicalares com

ROOH . -
organico componentes celulares tais como lipidios e nucleobases.

Formado de forma enddgena pela arginina e oxigénio por
] varias oxido nitrico-sintase (NOS) e pela redugao do nitrato
Oxido Nitrico NO*® ) L. . . N

inorganico. Reage com O," ~ para produzir peroxinitrito.

Altamente reativo.

ERN
Formado pela rapida reagao entre O," e NO°. Lipossoluvel
Anion ONOO- e reatividade similar ao HOCI. A protonacgéo forma o acido
Peroxinitrito peroxinitrito, que pode sofrer clivagem homolitica para

formar "OH e NO..

Mais de 90 % do oxigénio consumido pelos organismos sao usados na produgao
de energia através da fosforilagdo oxidativa pela cadeia de transporte de elétrons, via
mecanismo de quatro elétrons, formando ATP e agua. Adi¢bes consecutivas de elétrons,
um a um, ao oxigénio molecular também levam a obtencdo de 4gua, no entanto por esta
via ocorre a formacao de produtos intermediarios tais como: anion superéxido, peréxido

de hidrogénio e radical hidroxila (Figura 5) (Lushchak, 2011).

is
© 2H,0
4H*
0, / \
€ 0, —& - H,0, OH™ +"OH

H+

Figura 5: Diferentes vias da redugcdo de oxigénio em sistemas biolégicos. A parte superior do
esquema mostra a redugao por quatro elétrons na cadeia de transporte de elétrons. A parte inferior
demonstra a adigdo consecutiva de elétrons, um a um, com a formacgdo dos produtos
intermediarios anion superéxido, peréxido de hidrogénio e radical hidroxila. Fonte: Lushchak
(2011).

A maior parte das ERO (normalmente > 90 %) em organismos vivos € gerada
pelas cadeias de transporte de elétrons de mitocéndrias, do reticulo endoplasmatico, das
membranas plasmaticas e nucleares e do sistema fotossintético (Starkov, 2008).

Adicionalmente, pequenas quantidades de ERO sao geradas por algumas enzimas, como
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é o caso das oxidases, através da auto-oxidacdo de diferentes moléculas. As oxidases
mais conhecidas por produzirem ERO sdo: NADPH oxidase, lipo-oxigenases, ciclo-
oxigenases e xantina oxidase (Puddu et al., 2008).

A Figura 5 demonstra o metabolismo de algumas ERO. A redugcédo de um elétron
do oxigénio molecular pode ao fim produzir agua, o que pode ocorrer espontaneamente.
No entanto, algumas enzimas podem aumentar em muitas vezes a velocidade de
transformacao. As superoxido dismutases aceleram a dismutacdo do anion superoxido a
oxigénio molecular e perdxido de hidrogénio. Catalases decompdem o perédxido de
hidrogénio, produzindo agua e oxigénio molecular, e as peroxidases, utilizando alguns
redutores e peroxidos como co-substratos, produzem agua e produtos reduzidos.

Os principais alvos biolégicos das ERO/ERN sdao DNA, RNA, proteinas e lipideos.
De fato, os lipideos sdo o principal alvo durante o estresse oxidativo, uma vez que os
radicais livres podem atacar diretamente os acidos graxos poli-insaturados das
membranas e iniciar a peroxidacgao lipidica. O primeiro efeito da peroxidagdo € uma
diminuicdo na fluidez da membrana, alterando as propriedades da mesma, o que pode
levar a um rompimento significativo da ligagdo membrana-proteina. Este efeito age como
um amplificador, no qual mais radicais sao gerados, e 0s acidos graxos poli-insaturados
sdo degradados em varios compostos de menor massa molecular, tais como os aldeidos,
que podem danificar moléculas como proteinas (Humpries e Sweda, 1998).

No que diz respeito ao DNA, as espécies reativas podem atacar tanto suas bases
quanto suas ligacdes de agucar produzindo quebras tanto na fita simples quanto na dupla,
podem levar também a formagao de adutos de grupos de base e de acgucar, ligagdes
cruzadas com outras moléculas, lesdes que podem bloquear a replicacéo (Sies e Menck
1992; Sies 1993).

Na oxidagdo de proteinas, muitos danos ja foram documentados, incluindo a
oxidagao dos grupos sulfidrilas, redugao dos dissulfetos, adigao oxidativa dos residuos de
amino acidos proximos a sitios de ligagdo com metais através de oxidagbes catalisadas
por metais, reacdes com aldeidos, modificacdes dos grupos prostéticos ou clusters
metalicos, cross-link proteina-proteina e fragmentacdo de peptideos (Cabiscol et al.,
2000).

Quando o estresse severo é imposto, a sobrevivéncia celular depende da
habilidade da célula em se adaptar ao estresse e reparar ou substituir moléculas
danificadas. Caso a célula falhe em se adaptar desta maneira, provavelmente sofrera

apoptose, que € uma forma de resposta ao alto nivel de estresse (Ha et al., 2005). A
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prevengado da produgédo de ERO ¢ a forma mais eficiente de proteger as células contra
seus efeitos deletérios. Neste contexto, além de enzimas, compostos de baixa massa
molecular, tais como vitaminas C e E, glutationas (GSH), carotenoides e acido Urico,
formam um grupo de antioxidantes capazes de neutralizar as ERO/ERN (Lushchak,
2011).

1.6. Mecanismos de Defesa

O aparecimento do oxigénio na atmosfera levou ao desenvolvimento de
mecanismos de defesa que tanto mantém a concentragdo de radicais derivados do
oxigénio molecular em niveis aceitaveis quanto reparam danos oxidativos. Algumas
moléculas, produzidas pelos organismos, ajudam a manter um ambiente intracelular
reduzido ou ainda a desativar as ERO. Entre essas moléculas estdo os antioxidantes ndo
enzimaticos, tais como: NADPH, NADH, carotenoides, acido ascorbico, a-tocoferol e
glutationa (GSH) e os enzimaticos tais como: superdxido dismutase, catalase e glutationa

peroxidase (Cabiscol et al., 2000).
1.6.1. Carotenoides

Os carotenoides pertencem a um grupo de pigmentos naturais amplamente
distribuidos na natureza com grande diversidade de estruturas e fung¢des; possuem como
estrutura basica um tetraterpeno de 40 atomos de carbonos, formado por oito unidades
isoprenoides de cinco carbonos, ligados de tal forma que a molécula é linear e com
simetria invertida no centro. Mais de 700 diferentes carotenoides isolados de fontes
naturais ja foram caracterizados (Britton et al., 2004).

Os carotenoides apresentam na sua cadeia uma alternancia de ligagdes duplas e
simples que geram um sistema de elétrons © que se desloca sobre toda a cadeia
poliénica, proporcionando a estas substancias alta reatividade quimica e absor¢ao de luz
na regido do visivel. Como consequéncia, os carotenoides podem facilmente sofrer
isomerizacdo e oxidagdo. Por outro lado, a cadeia poliénica € responsavel pela
desativagéo de radicais livres e de oxigénio singlete ('O,), espécies altamente reativas
responsaveis pela iniciacao de cadeias de oxidagao nas células (Caris-Veyrat, 2007).

O interesse pelos carotenoides tem aumentado consideravelmente nos ultimos
anos pela evidéncia dos seus ja conhecidos beneficios a saude humana, devido as suas

propriedades antioxidantes, anticarcinogénicas e imunomodulatérias. Uma alternativa

16



para obtengado natural destes pigmentos é a sua produgdo por micro-organismos, sendo
uma das fontes as bactérias termdfilas que em sua maioria possuem carotenoides com
estrutura especifica para fortalecimento da membrana celular.

Yokoyama et al. (1995; 1996) identificaram ésteres glicosidicos de carotenoides,
termozeaxantinas e termocriptoxantinas (Figura 6), na bactéria termdfila Thermus
thermophilus. Mandelli et al. (2012b) identificaram os carotenoides zeaxantina livre,
zeaxantina monoglucosilada, e zeaxantinas diglicosiladas e aciladas tais como as

termozeaxantinas e termobizeaxantinas em T. filiformis.
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\)J\ R1=Z R2=0OH n=6
Z: Y(V)n o R1=Z R2=0H n=8
R1=Z R2=0H n=10
R1=Z R2=Z n=6and6
HO 0 Rn R1=Z R2=Z n=6and8
o R1=Z R2=Z n=8and8
HO™ HO

Figura 6: Estrutura das termocriptoxantinas (R1 = Z e R2 = H) e das termozeaxantinas (R1=Z e
R2 = OH).

A influencia na estabilizagdo das membranas se da pelo posicionamento dos
carotenoides em relagéo a bicamada lipidica. A zeaxanthina é ancorada nas duas regides
polares opostas da bicamada com a cadeia de hicrocarbonetos quase que perpendicular
a membrana (Figura 7A) (Havaux 1998). Por outro lado, as termozeaxantinas apresentam
uma maior interagdo com a membrana, devido a presenga do agucar que fica ancorado
na regiéo polar da membrana e do acido graxo que se curva como um gancho para dentro
da reagiao hidrofébica da bicamada lipidica proporcionando uma maior rigidez a mesma
(Figura 7B) (Hara et al. 1999).

17



.
I uo

Figura 7: Representacdo esquematica do posicionamento dos carotenoides zeaxantina (A)
termobiszeaxantinas e termozeaxantinas (B). Fonte: Havaux (1998) e Hara et al. (1999).

1.6.1.1. Carotenogénese em micro-organismos do género Thermus

O carotenoide incolor fitoeno, formado pela condensacéo de duas moléculas de
geranil-geranil pirofosfato (GGPP), € o primeiro a ser formado na rota biossintética de
carotenoides em bactérias (Armstrong et al., 1990). O gene de uma GGPP sintase
(TTHAO0013) foi identificado e caracterizado em T. thermophilus HBS8, esta enzima
mostrou-se distinta das GGPP sintases (CrtE) bacterianas por ndo ter o residuo de
aminoacido de insercdo comumente localizado no primeiro dominio rico em aspartato
(Ohto et al., 1999). O fitoeno é formado a partir do GGPP pela fitoeno sintase (CrtB), e em
T. thermophilus esta enzima esta localizada em um grande plasmideo com outros genes
responsaveis pela carotenogénese, sendo considerada um fator limitante na velocidade
da biossintese de carotenoides (Hoshino et al., 1993; Tabata et al., 1994).

O fitoeno é convertido em licopeno através de quatro passos de dessaturacao,
que, em bactérias, é geralmente catalisado pela fitoeno desaturase (Crtl) seguido da C-
caroteno desaturase (CrtQ) e cis-caroteno isomerase (CrtH) (Takaichi e Mochimaru,
2007). Apos a sintese do licopeno, a biossintese dos carotenoides é diversificada em
carotenoides aciclicos e ciclicos. A ciclizagao do licopeno em um ou ambos os lados V-
terminais € usualmente catalisada pela enzima licopeno B-ciclase tipo CrtL ou CrtY
(Armstrong, 1997). Nas espécies T. aquaticus Y51MC23, T. thermophilus HB27 e T.
thermophilus HB8, que possuem genomas sequenciados, foram detectadas apenas
homodlogos da enzima licopeno ciclase tipo CrtY, responsavel pela sintese de
carotenoides diciclicos em Thermus (Briggemann e Chen, 2006).

As modificagbes que podem ocorrer nos grupos terminais W- e (- dos
carotenoides, tais como hidroxilagdo, dessaturagéo, cetonizagado, glicosilagcdo e acilagao

sao responsaveis pelas estruturas Unicas dos carotenoides de Thermus.
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A hidroxilagdo do anel terminal B- das termozeaxantinas em T. thermophilus
requerem atividade de uma B-caroteno hidroxilase. Uma mono-oxigenase termoestavel
(CYP175A1) foi identificada em T. thermophilus HB27 como um novo tipo de B-caroteno
hidroxilase pertencente a superfamilia P450 (Blasco et al., 2004). A CYP175A1 catalisa a
introdugcédo de grupos hidroxila ao C-3 e C-3’ do anel-f do B-caroteno para formagéao de
zeaxantina.

As etapas de glicosilacédo e acilagdo que seguem a etapa de hidroxilagéo levam a
formagdo de ésteres de zeaxantina mono ou di-glicosilada. A zeaxantina
glicosiltransferase responsavel pela formagédo da zeaxantina [-diglicosideo em T.
thermophilus HB8, T. thermophilus HB27 e T. aquaticus Y51MC23 é tipo CruC, que
apresentou 39 %, 39 % e 40 % de homologia, respectivamente, com a glicosil tranferase
tipo CruC de Clostridium tepidum (Maresca e Bryant, 2006). Para a etapa de acilagao,
homologos de carotenoide aciltransferase foram preditos em T. thermophilus HB8 e T.
thermophilus HB27, no entanto apresentaram baixa identidade (23 %) com o tipo CruD de
C. tepidum (Tian e Hua, 2010).

A via utilizada para biossintese de caroteinodes em T. thermophilus foi proposta
tendo por base a identificacdo das termozeaxantinas e alguns de seus intermediarios
(Yokoyama et al., 1996). No entanto, a rota detalhada da carotenogénese nao pode ser
estabelecida até que todos os genes envolvidos sejam confirmados e analisados
funcionalmente.

A rota biossintética de producéo de carotenoides mostrada na Figura 8 trata-se de
uma via gerada por anatogcdo automatica, com base nos genomas de diferentes
organismos, feita pelo banco de dados do KEGG (Kyoto Encyclopedia of Genes and

Genomes).
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Figura 8: Rota de referéncia da biossintese de carotenoides em organismos procariotos e eucariotos. Fonte: www.Kegg.jp.
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1.6.2. Superoéxido dismutase

Dentre as enzimas produzidas pelos micro-organismos que podem levar a
diminuicdo dos niveis de ROS, destacam-se a superoxido dismutase que converte O,
em H,O, e O,, a catalase que converte H,O, em H,O e O, e a glutationa peroxidase,
responsavel pela detoxificagdo de peroxidos organicos e inorganicos.

Das enzimas supracitadas, as superéxidos dismutases (SOD) exercem um papel
essencial no metabolismo do anion superdxido, antecipando reagdes de oxidagédo e
prevenindo a formacao de espécies deletérias como anion peroxinitrito e radical hidroxila
(Miller, 2012). A capacidade de sobreviver ao O, é de tal importancia que poucos
organismos desprovidos de SOD sobrevivem a transicéo, provocada pela evolugao, de
um ambiente redutor para um oxidante (Blankenship, 2010). A pressao evolucionaria para
o desenvolvimento de protegdo contra o superoxido foi suficientemente intensa para que
as SODs evoluissem em pelo menos trés ocasidoes separadas. Uma destas foi
suficientemente antiga e importante que esta enzima € encontrada em todos os reinos da
vida, o que indica que se desenvolveu antes mesmo da diferenciacdo das eubactérias de
archaeas.

As SODs séo divididas em trés familias: as que utilizam niquel, as que utilizam
cobre complexado com zinco e por fim as que utilizam manganés ou ferro, ou ambos. No
entanto, as familias ndo se diferenciam somente pelo ion metalico, mas também pelo
enovelamento destas proteinas (Miller, 2012).

Um dos principais requisitos para as SODs comerciais € a termoestabilidade, uma
vez que a desnaturacao térmica € uma causa comum da inativagado enzimatica. Por este
motivo o interesse por SODs de organismos termofilicos tem aumentado nos ultimos
anos, com a finalidade de se obter enzimas termoestaveis (Li et al., 2005). SODs ja foram
isoladas de alguns organismos termofilicos dos géneros Aquifex (Lim et al., 1997),
Aeropyrum (Yamano et al., 1999), Sulfolobus (Yamano e Maruyama, 1999), Pyrobaculum
(Whittaker e Whittaker, 2000) e inclusive Thermus (Liu et al., 2011). Como esperado,
todas elas apresentaram termoestabilidade superiores as SODs mesofilicas,

apresentando, portanto grande potencial para aplica¢des industriais.
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1.7. Ferramentas para identificacdo de vias biolégicas e moléculas com

potencial biotecnolégico

Um dos principios emergentes da biologia € que geralmente, ndo sao genes
individuais, mas sim redes e vias biolégicas que conduzem a resposta de um organismo a
uma vasta gama de estimulo. Neste contexto, para avaliar mecanismos de adaptacéo e
vias de produgdo de certos metabolitos € essencial o uso de ferramentas, como a
protebmica e ftranscriptdmica, que nos fornecam uma visdo geral do que esta

acontecendo com um organismo quando submetido a uma dada condigéo.

1.7.1. ProteGbmica

A protedbmica € um campo da ciéncia que se propde a analisar de forma global o
conjunto de proteinas (proteoma) contidas em uma amostra bioldgica, seja esta um
organismo, tecido, célula ou organela celular. Devido a natureza dindmica do proteoma
(ele se altera frente a diferentes condi¢des e estimulos), seu estudo representa, além de
uma forma de procurar as possiveis fungdes das proteinas, uma forma de investigar
processos metabdlicos em sistemas vivos para melhor entender o seu funcionamento e
seus mecanismos de adaptagéo frente a diferentes estimulos (Anderson e Anderson,
1998).

Muitas das tecnologias hoje utilizadas na protedmica foram desenvolvidas muito
antes do inicio da mesma. No entanto, foi 0 avango na tecnologia de sequenciamento de
proteinas por meio da espectrometria de massas que possibilitou o seu surgimento e
desenvolvimento (Tyers e Mann, 2003). O inicio da protedmica foi marcado pela
caracterizacdo de perfis proteicos, passando, posteriormente, a focar outros aspectos
como a quantificacdo de proteinas, as interagcdes entre proteinas e as modificagdes pos-
traducionais (MPT’s).

O fluxo experimental normalmente utilizado na protedmica consiste na extragao de
proteinas, separagdo, quantificacado e, finalmente identificacdo. As informacdes sobre o
proteoma de uma amostra podem derivar da andlise de proteinas intactas (protedmica
fop-down) ou de seus peptideos (protedmica bottom-up). Na protedbmica bottom-up, as
proteinas de uma mistura sao digeridas, e os peptideos resultantes sao analisados por
MS. As limitagdes dessa estratégia podem estar na cobertura incompleta da sequéncia
das proteinas, na perda das MPT's e nas degradagbes como resultado da digestao

proteolitica. Ja a analise fop-down permite deduzir a estrutura primaria da proteina e a
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maior parte das MPT’s. No entanto, essa estratégia € limitada pela energia de colisdo
necessaria na fragmentagdo da proteina que é insuficiente para proteinas maiores que
50KDa, ficando restrita sua aplicagao a analise de proteinas purificadas (Nesaty e Suter,
2008).

Os dados gerados por analise protedmica permitem alcangar diferentes objetivos:
esclarecer as proteinas envolvidas em rotas metabdlicas relacionadas aos diferentes
processos celulares; identificar novos alvos farmacoldgicos e marcadores bioldgicos;
identificar moléculas bioativas a partir de extratos bioldgicos naturais, levando ao
desenvolvimento de novos farmacos; e, caratcterizar as respostas celulares a
determinadas drogas e mudancgas ambientais (Silva et al. 2007).

Alguns estudos do proteoma de bactérias ja foram realizados no intuito de elucidar
0s mecanismos utilizados na adaptacéo ao estresse por estes organismos (Mostertz et al.
2004; Trauger et al. 2008; Li et al. 2010; Hare et al. 2011; Kim et al. 2012). Estes
trabalhos, através dos dados de protedmica e analise computacional, demonstram
proteinas que tem sua expressao diferenciada de acordo com o tipo de estresse a qual o
micro-organismo é submetido.

Em seu estudo sobre termo-adaptacdo da bactéria Thermus thermophilus wl,
comparando cultivos acima e abaixo da temperatura étima de crescimento (65 °C), Li et
al. (2010) observaram que as proteinas responsaveis pela adaptagéo estavam envolvidas
em vias metabdlicas (via de carboidratos, de amino acidos e de cofatores e vitaminas)
bem como na estabilizagdo e modificacdo do DNA e de proteinas, sendo que a enzima
superoxido dismutase foi considerada crucial na termo-adapatacdo devido ao seu
envolvimento na detoxificagcao de radicais livres.

Além da funcdo de elucidar os mecanismos de adaptacdo de organismos, a
protedmica também serve como uma ferramenta para prospecgédo de novas enzimas com
potencial de aplicabilidade industrial (Tabela 5). Neste sentido, as enzimas de micro-
organismos termofilicos, tornam-se muito interessantes uma vez que estas se apresentam
mais estaveis a temperatura, agentes quimicos € a mudangas de pH quando comparadas
as enzimas de organismos mesofilicos. A principal vantagem dos processos a alta
temperatura esta na reducdo do risco de contaminagdo microbiana, baixa viscosidade,
aumento nas taxas de transferéncia de calor e massa, e melhora na solubilidade dos
substratos (Bruins et al. 2001).

Pesquisas realizadas com termoenzimas tém demonstrado que estas s&o uma

6tima fonte de catalisadores com grande atrativo industrial. Enzimas termoestaveis que
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degradam polimeros, tais como amilases, pullulanases, xilanases, proteases e celulases,

apresentam grande potencial de aplicagcdo nas industrias de alimentos, quimica,

farmacéutica, de celulose, de papel e de tratamento de efluentes.

Tabela 5: Exemplos de termoenzimas, possiveis aplicagbes e principais vantagens na

sua aplicacao industrial.

Enzima Aplicacao Vantagem
Alcool Sintese de alcoois quirais Aumenta estabilidade
desidrogenase
Amilase Produgéo de xarope de glicose Compativel com as altas temperaturas
utilizadas no processo
Celulase Processamento de polpa e Compativel com as altas temperaturas

Ciclodextrina glicosil
transferase
DNA polimerase

Glucoamilase

Glicosidase

Lacase

Protease

Pululanase

Xilose/glicose
isomerase

papel
Detergentes industriais

Produgéo de ciclodextrina
Reacdo de PCR
Converséo de amido
Hidrolise da lactose
Sintese de oligossacarideos
Sintese de detergentes alquil
glicosideos
Detergentes para lavanderia

Detergentes

Sintese do precursor de
aspartame

Produgéo de xarope de glicose

Produgéo de xarope de frutose

utilizadas no processo
Estavel a altos pHs

Compativel com as altas temperaturas
utilizadas no processo

Compativel com as altas temperaturas
utilizadas no processo

Compativel com as altas temperaturas
utilizadas no processo

Menor taxa de crescimento microbiano
em altas temperaturas

Melhor solubilidade do substrato em
altas temperaturas

Compativel com solventes organicos

Estavel em pH alto
Estavel em pH alto

Compativel com solventes organicos

Compativel com as altas temperaturas
utilizadas no processo

Equilibrio  deslocado pela alta

temperatura

Adaptada de Bruins et al 2001.

Apesar de ja serem encontradas em muitos processos, as enzimas termoestaveis
apresentam potencial de aplicagdo ainda mais amplo. Elas podem, por exemplo, substituir
enzimas mesofilicas em processos que sao beneficiados se operados em alta

temperatura. Além disso, termoenzimas podem exercer papel central no melhoramento de
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novos processos, a exemplo do ocorrido com as reagbes de PCR devido ao
descobrimento da Taq DNA polimerase de Thermus aquaticus (Chien et al. 1976).

Outra vantagem €& que as termoenzimas podem ser aplicadas como
biocatalisadores nos processos industriais em substituicdo a reagentes quimicos,
tornando o processo menos agressivo ao meio ambiente. Este fato pode ser observado
na industria de celulose e de papel, que gera residuos quimicos, danosos ao meio
ambiente, oriundos da etapa de branqueamento (Bruins et al. 2001).

A produgao de termoenzimas em organismos mesofilicos torna possivel a sua
obtencdo em larga escala, facilita a sua purificagdo e consequentemente leva a um
aumento na disponibilidade e a um menor custo de produgdo, levando assim, a um

crescente aproveitamento das enzimas termoestaveis por parte das industrias.

1.7.2. Transcriptomica

Transcriptdbmica € o estudo do transcriptoma que se refere ao conjunto completo
de transcritos (RNAs mensageiros, RNAs ribossémicos, RNAs transportadores e os
microRNAs) de um dado organismo, 6rgdo, tecido ou linhagem celular. O perfil do
transcriptoma pode variar segundo o momento (numa dada fase do ciclo celular, por
exemplo), estado fisiologico, estimulos fisicos, quimicos ou bioldgicos. O uso da
tecnologia de sequenciamento de nova geragao para estudar o transcriptoma ao nivel dos
nucleotideos é conhecido como RNA-Seq (Wang et al. 2009).

Li et al. (2010) em seu estudo de adaptagéo térmica da bactéria T. thermophilus
wl, utilizaram a técnica de Northen blot para confirmar os dados obtidos através da
protedmica. Foram avaliados os genes codificadores das proteinas super expressas (total
de 17) na condigdo de cultivo com temperatura acima da 6tima (70 °C) e os dados
encontrados foram similares ao da protedmica.

O uso da transcriptébmica como ferramenta para elucidacdo dos mecanismos de
adaptacéo a condi¢des adversas também foi demonstrado por Zeller et al. (2005). Neste
estudo foi avaliada a expressao génica da bactéria Rhodobacter sphaeroides quando
cultivada na presenga de H,O.. A resposta genética a presenga de H,O, envolveu a super
expressdo de genes envolvidos na detoxificagdo de H,O,, enovelamento de proteinas e
protedlise, reparo de DNA danificado, transporte e armazenamento de ferro, reparacéo de
aglomerados de ferro-enxofre e sub expressdo de genes para tradugéo de proteinas,

motilidade e sintese de parede celular e lipopolissacarideos.
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Segundo Cabiscol et al. (2000), a magnitude da resposta ao H,O, ndo depende
somente da intensidade e tipo de estimulo, mas também da fase de crescimento do
micro-organismo, sendo a resposta maxima na fase logaritmica e a menor na fase
estacionaria. Culturas em fase estacionaria de Bacillus subtilis apresentaram alta
viabilidade apés tratamento com 10 mM de H,O,, concentracéo esta capaz de reduzir a
viabilidade celular na fase logaritmica a aproximadamente 0,01% (Dowds, 1994). O
mesmo fenémeno foi observado em E. coli, onde sugeriu-se que células em fase de
crescimento tem sua capacidade de resposta rapida ao estresse severamente
comprometida (Eisentark et al., 1996).

A combinagdo das anadlises de protedmica e transcriptbmica com o intuito de
proporcionar uma Vvisdo panoradmica das estratégias de adaptacdo de diferentes
organismos a condigbes de estresse oxidativo tem se mostrado promissora. Além de
genes com fungdes conhecidas, muitos genes com fung¢des desconhecidas séo
encontrados nestes estudos, sendo estes tanto induzidos quanto reprimidos de acordo
com o estimulo ao qual sdo submetidos. Neste contexto, uma analise sistematica dos
produtos codificados por genes induzidos em situagbes de estresse poderia levar a uma
melhor compreensdo dos mecanismos de adaptacdo dos organismos apos a sua
exposicao a espécies reativas de oxigénio e/ou de nitrogénio.
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ABSTRACT

Thermus filiformis is an aerobic thermophilic bacterium isolated from a hot spring in New
Zealand with optimal growth at 70 °C. In order to evaluate the proteins and genes involved
in the adaptation of T. filiformis cultivated under different conditions (63 °C, 77 °C, 70 °C
without H,O, and 70 °C with H,O,) and also to find thermozymes with potential industrial
and biotechnological applications we used genomic, transcriptomic and proteomic
approaches. Thermozeaxanthins and thermobiszeaxanthin synthetized by T. filiformis
showed to be responsible for membrane stability at higher temperatures. Moreover, the
carotenoid rich extracts of all samples proved to be potent scavengers of the peroxyl
radical, being from 14 to 50 times more potent than a-tocopherol. Through proteomic and
trancriptomic analysis the main mechanisms involved in the oxidative stress were
elucidated. Proteins such as chaperones, aminoacyl-tRNA synthetases, the alarmone
ppGpp were up-regulated in response to higher temperatures. On the other hand genes
involved in the TCA cycle were down-regulated in respose to an increase in temperature,
probably in attempt to avoid an excess in ROS formation. In relation to the addition of
H,0.,, it was observed an up-regulation of the chaperonin 33, which is a protein with highly
reactive cysteines that respond quickly to changes in the redox environment. Besides the
elucidation of the adaptation strategies, the study of the genome, transcriptome and
proteome of T. filiformis also allowed the identification of molecules with high
biotechnological potential, such as esterases, superoxi dismutase, alpha-galactosidases

and alpha-amylase.

Keywords: RNA and DNA sequencing; mass spectrometry; thermozeaxanthin; antioxidant

capacity.
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INTRODUCTION

Extremophiles microorganisms, such as acidophilies, alcalophiles, barophiles,
psychrophiles and thermophilies, are well adapted to unfavorable conditions from a human
perspective, and have huge biotechnological potential. As a rule, extremophile molecules
present increased stability not to a single, but to range of environmental factors, making
possible their use in the industry for a wide range of applications (Topanurak et al. 2005).

Thermal environments are one of the most harmful ones and because the high
temperature can transpose physical barriers and can have dramatic effects on the
structure of almost all macromolecules (Hickey and Singer 2004). Moreover, thermophiles
are also often exposed to oxidative stress, which is very deleterious to the cell, causing
cellular damage at both molecular and metabolic levels (Miyoshi et al. 2003). The oxidative
stress leads to an excess in generation of reactive oxygen and nitrogen species
(ROS/RNS), such as anion superoxide, hydrogen peroxide, hydroxyl radical, peroxynitrite
and nitric oxide that are highly reactive and able to cause damage to proteins, nucleic
acids, lipids and other biological macromolecules (Topanurak et al. 2005).

Hydrogen peroxide (H,O,) can potentially damage enzymes by oxidizing sulfhydryl
and iron-sulfur moieties. In addition, hydroxyl radical is fomed through Fenton reaction,
which is highly reactive and can produce mutagenic and lethal lesions (Storz and Imlay
1999). Moreover, since H,O, is an uncharged species, it penetrates lipid bilayers, at
physiological pH, with a permeability coefficient similar to that of water (Mishra and Imlay
2012). Therefore, organisms typically contain multiple catalases and/or peroxidases to
scavenge H,0..

Despite knowing the function of some enzymes to the response of microorganisms
exposed to a certain stress condition, it is hard to outline their adaptation strategies only
studying the individual proteins (Chen and Chen 2004; Bruno-Barcena et al. 2010).
Therefore, one of the emerging principles in biology is that it is not the individual genes but
the biological pathways and networks that drive an organism’s response to a wide range of
stimuli (Li et al. 2010). In this context it is important to identify the proteins involved in T.
filiformis metabolism under stress conditions to unveil the mechanisms used in its
adaptation to extreme environments.

Besides proteins, other molecules, such as carotenoids, have an important role in
the stress adaptation. Carotenoids are known by its antioxidant properties which are
closely related to their chemical structure, including aspects such as the number of

conjugated double bounds, type of structural end-groups, and oxygen-containing
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substituents (Mandelli et al. 2012a; Rodrigues et al. 2012). In Thermus, carotenoids can
be inserted into lipids bilayers to reinforce the membrane at high temperatures (Yokoyama
et al. 1995).

Thermus filiformis (ATCC 43280) is a thermophilic bacterium from Thermus genus
that belongs to one of the oldest phylogenetic branches of bacterial evolution and that can
grow well at temperatures around 70 °C. These microorganisms produce many
thermostable enzymes, such as lipases/esterases (Fucifios et al. 2005), laccase (Miyazaki
2005) and superoxide dismutase (Mandelli et al. 2013), all of them can be useful for
industrial applications.

Thus, the aim of this study was firstly to identify the carotenoid composition of each
cultivation condition and determine the in vitro scavenging capacity of carotenoid rich
extracts against peroxyl radical (ROQO®). Due to the diffente profile and antioxidant capacity
obtained for each different cultivation condition, we used genomic, transcriptomic and
proteomic approaches to evaluate the mechanisms used by the thermophilic bacterium T.

filiformis to grown in those differente growing conditions.

EXPERIMENTAL PROCEDURES

Bacterial culture and stress experiments

A strain of Thermus filiformis (ATCC 43280), isolated from a hot spring in New Zealand,
was obtained from the National Institute for Quality Control in Health (INCQS/FIOCRUZ -
Rio de Janeiro, Brazil). The microorganism was reactivated and stored according to
Mandelli et al. (2012b).

T. filiformis was cultivated in Petri dishes containing the solid medium Castenholz
TYE 1 % at 70 °C (optimum growth temperature) for 24 h (Ramaley and Hixson, 1970).
Then, part of the culture from the Petri dishes was transferred to a 250 mL Erlenmeyer
flask containing 30 mL of Castenholz TYE 1% and incubated on a shaker at 230 rpm for
24 h at 70 °C (pre-inoculum). After this period, the cell from the pre-inoculum were
transferred to a 500 mL Erlenmeyer flask containing 150 mL of Castenholz TYE 1% and
incubated under four different conditions: 63 °C, 77 °C, 70 °C without addition of H,O,
and 70 °C with addition of 100 uM of H,O; (final concentration). For transcriptomic analysis
the microorganim was cultivated for 8h while for carotenoid and proteomic analysis
analysis the microorganim was cultivated for 16h.The experiments were performed in

triplicates.
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After microbial growth under the conditions described above, the suspensions of cells
were centrifuged at 8,000 g for 10 min at 10 °C and the supernatant discarded. The pellet

obtained was frozen at - 35 °C and afterwards lyophilized (Liobras model K105, Brazil).

Carotenoid extraction and identification

The carotenoids were extracted according to Mandelli et al. (2012). The total carotenoid
content was used as the parameter of concentration in the determination of the antioxidant
capacity. Total carotenoids were quantified in a diode array spectrophotometer (Agilent
model 8453, USA) in the bandwidth from 220 to 700 nm, and the total concentration of
carotenoids was calculated using the value obtained at the maximum absorption
wavelength (Amax = 449 + 2). The absorption coefficient value used was 2540 (zeaxanthin
in ethanol) (Britton 1995).

The carotenoid extracts were analyzed in a high-performance liquid chromatograph
(Shimadzu HPLC, Japan) equipped with quaternary pumps (model LC-20AD), an on-line
degasser and a Rheodyne injection valve with 20 uL loop. The equipment included a DAD
detector (Shimadzu, model SPD-M20A) connected in series to a mass spectrometer with
an atmospheric pressure chemical ionization (APCI) source and an ion-trap analyzer
(Bruker Daltonics, model Esquire 4,000, Germany). The carotenoid separation was carried
out on a C30 YMC column (5 um, 4.6 x 250 mm) (Waters, USA) with temperature set at 32
°C and with a linear gradient of methanol/methyl tert-butyl ether (MeOH/MTBE) from 95:5
to 70:30 in 30 min, then to 50:50 in 10 min at 0.9 mL min” Mandelli et al. (2012a).The
mass spectrometer parameters were set as follows: positive mode, current corona: 4,000
nA, source temperature: 450 °C, dry gas: N, with a temperature of 350 °C and a flow of 5 L
min-1, nebulizer: 60 psi. The MS/MS experiments were run in automatic mode, with
fragmentation energy of 1.4 V. The mass spectra were acquired with scan range of m/z
from 100 to 1,500. The carotenoids were identified as previously mentioned in Mandelli et
al. (2012a) and the percentage of each carotenoid was calculated considering the total

area of all identified carotenoids.

Peroxyl radical scavenger capacity

Appropriate aliquots of the carotenoid extract were taken to prepare the working solutions
in at least five different concentrations for each sample (Figure 4), evaporated under N,
flow, redissolved in DMSO/MTBE (10:1, v/v) and sonicated for 30 s. The assays were
carried out in a microplate reader (Synergy Mx, BioTek, Winooski, VT, USA), equipped
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with a thermostat and dual reagent dispenser. The ROO® scavenging capacity was
measured by monitoring the effect of the carotenoid rich extract or a-tocopherol standard
on the fluorescence decay resulting from ROO™ induced oxidation of C11-BODIPY581/591
(Rodrigues et al., 2012). ROO®* was generated by the thermodecomposition of AIBN at
41°C. Reaction mixtures in the wells contained the following reagents at the indicated final
concentrations (final volume of 225 uL): 0.18 uM C11-BODIPY581/591 in DMSO, 195 mM
AIBN in DMSO/MTBE (10:1, v/v) and the carotenoid extract dissolved in DMSO. The
fluorescence was measured until 120 min with excitation at 540 + 20 nm and emission at
600 = 20 nm. The ROO® scavenging capacity was calculated according to Rodrigues et al.
(2012) and was expressed as an undimensional value that represents how many times the
extract is more efficient than a-tocopherol (positive control). The results correspond to

analysis performed in triplicate.

DNA Sequencing, Genome Assembly, and Genome Annotation

The genomic DNA of Thermus filiformis was extracted with the phenol/chloroform method
and then purified with PowerClean® DNA Clean-Up Kit (MoBio laboratories, USA). After
that, the libraries for sequencing were prepared using Nextera DNA Sample preparation
Kit (lllumina, USA), according to the manufacturer's protocol. These libraries were
sequenced using the lllumina MiSeq Sequencing system (MiSeq Reagent Kit v2 of 500
cycles) with 250 base pair end chemistry (250x2bp). All genomic reads were assembled
with the De Bruijn short read assembly algorithm Velvet 1.2.08 (Zerbino and Birney 2008).
The assembly parameters were a kmer overlap value of 47 (k=47), minimum graph
coverage value of (-cov_cutoff 7) and a minimum assembled contig length of 300bp (-
min_contig_Igth 300). These parameters were selected based on a kmer optimization
sweep. All protein coding genes were predicted using the prokaryotic gene called software
Prodigal v2_60 (Hyatt et al. 2010), tRNA coding regions were predicted using tRNAscan-
SE 1.21 (Schattner et al. 2005) and secreted proteins and transmembrane proteins were
predicted using signalP 4.0 (Petersen et al. 2011). All predicted genes were annotated
using homology search with NCBI BLAST 2.2.27+/C++ (Boratyn et al. 2013) against the
NR and Uniprot databases. Domain prediction of protein coding genes was achieved using
hmmscan (Eddy 2011) against the PFAM 27.0 domain database (Finn et al. 2014).
Conserved Carbohydrate Active genes (CAZy) were predicted using hmmscan against the
dbCAN database (Yin et al. 2012) CAZy domain profiles.
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RNA-Seq Transcriptome Sequencing and Quantitative Transcriptomics

The microorganism was cultivated in Erlenmeyer containing Castenholz TYE 1 % medium
at 70 °C for 8 h. After this period, the cultivation was centrifuged as previously described,
the cells were recovered and grounded with liquid nitrogen. The T. filiformis RNA was
extracted using mirVana™ miRNA Isolation Kit (Life technologies, USA), treated with Ribo-
Zero™ Magnetic Kit for bacteria, and then the TrueSeq® RNA Sample Preparation
(Mlumina, USA) was employed to prepare the cDNA libraries for sequencing. The libraries
were barcoded and pooled for MiSeq 150x2bp sequencing. All experiments were
performed in triplicates. Sequencing was performed on an lllumina MiSeq platform, using
MiSeq Reagent Kit v2 of 300 cycles, at the Physics Institute of Sdo Carlos — University of
Séo Paulo, Brazil.

RNA-Seq reads were mapped onto the de novo assembly using the Bowtie2
alignment software (Langmead and Salzberg 2012). Quantitative transcription levels were
predicted for all predicted protein coding genes in both FPKM (Fragments per kilobase of
exon per million fragments mapped) and TPM (Transcripts per million) levels using the
quantitative mapping package RSEM version 1.2.1 (Li and Dewey 2011). Differential
expressions of all protein coding transcripts between all tested growth conditions were
calculated using a significance threshold of p<0.05 using the Bioconductor EdgeR
package (Robinson et al. 2010; Anders et al. 2013).

The functional classification of the differentially expressed genes (p-value<0.05)
was performed according to Pfam. The categories over represented in each of the studied
conditions were determined from the enrichment analysis implemented by BayGo
algorithm (Véncio et al. 2006)

Proteome analysis — sample preparation, mass spectrometry and data analysis

The lyophilized bacteria (7.0 = 0.1 mg) was weighted and transferred to a siliconized
microcentrifuge tube (2 mL), 700 uL of MiliQ water were added and the bacterial cells were
disrupted by sonication with 10 s pulse for 5 min (Ultrasonic Processor, Sonics Vibracell,
USA).

Samples (30 pL) were heated for 5 min at 99 °C in the presence of 15 pL of 6x
protein loading buffer, followed by protein separation with 12 % sodium dodecyl sulfate
polyacrylamide gel (SDS-PAGE) (16 x16 cm). The protein bands were visualized by

staining the gel with Coomassie Blue R-250. The analysis was performed in triplicate.
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The bands resulting from the SDS-PAGE analysis were excised according to the
molecular weight (> 120, 120 to 85, 85 to 50, 50 to 35, 35 to 25, 25 to 20 and < 20 kDa),
resulting in 7 gel pieces for each sample replication. The gel pieces were placed in a
siliconized microcentrifuge tube, washed and destained in 0.5 mL 50% methanol/5%
acetic acid for 3 h at room temperature before dehydration in 200 yL acetonitrile for 5 min
and completely dried in a vacuum centrifuge.

The proteins were reduced by addition of 50 yL 10 mM dithiothreitol (DTT) and
alkylated by addition of 50 yL 100 mM iodoacetamide (both 30 min at room temperature).
To exchange the buffer, the gel pieces were dehydrated in 200 uL acetonitrile, hydrated in
200 pL 100 mM ammonium bicarbonate and dehydrated again with 200 uL acetonitrile.
The dehydrated gel pieces were then completely dried in a vacuum centrifuge and
rehydrated in 50 pL of 20 ng pL™" ice-cold, sequencing-grade modified porcine trypsin
(Promega, USA) for 30 min on ice bath. After that, the digestion was carried out overnight
at 37 °C. The peptides produced in the digest were collected using the following solutions:
5 % formic acid in water (1x) and 5 % formic acid in acetonitrile/water (1:1) (2x); the
extracts were combined in a siliconized 0.6 mL microcentrifuge tube and the total extract
was concentrated in a vacuum centrifuge to 1 L for analysis (Hanna et al. 2000).

The total extracts were reconstituted in 0.1% formic acid and analyzed on an ETD
enabled Orbitrap Velos mass spectrometer (Thermo Fisher Scientific, USA) connected to
a nanoflow liquid chromatography (LC-MS/MS) by an EASY-nLC system (Proxeon
Biosystem, USA) through a Proxeon nanoelectrospray ion source. Peptides were
separated on an analytical column EASY-Column (10 cm x id 75 pym, 3 ym particle size)
with a pre-column EASY-Column (2 cm x id 100 ym, 5 ym particle size) and using a 2 -
90% acetonitrile gradient in 0.1% formic acid at a flow rate of 300 nL/min over 20 min. All
instrument methods for the Orbitrap Velos were set up according to Souza et al. (2012).
Peak lists (mgf) were generated from the raw data files by the software Proteome
Discoverer 1.3.0 (Thermo Fisher Scientific, USA) and searched against Thermus
thermophilus HB27 databases from Uniprot, with carbamidomethylation as fixed
modifications and oxidation of methionine as variable modification.

Scaffold (version Scaffold_3.6.1, Proteome Software Inc., Portland, OR) was used
to process the data from proteome discoverer. All MS/MS samples were analyzed using
Sequest (XCorr Only) (Thermo Fisher Scientific, San Jose, CA, USA; version 1.4.0.288),
which was set up to search on Thermus filiformis genoma (2402 entries) assuming trypsin

as the digestion enzyme. Sequest was searched with a fragment ion mass tolerance of
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1.00 Da and a parent ion tolerance of 10.0 PPM. lodoacetamide derivative of cysteine was
specified in Sequest as a fixed modification and oxidation of methionine was specified as a
variable modification.

Peptide identifications were accepted only when established with at least 95 %
probability as specified by the Peptide Prophet algorithm (Keller et al. 2002). Protein
identifications were accepted when established with both at least 95 % probability and
contained at least 2 identified peptides. Protein probabilities were assigned by the Protein
Prophet algorithm (Nesvizhskii et al. 2003). Proteins that contained similar peptides and
could not be differentiated based on MS/MS analysis alone were grouped to satisfy the

principles of parsimony.

Functional enrichment analysis

The enrichment analysis was performed to evaluate the over represented biological
process, according to Gene Ontology biological processes (GO) (Ashburner et al. 2000)
using the Integrated Interactome System (lIS) platform, developed at the National
Laboratory of Biosciences (LNBio), Brazil (Carazzolle et al. 2014). Significant biological
processes (p-value < 0.05) from proteins/RNA enrichment analysis were assigned as
clusters to generate a map of proteins and the corresponding enriched biological process,
using the Cytoscape software for visualization (Shannon et al. 2003). The map from
proteomic data analysis was merged with the map from RNA data analysis, resulting in
one map for each comparison (without and with H,O, and temperature set at 63 and 77
°C). Different colors and shapes were attributed to the corresponding gene of
proteomic/RNA data in the proteins and biological process map, according to their

expression (up- or down-regulated) and origin data (proteomic or RNA lists).

RESULTS

The carotenoid profile and the antioxidant capacity of the carotenoid extract of T. filiformis
under different cultivation conditions (63 °C, 77 °C, 70 °C without addition of H,O, and 70
°C with addition of 100 uM of H,0O,) were evaluated. Due to the differecens presented in
those analysis, we used the genomic, proteomic and transcriptomic approach to detect
and identify proteins and genes that were differentially expressed by T. filiformis in each
the mentioned conditions, in an attempt to elucidate the adaptations mechanisms involved

in each case, and also to prospect targets with biotechnological potential.
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The result from the cultivations were evaluated comparing sample cultivated at 63
°C and 77 °C, below and above the optimum growth temperature of T. filiformis (70 °C), to
evaluate the thermoadaptation mechanisms used by this bacterium; and sample cultivated
with and without H,O,, which can penetrates lipid bilayers with a permeability coefficient
similar to that of water and be converted into highly reactive and deleterious products such

as hydroxyl radical (Mishra and Imlay 2012).

Carotenoid analysis and antioxidant capacity of the carotenoid rich extracts

T. filiformis showed the highest total carotenoid content in the sample cultivated at
70 °C (1516 ug/g freeze-dried bacteria), while low values were obtained under stress
conditions: 1272 ug/g freeze-dried bacteria at 70 °C plus H,0O,, followed by the samples
cultivated at 63 °C (981 ug/g freeze-dried bacteria) and at 77 °C (462 ug/g freeze-dried
bacteria). The different amount of carotenoid production when submitted to different
cultivation condition was already reported by our group (Mandelli et al. 2012b).

The carotenoids of T. filiformis were already identified and reported by Mandelli et
al. (2012a). The carotenoid profile was similar for all four conditions with
thermozeaxanthin-15 and thermozeaxanthin-13 as the major carotenoids in samples
cultivated at 70 and 77 °C and thermozeaxanthin-15 and free zeaxanthin as the major

carotenoids in sample cultivated at 63 °C (Figure 1).
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Figure 1. Chromatograms processed at 450 nm, obtained by HPLC-DAD, of the carotenoids from
samples cultivated at 63 °C (A), 70 °C (B), 77 °C (C) and 70 °C with 100 uM of H,O, (D). The
samples injected on HPLC were resulting from a pool of three extracts for each studied condition.
Peak identification: 1) zeaxanthin monoglucoside ([M+H]" at m/z 731); 2) all-trans-zeaxanthin
(IM+H]" at m/z 569); 3) thermozeaxanthin-11 ([M+H]" at m/z 899); 4) thermozeaxanthin-12 ([M+H]"
at m/z 913); 5) thermozeaxanthin-13 ([M+H]" at m/z 927); 6) 9 or 9-cis-thermozeaxanthin-13
(IM+H]" at m/z 927); 7) thermozeaxanthin-14 ([M+H]" at m/z 941); 8) thermozeaxanthin-15 ([M+H]"
at m/z 955); 9) 9 or 9'-cis-thermozeaxanthin-15 ([M+H]" at m/z 955); 10) thermozeaxanthin-16
(IM+H]" at m/z 969); 11) thermozeaxanthin-17 ([M+H]" at m/z 983); 12) thermobiszeaxanthin-13-13
(IM+H]" at m/z 1285); 13) thermobiszeaxanthin-13-15 ([M+H]" at m/z 1313); 14)
thermobiszeaxanthin-15-15 ([M+H]" at m/z 1341).

The individual carotenoids were quantified according to the percentage of area
obtained in the HPLC chromatogram (Figure 1) in relation to the total carotenoid
concentration obtained by UV-visible. Figure 2 shows that no major differences were
observed for thermozeaxanthins according to the cultivation condition, while for the sample
cultivated at 63 °C a higher amount of all-trans-zeaxanthin was observed. The carotenoid
extracts from samples submitted to stress conditions (70 °C with H,O, and 77 °C) showed

the highest proportions of thermobiszeaxanthins.
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Figure 2. Percentage of carotenoids identified by HPLC-DAD-MS/MS for each cultivation condition.
The carotenoids were grouped as: ZG: zeaxanthin monoglucoside (peak 1 on Figure 1); All-trans-Z:
all-trans-zeaxanthin (peak 2 on Figure 1); TZ- thermozeaxanthins (peaks 3 to 11 on Figure 1) and
TBZ: thermobiszeaxanthins (peaks 12 to 14 on Figure 1).

The carotenoid rich extract from all samples were able to scavenge ROO® and the
net AUC values were linearly dependent to the total carotenoid concentration
(Supplementary figure SF1). The highest ROO® scavenger capacity was observed for the
extract from T. filiformis cultivated at 70 °C with 100 uM H,0, (50.5), followed by that at 70
°C without H,0, (33.7), at 77 °C (25.8) and finally at 63 °C (14.1).

Thermus filiformis genome

The T. filiformis genome was sequenced in order to provide a data bank to proteomic and
transcriptomic analysis. Further analysis of genome content and comparisons of T.
filiformis with other microrganims will be theme for future studies.

Adaptor ligated illumina sequencing libraries had a mean insert size of 500bp
according to the Agilent Technologies Bioanalyzer 2100. The DNA sequencing produced a
total of 9,680,471 paired reads (4.88GB, Table 1) and the produced assembly had an ns, =
85.2Kb, ngy = 17.1kb, largest contig size = 275.5kb and total size of 2,464,950 bp
(2.46MB). Gene prediction resulted in 2,403 protein coding genes (table 1). A total of
2,349 (97.8%) of the predicted protein coding genes contained a NR homolog of e-5 or

less. Analysis of protein coding genes using hmmscan against a group of 111 conserved
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single copy molecular genes (Albertsen et al. 2013) showed that 95.4% (106/111) were

contained in the assembly.

Table 1. Genome parameters obtained by DNA sequencing using an lllumina MiSeq.

lllumina Reads 19360942 bp
lllumina Read Pairs 9680471
Raw Bases 4884023500 bp (4.88GB)
Nso 85193 (85.2 kb)
Ngo 17163 (17.1kb)
Total Size 2464950 (2.46MB)
Largest Contig 275543 (275.54KB)
Number of Contigs 151
Genes Predicted 2403
HMM Conserved Genes Present in the Assembly (e of less) 106/111 (95.4%)
Genes with NCBI hit e or less 2349 (97.8%)
Genes Predicted with detectable RSEM Value in any condition 2334 (97.1%)
tRNA predicted 45

Transcriptome of Thermus filiformis

The value of 97.1% (2334/2403) of predicted protein coding genes showed detectable
expression with RSEM (RNA-Seq by Expectation-Maximization) values (Table 1). The
reads and the amount of data sequenced for each condition are shown in Supplementary
Table 1 and the differential expression of all protein coding transcripts among all tested
growth conditions are shown in Supplementary Table 2.

According RNA-Seq analysis, 900 genes were significantly different (p value <
0.05) when comparing samples cultivated at 77 °C and 63 °C, among these, 452 genes
were up-regulated at 77 °C being 264 of them with a fold change higher than 2 and 448
genes were down-regulated at 77 °C being 199 of them with a fold change higher than 2
(Supplementary Table 3). Comparing samples cultivated with and without H,O,, 141 genes
significantly different (p value < 0.05) among these, 81 genes were up-regulated with H,O,
being 20 of them with a fold change higher than 2 and 57 genes were down-regulated with
H,0O, being 15 of them with a fold change higher than 2 (Figure 3; Supplementary Table 4).
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Figure 3. Log of fold change versus log of counts per million. Samples with positive values for log
FC are up-regulated; the ones with negative values are down-regulated. (A) Comparing samples
cultivated at 63 and 77 °C; (B) Comparing samples cultivated with and without hydrogen peroxide,
both at 70 °C. Red dots represents the genes with log of fold change lower than -2 or higher than 2.

Figure 4 shows the Pfam enrichment analysis, where it is observed that most of the

Pfam descriptions higher number of genes up-regulated at 77 °C. The AAA domain

(ATPases Associated with diverse cellular Activities) was the annotation with the highest

number of genes up-regulated at 77 °C and with H,O,. AAA proteins are essential for

many cellular functions such as protein degradation, membrane fusion, DNA replication,

intracellular transport, transcriptional activation, protein refolding, disassembly of protein
complexes and protein aggregates (Hanson and Whiteheart 2005).
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Pfam enrichment analysis
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Figure 4: Enrichement analysis according to Pfam familes using software BayGo. The imput data
was the significative (p-value <0.05) transcripts founded in temperature and peroxide assays.

Proteomic analysis

The sequenced genome of T. filiformis was used as database to identify the proteins from
proteome analysis. A total of 666 proteins with an FDR < 0.05 % were identified when
comparing conditions at 63 °C and 77 °C; 128 significantly different according to T-test (p
value < 0.05), being 31 up-regulated at 63 °C and 97 up-regulated at 77 °C
(Supplementary Table 5). On the other hand, comparing conditions with and without H,O,,
681 proteins with an FDR < 0.05 % were identified, being 41 significantly different
according to T-test (p value < 0.05), among these, 16 were up-regulated at the condition
with peroxide and 25 up-regulated at the condition without peroxide (Supplementary Table
6).
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Among the proteins up-regulated at 77 °C are: small heat shock protein,
chaperonins, superoxide dismutase, elongation factors Tu and G and alpha-glucosidases.
On the other hand, proteins like alanine-tRNA ligase, protein GrpE and drug resistance
transporter protein were up-regulated with H,O, (Supplementary Tables 7 and 9).

Through proteome analysis some condition-specific proteins for each sample were
found. Comparing conditions at different temperatures, one unique protein was identified
at 63 °C (E8PKS4_THESS: Cold shock protein, CSD family) and seven at 77 °C
(K7R7V5_THEOQOS: Uncharacterized protein; G8NA19 9DEIN: Two component
transcriptional regulator; H9ZUEO_THETH: Putative lactam utilization protein B-like
protein; B7AAD3 THEAQ: Putative signal transduction protein with CBS domains;
E8BPKS5 THESS: Chaperone protein Dnad; D3PLD6_MEIRD: Uncharacterized protein;
H9ZT99 THETH: Hypothetical protein). On the other hand, only one unique protein was
identified in each condition when comparing samples with (Q72L28 THETZ2: Gluconate 5-
dehydrogenase) and without H,O, (G8N909_9DEIN: Putative uncharacterized protein).

Functional enrichment analysis

In order to get a more comprehensive understanding of the biological differences between
the conditions under study (without and with H,O, and temperature set at 63 and 77 °C),
the list of identified proteins or transcripts were submitted to enrichment analysis for the
GO biological processes using the IS (Ashburner et al. 2000; Carazzolle et al. 2014)

Supplementary tables 7 and 8 shows the results of the enrichment by biological
process annotation for the proteomic data, while Supplementary tables 9 and 10 shows
the result for trancriptomic data, when comparing the conditions at low and high
temperatures and with and without hydrogen peroxide, respectively. A protein/gene can be
enriched in more than one biological process, although only the process with the lower p-
value is shown in the tables. The most relevant biological process are shown in Figures 4A
and 4B, for peroxide and temperature assays, respectively.

Based on Supplementary tables 7 to 10 (proteins and genes significantly different,
p value < 0.05), a protein map with the biological processe was built for both comparisons,
with and without hydrogen peroxide (Figure 5A) and low and high temperatures (Figure
5B). The resultant network combine proteomic and trancriptomic data, and only the
clusters with at least three genes are shown in Figure 5.

According to Figure 5A, the main enrriched biological processes involved in H,0,

adaptation were translation (ribosomal proteins), where the 5 genes found to be down-
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regulated and 1 protein up-regulated with H,O,; regulation of transcription, with 2 genes
up-regulated (cold shock protein and 16S rRNA) and 1 gene (two component reponse
regulator) and 1 protein (DNA-directed RNA polymerase subunit beta) up-regulated with
H,O,; protein folding, with 3 genes up-regulated (33 kDa chaperonin, Chaperone protein
DnaK and Protein GrpE) and 1 protein up (Protein GrpE) and 1 down-regulated (PpiC-type
peptidyl-prolyl cis-trans isomerase) with H,O, and metabolic process, where all genes
were up-regulated with H,0,.

In the thermoadaptation (Figure 5B), the main biological processes affected by the
higher temperature (77 °C) were: ATP catabolic process, with 10 genes and 1 protein up-
regulated, most of then related to the ABC transporter proteins; and transcription, with 11
genes, such as the transcription termination factor Rho and the two component
transcriptional regulator and 2 protein up-regulated (Two component transcriptional

regulator and Anti-cleavage anti-GreA transcription factor Gfh1).
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Figure 5. Protein map resultant of the
platform (A) samples cultivated with

union of proteomic and transcriptomic data built from the 1IS
and without peroxide (B) samples cultivated at different

temperatures. The enriched biological process (p < 0.05) is shown for each protein/gene cluster and
in parenthesis is the p-value for proteomic and transcriptomic data, respectively. Nodes in red
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represent the up-regulated data, node in green the down-regulated data and nodes in yellow are
common data of proteomic and transcriptomic analysis. Rounded nodes are from trancriptomic data
and oval nodes are from proteomic data. The genes shown on this figure, are listed on the following
tables (2 and 3), extra informations can be found in supplementary tables 7 to 10 where are

genes/proteins are numbered according to the bold numbers of this figure.

The genes and proteins shown of Figure 5A are listed on Table 2 and genes and

proteins shown of Figure 5B are listed on Table 3.

Table 2: Genes of the biological process presented on Figures 5A.

Top enriched Biological Process Gene Fig. 5AT
ATP catabolic process TSC_c19110; TSC_c16200; pstB 1
metabolic process TSC_c08000; TTHA1327; TTHA1617; TCCBUS3UF1_5750 2
protein folding hslO; dnak; ; TagDRAFT_4589 3
transmembrane transport TaqDRAFT_4588; TSC_c02500; Mrub_0144 4
regulation of transcription, DNA- o 1560 75¢ 00360; TSC_c17050; TaqDRAFT 3484 5

dependent

translation rpsP; rplQ; rpml; rpsT; rpsR; rplP 6

tnumbered according to figure 5A. Genes in red represent the up-regulated data, genes in
green the down-regulated data and genes in yellow are common data of proteomic and
transcriptomic analysis.

Table 3: Genes of the biological process presented on Figures 5B.

Top enriched Biological
Process

Gene Fig. 5Bt

ATP catabolic process

DNA repair

GTP catabolic process

arginine biosynthetic process

biosynthetic process

carbohydrate metabolic
process

cell division

cellular amino acid metabolic
process

Mesil_1956; TagDRAFT_3486; moxR; TCCBUS3UF1_9990;
TagDRAFT_4887; Ththel6_0948; Ocepr_1433; TCCBUS3UF1_12050;
TagDRAFT_4530; TCCBUS3UF1_15950; TCCBUS3UF1_13140; 1
macB1; Theos_0842; Ththel6_0271; Ththel6_0447; Mesil_0181;
TT_P0177; TTHV087; Ththel6_1650; TSC_c04350

TaqDRAFT_4252; radA; TaqgDRAFT_5398; recA; ; recF 2
; Mrub_0318; obg; ; era; 3
; ; argG; arglJ; carB 4

HMPREF1013_01460; RLTM_00865; Tlie_1812; TtJL18_1745;
; Theos_0412; 5
TTHA0620; TSC_c09910
Ththel6_1904; TagDRAFT_3070; Mesil_1936;
malP; ; Mesil_1834; TT_C1283; Theos_1732; TTHB115; 6
glmM; TSC_c10830; TaqgDRAFT_5014

divIVA; ftsA; TtIL18_0754; int 7

TCCBUS3UF1_5010; gdhA1l; Theos_1523; pyrB 8
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cobalamin biosynthetic
process

cyclic nucleotide biosynthetic
process

electron transport chain

glutamine metabolic process

glycine decarboxylation via
glycine cleavage system

glycolysis

leucine biosynthetic process

metabolic process

nucleic acid phosphodiester
bond hydrolysis

nucleoside metabolic process

oxidation-reduction process

plasma membrane ATP
synthesis coupled proton
transport

protein folding

proteolysis

regulation of transcription,
DNA-dependent

response to stress

thiamine diphosphate
biosynthetic process

transcription, DNA-dependent

translation

transmembrane transport

transposition, DNA-mediated

tricarboxylic acid cycle

TTHBO54; cobD; TTHB057; TTHB0O58; Ththel6_2318; Ththel6_2319;
TtIL18_2225; cobQ; cobS

TSC_c21880; TSC_c17260; TCCBUS3UF1_15680; TSC_c08960;
TCCBUS3UF1_3620; Ththel6_0803

Ththel6_1143; Theos_1499; TCCBUS3UF1_11800; TagDRAFT_3811

guaA; Mesil_0319; gImS2; pyrG

gcvPB; gevH; gevT; gevPA

; Theos_1730; tpiA; pgi; pfkA; pgk

; Theos_1227; ; ;

luxS; TagDRAFT_3803; Marky_0976;
Theos_1424; Theos_1008; Marky 0132

; Theos_0621;

TaqDRAFT_5093; uvrB; vapC; rnpA; rnr

Ththel6_1633; ; Theos_1667; TagDRAFT_3801;
TtJL18_1345; TCCBUS3UF1_5230; Ththel6_0556

Fni; TagDRAFT_3003; TagDRAFT_5111; RLTM_11628

atpB; atpE; atpD; atpA; atpC

Ththel6_0257; TagDRAFT_4616; ; TagDRAFT_4589;
; ; hslO; groS
TaqDRAFT_4341; pepA; TTHA0286; TagDRAFT_5158; Theos_1520; pcp;
Theos_0798; TSC_c17860; Mesil_0115; TTHA0896; TT_C1715;
RLTM_07213; TSC_c15690
TCCBUS3UF1_5420; TSC_c03290; TaqgDRAFT_4552; nusB; TSC_c07440;
TagDRAFT_3484; rho

Ththe16_1503; TCCBUS3UF1_3770;
Ththe16_0896; TagDRAFT_5154

; TSC_c23890;

thiC; thik; thil; thiG

RLTM_08814; rex; rpoZ; TCCBUS3UF1_10180; argR; Ththel6_0611;

TSC_c12070; rpoC; rpoB; TagDRAFT_3795; TCCBUS3UF1_6540;

; TSC_c18130; TagDRAFT_5174; Theos_0989; greA;

TtJL18_1038; TagDRAFT_3845
rpsK; rpsC; rpll; rpsD; ; rplY; rpsE; rplQ; rpsT; rplO; pth; rplL; rpsA;
rpmA; rpsM; rpsO; gatA
Ththel6_0824; TagDRAFT_3924; Theos_1382; RLTM_04929;
TSC_c20050; TagDRAFT_4588; Mrub_0144

TagDRAFT_3838; RLTM_05796; TtJL18_1389; RLTM_08204

Mdh; sucC; Theos_1659; TCCBUS3UF1_16710; fumC

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

+ numbered according to figure 5B. Genes in red represent the up-regulated data, genes in
green the down-regulated data and genes in yellow are common data of proteomic and

transcriptomic analysis.
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Genes and proteins involved in the stress response

In T. filiformis 27 genes of aminoacyl-tRNA synthetases (aaRS) were identified.
Among then, 3 presented duplication with one of the genes up-regulated at 77 °C
(Suplementary Table 11): a cysteinyl-tRNA synthetase (Thfi_0234 and Thfi_1287), an
alanyl-tRNA synthetase (Thfi_0089 and Thfi_1940), an aspartyl-tRNA synthetase
(Thfi_2251 and Thfi_1196) and a valyl-tRNA synthetase (Thfi_1644 and Thfi_1505). None
of the aaRS identified presented up-regulation in samples cultivated with 100 uM of H,O..

Other proteins involved in ftranslation, such as RelA/SpoT family (p)ppGpp
synthetase and some elongation factor of the GTP (guanosine triphosphate) binding
elongation factor family also had their expression altered by the stress conditions. The
elongation factor EF-Tu and EF-G presented up-regulation at the conditions with H,O, and
at 77 °C, respectively, while the elongation factor EF-Ts and EF-P presented no significant
difference in expression among the samples.

Genes involved in transcription were also greatly affected by the different growing
conditions. Among the 17 genes related to transcription, 11 were up-regulated at 77 °C,
such as DNA-directed RNA polymerase, transcriptional regulator - Lacl family and MarR
family and transcription elongation factor GreA; and in the presence of H,O, a
transcriptional regulator, DeoR family, that usually control the expression of genes
involved in sugar metabolism was up-regulated (Figure 5 A and B).

Chaperones are proteins that prevent misfolding and promote the refolding and
proper assembly of unfolded polypeptides generated under stress conditions
(Georgopoulos and Welch 1993). Among the identified chaperones, chaperonin 33,
chaperonin 60 (GrolL) , chaperonin 10 (GroES) and ATP-dependent chaperone ClpB were
up-regulated at 77 °C. In relation to the addition of H,O, up-regulation in the genes
encoding a chaperone protein DnaK, chaperonin 33 and a protein GrpE was observed.

Proteins involved in TCA cycle, such as malate dehydrogenase, succinyl-CoA
ligase, succinate dehydrogenases and fumarate hydratase were all down-regulated at 77
°C. On the other hand, no significative differences in protein and gene expression of TCA
cycle was observed for hydrogen peroxide assays.

A total of 562 and 62 hypothetical/uncharacterized proteins were identified by
transcriptome and proteome analysis, respectively. The amino acid sequences of these
proteins were submitted to Pfam analysis in order to check their domain. It was found

ferrodoxins, AAA proteins, ABC transporters, acetyltransferase, elongation factors G, TU
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and P, glycosyl transferases and hydrolases, major facilitators, methyltransferases,

thioredoxins among others.

Carotenogenesis

Genes involved in the synthesis of geranylgeranyl pyrophosphate (GGPP) and
carotenoid biosynthesis were identified. Figure 6 shows the FPKM of the identified genes
involved in terpenoid (Figure 6A) and carotenoid (Figure 6B) biosynthesis. No major
differences in gene expression were observed when comparing samples with and without
H,0O,. On the other hand most of the genes involved in GGPP biosynthesis were up-
regulated at the highest temperature (77 °C). Another significative difference is the highest

level of expression of the gene encoding phytoene dehydrogenase at 70 °C.

Terpenoid Backbone Biosynthesis

(A) 1600

FPKM

(B) 1600 - Carotenoid Biosynthesis
1400
1200
1000
800
600
400
200

FPKM

©o 10 11 12 13 14 15
(. 70°C [ 70°C with H,0, 163°C [177°C]

Figure 6. FPKM (Fragments per kilobase of exon per million fragments mapped) of the identified
genes belonging to terpenoid backbone (A) and carotenoid biosynthesis (B) for each condition
analyzed. 1) 1-deoxy-D-xylulose-5-phosphate synthase; 2) 2-C-methyl-D-erythritol 4-phosphate
cytidylyltransferase; 3) 4-diphosphocytidyl-2-C-methyl-D-erythritol kinase; 4) 2-C-methyl-D-erythritol
2,4-cyclodiphosphate synthase; 5) 4-hydroxy-3-methylbut-2-enyl diphosphate reductase; 6)
isopentenyl-diphosphate delta-isomerase; 7) Dimethylallyltranstransferase; 8) geranylgeranyl
pyrophosphate synthase; 9) phytoene/squalene synthetase; 10) phytoene dehydrogenase; 11)
lycopene cyclase; 12) cytochrome P450; 13) deoxyribodipyrimidine photolyase; 14)
glycosyltransferase; 15) phospholipid/glycerol acyltransferase. For further information see Figure 8
on page 20 of this thesis.
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DISCUSSION

Bacteria stress can be defined as a physiological perturbation caused by environmental
modifications (physical, chemical and/or nutritional) that can have many consequences for
the microorganism, such as retarded growth, molecular damage, metabolic pathway
disruptions and cell death (Farr and Kogoma 1991; Fridovich 1998). Proteome and
transcriptome are powerful tools for identifying differentially expressed profiles of proteins
and genes in response to bacterial adaptation to extreme environments. Thus, we used
these methods to investigate the mechanisms of T. filiformis adaptation under different

cultivation conditions.

Translation

The duplication of some aaRS,, which are key enzymes in the translation of the
genetic code, presented by T. filiformis presented one of the two genes (Thfi_0234,
Thfi_0089, Thfi_2251 and Thfi_1644) induced by heat shock (Suplementary Table 11).

In most organisms, 20 aaRS, each with a particular specificity, provide the various
aminoacyl-tRNA involved in protein synthesis. Although there are a few exceptions, where
two genes encode aaRS of the same specificity (Becker and Kern, 1998). Duplication of
synthetases was first exemplified with the discovery of two lysyl-tRNA synthetases
(LysRS) encoded by distinct genes in Escherichia coli (Hirshfield et al. 1981). Later it was
discovered that one of the two LysRS from E. coli was induced by heat shock,
anaerobiosis, or low pH and is involved in adaptation of the organism to stress conditions
(Lévéque et al 1991).

The ppGpp (guanosine pentaphosphate) nucleotide, found as a heat response, is
synthetized in the ribosome by the RelA protein upon activation by the presence in the A
site of the ribosome of deacylated-tRNA and is considered an “alarmone” which is involved
in the stringent response in bacteria (Srivatsan and Wang 2008; Katz and Orellana 2012).
During the stringent response, ppGpp accumulation affects replication, transcription, and
translation in the cells. ppGpp bind to RNA polymerase redirecting the transcription profile,
so that genes important for stringent response are favoured at the expense of those
required for growth and proliferation (Magnusson et al. 2005). Additionally, the initiation of
new rounds of replication is inhibited and the cell cycle arrests until nutrient conditions
improve (Srivatsan and Wang 2008).

Other proteins involved in translation and induced by heat were the elongation

factors EF-Tu, which interact with an aminoacyl-tRNA to begin the protein synthesis cycle
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and EF-G which promotes the GTP-dependent translocation of the nascent protein chain

from the A-site to the P-site of the ribosome (Kovtun et al 2006).

Transcription

Among the proteins annotated in the transcription process, two of them are highlighted due
to their role in thermoadaptation: the transcription elongation factor GreA (Q8VQDS6),
which plays multiple roles in transcriptional elongation and may be implicated in the
resistance to various stresses, besides being involved in protection of cellular proteins
against aggregation (Li et al 2012); and, two-component response regulator (B7A5R7),
which together with a membrane-bound histidine kinase comprises the two-component
regulatory system and is responsible to mediate the cellular response, mostly through the

differential expression of target genes (Stock et al 2000).

Chaperones and Protein Folding

The combining action of GroL and GroES are required for the proper folding of many
proteins, and demonstrated to be necessary for thermoadaptation. The central cavity of
the cylindrical GroL provides an isolated environment for protein folding, while the co-
chaperone, GroES, binds to GroL and synchronizes the release of the folded protein in an
ATP-dependent manner (Hartl 1996). Further on these chaperones recover unfolded and
misfolded proteins in the stress condition.

The other chaperone involved in the cell recovery from heat-induced damage was
the ATP-dependent chaperone ClpB, which is part of a stress-induced multi-chaperone
system, belonging to the AAA family (Figure 4) (Lee et al. 2004).

In relation to the addition of H,O, adaptation, the chaperonin 33 called especial
attention once it is a molecular chaperone, distinguished from all other known chaperones
by its mode of functional regulation. This chaperonin is a cytoplasm-localized protein with
highly reactive cysteines that respond quickly to changes in the redox environment.
Oxidizing conditions such as H,O, causes disulfide bonds that lead to the activation of the

chaperonin 33 function (Jakob et al. 1999), as found in the present study.

Tricarboxylic acid cycle

In general, all aerobic organisms produce NADH and FADH, in the TCA cycle,
where these reducing equivalents are oxidized in the respiratory chain, and the electrons
generated are subsequently transferred to cytochromes where O, is converted to H,O. The

proton motive force created by the electrons movement is harnessed to produce ATP with
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the participation of ATP synthase (Shimizu 2014). The inefficient transfer of electron via
the respiratory complexes results in the one electron reduction of diatomic oxygen, a
phenomenon known to generate toxic ROS (Mailloux et al. 2007).

The TCA cycle acts both as a scavenger and generator of ROS, so its modulation
is an important strategy in O,-dependent organisms to regulate the intracellular levels of
ROS (Mailloux et al. 2007). A reduced activity of the TCA cycle leads to a decrease in the
oxygen level and consequently less ROS is generated (Shimizu 2014).

Once oxygen diffusion trhough the membrane increases with an increase in
temperature, problably, the microorganim uses the down regulation of TCA cycle in
attempt to avoid the increase in the oxygen concentration and consequently increase in
ROS formation.

Terpenoid Backbone and Carotenoids Biosynthesis

Carotenoids are a diverse class of natural pigments that are of interest as food colorants
and nutrient supplements as well as for pharmaceuticals (Sandman 2001). According to
Henne et al. (2004) in T. thermophilus HB27, the terminal steps of carotenoid biosynthesis
are encoded on the plasmid, whereas precursor synthesis, the formation of geranylgeranyl
pyrophosphate (GGPP) via MEP/DOXP (2-C-methyl-D-erythritol 4-phosphate/1-deoxy-D-
xylulose 5-phosphate) pathway, is accomplished by enzymes encoded on the
chromosome. The MEP/DOXP pathway is an alternative to mevalonate pathway that leads
to the formation of isopentenyl pyrophosphate and dimethylallyl pyrophosphate. These
compounds are converted into geranyl pyrophosphate, followed by (trans,trans)-farnesyl
pyrophosphate and finally to geranyl-geranyl pyrophosphate, the precursor of carotenoid
biosynthesis

Proteome and transcriptome analysis reveal that the terpenoid biosynthesis follows
the MEP/DOXP pathway in T. filiformis. Among the eight transcripts involved on this
pathway, no significative difference was observed for sample with and without H,O,. On
the other hand, seven genes involved on this pathway were up-regulated at 77 °C,
indicating that GGPP biosynthesis is favored at high temperatures (Figure 6A).

The identified genes involved in carotenoid biosynthesis were all located at the
same gene cluster, as observed by genome analysis. These genes encodes a phytoene
synthase responsible for the convertion of GGPP in phytoene; a phytoene desaturase that
catalyzes four successive desaturation reactions beginning with the colorless carotenoid

phytoene and producing the colored carotenoid lycopene; a lycopene cyclase responsible
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for the cyclization of lycopene on one or both ¥-ends and a cytochrome P450 which has a
sequence identity of 68 % with a P450 monooxygenase from T. thermophilus HB27
(CYP175A1). According to Blasco et al. (2004) the CYP175A1 encodes a type of -
carotene hydroxylase that is capable of introducing OH groups into the B-ionone rigns of -
carotene producing zeaxanthin via B-cryptoxanthin. This type of B-carotene hydroxylase
shows little similarity to other known B-carotene hydroxylases, including CrtZ and CrtR,
and the histidine rich iron-binding motifs that are typical of CrtZ are not detected in
CYP175A1 (Tian and Hua 2011).

A glycosyltranferase and an acyltranferase, responsible for the glucosylation and
acylation steps follow hydroxylations on C-3 and C-3’ of 3-carotene to form zeaxanthin
monoglucoside esters and diglucoside esters were also identified. The glycosyltranferase
(Thfi_1229) and acyltranferase (Thfi_1230) of T. filiformis showed identity of 65 % and 76
% with a glycosyltranferase (TTHB103) and an acyltranferase (TTHB105) of T.
thermophilus HB8.

In addition, the carotenoid genes were interlocked with deoxyribodipyrimidine
photolyase, which can repair DNA damages caused by UV light. According to
Briggemann and Chen (2006) carotenoid production and repair of UV-induced DNA
damage are co-evolved protection mechanisms against the photo-oxidative damage
caused by UV light.

The highest amount of phytoene dehydrogenase found in the samples cultivated at
70 °C (figure 6B) indicates a high rate of carotenoids synthesis, which corroborates with
the highest amount of total carotenoids obtained in these conditions.

Although no major differences in expression of the genes involved in carotenoid
biosynthesis, biochemical analysis showed a greater tendency for the synthesis of
thermobiszeaxanthins at 77 °C than in the other conditions studied (Figure 2). This result
agrees with the fact that Thermus carotenoids reinforce the membranes leading to a
decrease in membrane fluidity and an increase in membrane stability, what are essential
for its survival at high temperatures (Yokoyama et al. 1995). Another result that reinforces
this hypothesis is the highest amount of free-zeaxanthin presented at 63 °C, where the
membrane lipids are more stable and more fluid (Figure 2).

The carotenoid rich extract from T. filiformis cultivated at the most stressful
condition (77 °C and with H,O;) showed higher antioxidant capacity than those obtained

under the less stressful condition (63 °C and without H,O). This results is probably related
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to the fact that, besides its role in membrane reinforce, carotenoids are also known as
efficient ROS scavengers and protect DNA from oxidative damage, proteins from
carbonylation and membranes from lipid peroxidation (Stahl et al. 1998; Zhang and
Omaye 2000; Stahl and Sies 2003; Astley et al. 2004).

The carotenoid rich extract of all conditions studied (cultivation at 63 °C, 77 °C and
70 °C with and without addition of H,0,) showed a ROO- scavenging capacity higher than
those carotenoid rich extracts from some fruits, such as mamey (6.9), peach palm (7.8),
murici (12.8) and mana-cubiu (9.80) (Rodrigues et al. 2012; Mariutti et al. 2013; Rodrigues
et al. 2013). The carotenoid rich extract from T. filiformis was also more potent as ROO-
scavenger than authentic standards of (all-frans)-lycopene (8.67), (all-trans)-lutein (1.90)
and (all-trans)-zeaxanthin (3.52) (Rodrigues et al. 2012), suggesting the synergy among

the type of carotenoids or the presence of other compounds in the bacteria extract.

Hypothetical/Uncharacterized proteins

Among the hypothetical/uncharacterized proteins found in T. filiformis some of them
presented a chaperone domain, which may be involved in thermoadaptation, and a
thioredoxin domain, which plays a role in redox signaling and can catalyze the reduction of
H,O, and thereby prevent the oxidative stress and the apoptosis induction (Arnér and
Holmgren 2000). This result shows that there is an amount of proteins involved in the

adaptation of several environmental stimuli that still remain uncharacterized.

Metabolic features of Thermus filiformis with biotechnological potential

A termostable pyrophosphatase was identified in T. filiformis, with a FPKM for the gene
encoding this enzyme, was 2 times greater at 77 °C than at 63 °C. This is an enzyme
commercially available due to its biotechnological applications in protein, DNA and RNA
synthesis (Pantazaki et al. 2002). This enzyme eliminates organic pyrophosphate which is
created during incorporation of nucleotide triphosphates. The presence of pyrophosphate
is reported to inhibit DNA polymerase activity and causes DNA and RNA degradation at
elevated temperatures (Tabor and Richardson 1990). By eliminating pyrophosphate,
pyrophosphatase removes these threats of inhibition and degradation.

An o-amylase was also identified by RNA-Seq. A T. filiformis o-amylase was
already purified and characterized by Egas et al. (1998). Termostable o-amylases from

Bacillus has been used in the industrial degradation of starch to glucose.
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Enzymes involved in oligosaccharide degradation were also found in T. filiformis.
Two glycosidase, that can be used in biomass degradation due to its ability to hydrolyze
glycosidic bonds in complex sugars (Sinnott 1990). One alpha-galactosidase responsible
to hydrolyze simple and complex a-D-galactosides was also detected. This enzyme has a
wide industrial application, such as, in the paper industry, sugar beet refining, and
replacement therapy for Fabry disease (Benitez and Sanchez 2009).

Genes encoding proteins belonging to the esterase family (total of 15 genes) were
also found in T. filiformis. The esterases attract increasing attention because they plays a
major role in the degradation of natural materials and industrial pollutants besides being
useful in the synthesis of optically pure compounds, perfums and antioxidants (Panda and
Gowrishankar 2005).

Cobalamin (vitamin B12) is an important vitamin involved in the metabolism of
every cell of the human body; however fungi, plants and animals are not capable to
produce vitamin B12. This vitamin is industrially produced only through fermentation of
selected microorganisms (Martens et al. 2002). Once the genes related to cobalamin
biosynthesis were found in the T. filiformis, this bacterium can also be exploited as a
thermophilic source of enzymes involved in the biosynthesis of this vitamin.

Antioxidant enzimes such as superoxide dismutase, catalase and thioredoxins
were also synthetized by T. filiformis. Besides the medical appeal, the antioxidant
enzymes can also have many industrial uses, such as preservatives in food and cosmetics
(Hamid et al. 2010).

Thermophilic DNA polymerases of various Thermus species are of indispensable
value in PCR techniques. The genes encoding DNA polymerases (a total of 13) were
identified in T. filiformis. Moreover, 4 DNA-directed RNA polymerase were identified, which
could be an interesting tool in molecular biology for in vitro transcription assays, for

example.

CONCLUSION

Exposure of T. filiformis to oxidative stress caused changes in carotenoid,
proteome and trancriptome pattern. The differentially expressed proteins and genes
provide information to understand the mechanisms used in the stress adaptation.

In relation to thermoadaptation it was observed that T. filiformis favor the synthesis
of thermozeaxanthins and thermobiszeaxanthin at higher temperature in order to increase

the membrane stability.
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Some genes involved in translation were also affected by high temperatures. In T.
filiformis some aminoacyl-tRNA synthetases presented duplication, being one of them
induced by the heat shock to participate in the amino acid biosynthesis. Besides, the
alarmone ppGpp was also up-regulated at 77 °C favoring the synthesis of the genes
involved in the stringent response.

The two-component response regulator, which enable the microorganism to sense,
respond, and adapt to a wide range of environments, stressors, and growth conditions;
and GreA, involved in protection of cellular proteins against aggregation, are genes
involved in transcription and also demonstrated to be important in the adaptation to high
temperature.

Another important class of protein involved in T. filiformis thermoadaptation was the
chaperones. Chaperonins 33, 60, 10 and the chaperone ClpB were up-regulated at 77 °C,
where their main role is to prevent misfolding and promote the refolding and proper
assembly of unfolded polypeptides.

To deal with the oxidative stress, the genes involved in the TCA cycle were down-
regulated at 77 °C, what is probably an attempt of the microorganism to avoid the O,
accumulation and consequently avoid the increase in ROS formation.

The addition of H,0,, at least in the amount studied (100 uM), did not seem to have
a great influence on carotenoid profile, protein and gene expression of T. filiformis.
Although some changes were observed: the carotenoid rich extract of the sample
cultivated with H,O,, was the one with the greatest antioxidant capacity among the
samples studied, suggesting that, in this case, carotenoid also plays an antioxidant role
due to the presence of H,O,. Another feature to highlight, for the sample cultivated with
H,0,, is the up-regulation of the chaperonin 33, which is a protein with highly reactive
cysteines that respond quickly to changes in the redox environment.

The highest quantity of genes/proteins differentially expressed when comparing
growth temperature and hydrogen peroxide addition indicates that changes in temperature
had grater influence in T. filiformis metabolism than the hydrogen peroxide addition.

Finally, this work also allowed us to point out some thermostable macromolecules
produced by T. filiformis, such as amylases, pyrophosphatases, glycosidases and

galactosidases, all them with a wide range of industrial applications.
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Significance and Impact of the Study: This manuscript describes the expression and characterization of
a superoxide dismutase (SOD) from Thermus filiformis with thermophilic and cambialistic characteristics.
The SODs are among the most potent antioxidants known in nature, and their stability and pharmacoki-
netics can vary widely in accordance to their biological source. Although the currently clinical research
work has been focused on human and bovine SODs, alternative sources may become more biotechno-
logical attractive in the near future. Our study brings new insights for the research field of antioxidant
enzymes with potential application on pharmaceutical, cosmetics and food formulations.

Keywords Abstract

3-D model, cambialistic enzyme, circular

dichroism, nitroblue tetrazolium, pyrogallol The superoxide dismutase (TfSOD) gene from the extremely thermophilic

autoxidation. bacterium Thermus filiformis was cloned and expressed at high levels in
mesophilic host. The purified enzyme displayed approximately 25 kDa band in

Correspondence the SDS-PAGE, which was further confirmed as TfSOD by mass spectrometry.

F.M. Squina, Laboratdrio Nacional de Ciéncia
e Tecnologia do Bioetanol (CTBE), do Centro
Nacional de Pesquisa em Energia e Materiais
(CNPEM), Rua Giuseppe Maximo Scolfaro,

The TfSOD was characterized as a cambialistic enzyme once it had enzymatic
activity with either manganese or iron as cofactor. TfSOD showed
thermostability at 65, 70 and 80°C. The amount of enzyme required to inhibit
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secondary structure was progressively lost after increasing the temperature
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binding corroborated with functional and CD analysis.
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as well as cosmetic, food, agricultural and chemical indus-
tries (Liu et al. 2011). SODs have recently found applica-
Antioxidant enzymes such as superoxide dismutase (SOD) tions as supplementation to prevent or reverse the adverse
and catalase protect living cells from reactive oxygen and effect of cardiovascular diseases, ageing, infertility, neuro-
nitrogen species that are responsible for oxidative damage  logical disorders, ischaemia-reperfusion injury, transplant
of essential components of cell structure (Pantazaki et al. rejection, autoimmune diseases, rheumatoid arthritis,
2002). Superoxide dismutases are a class of antioxidant diabetes, asthma, septic shock-induced tissue injury and
defence metalloenzymes that disproportionate superoxide  cancer, as well as in the pharmaceutical and cosmetic
radical ion into molecular oxygen and hydrogen peroxide industries (Bafana et al. 2011).

(Whittaker and Whittaker 1999). Due to its antioxidative Once thermal denaturation is a common cause of
effects, SOD has been widely applied in medical treatments, ~ enzyme inactivation in the industry, one of the major

Introduction
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Thermostable and cambialistic SOD from T. filiformis

requirements for commercial SOD is the thermal stability.
This fact has stimulated a widespread interest in the
biochemistry and molecular biology of extremophiles
organisms (Morozkina et al. 2010). However, the extreme
conditions required for growth and maintenance of these
organisms present a problem for large-scale isolation of
proteins from their native sources. Thus, gene cloning
and heterologous expression can be used to achieve high
levels of recombinant thermophilic protein production in
a mesophilic host (Hough and Danson 1999). Thermo-
zymes display higher stability and activity than their
counterparts currently used in the biotechnology industry.
Thermozymes are not only more thermostable, but also
more resistant to chemical agents than their mesophilic
homologues, these properties that make them extremely
interesting for application in industrial processes (Panta-
zaki et al. 2002; dos Santos et al. 2011).

In this study, we report gene cloning and expression,
followed by purification and functional characterization
of a cambialistic thermostable superoxide dismutase from
Thermus filiformis (TfSOD). Thus, our main goal was to
characterize the thermostability potential of this enzyme
throughout biochemical and biophysical analysis targeting

novel biotechnological applications.
Results and discussion
Thermophilic SOD was successfully expressed in
mesophilic host
The amplified sequence of TfSOD was sequenced in 3500xL
Genetic Analyzers (Applied Biosystems, Foster City, CA,
USA) and then the amino acid sequence (KC768706) was
compared with others SOD on NCBI. The TfSOD showed
96% of identity with SOD from T. oshimai (AAM93203)

(a) (b)

__ 500 500 =~ _ 50
2 5 2

E 400 400 £ E 4of
£ S E

< S c I
g 300 300 £ g 30
8 £ 9

g 200 200 8§ 20f
g 8 &

g 100 100 § 5

o © o

< 0 g B F 0

0 50 100 150 200 250 300 =

Elution volume (ml)

10F

F. Mandelli et al.

and T. thermophilus JL-18 (YP006059182) and 94% of
identity with SOD from T. antranikianii (AAM93199) and
T. brockianus (AAM93200).

Superoxide dismutase (SOD) was expressed in E. coli
BL21 (DE3) cells in the soluble fraction at 37°C. The
enzyme was purified using two chromatographic steps
(Figs 1a,b) yielding approximately 0-1 mg of purified
enzyme per ml. The purified SOD presented a single band
near 25 kDa (Fig. 1c) in the SDS-PAGE analysis. This
isolated band was trypsin digested and the peptide analy-
sis by LC-MS/MS confirmed the expression of the recom-
binant SOD from T. filiformis with FDR (false discovery
rate) of 1-35% (Table 1).

A cambialistic SOD with high thermostability

Despite the high expression level of the thermophilic pro-
tein by the mesophilic host, the recombinant protein was

Table 1 Protein identification by LC-MS/MS

Accession
number
Protein organism Peptide miz z
Superoxide  gi|22135443 LLTPGGAK 378.7057 +2
dismutase Thermus LTQAAMGR 4241778 +2
filiformis
EPVGELKK 4502169 +2
EKLTQAAMGR 552.758  +2
FGSGWAWLVK 575.7892 +2
AVDEQFGGFAALK 676-8151 +2
KAVDEQFGGFAALK 494.2526 +3
HLAALPQDIQTAVR 766-8825 +2
HHGAYVNNLNAALEK  550.9493 +3
FGSGWAWLVKDPFGK  565-6015 +3
FGSGWAWLVKDPFGK  847-9043 +2
(c)
A0 120kDa
85kDa
50 kDa
.
35 kDa
25kDa
20kDa
-
0 5 10 15 20 25 30 M 1

Elution volume (ml)

Figure 1 (a) Elution profile of superoxide dismutase (SOD) on 5 ml HiTrap Chelating HP column. Bound fractions were eluted using nonlinear
imidazole gradient (dashed line) ranging from 5 to 500 mmol I~ at 1 ml min~". (b) Size-exclusion chromatogram of SOD on a Superdex 200 10/
300 column in 20 mmol I sodium phosphate buffer pH 7-5 containing 100 mmol "' NaCl at 0-5 ml min~". (c) SDS-PAGE analysis of SOD
samples where: M: Molecular weight marker (Thermo Scientific, Milwaukee, WI, USA), 1: Purified Mn-SOD.
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not active at ambient temperatures. However, it regained
activity in the presence of a metal ion after heating at the
physiological growth temperature of the source organism
(approximatly 70°C). This effect was previously described Far-UV circular dichroism (CD) spectrum of SOD
by Whittaker and Whittaker (1999). The thermostability =~ showed a positive band at approximatly 190 nm and
was further investigated after preincubating the enzyme  negative bands at approximatly 208 nm and approximatly
with 10 mmol 1”" of MnCl, or FeCl, for 30 min at tem- 222 nm, characteristic of the a-helix spectrum (Fig. 3a)
peratures ranging from 65 to 90°C. The enzyme was (Corréa and Ramos 2009). Deconvolution of CD data
highly active at 65 and 70°C with both metals, as shown  using K2d method available in the Dichroweb server
by the white halo in the NBT-PAGE (riboflavin-nitroblue ~ (Whitmore and Wallace 2004) showed that the secondary
tetrazolium assay in nondenaturing polyacrylamide gel) structure (SS) is formed by 58% u-helix, 8% f-sheet and
(Fig. 2a,b). As TfSOD regained enzymatic activity after 34% random coil (at 20°C). These values are similar to
incubation with either Mn®* or Fe**, this enzyme can be  the SS contents observed for superoxide dismutase of
considered as a cambialistic SOD. This property was not T. thermophilus (Liu et al. 2011). As well as, regarding the
previously reported for other recombinant SOD enzymes  SS, this result also validated properly folding of the
from Thermus genera (Liu et al. 2011; Yanbing et al. recombinant TfSOD expressed in the E. coli.
2011). The SOD thermal stability was assessed by monitoring
The Mn-dependent SOD activity of T. filiformis was  the effect of temperature over the range 20-100°C on
quantified by the pyrogallol assay and shown to be ther-  protein SS, as measured by the changes in the far-UV CD
mostable in the range from 65 to 80°C. At 65 and 70°C,  spectrum (Fig. 3b). According to CD spectral data, the SS
the enzyme presented higher stability with ICs, values of ~ was progressively lost after increasing the temperature
0-41 mg and 0-56 mg, respectively, whilst at 80°C, the  above 70°C. The structural changes of the enzyme SS
activity considerably decreased requiring 13-73 mg of the =~ were in agreement with decrease in enzyme activity at
enzyme to inhibit 50% of pyrogallol autoxidation  temperatures higher than 70°C (Fig 2c). The unfolding

The TfSOD #-helix content was disarranged along the
thermal denaturation

(Fig 2¢). transition was determined by monitoring the wavelength
The thermostability shown by TfSOD was lower than  at 209 nm, the wavelength that characterizes the a-helix
the MnSOD previously isolated from T. thermophilus, protein content. Therewith, a curve of temperature versus

which was demonstrated to be highly stable until 90°C  molar ellipticity at 209 nm was plotted and through the
(Liu et al. 2011). On the other hand, the TfSOD was equation generated by its sigmoidal adjustment, as a
active at higher temperatures than SODs from Thermus result the denaturation temperature was calculated to be
sp. JM1 and Thermomyces lanuginosus, which were stable ~ 75.7°C (Fig. 3b). The main SS change after the thermal
up to 60°C (Yanbing et al. 2011; Li et al. 2005), as well ~ treatment was in the «-helix contents, varying from 41%
as, SODs from Aspergillus flavus, A. niger, A. nidulans and ~ at 65°C to 26% at 80°C and to 15% at 100°C. According
A. terreus, which were stable only until 50°C (Holdom to the structure of MnSOD from T. thermophilus (Ludwig
et al. 1996). et al. 1991; Liu et al. 2011), which shares high identity of
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Figure 2 Effect of temperature (65-90°C) on MnSOD (a) and FeSOD (b) activities based on the Nitroblue tetrazolium reduction on native PAGE.
White halos correspond to positive activity. Inhibition percentage of pyrogallol autoxidation by different amounts of SOD heated at 65°C (m),
70°C (®) and 80°C (a) with 10 mmol 1" of MnCl, (c). Analyses were done in triplicate.
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Figure 3 Far-UV circular dichroism (CD) spectra of recombinant TfSOD. The experiment was carried out with 0-15 mg ml~" of SOD in sodium phos-
phate buffer at 20°C (a), and the sigmoidal adjustment with R-squared: 0-9915 (y = —7.3-10% 4 (-1.9-10% + 7.3-10%)/(1 + exp(x — 75.7)/6.3)

of the monitored wavelength at 209 nm (b).

amino acid sequence with TfSOD, the manganese is
directly in contact with amino acids of two different
o-helix and one f-sheet. Based on this previous report, it
was suggested that the alteration of the «-helix conforma-
tion could lead to the loss of the redox-active metal ion
in the catalytic pocket responsible for catalysing the dis-
mutation of superoxide radical ion into molecular oxygen
and hydrogen peroxide. The denaturation temperature
found for TfSOD was close to the optimum growth tem-
perature of the micro-organism (70°C). Recombinant
enzymes may be less stable than the native ones, because
it might require post-translational modifications or spe-
cific chaperones to reach their fully functional and stable
folded state (Vieille and Zeikus 2001).

The TfSOD predicted structure was closely correlated
with experimental data

The best-ranked protein used as a template was the man-
ganese SOD from Thermus thermophilus (TtSOD) (PDB
code 3MDS) from residue 11-189, which has 95% iden-
tity and 98% similarity between the two sequences. The
final minimized structure of TfSOD has root-mean devia-
tion of 02 A from TtSOD (Fig. 4a). The initial tertiary
structure model obtained from I-TASSER was also com-
pared with the TfSOD model obtained from another
protein structure prediction program, RaptorX (Killberg
et al. 2012) with a very good agreement between the two
models (root-mean deviation of 1-0 A). The SS prediction
content from the bioinformatics tools I-TASSER, Rap-
torX, Psi-Pred (Jones 1999) and PredictProtein (Rost
et al. 2004) was closely correlated with the experimental
CD analysis. The manganese binding site predicted by
COFACTOR program (Roy et al. 2012) (residues H18,
H73, W122, D156, H160 in Fig. 4b) has similar binding
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site as TtSOD and the manganese SOD from Bacillus
anthracis (PDB code 1XRE), both enzymes were used as
top-ranked templates by COFACTOR and has very high
confidence score. It was observed for TfSOD sequence in
the HHpred server (Biegert et al. 2006) that its sequence
is conserved and its SS has high probability (80-99%) to
be similar to 37 manganese and iron SOD enzymes.
Regarding these computational biology analysis, the pre-
dicted model (Fig. 4a) has a good confidence to represent
the 3-dimensional structure model of TfSOD studied in
this manuscript.

Antioxidative enzymes and their role in health are an
emerging field in research and industry. The results
described in this study can be considered as a new addi-
tion to the pool of industrial antioxidant enzymes with
biotechnological application. It is important to highlight
that this group of enzymes is now surpassing many other
biotechnological enzymes in terms of the volume of
research and production. For these reasons, we expect
that our findings bring relevant insights for the research
field of antioxidant enzymes with potential application in
drugs, cosmetics and food formulations.

Material and methods

Cloning of the SOD coding sequence

The T. filiformis (ATCC 43280) strain was obtained from
the National Institute for Quality Control in Health
(INCQS/FIOCRUZ - Rio de Janeiro, Brazil) and the culti-
vation of the micro-organism was conducted according to
Mandelli et al. (2012).

The coding sequence of SOD was amplified from a
genomic DNA of T. filiformis by a standard PCR
method using two oligonucleotide primers (forward,

Letters in Applied Microbiology © 2013 The Society for Applied Microbiology
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Figure 4 Ribbon representation of the 3-dimensional homology model of TfSOD with manganese as cofactor. The model was created by I-TAS-
SER server with the side chains minimized by the foldX software. TfSOD (dark colour) was superimposed to manganese SOD from Thermus ther-
mophilus (PDB code 3MDS) (light colour) (a). Zoom at the predicted five residues coordinating the active site (H18, H73, W122, D156 and H160)

and the manganese atom (Mn?*) in the centre of the figure (b).

5'- TATATCATATGCCGTACACGGCCCTCGAG-3'; reve-
rse, 5'- TATGGATCCTTAGTTCCAGACCGCCTGGAG-3')
where underlined sequence indicates the recognition site
of the restriction enzymes. The PCR product was recov-
ered after agarose electrophoresis and further digested
with Ndel and BamHI enzymes, according to the manu-
facturer’s instruction. Finally, the double-digested PCR
product was ligated between the Ndel and BamHI sites in
pET-28a (Novagen) vector treated with the same two
enzymes. This approach allowed the insertion of a 6X-His
Tag sequence at N-terminal position of SOD from
T. filiformis.

Protein expression

E. coli BL21 (DE3) was transformed with pET28a/SOD
plasmid and plated in selective solid LB medium contain-
ing kanamycin (50 ug mg"). Cells from a single colony
were grown in liquid LB-kanamycin (at the same previous
concentration) for 16 h at 37°C and 250 rpm. After that,
this culture was diluted in 500 ml of fresh medium of
LB-kanamycin and grown under the same conditions
until an optical density at 600 nm reached 0-6. After-
wards, MnCl, was added to a final concentration of
2 mmol 17!, and the recombinant protein expression was
induced by adding 0-1 mmol 1" IPTG. After 4 h, the
cells were harvested at 8500g and stored at —20°C.

Protein purification

Stored cells were resuspended in a mixture 1 : 1 of lysis
buffer (20 mmol I"'  sodium phosphate pH 7-5,
500 mmol 1" NaCl, 5 mmol "' imidazole, 80 ug of egg
lysozyme ml~" and 5 mmol 1™' PMSF) and of TE buffer
(10 mmol 1™" Tris-HCI containing 1 mmol 1"" EDTA,
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pH 8:0) for 30 min in Nutating Mixer (Labnet, Edison,
NJ, USA). Cell disruption was performed in ice bath by an
ultrasonic processor (7 pulses of 10 s at 500 W; VC750
Ultrasonic Processor, Sonics Vibracell). The extract was
centrifuged at 10 000 g for 30 min at 4°C, the lysate was
heated at 65°C for 30 min in the presence of 10 mmol 17'
MnCl,, to bound the metal and thereby restore the
enzyme activity, and then centrifuged at the same condi-
tions described above. The SOD from the supernatant was
purified by chromatography using an AKTA FPLC system
(GE Healthcare, Waukesha, WI, USA). Firstly, the super-
natant was loaded onto a 5 ml HiTrap Chelating HP
column (GE Healthcare) charged with Ni** and pre-
equilibrated with buffer A (20 mM sodium phosphate pH
7-5, 100 mmol I”' NaCl, 5 mmol I"' imidazole) at
1 ml min~'. The column was washed with five column
volumes (CVs) of buffer A to remove unbound fractions,
and the bound fractions were eluted with a nonlinear,
imidazole gradient from 5 to 500 mmol 1! (buffer B) in
20 CVs. Fractions containing SOD were pooled and
concentrated to 2 ml by filtration using a 30 kDa-pore
Amicon before passage through a Superdex 200 10/300 GL
column (GE Healthcare), which was pre-equilibrated and
eluted with 20 mmol ™" sodium phosphate buffer pH 7-5
containing 100 mmol 1”' NaCl at 0-5 ml min~'; elution
was monitored at 280 nm. The purified SOD was analysed
by sodium dodecyl sulfate polyacrylamide gel (SDS-
PAGE), and protein concentration was measured by the
Bradford method.

Mass spectrometry

The isolated protein band was excised, reduced, alkylated
and submitted to in-gel digestion with trypsin. An aliquot
(4-5 pl) of the resulting peptide mixture was separated on
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a C18 (100 um x 100 mm) RP-nanoUPLC (nanoAcquity,
Waters) column using a gradient from 2 to 90% (v/v)
acetonitrile in 0-1% formic acid (v/v) over 60 min at
0-6 ul min~". The HPLC was coupled to a Q-Tof Ultima
mass spectrometer (Waters, Milford, MA, USA) with
nano-electrospray source, operated in the ‘top three’
mode, which means one MS spectrum is acquired followed
by MS/MS of the top three most intense peaks detected.
The spectra were acquired using software MassLynx v.4.1
(Waters) and the raw data files were converted to a peak
list format (mgf) by the software Mascot Distiller v.2.3.2.0,
2009 (Matrix Science Ltd., Boston, MA, USA). This list
was searched against NCBI database (12 780 006
sequences; 4 363 582 260 residues) using engine Mascot
v.2.3 (Matrix Science Ltd.), with carbamidomethylation as
fixed modification, oxidation of methionine as variable
modification, one trypsin missed cleavage and a tolerance
of 0-1 Da for both precursor and fragment ions. The FDR
was calculated for estimate the confidence of the peptide
identification.

Enzyme activity assay

Superoxide dismutase (SOD) activity was determined by a
modified procedure of pyrogallol autoxidation (Marklund
and Marklund 1974). Different amounts of the enzyme
solution (0-3-3-4 mg) were added in a 50 mmol 1"! Tris
buffer containing 1 mmol 1" EDTA, at pH 8-2. After vor-
texing for 1 min, the reaction was initiated by the addition
of 0-2 mmol I™" pyrogallol (final concentration). The
change of absorbance at 325 nm was measured every 30 s
for 5 min at ambient temperature. The results were
expressed as the amount of enzyme in mg required for
50% of inhibition of pyrogallol autoxidation (ICs).

Metal incorporation and Thermostability

To determine the metal specificity and thermostability of
TfSOD, the enzyme was incubated in 75 mmol 1"
sodium phosphate buffer (pH 7-4) with 10 mmol 1" of
MnCl, or FeCl, at 65, 70, 80 and 90°C. The remaining
enzyme activity was observed with riboflavin-nitroblue
tetrazolium assay with nondenaturing polyacrylamide gel
(NBT-PAGE) (Boonmee et al. 2011).

Circular dichroism spectroscopy and thermal
denaturation

Far-UV CD spectra were recorded on a Jasco J-810
spectropolarimeter (Jasco International Co. Ltd., Tokyo,
Japan), equipped with a Peltier temperature control unit,
from 190 to 260 nm in a 1 mm quartz cuvette. The puri-
fied band of SOD (0-15 mg ml™") was measured in
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75 mmol 17" of sodium phosphate buffer, pH 7-5. The
data collection parameters were set to scan rate of
100 nm/min, response time of 0-5 s, scan step of 0-1 nm
and accumulation of 8. The CD data are shown as mean
residue ellipticity units (deg em? dmol™"). The SS con-
tents were evaluated by deconvolution of the CD spec-
trum using the DichroWeb K2d database (Whitmore and
Wallace 2004).

For thermal scans, the protein samples (0-15 mg ml™")
were heated from 20 to 100°C and subsequently cooled to
20°C with a heating/cooling rate of 1°C min~" controlled
by a Jasco programmable Peltier element. Far-UV CD
spectra were recorded every 2°C, and all the spectra were
corrected by discounting the solvent contribution.

Structure modelling of TfSOD

The TfSOD amino acid sequence was sent to I-TASSER
web server (Zhang 2008; Roy et al. 2010) to create the
3-dimensional model for the enzyme. The side chain
energy minimization was performed in the predicted
model from I-TASSER using the foldX software
(Schymkowitz et al. 2005a,b). Moreover, the manganese
binding site was predicted by the COFACTOR program
(Roy et al. 2012).
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Conclusao Geral

Através da andlise de carotenoides observou-se a formacgao de zeaxantinas
glicosiladas e aciladas em todas as condi¢des; no entanto, houve uma maior produgao de
zeaxantina livre a 63 °C e de termobiszeaxantinas a 77 °C quando comparadas com as
demais condig¢des, o que indica que os carotenoides produzidos por T. filiformis tem por
principal papel a estabilizagdo da membrana lipidica. Por outro lado, no que diz respeito a
capacidade de desativagcao do radical peroxila, dos extratos ricos em carotenoides, o
melhor resultado foi obtido pelo extrato da condicdo com H,O,. Como neste caso nao foi
observado um perfil diferenciado de carotenoides quando comparado ao das demais
amostras, provavelmente outros compostos produzidos pela bactéria quando na presenga
de peréxido podem estar presentes no extrato e terem influenciado positivamente na
capacidade antioxidante do mesmo. No entanto, é interessante ressaltar que os extratos
de todas as condi¢des apresentaram capacidade de desativar o radical peroxila superior a
capacidade de extratos de frutas e até mesmo de padrdes de carotenoides, evidenciando
o potencial dos extratos de T. filiformis de aplicabilidade em industrias farmacéuticas, de
cosmeéticos e de alimentos.

Com o intuito de se obter uma banco de dados para as analises de trancriptdmica
e protedmica, o genoma de T. filiformis foi sequenciado. O genoma apresentou um
tamanho total de 2,46 Mb, similar ao tamanho encontrado para outras espécies de
Thermus.

Com a comparagao dos dados de transcriptoma, proteoma foi possivel apontar
diferengas tanto na expressao génica quanto na expressao de proteinas de acordo com o
estimulo a qual a bactéria foi submetida. Além disso, a analise do interactoma possibilitou
apontar os processos biolégicos mais influenciados na adaptagdo da bactéria Thermus
filiformis quanto a mudancas na temperatura e adigdo de peroxido de hidrogénio.

Os processos biolégicos mais relevantes envolvidos nos processos de
termoadaptacdo da bactéria T. filiformis foram: tradugdo, transcrigdo, enovelamento de
proteinas e ciclo do acido tricarboxilico.

A bactéria T. filiformis apresenta duplicidade de genes codificadores de algumas
aminoacil- tRNA sintetases, sendo que uma representante de cada aminoacil- tRNA
sintetase teve sua expressdo aumentada quando submetidas a um choque térmico. Além

disso, o regulador de expressédo genética ppGpp, se mostrou super expresso a 77 °C
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favorecendo a sintese dos genes envolvidos na resposta ao estresse gerado pala falta de
amino 4cidos.

Os genes envolvidos na transcricdo que se mostraram super expressos em altas
temperaturas foram: o regulador de resposta dois-componentes, reponsavel por permitir
que o micro-organismo sinta, responda e se adapte a uma ampla faixa de condi¢des
ambientais, de estresse e de crescimento, e o gene GreA, envolvido na protegao celular
das proteinas contra a agregacéo.

As chaperonas também se mostraram importantes no processo de
termoadaptacdo. As chaperonas 33, 60, 10 e a ClpB foram super expressas a 77 °C, onde
exercem papel fundamental na prevencado do enovalamento erréneo das proteinas além
de prover o re-enovelamento e correta montagem de polipeptideos desonovelados.

Outro processo bioldgico envolvido na adaptacdo de T. filiformis ao estresse
oxidativo foi o ciclo do acido tricarboxilico. Os genes envolvidos nesse processo tiveram
sua expressao reprimida a 77 °C, este comportamento pode ser uma tentativa do micro-
organismo para evitar o acumulo de O,, o que poderia ocosionar um aumento na
formacao de espécies reativas de oxigénio.

Em relagédo a adicdo de H,O,, foi observado que a quantidade de H,O, utilizada
neste estudo ndo teve grande influéncia na expresséo genética e de proteinas. A principal
alteracdo observada foi a super expressdo da chaperona 33, que € uma proteina com
cisteinas reativas que respondem rapidamente a mudangas no ambiente redox, sendo
ativadas na presenca de H,0,.

Quanto a producgéo de carotenoides, as analises de transcriptémica e protedmica
oportunizaram a elucidadg¢ao da via de produgao destes pigmentos. A bactéria T. filiformis
utiliza a via MEP/DOXP, alternativa a do mevalanonato, para na sintese do geranil-geranil
pirofosfato, precursor da via de carotenoides. Ja na biossintese de carotenoides, foi
observado que a hidroxilagao dos anéis B-ionona do [B-caroteno, para formagao de
zeaxantina é feita pelo citocromo P450, um tipo de B-caroteno hidroxilase que apresenta
pouca similaridade com outras B-caroteno hidroxilase conhecidas, incluindo CrtZ e CrtR.

Além da elucidagdo dos mecanismos de adaptagéo da bactéria T. filiformis quando
submetida a condigbes de estresse, este trabalho mostrou que esta bactéria pode ser
explorada como fonte de moléculas termo-estaveis de interesse industrial, como por
exemplo, pirofosfatases, alfa-amilases, superoxido dismutase, alfa-galactosidases,

esterases, enzimas envolvidas na sintese da vitamina B12 e polimerases, dentre outras.
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Por fim, através de técnicas de clonagem e expressao de proteinas foi possivel a
caracterizacdo da enzima superoxido dismutase produzida por Thermus filiformis
(TfSOD). A TfSOD apresentou massa molecular de aproximadamente 25 kDa, estrutura
secundaria predominantemente na conformacgéao de alfa-hélice (58%) e termo-estabilidade
a até 80 °C, sendo que sua maior capacidade antioxidante foi a 65 °C onde apresentou
ICs0 de 0,41 mg. Além disso, a TfSOD apresentou caracteristicas cambialisticas por ter
atividade tanto utilizando manganés quanto ferro como cofator. Devido a estas
caracteristicas, principalmente a termo-estabilidade é que esta enzima se mostra com

potencial de aplicabilidade nas industrias farmacéutica e de formulagées alimenticias.
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Supplementary

Table S1: Data obtained in the RNA sequencing by llumina MiSeq to the diferent

cultivation conditions.

Transcriptome lllumina lllumina Read Raw Bases  Raw Bases
Conditon Reads Pairs
70 °C 3766434 1883217 564965100 565MB
70 °C 100 uM H,0, 5197032 2598516 779554800 779MB
63 °C 12901310 6450655 1935196500 1.9GB
77 °C 7611736 3805868 1141760400 1.1GB
Total 29476512 14738256 4421476800 4.4GB

Table S2: Differential expression of all protein coding transcripts between all tested growth

conditions.

edgeR Differential Expression p Value 0.01 or Less p Value 0.05 or less

63 °C vs 70 °C H,0, 109 247
77 °Cvs 63 °C 638 900
70 °C H,0, vs 77 °C 611 841
70 °Cvs 63 °C 30 138
70 °Cvs 70 °C H,0, 15 141
70°Cvs 77 °C 586 824
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Table S3: Genes differently expressed in temperature assay.

FPKM
Gene code logCPM logFC PValue FDR 63 degrees 77 degrees Top Hit Uniprot
) trlK7R797|K7R797_THEOS Uncharacterized protein
Thfi_0003 7,051 1,369 0,002 0,009 1402,38 1576,99 1689,52 511,95 576,63 1103,36 OS=Thermus oshimai JL-2
tr|Q72JR9|Q72JR9_THET2 Riboflavin biosynthesis protein
Thfi_0011 6,067 -1,939 0,000 0,000 20,29 14,27 29,03 98,41 74,6 124,38 RibD OS=Thermus thermophilus
Thii 0012 8,587 0,955 0000 0003 111696 72384 96887 182049 13955 156035 Lk AZCOIK7QZC0_THEOS Ribosome maluration factor
| tr|G8N8I1|G8N8I1_9DEIN Transcription termination factor
Thfi_0016 9,737 0,970 0,000 0,000 564,75 359,12 519,35 1036 1108,03 839,05 Rho OS=Thermus sp. CCB_US3_UF1 GN=rho PE=3 SV=1
Thfi_0018 11,312 1,059 0000 0000 108893 172813 14017 881,27 833,72 780,41  UIK7RSJ4IKTRSJ4_THEOS Protein-export membrane
- protein, SecD/SecF family (Precursor)
_ tr[EBPKP2|E8PKP2_THESS Death-on-curing family protein
Thfi_0020 6,237 1,353 0,000 0,002 129,99 104,33 72,41 255,63 376,25 354,28 ST pplta vy
) tr|B7A719|B7A719_THEAQ D-3-phosphoglycerate
Thfi_0021 8,084 -0,559 0,019 0,060 110,93 127,84 135,64 194,56 261,04 237,21 dehydrogenase
tr[F2NM77|F2NM77_MARHT 30S ribosomal protein S15
Thfi_0029 8,419 -0,996 0,000 0,000 1671,22 1177,28 1358,01 2841,05 2758,75 2407,48 0S=Marinithermus hydrothermalis
Thfi_0030 10,608 -0,989 0,000 0,000 546,26 444,28 476,95 1075,31 1078,79 10812  TIEBPPC3IEBPPC3_THESS Polyribonucleotide
nucleotidyltransferase OS=Thermus scotoductus
tr[B7AAD3|B7AAD3_THEAQ Putative signal transduction
Thfi_0034 8,065 0,738 0,012 0,042 940,06 834,19 764,44 405,93 699,33 757,61 protein with CBS domains
) ] tr[H7GG11|H7GG11_9DEIN Uncharacterized protein
Thfi_0036 6,407 0,736 0,031 0,085 169,22 58,07 75,91 124,31 133,32 130,37 0S=Thermus sp. RLGN=RLTM_04929 PE=4 SV=1
. tr[H9ZRD2|H9ZRD2_THETH Isoleucine--tRNA ligase
Thfi_0038 10,404 0,428 0,048 0,121 379,98 386,31 313,41 502,15 562,47 5745 0S=Thermus thermophilus JL-18 GN=ileS PE=3 SV=1
Thfi_0043 9,368 1,395 0000 0000 627,07 632,12 707,21 263,52 340,93 25207  [IFBDEJEFEDEJE_THETG Probable glycine
- dehydrogenase [decarboxylating] subunit 2
tr|[H7GFD6|H7GFD6_9DEIN Probable glycine
Thfi_0044 8,570 1,810 0,000 0,000 435,24 439,47 411,24 138,76 167,63 116,62 dehydrogenase [decarboxylating] subunit 1
) tr|B7A6K6|B7A6K6_THEAQ Glycine cleavage system H
Thfi_0045 8,252 1,657 0,000 0,000 1993,24 1488,93 1654,97 534,15 665,55 451,08 protein OS=Thermus aquaticus Y51MC23
trl[H9ZSX1|H9ZSX1_THETH Aminomethyltransferase
Thfi_0046 8,224 1,292 0,000 0,000 436,43 410,33 410,37 155,76 180,79 284,18 0S=Thermus thermophilus JL-18 GN=gevT PE=3 SV=1
) tr|B7A692|B7A692_THEAQ Peptidase M24 OS=Thermus
Thfi_0049 8,131 0,566 0,035 0,093 493,89 309,79 363,26 2221 245,83 314,2 aquaticus Y51MC23 GN=TagDRAFT 4341 PE=4 SV=1
tr[EBPKN3|E8BPKN3_THESS Membrane metalloprotease
Thfi_0054 6,350 -1,559 0,000 0,001 106,63 63,88 21,22 220,71 155,97 274,45 0OS=Thermus scotoductus (strain ATCC 700910 / SA-01)
GN=TSC_c15690 PE=4 SV=1
Thfi_0058 5915 1,079 0020 0063 167,82 91,89 118,1 142,37 281,1 51451  (IEAUIX7|E4UOX7_OCEPS5 Uncharacterized protein
(Precursor) OS=Oceanithermus profundus
Thfi_0060 11,527 1,582 0,000 0,000 310348  3900,05  3546,35  1335,27 1123,3 i TRORIFRRIA VIS0 ANECHe Uk sy
system, periplasmic component (Precursor)
tr|[ESPJLO|E8PJLO_THESS ABC transporter, permease
Thfi_0062 6,717 -0,993 0,002 0,010 48,34 69,24 98,07 159,22 201,11 228,26 protein, MalFG family OS=Thermus scotoductus (strain
ATCC 700910 / SA-01)
tr|E4UBW5|E4U6W5_OCEP5 Alpha-glucosidase
Thfi_0063 8,744 0,549 0,030 0,085 22476 243,99 163,93 165,67 171,9 143,34 0OS=0ceanithermus profundus (strain DSM 14977 / NBRC

100410 / VKM B-2274 / 506)
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Thi_ 0064 10,614 0,584 0,008 0030 147601 104816 92583 812,14 848,11 626,79  [IB7ABE7|B7ABE7_THEAQ PpiC-type peptidyl-prolyl cis-
trans isomerase (Precursor)
) tr|B7ABE6|B7ABES_THEAQ Major facilitator superfamily
Thfi_0065 7,205 1,568 0,000 0,000 62,9 34,88 75,49 227,25 200,08 18657 Vi 1 08Thermas aquaticus Y51MC23
Thfi_0067 7,339 0879 0003 0012 428739 343,49 193,93 696,64 554,55 5139  [TIK7RLB4IK7RL84_THEOS Putative signal-transduction
protein containing cAMP-binding and CBS domains
tr|B7ABE3|B7ABE3_THEAQ Putative uncharacterized
Thfi_0068 6,295 1,379 0,005 0020 207,64 84,24 282,82 461,7 464,93 25766 i OS=Thermus aquaticus Y51MGC23
Thfi_0069 6,695 1,843 0001 0007 2445 21,07 14,03 186,18 180,5 180,53  HOBHAGIHOBHAG_9ACTO Putative integral membrane
protein OS=Streptomyces sp. W007
tr|D3PLD6|D3PLD6_MEIRD Uncharacterized protein
Thfi_0071 6,001 -1,506 0,002 0008 37,57 29,51 24,92 128 47 92,49 160,64 Osohiciothormus raber
Thfi_0072 7,003 0,809 0022 0066 28243 121,11 217,28 280,65 271,58 23303  (HOZRHEIHIZRHE_THETH Transcriptional regulator
OS=Thermus thermophilus JL-18
trlK7R7Y9|K7R7Y9_THEOS Pyruvate/2-oxoglutarate
Thfi_0080 8,365 1,016 0,000 0,000 353,22 326,43 454,71 210,98 183,54 264,48 dehydrogenase complex, dihydrolipoamide acyltransferase
component OS=Thermus oshimai JL-2
Thfi_0081 7,047 2,027 0,000 0000 140,58 112,15 160,6 14,53 60,6 80,84 3132 ’i*r1642|B7A642—THEAQ Putative uncharacterized
tr|B7A618|B7A618_THEAQ ABC transporter related
Thfi_0083 7,347 1,026 0,000 0003 399,08 295,35 356,5 183,26 1556 26327 5o Thermus aqualious YS1MC23
Thfi_0086 7,710 0,975 0,002 0,009 230,31 286,5 249,52 575,46 747,69 104828  MEBPLJ2EBPLJ2_THESS Transposase family protein
- OS=Thermus scotoductus
tr[H9ZTT4|H9ZTT4_THETH Transposase OS=Thermus
Thfi_0087 5,840 -1,051 0012 0043 60,75 54,49 57,34 105,85 193,34 17630 o ophilus JL-18
) trl[H9ZTYO|H9ZTYO_THETH Alanine--tRNA ligase
Thfi_0089 9,744 -0,526 0,019 0059 349,01 243,1 281,22 423,71 353,48 51265 (oo Thormus thermophilus JL-18 ONcalaS PES3 SV=1
Thfi_0094 6,607 1,102 0,000 0002 487,32 298,91 413 229,96 156,21 om0 THIESS Ui e i e
0OS=Thermus scotoductus
Thfi_0097 8,556 0605 0019 0060 5853 347,08 634,58 642,73 989,56 652,05  1Q72H04|Q72HO4_THET2 23S rRNA methyltransferase
OS=Thermus thermophilus
tr| GBNC45|G8NC45_9DEIN Putative uncharacterized
Thfi_0105 4,062 1,479 0,031 0,087 2,87 9,01 0 12,74 28,97 35,41 protein OS=Thermus sp. CCB. US3. UF1
Thfi_0107 4,866 -2,390 0,002 0,010 43 1,11 4,07 13,73 9,46 1737  UIESBPQFIIESPQFS_THESS Hypothetical membrane
spanning protein
Thfi_ 0108 6,796 1,368 0,000 0001 157,03 69,97 137,75 277.,6 202,24 wmgy US| AET_TTHISCE Ui S i
(Precursor) OS=Thermus oshimai JL-2
) tr|E8PJIO|E8PJIO_THESS Phosphate-binding protein
Thfi_0110 8,099 0,590 0,025 0074 391,31 324,34 269,39 194,42 289,75 20992 Goiriomus scotoductus (stran ATGC 700910/ SA-01)
tr|E4U9X7|E4U9X7_OCEPS5 Uncharacterized protein
Thfi_0116 5,314 -1,140 0,029 0,083 113,07 91,79 0 135,65 2424 260,75 (Precursor) OS=0ceanithermus profundus
Thfi_0123 10,021 0,745 0,002 0,010  3063,01 342174  3252,85 1914,8 233582  2032,83 glifozggsLEsPoangEss Bacterioferrifin OS=Thermus
tr[F2NN31|F2NN31_MARHT Acyl-CoA dehydrogenase
Thfi_0129 7,969 0,889 0,003 0014 18873 170,45 217,85 92,23 124,53 193,28  domain-containing protein OS=Marinithermus
hydrothermalis (strain DSM 14884 / JCM 11576 / T1)
Thfi_0130 9,845 1,924 0,000 0,000 25568 158,89 223,35 819,73 804,34 ga3 e  [IK7QUP2IK7QUP2_THEOS Thioredoxin domain protein

OS=Thermus oshimai JL-2 GN=Theos_1008 PE=4 SV=1
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~ tr[EBPQ66|E8PQ66_THESS Uncharacterized protein
Thfi_0131 7,859 2,163 0,000 0,000 128,24 175,22 413 1379,76 1048,82 1225,55 0S=Thermus scotoductus (strain ATCC 700910 / SA-01)
) ; tr[EBPNX5|E8PNX5_THESS Diguanylate cyclase
Thfi_0133 7,364 1,233 0,000 0,001 127,32 115,43 78,78 309,58 201,12 353,43 0S=Thermus scotoductus (strain ATCC 700910 / SA-01)
tr|B7A934|B7A934_THEAQ Putative uncharacterized
Thfi_0140 8,516 1,390 0,000 0,000 952,6 1162,59 1140,44 736,31 654,34 472,37 protein (Precursor) OS=Thermus aquaticus Y51MC23
) R tr|ESPNY9|E8PNY9_THESS Feruloyl-CoA synthetase
Thfi_0142 4,173 2,771 0,001 0,007 1,54 2,4 0 10,84 12,84 37,68 0S=Thermus scotoductus (strain ATCC 700910 / SA-01)
tr[H9ZVC9|H9ZVC9_THETH Putative transcriptional
Thfi_0150 5,373 0,990 0,030 0,085 168,66 173,74 210,47 83,38 173,52 57,66 requlator OS=Thermus thermophilus JL-18
) tr|EBPMF8|E8PMF8_THESS Uncharacterized protein
Thfi_0156 12,930 1,627 0,000 0,000 13650 21738,9 22344.,4 7558,69 7640,42 9980,43 0S=Thermus scotoductus (strain ATCC 700910 / SA-01)
_ trlF6DDV3|F6DDV3_THETG Transposase OS=Thermus
Thfi_0157 6,054 1,889 0,000 0,000 24,46 16,91 11,62 40,48 67,7 115,91 thermophilus (strain SG0.5JP17-16)
Thfi_ 0162 6,749 1185 0002 0008 229,04 173,89 90,51 43173 5375 31491  (rlQ82UB3|QB2UB3_NITEU Probable ribonuclease VapC
OS=Nitrosomonas europaea
. tr[H9ZVD1|H9ZVD1_THETH Uncharacterized protein
Thfi_0164 5,327 0,992 0,019 0,060 61,36 56,29 13,7 89,7 129,39 118,53 0S=Thermus thermophilus JL-18 GN=TtJL18_2470
) tr[B7A5V0|B7A5V0_THEAQ Putative uncharacterized
Thfi_0181 4,429 -1,378 0,049 0,124 22,69 24,49 22,28 63,25 93,08 145,95 protein OS=Thermus aquaticus Y51MC23
tr|B7A7J5|B7A7J5_THEAQ DNA repair protein RecO
Thfi_0187 6,450 -1,060 0,002 0,009 51,21 72,21 105,57 176,94 229,62 204,75 0S=Thermus aquaticus Y51MC23
) trlF6DGVO|F6DGVO_THETG Thioesterase superfamily
Thfi_0190 8,314 1,073 0,000 0,000 1112,27 1129,46 1133,43 509,45 654,99 588,7 protein OS=Thermus thermophilus (strain SG0.5JP17-16)
tr|E8PLG3|E8PLG3_THESS Ribosome-recycling factor
Thfi_0195 8,731 0,568 0,013 0,043 632,68 880,55 929,67 687,72 852,86 809,3 OB TS e e IEES
Thfi_0199 6,269 1,018 0,003 0013 102,88 70,6 47,82 136,3 185,21 16462  THIZRXS5|HIZRX5_THETH Glycosyl transferase
OS=Thermus thermophilus JL-18
tr|GBN8S8|G8N8S8_9DEIN Putative uncharacterized
Thfi_0200 6,263 -0,767 0,015 0,048 144,46 126,42 111,85 205 231,21 242,06 protein OS=Thermus sp. CCB_US3_UF1
GN=TCCBUS3UF1_15440 PE=4 SV=1
Thfi_0201 7117 0,807 0014 0,046 251 140,3 347,95 183,08 147,91 7481 UIHOZRX7IH9ZRX7_THETH Pyrroline-5-carboxylate
- reductase OS=Thermus thermophilus JL-18
tr|E8PLH1|E8PLH1_THESS Stage V sporulation protein S
Thfi_0204 7,722 1,977 0,000 0,000 959,19 1104,63 2184,02 467,54 530,95 502,41 0S=Thermus scotoductus (strain ATCC 700910 / SA-01)
Thfi_0208 4,757 1,393 0,022 0067 417,01 128,55 248,92 69,34 74,98 0 trD7BFLEID7BFLE_MEISD Transcriptional regulator, AsnC
family OS=Meiothermus silvanus
Thfi_0210 8,406 1,107 0,001 0008 83,02 52,95 73,49 248,73 154,14 ppge  FEDCHTIRERIEHT IEE [PUERG Sl s MhEse,
PrkA OS=Thermus thermophilus
) } trl[K7R4R6|K7R4R6_THEOS Putative Ser protein kinase
Thfi_0211 7,216 2,162 0,000 0,000 108,41 59,2 34,65 380,65 314,85 335,17 0S=Thermus oshimai JL-2 GN=Theos_0873 PE=4 SV=1
_ tr[B7A6C6|B7A6C6_THEAQ Putative uncharacterized
Thfi_0212 5,284 1,559 0,005 0,019 22,11 12,11 12,67 44,92 55,52 67,87 protein OS=Thermus aquaticus Y51MC23
) tr|GBN8T9|G8N8T9_9DEIN SpoVR OS=Thermus sp.
Thfi_0213 7,379 -1,356 0,000 0,001 77,02 43,42 56,16 203 171,92 170,18 CCB_US3_UF1 GN=TCCBUS3UF1_15550 PE=4 SV=1
Thfi_0214 7,174 1,495 0,000 0001 22257 322,25 329,96 84,71 204,72 mgy  AYEREDVE ROSST FuiEilye e r s EiEed
protein (Precursor)
Thfi_0223 8,419 0,718 0,010 0,036 527,69 371,18 690,41 275,19 360,65 309837  [IF6DEZO|FEDEZ9_THETG PpiC-type peptidyl-prolyl cis-

trans isomerase (Precursor)
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Thfi_ 0229 8,068 1,313 0,000 0000 41356 246,51 397,78 145,67 128,63 g RO THE0S ey e
(Aminopeptidase T) OS=Thermus oshimai JL-2
) tr[K7QVH5|K7QVH5_THEOS O-acetylhomoserine
Thfi_0230 4,523 1,221 0,029 0082 86,62 56,45 76,94 56,85 46,1 0 sulfhydrylase (Preoursor) OS<Thermus oshimai JL-2
. tr[H9ZRT7|H9ZRT7_THETH 33 kDa chaperonin
Thfi_0233 7,170 0,563 0,044 0112 108,05 125,05 80,8 180,76 208,66 20215 G5 Trormus thermophilus JL.18 GNehel0 PE=3 SV=1
) tr|EBPRA9|E8BPRA9_THESS Acyl-CoA dehydrogenase
Thfi_0235 9,188 0,551 0,032 0087 27677 384,99 300,06 266,28 306,32 36405 o termus scotoductus (stram ATCC 7009101 SA01)
Thfi_0236 6,784 2,208 0,000 0000 386,38 487,68 218,78 72,87 112,07 imngs  TIEAUEETEAUEEY_CCERS B miles eriEse
accessory protein NosL (Precursor)
Thfi_ 0237 7,808 0,810 0,005 0020 20326 241,84 160,57 146,68 177,78 13042  TIQ5SIW1IQESIW1_THETS Acetyl-CoA acetyltransferase
OS=Thermus thermophilus
tr|ESPRB6|E8PRB6_THESS Pyrrolidone-carboxylate
Thi_0241 4,477 2,223 0,009 0032 31,19 49,51 25,82 8,04 15,23 27,91 poptidase OS=Thermus scotoductus
Thfi_0242 6,481 1,095 0,004 0,017 127,06 85,67 119,21 40,63 91,66 40,3¢  [MH7GDR7IH7GDR7_SDEIN Lipopolysaccharide core
biosynthesis protein rfaG OS=Thermus sp.
tr|Q72KB8|Q72KB8_THET2 UDP-galactopyranose mutase
Thfi_0243 6,520 1,396 0,000 0001 17445 100,15 160 432 77,96 4289 Goloe thermophilus
Thfi_0245 7,702 1,081 0,001 0,004 377 312,56 437,59 142,34 206,77 1978 GO SPAIDIPSFA_MEIRD Glycosyl transferase family 2
=Meiothermus ruber
tr| GBN8P3|G8N8P3_9DEIN Putative uncharacterized
Thi_0247 8,412 2,147 0,000 0,000 53942 820,68 712,44 230,28 277,03 8644 i OS=Thermus sp.
Thfi 0248 9,610 0,881 0000 0001 197395 1481 1782,11 792,3 112609  o4ge4  1D7BG10|D7BGI0_MEISD Glycosy! transferase family 2
OS=Meiothermus silvanus
Thfi_0250 7,392 0,805 0,005 0019 22346 166,76 148,42 114,32 140 gy PHECEOSE NIEIRID) e s lErsiiee
(Precursor) OS=Meiothermus silvanus
Thfi_0254 8,374 1,214 0,000 0000 468,59 375,87 401,77 165,71 289,88 139,23  UIB7A7E3[B7A7ES_THEAQ Mandelate racemase/muconate
- lactonizing protein OS=Thermus aquaticus Y51MC23
trlK7QZ26|K7QZZ6_THEOS Uncharacterized protein
Thfi_0255 7,299 0,981 0,004 0015 310,21 322,23 223,22 127,16 199 17282 (5 Thormus oshinai JL.2 GN=Theos. 1567 FEo4 SV=1
) tr|[E4U959|E4U959_OCEPS5 ABC transporter related protein
Thfi_0258 5,842 1,271 0015 0048 122,79 120,27 478 32,59 78,57 M5 G reor OS<Oceanithormus profundus
tr[F6DGDO|F6DGDO_THETG Chorismate mutase
Thfi_0260 7,024 1217 0,000 0001 311,13 263,57 283,37 549,85 858,27 61857  (SoThermus thermaphilus
Thfi_0263 7,154 -0,548 0,048 0,121 34556 246,11 294,05 372,58 503,73 50329  (IH9ZRRA4|HIZRR4_THETH Phosphopantetheine
- adenylyltransferase OS=Thermus thermophilus JL-18
tr|D7BGL5|D7BGL5_MEISD ABC transporter related protein
Thfi_0267 6,403 0,717 0,034 0092 99,56 138,58 105,17 94,81 123,47 6173 Brocursor) OS=Maiothermus silvanus
tr[EBPLA7|E8PLA7_THESS ABC transporter,
Thfi_0274 5,496 -1,783 0,001 0,006 18,87 11,74 717 18,73 43,85 76,61 permease/ATP-binding protein, HlyB family
tr[B7AAC2|B7AAC2_THEAQ Putative uncharacterized
Thfi_0278 6,943 0,927 0,003 0013 97,49 72,9 78,88 134,67 145,33 260,03  protein 0S=Thermus aquaticus Y51MC23
GN=TaqDRAFT_3407 PE=4 SV=1
tr|Q72K93|Q72K93_THET2 Ribonuclease R OS=Thermus
Thfi_0279 11,493 -0,762 0,002 0,008  1273,39 843,61 107054  1265,31 1924,8 2364,28  thermophilus (strain HB27 / ATCC BAA-163 / DSM 7039)
GN=rnr PE=3 SV=1
Thfi_0280 6,155 1,093 0,005 002 312 31,32 39,17 13,61 25,81 mpy PSR ETARIE AN Uil (R AP ez O =lhcmms

aquaticus Y51MC23 GN=TaqDRAFT_5093 PE=4 SV=1
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Thfi_0281 10,837 20719 0002 0009 148225 114663 131406 170455 224203 246269  UIH9ZRS1|HIZRSI_THETH Acetylomithine/acetyl-lysine
aminotransferase OS=Thermus thermophilus JL-18
tr[K7QYX6|K7QYX6_THEOS Phosphoglucosamine mutase
Thfi_0284 7,675 0,979 0,000 0002 13591 153,55 229,04 105,73 119,08 3B A s e e e
: tr|GBN809|GBN809_9IDEIN UPF0365 protein
Thfi_0290 8,461 0,749 0,002 0011 22448 368,43 4245 297,96 320,34 32308 TEORUSSUR!. 14380 OSThormn s, CoB. US3_ UF1
tr|EBPPO8|E8PP08_THESS Anti-cleavage anti-GreA
Thfi_02908 9,227 1,051 0000 0001 128212 71357 126114 263717 176781 242408 oo s coetotuiotus
Thfi 0299 10,044 4,159 0,000 0000 449,66 390,99 45715 136248  1004,35 9587  UTIEBPPO7IEBPPO7_THESS Lysine--tRNA ligase
OS=Thermus scotoductus
Thfi_0300 7,376 11305 0001 0004 17372 72,42 132,52 407,17 241,94 pipEn  ICENSTHCENY_HDIEN Cadluiiame fEEs e
protein czrB OS=Thermus sp.
) ) tr|Q8VQD6|Q8VQD6_THEAQ Transcription elongation
Thfi_0301 7,533 1,395 0,000 0000 3022 211,16 282,89 929,01 660,57 408,90 RS Thermus atuatious ONearoA PEcd Sy=1
tr[EBPP34|E8PP34_THESS Conserved protein/domain
Thfi_0303 8,329 0,737 0,007 0,028 1456,66 1086,26 959,52 599,99 696,07 704,6 typically associated with flavoprotein oxygenase, Dim6/ntab
family OS=Thermus scotoductus
Thfi_0304 6,291 -0,885 0,008 0029 40,77 27,03 17,09 54,56 51,71 65,68  IQ5SKMS|Q5SKM3_THETS Alternative anthranilate
- synthase component I+1l (TrpEG)
trl[H9ZSM2|H9ZSM2_THETH Uncharacterized protein
Thfi_0305 7,114 0,916 0025 0075 370,78 168,56 279,62 571,38 371,58 S
Thfi_0307 11,093 1,259 0,000 0000 306,98 315,47 318,88 767,37 1113,3 987,52  (IEBPJRGIEBPJRG_THESS Methionine synthase
0OS=Thermus scotoductus
~ tr[F6DF87|F6DF87_THETG ATP-dependent Clp protease
Thfi 0309 10,413 0,617 0,013 0045 71025 829,13 75206 164154 186057 147555 A O e Thorn thormeopus
Thfi 0310 10,386 0925 0000 0001 99568  1287,25 167299 337028 353265 458842  UIrODF86|FEDF86_THETG ATP-dependent Cip protease
proteolytic subunit OS=Thermus thermophilus
tr[K7QZP1|K7QZP1_THEOS Carbamoyl-phosphate
Thfi_0313 9,479 0,438 0050 0124 206,32 172,51 200,19 302,98 300,75 I e e ke
tr|B7A7K8|B7A7K8_THEAQ DSBA oxidoreductase
Thfi_0316 8,400 0,718 0,013 0044 547,66 391,32 751,22 207,5 380,36 386,51  (Precursor) OS=Thermus aguaticus Y51MC23
GN=TaqDRAFT 5411 PE=4 SV=1
tr|K7QZP2|K7QZP2_THEOS Putative 4-hydroxybenzoate
Thfi_0320 7,214 -0,765 0,009 0,031 88,54 108,6 135,12 218,69 270,01 273,14 polyprenyltransferase OS=Thermus oshimai JL-2
GN=Theos_1357 PE=4 SV=1
trlU2PKX6|U2PKX6_9ACTO Uncharacterized protein
Thfi_0321 5,702 22,146 0,000 0001 73,01 20,43 49,75 193,55 1246 107,45  OS=Actinomadura madurae LIID-AJ290 GN=AMLIID_05805
PE=4 SV=1
Thfi_0323 5,521 4,793 0,000 0,000 14,57 27,47 16,75 98,45 73,63 gogy  FEDEIRIAEDEIRI_IRIENS NesiEiz-aue i
pyrophosphorylase OS=Thermus thermophilus
Thfi_0324 9,927 -0,630 0,003 0014 196044 209643 225482 427419 371727 40004 mgﬁ;ﬂﬂ?m“e—mgz Pseudocatalase OS=Thermus
tr[K7QTPO|K7QTPO_THEOS Mn-containing catalase
Thfi 0325 10,222 0,672 0001 0007 130529 201153 222404 403763  3687.2 416402 (o o ONTATEOTIED
) tr|E8PJU2|E8PJU2_THESS Uridine kinase OS=Thermus
Thfi_0330 7,410 0,732 0027 0078 219,75 204,22 245,03 470,54 4259 21617 L o (shain ATCO 700010 | SA.0T
Thfi 0338 6,502 1,330 0001 0005 209,94 72,86 152,04 248,53 216,61 s SR IR TTRISORS Mipeliie Wiess
0OS=Thermus oshimai JL-2
Thfi_0343 6,240 1437 0000 0001 2008 82,97 88,92 306,82 316,71 30028  [FIB7AA7BIB7TAA78_THEAQ Transcriptional regulator, MarR

family (Precursor) OS=Thermus aquaticus Y51MC23
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. tr|GBN8D1|G8N8D1_9DEIN Putative uncharacterized
Thfi_0344 7,775 0,888 0,030 0084 12141 78,23 100,57 284,78 281,61 0761 e 08 Thonnus op, GOB. US3. UPY
) tr|B7AA76|B7AA76_THEAQ Putative uncharacterized
Thfi_0345 7,948 -1,056 0,001 0,004 271,09 134,61 187,4 407,06 479,04 23822 [ Procursor) OS=Thermus aquatious Y5 TMC23
tr[F2NMA1|F2NMA1_MARHT Efflux transporter, RND
Thfi_0346 6,650 0,807 0,045 0,116 85,64 48,64 66,81 116,62 139,76 59,61 family, MFP subunit OS=Marinithermus hydrothermalis
(strain DSM 14884 / JCM 11576/ T1)
] trlK7QZ72|K7QZ72_THEOS Uncharacterized protein
Thfi_0351 6,348 -1,352 0,000 0,001 35,62 18,45 27,06 55,05 70,88 6502 ol Thomus oshimai JL2 GNeThoos. 1080 PE4 SV=1
. tr[H7GFT9|H7GFT9_9DEIN Dehydrogenase (Alcohol)
Thfi_0354 5457 0,931 0,031 0087 32,36 30,37 24,71 51,44 36,1 9269 55 Thermus sp. RL GN=RLTM 05404 PE<4 SV-1
Thfi_0356 7,961 0,641 0016 0052 28879 236,44 410,45 209,68 217,41 219,97  [K7QVI5K7QV5_THEOS Uncharacterized protein
(Precursor) OS=Thermus oshimai JL-2
Thfi_0358 3,838 1,850 0,050 0124 874 16,02 25,13 5,18 491 0 (| QARG [ AQSHEVTHIZIONS PG @llifilie
cyclodeaminase, mu-crystallin OS=Thermus oshimai JL-2
Thfi_0367 7,488 0,606 0,049 0,122 81,03 117,49 113,72 101,58 58,17 gg3p  UIK7QZQGIK7QZQ6_THEOS AMP-forming long-chain acyl
- CoA synthetase OS=Thermus oshimai JL-2
tr[F2NQR9Y|F2NQR9_MARHT Integrase catalytic region
Thfi_0370 4,559 2,758 0,000 0,002 435 6,9 12,59 70,56 51,96 544 OS=Marinithermus hydrothormalis
Thfi_0372 7,560 -0,845 0,005 0019 8441 379,45 387,06 954,78 678,91 56132  (ID3PRL8ID3PRLE_MEIRD Fe-S metabolism associated
SufE OS=Meiothermus ruber
Thfi_0373 7,287 0,813 0017 0054 152,13 211,45 260,37 119,49 1482 iEngy  UPFCOUMOIAQNIIHIEOR Aiatesemsla Cpepiis,
microsomal dipeptidase OS=Thermus oshimai JL-2
Thfi_0374 12,727 0,852 0,000 0002 113666 112624  10677.8 835914 566308 614817  1Q72JV2(Q720V2_THET2 Thiosulfate sulfurtransferase
OS=Thermus thermophilus
Thfi_0375 9,315 1,281 0,000 0000 81229 573,98 580,58  1737,94 121484 195262  TIQ5SJVBIQ5SIVE_THETS Zn-dependent protease
0OS=Thermus thermophilus
Thfi_0376 5,333 1572 0,001 0004 86,82 102,87 74,63 302,22 293,78 49433  TIEBPIN4IEBPINA_THESS Uncharacterized protein
- OS=Thermus scotoductus
Thii 0378 7,529 0627 0017 005 6313 67,68 68,86 54,99 43,65 Grpn  UlCESIVEOBEINE VIREVE Cliemesems seeeEien Shic
protein OS=Thermus thermophilus
Thfi_0379 6,473 1,197 0,000 0001 366,31 223,85 201,7 127,52 146,56 94,76  UTIQ72KA3|Q72KA3_THET2 Uncharacterized protein
- OS=Thermus thermophilus
tr|[B7A7H2|B7A7H2_THEAQ Cell wall hydrolase/autolysin
Thfi_0380 5133 1,491 0,007 0025 27,78 26,35 4541 10,49 23,2 1216 (Bocursor) OS=Thamus squaticus Y5MG23
Thfi_0381 5,657 0,897 0042 0108 139,95 151,3 177,85 78,1 137,24 77,32  F6DGGA4|FEDGGA_THETG SsrA-binding protein
(Precursor) OS=Thermus thermophilus
Thi_ 0382 10,141 0,947 0,000 0000 85643 14432 155843 936,98 104028 702,82  UIFBDGG7IF6DGG7_THETG Glyceraldehyde-3-phosphate
dehydrogenase, type | OS=Thermus thermophilus
) tr|B7A7G6|B7A7G6_THEAQ Phosphoglycerate kinase
Thfi_0383 8,538 0,948 0,000 0,003 382,66 435,24 460,32 24557 203,2 32459 G Thermus aquaticus Y51MC23 GNepgk PES3 Svot
Thfi_0384 6,774 1,155 0,001 0,004 242,68 249,71 265,31 118,59 155,97 mpgn  SIDVERNEDERINE IYERID Fepititse C2
OS=Meiothermus silvanus
) trl[H7GG75|H7GG75_9DEIN Triosephosphate isomerase
Thfi_0385 8,413 1,153 0,000 0,000 560,94 671,84 618,81 316,56 394,53 25074 oo e op. RL GNtpiA PES SVot
tr[H9ZRQ6|H9ZRQ6_THETH Pyruvate/2-oxoglutarate
Thfi_0388 6,261 1,159 0,019 0,060 66,42 68,73 129,22 46,17 35,79 116,69 dehydrogenase complex, dehydrogenase component beta
subunit OS=Thermus thermophilus JL-18
Thfi_0391 7,627 0,817 0,001 0,006 133,68 115,33 137,01 223,37 250 28121  [H9ZS71|H9ZS71_THETH Homoserine O-

acetyltransferase OS=Thermus thermophilus JL-18
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Thfi_ 0392 8,047 20735 0008 0028 173,18 163,26 170,16 220,65 388,12 omE| PR ATAE TSN Qe nmmEs e -
acetylserine sulfhydrylase
) tr|E8PKR5|E8PKR5_THESS Cell wall endopeptidase, family
Thfi_0395 6,866 0,812 0,006 0023 23632 141,87 187,52 104,68 130,83 30,95 NioaiM37 OS=Thermus scotodicus
Thfi_0404 8,131 0510 0,042 0110 34556 222,08 317,28 203,21 262,74 ienge  DPZISHERRL MAEIZ DTyl eeinilietse
OS=Thermus thermophilus
) tr| GBNOW 5|G8N9W5_9DEIN Binding-protein-dependent
Thfi_0416 7,085 -1,046 0,001 0003 67,88 62,18 48,48 119,34 166,82 17632 o Dort system inner membrans component
Thfi_0417 7,197 20723 0017 0054 733 94,42 122 169,43 253,67 agE PRSI EAGE HIEAQ Ehe i
transport systems inner membrane component
Thfi_ 0418 11,107 1,036 0,000 0000 103204 151203  1407,59 812,41 105764 89662  (IEBPMWBIEBPMWS_THESS Oligopeptide-binding protein
AppA OS=Thermus scotoductus
tr[B7A7W7|B7A7W7_THEAQ GCN5-related N-
Thfi_0427 6,134 -1,861 0,000 0000 2326 42,91 56 240,07 151,55 Ma92 e eforase
) tr[H7GHA4|H7GHA4_9DEIN Long-chain-fatty-acid-CoA
Thfi_0428 8,783 0,905 0,000 0001 62351 908,9 868,68 486,13 639,27 47304 e OS=Thermus 5p. RL GNARLTM 08162 PE=4 SV=1
tr[EBPMH9|E8PMH9_THESS Long-chain-fatty-acid--CoA
Thfi_0429 7,776 0,854 0,004 0016 48464 683,9 441,31 361,3 480,43 20887 i OS=Thermus Scotoductus
Thfi_0430 7,291 0825 0004 0018 147,29 146,82 162,79 281,91 257,52 297,28 L’lgiwa'GSNBBS—QDE'N Bile acid-inducible operon
tr|Q72JW9|Q72JW9_THET?2 ABC transporter permease
Thfi_0432 8,315 0,707 0,002 0008 17324 199,23 183,76 322,12 375,25 W05 i OSThermus thermophilus
Thfi_0433 7,565 1284 0000 0000 259,09 128,82 143,32 485,9 457,15 41809  [IEBPKCO|EBPKCY_THESS Macrolide export ATP-
binding/permease protein MacB
Thfi_0436 7,019 1,048 0017 0055 67,79 32,53 79,47 172,73 130,38 eaEs | EPICEERCE THIESS Qi rmeml B Sl st
0OS=Thermus scotoductus
Thii_0438 11,132 -2,804 0,000 0000 331,94 375,78 33517 496703 287629 270389  [IEBNOUSIEBNOU9_ANATU Putative ABC transporter
substrate binding protein
tr|D7BAB3|D7BAB3_MEISD Binding-protein-dependent
Thfi_0439 7,393 -1,873 0,000 0,001 51,18 52,16 51,4 44227 313,71 110,32 transport systems inner membrane component (Precursor)
OS=Meiothermus silvanus
Thfi_0440 7,658 1,928 0,000 0,000 73,93 80,98 74,04 564,78 439,89 457,97 ggs;gllﬂ?sztsm_gmzm Permease OS=Thermus sp. T2
tr|G7V8Z4|G7V8Z4_THELD Glycosyl! transferase group 1
Thfi_0446 9,898 0,902 0,000 0003 223144 190636 232258 848,66 148321 1478,78  OS=Thermovirga lienii (strain ATCC BAA-1197 / DSM
17291 / Cas60314) GN=Tlie_1812 PE=4 SV=1
tr|G8NOG7|GBNIG7_9DEIN Phospho-2-dehydro-3-
Thfi_0448 9,619 -0,545 0,016 0051 165047  1437,71 1879,08  2952,06 273499  2432,87  deoxyheptonate aldolase OS=Thermus sp. CCB_US3_UF1
GN=TCCBUS3UF1_4170 PE=4 SV=1
tr[K7R021|K7R021_THEOS Sec-independent protein
Thfi_0449 9,102 -0,635 0,005 0,020 710,32 594,55 644,49 1163,27 1178,51 884,29 translocase protein TatC (Precursor) OS=Thermus oshimai
JL-2 GN=tatC PE=3 SV=1
) } trlQ5SH76|Q5SH76_THET8 Demethylmenaquinone
Thfi_0451 8,648 0,483 0,035 0094 65141 402,22 625,96 739,43 805,32 91998 e ansierase OB=Thermus thermophilue
tr|[K7RF25|K7RF25_THEOS ABC-type sugar transport
Thi_0461 8,411 0,509 0023 0071 47495 302,55 380,31 301,19 253,7 20938 o eriplasmic component (Prasurson
Thfi_0462 6,233 0,679 0,027 0078 190,72 101,63 132,76 101,38 72,67 3806  TIK7QVCAIK7QVC4_THEOS Sugar phosphate
isomerase/epimerase OS=Thermus oshimai JL-2
Thfi_0467 7,173 1,232 0,001 0,005 71,4 81,96 87,8 332,19 184,12 iTags  RCONCE|ONER 1TIEOS UindEreeiares] pisisi

OS=Thermus oshimai JL-2 GN=Theos_2055 PE=4 SV=1
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) tr|B7A5X6|B7A5X6_THEAQ Putative uncharacterized
Thfi_0470 5,431 3,143 0,000 0000 19,66 7,82 0 178,23 151,84 272 e rommie aqunticus v&1MCD3
- tr|B7A5X5|B7A5X5_THEAQ Polysulphide reductase NrfD
Thfi_0471 6,695 2,865 0,000 0000 13,67 17,32 14,65 177,31 113,92 e e o
Thfi_0472 6,708 2,526 0,000 0,000 7,74 8,67 4,89 90,79 38,41 78,3 trlQ5SHG6|Q5SHGE_THETS Molybdopterin
oxidoreductase, iron-sulfur binding subunit
tr|[K7QYG4|K7QYG4_THEOS Class Ill cytochrome C family
Thfi_0473 5,954 2,646 0,000 0000 26,56 20,99 10,96 231,39 122,44 74 Procurean
Thii_0474 7,555 2,441 0,000 0000 259,99 139,11 90,51 104525 93525 05,37  (IG8NB56|GEBNB56_SDEIN ATP/GTP hydrolase
Thfi_0475 7,149 2304 0000 0000 182,11 55,59 124,76 775.4 424,62 574,86 glgz:‘r‘]357|GSNBs7—9DE'N hitslkalBulifils nitareliemg
Thfi_0476 6,846 -0,809 0013 0044 11877 161,55 186,91 408,42 280,38 342,44  'rID7BEG4|D7BEG4_MEISD Putative uncharacterized
protein OS=Meiothermus silvanus
Thii 0479 8,774 1,312 0,000 0000 166077 125854 17292 624,02 731,66 613,64 :ESZIEZOF:“WWR“—THEOS CaTD-e irmsepion:l
Thfi_0484 7,378 1,424 0,000 0000 184,38 93,51 153,93 396,94 305,81 3125  1ID7BBZ8ID7BBZ8_MEISD Undecaprenyl-diphosphatase
— OS=Meiothermus silvanus
tr|E8PKS4|E8PKS4_THESS Cold shock protein, CSD family
Thfi_0487 9,416 0,981 0000 0000 109988 583948 627009 39277 346509 374438 (i orKSHESEHEA THES
) tr|K7RKW9|K7RKW9_THEOS Acetyltransferase
Thfi_0488 6,753 1,201 0,001 0004 282,88 117,01 213,41 476,43 315,64 20735 L s omimaT JLo2 ONeThoos. 2078 PE=4 SV=1
tr|B7A5V7|B7A5V7_THEAQ 4Fe-4S ferredoxin iron-sulfur
Thfi_0489 7,468 1,331 0,000 0001 314288 182922 160797 901,66 707,59 Y e e e o Ve o
Thfi_0493 9,782 0,897 0000 0001 34515 466,25 373,05 980,31 955,93 g17,57  (IH9ZPDO|HIZPDO_THETH PEGA domain-containing
protein (Precursor)
tr[K7QTP7|K7QTP7_THEOS Acetyl-coenzyme A
Thfi_0494 7,932 0,834 0,000 0,003 345,97 301,8 401,11 234,63 209,95 166,07 carboxylase carboxyl transferase subunit alpha
OS=Thermus oshimai JL-2 GN=accA PE=3 SV=1
) tr[EBPKR7|E8PKR7_THESS Acetyl-coenzyme A
Thfi_0495 7,872 0,628 0024 0071 426,67 270,48 377,07 237,96 211,63 B2 et carbon]] famslerase subuni et
tr| QORHA2|Q9RHA2_THEAQ Fructose-1,6-bisphosphate
Thfi_0499 8,842 0,765 0,001 0005 466,62 477,74 790,19 399,98 445,3 T e b Tharms aqumiicis DEot Sat
Thfi_0504 8,807 4078 0000 0001 72638 480,02 850,12 166248 121123 124401  [TIEBPKQBIEBPKQB_THESS Uncharacterized protein
OS=Thermus scotoductus
tr|B7A5U2|B7A5U2_THEAQ Ribosomal silencing factor
Thfi_0505 8,523 0,577 0022 0067 331639 142640 22197 128154 t2saa7 12138 RS AT R
) ; tr[B7A5T8|B7A5T8_THEAQ GTPase obg OS=Thermus
Thfi 0509 10,012 1,149 0,000 0000 4389 447,02 462 143055 108453 1a138a O T rote PEs Sv
tr[K7RFL5|K7RFL5_THEOS 50S ribosomal protein L27
Thfi_0510 9,808 -0,698 0002 0010 367953 368793 403528 807286 592031 733895 oo e e
Thfi_0517 10,963 1,447 0,000 0000 154691 107451  10870,8 438546 414862 437839  UIK7QVS7IK7QV57_THEOS Prepilin-type N-terminal
cleavage/methylation domain-containing protein
Thfi_0520 8,550 1247 0000 0000 24625 225,94 250,12 632,99 596,01 somen eI EERLAITRIESS AT iemspmiEr
Thfi_0523 6,500 1,504 0,000 0001 86,94 79,3 88,14 321,43 274,62 136,01  UIH9ZTWOIHIZTWO_THETH Ribulose-5-phosphate 4-
- epimerase-like epimerase or aldolase
Thfi_ 0525 12,004 1110 0,000 0,000 458,95 503,01 482,16  1607,69 128612 108471  TIMOZTWIHOZTWA_THETH DNA-directed RNA

polymerase subunit beta' OS=Thermus thermophilus JL-18
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Thfi 0526 11,695 1,672 0,000 0000 391,86 414,93 42011 219515 138529 131539  UIK7RFCBIK7TRFC6_THEOS DNA-directed RNA
polymerase subunit beta OS=Thermus oshimai JL-2
tr| GBNARS|G8NARS5_9DEIN Putative uncharacterized

Thfi_0527 8,648 0,485 0,027 0078 759,24 551,69 564,91 956,49 899,2 83500 e Thermus ap,

Thfi_0531 9,219 -0,593 0,024 0073 527,03 557,06 431,47 1004,35 783,45 616,73  [IE7CG24|E7CG24_THEFI Protein RecA OS=Thermus
filiformis GN=recA PE=3 SV=1
tr[K7R309|K7R309_THEOS Folate-binding protein YgfZ

Thfi_0534 7,546 -0,554 0,041 0107 329,56 203,54 205,63 376,42 379,5 B2 G T e sehifmal JL GheThens. O1a PE Syt

Thfi_0537 5,669 1,013 0,006 0023 160,19 87,43 1322 58,17 77,76 0 tr|HOZTX2|HOZTX2_THETH Haloacid dehalogenase
superfamily enzyme, subfamily 1A
tr| GBNCJ8|G8NCJ8_9DEIN Putative uncharacterized

Thfi_0538 9,718 1,103 0,000 0001 38144 496,01 411,74 334,39 258,48 31842 e Thermus op.

Thfi 0546 9,823 0945 0000 0001 143443 127617 132309 246603 268162 256857  UID/ASD2[B7ASD2_THEAQ Ycel family protein (Precursor)
OS=Thermus aquaticus Y51MC23

. tr|H9ZU17|H9ZU17_THETH AAA ATPase OS=Thermus

Thfi_0551 6,237 1,389 0,000 0,001 24,4 31,23 44,47 111,68 103,96 L e P

) trlF6DFM1|F6DFM1_THETG Uncharacterized protein

Thfi_0552 9,065 0,558 0035 0094 1057,23 108534 980,44 680,6 780,17 68975 (1 o o) OSeThermus tharmophiles

Thfi 0553 10,858 20993 0000 0000 107077 623,38 860,21 138509 148156 186053  TIDSPLY5ID3PLY5_MEIRD GTP-binding protein TypA
OS=Meiothermus ruber

Thii 0557 4,572 2,530 0000 0001 12937 180,19 130,64 69,9 0 0 glEgﬁG%'E{SWG%—gBAC' Putative uncharacterized

Thii_0561 6,249 1259 0001 0005 101,77 81,24 109,17 2926 212,31 Boate | = RGO ESRGCORINESSIRIEtBllipopiotein
OS=Thermus scotoductus

Thfi_0567 5,362 0,947 0,043 0,110 36,2 97,87 158,67 71,88 62,78 11495  UIK7QVQ1K7QVQ1_THEOS Haloacid dehalogenase

- superfamily enzyme, subfamily 1A
tr|H7 GHG2|H7GHG2_9DEIN 2-haloalkanoic acid

Thfi_0568 7,354 0,703 0037 0097 94278 105889 809,71 615,57 678,03 SIS e s

Thfi_0570 10,325 -0,666 0,003 0012 101548 76576 911,11 173826 148926 131244  UIGBNAOO|GENACO_SDEIN
Amidophosphoribosyltransferase
tr|EBPP63|E8PP63_THESS Uncharacterized protein

Thfi_0573 7,076 1,208 0,000 0000 672,99 412,42 417,61 1211,1 105171 107423 JSOTPSIESEEESHES

Thfi_0574 9,323 1,201 0000 0000 307012 224826 262375 119585 122254 107311  ID7BFAOID7BFAQ_MEISD Cytochrome ¢ class |
(Precursor) OS=Meiothermus silvanus
tr|B7A5B7|B7A5B7_THEAQ Serine

Thfi_ 0575 10,416 0,819 0,000 0002 134743 155629 14753 sa7.12 105666 375 |l s

Thfi_0576 7,318 4070 0008 0029 31521 124,67 250,53 566,24 3485 2211 g'c';ﬁéﬁs':% IH92QF3_THETH 1-acyksn-glycerol-3-phosphate
tr[K7QY54|K7QY54_THEOS GTPase Der OS=Thermus

Thi_ 0577 10,105 -1,005 0,000 0001 911,49 496,81 819,64 140069 119393 129127 Ll XN TATOS T O oy

Thfi_0578 7,076 -0,800 0,005 0020 181,84 199,53 2427 396,57 455,51 370,89 glgiﬁ'}AHnGBNAHLQDEW Putative uncharacterized
tr|R6V3D5|R6V3D5_9FIRM Uncharacterized protein

Thfi_0582 5,503 1,412 0,001 0005 330,21 321,96 460,16 180,9 149,84 0 e i S e

) tr|EBPNN6|ESPNN6_THESS 30S ribosomal protein S20

Thfi_0585 9,341 0,728 0002 0010 565554 368287 434128 260434 284032 206211  (cop NNOIESEIO. THE
tr| GBNAF9|G8NAF9_9DEIN Cytochrome c-type biogenesis

Thfi_0597 5,706 1,016 0,006 0,023 80,07 103,44 105,02 65,19 55,56 22,63 protein, heme exporter protein B OS=Thermus sp.

CCB_US3_UF1
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Thfi_0599 5,255 1494 0007 0025 4122 29,38 35,77 55,63 119,39 180,18  UIB7A5K4|B7A5K4_THEAQ Cytochrome c biogenesis
protein transmembrane region
tr[EBPNQ1|E8PNQ1_THESS Sulfide dehydrogenase
Thfi_0602 10,158 0,702 0,003 0014 872,17 123478 105377 904,46 709,35 68304 o eytochrome G GS=Thermus sootodustus
Thfi_0611 4,831 1,130 0,024 0,071 21,26 23,88 0 37,86 46,1 7513 TIH9ZQC3IHIZQC3_THETH SoxAX cytochrome complex
subunit A (Precursor)
tr[K7RJS1|K7RJS1_THEOS Sulfur oxidation protein SoxZ
Thfi_0612 5,301 2,167 0,000 0002 21397 285,66 126,64 48,11 75,85 0 (Precursor) OS=Tharmus oshimal JL.2
Thfi_0616 7,283 1,503 0,000 0000 468,95 607,18 506,86 243 48 170,3 3669  UIK7RO63|K7R063_THEOS Cytochrome ¢, mono-and
diheme variants family (Precursor)
. trl[H7GF52|H7GF52_9DEIN Uncharacterized protein
Thfi_0620 6,689 0,918 0,003 0012 341,39 394,06 366,52 714,78 820,91 12135 G mus 5p. RL GN=RLTM, 03696 PE<4 SVo1
Thfi_0621 10,172 1,181 0,000 0000 44124 479,18 466,29 145252 104899  1146,08 gﬁ?iﬁ%ﬂﬁ;;ow—mms Inosine-5-monophosphate
tr[F6DD86|F6DD86_THETG 2-nitropropane dioxygenase
Thfi_0628 6,047 1,190 0,002 0009 89,59 115,03 120,23 53,15 60,42 5538 NpD OS=Thermus thermophilus (straim SG0.5IPI716)
) tr|B7A6V3|B7A6V3_THEAQ Response regulator receiver
Thfi_0632 4,913 2,041 0,001 0007 16642 85,72 245,04 42,17 26,59 4865 i (Prooursor) OS=Thermus aquations Y5MG23
tr|Q72LNO|Q72LNO_THET2 Hypothetical conserved protein
Thfi_0640 8,181 0,677 0,004 0016 13804 131,9 127,45 102,1 99,82 934 O e rmus thermophilus
Thfi_0646 7,121 0739 0012 0040 952 104,06 129,36 175,32 256,51 200,48 glgzweS'GSNgGs—gDE'N Putative uncharacterized
Thfi_0649 7,349 1,569 0,000 0,001 73,65 78,57 70,32 124,22 340,03 30743 AIAVEOIQIAVEO_RUBXD Benzoate-CoA ligase
=Rubrobacter xylanophilus
Thfi_0654 5,166 2106 0000 0000 13,62 32,45 0 86,14 116,49 170,76 ~ UIH7GI01]H7GI01_SDEIN Orotate
phosphoribosyltransferase OS=Thermus sp.
tr[]D3PMZ6|D3PMZ6_MEIRD Uncharacterized protein
Thi_0655 7,573 0,521 0,033 0091 10646 144 152,47 195,93 259.9 31321 Jeilieiothermus ruber
Thfi_0662 9,334 0,848 0,000 0,002 471,29 506,82 843,49 393,67 421,05 488,32  [IEBPKA1T|EBPKA1_THESS Cell division protein ftsA
OS=Thermus scotoductus
tr|Q72JP4|Q72JP4_THET2 Cell division protein FtsZ
Thfi_0663 9,748 0,712 0,002 0008 114485 922,95 1107,7 611,37 722,62 87684 O Thermus thermmophilus
) tr[EBPMQS|E8PMQ8_THESS Malate dehydrogenase
Thfi_0669 9,772 1,388 0,000 0000 135247  1390,37  1369,16 548,03 721,39 42157 Jecthermus scotodictus
tr|F6DEK4|F6DEK4_THETG Methyltransferase small
Thfi_0671 7477 2,708 0,000 0000 8537 29,29 41,72 358,25 2472 20371 G Trermus thermophilus
Thfi_ 0672 10,856 4477 0000 0000 953,17 757,15 733,88 255205 176151 207628  UIB7AGJIIB7AGJI_THEAQ RNA polymerase sigma factor
OS=Thermus aquaticus Y51MC23
Thfi_0673 6,232 1,920 0,000 0003 8391 21,1 09,15 253,2 136,08 pagy QWAL _IREV2 Rypsiisice eyesei i
0OS=Thermus thermophilus
) trlF6DHY7|F6DHY7_THETG Uncharacterized protein
Thfi_0684 7,106 1,404 0,003 0014 766,12 743,01 768,83 110,39 529,08 30557 8 Thermus thermophilus
. tr|B7A552|B7A552_THEAQ Elongation factor G
Thfi_0690 12,145 0,584 0,008 0030  1891,1 163764 163509 340645 202323 239427  Goin it P MO 2s GNefusA PE=3 SV=1
) tr|F6DGPO|F6DGPO_THETG Lipopolysaccharide
Thfi_0693 10,483 0,684 0,002 0009 988,39 102802  1074,08 627,75 882,46 84378 L thesis protein OS=Tharmus themmophius
tr| GBNDX5|G8NDX5_9DEIN Putative uncharacterized
Thfi_0700 5,128 -1,891 0,004 0018 12,17 9,51 11,61 51,89 20,35 74,63 protein OS=Thermus sp. CCB_US3_UF1

GN=TCCBUS3UF1_13340 PE=4 SV=1
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Thfi_0705 5,826 0779 0043 0,110 4933 35,44 28,22 64,35 65,92 48,36  [TIGBNDX6|GENDX6_IDEIN CRISPR-associated protein,
TM1812 OS=Thermus sp.
tr|GBNCQ4|G8NCQ4_9DEIN Putative uncharacterized
Thfi_0716 7,409 0,775 0,015 0050 53698 654,38 425,93 357,69 404,14 38304 OS=Thermus sp. GCB_US3, UF1
. tr|B7AAU3|B7AAU3_THEAQ DOMON domain protein
Thfi_0717 11,574 2,502 0,000 0000 753419 116452  10187,6  1673,06 242151 228837 Dl cor) OS<Tharmus aquaticus Y5 1MG23
tr| GBNCO04|G8NC04_9DEIN 50S ribosomal protein L10
Thfi_0728 10,891 2,589 0,000 0,000 9240,63 668113 812308 157458 142853 90772 G5 Thermus sp. CCB_US3 UF1 GNorpl) PEZ3 SV=1
) tr|F6DI90|F6DI90_THETG 508 ribosomal protein L7/L12
Thfi_0729 9,188 2,738 0,000 0000 324365 291113  3364,94 664,86 448,38 54699 G Thermus thermophilus (strain SGO 50P17. 16)
Thfi_ 0730 8,501 1,001 0,001 0004 157934 910,08 1926,9 844,98 625,77 Sigsy  UFEREHFEDIDLE] WREWS U et et
OS=Thermus thermophilus
Thfi_0741 5,790 1,613 0001 0006 44,35 72,97 181,36 43,05 43,91 68,08  IGBNE34|GBNES4_SDEIN Cobyrinic acid a,c-diamide
synthase OS=Thermus sp.
Thfi_0746 8,327 0,667 0,017 0,054 67,6 99,84 94,69 208,28 233,24 emey  TICBEILURIOEEILUE ITAIETE Mk piein @faetlicEss
OS=Thermus thermophilus
) tr|ESPLD1|E8PLD1_THESS Uncharacterized protein
Thfi_0754 8,299 -0,688 0,013 0043 44428 459,22 270,27 745,28 602,99 102016 Jorpe o ot
. tr[K7R7Y4|K7R7Y4_THEOS Uncharacterized protein
Thfi_0755 9,034 0,497 0,030 0084 70382 784,51 810,88 1181,67 162012 1702 (o homus oshimai JL-2 GN=Theos, 2155 P SV=1
) tr|[K7R0T4|K7R0T4_THEOS Geranylgeranyl pyrophosphate
Thfi_0757 7,675 -0,678 0016 0052 15335 142,62 151,14 3117 293,31 25051 e OS=Thermus oshimal 1.2 ONeThoos 18868
Thfi_0758 7,657 1,640 0,000 0,000 153,96 83,52 112,6 557,03 310,95 31098 UIESPLDAIESPLDA_THESS Transporter OS=Thermus
Thfi_ 0759 10,410 0964 0000 0001 866,39 853,65 818,84 256718 191549 194653  UIK7RKG4|K7RKG4_THEOS Molybdenum cofactor
biosynthesis protein A OS=Thermus oshimai JL-2
: tr|[F2NNN3|F2NNN3_MARHT Dihydroneopterin aldolase
Thfi_0760 6,024 0,947 0,034 0091 108,19 112,69 113,88 345,11 258,46 29858 GgMarinthermus hydrothermalis
Thii_0765 11,226 0,625 0005 0020 203139 275351 278577 245575 18923 170562  UIB7ABB7[B7A8B7_THEAQ TRAP dicarboxylate
transporter-DctP subunit (Precursor)
tr[F6DIA2|FEDIA2_THETG Putative lipoprotein
Thfi_0766 7,247 -0,629 0,033 0091 348,15 239,46 405,48 458,41 480 57486 (o Thermus thermophilus (strain SGO BJP17.16)
) B tr|QORL52|QORL52_FRAAA Enoyl-CoA hydratase-
Thfi_0769 5,388 2,888 0,000 0000 47,44 21,84 19,88 193,82 283,92 86,61 omerase, phenylagetic acid degradation OS=Frankia alni
tr[EBPQJ2|E8PQJ2_THESS Uncharacterized protein
Thfi_0771 7,106 0,591 0,050 0124 40533 161,59 270,24 154,15 212,84 5445 e e cotaductis
. ) tr|B7A8I8|B7A818_THEAQ Methionyl-tRNA
Thii_0773 9,431 0,722 0,001 0007 511,06 532,55 554 991,53 9394 120382 g neferase OS=Thermus aquatious Y51MC23
) tr[B7A8H1|B7A8H1_THEAQ Uracil-xanthine permease
Thfi_0776 7,426 0,900 0,007 0025 154,03 85,69 104,63 268 144,66 18866 6 Thermus aquaficus Y5IMC23
trlQ5SHO8|Q5SH08_THETS8 Uncharacterized protein
Thfi_0781 8,584 -0,469 0,030 0085 213,389 185,23 157 263,54 2785 319,78  OS=Thermus thermophilus (strain HB8 / ATCC 27634 /
DSM 579) GN=TTHA1922 PE=4 SV=1
trl[H9ZTF4|H9ZTF4_THETH Aspartate/tyrosine/aromatic
Thfi_0782 8,569 0,715 0,001 0006 471,36 403,73 430,05 324,99 306,23 21455 i ansferase GS=Thermus thermophilus JLA8
Thfi_0789 11,048 1,751 0,000 0,000 2633,34  3680,74  2808,74 878,46 1176,78 990,2 tr|H7 GDKOJH7GDKO_SDEIN NAD(P) transhydrogenase
subunit beta OS=Thermus sp.
tr|B7A900|B7A900_THEAQ NAD(P) transhydrogenase
Thfi_0790 5,261 1,562 0,010 0034 312,04 384,36 245,93 105,12 149,36 90,68  subunit beta OS=Thermus aquaticus Y51MC23

GN=TagDRAFT 4710 PE=3 SV=1
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) tr[EBPQK2|E8PQK2_THESS Enoyl-[acyl-carrier-protein]
Thfi_0792 8,327 0,997 0,000 0000 564,87 523,04 559,12 297,45 332,97 37566 o tase INADH]) OS-Trormas caoiaduciss
tr|B7A828|B7A8Z8_THEAQ Alanine dehydrogenase/PNT
Thfi_0793 9,573 1,078 0,000 0000 92913 110341 913,7 451,25 521,94 55 0T o e Do s et siless
) trlGBNCG1|G8NCG1_9DEIN Glutaredoxin OS=Thermus sp.
Thfi_0796 5,344 2,436 0,001 0005 92,83 28,77 139,2 466,66 252,41 15346 (o Uss U1 GRCTOOBUSSULT 21020 Pod St
tr|B7A8I2|B7A812. THEAQ AFG1-family ATPase
Thfi_0797 6,121 1,133 0,003 0014 7529 42,85 39,22 112,94 91,72 008 T erls ceiations YB1MGZs
Thfi_0799 0,832 0,453 0,047 0120 122934 94932 106509 856,83 763,17 690,56  [IEBPQJ4|EBPQU4_THESS Phosphopentomutase
OS=Thermus scotoductus
Thfi_0802 7,781 0583 0024 0071 461,33 509,22 534,29 65672 105293 110383  TQ1PZQOIQ1PZQ0_9BACT Uncharacterized protein
0OS=Candidatus Kuenenia stuttgartiensis
Thfi_0807 4,450 2124 0004 0015 22,01 7,42 0 33,62 37,16 5839  [rID7BGX2ID7BGX2_MEISD Phosphonate ABC transporter,
- ATPase subunit OS=Meiothermus silvanus
tr|E7F3M3|E7F3M3_DANRE Uncharacterized protein
Thfi_0809 6,281 0,797 0,019 0060 222,94 143,33 110,87 237,83 300,1 20812 S a4 | P ey
. tr|D4ZPR2|D4ZPR2_ARTPN Putative XRE family
Thfi_0814 7,041 0,827 0018 0058 258,92 248,51 236,31 1154 181,29 1564 el soquistor OS—Arihrosmia platansia
tr[B7AC53|B7AC53_THEAQ Beta lactamase-related protein,
Thfi_0816 7,272 0,954 0,005 0021 203,53 151,3 173,54 70,71 111,12 15585 L earoon]
Thfi_0818 8,052 1,109 0,000 0000 552,14 917,85 772,35 458,2 524,16 41891  TIEBPMI2|EBPM32 THESS Long-chain-fatty-acid--CoA
ligase OS=Thermus scotoductus
Thfi_0819 7,263 0695 0013 0043 386,38 394,43 318,86 639,89 843,38 wepz  CBEG R THIETE Pl irnspestse
0OS=Thermus thermophilus
) ) tr[F6DEZ7|F6DEZ7_THETG Transposase OS=Thermus
Thfi_0820 5,143 1,854 0,002 0,009 0 73,72 106,84 361,69 490,39 47506 e (i 560 5P 1)
tr[EBPJW4|E8PJW4_THESS Elongation factor Tu
Thfi_ 0822 12,878 0,705 0,001 0006 500209 502262 509952 10298 92575 775405  (Icor AIESRIVIATHE
Thfi_0823 8,822 0884 0039 0102 194,06 241,37 720,65 365,41 130515 122059  [IQ1AVE3|Q1AVES_RUBXD Phenylacetic acid catabolic
OS=Rubrobacter xylanophilus
tr|H9ZP19|H9ZP 19 THETH PAPS reductase/FAD
Thfi_0824 9,078 1,149 0,000 0001 833,79 768,06 726,15 203,67 505,58 B095T e Tamily PTotoir
) trl[H9ZP18|H9ZP18_THETH Uncharacterized protein
Thfi_0826 9,441 0,969 0,004 0016  1381,18 131875 145152 394,56 79935 110386 Lt ormophilus JL1
trlF6DHY7|FEDHY7_THETG Uncharacterized protein
Thfi_ 0827 10,427 1,046 0,003 0012 135465 148558 146931 341,41 go4das 17108 J O e manhiue
Thfi_0833 10,677 -0,636 0,004 0016 469,07 436,56 541,76 935,8 819,87 727,9  [IFEDID5IFGDIDS_THETG Leucine--tRNA ligase
OS=Thermus thermophilus
Thfi_0837 8,570 20510 0044 0112 918 78,3 102,97 114,43 113,8 iengy  MCHNCEENC SIDIEN Fulkie UnsiEEeEEst
protein OS=Thermus sp.
) tr|S5Z4F4|S5Z4F4_9BACI ABC transporter permease
Thfi_0840 6,708 1,078 0,004 0018 46,56 77,08 51,97 105,49 212,91 25496 (o Genbouie o JF8
Thfi_0841 4,760 2,377 0,000 0002 849 13,46 12,29 42,05 94,11 13266 TICENDYS|GENDVERODEINIABCitrans porterprotein
tr|[B7A609|B7A609_THEAQ Putative uncharacterized
Thfi_0848 9,055 1,844 0,000 0000 261096  2867,84 257477 497,68 113482 97214  protein (Precursor) OS=Thermus aquaticus Y51MC23
GN=TaqDRAFT 4878 PE=4 SV=1
tr|[K7RLEO|K7RLEO_THEOS ABC-type branched-chain
Thfi_0851 6,187 -1,466 0,001 0,004 50,77 68,08 25,76 93,02 166,15 240 amino acid transport system, periplasmic component

(Precursor) OS=Thermus oshimai JL-2
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Thfi_0852 5,856 2208 0000 0001 2476 39,75 108,61 153,38 354,75 30364  [QIAVE9IQ1AVES_RUBXD Lactaldehyde dehydrogenase
OS=Rubrobacter xylanophilus
Thfi_ 0853 10,608 0,742 0,033 0090 639,57 919,28 775,78 2496 621,5 839,22 L'L?nzasik';ﬂgiszHlRHOMR DR mreiiEse M-S
Thfi_0856 5,428 1,159 0,049 0122 14516 101,54 123,61 38,47 65,56 53,39  [1F6DFO4|FEDFO4_THETG Regulatory protein TetR
OS=Thermus thermophilus
tr|B7AAX1|B7AAX1_THEAQ Putative uncharacterized
Thfi_0857 4,843 1,693 0,001 0006 359,62 127,39 173,51 55,13 69,54 0 protein OS=Thermus aquaticus Y51MC23
Thfi_0858 7,674 1,218 0,000 0,000 240 398,03 386,95 216,88 183,79 158,56  TIGBNCN1|GENCN1_9DEIN Iron(ill) dicitrate transport ATP-
binding protein fecE OS=Thermus sp.
Thfi_0859 8,393 1,187 0,000 0000 349,18 421,27 451,79 193,11 271,63 ez CFEDIATAERIFIT_WIHIENE ARG e iEmspsian, i
membrane subunit (Precursor) OS=Thermus thermophilus
Thi_0860 10,550 1,451 0,000 0000 296325 263252 268643 95337 138720  1041,35  [TIK7QUTEIK7QUTE_THEOS ABC-type Fe3+-hydroxamate
transport system, periplasmic component
Thfi_0861 4,899 2,208 0,001 0,004 119,86 44,34 40,2 270,5 292,8 imrge  DEEFLCKIDEFLGE S2227 iemserriant mesliEier @
MazE/toxin, MazF OS=sediment metagenome
) tr[T3MXP3|T3MXP3_CLODI Cell wall-associated hydrolase
Thfi_0863 14,855 1,813 0,000 0000 508507 817049 416362  20552,1 135035 308733 i i OS=Clostridium difficile DAC0132
} trlQ1AV69|Q1AV69_RUBXD Lactaldehyde dehydrogenase
Thfi_0865 6,587 2,085 0,000 0000 47,54 78,36 22,9 163,73 417,91 59 O Rubrobacter xylanophilus
Thi_0868 10,035 0,655 0015 0050 1773,99 169932 145666 108842 99621 92093  [TIHOZTP2|HOZTP2_THETH Branched-chain amino acid
aminotransferase, group |
g tr|GBN8L2|G8N8L2_9DEIN Folyl-polyglutamate synthetase
Thfi_0869 8,216 0,789 0,004 0017 197,38 140,86 193,51 405,56 2855 33373 G5 Trermus sp. CGB. US3 UF1
Thfi_0872 8,147 0,512 0,028 0080 37587 290,55 367,32 298,83 233,18 20362  [IEBPQX8|EBPQX8_THESS Phenylalanine--tRNA ligase
alpha subunit OS=Thermus scotoductus
tr[B7ABK3|B7ABK3_THEAQ Phenylalanine--tRNA ligase
Thfi_0873 9,043 0,510 0017 0056 3415 295,25 316,71 2232 276,46 246 | subunit OS<Trermus aquaioys Y51MG23
) tr[K7QYQ2|K7QYQ2_THEOS 6-phosphofructokinase
Thfi_0876 8,588 1,394 0,000 0000 36303 574,3 647,97 244,68 245,94 29572 Gglryior e oshimai JL-2 GNopkA PE<3 Sv=1
tr| GBNCV1|G8NCV1_9DEIN Ribosomal RNA small subunit
Thfi_0877 9,036 1,096 0,000 0,000 120154 985,01 1126 549,53 502,75 B9 o iransforase | GS=Thermus ep. GCB, US3 UF1
. tr|B7AC86|B7AC86_THEAQ Short-chain
Thfi_0878 7,294 0,641 0,042 0109 217,74 234,93 250,95 167,53 209,67 27009 errodenaselreductase SDR
tr|F2NRB7|F2NRB7_MARHT DNA internalization-related
Thfi_0884 6,069 -1,353 0,001 0,008 233 20,14 11,07 68,03 4513 3043 o tence protoin ComEC/Rec2
) tr|[B7ABI9|B7ABI9_THEAQ Chromosomal replication initiator
Thfi_0890 9,618 -0,563 0013 0043 61558 477,34 530,15 879,83 835,25 690,71 i Dna OS<Thermus aquations Yo 1MG2
tr|GBNDC2|G8NDC2_9DEIN DNA polymerase Il subunit
Thfi_0891 7,79 0,564 0020 0062 2381 191,96 221,48 196,14 171,32 10671 OS=Thermus sp. OB, US3 UF1
) tr[F6DH47|F6DH47_THETG Enolase OS=Thermus
Thfi_0892 10,238 0,617 0020 0063 115884 130276 113668 658,68 831,27 15585 ohilus (strair SG0.50P17.16) GNoeno PES3 SV=1
tr|F6DH48|F6DH48_THETG Pyruvate kinase OS=Thermus
Thfi_0893 10,115 1,196 0,000 0000 126987 116541  1008,67 508,67 564,2 54415 ophilus (strain SGO.5JPY.16)
tr|E8PR20|E8PR20_THESS Phage shock protein A
Thfi_0899 9,749 0,863 0,001 0006 184312 208385 198518  1206,16  1093,09 10581  OS=Thermus scotoductus (strain ATCC 700910 / SA-01)
GN=TSC_c00270 PE=4 SV=1
tr|[B7ABY5|B7ABY5_THEAQ Deoxycytidine triphosphate
Thfi_0901 7,638 0,660 0,014 0046  1005,24 464,56 596,24 359,23 367,43 31514  deaminase OS=Thermus aquaticus Y51MC23 GN=dcd

PE=3 SV=1
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Thfi_0902 6,898 0,875 0,014 0047 27338 238,23 389,38 160,17 195,47 08,3  [rIF6DD61|FEDDE1_THETG Peptidyl-prolyl cis-trans
isomerase cyclophilin type
Thfi_0903 8,412 0,809 0,003 0012 648,31 428,73 480,78 270,16 284,44 208,65 :ggﬁglﬁfﬁg%ﬁ_g%m (P sl vesyiE e
. tr|K7QVL6|K7QVLE_THEOS rRNA methylase OS=Thermus
Thfi_0905 6,859 -0,736 0,037 0097 18564 167,18 122,12 311,57 345,35 15822 (i L2 GN=Thoos, 0240 PE=4 SVL1
tr[D3PMD6|D3PMD6_MEIRD Periplasmic binding protein
Thfi_0907 7,995 0,690 0,022 0067 497,66 226,59 288,26 619,24 396,3 38749 JooMoiothermus ruber
Thfi_0909 9,971 1,032 0,000 0001 71284 1199,2 856,44 571,56 466,64 590,62  UIF6DHZ4|F6DHZ4_THETG Dihydrolipoyl dehydrogenase
OS=Thermus thermophilus
trl[H9ZP26|H9ZP26_THETH Pyruvate/2-oxoglutarate
Thfi_0910 9,515 1,346 0,000 0,000 621,99 743,04 753,92 397,45 330,46 287,65 dehydrogenase complex, dihydrolipoamide acyltransferase
component OS=Thermus thermophilus JL-18
Thfi_0911 9,379 1,250 0,000 0000 78593 102084 85875 564,03 482,15 30418  (IF6DHZ8IF6DHZ8_THETG 3-methyl-2-oxobutanoate
dehydrogenase (2-methylpropanoyl-transferring)
tr|B7A915|B7A915_THEAQ Pyruvate dehydrogenase
Thfi_0912 9,865 1,738 0,000 0000 125302  1287,86  1410,82 538,05 446,98 3202 el imnsferring) OS=Thermus aquatious Y5IMG23
) tr|B7A6F4|B7A6F4_THEAQ Putative uncharacterized
Thfi_0918 8,056 0,881 0,001 0004 506,32 338,84 413,3 314,51 237,42 17071 toin (Procursor) OS=Thermus aquatious Y5 1MG23
tr|ESPJE7|E8PJE7_THESS 2-oxoacid:ferredoxin
Thfi_0924 10,259 0,885 0,000 0001 709,89 801,3 856,63 596,84 438,57 51431 idoreductase, subunit alpha OS<Thermus scotoductus
Thfi_0926 7,025 1,335 0,000 0000 19518 176,21 276,37 135,22 58,43 65,93  [TIK7TR198|K7R198_THEOS BirA, biotin-(Acetyl-CoA-
carboxylase) ligase OS=Thermus oshimai JL-2
tr|B7A7G8|B7A7G8_THEAQ BioY protein (Precursor)
Thfi_0927 7,071 1,040 0,002 0010  280,6 342,11 326,58 199,44 172,28 7287 G5 Thermus aquaticus Y51MG23
Thfi_0928 6,478 0,755 0,027 0078 204,34 150,69 158,79 98,39 109,63 100,49  TIH9ZPJO|HIZPJO_THETH Putative divalent heavy-metal
cations transporter OS=Thermus thermophilus JL-18
tr|E8PK17|E8PK17_THESS Lipoyl synthase OS=Thermus
Thfi_0933 10,076 0,543 0,034 0092 11492 1001,73 13442 1234,06 822,47 13854 {0 ductus (strain ATCC 700910 / SA-01)
) trl[H9ZP13|H9ZP13_THETH Octanoyltransferase
Thfi_0934 10,415 -0,489 0033 0091 211745 197959 200543 353169 258037 299813  OcTn e N B PEg SV=1
trlF6DHYO|FEDHYO_THETG 508 ribosomal protein L9
Thfi_0935 10,849 0,552 0,011 0039 719537 5610,7 578557 510033 418063 382819 (Gclpy el o lus (strain SGO.5IP17.16)
) tr|GBN8Q8|G8N8Q8_9DEIN Putative uncharacterized
Thfi_0939 6,922 0,795 0,022 0066 150,57 208,37 242,52 139,39 132,04 93,1 orotein OS=Thermus sp. CCB. US3. UF1
tr[B3VH91|B3VH91_9DEIN Methylglyoxal synthase
Thfi_0941 5476 0,877 0,021 0065 7825 155,03 167,2 105,33 112,1 4558 (S Thermus sp. GH5 GN=mgSA PEot SVE1
) ] tr[B7A8D1|B7A8D1_THEAQ Primosomal protein N'
Thfi_0956 7,349 0,763 0,006 0022 5621 62,58 36,24 99,15 105,41 1602 gl oimus aquaicus Y51MG23
tr|F6DFV9|F6DFV9_THETG Glycoside hydrolase family 57
Thfi_0966 10,117 0,629 0,008 0,029  1240,74 816,85 1100,04 616,51 669,86 60994 G ’Tormus thermophilus (strain SGO.5IP17. 16)
tr[K7TQWA1|K7QWA1_THEOS N-acetyl-gamma-glutamyl-
Thfi_0968 10,317 0,497 0,017 0055 142388 13784 162127 124609 118809 108599  phosphate/N-acetyl-gamma-aminoadipyl-phosphate
reductase OS=Thermus oshimai JL-2
trl[K7ROW7|K7ROW7_THEOS 3-isopropylmalate
Thfi_0973 7,045 1,671 0,000 0000 167,95 141,96 73,99 517,67 551,22 35262 gendratase small subunit
Thfi_0974 7,536 4459 0000 0000 89,52 62,73 78,34 252,46 271,25 178,87 f;'gggESSLﬁBNBZS—QDE'N 8-isopropylmalate dehydratase
Thfi_0977 9,425 -1,800 0,000 0,000 299,13 227,36 320,29 1164,34  1125,71 9231 (| SRIRUP) [P ITRIESE (RlomimeiiEs Symies:

OS=Thermus scotoductus
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) tr[F6DIU2|F6DIU2_THETG Transposase OS=Thermus
Thfi_0981 12,477 3,280 0,000 0,000 13175 8445,68 7574,69 809,34 851,25 643,98 thermophilus (strain SGO.5JP17-16)
tr|ESPLN1|E8PLN1_THESS Sensor histidine kinase
Thfi_0985 4,673 -1,883 0,005 0,020 7,36 7,18 0 32,41 18,43 22,53 OB Ca RS
) tr|[B7A5P7|B7A5P7_THEAQ OsmC family protein
Thfi_0989 8,013 -0,823 0,005 0,020 365,1 419,73 373,48 847,95 1066,27 1237,11 0S=Thermus aquaticus Y51MC23
tr|[B7A5Q1|B7A5Q1_THEAQ Signal peptidase |
Thfi_0993 8,462 0,723 0,004 0,017 875,28 595,56 574,26 331,82 450,43 417,45 0S=Thermus aquaficus Y51MC23
Thfi_0994 5,407 1,137 0,033 0090 11513 98,39 89,81 35,96 75,66 5545  (IEBPNCA4|EBPNC4_THESS Uncharacterized protein
OS=Thermus scotoductus
Thfi_0995 7,923 0,750 0,004 0016 174,14 205,46 223,00 121,53 181,57 imngn  DICHYACENARZ CDIEIN [rer-stiny cisic=Hmsing
protein OS=Thermus sp.
Thfi_1000 7,944 0,786 0,005 0020 191,98 366,58 241,58 231,02 227,59 12052  TICOKVJ4ICEKVJ4_9BACT Catechol 2,3-dioxygenase
OS=uncultured bacterium PE=4 SV=1
Thfi_1002 4,649 1,792 0,018 0,057 6,32 9,94 0 30,96 58,65 s UEEREEEEGEER CRLUAD SiersiET
dehydrogenase/reductase SDR
Thfi_1011 6,302 0,807 0,032 0,089 108,41 120,76 95,28 67,02 96,49 93,1
tr|Q746P8|Q746P8_THET2 Cobalamin synthase
Thfi_1015 6,034 -0,783 0,034 0,092 5815! 59,11 82,31 105,34 145,11 199,49 0S=Thermus thermophilus
Thfi_1018 8,504 0,790 0,002 0010 118156 883,86 844,57 507,89 601,97 43226  IFEDILS|FEDIL5_THETG High-affinity nickel-transporter
OS=Thermus thermophilus
tr[F6DJT2|F6DJT2_THETG Precorrin-8X methylmutase
Thfi_1020 8,342 1,318 0,000 0,000 747,91 701,17 874,36 363,55 320,96 235,34 CbiC/CobH OS=Thermus thermophilus
tr[F6DJT1|F6DJT1_THETG Precorrin-6y C5,15-
Thfi_1022 10,181 0,836 0,000 0,002 1253,85 1360,19 1273,96 799,53 771,78 794,05 methyltransferase (Decarboxylating), CbiE subunit
OS=Thermus thermophilus
Thfi_1023 7,062 0,905 0,007 0025 22338 264,47 166,31 174,17 164,94 tpagy  DICEDNARNCERWAG TTAETS (P2 mei s
OS=Thermus thermophilus
) tr|B7A777|B7A777_THEAQ Uroporphyrin-Ill C/tetrapyrrole
Thfi_1024 6,332 1,838 0,000 0,000 196,07 146,78 185,1 51,6 32,58 119,47 (Corrin/Porphyrin) methyltransferase
tr[H9ZUQO|H9ZUQO_THETH Precorrin-3B C17-
Thfi_1025 10,122 1,375 0,000 0,000 1678,39 2369,32 1823,27 740,13 856,95 1008,3 methyltransferase OS=Thermus thermophilus JL-18
Thfi_1026 9,603 1,438 0,000 0000 844,63 12522 115105 426,59 497,22 41984  TIQ53WASIQ53WAS_THETS Cobalamin biosynthesis
protein CbiG OS=Thermus thermophilus
tr|Q53WA4|Q53WA4_THET8 Cobalamin biosynthesis
Thfi_1027 6,780 1,515 0,000 0,000 185,32 130,2 184,77 58,79 66,15 25,54 protein Cbix OS=Thermus thermophilus
) trl[H9ZUQ3|H9ZUQ3_THETH Uncharacterized protein
Thfi_1028 9,658 2,622 0,000 0,000 3585,43 5450,1 4583,18 875,66 946,72 817,87 0S=Thermus thermophilus JL-18 GN=TtJL18_2228
tr|Q746N6|Q746N6_THET2 Uroporphyrin-Ill C-
Thfi_1029 6,361 2,882 0,000 0,000 199,34 209,64 252,11 31,28 23,7 65,16 methyltransferase OS=Thermus thermophilus
tr[EBPQC4|E8PQC4_THESS Cobalamin biosynthesis
Thfi_1030 6,386 0,907 0,007 0,025 99,6 112,95 143,06 73,71 74,49 85,36 protein CobD OS=Thermus scotoductus (strain ATCC
700910 / SA-01) GN=cobD PE=3 SV=1
tr[F2NQK2|F2NQK2_MARHT Uncharacterized protein
Thfi_1048 9,948 -2,728 0,000 0,000 210,26 147,03 162,48 1417,35 1171,14 1476,71 OS=Marinithermus hydrothermalis (strain DSM 14884 / JCM
11576/ T1)
tr[K7QW97|K7QW97_THEOS 4-aminobutyrate
Thfi_1054 7,925 1,045 0,000 0,000 210,12 254 255,19 143,22 122,59 149,9 aminotransferase family protein OS=Thermus oshimai JL-2

GN=Theos 0621 PE=3 SV=1
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tr[H9ZQP2|H9ZQP2_THETH Putative ABC-type transport
Thfi_1056 9,048 0,949 0,000 0,000 641,62 599 577,36 330,91 414,71 346,27 system, periplasmic component/surface lipoprotein
(Precursor) OS=Thermus thermophilus JL-18
) trl[K7ROG3|K7R0G3_THEOS Fructose-1,6-bisphosphate
Thfi_1059 8,739 1,264 0,000 0,000 567,12 702,53 602,92 262,48 344,31 389,72 aldolase, class Il 0S=Thermus oshimai JL-2
Thfi_1061 5,996 0,854 0,014 0048 157,73 96,19 1241 89,84 54,7 eaEn  LlEEPNPOEGANTD TIRIESS RIDUOSeespliEs &
epimerase OS=Thermus scotoductus
) tr[K7RK40|K7RK40_THEOS Phosphoribulokinase
Thfi_1062 5,360 -1,229 0,011 0,038 28,95 22,67 13,83 53,38 68,78 44,51 0S=Thermus oshimai JL-2 GN=Theos_1732 PE=3 SV=1
tr[K7R749|K7R749_THEOS Ribulose bisphosphate
Thfi_1064 4,122 -1,365 0,030 0,084 18,25 24,4 0 16,74 84,46 77,32 carboxylase small subunit OS=Thermus oshimai JL-2
) tr[K7QVX3|K7QVX3_THEOS Fructose-1,6-bisphosphatase
Thfi_1066 3,799 -2,831 0,027 0,078 7,09 0 6,78 12,55 11,89 29,07 0S=Thermus oshimai JL-2 GN=Theos_1736 PE=3 SV=1
tr[K7R883|K7R883_THEOS Transposase OS=Thermus
Thfi_1069 5,318 -2,601 0,001 0,003 42,07 21,38 37,26 76,35 134,97 454,27 oshimai JL-2 GN=Theos_2258 PE=4 SV=1
Thfi_1070 5,401 -1,260 0,007 0026 79,13 63,3 16,48 108,38 156,29 25044  TQIAVE0IQTAVE0_RUBXD Benzoate-CoA ligase
- OS=Rubrobacter xylanophilus
_ trlQ1AV59|Q1AV59_RUBXD Succinate-semialdehyde
Thfi_1071 6,374 1,732 0,000 0,002 9,46 20,89 13,51 76,17 68,25 178,34 jenydrogenase (NAD(P)+) OS=Rubrobacter xylanophilus
Thfi_1072 6,693 -1,348 0,000 0002 62,99 156,84 165,88 300,9 591,3 56132  (UZMVM4JUZMVMA4_9ACTO Uncharacterized protein
OS=Actinomadura madurae
trl[H7GHW1|H7GHW 1_9DEIN Transposase OS=Thermus
Thfi_1075 7,104 -2,854 0,000 0,000 58,37 65,44 68,15 475,14 656,73 1184,12 sp. RL GN=RLTM_05796 PE=4 SV=1
Thfi_1076 8,321 0,814 0022 0066 76945 762 120874 46647 623,47 408,04  [1IFEDJ48|FEDJ48_THETG Helix-turn-helix domain protein
- OS=Thermus thermophilus
tr[K7QWQ5|K7QWQ5_THEOS Uncharacterized protein
Thfi_1077 10,163 1,350 0,000 0,000 1029,59 1276,85 1195,28 406,56 703,45 621,01 0S=Thermus oshimai JL-2 GN=Theos__2255 PE=4 SV=1
Thfi_1078 8,635 0,518 0036 0096 79463 7941 753,74 540,29 688,21 50461  (IF6DGK7IFEDGK7_THETG Polyamine-transporting
- ATPase OS=Thermus thermophilus
tr|[K7R1Q2|K7R1Q2_THEOS Uncharacterized protein
Thfi_1085 10,333 1,271 0,000 0,000 3885,78 4032,79 3289,38 1199 2202,57 1790,76 (Precursor) OS=Thermus oshimai JL-2 GN=Theos_2254
Thfi_1087 7,683 0,725 0,034 0,093 144,34 87,79 122,13 42,57 98,47 9477  EBPLJNEBPLIT_THESS Ggdef domain protein
- OS=Thermus scotoductus
tr[K7QUM3|K7QUM3_THEOS ABC-type transport system,
Thfi_1090 12,810 -0,589 0,026 0,077 4580,66 5109,29 6255,29 6612,25 9951,06 8666,57 involved in lipoprotein release, permease component
(Precursor) OS=Thermus oshimai JL-2
) ) tr[H7GIN9|H7GIN9_9DEIN Integrase catalytic subunit
Thfi_1093 5,833 1,667 0,000 0,001 74,06 50,14 83,09 203,17 216,69 288,61 0S=Thermus sp. RL GN=RLTM_11018 PE=4 SV=1
_ tr[l4F7B6|14F7B6_MICAE Uncharacterized protein
Thfi_1094 5,912 1,175 0,020 0,061 17,95 10,57 14,28 12,5 27,27 60,9 0S=Microcystis aeruginosa PCC 9432
) tr|ESPL10|E8PL10_THESS Uncharacterized protein
Thfi_1096 5,886 -3,880 0,000 0,001 6,36 2,97 3,62 11,13 63,32 201,33 0S=Thermus scotoductus
tr[H9ZUC7|H9ZUC7_THETH Uncharacterized protein
Thfi_1097 6,615 1,791 0,000 0,002 128,46 151,99 77,94 36,01 26 83,45 containing a von Willebrand factor type A (VWA) domain
) trlQ1AV74|Q1AV74_RUBXD Adenine deaminase
Thfi_1102 4,649 -1,671 0,034 0,092 19,39 19,29 0 26,36 108,11 121,88 0OS=Rubrobacter xylanophilus
Thfi 1106 5,842 2,283 0000 0000 1376 131,49 177,62 19,45 49,13 cpap  ESIPRGE IR RS THESS Wil EssiaEntes s ane
apolipoprotein N-acyltransferase
Thfi_1108 0277 1,026 0,000 0000 506,93 463,32 443,27 247,16 2885 262,61  [IEBPRE7|EBPRE7_THESS Tungsten-containing aldehyde

ferredoxin oxidoreductase
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Thfi_ 1112 6,063 1189 0004 0017 1467 12,64 11,59 24,87 30,99 eagy  UPECRZOECIRE TSI Consares] ekt Clomlm
protein (Precursor) OS=Meiothermus silvanus
Thfi_1115 5,429 2,495 0,001 0006 481 3,11 4,56 9,78 26,49 63,19  [rQ53VY9|Q53VY9_THETS Uncharacterized protein
OS=Thermus thermophilus
tr|GBNDA7|G8NDA7_9DEIN 4-aminobutyrate
Thfi_1116 8,921 2,357 0,000 0000 651,69 501,43 716,98 93,48 151,03 21308 i ansforase OS=Thermus sp. GOB, US3_UF1
) tr|E8PR76|E8PR76_THESS Betaine aldehyde
Thi_1117 9,123 1,884 0,000 0,000 62896 498,64 533,75 122,42 247,87 21281 (o ogenase OS=Thermus scetoduotus
Thfi_1118 7,663 2,401 0,000 0000 187,04 149,75 264,74 42,95 75,79 e DIEEIERE| PR TIESS AnlineiE s
0OS=Thermus scotoductus
Thfi_ 1119 6,870 1,641 0,000 0000 170,14 140,12 173,16 455 63,72 109,99 ~ TIGBNDAB|GBNDAS_ODEIN Spermidine/putrescine
transport system ATP-binding protein OS=Thermus sp.
tr|E8PR71|E8PR71_THESS Spermidine/putrescine-binding
Thfi_1122 7,874 2,443 0,000 0,000 210,17 380,18 343,16 65,91 90,83 M0 feamic protein OS=Thermus scotod olus
tr|GBNDB2|G8NDB2_9DEIN 4-aminobutyrate
Thfi_1123 7,288 2,798 0,000 0000 11343 184,78 149,93 23,81 4513 31,04  aminotransferase OS=Thermus sp. CCB_US3_UF1
GN=TCCBUS3UF1_12090 PE=3 SV=1
tr|Q746E5|Q746E5_THET2 Uncharacterized protein
Thfi_1133 7,755 0,780 0026 0077 14641 141,51 137,93 65,53 86,01 U726 Gg Thermus thermophilus
Thfi_1135 9,477 1,191 0,000 0000 145894 891,61 117592 451,33 566,54 3gg77  (H9ZSL3|HIZSL3_THETH Tetratricopeptide repeat protein
(Precursor) OS=Thermus thermophilus JL-18
tr|[B7AAK1|B7AAK1_THEAQ Heat shock protein HsIVU,
Thfi_1136 10,401 1,024 0,000 0000 213032  1509,71 162955 739,7 926,51 79374 Mpace subunit Hsil OS<Thermus aquations Y51MC23
) tr|B7AAKO|B7AAKO_THEAQ 20S proteasome A and B
Thfi_1138 7,719 1,713 0,000 0,000  1194,13 577,41 1020,33 225,98 293,16 16,14 i inits OS-Thermus aquatious Y51MC23
. tr|[B7AAJ9|B7AAJ9_THEAQ Magnesium-chelatase subunit
Thfi_1139 10,884 0,546 0,027 0078 766,68 884,77 107145  2165,33 1436,9 18932 G oo Thermus aquatious YSMG23
Thfi_1140 6,751 -1,356 0,000 0002 19872 301,9 253,1 883,88 675,74 49381  Q72KZ6|Q72KZ6_THET2 Nucleotidyltransferase
- OS=Thermus thermophilus
Thii_ 1142 10,372 0779 0007 0026 390,83 786,69 534,7 193963 153848 117902  [IF6DFA4|F6DFA4_THETG von Willebrand factor type A
OS=Thermus thermophilus
Thfi_1145 6,409 1,129 0,003 0,015 95,09 33,04 54,45 108,16 95,42 155,55  UTIEBPPFOIESBPPFO_THESS Glycosyltransferase
OS=Thermus scotoductus
tr[B7AAG6|B7AAG6_THEAQ Lon protease OS=Thermus
Thfi_1146 12,937 0,670 0001 0004 437833 375166 401073 266977 204234 274634 ol R0l PEaS SVt
Thfi_1147 6,613 0,908 0,006 0023 19876 215,74 236,49 129,46 159,03 4858  Q5SJA2|Q5SIA2_THETS Uncharacterized protein
0OS=Thermus thermophilus
tr|F6DH30|F6DH30_THETG Bifunctional protein FolD
Thfi_1156 8,517 0,519 0,033 0091 82203 547,46 543,57 455,99 400,15 3335  OS=Thermus thermophilus (strain SG0.5JP17-16) GN=folD
PE=3 SV=1
) tr|GBN7W1|G8N7W1_9DEIN N utilization substance protein
Thii_1157 6,581 0,684 0,036 0095 45578 278,06 265,89 182,15 246,24 180.38  glhoriog OS=Thermus sp. CCB. US3. UF1
tr|GBN7W2|G8N7W2_9DEIN Putative uncharacterized
Thfi_1158 8,522 0,630 0,011 0040 2002,78 144921 154502  1323,03  1577,75 83201 e OS = Thermus sp. GCB_US3, UF1
) tr|EBPPD8|ESPPD8_THESS Acetyl-CoA carboxylase, biotin
Thfi_1160 8,861 0,483 0025 0073 36232 374 442,22 331,97 368,46 25093 o iase subunit OS=Thermus Scototustus
Thi_ 1172 9,185 1520 0000 0000 97207 174008 162779 637,85 953,7 gwien  CIFGERIREAIFGIDIRG THISTE Chitwdinens © @ise s
lla transmembrane OS=Thermus thermophilus
Thfi_1173 10,750 1,174 0,000 0,000 759,9 1361,17  1149,79 528,11 989,1 599,97  (K7RJCO[K7RICO_THEOS Heme/copper-type

cytochrome/quinol oxidase, subunit 1 (Precursor)

102



FPKM

Gene code logCPM logFC PValue FDR 63 degrees 77 degrees Top Hit Uniprot
Thfi_ 1174 5,484 1404 0008 0030 4285 29,03 93,57 117,04 156,92 wpy  ARERGHREARE = U ereeieres i
OS=Thermus thermophilus JL-18
Thfi_1178 6,280 0,774 0,045 0114 8371 47,72 51,19 32,79 49,72 3648  UIEBPMNOIEBPMNO_THESS Exopolyphosphatase
OS=Thermus scotoductus
Thfi_1179 6,550 0816 0023 0070 89,27 59,6 37,41 123,06 123,89 ioag)  NRESARARELT_IREOR IS resiEEmES pelEh-ie
permease (Precursor) OS=Thermus oshimai JL-2
) tr| GBN8F8|G8N8F8_9DEIN Histidinol dehydrogenase
Thfi_1184 6,936 1,512 0,000 0001 107,06 90,75 142,49 48,75 58,51 7808 S Thermus sp. OCB.US3 UF1 ONahish PacS SYe1
Thfi_1187 7,378 0,638 0031 0087 5535 445,35 868,9 436,98 4364 g EPNIGEENGTHIESS Uik s iy
0OS=Thermus scotoductus
Thfi_1189 4,865 1,421 0023 0069 54729 10,65 23,39 45,78 36,52 50,220  [TIEBPKKOIEBPKKO_THESS Molybdate ABC transporter,
periplasmic molybdate-binding protein
tr|E8PKK4|ESPKK4_THESS Histidine--tRNA ligase
Thfi_1195 8,408 0,606 0027 0079 42826 302,87 385,5 184,45 276,63 301,06 oo e
- tr|B7A668|B7A668_THEAQ Phenazine biosynthesis protein
Thfi_1197 7,346 0,842 0033 0091 3937 236,74 278,77 100,09 264,63 4852 e OSeThommus acaatiois 16 1MCa3
tr|B7A671|B7A671_THEAQ Glutamine amidotransferase
Thfi_1200 6,807 0,765 0024 0071 163,58 126,29 133,52 283,23 300,34 2s58el e P D Tharmus snlistil YoiMODs
Thfi_1201 7,612 -1,009 0,001 0004 8512 42,37 52,83 148,79 128,39 13260  TIQ5SKD7|Q5SKD7_THETS Cation-transporting ATPase
OS=Thermus thermophilus
tr|ESPKL9Y|EBPKLI_THESS Pyridoxal biosynthesis lyase
Thfi_1204 9,957 0,797 0,001 0003 1060,19 122879 139958 983,14 886,59 108376 il b OIS TELO T eSS T
Thfi_1210 8,555 0,872 0,000 0001 1268 913,82 103829 550,1 604,58 587,33  (IGBNOF9IGENIFY_IDEIN Single-stranded nucleic acid
binding R3H domain protein
Thfi_1212 4,429 2,111 0,006 0023 64722 32,02 38,7 148,69 211,19 gemm  UCkhNEFyENERy_PIDEN [Pl el i
insertion efficiency factor
Thfi_1213 6,796 -0,743 0,027 0079 38251 216,85 189 484,65 326,12 335,91  (IH9ZT49]HIZT49_THETH Ribonuclease P protein
- component OS=Thermus thermophilus JL-18
g tr|F6DE47|F6DE47_THETG Monosaccharide-transporting
Thfi_1215 9,181 0,654 0,005 0020 453,84 593,57 612,56 sesse 137385 eeBT2 o e
) tr|F6DE48|F6DE48_THETG Long-chain-fatty-acid--CoA
Thfi_1216 9,745 0,607 0015 0048 25452 299,79 291,37 491,97 705,28 60801 1 (Pracureor) OSL Thermus thermonhiie
tr|[K7QY28|K7QY28_THEOS ABC-type branched-chain
Thfi 1220 11,065 0,532 0031 0087 124147 247523 17534 134588 188438 187127 e T e companont
) tr|B7AAY7|B7AAY7_THEAQ Arsenite oxidase, small subunit
Thfi_1223 7,072 -0,755 0016 0053 15831 210,54 215,02 504,12 354,43 A28 e e aquatinss Y5 IMG23
_ tr|Q53W39|Q53W39_THETS8 Arsenite oxidase, large subunit
Thi_1224 11,637 1,426 0,000 0000 3147 571,61 40136 228579 166285 19871  JEOREEAS)TE e
) trf GBNCPO|G8NCPO_9DEIN Isopentenyl-diphosphate delta-
Thfi_1226 9,379 1,159 0,000 0000 327,88 451,67 423,66 310,75 300,35 23917 e OS<Tharmus op. GO, UGS U1
tr| GBNCP1|G8NCP1_9DEIN Phytoene dehydrogenase
Thfi_1227 9,155 1,116 0,000 0,001 454,82 775,83 511,92 439,48 418,42 a81a2 D e b OB, US3. UF1
tr|D7BGJ5|D7BGJ5_MEISD
Thfi_1228 8,724 0,681 0,003 0,012 299,77 290,78 432,88 244 .41 282,95 284,93 Phosphoglucomutase/phosphomannomutase
alpha/beta/alpha domain | OS=Meiothermus silvanus
tr| GBNCQO|G8NCQO_9DEIN Transcriptional regulator, Crp
Thfi_1236 7,667 1,069 0,001 0007 276,82 319,04 570,51 275,68 214,53 S s R e o GoE sl
Thfi_1238 6,869 1,455 0,000 0001 71,66 49,97 68,57 233,08 182,89 21266  (lQ746K1/Q746K1_THET2 Probable UV endonuclease

0OS=Thermus thermophilus
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Thfi_1241 7,391 0,793 0,013 0043 28396 312,86 555,64 300,29 284,22 ppap  UCENCORICRINGCIOR BIDIEIN Fisvin (EElEERSS comeim
protein FMN-binding protein OS=Thermus sp.

) tr|B7A678|B7A678_THEAQ NmrA family protein
Thfi_1243 8,202 1,046 0,001 0003 28238 193,22 231,59 131,48 147,98 180.95 O Thermus aquaticus Y51MC23
Thfi 1246 10,441 2,390 0,000 0000 3039,88 354122  3927,27 74381 1055 wage RN THIE0E Uik Sikes] el

(Precursor) OS=Thermus oshimai JL-2

) tr|E8PK48|E8PK48_THESS Molybdopterin oxidoreductase
Thfi_1247 11,257 3,541 0,000 0000 711,37 18333 1563,68 60,13 340,54 11282 Sy e eductus
Thfi_1248 8,726 3,596 0,000 0000 41574 108529  1189,77 65,01 168,48 pam PRSI HESS Mt @it inEse

0OS=Thermus scotoductus

Thfi_ 1249 10,224 2,600 0,000 0000 9583 275629 176029 17477 685,9 64181  [IEBPKA7IEBPKAT_THESS 4Fe-4S ferredoxin iron-sulfur
binding domain protein OS=Thermus scotoductus
tr[EBPK46|E8PK46_THESS Phosphonate ABC transporter,

Thfi_1251 7,324 -0,736 0,026 0,076 133 181,06 132,52 228,88 209,98 418,49 periplasmic phosphonate-binding protein OS=Thermus
scotoductus

Thfi_1254 6,765 -1,909 0,000 0,000 202,4 115,53 133,89 456,8 591,41 6621  TIB7AA44IB7TAA44_THEAQ Disulphide bond formation

- protein DsbB (Precursor)

tr|F2NM48|F2NM48_MARHT Signal recognition particle

Thi_1255 9,162 0,582 0029 0082 93325 471,74 863,35 589,8 543,78 6438 Ll btor FisY OS=Marinithermus hydrothermalis
tr|Q1AV68|Q1AV68_RUBXD Carbonic

Thfi_1259 4,957 -1,951 0,007 0,025 11,22 22,42 32,7 46,07 145,31 248,38 anhydrases/acetyltransferases isoleucine patch superfamily-
like protein OS=Rubrobacter xylanophilus

_ trl[H9ZSG3|H9ZSG3_THETH Transposase OS=Thermus

Thfi_1260 7,307 1,944 0,000 0,000 141,69 105,41 115,47 447 53 416,12 9273 o ohilus JLA8 GN=THL1E, 1369 PES4 Sv=1

Thii_1267 7,164 0,564 0034 0092 61121 667,42 746,29 583,01 550,54 as0,6  [IFBPR3GIEBPR36_THESS FUN14 family
tr|F6DIU2|F6DIU2_THETG Transposase OS=Thermus

Thi_1269 11,503 1,473 0,000 0000 695729  3020,81 341865 842,1 1387.26 101446 ot Strain SGO.5UPIT.16)

) tr|[K7QXH6|K7QXH6_THEOS 60 kDa chaperonin
Thfi_1274 13,154 1,273 0000 0002 335514 265229 207464 146129 519350 672671  Golp o ol PES SveT
Thfi_1275 10,075 1,145 0,003 0,014 3932 2680 2884,99  12976,5 3648 Gognis  ESRUFREERIAS HIESS (D LR ey

OS=Thermus scotoductus (

Thfi_1280 10,254 0,873 0,001 0,004 5057,25  4714,84 384727  2257,58 2524,1 263184  [IB7ABH4|B7ABH4_THEAQ Peptidyl-prolyl cis-trans
isomerase OS=Thermus aquaticus Y51MC23
tr|K7RL96|K7RL96_THEOS 5-nucleotidase SurE

Thfi_1282 7,754 0,974 0,005 0019 29422 152,7 216,2 560,66 412,15 251,87 Qo ehimai L3 GNooure PELs SV

Thfi_1285 7,028 0,874 0,003 0012 28053 2458 279,58 167,2 152,49 129,01  UIESPR32|ESPR32_THESS Putative tetratricopeptide
repeat family protein OS=Thermus

Thfi_1288 6,237 0,642 0,045 0114 11226 163,16 170,12 150,42 159,13 mEn PRSNGSR ClREPRessea ke i
Cse2 family OS=Marinithermus hydrothermalis

Thfi_1290 8,531 -1,433 0,000 0000 1689,67  1783,66 156358  4669,34 532315 555955

Thfi_1291 8,856 1133 0,000 0000 26861 222,42 213,05 97,95 123,82 Eeg  AFPANLAPANLATLMINRAT CNErReeseekied elese
Cas3 OS=Marinithermus hydrothermalis

Thfi_1300 6,041 4787 0000 0001 119,66 62,35 69,91 361,69 207,42 189,0  UIEBPPN2|ESPPN2_THESS Uncharacterized protein
OS=Thermus scotoductus
tr|F6DFD9|F6DFD9_THETG Thiamine-phosphate synthase

Thfi_1301 7174 1,034 0,005 0020 94,56 146,49 102,49 449,45 247,97 417,63  OS=Thermus thermophilus (strain SG0.5JP17-16) GN=thiE

PE=3 SV=1
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Thfi_1302 4212 1499 0031 0087 537 75,6 0 212,05 33,55 36553  UrIF6DFEOJFEDFEO_THETG Thiamine biosynthesis protein
ThiS OS=Thermus thermophilus
_ tr[H9ZSG9|H9ZSGY_THETH Thiazole synthase
Thfi_1303 5410 1,098 0,036 0096 25,39 22,16 32,43 67,69 47,5 12191 5 Themus thermophilus JL-18 GNthG PE<3 SV=1
) trl[H7GG23|H7GG23_9DEIN Oxidoreductase OS=Thermus
Thfi_1304 4,148 -2,033 0,043 0,110 0 3,9 0 22,03 16,7 30,62 sp. RL GN=RLTM,_ 05019 PE=4 Svo1
tr[F6DFE3|F6DFE3_THETG Phosphomethylpyrimidine
Thfi_1305 8,806 1,330 0,000 0,001 108,3 162,11 114,8 694,36 433,84 50199 e OS=Thermus thermophils
tr|lGBNDY3|G8NDY3_9DEIN Phosphomethylpyrimidine
Thfi_1306 6,507 -1,998 0,000 0000 30,63 50,59 17,62 237,33 175,7 189,48  kinase OS=Thermus sp. CCB_US3_UF1
GN=TCCBUS3UF1_13420 PE=4 SV=1
Thfi_1307 6,342 2066 0000 0000 13,92 10,12 9,9 53,1 44,59 saps  CICENBYZCEINDYE SIDIEN Rl
cyclase/phosphodiesterase with GAF sensor
) R tr|E8PMIB|E8PMI6_THESS Methyltransferase OS=Thermus
Thfi_1309 6,094 1,130 0012 0042 156,71 65,68 86,46 101,23 129,71 26879 oioductus (strainn ATCC 700010 / SALOT)
tr|H9ZQJ9|H9ZQJ9_THETH Citrate synthase OS=Thermus
Thfi_1311 10,261 1,202 0,000 0,000 1560 1454,63 138548 704,05 620,84 59079 g ohilus JLA8 GN=TtL18. 0706 PE3 Svo1
. tr|K7R3G6|K7R3G6_THEOS Small GTP-binding protein
Thfi_1314 11,647 0,992 0,000 0002 176264 266121 211315  1000,11 125064 140775 o i OS<Thormus oshimal JL-2 GNeTheos. 0369
tr|Q721J7|Q721J7_THET2 MoxR-like ATPase OS=Thermus
Thfi_1315 7,505 1,466 0,000 0,000 30254 268,56 380,96 110,65 151,66 1451 mophilus (strain HB27 | ATGC BAA-63 / DSM 7039)
Thii_1316 10,142 0,746 0010 0034 516,51 761,51 513,89 316,03 476,87 391,98  [IK7QTT7IK7QTT7_THEOS Phosphoenolpyruvate
synthase OS=Thermus oshimai JL-2
_ tr[FBDE56|F6DE56_THETG Cysteine desulfurase
Thfi_1317 7,937 1,129 0,000 0001 171,91 108,74 117,14 330,32 294,19 4015 Ge Thermus thermophilus (shiain SG0.5IP17.16)
) tr| GBNA19|G8NA19_9DEIN Two component transcriptional
Thfi_1319 8,108 0,491 0,045 0,116  659,6 529,06 506,74 410,72 461,88 3342 regulator, winged helix OS=Thermus sp. CCB. US3_ UF1
tr|E8PP42|E8PP42_THESS Uncharacterized protein
Thfi_1321 5,931 1,275 0,004 0016 17597 124,45 43,13 373,9 231,52 18827 §S_Thermus scofoductus
Thii_1323 5,844 41,098 0006 0023 16297 101,83 130,79 219,94 324,63 28549  rIF6DDSOIFEDDS0_THETG Uncharacterized protein
OS=Thermus thermophilus
Thfi_1324 5,454 0,937 0,025 0,074 89,6 37,79 27,64 65,63 97,3 Fomy  UFEDDEFEIDE_TIHIEE Cyiseinem © cEaemsly
protein (Precursor) OS=Thermus thermophilus
. ) tr[G8NA12|G8NA12_9DEIN Glutamyl-tRNA reductase
Thfi_1325 8,573 0,672 0,009 0032 303,76 317,55 270,21 436,28 528,34 47818 OO Crmus sp. GGB._US3_UF1 GN=hom PE3 SV=1
tr|F6DIU2|F6DIU2_THETG Transposase OS=Thermus
Thfi_1330 11,086 3,285 0,000 0000 425965 380148  3169,31 271,41 390,29 21497 e ophilus (strain SGO.5UP17-16)
Thfi_1331 5293 1,943 0,000 0002 11,34 6,86 359 28,69 35,56 307  [rIEBPQP1|EBPQP1_THESS Amylo-alpha-1,6-glucosidase
OS=Thermus scotoductus
Thfi_1332 6,108 2014 0000 0000 841 18,35 0 90,13 75,61 pigl  CENDEIEENE_ERIEI Eml i etz
transport system inner membrane component
Thfi_1333 7,328 2,106 0,000 0000 3341 45,7 41,85 287 45 202,54 20459  [rIG8ND42|GBND42_9DEIN Binding-protein-dependent
- transport system inner membrane component
tr[EBPQP5|E8PQP5_THESS Transcriptional regulator, Lacl
Thfi_1335 6,631 1,491 0,005 0019 54,56 22,29 47,61 142,72 135,22 24796 o e Thermus Scotoductus
Thfi_1339 4,667 1,581 0029 0083 14,87 11,69 8,55 39,69 50,13 183  UIK7ROLOK7ROLO_THEOS ABC-type Mn2+/Zn2+ transport
system, permease component (Precursor)
tr| GBNCJ8|GBNCJ8_9DEIN Putative uncharacterized
Thfi_1340 7,804 0,604 0,026 0,077 52,5 55,57 46,24 69,56 109,91 12548  protein OS=Thermus sp. CCB_US3_UF1

GN=TCCBUS3UF1_22290 PE=4 SV=1
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Thfi_1346 6,203 079 0039 0102 2736 42,63 22,98 60,78 91,09 3931  UIEBPPXBIEBPPX8_THESS Putative lipoprotein
OS=Thermus scotoductus
_ tr[EBPPX0|E8PPX0_THESS Binding-protein-dependent
Thfi_1355 4,368 1,771 0,009 0032 16,94 7,58 6,94 15 24,36 Tadh O eyatoma imor mombrane cammenont
Thfi_1356 5,772 -1,884 0,000 0,001 7.18 112 15,39 66,33 62,86 65,88  TIEBPPWOIEBPPWS_THESS Multiple sugar transport
system substrate-binding protein
tr|E8PPWS|ESPPWS_THESS Beta-N-
Thfi_1357 4,557 -1,894 0,034 0,092 4,48 3,49 0 24,92 9,94 18,24 acetylglucosaminidase OS=Thermus scotoductus (strain
ATCC 700910 / SA-01) GN=TSC._c10830 PE=4 SV=1
Thfi_1358 4,600 2,355 0,004 0017 18,07 474 8,66 45,57 20,31 93,1 r[EBPPW7|E8PPW?7_THESS N-acetylmuramic acid 6-
- phosphate etherase OS=Thermus scotoductus
Thfi_1368 3,919 3124 0003 0014 0 249 0 30,96 10,66 fmes  DICERMEACEERY IS Unsi i et
0OS=Thermus thermophilus
Thfi_1370 6,431 0,863 0,007 0025 24035 177,66 193,59 113,25 134,04 737  [TK7R242|K7R242_THEOS Uncharacterized protein
(Precursor) OS=Thermus oshimai JL-2
tr[H7 GF80|H7GF80_9DEIN Ferredoxin--NADP reductase
Thfi_1372 9,175 0,623 0,020 0063 679,55 885,25 594,12 490,84 598,21 BB e e e e b A
) tr[A4BB90|A4BB90_9GAMM Putative uncharacterized
Thfi_ 1374 10,025 0,545 0028 0081 121012 93416 110318 638,01 781,36 698,84 e oinakes anderas MED6?
tr|G8N862|GBN862_9IDEIN Antibiotic biosynthesis
Thfi_1376 5736 1,621 0032 0089 5532 37,66 164,21 503,58 213,56 B el o s Lo L
) ~ tr|GBN864|G8N864_9DEIN Hemin-binding periplasmic
Thfi_1378 6,148 2,501 0,000 0000 22,87 19,92 14,58 211,64 63,99 7823 e e hermus o CoB USS DE]
Thfi_1380 5,245 -4,208 0,000 0000 452 1,77 6,47 83,88 37,85 55152 B oS M D QE SV ORI W TS| em B Cliransportar:
permease protein OS=Thermus thermophilus
Thfi_1381 6,504 2536 0000 0000 427 33,58 26,32 323,19 138,92 188,65 mgﬁgﬁlﬁmsxs_mﬁz Transporter OS=Thermus
tr|[B7A8Q8|B7A8Q8_THEAQ Putative uncharacterized
Thfi_1387 4,911 -1,425 0,038 0,099 13,93 6,22 28,46 36,83 29,92 24,38 protein (Precursor) OS=Thermus aquaticus Y51MC23
GN=TaqDRAFT 4011 PE=4 SV=1
Thfi_1394 7,262 0979 0009 0033 9185 61,1 118,44 253,75 188,49 21163  [K7TQWE5K7QWE5_THEOS Uncharacterized protein
tr[B7A8A3|B7A8A3_THEAQ Putative uncharacterized
Thfi_1396 5,226 2017 0000 0002 10,29 9,65 5,89 50,84 41,29 63,1 e e e o B
Thfi_1400 8,850 0,710 0,003 0014 136327 13078 132998 928,99 89356 130218  TIGBNBWSIGENBWS3_SDEIN Alkyl hydroperoxide
reductase/ Thiol specific antioxidant/ Mal allergen
Thfi_1404 8,126 0,848 0,001 0004 35401 343 272,58 217,33 197,28 g DGRV ORRIE) VIHIETE Uind i pretE
OS=Thermus thermophilus
Thii 1405 6,071 4799 0001 0007 11507 149,15 85,54 190,18 736,84 eese6  IQ1AVE4|QIAVE4_RUBXD Putative uncharacterized
protein OS=Rubrobacter xylanophilus
_ trlQ1AV67|Q1AV67_RUBXD Phenylacetic acid catabolic
Thfi_1408 6,229 1470 0003 0015 63,39 72,1 57,26 138,81 262,88 s A
) tr|B7A6J1|B7A6J1_THEAQ Helicase superfamily 1 and 2
Thfi_1411 8,569 1450 0000 0000 90,37 81,18 112,73 251,86 2791 31481 e Thormus aaubiane Yo MCSS
Thfi_ 1417 9,793 20717 0002 0008 13033 105207 91022 162227 170721 224127  UIEBPMOB|EBPMO8_THESS Probable transcriptional
regulatory protein TSC_c18130
Thfi_1418 8,735 -0,641 0,006 0025 2265 169,49 229,32 356,31 408,16 3476  UTIEBPMO7|EBPMO7_THESS Glutathione-regulated
- potassium-efflux system protein KefC
Thii_ 1419 7,907 1,076 0,000 0001 682,01 431,49 810,82 276,42 357/ o 11 AR | COINe 22| GEIN6Z2ROBEINNThioicistifidslinterciangs

protein dsbA
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Thfi_ 1424 10,433 1,504 0,000 0000 689902 476401 560955 151027 194793  2577,01  IF6DGB5[FEDG85_THETG Outer membrane chaperone
Skp (OmpH) (Precursor)
tr[EBPMO1|E8PMO01_THESS Uncharacterized protein
Thfi_1425 7,187 1,225 0,002 0008 742,59 556,42 771,51 236,43 3835 11703 JESEMOTIEEPMOT_THES
) tr[B7A6H6|B7A6H6_THEAQ Prephenate dehydratase
Thfi_1427 8,928 0525 0024 0072 777,09 44317 454,99 818,79 843,48 BIT68 (o rrerane aousious v51MGS3
tr[K7RJV8|K7RJV8_THEOS Mg-dependent DNase
Thfi_1432 5,460 4115 0009 0033 3443 29,56 36,03 75,31 79,26 @ e A e s
) tr|GBN8Y1|G8N8Y1_9DEIN Putative uncharacterized
Thfi_1433 8,083 0,675 0,008 0028  467,7 429,34 384,92 303,53 271,44 26008 I T hemmis on. 0CB. oS U1
Thfi_1434 5,452 1506 0001 0004 3866 22,23 29,59 66,26 77,92 G LnEARER||RIARE TR Ui e et
(Precursor) OS=Thermus thermophilus JL-18
Thfi_1435 8,514 1,180 0,000 0000 46536 295,73 398,43 179,13 177,27 119,07  TIGBNBXOIGENEX9_IDEIN ABC transporter protein
Thfi_1436 11,207 2176 0,000 0000 107821 112432 121647 307408 274136  2184,06 B”g?PLmEBPLZZ—THESS et (P ai T
=Thermus scotoductus
Thi_1437 10,804 1,975 0,000 0000 587398 529219 55315 148632 124905 141772  UIB7ABI3|B7AGI3_THEAQ Basic membrane lipoprotein
Thii_1443 7,848 0,620 0,027 0078 404,08 314,96 309,42 219,94 221,95 ey RO RO RIET SAnlemEm-CeR
dehydrogenase
Thfi_1446 8,462 0,697 0,002 0010 77344 607,42 621,32 464,46 514,66 a3g79  UIB7TAGGOIBTABGO_THEAQ Ribose-S-phosphate
Thfi_ 1447 10,100 20522 0018 0057 51086 425,9 567,23 757,52 688,21 semge  OFEDIIZFEDINZ REWS Bidinime=ira ligEse
OS=Thermus thermophilus
Thfi_1448 8,503 44370 0000 0000 167733 691,65  1001,09 205411 22938 256459 g'gZZJ“g'QnJ“g—THE.TZ Uncharacterized protein
=Thermus thermophilus
Thii_ 1449 12,314 0553 0016 0053 240558 314339 272661 513324 428800 644594  (IcO -VIIESPLYITHESS Carboxyl-protease
=Thermus scotoductus
tr|H9ZQP7|H9ZQP7 THETH Cell division ATP-binding
Thfi_1450 8,567 0,838 0003 0014 976,32 845,03 767,47 417,93 473,82 550,8  protein FtsE OS=Thermus thermophilus JL-18
GN=TtJL18 0754 PE=3 SV=1
tr|B7A6F 1|B7A6F1_THEAQ Sigma 54 modulation
Thfi_1451 10,725 1,349 0000 0000 630647 608276 508118 226004 212000 23330  IoTRCRITAOTTHEAC By
Thfi_1453 9,531 1,142 0,000 0,000 861,98 713,84 864,67 323,17 408,38 34134  [rIFEDHQ7IFEDHQ7_THETG 4-alpha-glucanotransferase
OS=Thermus thermophilus
tr|R6S6T5|R6S6T5_9BACE TPR-domain containing protein
Thfi_1457 9,355 0,821 0002 0010 70606 126728 162788 61920 100624  fose20  (CSTRIORESI R TR TAECe
) tr[F6DF67|F6DF67_THETG Preprotein translocase, SecG
Thii_1459 5,851 1,182 0013 0043 140,95 141,21 383,95 492,81 622,54 ar221 e trermoprie
tr|GBNC94|G8NC94_9DEIN Ornithine carbamoyltransferase
Thfi_1460 7,498 4,019 0002 0010 15373 108,3 119,66 233,35 407,11 ) A L e
) tr|E8PKJB|E8PKJ6_THESS Arginine biosynthesis
Thfi_1463 7,481 1,020 0001 0005 943 117,55 68,89 162,74 271,54 30741 ol oty Ay
Thfi_1464 9,722 1,179 0,000 0,003 5770,26  2909,18 444409  1330,03 184476  1266,99 Eglggfgf)lWQZGS_THEOS U EiEEE] T
tr|Q72JE0|Q72JEO_THET2 Uncharacterized protein
Thii_1466 7,108 0937 0004 0016 38218 371,05 437,63 987,97 105703 111258  OS=Thermus thermophilus (strain HB27 / ATCC BAA-163 /
DSM 7039) GN=TT C0832 PE=4 SV=1
Thfi_1470 8,501 -2,866 0,000 0,000 117,25 59,26 112,18 961,12 757,32 65818  IFEDGS56|F6DG56_THETG Diguanylate cyclase

OS=Thermus thermophilus
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Thfi_1478 8,498 0928 0001 0003 147,15 139,74 143,07 2615 329,21 21315  [IK7RIN4|K7RIN4_THEOS Membrane carboxypeptidase
(Penicillin-binding protein) (Precursor)

N tr|E8PMZ6|E8PMZ6_THESS Prephenate dehydrogenase

Thfi_1481 8,978 3,751 0,000 0000 59,87 51,83 67,35 949,46 987,20 106273  (cOTMEDIESDIIE0. THES

Thfi_1485 5,800 0,828 0,030 0,084 19595 63,74 104,55 69,63 28,27 3455  TK7QVIBIK7QV18_THEOS Pseudouridine-5-phosphate
glycosidase (Precursor)
tr|K7QZE3|K7QZE3_THEOS Uncharacterized protein

Thfi_1486 6,331 0,849 0,006 0022 189,44 101,29 134,06 80,45 64,66 67,75 QoeThemus oshimai JL:2 GN-Thaos. 1163 Becd SVel

Thfi_1487 9,464 0,671 0,002 0009 7773 384,15 469,18 746,59 733,74 01,04  [IK7RSMSIK7R5M3_THEOS Ribosomal protein 512
methylthiotransferase RimO

Thfi_1488 9,256 11,045 0000 0000 31055 280,49 305,42 687,7 658,81 e IR VINESS P i
peripheral membrane component

) } tr| GBNCB9|G8NCB9_9DEIN Trk system potassium uptake

Thfi_1489 7,704 0,896 0,002 0,009 92,2 74,2 105,27 210,4 204,52 18881 S Thormus b, COB S UF1
tr|E8PK91|E8PK91_THESS Phosphorylase OS=Thermus

Thfi_1490 9,823 0,957 0,000 0000 588,68 446,13 546,32 246,97 286,32 B08 A ot e TGO 70010 LSA)

) tr[B7A9Q3|B7A9Q3_THEAQ Extracellular solute-binding

Thfi_1491 9,898 1,374 0,000 0000 1997,56 199592 18385 952,46 852,18 65578 o iy 3 (Procureon) OSTharmus squatios

- tr|Q5SK52|/Q5SK52_ THET8 Phospho-2-dehydro-3-

Thfi_1492 9,627 3,923 0,000 0000 9596 96,02 70,32 160306 16885 172676 4l e e 05 Themus tharmonilus

Thfi_1493 7,720 0,996 0000 0001 310,17 326,76 363,79 225,17 172,66 242,07  [IBTA9Q2[B7A9Q2_THEAQ Polar amino acid ABC

- transporter, inner membrane subunit

Thfi_1494 9,638 2,050 0,000 0000 143048 162403 152178 425,95 332,83 ey CREEREREERE WiAE VIRAR e sulis
receptor, TAXI family (Precursor)

Thfi_1496 7,183 0869 0009 0031 12536 106,29 148,08 272,35 249,81 309823  [IK7R4P8|K7R4PB_THEOS ABC-type polar amino acid
transport system, ATPase component
trlF6DDV3|F6DDV3_THETG Transposase OS=Thermus

Thfi_1498 11,020 2,975 0,000 0000 882515 379862  3320,76 365,11 463,34 ER e e e

Thfi_1507 11,154 1,067 0,000 0000 156137 155969 123248 38363 307058 345802  UIQ72K76|Q72K76_THET2 Mrp protein

Thfi_1508 7,958 -0,905 0,000 0,003 387,79 267,58 410,25 709,42 611,26 Fomae DRSNS MASAQ METEeeE gy, Ml
0OS=Thermus aquaticus Y51MC23

Thfi_1509 7,712 -1,001 0,005 0019 213,49 158,31 228,13 594,79 298,41 282,98
tr|B7A7X1|B7A7X1_THEAQ Peptidase U62 modulator of

Thfi_1511 7,254 0,689 0026 0076 149,85 129,08 169,29 124,12 66,8 R e S B

) tr|[B7A7V2|B7A7V2_THEAQ Putative uncharacterized

Thfi 1514 12,566 0,501 0029 0083 134158 215575 190283 19433 177731 12050.2 e tharmus atustious w5 Maa3
tr|G8NCB0|GBNC60_9DEIN Succinyl-CoA ligase [ADP-

Thfi_1517 8,903 1,618 0,000 0,000 984,28 685,38 986,18 288 309,21 a002 it aloFa

Thfi_1518 10,311 0,865 0,001 0003 163085 177368 137226 952,76 963,68 818,56 }"HQ.ZS\’G'HQZ.SVB—THETH Succinyl-CoA ligase [ADP-
‘orming] subunit beta

Thfi_1519 8,875 20988 0000 0000 421,01 311,36 346,66 773,42 701,61 sanie ISP SPINAE VIFHISSE (v e e
0OS=Thermus scotoductus

Thfi_1520 8,684 41336 0000 0000 18447 207,42 206,78 606,37 358,95 64175  UIEBPNFOIEBPNFY_THESS DNA repair protein radA
OS=Thermus scotoductus
tr|B7A9WS|B7A9WS_THEAQ ATPase AAA-2 domain

Thfi_1521 12,960 0,602 0,005 0019 283839 281204 300378  5810,86 437279  4863,89  protein OS=Thermus aquaticus Y51MC23

GN=TagDRAFT_3595 PE=4 SV=1
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) trl[H7GFF6|H7GFF6_9DEIN Aspartate-semialdehyde
Thfi_1523 9,164 0,784 0,001 0004 651,07 613,82 936,39 499,45 559,25 38727 onsae OS=Thormue o Al ONzacd DRSS SV=1
tr[F6DG60|F6DGB0_THETG Ycel family protein
Thfi 1525 12,719 0,485 0,03 0096 20782 179774 184221  14537,4 14794 15664 e thoumophitus
Thfi_1527 4,975 1,674 0,001 0,006 41,88 33,57 34,96 115,08 114,08 113,94 Egg;‘r's"fr';GR“'j—THEos Uncharacterized protein
tr[K7RJU5|K7RJU5_THEOS Fructose-1,6-bisphosphatase
Thfi_1528 7,209 0,934 0,003 0014 146,65 192,06 172,33 102,13 120,95 . e
Thfi_1540 8,471 0,690 0,003 0012 400,12 343,13 523,58 286,78 316,72 250,81  UIEBPLPBIESPLP8_THESS Putative lipoprotein
OS=Thermus scotoductus
Thfi_1542 5,431 1039 0024 0071 16,07 26,96 13,16 50,75 69,24 e EIPLOOEEFLON VIRESS AEG TETE i, pemizase
protein OS=Thermus scotoductus
Thfi_1543 0,184 0,056 0,000 0000 326,76 495,32 393,12 297,69 266,81 26852  [IEBPLQI|ESPLQ1_THESS Dipeptide-binding protein
0OS=Thermus scotoductus
Thfi_1547 7,875 1,736 0,000 0000 21516 3388 393,13 138,05 114,95 timgn DTN RSN TRAP e solis
receptor, TAXI family
) tr|B7A5TO|B7A5TO_THEAQ Inner-membrane translocator
Thfi_1548 7,538 0,758 0,004 0018 19364 225,61 201,28 175,68 170,5 1011 e Thermus seuatioss Yo 1MCS3
tr[K7QWO00|K7QWO00_THEOS ABC-type branched-chain
Thfi_ 1549 11,379 1,647 0000 0000 28019 350072 331358 121561  tasate 113630 oLl e N e nent
Thfi_1551 9,949 1,789 0,000 0000 960,08 9473 1129,2 322 265,78 314 tr[B7AAQ5]B7AAD5_THEAQ 5'-Nucleotidase domain protein
Thfi_1554 6,145 0,859 0,031 0,087 34,2 37,08 27,17 88,68 66,6 5oz oo S0/ REDEEDRINENGISHiteloxidasel(Brectiton)
0OS=Thermus thermophilus
Thfi_1563 7,860 0798 0002 0011 24082 182,38 200,18 430,87 386,15 44809  TIF2NPD8|F2NPD8_MARHT Uncharacterized protein
OS=Marinithermus hydrothermalis
tr|[B7A7U4|B7A7U4_THEAQ 5-oxopent-3-ene-1,2,5-
Thfi_1568 8,961 0,814 0,000 0001 114614 796,63 861,18 551,92 601,84 48754 eyiote docarorsTase
) tr[K7QVE3|K7QVE3_THEOS Argininosuccinate synthase
Thfi_1569 8,414 1,168 0000 0000 151,98 127,55 162,99 383,17 513,74 41876 e cohmal 112 GNoaraG PEL3 Syed
Thfi_1570 7,912 0,757 0,005 0,019 224,62 316,58 284,68 234,27 166,47 232,59 B”g?PLSZlEBPLsz—THESS I me gl [Ty
=Thermus scotoductus
Thfi_1571 8,231 0,995 0,000 0000 660,62 415,87 451,23 238,69 308,96 24631  Q72KROIQ72KRO_THET2 Metallo-beta-lactamase protein
- OS=Thermus thermophilus
Thfi_ 1577 7,902 0,824 0,003 0013 131,64 127,48 229,83 91,8 142,78 Mg UIFERETTEEDCy T VIHETE Pl sesiim sympeir
protein OS=Thermus thermophilus
Thfi_1580 8,342 -1,066 0,000 0000 52,83 71,01 82,65 144,38 235,89 192,34  TIEBPN20JESBPN20_THESS Acetyl-coenzyme A synthetase
0OS=Thermus scotoductus
Thfi_1582 9,358 0,676 0,004 0017 429,54 328,36 482,92 233,39 308,52 313,52 :}'{;‘iﬁ%‘;g'”gzc’ue‘—THETH REH RIS A
tr[H9ZQU4|H9ZQU4_THETH Protein with protein kinase II-
Thfi_1583 6,082 0,872 0017 0055 55258 473,33 425,75 2207 338,03 486,07 like association domain OS=Thermus thermophilus JL-18
GN=TtJL18 0801 PE=4 SV=1
tr|E8PN30|E8PN30_THESS Spermidine/putrescine
Thfi_1591 7,366 1105 0,000 0001 153,16 124,51 117,83 354,52 266,83 23618 o Do oot ot
Thfi_1593 6,825 1,704 0,000 0000 67,38 57,82 70,5 226,41 222,21 360,02  [IEBPN31|ESPN31_THESS Spermidine/putrescine ABC
transporter, permease protein OS=Thermus scotoductus
tr|[B7A7R9|B7A7R9_THEAQ Extracellular solute-binding
Thfi_1594 8,490 0,454 0,039 0,102 420,74 395,09 462,67 375,91 354,27 265,45 protein family 1 (Precursor) OS=Thermus aquaticus

Y51MC23
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Thfi_1599 9,251 0790 0001 0005 74517 871,63 832,37 186227 206001 148077  TIQ5SIY3|Q5SIV3_THETS Uncharacterized protein
OS=Thermus thermophilus
Thfi_1600 0,938 20,931 0,000 0001 662,81 762,96 52423 147489 154693  1301,02  UIH9ZQWOIHIZQWO_THETH 3-isopropylmalate
dehydrogenase
Thfi_1601 8,202 -0,849 0,001 0,003 42543 388,1 281,21 768,7 717,48 85976  UIH7GEM6|H7GEMS_IDEIN 3-isopropylmalate
dehydratase small subunit
tr|EBPN40|E8PN40_THESS 3-isopropylmalate dehydratase
Thi_1602 11,335 1,084 0,000 0,000 89753 110342  1008,63  3239,19 24324 280436 |01 bunit OS<Thermus seotonuotus
trl[H9ZQNO|H9ZQNO_THETH UDP-N-acetylmuramyl
Thfi_1603 7,572 0,680 0,009 0031 29583 176,74 272,23 177,16 141,36 103,7  pentapeptide phosphotransferase/UDP-N-
acetylglucosamine-1-phosphate transferase
Thfi_1604 9,155 11355 0000 0000 330,12 288,15 308,82 914,82 992,77 emrge  EEPNEEIEEENES RESS UsiEiEmn=ia e
0OS=Thermus scotoductus
tr|E8PN44|E8PN44_THESS Uncharacterized protein
Thfi_1605 6,548 -1,497 0,000 0,000 11457 75,89 64,01 221,89 213,26 3449  OS=Thermus scotoductus (strain ATCC 700910 / SA-01)
GN=TSC_c07690 PE=4 SV=1
tr|EBPN49|E8PN49_THESS Acetyl-CoA acyltransferase
Thfi_1606 9,234 0,502 0,048 0121 506,37 628,37 704,88 464,75 478,98 50703 (JoThermus scoteductus
Thfi_1608 10,032 0,911 0,000 0000 886,64 620,57 648,42 364,52 446,2 379,33  (TQ5SKT2|Q58KT2_THETS Quter membrane protein
OS=Thermus thermophilus
tr|F6DEV9|F6DEVY_THETG Surface antigen (D15)
Thi_1609 6,059 0,959 0019 0061 527,79 206,81 2153 123,84 106,53 28805 B or) OS=Tharmus thermophilue
Thfi_1610 8,724 0,771 0,001 0,005 922,66 542,58 875,77 423,13 527,9 39432  [IH9ZSTI|HOZST1_THETH Purine nucleoside
- phosphorylase OS=Thermus thermophilus JL-18
Thfi_1612 7,977 0,761 0,009 0031 450,51 526,55 823,14 462,13 423,86 seme  EEPNEEEEENGG RS Cl ahvion imilkiem preiE
DivIVA OS=Thermus scotoductus
Thfi_1617 5,853 1,307 0,002 0009 89,93 148,42 168,32 322,16 467,53 741,72  [rIF6DEWSIFBDEWS_THETG Acylphosphatase
- OS=Thermus thermophilus
tr[H7GFH7|H7GFH7_9DEIN L-threonine 3-dehydrogenase
Thfi_1619 7,684 0,935 0,002 0009 2664 292,49 256,53 148,36 153,69 17878 o Thomus sp. RUGNoidh PES3 SVo1
) tr| GBNBX3|G8NBX3_9DEIN Putative uncharacterized
Thii_1623 7,122 -0,706 0,035 0093 50146 305,69 278,27 731,51 414,06 56296 i OS<Thermus sp. CCB. US3 U1
tr[K7RGA5|K7RGA5_THEOS Phosphotransferase family
Thfi_1625 6,327 1,298 0,004 0018 99,86 126,96 211,12 62,71 5445 075 (Precursor)
Thi_1627 13,007 0,973 0,000 0000 405838 937249 80824 474538 68275 607857 Eg’fg;’;'ig'mRHGg—THEOS Uncharacterized protein
_ tr|F6DIS5|F6DIS5_THETG Uncharacterized protein
Thfi_1632 6,158 1,807 0,000 0000 24,37 38,18 20,97 127,28 89,93 1798 O=Thenmus thermophilus (sirain SGO.SJP17-16)
. tr|G8N7Q8|GBN7Q8_9DEIN UPFO0145 protein
Thii_1634 6,905 1,011 0,006 0023 648,86 571,69 727,27 238,62 467,05 4553 1CORUSBUF1 1260
tr|B4D042|B4D042_9BACT Beta-lactamase
Thfi_1635 6,275 1,298 0020 0062 1482 107,77 76,58 16,34 61,93 7572 e ronobactr flavus Elind2s
) tr|Q745W6|Q745W6_THET2 Uncharacterized protein
Thfi_1642 9,486 1,578 0,000 0,000 562,08 675,99 521,25 178,08 231,09 25803 O Thormus thermaphilus
trlU2BT87|U2BT87_9BACE Collagen triple helix repeat
Thfi_1644 4,189 -3,347 0,003 0,012 9,21 2,87 0 4,86 18,43 7887 lotein (Fragment)
Thfi_1645 4,935 -2,930 0,000 0,001 22,91 7,73 0 46,74 77,46 121,72
Thii_ 1649 8,724 1,291 0,000 0000 132,43 118,5 14475 42086 Saalo7A oY S| WCRES CREEINranijostccinataliyase

0OS=Thermus sp. RL GN=argH PE=3 SV=1
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Thfi_1650 5,815 4640 0001 0007 20,97 23,52 39,13 125,77 87,07 5041  (IQ5SMF1]Q5SMF1_THETS Uncharacterized protein
OS=Thermus thermophilus
_ tr[K7QW23|K7QW23_THEOS Molybdopterin-guanine
Thfi_1651 8,321 1,713 0,000 0,000 376,6 313,21 337,87 1331,82 835,43 1151,64 dinucleotide biosynthesis protein A
) tr|GBN996|G8N996_9DEIN Lon protease OS=Thermus sp.
Thfi_1652 13,371 -0,447 0,038 0,101 3167,5 3040,55 3654,12 6281,41 4985,86 5735,84 CCB_US3_UF1 GN=lon PE=3 SV=1
tr|GBN995|G8N995_9DEIN Putative uncharacterized protein
Thfi_1653 6,258 0,811 0,049 0,123 180,6 143,74 326,07 123,87 125,63 153,44 0S=Thermus sp. CCB_US3_UF1
) } tr|GBN991|G8N991_9DEIN Aspartate carbamoyltransferase
Thfi_1657 6,269 0,982 0,034 0,092 100,52 40,42 59,17 148,51 90,91 95,26 0S=Thermus sp. CCB_US3_UF1 GN=pyrB PE=3 SV=1
Thfi_ 1659 10,307 1153 0000 0000 561989 229566 32813 920876 656668 66505  [IEGPM24|EBPM24_THESS SPW repeat protein
Thfi_1664 7,423 1,524 0,000 0000 90,47 54,93 52,52 161,49 196,42 2046  TK7QWIK7QWI4_THEOS Integral membrane protein
MvViN (Precursor)
Thii_ 1668 9,494 0,557 0023 0071 86035 149381 135475 94979 105747 124768  [IF6DHS7IFGDHS7_THETG UPFO173 metal-dependent
hydrolase Ththe16_1295
) tr[K7QYU4|K7QYU4_THEOS Uncharacterized protein
Thfi_1673 8,076 1,018 0,000 0,000 3856 1488,86 1465,93 819,6 863,29 876,5 0S=Thermus oshimai JL-2 GN=Theos_0815 PE=4 SV=1
tr[H9ZQR4|H9ZQR4_THETH Archaeal/vacuolar-type H+-
Thfi_1674 10,218 1,098 0,000 0,000 1131,89 871,31 926,41 456,23 441,98 398,41 ATPase subunit | OS=Thermus thermophilus JL-18
GN=TtJL18_0771 PE=4 SV=1
) trl[H7GGU9|H7GGU9_9DEIN V-type proton ATPase subunit
Thfi_1676 7,294 2,552 0,000 0,000 394,08 354,9 692,83 87,91 105,92 138,64 E 0S=Thermus sp. RL GN=atpE PE=3 SV=1
tr| GBN8E1|G8N8E1_9DEIN V-type ATP synthase subunit C
Thfi_1677 8,720 2,005 0,000 0,000 854,83 673,66 914,12 225,35 223,86 136,83 0S=Thermus sp. CCB_US3_UF1 GN=atpC PE=3 SV=1
tr[K7QYU6|K7QYU6_THEOS Archaeal/vacuolar-type H+-
Thfi_1678 5,601 1,843 0,001 0,004 508,57 335,87 233,77 115,2 46,71 56,91 ATPase subunit F (Precursor) OS=Thermus oshimai JL-2
GN=Theos_0820 PE=4 SV=1
tr[FBDHR7|F6DHR7_THETG V-type ATP synthase alpha
Thfi_1679 11,428 1,672 0,000 0,000 2078,11 2390,75 2265,83 839,72 952,54 755,59 chain OS=Thermus thermophilus
Thfi_1680 10,519 1,353 0,000 0000 89748 141061  1089,77 641,23 706,16 606,7  UIEBPNVBIEBPNVS_THESS V-type ATP synthase beta
- chain OS=Thermus scotoductus
tr|GBN8D7|G8N8D7_9DEIN V-type ATP synthase subunit D
Thfi_1681 9,411 1,649 0,000 0,000 1478,36 1760,15 1728,27 586,18 746,39 482,86 0S=Thermus sp. CCB_US3_UF1 GN=atpD PE=3 SV=1
) trlK7RIW9|K7RIW9_THEQOS Pectinacetylesterase
Thfi_1683 7,065 0,640 0,047 0,119 140,94 145,28 181,79 122,58 94,49 158,83 (Precursor) OS=Thermus oshimai JL-2 GN=Theos_1287
. tr| GBN9DO|G8N9DO_9DEIN Putative uncharacterized
Thfi_1689 7,647 0,722 0,004 0,018 169,68 175,29 141,86 279,35 276,52 333,22 protein OS=Thermus sp. CCB_US3_UF1
Thfi_1692 0,574 0,483 0,027 0078 442,05 433,16 468,93 426,7 344,60 35818  [IEBPMFOIESPMFO_THESS Aldehyde:ferredoxin
oxidoreductase OS=Thermus scotoductus
tr|GBNC74|G8NC74_9DEIN Translation initiation factor IF-3
Thfi_1699 8,499 0,620 0,037 0,097 1317,6 1171,64 935,72 555,95 895,38 1014,46 0S=Thermus sp. CCB_US3_UF1 GN=infC PE=3 SV=1
) tr|E8PNI4|E8PNI4_THESS Hypothetical membrane
Thfi_1703 8,525 -0,825 0,007 0,026 145,65 124,96 155,28 407,93 291,68 199,08 spanning protein OS=Thermus scotoductus
tr| GBNBH4|G8NBH4_9DEIN Formate--tetrahydrofolate
Thfi_1704 10,916 1,050 0,000 0,000 1368,43 1720,74 1561,18 772,9 1065,55 775,08 ligase OS=Thermus sp. CCB_US3_UF1 GN=fns
) tr|F6DEV2|F6DEV2_THETG Futalosine nucleosidase
Thfi_1705 6,524 -1,425 0,002 0,008 63,82 65,25 119,24 323,11 159,36 163,57 0S=Thermus thermophilus (strain SG0.5JP17-16)
Thii 1706 11,848 0685 0002 0011 459528 503174 528197 113747 800515  8622,87  \IH9ZSTEIHIZSTE_THETH Superoxide dismutase

0OS=Thermus thermophilus JL-18 GN=TtJL18 1518
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Thfi_1707 9,234 0,700 0,001 0007 569,63 490,83 529,85 337,42 401,08 3g7,71  (IQSSKTSIQ5SKTS_THETS Fumarate hydratase class |l
OS=Thermus thermophilus
tr[EBPNI9|E8PNI9_THESS Thioredoxin reductase
Thfi_1709 6,668 -0,701 0,022 0,066 96,82 73,94 76,35 115,69 162,38 178,66 ST i~ vier
Thii_1710 10,653 3,125 0,000 0000 2164 169,36 190,45 189574 197875 191252  1Q5SJ01/Q5SJ01_THETS Acetolactate synthase
OS=Thermus thermophilus
tr[EBPNJ1|E8PNJ1_THESS Acetolactate synthase, small
Thfi_1711 8,584 -3,481 0,000 0,000 87,86 120,43 141,77 1526,29 1901,17 1841,28 VT O T Cer e s
Thfi_ 1712 9,020 2160 0000 0000 170,57 177,97 156,39 85032 100566  1061,8  IFODHKOIFEDHKS_THETG Ketol-acid reductoisomerase
OS=Thermus thermophilus
~ tr[H9ZQY3|H9ZQY3_THETH 2-isopropylmalate synthase
Thfi_1713 10,806 2,309 0,000 0,000 394,4 360,25 311,43 1928,64 2390,49 2219,04 0S=Thermus thermophilus JL-18 GN=leuA PE=3 SV=1
Thfi_1714 9,882 2,310 0,000 0000 186,11 192,38 182,37 109362 123486 99613  [IK7QX84|K7QX64_THEOS 2-isopropylmalate
synthase/homocitrate synthase family protein
trl[H9ZQY6|H9ZQY6_THETH Uncharacterized protein
Thfi_1716 7,541 -1,599 0,000 0,000 181,76 159,79 208,28 645,35 721,58 570,88 0S=Thermus thermophilus JL-18 GN=TtJL18_0844
) tr|Q72JD2|Q72JD2_THET2 Integral membrane protein
Thfi_1717 7,324 -3,526 0,000 0,000 39,82 31,32 52,87 480,11 387,58 416,86 0S=Thermus thermophilus
tr[D3PQ25|D3PQ25_MEIRD Uncharacterized protein
Thfi_1719 6,673 -0,681 0,029 0,083 153,15 108,41 105,75 139,12 217,04 227,38 ey s
Thfi_1729 4,706 2229 0001 0005 37,85 30,96 28,12 196,42 84,47 185,18 TIQ72HJ7|Q72HJ7_THETZ Initial dioxygenase ferredoxin
- subunit OS=Thermus thermophilus
y trl[K7R2R8|K7R2R8_THEOS FeS assembly protein SufD
Thfi_1730 10,680 0,962 0,007 0,025 668,89 619,99 630,46 2844,41 1433,18 13491 0S=Thermus oshimai JL-2 GN=Theos_ 0111 PE=4 SV=1
Thfi_1731 12,269 20915 0010 0036 210656  1971,64 178803 827073 335457 382413  UIB7AG12|B7A612_THEAQ FeS assembly protein Sufg
OS=Thermus aquaticus Y51MC23
tr|B7A593|B7A593_THEAQ Putative uncharacterized
Thfi_1735 6,091 -0,717 0,038 0,101 92,29 55,38 54,57 113,24 86,73 117,18 protein (Precursor) OS=Thermus aquaticus Y51MC23
) tr[B7A5A7|B7A5A7_THEAQ Alpha amylase catalytic region
Thfi_1741 8,063 -0,599 0,041 0,107 119,35 105,2 152,43 252,31 250,89 220,51 0S=Thermus aquaticus Y51MC23
tr|G8N9Z1|G8N9Z1_9DEIN Guanylate kinase OS=Thermus
Thfi_1742 8,158 0,687 0,005 0,019 736,69 570,28 679,46 373 526,45 390,83 sp. CCB_US3_UF1 GN=gmk PE=3 SV=1
) tr[B7A5A9|B7A5A9_THEAQ DNA-directed RNA polymerase
Thfi_1743 5,649 1,207 0,011 0,039 378 271,16 301,05 95,51 229,99 0 subunit omega OS=Thermus aquaticus Y51MC23
tr|E8PP68|E8BPP68_THESS Arginine repressor
Thfi_1745 8,196 0,961 0,000 0,001 819,58 1048,9 1005,47 583,19 634,91 465,11 =TT IS e e IES
Thfi_1748 8,833 0,605 0,019 0061 63623 432,83 614,1 292,36 407 41 37061  UIEBPPEGIEBPPE6_THESS Ggdef domain protein
OS=Thermus scotoductus
. tr[B7A5N2|B7A5N2_THEAQ RNA methylase,
Thfi_1752 6,313 0,933 0,033 0,090 35,14 23,48 62,13 63,23 91,98 92,02 NOL1/NOP2/sun family OS=Thermus aquaticus Y51MC23
) R tr|GBN9X7|G8N9X7_9DEIN Dimethylallyltranstransferase
Thfi_1757 7,932 1,084 0,000 0,000 307,73 152,52 158,55 438,3 366,89 340,08 0S=Thermus sp. CCB_US3_UF1
tr|GBN9X8|G8N9X8_9DEIN Glutamate dehydrogenase
Thfi_1758 9,287 1,153 0,000 0,000 456,76 551,71 772,99 382,71 286,49 402,46 0S=Thermus sp. CCB_US3_UF1
) tr|E8PP83|E8PP83_THESS Glutamate dehydrogenase
Thfi_1759 9,980 1,113 0,000 0,000 1212,14 1050,34 1115,62 529,3 453,83 788,55 0S=Thermus scotoductus
tr|E8PP81|E8PP81_THESS D-isomer specific 2-
Thfi_1761 7,737 1,237 0,000 0,000 475,09 335,91 402,36 174,94 165,73 127,95 hydroxyacid dehydrogenase NAD-binding protein

0OS=Thermus scotoductus (strain ATCC 700910 / SA-01)
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Thfi_ 1763 10,988 0654 0005 0020 194058 152862 203303 201338 28555 277124  UIEBPP79IEBPP79_THESS Deoxyhypusine synthase-like
protein OS=Thermus scotoductus
_ tr[B7AA71|B7AA71_THEAQ Transposase 1S4 family protein
Thfi_1764 6,890 1,818 0,000 0000 20365 99,3 120,83 368,27 483,31 37745 GoeThermus aqualious Y51MG23
. tr|B7AB09|B7AB609_THEAQ Putative uncharacterized
Thfi_1767 8,803 2,292 0,000 0000 350147 282924  2590,17 341,18 901,03 6396 i (Precurson) OS=Thermus aquaticus Y51MO23
tr|D7BJ44|D7BJ44_MEISD Uncharacterized protein
Thfi_1768 6,563 0,929 0,014 0048 27158 200,1 198,52 100,51 122,82 (It e
Thfi_1769 6,231 0,966 0,038 0101 24097 279,99 106,7 128,64 117,24 132,15 glgzwggesmm_golzm Chromosome partitioning
. trlA6MN83|A6MN83_9DEIN Tyrosine recombinase XerC
Thfi_1772 6,361 0,860 0,043 0111 111,29 103,12 47,14 81,79 215,79 2344 G rmus sp. 4G GNeint PES3 SVt
. tr|K7QXZ2|K7QXZ2_THEOS 30S ribosomal protein S4
Thii_1776 8,976 0,835 0,000 0003 93027 876,57 115351 852,43 639,14 57968 GGl Tormus oshimai JL.2 GN=rmeb PEs SVo1
Thfi_1777 8,793 0,467 0,047 0,119 149824 1510,6 1425,2 154103  1087,46 131225 B”gfppg?lEsPPg-’—THEss Sl el EretE S
=Thermus scotoductus
) tr|E8PP98|E8PP98_THESS 30S ribosomal protein S13
Thfi_1778 7,736 0,916 0,000 0002 9931 812,66 910,24 547,17 628,57 31576 JeTharmus scoteductus
tr[F6DEN1|F6DEN1_THETG Adenylate kinase
Thfi_1782 8,708 1,167 0,000 0001 70396 643,62 1342,85 651,53 555,88 53023 (g trormus thermophilus
Thfi 1784 8,373 0,748 0004 0016 75551 844,65 895,82 791,38 753,61 a7agr  [EBPPASIEBPPASTHESS 50S ribosomal protein L15
=Thermus scotoductus
Thfi_1786 7,412 0,798 0,005 0019 41413 284,94 387,68 192,67 286,7 238,86 :ggi§§:7J;92PN7—THETH Redolseps ol iasapptions)
Thfi_1787 6,037 1,754 0,000 0002 13594 178,08 522,69 222,96 103,16 137,42  UIFBDENS|FEDENS_THETG 30S ribosomal protein S5
OS=Thermus thermophilus
tr[K7R3A3|K7R3A3_THEOS 30S ribosomal protein S3
Thfi_1799 8,623 0,620 0,009 0032 460,12 522,8 710,85 544,83 490,63 5169 OSiThermus oshinai JL-2 GNrpsC PESS SV=t
) tr|B7A589|B7A589_THEAQ Tetratricopeptide TPR_2 repeat
Thfi_1807 8,272 0,990 0,000 0001 27861 249,2 283,22 180,32 176,58 15671 tein (Proourson) OS=Thermus aquatious Y51MG23
tr|B7A586|B7A586_THEAQ Putative uncharacterized
Thfi_1809 7,398 0,599 0,027 0079 171,72 165,51 169,57 294,62 222,33 34693 i (Procurson)
) tr|B7A584|B7A584_THEAQ 50S ribosomal protein L17
Thfi_1811 8,795 1,059 0,000 0000 236234 193775 198204 129365  1062,41 103319 5o T mus aquatious YS1MG23 GNarpiGy PE23 SV=1
tr|[H7GHBO|H7GHBO_9DEIN Transposase OS=Thermus sp.
Thfi_1819 5,684 1,978 0,000 0,002 12,98 12,21 22,35 85,17 104,69 6398 R GNORLTM 08204 PE4 SVo1
) tr[H9ZRP9|H9ZRP9_THETH Uncharacterized protein
Thfi_1821 8,053 -0,883 0,001 0004 4027 436,36 540,63 886,81 897,07 94367 GeTrormus thermophilus JL-16 GNCTUL18_ 0228
tr|B7A8G0|B7A8G0_THEAQ Putative transcriptional
Thfi_1823 5,662 0,887 0,048 0,121 86,1 60,87 55,54 147,26 131,2 120,19  regulator OS=Thermus aquaticus Y51MC23
GN=TagDRAFT 3913 PE=4 SV=1
Thfi_1827 5,390 -1,620 0,006 0022 26941 112,8 0 394,14 525,77 302,11  rID3PMY8ID3PMY8_MEIRD Uncharacterized protein
- OS=Meiothermus ruber
tr[EBPQM4|E8PQM4_THESS Probable dual-specificity RNA
Thi_1828 9,662 -0,901 0,000 0001 700,66 451,55 656,23 124225 120712 089,88 ot e RIMN
Thfi_1832 5,699 0,733 0,047 0,120 58,57 29,96 38,72 53,75 64,13 96,86  TIEBPJHSIEBPJHS_THESS DNA replication and repair
protein RecF OS=Thermus scotoductus
Thfi_1833 6,223 1,575 0,001 0004 24977 95,25 146,12 418,52 249,53 asss R coshia|QosHIbRIEETBncharactetzed|proiain

0OS=Thermus thermophilus
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Thfi_1834 8,102 4025 0000 0001 22853 183,9 267,53 546,5 517,7 43541  THIZNY7IHOZNY7_THETH Uncharacterized protein
OS=Thermus thermophilus JL-18
_ tr[B7A8N0|B7A8NO_THEAQ Sugar fermentation stimulation
Thfi_1835 5,856 1837 0000 0001 47,31 31,61 52,51 126,88 191,37 s e
) tr|[B7A923|B7A923_THEAQ (P)ppGpp synthetase |,
Thfi 1839 10,497 0467 0026 0077 5843 524.8 542,86 915,6 835,85 79922 e ramin st e IG5
Thfi_1841 6,913 20,681 0,015 0050 196,57 114,14 139,18 210 198,91 261,82 gﬁims”'GSNB”—gDE'N I Ui
Thfi_1843 8,376 0,873 0,000 0001 92491 917,55 129828 747,53 686,21 773,19 gftz:‘r‘]BKolesNBKo—gDE'N Putative uncharacterized
Thfi_1848 6,308 750 0000 0001 77,32 28,05 76,97 187,88 155,41 tingy  EEUTREEUF_ VRIS it e el
cations transporter (Precursor)
Thfi_1858 7,648 0,903 0001 0006 159,75 218,03 284,56 141,4 174,56 208,44 g;i‘?r':‘fmt‘jﬁNBYo—gDE'N Alcohol dehydrogenase, zinc-
Thfi_1860 10,311 0,927 0,010 0,034 250,09 317,31 272,51 1229,48 876,58 sepgn  OISEPREHEIERAE VRESS MUngsiEm-saniEg ekt
ferredoxin oxidoreductase OS=Thermus scotoductus
. r|F2NKR8|F2NKR8_MARHT RNA binding S1 domain
Thfi_1866 9,342 0,758 0001 0006 411327 275055 268948  tes7t2 210757  tasese I ZNEATERERS SARET BN AnONe
tr|Q72IM4|Q72IM4_THET2 Na(+)/H(+) antiporter
Thfi_1867 7,978 0,685 0,008 0030 25339 252,48 279,72 188,2 163,33 24453 O ot
Thfi_1868 7,535 0,572 0033 0091 6267 542,45 481,93 411,14 433,39 468,99 g'g’zz'm'mz'm—THE.Tz Uncharacterized protein
=Thermus thermophilus
Thfi_1869 6,323 2670 0000 0000 6276 26,02 19,03 232,96 201,09 143,36 gf; SR IS G e e e
: ) tr|B7A8Y1|B7A8Y1_THEAQ HhH-GPD family protein
Thfi_1870 6,989 1280 0000 0001 107,35 62,11 80,26 218,77 207,27 12000 O ot v 1MC23
tr[]D3PLS4|D3PLS4_MEIRD Uncharacterized protein
Thfi 1871 11,305 0,753 0001 0005 499243 525041 49164 438391 374250 301916  (JDOTLSADIPLSAME
Thfi_1873 7,109 0,870 0011 0038 23422 159,82 168,23 151,08 107,93 13766  TIFBDFV7IFGDFV7_THETG NH(3)-dependent NAD(+)
synthetase OS=Thermus thermophilus
Thfi_1876 4,223 2,218 0,001 0007 997 11,91 0 49,73 42,79 62,71 Eg,t'ji'f;?)'HQZRm—THETH U TG TR Tt
. tr|H5SNCOJH5SNCO_9DEIN Acetylomithine
Thii_1878 8,300 1,251 0000 0000 587,65 666,1 548,56 279,38 343,72 28006 THSSNCOMESH
Thfi 1883 10,659 1,060 0,000 0000 285977 283579 311766 781964 702868 761979 Eglggj\gggmmwso_THEos UneliE e Sires) elr
trlQ72H73|Q72H73_THET2 ATP-binding motif-containing
Thfi 1886 10,379 .0,897 0000 0001 31517 354,31 294,85 836,62 633,42 664,06 protein pilF OS=Thermus thermophilus (strain HB27 / ATCC
BAA-163 / DSM 7039)
Thfi_1887 9,556 20770 0008 0030 23666 593 32062 123639 816,37 semap  IPEEINUHIDRIRIUL, INISIRID) i) milliy et
OS=Meiothermus ruber
) tr|B7A8V4|B7A8V4_THEAQ Methylenetetrahydrofolate
Thfi_1892 7192 -0,701 0020 0062 109,08 104,9 113,78 212,98 232,98 LR vachaetlicaninaiivibyttnl
trl[K7R0Y2|K7R0Y2_THEOS Histidinol phosphate
Thfi_1896 9,480 0826 0002 0011 929,03 s0007 101764 tae205 132719 12212 LN et a2
) tr[H7GIZ2|H7GIZ2_9DEIN Sulfite dehydrogenase
Thfi 1898 10,977 0610 0003 0014 208072 207402 281473 496181 522313 48738 QL el O e N e e
Thfi_1899 7,841 1,143 0,003 0012 629,95 360,61 500,73 179366 112643 7y CIETARUEEARUE SO PUiEe Ui

protein OS=Thermus aquaticus Y51MC23
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Thfi_1900 6,782 1433 0000 0001 20529 148,15 1941 632,24 565,95 4236  [rID3PMBB|D3PMB8_MEIRD Putative fluoride ion
transporter CrcB OS=Meiothermus ruber
tr|B7A637|B7A637_THEAQ Putative uncharacterized
Thfi_1901 6,068 -1,839 0,002 0,008 22,64 20,91 17,67 45,39 110,11 201,93 protein (Precursor)
Thfi_1902 6,316 1,104 0,006 0,022 42,4 22,02 44,83 78,59 67,95 86,29 g'ngQm'Egszg—THEss Uncharacterized protein
=Thermus scotoductus
tr|B7A8K3|B7A8K3_THEAQ L-carnitine dehydratase/bile
Thfi_1908 7,359 -0,562 0,042 0,108 133,7 93,94 114,71 161,51 159,42 257,3 acid-inducible protein F OS=Thermus aquaticus Y51MC23
GN=TaqDRAFT_3956 PE=4 SV=1
) tr[K7QXH8|K7QXH8_THEOS Glucose-6-phosphate
Thfi_1920 6,724 0,759 0,023 0,068 114,23 87,71 103,66 55,85 78,63 77,65 isomerase OS=Thermus oshimai JL-2 GN=pgi PE=3 SV=1
Thfi_1921 8,251 20584 0016 0053 16458 100,8 129,82 153,24 175,63 wpge  WEEHRICHEARICH_THEES Caaimgicremss-Ca
ligase OS=Thermus scotoductus
) tr|B7A887|B7A887_THEAQ Putative uncharacterized
Thfi_1923 5,672 -1,755 0,020 0,063 23,64 20,36 33,89 23,01 55,49 290,74 protein OS=Thermus aquaticus Y51MC23
tr|B7A886|B7A886_THEAQ Transposase
Thfi_1924 6,293 -1,447 0,000 0,002 29,01 47,87 25,02 167,7 141,75 125,47 1S116/1S110/1S902 family protein
Thfi_1925 8,120 0,600 0,027 0079 160,37 168,23 235,74 178,47 145,36 2036  TID3PR67|D3PR67_MEIRD Probable cytosol
- aminopeptidase OS=Meiothermus ruber
trlF6DHW7|F6DHW7_THETG Ferric uptake regulator, Fur
Thfi_1926 11,349 1,796 0,000 0,000 9167,33 11943,5 10709,1 3259,27 4184,07 3426,06 family OS=Thermus thermophilus
) trl[H9ZPB1|H9ZPB1_THETH Uncharacterized protein
Thfi_1929 9,645 -1,363 0,000 0,000 185,45 173,06 136,04 415,59 535,48 498,84 0S=Thermus thermophilus JL-18 GN=TtJL18_0257
tr[H9ZU48|H9ZU48_THETH Thioredoxin reductase
Thfi_1930 8,859 -0,819 0,002 0,010 427,03 353,15 460,7 830,27 590,64 693,48 0S=Thermus thermophilus JL-18 GN=TtJL18_2001
Thfi_1931 7,471 4334 0000 0000 13459 66,2 99,46 291,36 217,95 27978  !rID7BGQEID7BGA6_MEISD Peptidase M29
aminopeptidase Il OS=Meiothermus silvanus
tr|EBPPR4|E8PPR4_THESS Small heat shock protein
Thfi_1932 10,524 -1,076 0,000 0,000 3550,07 2006,18 215717 7310,07 4371,7 5525,48 CE=TT RIS Ses eI EIS
tr[K7QTWO|K7QTWO_THEOS Bifunctional PLP-dependent
Thfi_1933 7,563 -1,735 0,000 0,000 114,7 55,85 117,75 428,04 162,96 292,2 enzyme with beta-cystathionase and maltose regulon
repressor activities
) tr|FBDEA7|F6DEA7_THETG tRNA (guanine-N(7)-)-
Thfi_1934 7,245 1,501 0,001 0,005 114,84 64,56 71,61 404,67 180,17 138,3 methyltransferase OS=Thermus thermophilus
Thfi_1941 4,999 -0,957 0,047 0119 51,85 71,88 21,8 109,97 117,04 237,91  [IB7ASJ4|B7A9J4_THEAQ DNA polymerase beta domain
protein region OS=Thermus aquaticus Y51MC23
g tr|Q83YV9|Q83YV9_THETH 30S ribosomal protein S1
Thfi_1942 12,273 0,564 0,010 0,035 3644,92 2438,28 2251,54 4360,53 4679,86 3480,11 0S=Thermus thermophilus GN=rpsA PE=3 SV=1
Thi_1943 7710 0772 0007 0026 31852 2179 20353 45120 36287 201,63  LlcorPQOIESPPQS_THESS Pseudouridine synthase
- OS=Thermus scotoductus
tr[F6DDR1|F6DDR1_THETG Glutaredoxin 2 OS=Thermus
Thfi_1950 6,092 0,639 0,040 0,106 680,72 437,56 425,75 421,27 328,52 85,52 thermophilus (strain SG0.5JP17-16)
) tr|GBN983|G8N983_9DEIN Prolipoprotein diacylglyceryl
Thfi_1951 7,851 1,230 0,000 0,000 534,07 328,49 524,02 178,61 225,61 115,83 transferase OS=Thermus sp. CCB_US3_UF1
trl[K7RJIN4|K7RJN4_THEOS Bifunctional protein GImU
Thfi_1952 8,243 0,832 0,001 0,004 359,72 272,62 326,69 167,51 201,55 162,05 (Precursor) OS=Thermus oshimai JL-2
) tr|GBN912|G8N912_9DEIN Putative uncharacterized protein
Thfi_1959 7,384 -1,055 0,000 0,002 192,97 159 114,56 365,54 366,91 227,38 0S=Thermus sp. CCB_US3_UF1
Thfi_1962 5,959 -1,400 0,001 0006 10817 53,9 57,92 198,04 129,56 ipagy  GENSUEEENETE] SIDIEIN [FiEle UneiEEEiEiEes) prein

OS=Thermus sp. CCB_US3 UF1
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Thfi_1963 7,092 0989 0001 0005 58375 716,1 610,54 173717 158583 135622  UIB7A9DSIB7AIDS_THEAQ Putative uncharacterized
protein OS=Thermus aquaticus Y51MC23
tr[B7A9F0|B7A9F0_THEAQ Endonuclease MutS2
Thfi_1966 9,460 -1,020 0,000 0,000 320,38 174,84 219,44 440,65 447,55 529,12 0S=Thermus aquaticus Y5S1MC23 GN=mutS2 PE=3 SV=1
Thfi_1967 7,187 0,859 0,007 0,025 91,76 103,51 121,58 65,64 60,07 70,84  [lQr2149]Q72149_THET2 Maltodexirin glucosidase
OS=Thermus thermophilus 1
tr|[K7QXZ9|K7QXZ9_THEOS ABC-type maltose transport
Thfi_1968 7,913 0,905 0,001 0,005 137,32 231,8 218,54 17,7 156,45 180,67 systems, permease component
) tr|GBN925|G8N925_9DEIN Fructose-bisphosphate aldolase
Thfi_1969 9,356 1,194 0,000 0,000 393,11 581,03 581,08 285,5 398,73 344,77 0S=Thermus sp. CCB_US3_UF1
Thfi 1970 11,548 1,729 0,000 0000 381481 450158 372988 116398 144192 144245  TIH7GHTOIH7GHTO_9DEIN Maltose ABC transporter
substrate-binding protein OS=Thermus sp. RL
) } tr[H9ZUR1|H9ZUR1_THETH Cobyric acid synthase
Thfi_1979 7,863 0,640 0,010 0,034 123,39 83,21 109,44 142,54 175,64 169,96 0S=Thermus thermophilus JL-18 GN=cobQ PE=3 SV=1
Thfi_1983 9,864 0,436 0,043 0,111  1523,9 1252,45 154652 1203,17  1201,74 geige  CEARVEEAREL THIENG ik U e
protein OS=Thermus aquaticus Y51MC23
) trl[K7R4D1|K7R4D1_THEOS Uncharacterized protein
Thfi_1987 7,955 0,590 0,027 0,079 1117,38 769,4 591,34 698,69 510,89 476,96 (Precursor) OS=Thermus oshimai JL-2
tr[B7ABU6|B7ABU6_THEAQ Putative uncharacterized
Thfi_1990 10,372 0,558 0,019 0,061 22449 2721,21 2090,56 234477 1855,89 1939,49 protein OS=Thermus aquaticus Y51MC23
Thfi_1991 9,207 0,819 0002 0009 144252 167462 189843 173018 136876 104245  UIF6DDHEIF6DDHE_THETG Heat shock protein Hsp20
- OS=Thermus thermophilus
Thfi_1992 0,866 1,020 0,000 0001 1089,85 819,25 046,82 707,79 543,04 ipe PN THES UnsiEes et et
0OS=Thermus scotoductus
) tr[K7QWD3|K7QWD3_THEOS ATP-dependent chaperone
Thfi_1994 12,673 0,678 0,016 0,052 2287,91 2553,27 2190,59 2591,04 1724,05 2171,43 ClpB OS=Thermus oshimai JL-2 GN=Theos_0686
tr[B7A6Y3|B7A6Y3_THEAQ Chaperone protein DnaK
Thfi_1998 13,628 0,557 0,031 0,086 6975,48 7434,41 6776,41 8043,12 4801,15 5861,72 0S=Thermus aquaficus Y51MC23 GN=dnaK PE=3 SV=1
) tr[B7ABS8|B7ABS8_THEAQ Histone family protein DNA-
Thfi_2002 12,212 2,145 0,000 0,000 34514,6 43047,6 32618,3 7598,23 10391 10181,7 binding protein OS=Thermus aquaticus Y51MC23
_ tr| GBNA88|G8NA88_9DEIN 1-acyl-sn-glycerol-3-phosphate
Thfi_2003 5,861 1,480 0,001 0,007 70,92 34,29 68,33 162,79 107,23 196,53 acyltransferase OS=Thermus sp. CCB_US3_UF1
) tr|B7ABT1|B7ABT1_THEAQ Putative uncharacterized
Thfi_2005 7,323 1,029 0,001 0,005 296,05 184,62 365,61 147,43 130,35 153,64 protein OS=Thermus aquaticus Y51MC23
tr| GBNA85|G8NA85_9DEIN Mannose-6-phosphate
Thfi_2006 8,801 0,919 0,000 0,002 974,79 947,65 926,58 511,56 498,67 581,72 isomerase OS=Thermus sp. CCB_US3_UF1
Thfi_2009 6,442 -0,666 0046 0117 133,06 85,61 60,89 148,08 163,21 130,91  TIH9ZT36|HOZT36_THETH Phosphatidylglycerophosphate
synthase OS=Thermus thermophilus JL-18
Thfi_2010 8,465 0,608 0,023 0069 25552 207,25 239,22 239,83 129,03 gy ESPCIERARENE VIS CliEmie=inEese6-
phosphate aminotransferase [isomerizing]
X tr|[K7RK64|K7RK64_THEOS Proline--tRNA ligase
Thfi_2016 9,359 0,537 0,013 0,043 627,57 485,21 564,15 420,58 407,81 443,98 0S=Thermus oshimai JL-2 GN=proS PE=3 SV=1
trlF6DD75|F6DD75_THETG ABC transporter related protein
Thfi_2019 7,123 -0,605 0,050 0,124 72,85 53,71 57,28 109,95 87,54 99,41 0S=Thermus thermophilus (strain SG0.5JP17-16)
) tr|D7BDB9|D7BDB9_MEISD S23 ribosomal protein
Thfi_2021 7,425 0,877 0,007 0,025 615,71 617,47 843,07 416,84 334,6 612,39 OS=Meiothermus silvanus
tr[EBPN77|E8PN77_THESS Major facilitator superfamily
Thfi_2023 9,287 -1,574 0,000 0,000 453,47 294,03 312,67 1043,76 950,16 818,56 MFS_1 OS=Thermus scotoductus
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Thfi 2024 11,869 4140 0000 0000 231706 13386 174858 317814 430829 36588  TD3PP22|D3PP22_MEIRD DEAD/DEAH box helicase
OS=Meiothermus ruber

_ tr[EBPPM9Y|EBPPM9_THESS ATP-dependent helicase HrpB

Thfi_2027 7,837 1,090 0,000 0001 107,71 50,29 89,51 151,42 146,7 (T I S i

Thfi_2028 10,753 0,528 0,010 0,034 811,69 713,81 837,64 1186,83 1319,2 123225  IEBPPMBIEBPPMS_THESS DNA gyrase, subunit B
OS=Thermus scotoductus
tr[F2NNJ5|F2NNJ5_MARHT Uncharacterized protein

Thfi_2029 6,045 1,421 0,003 0015 69,75 78,75 122,87 322,33 365,92 13393 (g Marinithermus hydrothermalis

Thfi_2030 6,375 0933 0040 0,105 11947 58,47 65,08 184,33 158,22 100,02  TIEBPPMGIESPPME_THESS Modification methylase Taq
OS=Thermus scotoductus

Thfi 2032 14,474 0,762 0010 0036 32508 773998 580915 647658 680639 532637  TFOGDFVI|FEDFVI_THETG S-layer domain-containing
protein (Precursor) OS=Thermus thermophilus

) tr[H9ZPW2|H9ZPW2_THETH Uncharacterized protein

Thfi_2033 10,597 0,690 0,006 0023 335617 248575  2593,88 165661 161146 146115 O ermophius JL-18 ONoTLL15. 0464
tr[H7GHL4|H7GHL4_9DEIN GntR family transcriptional

Thfi_2034 5,929 0,849 0,042 0109 121,34 104,53 116,74 62,59 74,87 1436 o0 lator OS~Thermus p. RL GN=RLTM 08814

) tr|E8PPM1|E8PPM1_THESS Proline dehydrogenase/delta-

Thfi_2035 8,097 1,469 0,000 0000 597,07 405,49 506,67 163,05 246,33 91,87 1epyrroline-5-carboxjiate dehydrogenase
tr[EBPPMO|ES8PPMO_THESS Delta-1-pyrroline-5-

Thfi_2036 9,089 1,393 0,000 0000 680,54 530,98 481,27 156,7 263,87 2048 0 et dehydrogenase

Thfi_2037 8,465 1,103 0,000 0000 137,97 145,93 182,94 4055 358,32 41139  TIF6DFJ7IFGDFJ7_THETG Anthranilate synthase
component | OS=Thermus thermophilus
tr[K7R1A7|K7R1A7_THEOS tRNA pseudouridine synthase

Thfi_2046 7,233 1,532 0,000 0,000 34829 212,49 278,31 112,38 96,03 3062 B OSeThermus oshimai JLo? GNotul PEC3 SV 1

) tr[K7TQWF5|K7QWF5_THEOS Alanine dehydrogenase

Thfi_2047 8,212 1,030 0,000 0001 332,05 326,45 334,77 200,85 164,07 26897 6 Torls oshimar JL-2 GN<Thoos, 2115 PEC3 Sv=1
trl[H5SND6|H5SND6_9DEIN Dak phosphatase

Thfi_2049 9,395 0,600 0,018 0,056 422,72 453,23 676,83 424,89 322,64 403,32 OS=uncultured Thermus/Deinococcus group bacterium
GN=HGMM_F51G12C41 PE=4 SV=1

Thfi_2050 7,579 0,821 0,003 0012 24495 263,96 321,85 247,69 214,21 9351 UTIK7R7VS[K7R7VS_THEOS Uncharacterized protein
(Precursor) OS=Thermus oshimai JL-2

Thfi_2053 9,732 0,538 0,015 0,050  1022,93 559,29 699,57 1017,59 868,67 iormar  IEEFQIAEEROR AESS Setlamesy i
synthase OS=Thermus scotoductus

Thfi_2054 10,948 -0,505 0,019 0060 77843 749,5 858,87 1438,19 1092,1 135147  TFEDFVOIFEDFVO_THETG UvrABC system protein B

— OS=Thermus thermophilus
y tr|G8N932|G8N932_9IDEIN GGDEF domain protein

Thfi_2055 8,078 0,675 0,011 0038 25441 192,05 268,51 396,33 354,97 32891 G Thermus sp. GOB. US3_ UF1

Thfi_2059 7,519 -0,665 0,040 0106 15478 109,56 157,55 267,57 284,92 24586  (IH7GHR7IH7GHR7_SDEIN Ribose-phosphate
pyrophosphokinase OS=Thermus sp.

Thfi_2061 11,994 20,823 0000 0001 107484  10020,6 100083 22636 Eme ok OPYRPERRPDETHECS [l eisEr ersamily
accessory protein OS=Thermus oshimai JL-2
tr|Q5SHUB|Q5SHU6_THETS Peptide ABC transporter,

Thfi_2062 13,604 0,846 0,000 0001 640037 888612 722712 595525 511579  4976,86  peptide-binding protein OS=Thermus thermophilus
tr|F2NLSO|F2NLSO0_MARHT E3 binding domain protein

Thfi_2065 8,627 0,461 0,048 0,122 434,03 290,29 384,15 325,85 344,53 274,21 OS=Marinithermus hydrothermalis (strain DSM 14884 / JCM
11576 / T1)

Thfi_2066 5676 1,426 0,005 0020 8335 26,27 57,64 122,07 101,51 62,03  [TIK7TQTV4[K7QTVA_THEOS tRNA pseudouridine synthase

A OS=Thermus oshimai JL-2 GN=truA PE=3 SV=1
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_ tr|F6DEB8|F6DEB8_THETG Fe(3+)-transporting ATPase
Thfi_2067 7,855 1,468 0,000 0,000 144,18 91,66 148,45 422,05 343,3 318,24 0S=Thermus thermophilus (strain SG0.5JP17-16)
Thfi_2068 6,776 1,850 0,000 0001 22,01 18,28 33,49 151,87 60,99 13425  TIESPQOT|EBPQO1_THESS Iron ABC transporter,
permease protein OS=Thermus scotoductus
Thfi_2070 4759 2740 0000 0000 3691 0,68 0 46,58 41,52 liage  ESHPZSEERRZS VRIS Wk szl
protein OS=Thermus scotoductus
) tr[lOU9F3|I0U9F3_GEOTM Uncharacterized protein
Thfi_2071 7,949 -0,899 0,000 0,003 237,72 266,44 366,47 697,63 586,42 592,97 0S=Geobacillus thermoglucosidans TNO-09.020
tr|GBN948|G8N948_9DEIN Osmotically inducible protein C
Thfi_2072 8,565 1,517 0,000 0,000 1369,11 1249,43 1618,41 730,8 559,53 463,92 0S=Thermus sp. CCB. US3_UF1
Thfi_2075 6,995 0,913 0,011 0040 231,03 141,94 2448 176,07 126,5 126,48  TlQ72174]Q72174_THET2 Thiosulfate sulfurtransferase
OS=Thermus thermophilus
tr| GBNBH9|G8NBH9_9DEIN Putative uncharacterized
Thfi_2076 9,223 1,297 0,000 0,000 183,92 488,37 284,66 231,28 215,94 232,07 protein OS=Thermus sp. CCB_US3_UF1
- tr|[K7ROA8|K7R0A8_THEOS Glutamate synthase family
Thfi_2077 11,094 -1,923 0,000 0,000 134,64 173,21 193,89 567,65 1021,76 952,86 protein OS=Thermus oshimai JL-2 GN=Theos_1674
tr[K7ROP1|K7R0P1_THEOS Threonine synthase
Thfi_2078 6,592 1,257 0,000 0,001 94,2 95,95 131,76 65,78 69,66 13,45 0S=Thermus oshimai JL-2 GN=Theos,_1818 PE=3 SV=1
) tr|F6DEG5|F6DEGS5_THETG Uncharacterized protein
Thfi_2079 7,579 0,617 0,044 0,112 1131,55 1020,48 883,96 606,76 856,8 939,09 0S=Thermus thermophilus (strain SGO.5JP17-16)
trl[H9ZSZ9|H9ZSZ9_THETH 2-phosphoglycerate kinase
Thfi_2082 7,964 -0,485 0,049 0,122 124,75 156,55 120,29 214,9 205,01 306,76 (Precursor) 0S=Thermus thermophilus JL-18
Thfi_2083 7,733 41359 0000 0000 123,15 151,59 209,05 388,43 581,19 469,26  TIFZNLRS|FZNLRS_MARHT Metal dependent
phosphohydrolase OS=Marinithermus hydrothermalis
tr|[B7A5P0|B7A5P0_THEAQ Type IV pilus assembly protein
Thfi_2087 8,415 0,650 0,033 0,091 650,8 404,58 468,57 236,46 311,29 263,49 PilM (Precursor) OS=Thermus aquaticus Y51MC23
Thfi_2088 8,635 -0,547 0021 0064 137302 18597 169583 366304 204267 340003  UIQSSHC7|QSSHC7_THETS Pterin-d-alpha-carbinolamine
dehydratase OS=Thermus thermophilus
tr| GBNAI9|GBNAI9_9DEIN Putative uncharacterized protein
Thfi_2089 6,504 1,121 0,002 0,008 378,03 181,84 259,01 83,98 152,4 72,87 OS=Thermus sp. CCB_US3_UF1 GN=TCCBUS3UF1_6350
PE=4 SV=1
) tr|ESPND8|ESPND8_THESS Competence protein PilO
Thfi_2090 6,365 0,804 0,041 0,107 96,15 206,09 115,83 122,42 109,1 99,98 0S=Thermus scotoductus (strain ATCC 700910 / SA-01)
tr|EBPNEO|ESPNEO_THESS General secretion pathway
Thfi_2092 7,130 1,001 0,000 0,002 67,04 103,22 130,46 70,86 73,5 46,49 protein OS=Thermus scotoductus
Thfi_2095 6,666 -0,860 0025 0074 7411 65,01 77,2 150,82 154,18 68,96 glgiuAEO|GSNAEO—9DE'N Putative uncharacterized
tr[K7QXU1|K7QXU1_THEOS CTP synthase OS=Thermus
Thfi_2096 10,243 -0,887 0,000 0,001 602,44 420,25 639,91 944,35 984,81 1384,38 oshimai JL-2 GN=pyrG PE=3 SV=1
tr| GBNAD4|G8NAD4_9DEIN Putative uncharacterized
Thfi_2099 4,474 -3,193 0,000 0,001 44,88 10,31 0 82,55 89,26 122,56 protein OS=Thermus sp. CCB_US3_UF1
GN=TCCBUS3UF1_5800 PE=4 SV=1
tr[EBPNS2|E8PNS2_THESS Uncharacterized protein
Thfi_2100 4,493 2,305 0,003 0,014 37,1 35,91 83,47 14,83 0 25,74 OB TS e IEE
) tr|Q5SLK7|Q5SLK7_THETS8 Serine protease, subtilase
Thfi_2101 10,149 1,156 0,000 0,000 294,84 765,47 542,21 426,94 3371 377 family OS=Thermus thermophilus
Thfi_2107 6,986 0688 0040 0,104 126,63 69,54 130,2 127,31 152,04 g CIESSLUBEEELUE VRN Feeia iRt
sulfurtransferase OS=Thermaerobacter marianensis
Thfi_2109 8,389 0,898 0,000 0002 52554 394,86 459,37 220,98 296,27 347,71 [rIBTASH4|B7ASH4_THEAQ Delta-aminolevulinic acid

dehydratase OS=Thermus aquaticus Y51MC23
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Thfi_2112 9,712 0,471 0,031 0087 62516 626,47 732,17 597,28 520,6 sEmEe  orELIFERIAT_VIFIEUE Dy celie e
OS=Thermus thermophilus
) tr| GBNA45|G8NA45_9DEIN Putative uncharacterized
Thfi_2115 4,068 1,889 0,017 0,054 79,86 51,84 47,14 22,34 14,09 0 protein OS=Thermus sp. CCB_US3_UF1
Thfi_ 2116 8,346 0,800 0,002 0008 399152 208127 271444 153332 134619 161134  TIB7ASGBI|B7ASG8_THEAQ Putative uncharacterized
protein OS=Thermus aquaticus Y51MC23
) tr|B7A5G4|B7A5G4_THEAQ Putative uncharacterized
Thfi_2120 6,483 -0,997 0,003 0,012 233,59 141,31 149,56 312,26 275,79 468,99 protein (Precursor) OS=Thermus aquaticus Y51MC23
Thfi 2122 10,401 0584 0025 0075 108857 105809 136314 276399 153614 181078  UIEBPNUTIEBPNU1_THESS Transporter,
stomatin/podocin/band 7/nephrosis.2/spfh
) ; tr| GBNA37|G8NA37_9DEIN Putative uncharacterized
Thfi_2124 6,311 1,610 0,000 0,002 325,61 226,1 163,96 1064,35 547,65 634,76 protein OS=Thermus sp. CCB_US3_UF1
tr[B7A5F9|B7A5F9_THEAQ S-layer domain protein
Thfi_2127 7,800 0,602 0,016 0,053 190,04 134,97 216,96 132,08 123,92 139,16 (Precursor) OS=Thermus aquaticus Y51MC23
GN=TaqDRAFT_5066 PE=4 SV=1
Thii_2128 8,313 0,839 0,000 0003 8695 816,15 7585 593,56 488,57 566,93  UIFODEA1IFEDEAT_THETG Phosphoribosyltransferase
— OS=Thermus thermophilus
| tr|EBPNVO|E8PNVO_THESS Uncharacterized protein
Thfi_2132 8,788 0,631 0,005 0,019 372,74 220,68 271,18 408,17 471,66 516,94 GG See EINEUE
) tr[K7QY19|K7QY19_THEOS Ribonucleoside-diphosphate
Thfi_2133 12,108 -2,345 0,000 0,000 268,09 244,32 251,72 1785,3 1488,02 1062,46 reductase OS=Thermus oshimai JL-2 GN=Theos_0365
. tr|[H9ZPZ7|H9ZPZ7_THETH Uncharacterized protein
Thfi_2135 7,965 0,824 0,002 0,008 379,08 455,02 682,31 1201,28 1008,96 976,47 0S=Thermus thermophilus JL-18 GN=TtJL18_ 0499
Thfi_2136 9,808 1,195 0000 0000 175371 137608 165541 805,66 6432 780,7  UIB7TAASEIB7AASG_THEAQ Putative uncharacterized
— protein OS=Thermus aquaticus Y51MC23
tr|GBN9Q4|GBN9Q4_9DEIN Enoyl-CoA
Thfi_2137 9,789 0,598 0,007 0,026 1228,58 1298,79 1337,17 1017,28 941,44 1210,96 hydratasefisomerase OS=Thermus sp. CCB_US3_UF1
) tr|B7AA34|B7AA34_THEAQ Purine or other phosphorylase
Thfi_2138 7,358 0,796 0,012 0,040 366,93 192,83 421,05 200,35 184 231,89 family 1 OS=Thermus aquaticus Y51MC23
tr|K7RKA8|K7RKA8_THEOS Acetylornithine
Thfi_2142 9,397 0,479 0,034 0,092 524,14 480,22 716,68 553,68 449,76 433,6 deacetylase/succinyldiaminopimelate desuccinylase-like
deacylase
) ] tr|B7AA29|B7AA29_THEAQ Transcriptional regulator, MerR
Thfi_2143 8,289 0,546 0,031 0,087 220,58 423,96 387,5 705,49 501,87 748,54 family OS=Thermus aquaticus Y51MC23
tr|[B7AA28|B7AA28_THEAQ Transcriptional regulator, IcIR
Thfi_2144 4,060 -2,452 0,017 0,054 15,45 2,43 0 24,77 20,85 38,23 family OS=Thermus aquaticus Y51MC23
) ) tr[EBPLU1|E8PLU1_THESS Malate synthase OS=Thermus
Thfi_2146 9,330 0,748 0,004 0,016 369,56 312,37 300,66 746,92 460,75 501,8 scotoductus (strain ATCC 700910 / SA-01)
Thfi_2150 6,791 1,041 0,007 0025 61,87 45,37 58,97 158,49 84,48 gy CHAEREIRER SRl CliEewie
dehydrogenase/hydroxypyruvate reductase
) tr[B7A609|B7A609_THEAQ Putative uncharacterized
Thfi_2154 8,818 -0,489 0,028 0,080 368,16 451,74 399,63 643,94 711,81 612,47 protein (Precursor) OS=Thermus aquaticus Y51MC23
. tr[H7GHI4|H7GHI4_9DEIN UvrABC system protein C
Thfi_2157 9,006 0,733 0,001 0,005 233,65 227,29 195,87 353,26 412,6 448,79 0S=Thermus sp. RL GN=uvrC PE=3 SV=1
) tr|Q72GH3|Q72GH3_THET2 Galactoside O-
Thfi_2164 8,808 -0,836 0,000 0,002 274,37 317,65 344,16 727,9 743,31 837,45 acetyltransferase OS=Thermus thermophilus
tr| GBNAM1|G8NAM1_9DEIN GTPase Era OS=Thermus sp.
Thfi_2165 8,117 -0,657 0,022 0,066 487,83 189,21 371,8 436,8 405,29 438,07 CCB_US3_UF1 GN=era PE=3 SV=1
Thfi_2174 8,109 0,536 0,030 0,084 174,37 269,27 241,25 201,41 212,77 21807  [IK7ROS6|K7R0S6_THEOS Glucose-1-phosphate

adenylyltransferase (Precursor)
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Thfi_2175 8,755 20565 0015 0049 18135 139,99 208,37 263,17 2476 e |EEPLCASIRLCE ViRESS ArPdspemetn peiEss La
OS=Thermus scotoductus
Thfi_2178 6,671 1063 0009 0032 18949 78,81 196,18 330,05 262,31 254,46 glf; ABVOIBTABVY_THEAQ Putative uncharacterized
Thfi_2179 7,567 0646 0012 0042 257,78 190,5 244 31 308,22 392,79 sema  OFCRUEHFERUIE WSS UndiEme i) priE
OS=Thermus thermophilus
) trl[H7GF99|H7GF99_9DEIN Phosphoesterase-like protein
Thfi_2184 6,218 0,780 0022 0067 158,18 132,62 116,38 87,18 102,49 MT5 O e o RLGNRLIM 03046 pect Svoi
Thfi_2186 4,914 153 0013 0045 60,99 32,75 39,75 87,53 165,62 129,91 Eg’;‘:ﬂ SZJ;*QZTW—THETH Ul s i
Thfi_2187 5,600 -0,932 0,024 0071 152,09 172,98 167,24 362,05 4319 55519  (Q72LE5|Q72LE5_THET2 Uncharacterized protein
OS=Thermus thermophilus
tr|D3DJ29|D3DJ29_HYDTT Polymorphic outer membrane
Thfi_ 2189 10,649 1,001 0,000 0001 45513 113879 982,86 716,01 582,03 CIE e e I
: tr|B7A763|B7A763 THEAQ Extracellular ligand-binding
Thfi_2195 8,059 0,664 0,030 0084 152,64 301,07 173,54 203,5 176,49 22778 aouraor) OS2 Themus atutious ¥4 1MGoS
tr|K7QZ08|K7QZ08_THEOS 4-hydroxyphenylacetate 3-
Thfi_2198 8,069 0913 0,003 0014 34166 257,63 138,06 149,29 135 14285 s, oyaanses componon
Thfi_2199 7,352 0,899 0,005 0019 22677 1412 100,6 97,28 97,78 71,74  [IFEDGLA|FEDGLA_THETG 5-carboxymethyl-2-
hydroxymuconate semialdehyde dehydrogenase
tr|Q72K26]Q72K26_THET2 2-hydroxyhepta-2,4-diene-1,7-
Thfi_2202 5,834 1,245 0,002 0,010 174,42 122,6 100,79 66,11 46,12 72,46 dioate isomerase/5-carboxymethyl-2-oxo-hex-3-ene-1,7-
dioate decarboxylase
Thfi_2203 6,147 0,961 0,024 0071 143,31 74,95 152,38 47,09 66,91 g1,79  TIK7TRHYOIK7RHYO_THEOS 4-hydroxy-
— tetrahydrodipicolinate synthase
_ tr| GBNDUO|G8NDUO_9DEIN Putative uncharacterized
Thfi_2206 5,676 1,099 0029 0082 1655 33,32 27,11 3347 95,13 e e e e e g
Thfi_2216 6,851 0,834 0,021 0066 326,67 224,67 228,25 130,07 144,62 7856  U'IEBPPGO|EBPPGE_THESS Formate dehydrogenase,
— subunit FdhD OS=Thermus scotoductus
tr|B7AB14|B7AB14_THEAQ Putative uncharacterized
Thfi_2217 6,701 1,929 0,000 0000 6531 39,53 54,28 159,89 147,98 E6e e o
, ) tr|K7QXJ4|K7QXJ4_THEOS Putative periplasmic protein
Thfi_2219 4,289 1,927 0024 0071 14,07 14,91 0 46,66 64,25 0 plalbntt pibsantiimindiueitd et imdind gl
_ tr|E8PKC3|EBPKC3_THESS ApbE family OS=Thermus
Thfi_2220 5,741 0,906 0017 0055 4594 45,77 52,87 81,84 87,85 EE s
) tr|F6DH72|F6DH72_THETG Acyl-CoA dehydrogenase
Thfi_2229 8,431 0,750 0,001 0005 259,55 3458 379,98 255,45 292,49 1973 reus thorerophils (dram OG0 SIL17-16)
tr|[K7QXJ7|K7QXJ7_THEOS Electron transfer flavoprotein,
Thfi_2230 8,635 1,002 0,000 0000 56572 738,97 805,19 381,3 385,58 ST e e e o e S
Thfi_2231 8,955 1,220 0,000 0000 5231 792,59 654,22 313,97 282,9 50504  [IEBPRISIEBPRIS_THESS Electron transfer flavoprotein,
subunit alpha OS=Thermus scotoductus
tr|E8PR96|E8PR96_THESS Uncharacterized protein
Thfi_2232 6,220 0,817 0038 0100 332,28 232,98 250,93 114,07 226,17 112,95  OS=Thermus scotoductus
trlF6DGP6|F6DGP6_THETG Phenylacetate-CoA
Thfi_2233 7,508 -0,683 0,042 0,109 193,47 194,72 200,86 421,31 364,23 176,75 oxygenase, Paal subunit OS=Thermus thermophilus (strain
SG0.5JP17-16)
Thfi_2235 8,245 2,190 0,000 0000 40588 260,7 32878 137022 175756 166848  {ID3PL27|D3PL27_MEIRD MarR family transcriptional

regulator OS=Meiothermus ruber
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Thfi_2236 9,280 0683 0004 0016 222,91 222,92 191,42 338,86 430,95 320,91  [rID3PL28ID3PL28_MEIRD Drug resistance transporter,
EmrB/QacA subfamily OS=Meiothermus ruber
Thfi_2244 6,775 2079 0021 0066 267,28 152,82 136,06 360,59 289,13 23545 LI ODGP7IFODGPT_THETG Phenylacetic acid degradation
Thfi_2245 9,895 1,304 0,000 0,000 382,26 610,07 523,89 212556  1265,96 1478,62 gg;%s&smgmw—mg” Phenylacetate-CoA oxygenase,
tr[K7RHZ8|K7RHZ8_THEOS Transcriptional regulator
Thfi_2246 7,535 2,246 0,000 0000 173,91 100,82 102,37 694,66 489,46 28667 S Thermus oshimai JL.2 GNThoos 0089 PE=4 SV=1
Thfi_2251 8,081 0974 0000 0000 140,36 136,17 133,73 285 3031 396,29 ;’lﬁg;iT@';;RsYa—THEOS Aspartyl-tRNA synthetase,
Thfi_2253 7,872 1,062 0,001 0007 527,15 304,88 783,94 267,91 263,56 deE ARG RG0S [Pk
phosphoribosyltransferase
. tr|B7A841|B7A841_THEAQ PfkB domain protein
Thfi_2261 4,917 1,506 0,007 0027 5803 27,68 57,91 20,12 8,47 1553 0o Thormus aqudlious YS1MC23 GNCTAQDRAFT 4237
tr|B7A850|B7A850_THEAQ Tetratricopeptide TPR_2 repeat
Thfi_2271 7,403 0,839 0,002 0010 92,87 88,6 120,57 78,15 54,58 152 ein OS=Therms aquaticus Y51MC23
) tr|E8PM87|E8PM87_THESS Putative lipoprotein
Thfi_2272 8,200 -1,309 0,000 0000 153,09 134,5 160,91 396,22 287,48 41966 G Thermus scotoductus (atrain ATCC 700910 / SA01)
tr[K7QVQ7|K7QVQ7_THEOS Succinate dehydrogenase,
Thfi_2273 11,223 0,534 0,037 0099 770,34 1350,08 122541 1400,2 15620 1287,97 s el ibunit (Procurser) OS=Thermus oshimat JL-2
Thfi_2275 8,868 0,535 0015 0049 112124 899,62 939,09 690,51 856,03 76592  (IB7AB56|B7A856_THEAQ Rad52/22 double-strand break
repair protein OS=Thermus aquaticus Y51MC23
tr|B7A859|B7A859_THEAQ NADH-quinone oxidoreductase
Thfi_2279 5,642 1,032 0,005 0019 29501 183,68 245,04 147,59 106,37 0 subunit A OS=Thermus aquaticus Y51MC23 GNarioA
) tr|GBNBB2|G8NBB2_9DEIN NADH-quinone oxidoreductase
Thfi_2280 8,830 0,923 0,000 0000 147646 119159 119486 824 42 641,77 7549 Jipinit B OSThormus sp. CCB. USH UF1 GNemuoB
tr[EBPM80|E8PM80_THESS NADH-quinone oxidoreductase
Thii_2281 8,327 0,699 0,004 0017 88653 716,88 683,28 516,69 569,66 2048 o OStTharmus Soatodustus
) tr[K7R4F8|K7R4F8_THEOS NADH-quinone oxidoreductase
Thfi_2282 9,867 0,602 0,010 0036 703,17 956,59 798,65 828,26 675,47 58161 it D OSTThermus oshimal JL3 GNemuaD PE<3 Suat
tr|[E8PM78|E8PM78_THESS NADH-quinone
Thfi_2283 9,187 1,036 0,000 0000 16221 1658,63 158997  1011,62 883,39 TER et e ol = O Tt e s
) trlK7RJW6|K7RJW6_THEOS Succinate dehydrogenase,
Thfi_2284 8,504 0,929 0,000 0001 133587  1427,03 116133 965,64 925,29 60026 (i obic anchor Subunit OS=Thormus oenimel JL.2
tr|K7RGS6|K7RGS6_THEOS NADH-quinone
Thi_2285 10,459 0,806 0,000 0002 127817 1488 8 122381 930,15 881,49 EEH e, o O L L
) tr[H9ZTKO|H9ZTKO_THETH NADH-quinone oxidoreductase,
Thfi_2286 10,117 0,683 0,004 0016 464,85 535,49 465,31 438,11 423,18 33479 o (Provursor] OS=Thetmus thormophilus JL.18
Thfi_2288 7,320 0,996 0,000 0003 426,79 450,71 394,91 262,51 248,51 e ISP TTAESS NARLReuieme @it ieEse
subunit | OS=Thermus scotoductus
. tr[E8PM70|E8PM70_THESS NADH-quinone
Thii_2292 8,362 0,908 0,000 0,003 29515 290,31 285,54 155,83 252,41 1182 o eductase, subinit M OS=Thermus seetoductus
tr| GBNBAO|G8NBAO_9DEIN NADH-quinone oxidoreductase
Thfi_2293 7,521 1,052 0,000 0000 174,74 194,9 186,73 109,95 128,24 82,31 subunit N OS=Thermus sp. CCB_US3_UF1 GN=nuoN
PE=3 SV=1
. trlK7QWC7|K7QWC7_THEOS Arginase OS=Thermus
Thfi_2294 7,529 0,839 0,008 0029 28286 2452 224,33 164,96 149,48 24916 i .2 GN=Theos 0676 PEcd Sv=1
tr|GBN9D6|G8N9D6_9DEIN Succinate dehydrogenase,
Thfi_2295 8,679 0,854 0,000 0002 216374 159023  1708,18  1064,09 130588 119432  cytochrome subunit OS=Thermus sp. CCB_US3_UF1

GN=TCCBUS3UF1_16710 PE=4 SV=1
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Thfi 2206 10,937 41203 0000 0000 300477 261391 313546 576807 622999 792175  UIK7RGN4|K7RGN4_THEOS Putative metal-binding
protein, possibly nucleic-acid binding protein
tr|EBPMB3|E8PM63_THESS Malonyl CoA-acyl carrier
Thfi_2299 8,166 0,645 0,007 0,025 443,67 297,84 438,99 286,99 312,57 219,83 protein transacylase OS=Thermus scotoductus
) tr|B7AAG4|B7AA64_THEAQ 3-oxoacyl-(Acyl-carrier-protein)
Thfi_2300 8,129 1,278 0,000 0,000 613,02 533,82 663,17 234,39 306,96 261,27 reductase OS=Thermus aquaticus Y51MC23
tr[K7RGN2|K7RGN2_THEOS Acyl carrier protein
Thfi_2301 10,312 1,380 0,000 0000 123044 124652 131594 4919 49748 504597 05 Thermus oshimai JL-2 GN=acpP PE=3 Sv~1
) } tr[B7A6NO|B7A6NO_THEAQ D-alanine--D-alanine ligase
Thfi_2315 9,758 0,799 0,000 0,003 828,17 747,65 710,37 1337,22 1368,77 1344,61 0S=Thermus aquaficus Y51MC23 GN=dd| PE=3 SV=1
tr[B7A6N1|B7A6N1_THEAQ Peptidy-tRNA hydrolase
Thfi_2316 7,872 0,533 0,049 0,123 568,47 394,05 784,72 513,41 393,46 339,28 0S=Thermus aquaficus Y51MC23 GN=pth PE=3 SV=1
) tr[K7QWB6|K7QWB6_THEOS 50S ribosomal protein L25
Thfi_2318 9,902 0,695 0,002 0,008 2745,65 1887,01 2427,89 1633,73 1294,16 1507,14 0S=Thermus oshimai JL-2 GN=rplY PE=3 SV=1
Thfi_2320 5,571 0,940 0,032 0,087 91,45 66,43 116,13 39,32 74,47 455 el RQBEl_IH=E $-meiiieaatnsne/s:
adenosylhomocysteine nucleosidase
) trl[H9ZPZ2|H9ZPZ2_THETH S-ribosylhomocysteine lyase
Thfi_2321 9,164 0,889 0,000 0,001 2613,32 1802,73 2207,27 1192,57 1114,04 1206,44 0S=Thermus thermophilus JL-18 GN=luxS PE=3 SV=1
tr[EBPMT4|E8PMT4_THESS GMP synthase [glutamine-
Thfi_2322 8,581 0,595 0,007 0,026 240,18 281,08 285,23 212,02 233,2 236,63 hydrolyzing] OS=Thermus scotoductus
Thfi_2327 7,535 0,803 0,004 0017 697,98 660,51 834,81 393,89 579,68 43304  TIFEDDUSIFEDDUS_THETG Uncharacterized protein
OS=Thermus thermophilus
g tr|B7A7Z2|B7A7Z2_THEAQ tRNA pseudouridine synthase
Thfi_2332 7,410 0,579 0,035 0,094 173,06 118,22 131,76 226,37 216,32 188,27 D OS=Thermus aquaticus Y51MC23 GN=truD PE=3 SV=1
Thfi_2338 9,524 1,364 0,000 0000 1117,29 10043 7408 242,47 418,08 3gg52  [H9ZTH3|HOZTH3_THETH Transposase, 1S605 OrfB
family, central region
) tr|B7A827|B7A827_THEAQ ABC-2 type transporter
Thfi_2339 8,509 1,360 0,000 0,000 185,21 175,63 293,52 763,7 486,46 629,67 0S=Thermus agquaticus Y51MC23
) tr[H9ZQI7|H9ZQI7_THETH DNA gyrase subunit A
Thfi_2340 11,637 -1,029 0,000 0,000 1030,9 785,54 919,85 1836,33 1905,78 1708,08 0S=Thermus thermophilus JL-18 GN=gyrA PE=3 SV=1
tr[K7RG66|K7RG66_THEOS Uncharacterized protein
Thfi_2341 6,517 -1,052 0,006 0,022 527,94 185,8 297,07 565,25 583,36 414,57 ielives) i (e o Rl ceitems
Thfi_2342 8,479 3089 0000 0000 25555 140,37 143,09 16392 103935 123553  HlCONAOIGBNATI_SDEIN Transcriptional regulator,
tr|F6DI73|F6DI73_THETG Uncharacterized protein
Thfi_2343 8,494 -2,264 0,000 0,000 196,18 182,96 164,63 1334,34 967,37 775,79 (Precursor) OS=Thermus thermophilus
Thfi_2344 7,472 2,156 0,000 0000 25888 333,47 268,51 37,46 85,94 12334  TIL7E4SBIL7E4SE_MICAE Uncharacterized protein
OS=Microcystis aeruginosa TAIHU98
Thfi_2345 6,629 2,256 0,000 0000 343,07 343,03 271,15 24,13 91,38 temgs  EEREENOEDER MO US| priEn
0OS=Hydrogenobacter thermophilus
) tr[K7QWR9|K7QWR9_THEOS Uncharacterized protein
Thfi_2346 8,258 1,341 0,000 0,000 24412 244,03 225,58 75,29 147,25 149,6 (Precursor) OS=Thermus oshimai JL-2
tr|D7BJ12|D7BJ12_MEISD Uncharacterized protein
Thfi_2347 9,529 0,829 0,004 0,018 334,81 329,18 334,69 126,85 231,31 298,99 OB S CIVERNS
) tr|D7BJ20|D7BJ20_MEISD Uncharacterized protein
Thfi_2355 5,535 3,252 0,000 0,000 486,98 401,55 331,22 21,12 79,96 72,95 OS=Meiothermus silvanus
tr|G2SLI1|G2SLI1_RHOMR Uncharacterized protein
Thfi_2356 9,122 0,741 0,016 0,052 711,28 861,65 741,11 317,77 655,21 763,05 0OS=Rhodothermus marinus SG0.5JP17-172

GN=Rhom172_2840 PE=4 SV=1
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tr|BOLF22|BILF22_CHLSY Restriction modification system

Thfi_2357 9,156 0,818 0,005 0020 490,34 530,69 563,17 217,71 367,74 514,88  DNA specificity domain protein OS=Chloroflexus
aurantiacus
tr|B7J914|B7J914_ACIF2 Putative uncharacterized protein

Thfi_2358 5,422 1,231 0,027 0079 365,78 282,91 329,87 117,18 133,12 G2StC I 0l e i R )

Thii 2359 8,917 0,689 0005 0020 370,69 350,99 373,02 195,23 3045 30075  [rIH5SLO4|H5SL04_9BACT N-6 DNA methylase
OS=uncultured candidate division OP1 bacterium
tr|GBN7R9|G8N7R9_9DEIN Chromosome partitioning

Thfi_2360 7,456 0,758 0,020 0062 271,75 272,68 241,65 137,32 191,59 23436  protein parB OS=Thermus sp. CCB_US3_UF1
GN=TCCBUS3UF1_1370 PE=4 SV=1

Thfi_2364 5,869 1,422 0,003 0014 46,72 20,88 44,61 86,48 93,12 40,08  [TIK7RSYBIK7R5Y6_THEOS Putative dehydrogenase
(Precursor) OS=Thermus oshimai JL-2

Thfi_2366 6,188 2102 0,000 0000 14246 288,93 223,49 69,92 66,17 103,89 gﬁg‘r‘]DSmGBNDSZ—QDE'N IPUETG W e T

) trlK7R721|K7R721_THEQOS Isocitrate dehydrogenase

Thfi_2368 11,113 1,330 0,000 0000  2317,8 2897,51 2561,1 992,11 12280 180761 Ao O Thermius oshimal JL-2 GN=Theos 1703

Thii 2372 5,792 2492 0000 0000 912 9,47 0 56,04 58,17 83,5 mgﬁggmgsswn_mﬁs SicorolkinasolOballiomus

Thfi_2373 4,520 3,234 0,000 0,001 0 1,71 0 28,93 29,24 40,22  [FGDGP1|FEDGP1_THETG Galactose-1-phosphate
uridylyltransferase OS=Thermus thermophilus
tr|Q53W51|Q53W51_THETS8 Alpha-galactosidase

Thfi_2374 4,808 6,512 0,000 0,000 0 0 0 40,53 18,54 2915 O Thermus thermophilus

) ; trlQOGA06|Q0GA06_THETH Beta-galactosidase

Thfi_2375 5,107 6,938 0,000 0,000 0 0 0 32,26 19,11 4909 OSoThrmus thermaphilus PES3 Sv=1

Thfi_2377 7,571 1,382 0,000 0000 28324 203,16 327,54 105,3 127,7 iengy  DEPEVIOELTE NIERD U iEEsiones i
OS=Meiothermus silvanus

Thii_2378 6,980 1,574 0,000 0000 66,22 34,78 48,35 164.9 102,48 131,59 mgﬁ}'\ggmfgmm—mgs Xylulokinase OS=Thermus

_ tr|GOMBD7|GOMBD7_THET8 Xylose isomerase
Thfi_2379 8,172 1,620 0,000 0001 159,83 64,73 95,96 420,86 270,26 62864 (5 Thermus thermophilus
) tr|[K7QXA4|K7QXA4_THEOS Transcriptional regulator/sugar

Thfi_2380 6,931 -1,570 0,000 0000 83,19 39,63 63,87 195,04 111,91 23633 s OSeThermus oshimal JL 2 GNaTheos 1204
tr| GOMBD9|GO9MBD9_THET8 ABC transporter-like protein

Thfi_2381 7,130 1,344 0,000 0000 159,29 80,25 137,57 318,14 279,81 31567 (5-Thermus thermophilus

Thfi_2382 7,885 -0,759 0,006 0,024 197,9 104,46 172,47 242,33 251,66 3577  [IGOMBEO|GOMBEOC_THETS Permease protein, ABC-type

— xylose transporter OS=Thermus thermophilus
tr[D7BCN4|D7BCN4_MEISD D-galactarate

Thfi_2387 5,620 -1,200 0,029 0,082 11,97 17,14 22,83 68,59 26,67 97,81 dehydratase/Altronate hydrolase domain protein
OS=Meiothermus silvanus

Thfi_2388 5,966 3,753 0,000 0000 526,31 275,81 294,05 14,52 27,48 3355  [rlD7BJ21|D7BJ21_MEISD Uncharacterized protein
OS=Meiothermus silvanus
tr|D7BJ19|D7BJ19_MEISD Uncharacterized protein

Thfi_2399 8,326 1,558 0,000 0000 79,85 93,47 84,22 18,95 46 47,48  0OS=Meiothermus silvanus (strain ATCC 700542 / DSM
9946 / VI-R2) GN=Mesil_3363 PE=4 SV=1
tr|D7BJ18|D7BJ18_MEISD Uncharacterized protein

Thfi_2400 5,323 1,476 0,015 0,048 84 61,95 42,52 10,94 41,46 15,2 0S=Meiothermus silvanus (strain ATCC 700542 / DSM

9946 / VI-R2) GN=Mesil_3362 PE=4 SV=1

FPKM: Fragments per kilobase of exon per million fragments mapped; CPM: counts per million reads; FC: Fold change; FDR: false discovery rate.
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Table S4: Genes differently expressed in hydrogen peroxide assay.

FPKM
Gene code  logCPM logFC PValue FDR Without H,0, With H,0, Top Hit Uniprot
tr|[H7GDU4|H7GDU4_9DEIN Bifunctional purine biosynthesis
Thfi_0025 7764  -0590 0048 0751 319,29 181,11 228 44 105,97 194,23 17137 protein PurH OS=Thermus sp. RL GN=purH PE=3 Sv=1
tr|GBN7Y4|G8N7Y4_9DEIN Cation-transporting ATPase
Thfi_0035 9,097 0529 0015 0497 168,63 192,77 203,15 316,75 236,26 2459  OS=Thermus sp. CCB_US3_UF1 GN=TCCBUS3UF1_14100
PE=3 SV=1
_ tr|GBNCZ8|G8NCZ8_9DEIN 30S ribosomal protein S16
Thfi_0065 6,176 1,015 0038 0720 110,89 34,43 93,45 34,92 49,55 2823 (o thormus sp. CGB US3 UF! GNarpeP PE=3 SV=1
_ tr[HOBHAB6|HOBHA6_9ACTO Putative integral membrane protein
Thfi_ 0069 6,104 1,391 0007 0451 13397 74,74 84,63 63,25 14,97 2129 (- Sireptomyces sp. WOO7 GN-SPW. 4644 PE~4 SVt
Thfi_0070 8930 0490 0027 0629 43302 4935 472,2 547,38 6214 760,27  UIEBPMKSIEBPMKS_THESS LAG/AO transport system ATPase
OS=Thermus scotoductus
tr[B7A843|B7A843_THEAQ Imidazoleglycerol-phosphate
Thfi_0084 6,504 1066 0014 0460 18343 83,12 166,76 178,03 343,81 36527  dehydratase OS=Thermus aquaticus Y51MC23 GN=hisB PE=3
SV=1
tr|GBNB16|G8NB16_9DEIN ABC transporter, permease protein
Thfi_0085 7,877 0830 0007 0451 24964 223,83 307,87 360,15 352,33 6519 OS-Thermus sp. CGB.US3. UF1
tr[EBPMX8|E8PMX8_THESS Glutamine-fructose-6-phosphate
Thfi_0087 5,849 1509 0,009 0451 67,61 29,26 33,34 99,73 175,92 Rs e e
tr|B7A624|B7A624_THEAQ Putative Holliday junction resolvase
Thfi_0091 7,472 0668 0018 0539 32298 383,92 415,91 530,19 608,25 64323  OS=Thermus aquaticus Y51MC23 GN=TaqDRAFT_4893 PE=3
Sv=1
Thii 0103 5597  -1,474 0,045 0739 1445 57,41 236,16 81,85 52,64 (Hep  LFEDIREAAEIDINA TRIEVE IR Aseeeie 2T e
MnmA OS=Thermus thermophilus
Thi 0104 4810  -1804 0044 0739 1187 38,2 43,31 8,09 0 15,72 UIEBPQFGIEBPQFG_THESS Uncharacterized protein
- OS=Thermus scotoductus
Thfi_0113 8,586 0,504 0,030 0,653 31543 376,04 511,53 501,78 568,71 Gilize SRR VIRESS Fisdieie AR iEmspai, A
binding protein OS=Thermus scotoductus
tr|Q5S1P2|Q5SIP2_THETS8 Uncharacterized protein
Thfi_0200 6,464 2257 0000 0005 41,17 49,24 74,94 154,03 269,74 38222 (oirher  ermophilus
tr|[E8PLHO|ESPLHO_THESS 16S rRNA M OS=Thermus
Thfi_0202 7,304 0847 0005 0413 87,08 89,53 93,96 140,45 178,16 16244 o0 ductus (strain ATCC 700910 / SA01)
tr|E8PLH1|E8PLH1_THESS Stage V sporulation protein S
Thfi_0204 7823  -0973 0001 0189 19719 1458,33 11754 974,92 738,38 60847  OS=Thermus scotoductus (strain ATCC 700910 / SA-01)
GN=TSC_c17060 PE=4 SV=1
tr| GBN8T2|G8N8T2_9DEIN Cyclase/dehydrase OS=Thermus
Thfi_0205 7,815 0,727 0018 0539 229,77 648,28 441,05 607,17 837,29 77945 5CCR US3 UFT GNSTCCOUSSUF]. 15480 PEd SVot
tr[GBNST9|GBNST9_9DEIN SpoVR OS=Thermus sp.
Thfi_0213 6815  -0951 0003 0372 116,84 77,81 119,26 51,6 49,88 5458 (Cp Us3 UF1 GNSTCCBUSSUFT 15550 PESA Gv=1
Th_0233 7,607 0,545 0042 0724 118,72 175,47 189,6 215,93 237,11 e ORI AR TR Ui S L EiEpeain
Thfi_0276 5906  -1,320 0036 0,709 128,94 180,76 58,75 87,82 0 53,41 r|D7BIA8|D7BIA8_MEISD Dephospho-CoA kinase
- OS=Meiothermus silvanus
Thfi_0281 10,270 0443 0020 0551 87592 920,65 913 121,31 112536 128261  [IM9ZRSH|HIZRSA_THETH Acetylornithine/acetyl-lysine
aminotransferase
Thfi 0344 7,503  -0704 0013 0460 184,64 173,11 168,6 100,8 134,02 g309  (GBNBD1|GENEDT_9IDEIN Putative uncharacterized protein

124



FPKM

Gene code  logCPM logFC PValue FDR Without H,0, With H,0, Top Hit Uniprot
tr[K7QZ72|K7QZ72_THEOS Uncharacterized protein

Thfi_0351 5,985 0990 0046 0744 19,87 20,12 13,61 23,74 36,03 46 OS=Thermus eshimai JL2 GNeThoos, 1080 PE4 SV=1
tr|Q5SJV6|Q5SJV6_THETS Zn-dependent protease

Thi_0375 8,198  -0,598 0021 0557 55428 588,7 573,49 489,85 348,57 27794  OS=Thermus thermophilus (strain HB8 / ATCC 27634 / DSM
579) GN=TTHA0896 PE=4 SV=1
tr|B7ABE6|B7ABE6_THEAQ Maijor facilitator superfamily MFS_1

Thfi_0380 6,116  -1,030 0019 0541 5837 74,07 83,74 39,83 30,27 33,12  OS=Thermus aquaticus Y51MC23 GN=TaqDRAFT_4588 PE=4
Sv=1

Thi 0436 6748  -0981 0005 0413 94,83 106,14 113,24 34,85 63,54 57,03  (IEBPKCGIEBPKCE_THESS Outer membrane efflux protein
OS=Thermus scotoductus

Thii 0439 6,613  -0,884 0,013 0460 140,29 113 157,54 66,23 54,87 gpg  UPHEREEDENES WIEIRID Engeee e e pemiienl i
systems inner membrane component
tr|GBN9G7|G8N9G7_9DEIN Phospho-2-dehydro-3-

Thfi_ 0448 9,173 0492 0028 0652 155393  1099,57 1170,4 146870 182218 201398 0 e ioiase OS=Thermus op. GCB. US3_UF1

Thfi_0460 8880  -0661 0003 0315 601,87 479,53 475,23 360,73 289,32 gags  OFERABFERALD HENE BdEesliEr sellicsmeg i
family 1 OS=Thermus thermophilus

N tr|GBN8R7|G8N8R7_9DEIN Quinol-cytochrome ¢ reductase,

Thfi_0465 8,939 0471 0035 0709 113054 826,65 1134,63 669,48 858,07 86242 g on-eulfur subunit OS=Thermus ep. COB. US3. U1
tr|Q5SLX0|Q5SLX0_THET8 Aminotransferase, class V

Thfi_0485 7,053  -0,706 0,035 0709 18155 102,54 182,28 92,89 112,05 72,11 OS=Thermus thermophilus
tr|G8BNB72|G8NB72_9DEIN Putative uncharacterized protein

Thfi_0490 4,851 2,865 0008 0,451 0 0 17,87 80,15 28,58 5207 GSeThermus sp. GGB_US3. URH
tr|[ESPLA1|E8PLA1_THESS ABC transporter OS=Thermus

Thfi_0520 7,771 0512 0050 0751 14134 190,01 197,8 269,96 266,87 212,1 scotoductus (strain ATCC 700910 / SA01)

Thfi 0523 5439  -1,664 0012 0460 7412 118,46 101,25 25,22 0 6143  (IHOZTWOIHOZTWO_THETH Ribulose-5-phosphate 4-
epimerase-like epimerase or aldolase
tr|[H5SA76|H5SA76_9DEIN Hypothetical conserved protein

Thfi_0535 8,747 0624 0005 0413 2088 197,21 233,11 308,85 374,53 28398 (o tured Thermus/Deinasncous aroup bacierm

Thfi_0571 11,651 0,898 0,000 0,001 256,04 248278 276443 481154 416351 5242,6 ggﬁgﬁffyr'zgsem—gmc'z UDP-3-0-acylglucosamine N-

Thfi_0585 9137  -0424 0,045 0,739 281278 347956 278342 213705 246641 Digges  ESENNGEERNNE TIRIESS S0 assemel preicih S
0OS=Thermus scotoductus
tr|GBNBZ6|G8NBZ6_9DEIN Putative uncharacterized protein

Thi_0599 5293 1728 0032 0677 17,55 0 47,95 71,67 51,06 93,05  OS=Thermus sp. CCB_US3_UF1 GN=TCCBUS3UF1_21050
PE=4 SV=1

Thfi_ 0610 4,851 2,863 0,007 0451 183 0 0 37,37 39,95 72,8 mgjﬂﬂgﬂiﬁfs"”—THETs IPUEIRE @i © CE=Iiemls

Thfi_0620 6764 1,401 0001 0189 270,41 460,28 293,42 656,82 909,81 720,76 gﬁgg‘ﬁiﬁsmw—g%'” Protein serine/threonine

Thii 0623 5598 1317 0034 0707 28,63 30,79 0 32,55 62,38 56,87 mg;zg)zh%ﬁnl(ze_maz RlicsondviansisiaselGsSlneunl

Thfi_0654 5447 2453 0,010 0,451 0 0 52,93 26,37 141,03 141,32 tr|GBN8S8|G8N8S8_9DEIN Putative uncharacterized protein

Thfi_0660 6,760 1,193 0,001 0,189 50,29 121,29 57,33 154,25 210,14 iragm PN PANORE NIRRT U iz e
OS=Marinithermus hydrothermalis

Thii_ 0684 7,435 0731 0041 0724 48097 216,27 685,91 722,11 576,75 936,12  UrIF6DHY7|FEDHY7_THETG Uncharacterized protein

— OS=Thermus thermophilus
Thii_ 0730 8484 0633 0009 0451 937,96 686,11 606,08 112396  1187,08  1097,47  \IFBDD49IFEDD49_THETG Uncharacterized protein

0OS=Thermus thermophilus
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Gene code  logCPM logFC PValue FDR Without H,0, With H,0, Top Hit Uniprot
tr|GBNAC2|G8NAC2_9DEIN Putative uncharacterized protein

Thfi_0731 9,639 0,452 0,036 0,709 1162,05 999,07 885,01 1462,62 1232,27 1403,82 0S=Thermus sp. CCB_US3_UF1
tr|B7A818|B7A818_THEAQ Methionyl-tRNA formyltransferase

Thfi_0773 9,265 0,751 0,000 0,059 577,09 498,26 479,57 822,27 860,77 887,04 0S=Thermus aquaticus Y51MC23 GN=fmt PE=3 SV=1

Thfi_0783 5827  -1330 0012 0454 94,38 59,14 76,55 28,61 53,33 6,94 tr|K7QYDI|K7QYDI_THEOS Sphingosine/diacylglycerol kinase-
like enzyme (Precursor) OS=Thermus oshimai JL-2
tr|D3PT69|D3PT69_MEIRD Pyruvate kinase OS=Meiothermus

Thfi_0791 7,864 0,929 0,016 0,497 210,33 887,57 952,92 797,09 1598,13 1595,22 ruber (strain ATCC 35948 / DSM 1279 / VKM B-1258 / 21)
tr|EBPRAO|E8PRAO_THESS Uncharacterized protein

Thfi_0803 7,199 0,672 0,047 0,751 523,72 493,68 946,54 823,74 1106,96 1202,7 OS=Thermus scotoductus (strain ATCC 700910 / SA-01)
tr|E8PJW4|E8PJW4_THESS Elongation factor Tu OS=Thermus

Thfi_0822 12,846 0,645 0,011 0,454  4473,35 6673,98 4596,38 9700,82 8998,51 5469,56 scotoductus (strain ATCC 700910 / SA-01) GN=tuf1 PE=3 SV=1
tr|E8PL68|E8PL68_THESS Coenzyme A disulfide reductase

Thfi_0831 9,459 0,610 0,016 0,497 258,8 523,06 538,31 520,07 714,83 756,47 0S=Thermus scotoductus (strain ATCC 700910 / SA-01)
tr|B8HJZ9|B8HJZ9_CYAP4 Uncharacterized protein

Thfi_0862 10,551 0,401 0,048 0,751 1580,62 2019,94 1996,69 2269,36 222221 2797,77 0S=Cyanothece sp. (strain PCC 7425 / ATCC 29141)
tr|[K7R117|K7R117_THEOS Uncharacterized protein

Thfi_0879 8,877 0,654 0,008 0,451 665,73 787,04 1094,48 964,03 1516,87 1495,65 0S=Thermus oshimai JL-2 GN=Theos_2197 PE=4 SV=1
tr|E8PQY5|E8PQY5_THESS Glycerophosphoryl diester

Thfi_0881 8,167 0,519 0,039 0,724 430,75 437,75 377,38 496,4 554,35 713,74 phosphodiesterase OS=Thermus scofoductus
tr|F6DH47|F6DH47_THETG Enolase OS=Thermus thermophilus

Thfi_0892 10,340 0,518 0,007 0,451 959,41 818,06 917,42 1216,66 1354,43 1214,96 (strain SGO.5JP17-16) GN=eno PE=3 SV=1

Thfi 0909 10,455 0486 0019 0541 769,78 10894 82225 122906 132184 115074  UIF6DHZ4|F6DHZ4_THETG Dihydrolipoyl dehydrogenase
0OS=Thermus thermophilus
trl[H9ZP13|H9ZP13_THETH Octanoyltransferase OS=Thermus

Thfi_0934 10,233 0,492 0,019 0,541 1601,87 2109,55 1546,48 2214,42 2364,6 2753,8 thermophilus JL-18 GN=lipB PE=3 SV=1
tr[B7A903|B7A903_THEAQ 30S ribosomal protein S18

Thfi_0936 9,601 -0,599 0,010 0,453  4054,23 5836,64 3712,38 2952,72 3028,01 3054,08 0S=Thermus aquaticus Y51MC23 GN=rpsR PE=3 SV=1
tr|GBN8Q8|G8N8Q8_9DEIN Putative uncharacterized protein

Thfi_0939 6,854 0,907 0,010 0,452 101,87 81,89 116,13 182,26 138,81 227,74 0S=Thermus sp. CCB_US3_UF1
tr[K7R0Q5|K7R0Q5_THEOS Uncharacterized protein

Thfi_0954 4,852 2,862 0,008 0,451 16,03 0 0 65,51 23,32 42,5 0S=Thermus oshimai JL-2 GN=Theos_ 1844 PE=4 SV=1
tr|F6DDSO|F6DDS0_THETG Uncharacterized protein

Thfi_0971 9,468 1,437 0,000 0,001 1241,79 1399,02 2181,51 2812,23 5696,64 4541,96 0S=Thermus thermophilus

Thfi 1049 6587  -0,820 0,045 0739 1958 74,74 112,84 63,25 82,33 Glag ISP VRIS SEnsry sl eiam i
kinase OS=Thermus scotoductus

Thfi_ 1050 7,428 0,664 0039 0724 279,51 136,91 226,43 317,31 406,54 267,55  [IBTAABAIBTAABA_THEAQ L-serine dehydratase, iron-sulfur-

- dependent, beta subunit

Thfi_1090 12,045 0428 0,049 0751 316231 306895  3586,82 317613 422243 560125 IK7QUMSIK7QUMS_THEOS ABC-type transport system,
involved in lipoprotein release, permease component
tr|[E8PL11|E8PL11_THESS ATPase associated with various

Thfi_1095 5,090 -2,422 0,003 0,372 17,06 34,43 54,51 5,82 6,19 5,65 cellular activities, AAA_3 OS=Thermus scotoductus
tr|G2SL10|G2SLI0_RHOMR Type lll restriction protein res

Thfi_1103 6,857 -0,760 0,023 0,577 298,16 188,64 214,51 128,26 125,54 145,59 subunit OS=Rhodothermus marinus SG0.5JP17-172
GN=Rhom172_2839 PE=4 SV=1

Thii_ 1112 5763 1,997 0,001 0,189 13,61 27.62 37,32 4,65 0,87 45 tr|D7BCR2|D7BCR2_MEISD Conserved repeat domain protein

(Precursor) OS=Meiothermus silvanus
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Gene code logCPM  logFC ~ PValue  FDR Without H,0, With H.0, Top Hit Uniprot
Thii_1117 9404  -0503 0042 0724 81039 472,83 479,26 399 337,44 dege  IEEPRIGEARRG IREES B el cHnleyREss
0OS=Thermus scotoductus
Thfi 1129 7,270 0904 0005 0413 10178 75,32 100,66 162,03 141,63 202,11  (rlQ746D8|Q746D8_THET2 Hypothetical conserved protein
OS=Thermus thermophilus
tr|[H9ZSL3|H9ZSL3_THETH Tetratricopeptide repeat protein
Thfi_1135 9190  -0,559 0,007 0451 781,13 704,33 637,47 501,51 487,13 42586  (Precursor) OS=Thermus thermophilus JL-18 GN=TtJL18_1440
PE=4 SV=1
Thfi_1140 6,320 1276 0,008 0451 4149 227,05 225,57 308,85 363,69 579,57  UIK7RSE7IK7RSE7_THEOS UDP-N-
- acetylenolpyruvoylglucosamine reductase
y tr|F6DFA3|F6DFA3_THETG Nucleotidyltransferase substrate
Thfi_1141 8,314 0496 0030 0664 114928 111374 120089 741,32 712,39 973,04 |l iing protein, HIOG74 family OS<Tharmus thermophilus
tr|E8PPFO|E8PPFO_THESS Glycosyltransferase OS=Thermus
Thfi_1145 6,354 0932 0033 0704 6221 43,03 32,45 72,76 90,34 913 O oductus (strain ATCC 700910 1 SA.01)
tr|[B7AAG6|B7AAG6_THEAQ Lon protease OS=Thermus
Thfi_1146 13,182 0418 0022 0577 384847 31558 3316,97 4581,1 404421 489272 il N IMC23 GNelon PECS SVA1
tr|F2NLC3|F2NLC3_MARHT Uncharacterized protein
Thfi_1185 6,803 0737 0029 0652 14376 172,41 114,57 220,19 287,66 21443 5o N iarmithermus hydrothermais
tr|[E8PM51|E8PM51_THESS Branched-chain amino acid ABC
Thfi_1218 7,342 -0,658 0,029 0,652 276,83 2229 191,94 128,36 176,97 124,66 transporter, permease protein OS=Thermus scotoductus (strain
ATCC 700910 / SA-01)
Thfi_1219 7,701 0,640 0011 0454 24584 227,74 265,95 173,92 138,84 150,69  [IQ5SL43|Q5SL43_THETS Branched-chain amino acid ABC
transporter, permease protein OS=Thermus thermophilus
g tr|GBNCP4|G8NCP4_9DEIN Phytoene synthase-related protein
Thfi_1231 6,099 0,994 0040 0724 189,96 82,06 106,56 89,6 31,87 5809  Gc-Thermus sp. CCB. US3. UF1
tr| GBNCQ8|G8NCQ8_9DEIN Flavin reductase domain protein
Thfi_1241 8,056  -0,723 0,003 0315 663,42 774,73 925,64 481,24 434,84 498,76 FMN-binding protein OS=Thermus sp. CCB_US3_UF1
GN=TCCBUS3UF1_10260 PE=4 SV=1
tr|[K7QXH2|K7QXH2_THEOS Uncharacterized protein
Thfi1246 10624 0652 0002 0206 394426 308678 301439 231639 199327 197577 gl N e L2 ONoTheos 1458
tr|E8PK46|E8PK46_THESS Phosphonate ABC transporter,
Thfi_1251 7,035 0853 0015 0497 57,29 138,33 114,97 203,1 133,19 22763 o lacmic phosphonate-binding protein
tr[EBPR29|E8PR29_THESS Cold shock protein, CSD family
Thfi_1281 8,065 0744 0018 0539 139278 184577 125599 339796 263015 161578 Gty i TS Bl e ATCO 700910 / SA0)
Thii_ 1288 6,711  -0765 0042 0724 25046 316,15 246,97 227,18 136,77 110,74  UIF2NLASIFZNLAS_MARHT CRISPR-associated protein, Cse2
- family OS=Marinithermus hydrothermalis
Thfi_1323 5728 1,308 0024 0596 64,27 126,71 29,18 152,62 257,94 M) SRR THIEAC) TEnSEieE rEgien, [t
= family OS=Thermus aquaticus Y51MC23
Thfi_1334 9849  -0454 0024 0596 880,51 950,62 946,23 7391 605,23 644,67 ggﬁy?m@wms_g%m Extracellular solute-binding protein
Thfi_1350 4,816 2,452 0023 0577 40,27 32,35 48,96 9,15 0 pEy  EEPIMIRIECRNIE HIESE Wiy ADC iEmsperr, AP
binding protein OS=Thermus scotoductus
tr|GBN9W8|G8NOWS8_9DEIN Alcohol dehydrogenase
Thfi_1361 9,444 0,397 0049 0751 644,84 619,51 623,15 756,82 729,97 95428 o i mus sp. CCB. US3 UF1
tr|Q745Z1|Q745Z1_THET2 RNA polymerase sigma factor
Thfi_1373 6,521 0879 0022 0577 18646 208,58 254,71 164,99 81,42 98,9 S~ Thermus thermophilus
Thfi_1419 7645  -0,744 0,005 0413 447,32 437,75 437,76 293,33 228,97 252,56 g's(siNSZaGBNSZZ—gDE'N Thiol:disulfide interchange protein
Thii_1424 10,041  -0702 0001 0189 390591 266222 322714 192334 225625 175722  IFB6DG85|FEDG85 THETG Outer membrane chaperone Skp

(OmpH) (Precursor)
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. trl[H9ZR97|H9ZR97_THETH Uncharacterized protein (Precursor)
Thfi_1431 7,182 0,794 0,013 0,460 286,89 397,13 400,57 208,26 264,49 152,18 0S=Thermus thermophilus JL-18 GN=TtJL18. 0957 PE=4 SV=1
tr|R6S6T5|R6S6T5_9BACE TPR-domain containing protein
Thfi_1457 9,896 0,550 0,007 0,451 1081,35 1448,81 1421,96 1809,84 1999,61 1914,29 0S=Bacteroides finegoldii CAG:203 GN=BN532_01025
tr[H7GI01|H7GI01_9DEIN Orotate phosphoribosyltransferase
Thfi_1459 6,188 2,515 0,000 0,001 125,89 48,37 170,52 508,6 783,14 713,83 0S=Thermus sp. RL GN=pyrE PE=3 SV=1
Thfi_1463 7,205 0,688 0,040 0,724 92,77 115,76 76,99 132,34 116,33 mipEs o= RGPS RIS A el st
protein Argd OS=Thermus scotoductus
Thfi 1466 7,410 0,798 0009 0451 69539 462,81 71915 117421 116216 893,16  TIQ72JE0IQ72JE0_THETZ2 Uncharacterized protein
OS=Thermus thermophilus
~ tr|GBNC60|G8NC60_9DEIN Succinyl-CoA ligase [ADP-forming]
Thfi_1517 9,117 0,468 0,038 0,724 924,48 734,95 780,89 723,7 472,65 529,09 subunit alpha OS=Thermus sp. CCB_US3_UF1
Thii 1549 12,136  -0423 0047 0749 357395 577873 50872 326458 39251  3397,57  UIK7QWOOK7QWO0_THEOS ABC-type branched-chain amino
acid transport system, periplasmic component (Precursor)
tr|F6DEW5|F6DEWS5_THETG Acylphosphatase OS=Thermus
Thfi_1552 5,116 1,852 0,049 0,751 50,2 19,93 0 85,28 91,46 83,29 thermophilus (strain SG0.5JP17-16)
Thii_ 1606 9,362 0462 0019 0541 41254 509,61 553,89 645,78 704,68 653,21  TIEBPN4SIEBPNA9_THESS Acetyl-CoA acyltransferase
- OS=Thermus scotoductus
tr|B7A5K4|B7A5K4_THEAQ Cytochrome c biogenesis protein
Thfi_1617 5,867 1,785 0,001 0,189 99,34 154,27 44,95 234,84 363,17 496,2 transmembrane region|OS=Thermus aguatious Y51MG23
tr[K7RGAS5|K7RGA5_THEOS Phosphotransferase family protein
Thfi_1625 6,814 0,686 0,046 0,744 62,07 109,81 135,87 186,17 135,32 172,68 (Precursor) OS=Thermus oshimai JL-2 GN=Theos_0533
tr|E8PNF1|E8PNF1_THESS Zinc-dependent peptidase
Thfi_1686 8,079 0,757 0,012 0,454 257,31 126,04 209,7 394,94 340,33 237,27 0S=Thermus scotoductus (strain ATCC 700910 / SA-01
tr|GBN9DO|G8N9DO_9DEIN Putative uncharacterized protein
Thfi_1689 7,498 0,629 0,035 0,709 99,26 184,05 144,94 169,26 252,33 243,17 0S=Thermus sp. CCB_US3_UF1 GN=TCCBUS3UF1_16650
tr[K7QWH2|K7QWH2_THEOS 50S ribosomal protein L35
Thfi_1700 7,953 -0,749 0,012 0,454  1951,34 3317,6 1962,31 1612,84 1538,87 1253,51 0S=Thermus oshimai JL-2 GN=rpml PE=3 SV=1
tr|lGBN9Y5|G8NI9Y5_9DEIN Menaquinone biosynthetic enzyme
Thfi_1737 7,971 0,587 0,027 0,629 210,17 298,25 270,62 387,65 296,47 474,94 0S=Thermus sp. CCB_US3_UF1 GN=TCCBUS3UF1_5080
tr|GBN9Z3|G8N9Z3_9DEIN DNA/pantothenate metabolism
Thfi_1744 8,380 0,714 0,011 0,454 230,93 390,29 305,45 432,97 679,51 405,28 flavoprotein OS=Thermus sp. CCB_US3_UF1
tr| GBNON5S|G8NINS_9DEIN Methionine aminopeptidase
Thfi_1781 7,786 0,612 0,041 0,724 224,16 275,45 216,43 458,31 383,35 244,57 0S=Thermus sp. CCB_US3_UF1 GN=map PE=3 SV=1
. tr|B7A584|B7A584_THEAQ 50S ribosomal protein L17
Thfi_1811 9,357 0,500 0,013 0,460  2324,67 2956,16 3105,02 1982,1 1890,39 2030,2 0S=Thermus aquaticus Y51MC23 GN=rplQ PE=3 SV=1
R tr[B7A8G0|B7A8G0_THEAQ Putative transcriptional regulator
Thfi_1823 4,987 1,717 0,037 0,720 81,77 48,91 74,43 0 44,65 13,56 0S=Thermus aquaticus Y51MC23 GN=TagDRAFT 3913
tr|E8PKB9|E8PKB9_THESS Chlorite dismutase OS=Thermus
Thfi_1836 10,250 0,445 0,031 0,664  1408,84 1534,09 1716,87 1892,8 1851,19 2503,8 scotoductus (strain ATCC 700910 / SA-01)
tr|Q72IM3|Q72IM3_THET2 Uncharacterized protein
Thfi_1868 7,902 0,780 0,024 0,596 612 4278 311,69 549,06 588,63 1153,39 OS=Thermus thermophilus (strain HB27 / ATCC BAA-163 / DSM
7039) GN=TT_C1109 PE=4 SV=1
tr|B7A9J0|B7A9J0_THEAQ FAD-dependent pyridine nucleotide-
Thfi_1938 7,247 0,833 0,020 0,551 117,02 295,81 213,09 265,43 496,84 375,03 disulphide oxidoreductase OS=Thermus aquaticus Y51MC23
tr|[K7R4D1|K7R4D1_THEOS Uncharacterized protein
Thfi_1987 8,146 -0,536 0,019 0,541 920,91 889,33 882,73 608,94 562,26 660,71 (Precursor) OS=Thermus oshimai JL-2 GN=Theos_0693 PE=4
SV=1
FPKM
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Gene code  logCPM logFC PValue FDR Without H,0, With H,0; Top Hit Uniprot
Thfi_1992 10,325  -0,420 0,037 0,720 147214 1077,3 1470,25 926,79 1003,77 MmN RN RIS Ui i) i
0OS=Thermus scotoductus
Thfi_1997 9,818 0,762 0,001 0,151 1735,74 1354,51 1225,25 2495,02 2640,36 2082,06 tr[H9ZQ50|H9ZQ50_THETH Protein GrpE
tr[B7A6Y3|B7A6Y3_THEAQ Chaperone protein DnaK
Thfi_1998 14,132 0,382 0,042 0,724 9928,17 9009,38 7911,81 12827,97 10705,65 10801,2 0S=Thermus aquaticus Y51MC23 GN=dnaK PE=3 SV=1
Thfi 2035 8215  -0610 0010 0451 39851 422,46 401,89 2074 312,31 270,81  ['IE8PPMI|ESPPMI_THESS Proline dehydrogenase/delta-1-
= pyrroline-5-carboxylate dehydrogenase
Thfi2037 8,098 0517 0029 0652 14467 161,56 188,74 2445 g zpas  rCSRIAENRIT THETS ATGIENER SyiiEsD Compeneit(
= 0OS=Thermus thermophilus
tr[H5SND6|H5SND6_9DEIN Dak phosphatase
Thfi_2049 9,518 0,578 0,010 0,451 397,53 385,14 390,63 538,66 708,02 474,27 GN=HGMM_F51G12C41 PE=4 SV=1
tr|GB8N948|G8N948_9DEIN Osmotically inducible protein C
Thfi_2072 8,941 -0,643 0,005 0,413 1834,3 1641,64 1691,42 1388,62 878,62 991,45 0S=Thermus sp. CCB_US3_UF1
tr[H9ZSZ9|H9ZSZ9_THETH 2-phosphoglycerate kinase
Thfi_2082 7,895 0,680 0,008 0,451 135,89 120,89 136,51 171,59 212,03 233,81 (Precursor) OS=Thermus thermophilus JL-18
tr| GBNAI9|G8NAI9_9DEIN Putative uncharacterized protein
Thfi_2089 6,422 -0,779 0,040 0,724 165,67 172,45 181,14 78,97 84,36 131,77 0S=Thermus sp. CCB_US3_UF1
R tr|B7A7H2|B7A7H2_THEAQ Cell wall hydrolase/autolysin
Thfi_2103 5,515 1,317 0,044 0,739 47,58 88,96 115,62 10,8 46,14 42,04 (Precursor) OS=Thermus aquaticus Y51MC23
tr[F6DF67|F6DF67_THETG Preprotein translocase, SecG
Thfi_2105 7,566 1,060 0,000 0,086 159,65 171,01 169,84 326,4 290,1 414,22 subunit OS=Thermus thermophilus
Thi 2126 5727  -1,327 0,014 0460 12139 124,86 94,78 35,42 50,46 4508  UIEBPNU4IEBPNUA_THESS Hydrolase family protein
— OS=Thermus scotoductus
Thfi_2128 8245  -0565 0033 0704 99479 712,54 683,81 635,38 546,85 agpgy | PEIDIEAN[FEDIEA_TIREWS Fiesl im sesyiim et
OS=Thermus thermophilus
tr|Q5SHW3|Q5SHW3_THET8 Probable HIT family protein
Thfi_2131 7,397 0,687 0,017 0,539 400,92 515,26 495,94 617,49 878,15 799,58 0S=Thermus thermophilus
tr|H9ZPZ7|H9ZPZ7_THETH Uncharacterized protein
Thfi_2135 7,752 0,670 0,042 0,724 459,71 545,51 469,91 448,69 796,2 1106,6 0S=Thermus thermophilus JL-18 GN=TtJL18_0499
tr|[H7 GF52|H7GF52_9DEIN Uncharacterized protein
Thfi_2143 8,829 1,236 0,000 0,001 277,63 597,89 386,28 1095,07 924,29 958,5 0S=Thermus sp. RL GN=RLTM_03696 PE=4 SV=1
tr[B7A6R2|B7A6R2_THEAQ NADH dehydrogenase (Quinone)
Thfi_2155 8,598 0,462 0,050 0,751 1094,74 795,17 1236,42 1486,31 1251,63 1493,4 0S=Thermus aquaficus Y51MC23 GN=TaqDRAFT 4511
Thfi2198 8397  -0519 0023 0577 30085 27513 274,77 169,64 204,09 207,74  UIK7QZOBIK7QZ08_THEOS 4-hydroxyphenylacetate 3-
— monooxygenase, oxygenase component OS=Thermus oshimai
tr[D3PP09|D3PP09_MEIRD DeoR family transcriptional regulator
Thfi_2210 6,541 0,823 0,027 0,641 65,06 83,66 94,93 141,9 141,86 146,54 0S=Meiothermus ruber
tr|[H9ZTT4|H9ZTT4_THETH Transposase OS=Thermus
Thfi_2264 7,526 1,003 0,001 0,189 125,79 215,52 327,35 403,68 496,86 440,78 thermophilus JL-18 GN=TtJL18 1880 PE=4 SV=1
tr[K7RGN4|K7RGN4_THEOS Putative metal-binding protein,
Thfi_2296 9,987 0,551 0,009 0,451 1591,54 2111,43 1702,54 2869,75 2273,63 2704,47 possibly nucleic-acid binding protein
Thfi_2334 7952  -0725 0009 0451 52832 31552 51877 30464 20678 287,47  [IH9ZSF1HOZSF1_THETH 3-hydroxybutyrate dehydrogenase
= (Precursor) OS=Thermus thermophilus JL-18
N tr|F6DI73|F6DI73_THETG Uncharacterized protein (Precursor)
Thfi_2343 7,168 0,827 0,010 0,453 227 311675 317,24 206,18 121,05 150,42 0S=Thermus thermophilus
Thfi 2351 6,732  -0726 0038 0720 46173 322,78 296,24 166,03 257,41 216,37  [TIFEDINOIFEDINO_THETG Helix-turn-hslix domain protsin
OS=Thermus thermophilus
Thfi 2402 6,508  -1025 0006 0451 74,86 65,63 85,47 21,29 45,27 algp  ESFNSHEERNS THESS TS e CEPenss (g

FPKM: Fragments per kilobase of exon per million fragments mapped; CPM: counts per million reads; FC: Fold change; FDR: false discovery rate.
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Table S5: Differently expressed proteins in temperature assay.

Quantitative value

Gene code T Test (P-Value) 63 °C 77 °C Top Hit Uniprot

Thfi_0025 95% (0,035) 0 2 2 4 4 3 trl[H7GDU4|H7GDU4_9DEIN Bifunctional purine biosynthesis protein PurH OS=Thermus sp. RL
GN=purH PE=3 SV=1

Thfi_0031 95% (0,023) 0 0 0 9 3 7 tr|Q72JJ7|Q72JJ7_THET2 Metal dependent hydrolase OS=Thermus thermophilus (strain HB27 / ATCC
BAA-163 / DSM 7039) GN=TT_CO0775 PE=1 SV=1

Thfi_0063 95% (0,047) 2 1 2 0 0 1 tr[E4UBWS5|E4UB6W5_OCEPS Alpha-glucosidase OS=0ceanithermus profundus (strain DSM 14977 /
NBRC 100410 / VKM B-2274 / 506) GN=Ocepr_0509 PE=4 SV=1

Thfi_0069 95% (0,012) 0 1 4 11 17 22 trlHOBHAB6|HOBHA6_9ACTO Putative integral membrane protein OS=Streptomyces sp. W007
GN=SPW_4644 PE=4 SV=1

Thfi_0080 95% (0,033) 3 0 2 4 7 6 tr[K7R7Y9|K7R7Y9_THEOS Pyruvate/2-oxoglutarate dehydrogenase complex, dihydrolipoamide
acyltransferase component OS=Thermus oshimai JL-2 GN=Theos_2160 PE=3 SV=1

Thfi_0090 95% (0,0022) 0 0 0 2 3 2 tr|E8PL75|E8PL75_THESS Putative membrane protein OS=Thermus scotoductus (strain ATCC 700910 /
SA-01) GN=TSC_c04020 PE=4 SV=1

Thfi_0096 95% (0,026) 1 3 2 4 4 4 tr[EBPQ70|E8PQ70_THESS Universal stress protein OS=Thermus scotoductus (strain ATCC 700910 /
SA-01) GN=TSC_c23890 PE=3 SV=1

Thfi_0136 95% (0,011) 12 19 12 5 2 1 trlQ72KS1|Q72KS1_THET2 ABC transporter substrate-binding protein (Taurine) OS=Thermus
thermophilus (strain HB27 / ATCC BAA-163 / DSM 7039) GN=TT_C0421 PE=4 SV=1

Thfi_0156 95% (0,013) 0 1 1 3 2 3 tr[EBPMF8|E8PMF8_THESS Uncharacterized protein OS=Thermus scotoductus (strain ATCC 700910 /
SA-01) GN=TSC_c18860 PE=4 SV=1

Thfi_0201 95% (0,0075) 0 0 0 1 2 2 tr[H9ZRX7|H9ZRX7_THETH Pyrroline-5-carboxylate reductase OS=Thermus thermophilus JL-18
GN=TtJL18_1195 PE=3 SV=1

Thfi_0223 95% (0,016) 1 1 2 0 0 0 tr[F6DEZ9|F6DEZ9_THETG PpiC-type peptidyl-prolyl cis-trans isomerase (Precursor) OS=Thermus
thermophilus (strain SG0.5JP17-16) GN=Ththe16_0606 PE=4 SV=1

Thfi_0232 95% (0,016) 0 0 0 1 1 2 trlF6DGF5|F6DGF5_THETG Universal stress protein OS=Thermus thermophilus (strain SG0.5JP17-16)
GN=Ththe16_0896 PE=3 SV=1

Thfi_0234 95% (0,0011) 2 2 1 5 6 6 tr|EBPRA8|E8PRA8_THESS Cysteine--tRNA ligase OS=Thermus scotoductus (strain ATCC 700910 /
SA-01) GN=cysS PE=3 SV=1

Thfi_0266 95% (0,026) 4 2 3 1 1 1 tr|D7BGL6|D7BGL6_MEISD ABC-2 type transporter (Precursor) OS=Meiothermus silvanus (strain ATCC
700542 / DSM 9946 / VI-R2) GN=Mesil_1957 PE=4 SV=1

Thfi_0290 95% (0,021) 2 0 1 5 4 3 tr|GBN809|G8N809_9DEIN UPF0365 protein TCCBUS3UF1_14350 OS=Thermus sp. CCB_US3_UF1
GN=TCCBUS3UF1_14350 PE=3 SV=1

Thfi_0298 95% (0,047) 1 0 0 2 1 2 tr|EBPPO8|E8PP08_THESS Anti-cleavage anti-GreA transcription factor Gfh1 OS=Thermus scotoductus
(strain ATCC 700910 / SA-01) GN=TSC_c09290 PE=4 SV=1

Thfi_0309 95% (0,0058) 6 4 4 1 0 1 tr[F6DF87|F6DF87_THETG ATP-dependent Clp protease ATP-binding subunit ClpX OS=Thermus
thermophilus (strain SG0.5JP17-16) GN=clpX PE=3 SV=1

Thfi_0324 95% (0,00012) 10 8 13 35 34 37 trlQ72GH6|Q72GH6_THET2 Pseudocatalase OS=Thermus thermophilus (strain HB27 / ATCC BAA-163
/ DSM 7039) GN=TT_C1872 PE=4 SV=1

Thfi_0325 95% (0,030) 3 3 4 18 14 32 tr[K7QTPO|K7QTPO_THEOS Mn-containing catalase OS=Thermus oshimai JL-2 GN=Theos_0243 PE=4
SV=1

Thfi_0335 95% (0,047) 0 0 1 2 1 2 tr|E8PK21|E8PK21_THESS Glutamyl-tRNA(GIn) amidotransferase subunit A OS=Thermus scotoductus
(strain ATCC 700910 / SA-01) GN=gatA PE=3 SV=1

Thfi_0344 95% (0,026) 0 0 0 3 2 1 trlG8N8D1|G8N8D1_9DEIN Putative uncharacterized protein OS=Thermus sp. CCB_US3_UF1
GN=TCCBUS3UF1_14760 PE=4 SV=1

Thfi_0345 95% (0,024) 0 1 1 2 3 2 tr|B7AA76|B7AA76_THEAQ Putative uncharacterized protein (Precursor) OS=Thermus aquaticus
Y51MC23 GN=TagDRAFT_3843 PE=4 SV=1

Thfi_0346 95% (0,016) 0 0 0 5 2 5 tr[F2NMA1|F2NMA1_MARHT Efflux transporter, RND family, MFP subunit OS=Marinithermus
hydrothermalis (strain DSM 14884 / JCM 11576 / T1) GN=Marky 1047 PE=4 SV=1

Thfi_0350 95% (0,0083) 14 20 17 44 44 31 tr[K7QVD4|K7QVD4_THEOS Aconitate hydratase 1 OS=Thermus oshimai JL-2 GN=Theos_1424 PE=4

Sv=1
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Quantitative value

Gene code T Test (P-Value) 63 °C 77 °C Top Hit Uniprot

Thfi_0414 95% (0,024) 1 1 2 3 5 6 tr|B7A6T1|B7A6T1_THEAQ Oligopeptide/dipeptide ABC transporter, ATPase subunit OS=Thermus
aquaticus Y51MC23 GN=TagqDRAFT_4530 PE=3 SV=1

Thfi_0423 95% (0,016) 1 2 1 0 0 0 tr|EBPMZ1|E8PMZ1_THESS Type 4 fimbrial assembly protein PilC OS=Thermus scotoductus (strain
ATCC 700910/ SA-01) GN=pilC PE=3 SV=1

Thfi_0428 95% (0,0033) 3 4 4 7 9 9 trl[H7GHA4|H7GHA4_9DEIN Long-chain-fatty-acid-CoA ligase OS=Thermus sp. RL GN=RLTM_08162
PE=4 SV=1

Thfi_0429 95% (0,0078) 0 0 1 3 2 3 tr|EBPMH9|E8PMHY_THESS Long-chain-fatty-acid--CoA ligase OS=Thermus scotoductus (strain ATCC
700910 / SA-01) GN=TSC_c19070 PE=4 SV=1

Thfi_0431 95% (0,047) 0 1 0 1 2 2 tr|EBPKD1|E8PKD1_THESS Uncharacterized protein OS=Thermus scotoductus (strain ATCC 700910 /
SA-01) GN=TSC_c02630 PE=4 SV=1

Thfi_0435 95% (0,015) 0 1 0 17 16 7 tr|EBPKC7|E8PKC7_THESS Outer membrane efflux protein OS=Thermus scotoductus (strain ATCC
700910 / SA-01) GN=TSC_c02590 PE=4 SV=1

Thfi_0436 95% (0,047) 0 1 1 3 2 5 tr|EBPKCG|E8PKC6_THESS Outer membrane efflux protein OS=Thermus scotoductus (strain ATCC
700910 / SA-01) GN=TSC_c02580 PE=4 SV=1

Thfi_0499 95% (0,00045) 2 3 2 7 8 7 trlQORHA2|Q9RHA2_THEAQ Fructose-1,6-bisphosphate aldolase OS=Thermus aquaticus PE=1 SV=1

Thfi_0517 95% (0,025) 6 7 6 4 3 5 tr[K7QV57|K7QV57_THEOS Prepilin-type N-terminal cleavage/methylation domain-containing protein
(Precursor) OS=Thermus oshimai JL-2 GN=Theos_1240 PE=4 SV=1

Thfi_0529 95% (0,033) 0 2 4 5 7 8 tr[B7A503|B7A503_THEAQ Cell shape determining protein, MreB/Mrl family OS=Thermus aquaticus
Y51MC23 GN=TagDRAFT_4910 PE=4 SV=1

Thfi_0538 95% (0,0011) 5 5 4 1 0 1 tr| GBNCJ8|G8NCJ8_9DEIN Putative uncharacterized protein OS=Thermus sp. CCB_US3_UF1
GN=TCCBUS3UF1_22290 PE=4 SV=1

Thfi_0574 95% (0,024) 1 1 0 2 8] 2 tr[]D7BFA0|D7BFAO_MEISD Cytochrome c class | (Precursor) OS=Meiothermus silvanus (strain ATCC
700542 / DSM 9946 / VI-R2) GN=Mesil_1563 PE=4 SV=1

Thfi_0602 95% (0,016) 0 0 0 1 1 2 tr[EBPNQ1|E8PNQ1_THESS Sulfide dehydrogenase flavocytochrome C OS=Thermus scotoductus
(strain ATCC 700910 / SA-01) GN=TSC_c21020 PE=4 SV=1

Thfi_0621 95% (0,033) 4 12 5 16 16 14 tr[K7R067|K7R067_THEOS Inosine-5'-monophosphate dehydrogenase OS=Thermus oshimai JL-2
GN=guaB PE=3 SV=1

Thfi_0653 95% (0,016) 0 0 0 2 1 1 tr|E8PKV7|E8PKV7_THESS Orotidine 5'-phosphate decarboxylase OS=Thermus scotoductus (strain
ATCC 700910 / SA-01) GN=pyrF PE=3 SV=1

Thfi_0672 95% (0,047) 0 0 1 1 2 2 tr|B7A6J9|B7A6J9_THEAQ RNA polymerase sigma factor OS=Thermus aquaticus Y51MC23
GN=TaqDRAFT_4448 PE=3 SV=1

Thfi_0690 95% (0,037) 10 22 16 39 27 29 tr|B7A552|B7A552_THEAQ Elongation factor G OS=Thermus aquaticus Y51MC23 GN=fusA PE=3 SV=1

Thfi_0728 95% (0,013) 0 1 0 ) 2 2 tr|GBNC04|G8NCO04_9DEIN 508 ribosomal protein L10 OS=Thermus sp. CCB_US3_UF1 GN=rplJ PE=3
SV=1

Thfi_0747 95% (0,0075) 0 2 2 7 12 9 trlQ5SHD3|Q5SHD3_THET8 Probable amidase OS=Thermus thermophilus (strain HB8 / ATCC 27634 /
DSM 579) GN=TTHA1797 PE=1 SV=1

Thfi_0774 95% (0,014) 8 6 6 2 4 8 tr|EBPQKS3|E8PQK3_THESS 4-hydroxy-3-methylbut-2-en-1-yl diphosphate synthase OS=Thermus
scotoductus (strain ATCC 700910 / SA-01) GN=ispG PE=3 SV=1

Thfi_0793 95% (0,035) 2 4 5 6 9 10 tr|B7A828|B7A8Z8_THEAQ Alanine dehydrogenase/PNT domain protein OS=Thermus aquaticus
Y51MC23 GN=TaqDRAFT_4708 PE=4 SV=1

Thfi_0805 95% (0,031) 7 11 12 2 3| 6 tr| GBND83|G8ND83_9DEIN Pyruvate-flavodoxin oxidoreductase OS=Thermus sp. CCB_US3_UF1
GN=TCCBUS3UF1_11800 PE=3 SV=1

Thfi_0822 95% (0,028) 42 63 72 94 99 84 tr|E8PJW4|E8PJW4_THESS Elongation factor Tu OS=Thermus scotoductus (strain ATCC 700910 / SA-
01) GN=tuf1 PE=3 SV=1

Thfi_0827 95% (0,010) 5 7 5 2 2 0 trlF6DHY7|F6DHY7_THETG Uncharacterized protein OS=Thermus thermophilus (strain SG0.5JP17-16)
GN=Ththe16_0149 PE=4 SV=1

Thfi_0830 95% (0,039) 0 0 0 1 3 4 tr[F6DFI9|F6DFI9_THETG Isocitrate lyase OS=Thermus thermophilus (strain SG0.5JP17-16)

GN=Ththe16_1853 PE=4 SV=1
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Quantitative value

Gene code T Test (P-Value) 63 °C 77 °C Top Hit Uniprot

Thfi_0835 95% (0,00048) 2 2 2 8 7 9 trlF6DFY3|F6DFY3_THETG Gamma-glutamyl phosphate reductase OS=Thermus thermophilus (strain
SG0.5JP17-16) GN=proA PE=3 SV=1

Thfi_0843 95% (0,016) 0 0 0 1 1 2 tr[F6DIS5|F6DIS5_THETG Uncharacterized protein OS=Thermus thermophilus (strain SG0.5JP17-16)
GN=Ththe16_2388 PE=4 SV=1

Thfi_0844 95% (0,0021) 1 2 1 5 4 5 trlU2E7Z2|U2E7Z2_9FIRM CDP-glycerol:poly(Glycerophosphate) glycerophosphotransferase
OS=Blautia sp. KLE 1732 GN=HMPREF1547_03339 PE=4 SV=1

Thfi_0872 95% (0,016) 4 2 2 0 0 0 tr[EBPQX8|E8PQX8_THESS Phenylalanine--tRNA ligase alpha subunit OS=Thermus scotoductus (strain
ATCC 700910 / SA-01) GN=pheS PE=3 SV=1

Thfi_0891 95% (0,041) 2 5 2 7 6 10 trlGBNDC2|G8NDC2_9DEIN DNA polymerase Il subunit beta OS=Thermus sp. CCB_US3_UF1
GN=TCCBUS3UF1_20 PE=3 SV=1

Thfi_0892 95% (0,0097) 9 11 10 6 2 4 tr|F6DH47|F6DH47_THETG Enolase OS=Thermus thermophilus (strain SG0.5JP17-16) GN=eno PE=3
SV=1

Thfi_0893 95% (0,024) 2 3 2 0 1 1 tr|F6DH48|F6DH48_THETG Pyruvate kinase OS=Thermus thermophilus (strain SG0.5JP17-16)
GN=Ththe16_0004 PE=3 SV=1

Thfi_0899 95% (0,033) 0 1 0 5 3 2 tr[E8BPR20|E8PR20_THESS Phage shock protein A OS=Thermus scotoductus (strain ATCC 700910 /
SA-01) GN=TSC_c00270 PE=4 SV=1

Thfi_0911 95% (0,047) 4 5 4 0 &) 2 tr[F6DHZ8|F6DHZ8_THETG 3-methyl-2-oxobutanoate dehydrogenase (2-methylpropanoyl-transferring)
0OS=Thermus thermophilus (strain SG0.5JP17-16) GN=Ththe16_0161 PE=4 SV=1

Thfi_0918 95% (0,016) 3 2 3 4 4 4 tr[B7A6F4|B7A6F4_THEAQ Putative uncharacterized protein (Precursor) OS=Thermus aquaticus
Y51MC23 GN=TaqDRAFT_4403 PE=4 SV=1

Thfi_0968 95% (0,0075) 0 1 0 2 2 2 tr[K7QWA1|K7QWA1_THEOS N-acetyl-gamma-glutamyl-phosphate/N-acetyl-gamma-aminoadipyl-
phosphate reductase OS=Thermus oshimai JL-2 GN=argC PE=3 SV=1

Thfi_0977 95% (0,025) 1 1 0 2 4 3 tr|E8PJX5|E8PJX5_THESS Homocitrate synthase OS=Thermus scotoductus (strain ATCC 700910 / SA-
01) GN=lysS1 PE=3 SV=1

Thfi_1019 95% (0,025) 0 0 0 3 &) 1 trlQ53WB1|Q53WB1_THETS8 Putative cobalt-precorrin-6A synthase [deacetylating] OS=Thermus
thermophilus (strain HB8 / ATCC 27634 / DSM 579) GN=cbiD PE=3 SV=1

Thfi_1028 95% (0,047) 2 2 1 0 1 0 trlH9ZUQ3|H9ZUQ3_THETH Uncharacterized protein OS=Thermus thermophilus JL-18
GN=TtJL18_2228 PE=4 SV=1

Thfi_1032 95% (0,016) 1 1 1 2 3 2 tr|Q53VT9|Q53VT9_THET8 5-carboxy-2-hydroxymuconate semialdehyde dehydrogenase OS=Thermus
thermophilus (strain HB8 / ATCC 27634 / DSM 579) GN=TTHB240 PE=3 SV=1

Thfi_1109 95% (0,024) 1 0 1 2 3 2 trlGBNAQ3|G8NAQ3_9DEIN (S)-2-hydroxy-acid oxidase chain D OS=Thermus sp. CCB_US3_UF1
GN=TCCBUS3UF1_19020 PE=4 SV=1

Thfi_1123 95% (0,0075) 2 2 2 1 0 0 trlGBNDB2|G8NDB2_9DEIN 4-aminobutyrate aminotransferase OS=Thermus sp. CCB_US3_UF1
GN=TCCBUS3UF1_12090 PE=3 SV=1

Thfi_1146 95% (0,011) 7 9 15 21 24 28 tr[B7AAG6|B7AAG6_THEAQ Lon protease OS=Thermus aquaticus Y51MC23 GN=lon PE=3 SV=1

Thfi_1181 95% (0,013) 0 0 1 2 5 2 trlGBNDYO|G8NDY0_9DEIN CRISPR-associated protein, TIGR02710 OS=Thermus sp. CCB_US3_UF1
GN=TCCBUS3UF1_13390 PE=4 SV=1

Thfi_1184 95% (0,047) 0 0 1 1 2 2 tr|lG8BN8F8|G8N8F8_9DEIN Histidinol dehydrogenase OS=Thermus sp. CCB_US3_UF1 GN=hisD PE=3
Sv=1

Thfi_1197 95% (0,047) 1 0 0 2 1 2 tr[B7A668|B7A668_THEAQ Phenazine biosynthesis protein PhzF family OS=Thermus aquaticus
Y51MC23 GN=TaqDRAFT_4317 PE=4 SV=1

Thfi_1224 95% (0,0015) 12 19 19 70 52 66 tr|Q53W39|Q53W39_THETS Arsenite oxidase, large subunit OS=Thermus thermophilus (strain HB8 /
ATCC 27634 / DSM 579) GN=TTHB127 PE=4 SV=1

Thfi_1242 95% (0,022) 5 1 & 8 1% 9 trl[H9ZSC2|H9ZSC2_THETH Uncharacterized protein (Precursor) OS=Thermus thermophilus JL-18
GN=TtJL18_1345 PE=4 SV=1

Thfi_1247 95% (0,0064) 32 40 46 18 9 15 tr|E8PK48|E8PK48_THESS Molybdopterin oxidoreductase OS=Thermus scotoductus (strain ATCC
700910 / SA-01) GN=TSC_c14620 PE=3 SV=1

Thfi_1274 95% (0,0014) 153 212 239 593 727 573  tr|[K7QXH6|K7QXH6_THEOS 60 kDa chaperonin OS=Thermus oshimai JL-2 GN=groL PE=3 SV=1
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Quantitative value

Gene code T Test (P-Value) 63 °C 77 °C Top Hit Uniprot

Thfi_1311 95% (0,035) 10 4 4 15 14 11 trlH9ZQJ9|H9ZQJ9_THETH Citrate synthase OS=Thermus thermophilus JL-18 GN=TtJL18_0706 PE=3
SV=1

Thfi_1314 95% (0,026) 14 21 18 28 37 27 trlK7R3G6|K7R3G6_THEOS Small GTP-binding protein domain protein OS=Thermus oshimai JL-2
GN=Theos_0369 PE=4 SV=1

Thfi_1334 95% (0,013) 5 2 5 1 8 10 trlG8ND43|G8ND43_9DEIN Extracellular solute-binding protein family 1 OS=Thermus sp.
CCB_US3_UF1 GN=TCCBUS3UF1_11400 PE=4 SV=1

Thfi_1374 95% (0,0053) 0 1 0 5 4 3 tr|A4BB90|A4BB90_9GAMM Putative uncharacterized protein OS=Reinekea blandensis MED297
GN=MED297_11825 PE=4 SV=1

Thfi_1419 95% (0,0065) 2 2 2 6 4 5 tr|G8N8Z2|G8N8Z2_9DEIN Thiol:disulfide interchange protein dsbA OS=Thermus sp. CCB_US3_UF1
GN=TCCBUS3UF1_16080 PE=4 SV=1

Thfi_1420 95% (0,0072) 0 2 3 7 8 6 tr[K7QW86|K7QW86_THEOS Spermidine synthase OS=Thermus oshimai JL-2 GN=speE PE=3 SV=1

Thfi_1481 95% (0,00056) 0 0 0 3 4 3 tr|EBPMZ6|E8PMZ6_THESS Prephenate dehydrogenase OS=Thermus scotoductus (strain ATCC
700910 / SA-01) GN=tyrA PE=4 SV=1

Thfi_1492 95% (0,0011) 3 2 2 10 12 9 tr|Q5SK52|Q5SK52_THET8 Phospho-2-dehydro-3-deoxyheptonate aldolase OS=Thermus thermophilus
(strain HB8 / ATCC 27634 / DSM 579) GN=TTHA0800 PE=4 SV=1

Thfi_1528 95% (0,039) 1 1 1 4 2 5 tr[K7RJU5|K7RJU5_THEOS Fructose-1,6-bisphosphatase OS=Thermus oshimai JL-2 GN=Theos_1644
PE=3 SV=1

Thfi_1533 95% (0,016) 0 0 0 1 1 2 tr[B7A5R7|B7A5R7_THEAQ Two component transcriptional regulator, LuxR family OS=Thermus
aquaticus Y51MC23 GN=TaqDRAFT_5174 PE=4 SV=1

Thfi_1558 95% (0,016) 1 1 2 0 0 0 trlGBNAWS5|G8NAWS5_9DEIN Transporter OS=Thermus sp. CCB_US3_UF1 GN=TCCBUS3UF1_6860
PE=4 SV=1

Thfi_1559 95% (0,024) 1 0 0 5 2 4 tr|S4XQ54|S4XQ54_SORCE Ribonuclease OS=Sorangium cellulosum So0157-2 GN=SCE1572_38265
PE=3 SV=1

Thfi_1600 95% (0,049) 4 2 4 9 10 5 tr[H9ZQWO|H9ZQWO_THETH 3-isopropylmalate dehydrogenase OS=Thermus thermophilus JL-18
GN=leuB PE=3 SV=1

Thfi_1602 95% (0,013) 3 7 5 10 12 14 tr|EBPN40|E8PN40_THESS 3-isopropylmalate dehydratase large subunit OS=Thermus scotoductus
(strain ATCC 700910 / SA-01) GN=leuC PE=3 SV=1

Thfi_1610 95% (0,038) 2 3 2 6 8 4 trl[H9ZST1|H9ZST1_THETH Purine nucleoside phosphorylase OS=Thermus thermophilus JL-18
GN=TtJL18_1513 PE=3 SV=1

Thfi_1627 95% (0,0094) 3 3 6 13 9 12 trlK7RHG9|K7RHG9_THEOS Uncharacterized protein (Precursor) OS=Thermus oshimai JL-2
GN=Theos_0757 PE=4 SV=1

Thfi_1666 95% (0,015) 1 3 1 5 8 9 tr[K7R4N3|K7R4N3_THEOS Acyl-CoA synthetase/AMP-acid ligase OS=Thermus oshimai JL-2
GN=Theos_0809 PE=4 SV=1

Thfi_1687 95% (0,0031) 1 0 0 ) 5] 4 tr[H7GGU2|H7GGU2_9DEIN Zinc protease OS=Thermus sp. RL GN=RLTM_07213 PE=3 SV=1

Thfi_1706 95% (0,016) 3 9 8 28 26 16 trl[H9ZST6|H9ZST6_THETH Superoxide dismutase OS=Thermus thermophilus JL-18 GN=TtJL18_1518
PE=3 SV=1

Thfi_1710 95% (0,047) 1 0 0 2 2 1 trlQ5SJ01|Q5SJ01_THET8 Acetolactate synthase OS=Thermus thermophilus (strain HB8 / ATCC 27634
/ DSM 579) GN=TTHA1213 PE=3 SV=1

Thfi_1713 95% (0,0020) 5 5 3 12 15 12 tr[H9ZQY3|H9ZQY3_THETH 2-isopropylmalate synthase OS=Thermus thermophilus JL-18 GN=leuA
PE=3 SV=1

Thfi_1783 95% (0,047) 8 8 6 6 4 4 tr[EBPPA2|E8PPA2_THESS Protein translocase subunit SecY OS=Thermus scotoductus (strain ATCC
700910 / SA-01) GN=secY PE=3 SV=1

Thfi_1860 95% (0,023) 1 2 2 3 5 5 tr|E8PR43|E8PR43_THESS Tungsten-containing aldehyde ferredoxin oxidoreductase OS=Thermus
scotoductus (strain ATCC 700910 / SA-01) GN=aor PE=4 SV=1

Thfi_1862 95% (0,035) 3 5 3 1 1 2 trlQ72GY3|Q72GY3_THET2 Thermostable carboxypeptidase 1 OS=Thermus thermophilus (strain HB27
/ ATCC BAA-163 / DSM 7039) GN=TT_C1715 PE=1 SV=1

Thfi_1878 95% (0,026) 1 3 2 0 0 0 trl[HSSNCO|H5SNCO_9DEIN Acetylornithine aminotransferase OS=uncultured Thermus/Deinococcus

group bacterium GN=argD PE=3 SV=1
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Quantitative value

Gene code T Test (P-Value) 63 °C 77 °C Top Hit Uniprot

Thfi_1881 95% (0,013) 3 2 2 0 0 1 tr[K7ROYO|K7ROYO_THEOS Putative exonuclease of the beta-lactamase fold involved in RNA
processing OS=Thermus oshimai JL-2 GN=Theos_1956 PE=4 SV=1

Thfi_1894 95% (0,013) 0 0 1 2 3 2 tr| GBNC13|G8NC13_9DEIN Isochorismatase hydrolase OS=Thermus sp. CCB_US3_UF1

Thfi_1919 95% (0,013) 5 3 3 10 8 7 tr|EBPJG3|E8PJG3_THESS Phosphoenolpyruvate carboxykinase [ATP]

Thfi_1924 95% (0,016) 1 2 1 0 0 0 tr|B7A886|B7A886_THEAQ Transposase 1S116/1S110/1S902 family protein

Thfi_1926 95% (0,034) 0 3 0 4 4 tr[FBDHW7|F6DHW7_THETG Ferric uptake regulator, Fur family OS=Thermus thermophilus (strain
SG0.5JP17-16) GN=Ththe16_0129 PE=4 SV=1

Thfi_1930 95% (0,026) 0 0 0 2 3 1 tr[H9ZU48|H9ZU48_THETH Thioredoxin reductase OS=Thermus thermophilus JL-18 GN=TtJL18_2001
PE=3 SV=1

Thfi_1932 95% (0,026) 0 0 0 6 4 2 tr|EBPPR4|E8PPR4_THESS Small heat shock protein OS=Thermus scotoductus (strain ATCC 700910 /
SA-01) GN=TSC_c23100 PE=3 SV=1

Thfi_1935 95% (0,047) 2 3 3 2 1 1 tr|EBPPP7|E8PPP7_THESS Menaquinone biosynthesis decarboxylase, family OS=Thermus scotoductus
(strain ATCC 700910 / SA-01) GN=TSC_c22930 PE=4 SV=1

Thfi_1946 95% (0,016) 1 2 1 0 0 0 trlF6DDB6|F6DDB6_THETG DNA topoisomerase OS=Thermus thermophilus (strain SG0.5JP17-16)
GN=Ththe16_0312 PE=3 SV=1

Thfi_1956 95% (0,0075) 2 2 1 0 0 0 trlQ5SGY1|Q5SGY1_THETS8 Uncharacterized protein OS=Thermus thermophilus (strain HB8 / ATCC
27634 /| DSM 579) GN=TTHA1949 PE=4 SV=1

Thfi_1968 95% (0,025) 8 6 7 3 5 tr|[K7QXZ9|K7QXZ9_THEOS ABC-type maltose transport systems, permease component (Precursor)

Thfi_1987 95% (0,025) 0 0 0 1 3 tr[K7R4D1|K7R4D1_THEOS Uncharacterized protein (Precursor)

Thfi_1992 95% (0,041) 1 3 4 5 9 tr|EBPNA5|E8PNA5_THESS Uncharacterized protein OS=Thermus scotoductus

Thfi_1994 95% (0,0030) 12 11 16 43 54 38 tr[K7QWD3|K7QWD3_THEOS ATP-dependent chaperone ClpB OS=Thermus oshimai JL-2
GN=Theos_0686 PE=3 SV=1

Thfi_1998 95% (0,0090) 5 10 6 20 28 19 tr[B7A6Y3|B7A6Y3_THEAQ Chaperone protein DnaK OS=Thermus aquaticus Y51MC23 GN=dnaK

Thfi_2037 95% (0,047) 0 1 0 2 1 2 tr[F6DFJ7|F6DFJ7_THETG Anthranilate synthase component | OS=Thermus thermophilus (strain
SG0.5JP17-16) GN=Ththe16_1861 PE=4 SV=1

Thfi_2050 95% (0,019) 6 8 16 21 22 22 tr[K7R7V5|K7R7V5_THEOS Uncharacterized protein (Precursor) OS=Thermus oshimai JL-2
GN=Theos_2118 PE=4 SV=1

Thfi_2065 95% (0,026) 0 0 0 1 3 2 tr[F2NLSO|F2NLSO0_MARHT E3 binding domain protein OS=Marinithermus hydrothermalis (strain DSM
14884 / JCM 11576 / T1) GN=Marky_0137 PE=4 SV=1

Thfi_2073 95% (0,047) 2 1 1 2 3 3 tr|Q72172|Q72172_THET2 Uncharacterized protein OS=Thermus thermophilus (strain HB27 / ATCC
BAA-163 / DSM 7039) GN=TT_C1260 PE=4 SV=1

Thfi_2076 95% (0,0028) 46 44 46 35 31 28 trl GBNBH9|G8NBH9_9DEIN Putative uncharacterized protein OS=Thermus sp. CCB_US3_UF1

Thfi_2086 95% (0,0029) 1 2 0 5 6 5 trlGBNAJ1|G8NAJ1_9DEIN Homoisocitrate dehydrogenase OS=Thermus sp. CCB_US3_UF1

Thfi_2145 95% (0,0048) 1 0 1 4 3 3 trlG8NBI4|G8NBI4_9DEIN Enoyl-CoA hydratase OS=Thermus sp. CCB_US3_UF1
GN=TCCBUS3UF1_20220 PE=4 SV=1

Thfi_2146 95% (0,011) 4 5 2 8 8 10 tr[ESBPLU1|E8PLU1_THESS Malate synthase OS=Thermus scotoductus

Thfi_2230 95% (0,019) 0 0 0 2 5 3 trlK7QXJ7|K7QXJ7_THEOS Electron transfer flavoprotein, beta subunit OS=Thermus oshimai JL-2
GN=Theos_1510 PE=4 SV=1

Thfi_2302 95% (0,015) 2 & 4 6 7 9 tr[K7QU85|K7QU85_THEOS 3-oxoacyl-[acyl-carrier-protein] synthase 2 (Precursor)

Thfi_2310 95% (0,016) 3 5 4 1 1 2 tr[H9ZT87|H9ZT87_THETH 3-methyl-2-oxobutanoate hydroxymethyltransferase

Thfi_2340 95% (0,042) 2 6 5] 11 10 7 tr|H9ZQI7|H9ZQI7_THETH DNA gyrase subunit A OS=Thermus thermophilus JL-18

Thfi_2354 95% (0,024) 2 2 3 1 1 0 tr[H5SLUS|H5SLUS_9ZZZZ Type | restriction enzyme, R subunit

Thfi_2383 95% (0,00020) 1 1 1 6 5 5 tr| GOMBE1|GOMBE1_THET8 D-xylose ABC transporter periplasmic substrate-binding protein

OS=Thermus thermophilus (strain HB8 / ATCC 27634 / DSM 579) GN=TTHV089 PE=4 SV=1
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Table S6: Differently expressed proteins in hydrogen peroxide assay.

Quantitative value

Gene code T Test (P-Value) Without H,0, With H,0, Top Hit Uniprot
tr|H9ZT91|H9ZT91_THETH ATP-dependent zinc metalloprotease FtsH (Precursor) OS=Thermus
Thfi_0064 95% (0,025) 31 26 32 18 24 20 thermophilus JL-18 GN=ftsH PE=3 SV=1
Thfi_0089 95% (0,0060) 23 2% 22 8 6 14 tr[H9ZTYO|HO9ZTYO_THETH Alanine--tRNA ligase OS=Thermus thermophilus JL-18 GN=alaS PE=3 SV=1
trlQ72H05|Q72H05_THET2 Deacetylase OS=Thermus thermophilus (strain HB27 / ATCC BAA-163 / DSM
Thfi_0098 95% (0,016) 2 1 1 0 0 0 7039) GN=TT_C1690 PE=4 SV=1
® tr|E8PQK3|E8PQK3_THESS 4-hydroxy-3-methylbut-2-en-1-yl diphosphate synthase OS=Thermus
UhiL 010 S (O018) 8 2 9 & @ 6 scotoductus (strain ATCC 700910 / SA-01) GN=ispG PE=3 SV=1
o tr|GBN8P3|G8N8P3_9DEIN Putative uncharacterized protein OS=Thermus sp. CCB_US3_UF1
Thfi_0247 95% (0,038) 0 2 4 s 5 7 GN=TCCBUS3UF1 3040 PE=4 SV=1
® tr|B7A7E3|B7A7E3_THEAQ Mandelate racemase/muconate lactonizing protein OS=Thermus aquaticus
Thil_0254 9% (0.018) 8 S e 3 2 3 Y51MC23 GN=TaqDRAFT_5346 PE=4 SV=1
o tr|[E8PKC7|E8PKC7_THESS Outer membrane efflux protein OS=Thermus scotoductus (strain ATCC 700910
Thfi_0435 95% (0,025) 4 4 5 ! 3 2 /SA-01) GN=TSC_c02590 PE=4 SV=1
o tr|[F6DJ48|F6DJ48_THETG Helix-turn-helix domain protein OS=Thermus thermophilus (strain SG0.5JP17-
GO < (@) 2 2 { { v 0 16) GN=Ththe16_2059 PE=4 SV=1
Thfi_0526 95% (0,043) 33 35 27 21 17 26 tGrlﬁzs)l;gﬁlj}éllngCi?;lTHEOS DNA-directed RNA polymerase subunit beta OS=Thermus oshimai JL-2
Thfi_0569 95% (0,0022) 1 0 1 3 3 3 tGrlﬁzsfrE()'l)IélzzE\?:_;I’HEOS Phosphoribosylformylglycinamidine synthase 2 OS=Thermus oshimai JL-2
tr|E8PLJ1|E8PLJ1_THESS Ggdef domain protein OS=Thermus scotoductus (strain ATCC 700910 / SA-01)
Thfi_0717 95% (0,026) 7 3 7 14 16 10 GN=TSC_c17260 PE=4 SV=1
Thfi_0727 95% (0,032) 28 24 18 13 15 9 g|\</3=81N005|G8NCO5_9DEIN 50S ribosomal protein L1 OS=Thermus sp. CCB_US3_UF1 GN=rplA PE=3
o tr|E8PJIO|EBPJIO_THESS Phosphate-binding protein OS=Thermus scotoductus (strain ATCC 700910 / SA-
Thfi_0774 95% (0,039) 6 5 7 8 8 10 01) GN=pstS PE=3 SV=1
tr|Q53WA4|Q53WA4_THET8 Cobalamin biosynthesis protein CbiX OS=Thermus thermophilus (strain HB8 /
UL O S (@) g 2 z © { v ATCC 27634 / DSM 579) GN=TTHB058 PE=4 SV=1
Thii_1024 95% (0,016) 1 1 1 2 3 2 tr|D3PL28|D3PL28_MEIRD Drug resistance transporter
o trlGBNAB2|G8NAB2_9DEIN Replicative DNA helicase DnaB OS=Thermus sp. CCB_US3_UF1
UGy b (@) ® g € i i 2 GN=TCCBUS3UF1 18380 PE=4 SV=1
tr|F6DFL5|F6DFL5_THETG Extracellular solute-binding protein family 1 OS=Thermus thermophilus (strain
Thfi_1059 95% (0,047) 2 2 ! 0 ! 0 SG0.5JP17-16) GN=Ththe16_1881 PE=4 SV=1
Thfi_1076 95% (0,047) 0 0 1 1 2 2 gl\l/3=71A9FO|B7A9F0_THEAQ Endonuclease MutS2 OS=Thermus aquaticus Y51MC23 GN=mutS2 PE=3
tr|B7AAU3|B7AAU3_THEAQ DOMON domain protein (Precursor) OS=Thermus aquaticus Y51MC23
Thfi_1087 95% (0,026) 2 1 3 0 0 0 GN=TaqDRAFT 5509 PE=4 SV=1
Thfi_1136 95% (0,039) 3 1 3 6 5 4 tr|B7AAK1|B7AAK1_THEAQ Heat shock protein HsIVU
o, tr|B7AAJ9|B7AAJ9_THEAQ Magnesium-chelatase subunit Chll OS=Thermus aquaticus Y51MC23
Thfi_1139 95% (0,015) 17 18 18 14 9 9 GN=TaqDRAFT 3484 PE=4 SV=1
0 tr|GBND96|G8ND96_9DEIN Sensory transduction histidine kinase OS=Thermus sp. CCB_US3_UF1
Thil_1246 9% (0.018) 1 1 o2 3 2 GN=TCCBUS3UF1_11930 PE=4 SV=1
Thii_1584 95% (0,021) 3 4 5 1 2 0 trl[H9ZQUS5|H9ZQU5_THETH Methylmalonyl-CoA mutase family protein OS=Thermus thermophilus JL-18

GN=TtJL18_0802 PE=4 SV=1
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Quantitative value

Gene code T Test (P-Value) Without H,0, With H,0, Top Hit Uniprot

Thi_1619 95% (0,024) 1 0 1 2 2 3 trl[H9ZQ50|H9ZQ50_THETH Protein GrpE OS=Thermus thermophilus JL-18 GN=grpE PE=3 SV=1
Thi_1679 95% (0,000044) 28 29 29 19 20 20 tsrlgg%TEZ;TFGD)%W;;;‘EL%!;&/i?TP synthase alpha chain OS=Thermus thermophilus (strain

Thfi_1733 95% (0,0078) 3 3 2 0 0 1 tcraﬁf_:}lgéglgggll?g?__fglzgl‘;\lPP;;ztige\a/::characterized protein OS=Thermus sp. CCB_US3_UF1

Thii_1798 95% (0,026) 0 0 0 1 3 2 tsrl\?=81N9M0|G8N9MO_9DEIN 50S ribosomal protein L16 OS=Thermus sp. CCB_US3_UF1 GN=rplP PE=3
Thfi_1836 95% (0,028) 1 2 2 9 7 4 tGrlﬁg_ll?g(BfL%ggI:ggTE'I'ZIZESSVS:SJhIorite dismutase OS=Thermus scotoductus (strain ATCC 700910 / SA-01)
M eaon 1 e oo o SO s e s
Thfi_1925 95% (0,0013) 9 9 9 7 6 6 ggalzlgf;g?3&;6;__1%5502%%%5; ;fc;sgigrgi\r}ggeptidase 0OS=Meiothermus ruber (strain ATCC 35948 /
Thi_1953 95% (0,0075) 1 2 2 0 0 0 tAr[II_EggQ7gggi%P/Qslxa:lr)HgﬁfTEsrgfé—z[i?‘/‘lbc;ngl:;—gr\t/)t=e1|n] reductase [NADH] OS=Thermus scotoductus (strain
Thfi_1966 95% (0,047) 1 2 2 ) 0 1 tr[K7ROG3|K7R0G3_THEOS Fructose-1

Thfi_1997 95% (0,024) 1 0 1 2 3 2 tr|H7GFH7|H7GFH7_9DEIN L-threonine 3-dehydrogenase OS=Thermus sp. RL GN=tdh PE=3 SV=1

Thfi 2025 95% (0,0075) 0 1 0 2 2 2 tSrl\I/-|=71GE63|H7GE63_9DEIN Molybdopterin biosynthesis MoeA OS=Thermus sp. RL GN=RLTM_01740 PE=4
Thi_2226 95% (0,016) 2 1 1 0 0 0 télﬁl?é%il_lﬁz%gﬂ;%_:szE\iﬁ Uncharacterized protein (Precursor) OS=Thermus oshimai JL-2

Thii_2236 95% (0,016) 1 1 2 0 0 0 ;réligf?gﬁf?ggfggg%ﬁi Il\g/l::hsv:fensitive ion channel OS=Thermus scotoductus (strain ATCC 700910
Thii_2271 95% (0,013) 4 3 3 2 1 1 g|sz¢:§g|s/:/’;\$fgilgE/I-E\C=14T§g:t1ricopeptide TPR_2 repeat protein OS=Thermus aquaticus Y51MC23
Thii_2275 95% (0,0075) 0 0 0 1 2 2 tgﬁ:?gggg;é\‘?’f%g;Eé84Rsa\c/jf12/22 double-strand break repair protein OS=Thermus aquaticus Y51MC23
Thfi_2282 95% (0,033) 0 1 1 5 2 4 tFr’lllz(Z:;?g\F/Eilr7R4F8_THEOS NADH-quinone oxidoreductase subunit D OS=Thermus oshimai JL-2 GN=nuoD
Thii_2286 95% (0,019) 18 19 17 14 16 14 trl[H9ZTKO|H9ZTKO_THETH NADH-quinone oxidoreductase

Thi_2314 95% (0,025) 4 3 3 2 1 0 tr|B7ABE7|B7ABE7_THEAQ PpiC-type peptidyl-prolyl cis-trans isomerase (Precursor) OS=Thermus

aquaticus Y51MC23 GN=TaqDRAFT 4589 PE=4 SV=1
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Table S7: Top enriched biological process for statistically different expressed proteins comparing conditions with and without H,O..

. . . . Uniprot Cellular Regulation  Fig.
Gene Protein Top enriched Biological Process p-value D component  with H,0, 5A*
purL Phosphoribosylformylglycinamidine _de novo_ IMP biosynthetic process 0.15877697314 K7R3EOQ cytoplasm up
synthase 2
alas Alanine - tRNA ligase alanyl-tRNA aminoacylation 0.033625876414 H9ZTYO cytoplasm down
TtJL18_1792 NADH-quinone oxgioreductase, chain ATP synthesis coupled electron transport ~ 0.07990207710 H9ZTKO down
TTHBO58 Cobalamin biosynthesis protein CbiX cobalamin biosynthetic process 0.18675934150 Q53WA4 down
TSC_c17260 Ggdef domain protein cyclic nucleotide biosynthetic process 0.10813523080 E8PLJ1 up
TCCBUS3UF1_18380 Replicative DNA helicase DnaB DNA duplex unwinding 0.033625876414  G8NAB2 down
TagDRAFT 4252 Rad52/22 dOUbF')?;ter;”d break repair DNA recombination 021213051721  B7A856 up
TSC_c24440 Enoyl-[acyl-carr{l;;—glr-{o]tem] reductase fatty acid biosynthetic process 0.17588928316 E8PQK2 down
Theos_ 1730 Fructose-1,6-bisphosphate aldolase, fructose 1,6-bisphosphate metabolic 0.017099735812 K7ROG3 down
class Il process
isopentenyl diphosphate biosynthetic
ispG 4 hydrF)xy 3-methylbut-2-en-1-yl process, mevalonate-independent 0.10126593858 ESPQK3 up
diphosphate synthase
pathway
tdh L-threonine 3-dehydrogenase L-threonine catabolic process to glycine ~ 0.017099735812  H7GFH7 cytoplasm up
muts2 Endonuclease Muts2 maintenance of fidelity involved in DNA- 55433618145 B7A9F0 up
dependent DNA replication
RLTM_01740 Molybdopterin biosynthesis MoeA M°'m°'ybd°pte;:occ°ef:’;t°r biosynthetic 131571710099  H7GEE3 up
pstS Phosphate-binding protein phosphate ion transmembrane transport  0.017099735812 E8PJIO up
TCCBUS3UF1_11930  Sensory transduction histidine kinase ~ phosphorelay signal transduction system  0.072523440983  G8ND96 up
nuoD NADH-quinone oxidoreductase photosynthesis, light reaction 0.10813523080  K7R4F8 plasma up
subunit membrane
. plasma membrane ATP synthesis coupled
atpA V-type ATP synthase alpha chain 0.094271710999 F6DHR7 down
proton transport
TagqDRAFT 5280 Ur.oporphyrlr?-lll C/tetrapyrrole porphy.rln-contallnlng compound 010813523080 B7AT77 down
(Corrin/Porphyrin) methyltransferase biosynthetic process
ftsH ATP-dependent zinc metalloprotease protein catabolic process 0.033625876414 H9ZT91 plasma down
FtsH membrane
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. . . X Uniprot Cellular Regulation  Fig.
Gene Protein Top enriched Biological Process p-value D component  with H,0, S5A*
TagDRAFT_4589 PpiC-type peptidyl-prolyl cis-trans protein folding 0.015438924074  B7ABE7 down 3
isomerase
grpE Protein GrpE protein folding 0.015438924074  H9ZQ50 cytoplasm up 3
pepA MEIRD.Probabl.e cytosol proteolysis 0.11991957939 D3PR67 cytoplasm down
aminopeptidase
. . regulation of transcription, DNA-
TagDRAFT_3484 Magnesium-chelatase subunit Chll 0.10778502538 B7AAJ9 down 5
dependent
rplA 50S ribosomal protein L1 regulation of translation 0.025433618145  G8NCO5 down
TaqDRAFT_3486 Heat shock protein HslVU, ATPase response to stress 0.032868991839  B7AAKL  cytoplasm up
subunit HslU
rpoB DNA-directed RNA polymerase transcription, DNA-dependent 0.34589175148  K7RFC6 down
subunit beta
rplP 50S ribosomal protein L16 translation 0.23010519510  G8NIMO cytoplasm up 6
TSC_c02500 Mechanosensitive ion channel transmembrane transport 0.050326842730 E8PKB8 down 4
Mrub_0144 Drug resistance transporter, transmembrane transport 0.050326842730  D3PL28 LK up 4
EmrB/QacA subfamily membrane

*Numebered according to the Biological Process shown in Figure 5A.
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Table S8: Top enriched biological process for statistically different expressed transcripts comparing conditions with and without H,0O..

. Top enriched Biological Uniprot Cellular Regulation Fig.
Gene Protein Process p-value ID component with H,0, 5A*
purH Bifunctional purine biosynthesis protein _de novo_ IMP biosynthetic 034093431742 H7GDU4 down
PurH process
ABC-type branched-chain amino acid
Theos_0514 transport system, periplasmic amino acid transport 0.079729623745 K7QW00 down
component
Argini i hesis bif ional
argl rginine blosynt. esis bifunctiona arginine biosynthetic process 0.12323188935 E8PKJ6 cytoplasm down
protein Argl
Acetylornithine/acetyl-lysine . . . up
argD . arginine biosynthetic process 0.12323188935 H9ZRS1 cytoplasm
aminotransferase
TSC_c19110 AP Al GUE TR p AT ATP catabolic process 022852516282  ESPMI3 down 1
binding protein
TSC_c16200 ATPase associated with various cellular ATP catabolic process 022852516282 E8PL11 down 1
activities, AAA_3
pstB Phosphate ABC transporter, ATP- ATP catabolic process 022852516282  E8PJH7 PIEEIE] up 1
binding protein membrane
TSC_c09910 Glycosyltransferase biosynthetic process 0.37398714575 E8PPFO up
glms1 Glutam|ne—fructos.e—G—phosphate carbohydrate metabolic 0.332302293902 ESPMIXS up
transaminase process
TCCBUS3UF1_16650 Putative uncharacterized protein carc’te”‘;'f'olc’g:y”thet'c 010333623104  GSNIDO up
cdr Coenzyme A disulfide reductase cell redox homeostasis 0.070018186961 E8PL68 cytoplasm up
Ththel6_0157 Dihydrolipoyl dehydrogenase cell redox homeostasis 0.070018186961 F6DHZ4 cytoplasm up
TCCBUS3UF1_4850 Methionine aminopeptidase cellular process 0.166095464554 G8NIN5 up
TCCBUS3UF1_4170 Ph°5ph°'2'deh‘;f;gl'ige°xyhept°nate chorismate metabolic process  0.079729623745  G8N9G7 up
A bi heti
coak Dephospho-CoA kinase coenzymsroct;l;)ssynt etic 0.018576466430 D7BIA8 cytoplasm down
TCCBUS3UF1_5160 DNA/pantothenate metabollsm coenzyme A biosynthetic 0.018576466430 G8N9Z3 up
flavoprotein process
TagDRAFT 5111 Cytochrome ¢ blogene5|s.prote|n cytochrome complex 021792333211 B7ASKA up
transmembrane region assembly
up
TagDRAFT_4893 Putative Holliday junction resolvase DNA repair 0.29873805213 B7A624 cytoplasm
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Gene Protein Top enriched Biological value Uniprot Cellular Regulation Fig.
Process P ID component with H,0, 5A*
. DNA-dependent
TT_P0164 RNA polymerase sigma factor R 0.12556084577 Q74571 down
transcription, initiation
L-serine dehydratase, iron-sulfur- .
TagDRAFT 1 | 27234 2 B7AA84
aqDRAFT_385 dependent, beta subunit gluconeogenesis 0 34605995 A8 up
HGMM_F51G12C41 Dak phosphatase glycerol metabolic process 0.007218886081 H5SND6 up
TSC_c24980 Glycerophosphoryl diester glycerol metabolic process ~ 0.0072188860811  E8PQYS up
phosphodiesterase
eno Enolase glycolysis 0.3348262451 F6DH47  extracellular up
tufl Elongation factor Tu GTP catabolic process 0.34643449515 E8PJW4 cytoplasm up
Imi legl |-phosph
hisB midazoleglycerol-phosphate histidine biosynthetic process 0.34093431742 B7A843 cytoplasm up
dehydratase
TaqDRAFT_4511 NADH dehydrogenase (Quinone) iron-sulfur cluster assembly 0.21792333211 B7A6R2 up
lipB Octanoyltransferase lipoate biosynthetic process 0.054680405382 H9ZP13 cytoplasm up
TSC_c08000 Zinc-dependent peptidase metabolic process 0.04048031282 ES8PNF1 up 2
TTHA1327 Uncharacterized protein metabolic process 0.04048031282 Q5SIP2 up 2
TTHA1617 Probable HIT family protein metabolic process 0.04048031282 Q5SHW3 up 2
TCCBUS3UF1_5750 Protein serine/threonine phosphatase metabolic process 0.04048031282 G8NA52 up 2
misfolded or incompletely
TagDRAFT_3451 Lon protease synthesized protein catabolic 0.166095464 B7AAG6 cytoplasm up
process
Ththel6_1633 Phosphoribosyltransferase nucleoside metabolic process 0.3557263668 F6DEA1 down
DP-N- . . . .
murd UDP-N-acetylenolpyruvoylglucosamine peptidoglycan biosynthetic 0.3513558633 K7RSE7 cytoplasm up
reductase (Precursor) process
TaqDRAFT_5375 Cell wall hydrolase/autolysin peptldogpl;(s::szatabollc 0.10333623104 B7A7H2 down
4-hydroxyphenylacetate 3- )
henylacetate catabol
Theos_0972 monooxygenase, oxygenase pheny ace;oaC:S:a abotic 0.10333623104 K7Qz08 down
component P
TSC_c22670 Proline dehydrogenase/delta-1- proline catabolic process 0.054680405382  E8PPM1 down
pyrroline-5-carboxylate dehydrogenase
hslO 33 kDa chaperonin protein folding 0.022044360933 H9ZRT7 cytoplasm up 3
dnak Chaperone protein DnaK protein folding 0.022044360933 B7A6Y3 up 3
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Gene Protein Top enriched Biological value Uniprot Cellular Regulation Fig.
Process P ID component with H,0, 5A*
grpE Protein GrpE protein folding 0.015438924074 H9ZQ50 cytoplasm up 3
. . . . . protein kinase C-activating G-
h Igl | |
Theos_2007 sp mgosme/dlz;y; gnrzero kinase-like protein coupled receptor 0.054680405382 K7QYD9 down
¥ signaling pathway
Ththel6_1801 Preprotein translocase, SecG subunit protein secretion 0.28362872783 F6DF67 up
TTHA0896 Zn-dependent protease proteolysis 0.27200642469 Q5SJVe down
) pyrimidine nucleobase
E h h | fi .07972962374 H7GI01
pyr! Orotate phosphoribosyltransferase biosynthetic process 0.079729623745 GIO up
TSC_c21260 Two-component response regulator eI @ el I ET, 0.19174334941 E8PNS4 down 5
DNA-dependent
TSC_c00360 Cold shock protein, CSD family LM [ 0.19174334941 E8PR29 nucleus up 5
DNA-dependent
TSC_c17050 165 rRNA M e HRIe @ eI el 0.19174334941 ESPLHO up 5
DNA-dependent
TCCBUS3UF1_3770 Osmotically inducible protein C response to stress 0.0581760018 G8N948 down
TSC_c08940 Sensory transduction protein kinase signal transduction by 034093431742  ESPNX3 down
phosphorylation
TSC_c04280 ABC transporter thiamine transport 0.054680405382 ESPLA1 up
Mrub_2807 Transcriptional regulator, DeoR family transcription, DNA- 0.25129231678  D3PP09 up
dependent
rpsP 30S ribosomal protein S16 translation 0.16509790954 G8NCzZ8 cytoplasm down 6
rplQ 50S ribosomal protein L17 translation 0.16509790954 B7A584 cytoplasm down 6
rpml 50S ribosomal protein L35 translation 0.16509790954 K7QWH2  cytoplasm down 6
rpsT 30S ribosomal protein S20 translation 0.16509790954 ESPNN6 cytoplasm down 6
rpsR 30S ribosomal protein S18 translation 0.16509790954 B7A903 cytoplasm down 6
fmt Methionyl-tRNA formyltransferase translational initiation 0.079729623745 B7A8I8 up
TagDRAFT_4588 Major facilitator superfamily MFS_1 transmembrane transport 0.36194743038 B7ABE6 down 4
mnmA tRNA-specific 2-thiouridylase MnmA tRNA modification 0.18451582622 F6DHW4 cytoplasm down
Ththel6_1861 Anthranilate synthase component | tryptophan biosynthetic 0.26017642449 F6DFI7 up

process

*Numebered according to the Biological Process shown in Figure 5A.
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Table S9: Top enriched biological process for statistically different expressed proteins comparing conditions at 77 and 63 °C.

. Top enriched Biological . Cellular Regulatio Fig.
Gene Protein Process p-value Uniprot ID component nat77°C  5B*
ourH Bifunctional pu.rlne biosynthesis _de novo_ IMP biosynthetic 0.331527130931597 H7GDUA up
protein PurH process
. , _de novo_ pyrimidine
pyrF Orotidine 5'-phosphate nucleobase biosynthetic 0.138146540694358  E8PKV7 up
decarboxylase
process
argD Acetylornithine aminotransferase arginine biosynthetic process 0.0835603667586405 H5SNCO cytoplasm down 4
N-acetyl-gamma-glutamyl-
argC phosphate/N-acetyl-gamma- arginine biosynthetic process 0.0835603667586405 K7QWA1 cytoplasm up 4
aminoadipyl-phosphate reductase
TTHAOS00 Phospho-2-dehydro-3- aromatlc amm.o acid family 0.206028291459765 Q55K52 up
deoxyheptonate aldolase biosynthetic process
; : . . B
TagDRAFT 4530 LA DL Al E ATP catabolic process 0.18695618368922  B7A6T1 up 1
transporter, ATPase subunit
TagDRAFT 4317 Fhenazine biosynthesis protein biosynthetic process 0.135963833690532  B7A668 up E
PhzF family
Ocepr_0509 Alpha-glucosidase carbohyz:ztc‘z;:aa el 0.0735585834754744  EAUBWS down 6
Ththe16_1853 Isocitrate lyase carb°xy";ri°c':s:’e"ab°"° 0.0511853879369035  F6DFI9 up
Cell shape determining protein, .
TagDRAFT_4910 MreB/Mrl family cell morphogenesis 0.118207263666517 B7A503 up
TLL18_ 0706 Citrate synthase cellular Carbs:‘g’g;:':e metabolic  56719408966394  HozZQUS cytoplasm up
cbiD Putative cobalt-precorrin-6A corrin biosynthetic process  0.0511853879369035  Q53WB1 up
synthase [deacetylating]
cysS Cysteine-tRNA ligase cysteinyl-tRNA aminoacylation ~ 0.0511853879369035 E8PRA8 cytoplasm up
Ththel6_2388 Uncharacterized protein DNA recombination 0.179036870842999 F6DIS5 up
Tl el S AR DNA repair 0.0451192309149931  B7A886 down 2
family protein
TCCBUS3UF1_20 DNA polymerase Il subunit beta DNA replication 0.0609959896993388 G8NDC2 nucleus up
HEMM_FA7C12C 1 e | restriction enzyme, R subunit DA restriction-modification 1157563666517 HssLUS down
08 system
Ththel6_0312 DNA topoisomerase DNA topological change 0.0249988193687379 F6DDB6 cytoplasm down

142



. Top enriched Biological . Cellular Regulatio Fig.
Gene Protein Process p-value Uniprot ID component nat77°C  5B*
gyrA DNA gyrase subunit A DNA topological change 0.298622505706405 H9zQl7 cytoplasm up
TaqDRAFT 4448 RNA polymerase sigma factor DNA'depe?r‘:;gtﬁ:: NSCrPtion, 4 407312468518377  B7A6I9 up
D-xylose ABC transporter
TTHV089 periplasmic substrate-binding D-xylose transport 0.0262779716690618 G9MBE1 up
protein
TCCBUSS(LJJFLHS Pyruvate-flavodoxin oxidoreductase electron transport chain 0.301612704977513 G8ND83 down
Theos_0669 3-oxoacyl-[acyl-carrier-protein] fatty acid biosynthetic process  0.347896908793974  K7QUS5 up
synthase 2 (Precursor)
Phosphoenolpyruvate )
. 1 1 E
pckA carboxykinase [ATP] gluconeogenesis 0.0455104945148549 8PJG3 cytoplasm up
Theos_1644 Fructose-1,6-bisphosphatase glycerol metabolic process 0.0395204522226343 K7RJIUS up
Ththel6_0004 Pyruvate kinase glycolysis 0.0171743908879947 F6DH48 down 14
eno Enolase glycolysis 0.0171743908879947 F6DHA47 extracellular down 14
Q9RHA2 Fructose-1,6-bisphosphate aldolase glycolysis 0.0171743908879947 Q9RHA2 up 14
aceB Malate synthase glyoxylate cycle 0.0801839902230023 E8PLU1 up
guaB Inosine-5'-monophosphate GMP biosynthetic process 0.131443763759153  K7R067 up
dehydrogenase
tufl Elongation factor Tu GTP catabolic process 0.118717834921604 E8PJW4 cytoplasm up 3
fusA Elongation factor G GTP catabolic process 0.118717834921604 B7A552 cytoplasm up 3
Theos_0369 el GTP_b'nsr'gtge?r:me'“ CLIENL GTP catabolic process 0.118717834921604  K7R3G6 up 3
hisD Histidinol dehydrogenase histidine biosynthetic process 0.216274227272425 G8N8F8 up
TTHA1213 Acetolactate synthase isoleucine biosynthetic process 0.175495689431207 Q5SsJ01 up
isopentenyl diphosphate
ispG 4-hydr9xy—3—methy|but—2-en-1-y| blosynthet'lc process, 0.248695143254404 ESPQK3 down
diphosphate synthase mevalonate-independent
pathway
leuB 3-isopropylmalate dehydrogenase leucine biosynthetic process 0.0165352937609784  H9ZQWO cytoplasm up 15
leuA 2-isopropylmalate synthase leucine biosynthetic process 0.0165352937609784 H9zQY3 up 15
leuC 3-isopropylmalate dehydratase leucine biosynthetic process 0.0165352937609784 ES8PN40 up 15
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. Top enriched Biological . Cellular Regulatio Fig.
Gene Protein Process p-value Uniprot ID component nat77°C  5B*
-gl | phosph .0092554392 4
proA Gamma-glutamyl phosphate L-proline biosynthetic process 0.0092554392636545 F6DFY3 cytoplasm up
reductase 1
TtJL18_1195 Pyrroline-5-carboxylate reductase L-proline biosynthetic process 0.400482074471707 H9ZRX7 up
lysS1 Homocitrate synthase lysine biosynthetic process via ;1516331189368 E8PIXS up
aminoadipic acid
TCCBUS;’SJH—HO 4-aminobutyrate aminotransferase metabolic process 0.113352313672226 G8NDB2 down 16
Theos_1424 Aconitate hydratase 1 metabolic process 0.240229026098881 K7QvD4 up 16
misfolded or incompletely
TaqDRAFT_3451 Lon protease synthesized protein catabolic 0.0929510257131942 B7AAG6 cytoplasm up
process
TtJL18_1513 Purine nucleoside phosphorylase nucleoside metabolic process 0.0413018244604076 H9ZST1 up 18
TtJL18_1345 Uncharacterized protein oxidation-reduction process 0.367785768384358 H9zSC2 up 18
panB 3-methyl-2-oxobutanoate pantothenate biosynthetic 0.138146540694358 HOZT87 cytoplasm down
hydroxymethyltransferase process
phes Phenylalanlne—tRNAllgase alpha phen'ylalanyl—t.RNA 0.220732219375865 ESPOXS cytoplasm down
subunit aminoacylation
Ththe16 0606 PICtYPE p?f;::g'r:’;:'y' cls-trans protein folding 0.027838062936008  F6DEZ9 down 21
ATP-dependent Clp protease ATP- . .
IpX fol .027 2 F6DF87 21
clp binding subunit ClpX protein folding 0.027838062936008 6DF8 down
dnak Chaperone protein DnaK protein folding 0.027838062936008 B7A6Y3 up 21
Theos_0686 ATP-dependent chaperone ClpB protein processing 0.296106066284261 K7QWD3 cytoplasm up
groL 60 kDa chaperonin protein refolding 0.296106066284261 K7QXH6 cytoplasm up
Type 4 fimbrial | i
pilC ype 4 fimbria P?Iscsemb y protein protein secretion 0.272147084216211 E8PMZ1 down
. . protein transport by the Sec plasma
secY Protein translocase subunit SecY 0.0747754496601345 E8PPA2 down
complex membrane
TT_C1715 Thermostable carboxypeptidase 1 proteolysis 0.193464376137058 Q72GY3 down 22
RLTM_07213 Zinc protease proteolysis 0.193464376137058 H7GGU2 up 22
TagDRAFT_4708 Alanine dehydrogenase/PNT proton transport 0.296106066284261  B7ASZ8 up
domain protein
TtJL18_2001 Thioredoxin reductase removal of superoxide radicals 0.296106066284261 H9zZU48 cytoplasm up
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. Top enriched Biological . Cellular Regulatio Fig.
Gene Protein Process p-value Uniprot ID component nat77°C  5B*
TSC_c23890 Universal stress protein family response to stress 0.0106859264862616 E8PQ70 up 24
TSC_c23100 Small heat shock protein response to stress 0.160048502958006 E8PPR4 up 24
Ththel6_0896 UspA domain-containing protein response to stress 0.0106859264862616 FEDGF5 up 24
speE Spermidine synthase spermidine biosynthetic 0.174703168305732  K7QWS6 up
process
TtJL18_1518 Superoxide dismutase superoxide metabolic process 0.296106066284261 H9ZST6 up
TaqDRAFT 5174 WO componenttranscriptional o iion DNA-dependent  0.276460601710911  B7ASR7 up 26
regulator, LuxR family
Anti-cl i-GreA
TSC_c09290 nti-cleavage anti-Gre transcription, DNA-dependent  0.0698494597069458  E8PP0S up 26
transcription factor Gfh1
rpl) 50S ribosomal protein L10 translation 0'0058893:92398420 G8NC04 cytoplasm up 27
gatA SmELELIAELY) translation 0.157031344561381  E8PK21 up 27
amidotransferase subunit A
Ththel6_1861 Anthranilate synthase component | tryptoph:rr;‘ltogzynthetlc 0.214853543666316 F6DFJ7 up
tyrA Prephenate dehydrogenase tyrosine biosynthetic process 0.296106066284261 E8PMZ6 up

*Numebered according to the Biological Process shown in Figure 5B.
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Table S10: Top enriched biological process for statistically different expressed transcripts comparing conditions at 77 and 63 °C.

. . . . Uniprot Cellular Regulation at Fig.
Gene Protein Top enriched Biological Process p-value D component 77°C 5p*
asd Aspartate-semialdehyde _de novo_ L-methionine biosynthetic 0.0801839902230 H7GFF6 cytoplasm down
dehydrogenase process
TagDRAFT - lh i - Iseri L- hioni i heti
aq _ O-acetylhomoserine/O-acetylserine _de novo_ L-methionine biosynthetic 0.0801839902230 B7ATFS up
5358 sulfhydrylase process
pyrE Orotate phosphoribosyltransferase _de novo_ UMP biosynthetic process 0.245962185014 H7GI01 up
2-hydroxyhepta-2,4-diene-1,7-dioate .
TT.C0592  isomerase/S-carboxymethyl-2-oxo-  +varoxyphenylacetate catabolic 4 131443763759 q72K26 down
. process
hex-3-ene-1,7-dioate decarboxylase
Ththel6_09 5—carbo>fymethyl-2—hydroxymuconate 4-hydroxyphenylacetate catabolic 0.131443763759 F6DGLA down
55 semialdehyde dehydrogenase process
5-phosphoribose 1-diphosphate
deoB Phosphopentomutase ) . 0.131443763759 E8PQJ4 cytoplasm down
biosynthetic process
acsA Acetyl-coenzyme A synthetase acetyl-CoA b'osayc”ett:izc processfrom ) 357670069765  H9ZQU3 down
alas Alanine-tRNA ligase alanyl-tRNA aminoacylation 0.397670969765 H9ZTYO cytoplasm up
ABC-type branched-chain amino acid
Theos_0514 transport system, periplasmic amino acid transport 0.0801839902230 K7QWO00 down
component
TagDRAFT_ ) o ) )
5266 Extracellular ligand-binding receptor amino acid transport 0.0801839902230 B7A763 down
TSC_c10820 N-acetylmuramic acid 6-phosphate amino sugar catabolic process 0 ES8PPW7 up
etherase
adk Adenylate kinase AMP salvage 0.296106066284 F6DEN1 cytoplasm down
argH Argininosuccinate lyase arginine blosyn.the.:tlc process via 0.296106066284 H7GDL4 cytoplasm up
ornithine
Theos_0676 Arginase arginine metabolic process 0.296106066284 K7QWC7 down
TCCBUS3UF  Phospho-2-dehydro-3-deoxyheptonate arorr'watlc amln.o acid family 0.206028291459 GENOG7 up
14170 aldolase biosynthetic process
TTHA0S00 Phospho-2-dehydro-3-deoxyheptonate arorr.matlc amln.o acid family 0.206028291459 Q55K52 up
aldolase biosynthetic process
Theos. 1657 Aspartyl-tRNA st\iln;:etase, archaeal aspartyl-tRNA aminoacylation 0400482074471 K7R6Y6 cytoplasm up
Mesil_1956 ABC transporter related protein ATP catabolic process 0.08856520199680 D7BGL5 down 1

146



. . . . Uniprot Cellular Regulation at Fig.
Gene Protein Top enriched Biological Process p-value D component 77°¢ 5B*
D -
TaaDRAFT_ Heat shock protelln HsIVU, ATPase ATP catabolic process 0.08856520199680  B7AAK1 cytoplasm down 1
3486 subunit HslU
moxR MoxR-like ATPase ATP catabolic process 0.08856520199680 Q7217 down 1
TCCBUSSUF  Iron(lll dicitrate transport ATP-binding ATP catabolic process 0.08856520199680  G8NCN1 down 1
19990 protein feckE
TagDRAFT_ .
4887 ABC transporter related ATP catabolic process 0.08856520199680 B7A618 down 1
Ththel
t 286—09 Polyamine-transporting ATPase ATP catabolic process 0.08856520199680  F6DGK7 down 1
Ocepr_1433 ABC transporter related protein ATP catabolic process 0.08856520199680  E4U959 down 1
TCCBUS3UF Spermidine/putrescine transport .
112050 Y e R ATP catabolic process 0.08856520199680 G8NDA8 down 1
TCCBUS3UF . .
1 15950 ABC transporter protein ATP catabolic process 0.08856520199680  G8N8X9 down 1
Ticigiig': ABC transporter protein ATP catabolic process 0.08856520199680  G8NDV5 up 1
macB1 _Macrolide export ATP- ATP catabolic process 0.08856520199680  ESPKC9 up 1
binding/permease protein MacB
Ticos @gm  F oSl el el R ATP catabolic process 0.08856520199680  K7R4PS8 up 1
system, ATPase component
Ththel6_02 . .

71 ABC transporter related protein ATP catabolic process 0.08856520199680  F6DD75 up 1
Ththi;6—04 Monosaccharide-transporting ATPase ATP catabolic process 0.08856520199680 F6DE47 up 1
Mesil_01g1 ' nosphonate ABC transporter, ATPase ATP catabolic process 0.08856520199680 D7BGX2  PM3 up 1

subunit membrane

TT_PO177 Transporter ATP catabolic process 0.08856520199680 Q745X8 up 1
TTHV087 ABC transporter-like protein ATP catabolic process 0.08856520199680 G9MBD9 up 1
Ththel6_1

t :06— 6 Fe(3+)-transporting ATPase ATP catabolic process 0.08856520199680  F6DEB8 up 1
TSC_c04350 ABC transporter, permease/ATP- ATP catabolic process 0.08856520199680  E8PLA7 up 1

binding protein, HlyB family

Ticigggg F Phytoene dehydrogenase carotenoid biosynthetic process 5355119160829 GSNCP1 down
T _B F

(iC lgggg Putative uncharacterized protein carotenoid biosynthetic process 0.25325449169829  G8N9DO up
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. . . . Uniprot Cellular Regulation at Fig.
Gene Protein Top enriched Biological Process p-value D component 77°¢ 5B*
D 2/22 - i
TaqDRAFT_  Rad52/22 double-strand break repair DNA repair 0.04511923091499  B7A856 down 2
4252 protein
radA DNA repair protein radA DNA repair 0.04511923091499 E8PNF9 up 2
TaqSDSRggFT_ DNA repair protein RecO DNA repair 0.04511923091499 B7A715 up 2
recA Protein RecA DNA repair 0.04511923091499 E7CG24 nucleus up 2
TagDRAFT_  Transposase I5116/IS.110/I5902 family DNA repair 0.04511923091499 B7AS86 1P 5
4282 protein
recF DNA rep"cat"’lzzg repair protein DNA repair 0.04511923091499  E8PJHS5 nucleus up 2
TaqDRAFT_ Histone family protein DNA-binding chromosome condensation 0.29610606628426 ~ B7ABSS down
3067 protein
TTHA0899 Chromosome segregation SMC protein chromosome organization 0.29610606628426 Q5SJV3 cytoplasm down
Theos 0369 ™! GTP'b'nsr'gtge?r:°te'“ CLE GTP catabolic process 0.11871783492160  K7R3G6 down 3
Mrub_0318 GTP-binding protein TypA GTP catabolic process 0.11871783492160 D3PLY5 up 3
obg GTPase obg GTP catabolic process 0.11871783492160  B7A5T8 cytoplasm up 3
tufl Elongation factor Tu GTP catabolic process 0.11871783492160 E8PJW4 cytoplasm up 3
era GTPase Era GTP catabolic process 0.11871783492160 G8NAM1 Plasma up 3
membrane
fusA Elongation factor G GTP catabolic process 0.11871783492160  B7A552 cytoplasm up 3
llul h li
TtJL18_0706 Citrate synthase celiutar carb;r(\)/é:ler:ste metabolic 0.27671940896639 H9zQJ9 cytoplasm down
arginine biosynthetic process
argD Acetylornithine aminotransferase 0.08356036675864  H5SNCO cytoplasm down 4
N-acetyl-gamma-glutamyl-
argC phosphate/N-acetyl-gamma- arginine biosynthetic process 0.08356036675864 K7QWA1l  cytoplasm down 4
aminoadipyl-phosphate reductase
argG Argininosuccinate synthase arginine biosynthetic process 0.08356036675864  K7QVE3 cytoplasm up 4
argl Arginine blosynthess bifunctional arginine biosynthetic process 0.08356036675864 E8PKI6 cytoplasm up 4
protein ArglJ
carB Carbamoyl—phosphate synthase large T e (e R B s 0.08356036675864 K7QzP1 o 4
chain (Precursor) 05
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. . . . Uniprot Cellular Regulation at Fig.
Gene Protein Top enriched Biological Process p-value D component 77°¢ 5B*
EF101
H';/IPORMFS‘;J Putative uncharacterized protein biosynthetic process 0.13596383369053 E5WG85 down 5
RLTM_0086  Lipopolysaccharide core biosynthesis biosynthetic process 0.13596383369053  H7GDR7 down 5
5 protein rfaG
Tlie_1812 Glycosyl transferase group 1 biosynthetic process 0.13596383369053 G7Vv8z4 down 5
THL18 1745 Aspartate/tyrosine/aromatic biosynthetic process 0.13596383369053  HOZTF4 down 5
aminotransferase
TagbRAFT_ Phenazine biosynthesis protein PhzF biosynthetic process 0.13596383369053  B7AG68 down 5
4317 family
Bifunctional PLP-dependent enzyme
Theos_0412 with beta-cystathionase and maltose biosynthetic process 0.13596383369053 K7QTWO up 5
regulon repressor activities
Alternative anthranilate synthase . .
TTHA0620 biosynthetic process 0.13596383369053 Q5SKM3 up 5
component |+l (TrpEG)
TSC_c09910 Glycosyltransferase biosynthetic process 0.13596383369053 E8PPFO up 5
ilvN Acetolactate synthase, small subunit branf:hed—chalin amino acid 0.29610606628426 ESPNJ1 up
biosynthetic process
THL18_1837 Brar.1ched—cha|n amino acid branched—ch:fnn amino acid 0.29610606628426 HOZTP2 down
aminotransferase, group | metabolic process
Ththel6_19 . . .
04 Glycoside hydrolase family 57 carbohydrate metabolic process 0.07355858347547 F6DFV9 down 6
TaqfoF;%FT— Putative uncharacterized protein carbohydrate metabolic process ) (\73ccgc8347547  B7ABTI down 6
. Phosphoglucomutase/phosphomanno .
Mesil_1936 . carbohydrate metabolic process 0.07355858347547 D7BGJ5 down 6
mutase alpha/beta/alpha domain |
malP Phosphorylase carbohydrate metabolic process 0.07355858347547 E8PK91 down 6
Ocepr_0509 Alpha-glucosidase carbohydrate metabolic process 0.07355858347547  EAU6WS down 6
Mesil_1834 Polysaccharide deacetylase carbohydrate metabolic process 0.07355858347547  D7BG08 down 6
TT_C1283 Maltodextrin glucosidase carbohydrate metabolic process 0.07355858347547 Q72149 cytoplasm down 6
Theos_1732 Phosphoribulokinase carbohydrate metabolic process 0.07355858347547 K7RK40 up 6
TTHB115 Alpha-galactosidase carbohydrate metabolic process 0.07355858347547 Q53W51 up 6
glmM Phosphoribulokinase carbohydrate metabolic process 0.07355858347547 K7QYX6 up 6
TSC_c10830 Beta-N-acetylglucosaminidase carbohydrate metabolic process 0.07355858347547  E8PPWS8 up 6
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TagDRAFT_ . . .
5014 Alpha amylase catalytic region carbohydrate metabolic process 0.07355858347547  B7A5A7 up 6
Theos_0104 ABC-typg sugar. transport system, carbohydrate transport 0.1498825669787 K7RF25 down
periplasmic component
Theos 2161 ~ /BCtypesugar transport system, carbohydrate transport 0.14988256697871  K7R1FO down
periplasmic component
TSC_c10840 Multiple sugar transport system carbohydrate transport 0.14988256697873  E8PPWO up
substrate-binding protein
ftsz Cell division protein FtsZ cell cycle 0.11569371283475 Q72)P4 cytoplasm down
diviVA Cell division initiation protein DivIVA cell division 0.06741337253062  E8PN56 cytoplasm down 7
ftsA Cell division protein ftsA cell division 0.06741337253062 E8PK41 down 7
TtIL18_0754  Cell division ATP-binding protein FtsE cell division 0.06741337253062  H9zZQP7 down 7
int Tyrosine recombinase XerC cell division 0.06741337253062 A6MN83 nucleus up 7
TCCB F
iczlfs;g Glutaredoxin cell redox homeostasis 0.24679517466959  G8NCG1 up
TCCBUS3UF Glutamate dehydrogenase cellular amino acid metabolic 0.21334979867869  GBN9XS down 8
1_5010 process
gdhA1 Glutamate dehydrogenase N am;;z:(:s'g UEELS 0.21334979867867  E8PP83 down 8
Theos_1523 O-acetylhomoserine sulfhydrylase 2RI am:rg::sl: G 0.21334979867869  K7QVHS5 down 8
llul i id metaboli
pyrB Aspartate carbamoyltransferase celiutar am:)r;g;csls metabolic 0.21334979867867  G8N991 up 8
bfr Bacterioferritin cellular iron ion homeostasis 0.39767096976508  E8PQQY down
Theos 2104 oI b'°t'"'(Ace“tgy:s?A'carb°xy'ase) cellular protein modification process ~ 0.29154671139448  K7R198 down
lipB Octanoyltransferase cellular protein modification process  0.29154671139448 H9ZP13 cytoplasm up
TTHB054 Precorrin-2 methylase cobalamin biosynthetic process 0.02641547902147 Q53WA8 down 9
|
cobD Cobalamin biosynthesis protein CobD cobalamin biosynthetic process 0.02641547902141  E8PQC4 mz;i)r:‘aane down 9
TTHBO57 Cobalamin biosynthesis protein CbiG cobalamin biosynthetic process 0.02641547902147 Q53WA5S down 9
TTHBOS8  Cobalamin biosynthesis protein CbiX cobalamin biosynthetic process  1,641547902147  Q53WA4 down 9
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Ththel6_23 Precorrin-6y C5,15-methyltransferase s )
18 Dy e s e cobalamin biosynthetic process 0.02641547902147 F6DJT1 down 9
Ththel6_23 : . - )
19 Precorrin-8X methylmutase CbiC/CobH cobalamin biosynthetic process 0.02641547902147 F6DJT2 down 9
TtJL18 2225 Precorrin-3B C17-methyltransferase cobalamin biosynthetic process 0.02641547902147  H9ZUQO down 9
cobQ Cobyric acid synthase cobalamin biosynthetic process 0.02641547902147  H9ZUR1 up 9
|
cobS Cobalamin synthase cobalamin biosynthetic process 0.02641547902147  Q746P8 eriSbTaane up 9
coaD Phosphopantetheine coenzyme A biosynthetic process 0.35843550942014 H9ZRR4 cytoplasm up
adenylyltransferase
udk Uridine kinase CTP salvage 0.29610606628426 E8PJU2 cytoplasm up
TSC_c21880 Ggdef domain protein Gl ””c'e;rt:izsk:'osynthet'c 0.02109139582735  E8PP66 down 10
. ) cyclic nucleotide biosynthetic
TSC_c17260 Ggdef domain protein fiv— 0.02109139582735 E8PLI1 down 10
Diguanylate . . . .
TCCBUS3UF cyclase/phosphodiesterase with GAF O e LR 0.02109139582735  G8N8V2 up 10
1_15680 process
sensor
. cyclic nucleotide biosynthetic
TSC_c08960 Diguanylate cyclase I — 0.02109139582735  E8PNX5 up 10
TCCBUS3UF GGDEF domain protein cyclic nucleotide biosynthetic 0.02109139582735  G8N932 up 10
1_3620 process
UL Diguanylate cyclase e Lt 0.02109139582735  F6DG56 up 10
03 process
TCCBUSSUF  Cytochrome c-type biogenesis protein, cytochrome complex assembly 0.29862250570640  GS8NAF9 down
1_6050 heme exporter protein B
dapA 4-hydroxy-tetrahydrodipicolinate diaminopimelate biosynthetic 0.22073221937586  K7RHYO cytoplasm down
synthase process
Marky_1548 Integrase catalytic region DNA integration 0.19777111431889  F2NQR9 up
RLTM8—1101 Integrase catalytic subunit DNA integration 0.19777111431886 H7GIN9 up
Rhom172_2 DNA hyl N-4/N- i
om=/e_ methylase N-4/N-6 domain DNA methylation 0.36397510920339  G2SLH7 down
836 protein
H(g\él;\:l:zz‘l?’ N-6 DNA methylase DNA methylation on adenine 0.29610606628426 H5SL04 down
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hy4 1 R icti ificati DN
Chy400_196 estrlctlor? .nTOdI |cat|c.>n syste.m A DNA modification 0 BILF22 down
1 specificity domain protein
Mesil_3363 Putative uncharacterized protein DNA recombination 0.17903687084299 D7BJ19 down
Thth22136_23 Uncharacterized protein DNA recombination 0.17903687084299 F6DIS5 up
THL18_ 0771 Archaeal/vacuolar—?ype H+-ATPase ATP hydrolysis coupled proton 0.10706497978868  HOZQR4 down
subunit | transport
TUL1S 1792 NADH-quinone oxidoreductase, chain ATP synthesis coupled electron 0.17549568943120  HOZTKO down
- G transport
nuoM NADH-quinone o.X|doreductase, ATP synthesis coupled electron 0.17549568943120  ESPM70 down
subunit M transport
Taqf6I;A1FT_ HhH-GPD family protein base-excision repair 0.35843550942014  B7A8Y1 up
Ththel6_00 ) . ;
98 Dihydrolipoyl dehydrogenase cell redox homeostasis 0.24679517466959  F6DHT7 cytoplasm down
Ththel6_01 . . .
57 Dihydrolipoyl dehydrogenase cell redox homeostasis 0.24679517466959 F6DHZ4 cytoplasm down
TCC1BU2503UF DNA polymerase Il subunit beta DNA replication 0.06099598969933  G8NDC2 nucleus down
tdk Thymidine kinase DNA replication 0.06099598969933  K7QZR4 cytoplasm up
Theos_0365 Ribonucleoside-diphosphate reductase DNA replication 0.06099598969933 K7QY19 cytoplasm up
gyrB DNA gyrase, subunit B DNA topological change 0.29862250570640 E8PPM8 cytoplasm up
gyrA DNA gyrase subunit A DNA topological change 0.29862250570640 H9zQI7 cytoplasm up
TagDRAFT_ RNA polymerase sigma factor DNA-dependent transcription, 0.40731246851837  B7A6J9 up
4448 initiation
Taq‘IBZIZ;A7FT_ PfkB domain protein D-ribose metabolic process 0.39767096976508 B7A841 down
WG ) QS NS R EOET NI electron transport chain 0.20065454405306  F6DHA4 down 11
43 transmembrane
Theos_1499 Heme/coppe.r-type cytocljrome/qumol electron transport chain 0.20065454405306 K7RJCO down 11
oxidase, subunit 1
LERllita R PSR T electron transport chain 0.20065454405306  B7AA44 up 11
3811 DsbB
Ri | RNA I i -di RNA2_-O-
rsml tbosomal RNA small subunit enzyme-directed rRNA2_-0 0.29610606628426 G8NCV1  cytoplasm down

methyltransferase |

methylation
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DNA i lization-rel lish f f
Marky_2247 interna |za.t|on related establishment o competence or 0180661055224 FINRB7 up
competence protein ComEC/Rec2 transformation
TSC_c24440 E"OV"[acy"ca”['s;\'g[j;te'"] reductase fatty acid biosynthetic process 0.20569362928578  ESPQK2 down
TaqDRAFT_ 3-oxoacyl-(Acyl-carrier-protein) fatty acid biosynthetic process 0.20569362928578  B7AAG4 down
3831 reductase
TUL18 0785  3-hydroxyacyl-CoA dehydrogenase fatty acid metabolic process 0.39767096976508  H9ZQS8 down
Marky 0291 Dihydroneopterin aldolase folic acid-containing compound ) 5¢ 16606698426 FINNN3 up
metabolic process
Ththe16_09 Galactose-1-phosphate galactose metabolic process 0.27671940896639  F6DGP1 up
83 uridylyltransferase
QOGA06 Beta-galactosidase galactose metabolic process 0.27671940896639 QOGA06 up
TCCBUS3UF -ami ic aci l
CCBUS3U 4-aminobutyrate aminotransferase gamma-aminobutyric acid metabolic 0 G8NDA7 down
1_12040 process
Theos_0371 Phosphoenolpyruvate synthase gluconeogenesis 0.06400535587079  K7QTT7 down
Ththel I Idehyde-3-phosph
thel6_09 Glyceraldehyde-3-phosphate glucose metabolic process 0.36397510920339  F6DGG7 down
08 dehydrogenase, type |
Proline dehydrogenase/delta-1-
TSC_c22670 pyrroline-5-carboxylate glutamate biosynthetic process 0.13144376375915 E8PPM1 down
dehydrogenase
Theos_1674 Glutamate synthase family protein glutamate biosynthetic process 0.13144376375915 K7R0A8 up
guaA GMP synthase [glutamine-hydrolyzing] glutamine metabolic process 0.10900415134619 E8PMT4 down 12
Mesil_0319 Peptidase C26 glutamine metabolic process 0.10900415134619 D7BHM2 down 12
| ine--fi -6-phosph
glmS2 6 utémme ructose.6 P o§p_ ate glutamine metabolic process 0.10900415134619 E8PQI4 cytoplasm down 12
aminotransferase [isomerizing]
pyrG CTP synthase glutamine metabolic process 0.10900415134619  K7QXU1 up 12
glpK Glycerol kinase glycerol catabolic process 0.29610606628426  Q53W24 up
Theos_1644 Fructose-1,6-bisphosphatase glycerol metabolic process 0.03952045222263 K7RJUS down
1
HGG'\{IZNCIZI;S Dak phosphatase glycerol metabolic process 0.03952045222263  H5SND6 down
Theos_1736 Fructose-1,6-bisphosphatase glycerol metabolic process 0.03952045222263  K7QVX3 up
Theos_0177 Folate-binding protein YgfZ glycine catabolic process 0.3976709697650 K7R309 cytoplasm up
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gevPA Probable glycme.dehydrogfenase glycine decarboxylation via glycine 0.03351893484805  H7GED6 down
[decarboxylating] subunit 1 cleavage system
gcvPB Probable glycme.dehydrogf-znase glycine decarboxylation via glycine 0.03351893484805 F6DEJS down 13
[decarboxylating] subunit 2 cleavage system
gcvH Glycine cleavage system H protein CNEIECIEE o YR S 0.03351893484805  B7A6K6 cytoplasm down 13
cleavage system
gevT Aminomethyltransferase VNSl TR IR 0.03351893484805 H9ZSX1 cytoplasm down 13
cleavage system
Glucose-1-phosphate . .
1 2
glgC adenylyltransferase (Precursor) glycogen biosynthetic process 0.17955248737595 K7R0S6 down
TSC_c12030 Amylo-alpha-1,6-glucosidase glycogen biosynthetic process 0.17955248737595  E8PQP1 up
Q9RHA2 Fructose-1,6-bisphosphate aldolase glycolysis 0.01717439088799 Q9RHA2 down 14
ThthgiG_OO Pyruvate kinase glycolysis 0.01717439088799  F6DH48 down 14
eno Enolase glycolysis 0.01717439088799  F6DH47 eXtracre”ma down 14
F -1,6-bisphosph Idol
Theos_1730 ' ructose-16 b'z‘lzs‘s’flp SlClbieE) glycolysis 0.01717439088799  K7ROG3 down 14
tpiA Triosephosphate isomerase glycolysis 0.01717439088799 H7GG75 cytoplasm down 14
pgi Glucose-6-phosphate isomerase glycolysis 0.01717439088799  K7QXH8 cytoplasm down 14
pfkA 6-phosphofructokinase glycolysis 0.0171743908879 K7QyQ2 cytosol down 14
pgk Phosphoglycerate kinase glycolysis 0.01717439088799  B7A7G6 cytoplasm down 14
Theos_1703 Isocitrate dehydrogenase [NADP] glyoxylate cycle 0.08018399022300 K7R721 down
aceB Malate synthase glyoxylate cycle 0.08018399022300 E8PLU1 up
guaB Inosine-5'-monophosphate GMP biosynthetic process 0.1314437637591  K7R067 up
dehydrogenase
D . .
TaqDRAFT_ (P)ppGpp synthetase |, SpoT/Rela  BUanosine tetraphosphate metabolic 3¢ 0eneer0106  p7a923 up
4733 process
hisz ATP phosphorlbosyltrarTsferase histidine biosynthetic process 0.21627422727242  G8NAL4 cytoplasm down
regulatory subunit
hisD Histidinol dehydrogenase histidine biosynthetic process 0.21627422727242  G8NS8F8 down
Theos. 1961 Histidinol phosphate phosphatase HisJ histidine biosynthetic process 0.21627422727242 K7ROY2 up

family
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hisS Histidine-tRNA ligase histidyl-tRNA aminoacylation 0.29610606628426 E8PKK4 cytoplasm down
TtIL18_0257 Uncharacterized protein intein-mediated protein splicing 0.14988256697871 H9ZPB1 up
Thch?—OS Putative serine protein kinase, PrkA intein-mediated protein splicing 0.14988256697871  F6DGA7 up
Theos_1172  Frotein-export membrane protein, intracellular protein transport 0.29610606628426  K7R5J4 plasma down
SecD/SecF family membrane
Archaeal lar- H+-ATP
Theos_0820 rchaeal/vacuolar .type * ase ion transmembrane transport 0 K7QYU6 down
subunit F
Taqul’tgAlFT_ FeS assembly protein SufB iron-sulfur cluster assembly 0.17549568943120 B7A612 up
Theos 0397  '"onsulfur CIUSt:rroat::mb'y accessory iron-sulfur cluster assembly 0.17549568943120  K7RFX9 up
Theos_0111 FeS assembly protein SufD iron-sulfur cluster assembly 0.17549568943120  K7R2R8 up
ilvC Ketol-acid reductoisomerase isoleucine biosynthetic process 0.17549568943120 F6DHK9 up
TTHA1213 Acetolactate synthase isoleucine biosynthetic process 0.17549568943120 Q5SJ01 up
Theos_1886 Gerany'ger:’::t':;';;)phmphate isoprenoid biosynthetic process ~ 0.12190649326266  K7ROT4 up
TC1CB5%SO32)UF Dimethylallyltranstransferase isoprenoid biosynthetic process 0.12190649326266  G8NIX7 up
TCCBUS3UF
Cf Glf;z)u Iron-sulfur cluster-binding protein lactate oxidation 0.29610606628426  G8NAK2 down
Theos_2115 Alanine dehydrogenase L-alanine catabolic process 0.29610606628426  K7QWF5 down
leuC 3-|sopropylmaIsajzudrﬁrydratase =S leucine biosynthetic process 0.01653529376097  E8PN40 up 15
2-isopropylmalate
Theos_1227  synthase/homocitrate synthase family leucine biosynthetic process 0.01653529376097  K7QX64 up 15
protein
leuA 2-isopropylmalate synthase leucine biosynthetic process 0.01653529376097  H9zZQY3 up 15
leuB 3-isopropylmalate dehydrogenase leucine biosynthetic process 0.01653529376097 H9ZQWO  cytoplasm up 15
leuD 3—|sopropy|maI:jz:r:ei:\ydratase ikl leucine biosynthetic process 0.01653529376097  K7ROW7 cytosol up 15
Ththel6_09 Llpopolysaccharld.e biosynthesis lipopolysaccharide biosynthetic 0.25325449169829 F6DGPO down
82 protein process
Ththel6_04 Long-chain-fatty-acid--CoA ligase long-chain fatty acid metabolic 0.39767096976508 F6DE48 up
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4425 - Prephenate dehydratase L-phenylalanine biosynthetic process  0.1806610552248 B7A6H6 up
TtJL18_1195 Pyrroline-5-carboxylate reductase L-proline biosynthetic process 0.40048207447170  H9ZRX7 down
TaqSIZ)ZRZAZFT_ D-3-phosphoglycerate dehydrogenase L-serine biosynthetic process 0.29610606628426 B7A719 up

tdh L-threonine 3-dehydrogenase L-threonine Cgi:[i:;::m process to 0.29610606628426  H7GFH7 cytoplasm down

lysi i theti i

lyss1 Homocitrate synthase ysine biosynthetic process via 0.24264633118936  ESPIXS up

aminoadipic acid

lysS2 Lysine--tRNA ligase OS=Thermus lysyl-tRNA aminoacylation 0.36397510920339  E8PPO7  cytoplasm up

scotoductus

accD Acetyl-coenzyme A carbox.ylase malonyl-CoA biosynthetic process 0.13144376375915 E8PKR7 cytoplasm down

carboxyl transferase subunit beta
Acetyl- A |

accA cetyl-coenzyme carb0)1<y ase malonyl-CoA biosynthetic process 0.13144376375915  K7QTP7 cytoplasm down

carboxyl transferase subunit alpha
TTHA1854 Ubiguinone/menaquinone menagquinone biosynthetic process  0.33035327024904  Q5SH76 up
biosynthesis methyltransferase

luxS S-ribosylhomocysteine lyase metabolic process 0.11335231367222 H9ZPZ2 down 16
Taquf;éFT_ Putative uncharacterized protein metabolic process 0.11335231367222 B7AA36 down 16
Marky_0976 CRISPR-associated helicase Cas3 metabolic process 0.11335231367222 F2NLA1 down 16
T(]:_C?ggggF 4-aminobutyrate aminotransferase metabolic process 0.11335231367222 G8NDB2 down 16
Theos 0621  aminobutyrate aminotransferase metabolic process 0.11335231367222  K7QW97 down 16

family protein
Theos_1008 Thioredoxin domain protein metabolic process 0.11335231367222  K7QUP2 up 16
Marky 0132 Metal dependent phosphohydrolase metabolic process 0.11335231367222 F2NLR5 up 16
TTHAO0706 Cation-transporting ATPase metal ion transport 0.35843550942014  Q5SKD7 up
TaqfszﬁFT_ Methylenetetrahydrofolate reductase methionine biosynthetic process 0.12190649326266 B7A8V4 cytosol up

metX Homoserine O-acetyltransferase methionine biosynthetic process 0.12190649326266 H9ZS71 cytoplasm up

metG Methionine-tRNA ligase methionyl-tRNA aminoacylation 0.29610606628426 F6DI12 cytoplasm up
Tclcggizg': Putative uncharacterized protein methylation 0.35843550942014  G8NBJ7 up

156



. . . . Uniprot Cellular Regulation at Fig.
Gene Protein Top enriched Biological Process p-value D component 77°¢ 5B*
mgsA Methylglyoxal synthase methylglyoxal biosynthetic process 0.29610606628426  B3VH91 down
TagDRAFT misfolded or incompletely
- L .0929510257131 B7AA |
3451 on protease synthesized protein catabolic process 0.09295102571319 6 cytoplasm down
lon1 ATP-dependent protease La misfolded or incompletely 0.09295102571319  E8PLC2 up
synthesized protein catabolic process
TCCBUS3UF misfolded or incompletely
116310 Lon protease synthesized protein catabolic process 0.09295102571319 G8N996 cytoplasm up
mutS2 Endonuclease MutS2 mismatch repair 0.35843550942014 B7A9F0 up
Theos. 1888 Molybdenum cofa.ctor biosynthesis Mo-rr.wlybdopFerln cofactor 0.24212756907799  KTRKGA up
protein A biosynthetic process
nadE NH(3)-dependent NAD(+) synthetase NAD biosynthetic process 0.29905935775708 F6DFV7 down
Ththe16_10 Nicotinate-nucleotide NAD biosynthetic process 0.29905935775708  F6DGR1 up

03 pyrophosphorylase
Ththe16_23 High-affinity nickel-transporter nickel cation transmembrane 0.29610606628426  F6DILS down

21 transport
TadDRAFT_ UVrD/REP helicase nucleic acid phosphodiesterbond 4 545775555487 B7ASIE down 17

5093 hydrolysis
. nucleic acid phosphodiester bond
uvrB UvrABC system protein vezalslis 0.02245772252493 F6DFVO nucleus up 17
leic acid phosphodi
vapC Probable ribonuclease VapC nucleic acid phosphodiesterbond ) ) 1275959487 Qs2uB3 up 17
hydrolysis
rnpA Ribonuclease P protein component iCELE ac'dr:’;’ d"rﬁl’:;’g'es"er bond 0245772252489 HozT49 up 17
rnr Ribonuclease R nucleic acid phosphodiesterbond ) 5 15775950487 Q72k93  cytoplasm up 17
hydrolysis
5'-methylthioadenosine/S-
TTHA1550 adenosylhomocysteine nucleosidase Nucleoside catabolic process 0.29610606628426 Q5SI130 down
Ththel6_16 . . .

33 Phosphoribosyltransferase nucleoside metabolic process 0.04130182446040  F6DEA1 down 18
TtJL18_1513 Purine nucleoside phosphorylase nucleoside metabolic process 0.04130182446040 H9ZST1 down 18
Theos_1667 Putative phosphoribosyltransferase nucleoside metabolic process 0.04130182446040 K7R6Z5 down 18
TaqungAlFT_ Purine or other phosphorylase family 1 nucleoside metabolic process 0.04130182446040 B7AA34 down 18

prs Ribose-phosphate pyrophosphokinase nucleoside metabolic process 0.04130182446040 H7GHR7 cytoplasm up 18

157



. . . . Uniprot Cellular Regulation at Fig.
Gene Protein Top enriched Biological Process p-value D component 77°¢ 5B*
TCCBUS3UF . ) . .
1 5230 Amidophosphoribosyltransferase nucleoside metabolic process 0.04130182446040 G8NAOO up 18
Ththel
:66—05 Futalosine nucleosidase nucleoside metabolic process 0.04130182446040 F6DEV2 up 18
TaqsI‘Z)7R7A2FT_ 5'-Nucleotidase domain protein nucleotide catabolic process 0.39767096976508 B7AA05 down
uvrC UvrABC system protein nucleotide-excision repair 0.14988256697871 H7GHI4 nucleus up
TT_P0052 Probable UV endonuclease nucleotide-excision repair 0.14988256697871  Q746K1 up
i 'SOpe”te”‘;L'::g;SS‘;hate delta- oxidation-reduction process 0.04453233705376  GSNCPO  cytoplasm down 19
Taq;OZ/;FT— S dehygg’fenase/ (G oxidation-reduction process 0.04453233705376  B7ACS6 down 19
TadDRAFT_ Cytochrome ¢ b|ogene5|s.prote|n oxidation-reduction process 0.04453233705376  B7A5K4 up 19
5111 transmembrane region
RLTM_1162 " N .
g Sulfite dehydrogenase oxidation-reduction process 0.04453233705376 H7GIZ2 up 19
TagDRAFT
aq3098 - Putative uncharacterized protein oxygen transport 0.29610606628426 B7ABV9 up
rpe Ribulose-phosphate 3-epimerase pentose-phosphate shunt 0.19777111431889 E8PN70 down
TTHV085 Xylose isomerase pentose-phosphate shunt 0.19777111431889 G9MBD7  cytoplasm up
-phosph h -
rpiA Ribose-5-phosphate isomerase pentose p OSP ate shunt, non 0.29610606628426  B7A6G0 down
oxidative branch
Membrane carboxypeptidase . . .
Th 12 | h 21 775232 K7RIN4 Il wall
eos_1200 (Penicillin-binding protein) peptidoglycan biosynthetic process 0.2108983877523 cell wa up
TaqDRAFT_ . . .
5375 Cell wall hydrolase/autolysin peptidoglycan catabolic process 0.39767096976508 B7A7H2 down
TSC_c22010  Deoxyhypusine synthase-like protein pept'dy"ly;';’:ur:izg'f'cat'on to 0.36397510920339  E8PP79 up
4-hydroxyphenylacetate 3- .
|
Theos_0972 monooxygenase, oxygenase phenylacetate catabolic process 0.39767096976504 K7Qz08 down
component
Phenylalanine--tRNA li Iph
pheS enyla anm:utfunit 'gase alpha phenylalanyl-tRNA aminoacylation 0.22073221937586  E8PQX8 cytoplasm down
pheT Phenylalanln;—t—)tuRnl\iltA ligase beta phenylalanyl-tRNA aminoacylation 0.22073221937586 B7ABK3 cytoplasm down
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hosph i
pstS Phosphate-binding protein phosphate ion transmembrane 0.29610606628426  ESPJIO down
transport
hosphate-containi d
TT_C0694 ADP-ribosylglycohydrolase phosphate-containing compoun 0.36397510920339  Q72/S4  cytoplasm down
metabolic process
TL18_1622 Ph°5phat'd:;i'ty;aesr§ph°5phate phospholipid biosynthetic process ~ 0.29403811421943  H9ZT36 up
Tsc_cogazp  Ypothetical membrane spanning phospholipid biosynthetic process  0.29403811421943  ESPNI4 plasma up
protein membrane
nuoC NADH-quinone oxidoreductase subunit photosynthesis, light reaction 0.02109139582735 E8PM80 plasma down
C membrane
nUoA NADH-quinone oxidoreductase subunit photosynthesis, light reaction 0.02109139582735  B7A859 plasma down
A membrane
nuoD NADH-guinone oxidoreductase subunit photosynthesis, light reaction 0.02109139582735 K7R4F8 plasma down
D membrane
NADH-qui i i |
nuoB quinone oxidoreductase subunit photosynthesis, light reaction 0.02109139582735  G8NBB2 plasma down
B membrane
nuol NADH-quinone oxidoreductase subunit photosynthesis, light reaction 0.02109139582735  EgpMy4  Plasma down
| membrane
nuoN NADH-quinone oxidoreductase subunit photosynthesis, light reaction 0.02109139582735 G8NBAO  PaM2 down
N membrane
. plasma membrane ATP synthesis
atpB V-type ATP synthase beta chain 0.03766623385339  E8PNV8 down 20
coupled proton transport
| ATP hesi
atpE V-type proton ATPase subunit E plasma membrane ATP synthesis ) \350c0o338c336  H7GGU9 down 20
coupled proton transport
atpD V-type ATP synthase subunit D plasma membrane ATP synthesis ) 1350c053385335  GgngD7 down 20
coupled proton transport
atpA V-type ATP synthase alpha chain PR R R P g e eeeee mn down 20
coupled proton transport
atpC V-type ATP synthase subunit C plasma membrane ATP synthesis ¢ 0500653300936 GaNgEL down 20
coupled proton transport
TadDRAFT_ Extracellular solute-binding protein polyamine transport 0.03260802208266  B7A7R9 down
4115 family 1
TSC_c12800 Spermidine/putrescine-binding polyamine transport 0.03260802208266  ESPR71 down
periplasmic protein
TT_P0017 Uroporphyrin-lll C-methyltransferase porphy.rln—contal‘mng compound 0.14547336020393  Q746N6 down
biosynthetic process
TaqDRAFT_ Uroporphyrin-lll C/tetrapyrrole porphyrin-containing compound
14547 2 B7A777
5280 (Corrin/Porphyrin) methyltransferase biosynthetic process 0.14547336020393 down
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TagDRAFT hyrin-containi
aqDRAFT_ Delta-aminolevulinic acid dehydratase porp y.rln contal.nmg compound 0.14547336020393  B7A5H4 down
5081 biosynthetic process
TSC_c15070 Potassium transporter peripheral potassium ion transmembrane 0.29610606628426 £8PKO3 plasma up
membrane component transport membrane
kefC Glutathione-regulated potassium- potassium ion transport 0.38281092298422  E8PMO7 up
efflux system protein KefC
TagDRAFT_ Sigma 54 modulation . .
4400 protein/ribosomal protein S30EA primary metabolic process 0.29610606628426 B7A6F1 cytoplasm down
TSC_c22660 Delta-1-pyrroline-5-carboxylate proline biosynthetic process 0.40731246851837  E8PPMO down
dehydrogenase
proS Proline-tRNA ligase prolyl-tRNA aminoacylation 0.29610606628426 K7RK64 cytoplasm down
Ththel6 02 Peptidyl-prolyl cis-trans isomerase protein folding 0.02783806293600  F6DD61 down 21
57 cyclophilin type
TagqDRAFT_ ) . . . .
1616 Peptidyl-prolyl cis-trans isomerase protein folding 0.02783806293600 B7ABH4 down 21
dnak Chaperone protein DnaK protein folding 0.02783806293600  B7A6Y3 down 21
TagDRAFT PpiC- idyl-prolyl cis-
ad - piC-type peptidyl-prolyl cis-trans protein folding 0.02783806293600  B7ABE7 down 21
4589 isomerase
Ththel6_06  PpiC-type peptidyl-prolyl cis-trans protein folding 0.02783806293600  F6DEZ9 down 21
06 isomerase
ATP-dependent Clp protease ATP- . .
clpX binding subunit ClpX protein folding 0.02783806293600 F6DF87 up 21
hslO 33 kDa chaperonin protein folding 0.02783806293600  H9ZRT7 cytoplasm up 21
groS 10 kDa chaperonin protein folding 0.02783806293600 E8PJF5 cytoplasm up 21
Igt Prolipoprotein diacylglyceryl protein lipoylation 0.22073221937586  GsNog3  PaM2 down
transferase membrane
lipA Lipoyl synthase protein lipoylation 0.22073221937586 E8PK17 cytoplasm down
Taq3l’35F;A5FT_ ATPase AAA-2 domain protein protein metabolic process 0 B7A9W8 Up
Theos_0873 Putative Ser protein kinase protein phosphorylation 0.29610606628426 K7R4R6 up
Theos_0686 ATP-dependent chaperone ClpB protein processing 0.29610606628426  K7QWD3  cytoplasm down
groL 60 kDa chaperonin protein refolding 0.29610606628426  K7QXH6 cytoplasm up
TSC_c20700 General secretion pathway protein protein secretion 0.25723239902906 ESPNEO down

160



. . . . Uniprot Cellular Regulation at Fig.
Gene Protein Top enriched Biological Process p-value D component 77°¢ 5B*
Ththel6_1
t 316‘ 8 Preprotein translocase, SecG subunit protein secretion 0.25723239902906 F6DF67 up
TagDRAFT
aq43 " Peptidase M24 proteolysis 0.11027168548082  B7A692 down 22
pepA Probable cytosol aminopeptidase proteolysis 0.11027168548082 D3PR67 cytoplasm down 22
TTHA0286 Serine protease, subtilase family proteolysis 0.11027168548082  Q5SLK7 down 22
TagDRAFT
aq5158 - Signal peptidase | proteolysis 0.11027168548082  B7A5Q1 down 22
Theos_1520 Le(:z::g:;t?j:’:;d%‘c’e proteolysis 0.11027168548082  K7QXK2 down 22
pcp Pyrrolidone-carboxylate peptidase proteolysis 0.11027168548082 E8PRB6 cytoplasm down 22
Theos_0798 Z’:T'\?:rzig:fa"lt d?;‘:;’:é‘;ize' proteolysis 0.11027168548082  K7QWI0 down 2
TSC_c17860 Carboxyl-protease proteolysis 0.11027168548082 E8PLY1 Up 22
Mesil_0115 Peptidase M29 aminopeptidase Il proteolysis 0.11027168548082 D7BGQ6 Up 22
TTHA0896 Zn-dependent protease proteolysis 0.11027168548082 Q5SJVe Up 22
TSC_c15690 Membrane metalloprotease proteolysis 0.11027168548082 E8PKN3 Up 22
clpP ATP";‘:(‘::’::I%E ngbE;?:ease proteolysis 0.11027168548082  F6DF86  cytoplasm Up 2
TadDRAFT_ 55 proteasome A and B subunits proteolysis involved in cellular 0.29610606628426  B7AAKO  cytoplasm down
3485 protein catabolic process
Taqf7F(l)A8FT_ Alanine dehydr;rgoe;Z?;e/PNT domain proton transport 0.29610606628426 B7A828 down
TSC_c12840 Aminotransferase pr°t°p°rphy”;:’f:enslx biosynthetic ) 2671940896639  ESPR75  cytoplasm down
hemA Glutamyl-tRNA reductase pr°t°p°rphy”;:’ffer;lx biosynthetic  )2¢71940896639  G8NA12 Up
rluA Pseudouridine synthase pseudouridine synthesis 0.40048207447177 E8PPQ5 Up
metH Methionine synthase pteridine-containing compound  36397510970339  E8PIRG Up
metabolic process
TC1CB5LJ154%UF Guanylate kinase purine nucleotide metabolic process  0.39767096976508  G8N9Z1 cytoplasm down
pdxS Pyridoxal biosynthesis lyase PdxS pyridoxal phosphate biosynthetic ;514376375915 £gpKL9 down

process
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| i i f i i | phosph i heti
pdxT Glutamine amidotransferase subunit pyridoxal phosphate biosynthetic 0.13144376375915 B7AG71 Up
PdxT process
dcd Deoxycytidine triphosphate deaminase pyrlmldlne rI?OHUCIeOtIde 0.29610606628426 B7ABY5 down
biosynthetic process
glmu Bifunctional protein GImU (Precursor) regulation of cell shape 0.16436060135749 K7RIN4 cytoplasm down
ddl D-alanine-D-alanine ligase regulation of cell shape 0.16436060135741  B7A6NO cell wall Up
|
uppP Undecaprenyl-diphosphatase regulation of cell shape 0.16436060135741 D7BBZ8 plasma Up
membrane
dnaA Chromosomal replication initiator regulation of DNA replication 0.29610606628426  B7ABI9  cytoplasm Up
protein DnaA
CU074314.1 Uncharacterized protein regulation of Rho protein signal 0 E7F3M3  cytoplasm Up
transduction
TCCBUS3UF Two component.transcrlp‘uonaI regulation of transcription, DNA- 0.11505841930103  GSNA19 down 23
1 5420 regulator, winged helix dependent
regulation of transcription, DNA- 23
TSC_c03290 Cold shock protein, CSD family dependent 0.11505841930103 E8PKS4 nucleus down
TagDRAFT lati f ipti DNA-
ad - Response regulator receiver protein regulation of transcription, 0.11505841930103 B7A6V3 down 23
4552 dependent
nusB N utilization substance protein B regulation of transcription, DNA- 0.11505841930103  GSN7W1 down 23
homolog dependent
regulation of transcription, DNA-
TSC_c07440 Acetyl-coenzyme A synthetase e 0.11505841930103 E8PN20 up 23
DAL el sl @l regulation of transcription, DNA- 1506041930103 B7AAIS up 23
3484 dependent
. R regulation of transcription, DNA-
rho Transcription termination factor Rho 0.11505841930103 G8N8I1 up 23
dependent
leuS Leucine-tRNA ligase regulation of translational fidelity 0.29403811421943 F6DID5 cytoplasm up
ileS Isoleucine--tRNA ligase regulation of translational fidelity 0.29403811421943  H9ZRD2 cytoplasm up
TtJL18_2001 Thioredoxin reductase removal of superoxide radicals 0.29610606628426  H9ZU48 cytoplasm up
Ththel6_1 i hai lex IV
thelé_15 Cytochrome c assembly protein respiratory chain complex 0.40048207447170  F6DDS1 up
25 assembly
Theos_oagy ~ Uncharacterized proteininvolved in response to metal ion 0.29610606628426  K7RG66 up
tolerance to divalent cations
Ththel6_150 ’
Heat shock protein Hsp20 response to stress 0.16004850295800 F6DDH6 down 24

3
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TCstL;S;’)UF Osmotically inducible protein C response to stress 0.16004850295800 G8N948 down 24
TSC_c23100 Small heat shock protein response to stress 0.16004850295800  E8PPR4 up 24
TaqSDlRSZFT_ OsmC family protein response to stress 0.16004850295800 B7A5P7 up 24
ribD Riboflavin biosynthesis protein RibD riboflavin biosynthetic process 0.30069863234195 Q72JR9 up
rimpP Ribosome maturation factor RimP ribosomal small subunit biogenesis 0.17955248737595  K7QzZCO cytoplasm up
der GTPase Der ribosome biogenesis 0.13144376375915 K7QY54 up
trmB ERNA (guanine-N(7)-)- RNA (guanine-N7)-methylation 0.29610606628426  FEDEA7 up
methyltransferase
TT_C0162 Hypothetical cytosolic protein RNA metabolic process 0.27671940896639 Q72L97 up
TSC_c21520 Uncharacterized protein RNA modification 0.13144376375915  E8PNVO up
) Ribosomal protein S12 e
131 1
rimO methylthiotransferase RimO RNA modification 0.13144376375915  K7R5M3 cytoplasm up
Polyribonucleotide .
pnp nucleotidyltransferase RNA processing 0.24264633118936 E8PPC3 cytoplasm up
Theos_0240 rRNA methylase RNA processing 0.24264633118936 K7QVL6 up
TT_C1691 23S rRNA methyltransferase RNA processing 0.24264633118936 Q72H04 up
rImN Probable dual-specificity RNA rRNA base methylation 0.39767096976508 E8PQM4  cytoplasm up
methyltransferase RImN
TtJL18_1131 N6-adenine-specific methylase rRNA methylation 0.25325449169829 H9ZRR5 down
Thth§;6—05 Methyltransferase small rRNA methylation 0.25325449169829 F6DEK4 up
metK S-adenosylmethionine synthase S—adenosylme‘t)fr\;ocrélsrle biosynthetic 0.29610606628426  E8PQ14 cytoplasm up
TSC_c04840 Sensor histidine kinase signal transduction by 0.06022236780272  ESPLN1 up
phosphorylation
frsy Signal recognition particle receptor SRP—d'epender'\t cotranslational 0.39767096976508  F2NMA48 plasma down
FtsY protein targeting to membrane membrane
TtJL18_1518 Superoxide dismutase superoxide metabolic process 0.29610606628426 H9ZST6 up
TTHA1803 Pterin-4-alpha-carbinolamine tetrahydrobiopterin biosynthetic 0.36397510920339  QSSHCY up
dehydratase process
glyA Serine hydroxymethyltransferase tetrahydrofolate interconversion 0.03952045222263  B7A5B7 cytoplasm down

163



. . . . Uniprot Cellular Regulation at Fig.
Gene Protein Top enriched Biological Process p-value D component 77°¢ 5B*
folD Bifunctional protein FolD tetrahydrofolate interconversion 0.03952045222263  F6DH30 down
fhs Formate-tetrahydrofolate ligase tetrahydrofolate interconversion 0.03952045222263  G8NBH4 down
TCCBUS3UF tetrahydrofolylpolyglutamate
12720 Folyl-polyglutamate synthetase biosynthetic process 0.39767096976508  G8NS8L2 up
TCCBUS3UF - . I . .
1 13420 Phosphomethylpyrimidine kinase thiamine biosynthetic process 0.12676859867092  G8NDY3 up
- hiamine diphosphate biosyntheti
thiC Phosphomethylpyrimidine synthase Al ;::C;tse LR TS 0.06758896094216 F6DFE3 up 25
thiE Thiamine-phosphate synthase WIEIIS d'phs:::;t: biosynthetic ) 78896004216  FEDFD9 up 25
thil Probable tRNA sulfurtransferase el d'ph;::::: biosynthetic ) 78896004216  E6SLU3  cytoplasm up 25
thiG Thiazole synthase WlELalils d|ph§:::;tse T S 0.06758896094216  H9ZSG9 cytoplasm up 25
TSC_c04280 ABC transporter thiamine transport 0.29610606628426 ESPLAL up
Theos_1818 Threonine synthase threonine biosynthetic process 0.29403811421943 K7ROP1 down
TCCBUS3UF threonylcarbamoyladenosine
119750 ATP/GTP hydrolase biosynthetic process 0.40048207447170  G8NB56 up
RLTM_0881 . - —
; GntR family transcriptional regulator transcription, DNA-dependent 0.06984945970694  H7GHL4 down 26
rex S U CT i UTE L transcription, DNA-dependent 0.06984945970694  H9ZPN7 nucleus down 26
repressor rex
rpoz DNA-directed R'\;’r\n Z‘g’g’merase subunit transcription, DNA-dependent 0.06984945970694  B7ASA9 down 26
Ticigiggw Transcriptional regulator, Crp transcription, DNA-dependent 0.06984945970694  G8NCQO down 26
argR Arginine repressor Arginine repressor transcription, DNA-dependent 0.06984945970694 E8PP68 nucleus down 26
Ththi?—oe Regulatory protein TetR transcription, DNA-dependent 0.06984945970694 F6DFO4 down 26
TSC_c12070 Transcriptional regulator, Lacl family transcription, DNA-dependent 0.06984945970694  E8PQPS5 up 26
rpoC DL RNse‘t’:,lymerase Ll transcription, DNA-dependent 0.06984945970694  H9ZTW1 up 26
rpoB DIVSCIIEEE RNseri:Iymerase Ll transcription, DNA-dependent 0.06984945970694 K7RFC6 up 26
TaqgDaft_3795 Transcriptional regulator, IcIR family transcription, DNA-dependent 0.06984945970694  B7AA28 up 26
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TCfBG%Sj)UF Transcriptional regulator, FNR/CRP transcription, DNA-dependent 0.06984945970694  G8NAT3 up 26
TsC_cogpgp ~ Anti-cleavage anti-GreA transcription transcription, DNA-dependent 0.06984945970694  ESPPO8 up 26

factor Gfhl
TSC_c18130 Pmbab';r:fe’::]c:spcti_ocqasllr;g”'amry transcription, DNA-dependent 0.06984945970694 ESPM08  nucleus up 26
Theos_0989 Transcriptional regulator transcription, DNA-dependent 0.06984945970694  K7RHZ8 up 26

greA Transcription elongation factor GreA transcription, DNA-dependent 0.06984945970694 Q8VvVQD6 up 26
TtJL18 1038 Transcriptional regulator transcription, DNA-dependent 0.06984945970694  H9ZRH6 up 26
TaqSI'JSFZASFT_ Transcriptional regulator, MarR family transcription, DNA-dependent 0.06984945970694 B7AA78 up 26

rpskK 30S ribosomal protein S11 translation 0.00588933923984 E8PP97 cytoplasm down 27

rpsC 30S ribosomal protein S3 translation 0.00588933923984 K7R3A3 down 27

rpll 50S ribosomal protein L9 translation 0.00588933923984 F6DHYO cytoplasm down 27
rpsD 30S ribosomal protein S4 translation 0.00588933923984  K7QXZ2 down 27
rpl) 50S ribosomal protein L10 translation 0.00588933923984  G8NCO04 cytoplasm down 27
rply 50S ribosomal protein L25 translation 0.00588933923984 K7QWB6  cytoplasm down 27
rpsE 30S ribosomal protein S5 translation 0.00588933923984  F6DENS down 27
rplQ 50S ribosomal protein L17 translation 0.00588933923984  B7A584 cytoplasm down 27
rpsT 30S ribosomal protein S20 translation 0.00588933923984  E8PNN6 cytoplasm down 27
rplO 50S ribosomal protein L15 translation 0.00588933923982 ESPPA3 down 27
pth Peptidyl-tRNA hydrolase translation 0.00588933923984  B7A6N1 cytoplasm down 27
rplL 50S ribosomal protein L7/L12 translation 0.00588933923984 F6DI90 cytoplasm down 27

rpsA 30S ribosomal protein S1 translation 0.00588933923984  Q83YV9 cytoplasm up 27

rpmA 50S ribosomal protein L27 translation 0.00588933923984 K7RFL5 cytoplasm up 27

rpsM 30S ribosomal protein S13 translation 0.00588933923984 E8PP98 cytoplasm up 27

rpsO 30S ribosomal protein S15 translation 0.00588933923984  F2NM77 cytoplasm up 27

fmt Methionyl-tRNA formyltransferase translational initiation 0.36397510920339 B7A8I8 up
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frr Ribosome-recycling factor translational termination 0.29610606628426 E8PLG3 cytoplasm down
Thth316_08 Putative sodium symporter protein transmembrane transport 0.14721004982635 F6DG77 down 28
Taq3DngﬁFT_ Uracil-xanthine permease transmembrane transport 0.14721004982635 B7A8H1 up 28
Theos_1382 UCEUDIEE R RS transmembrane transport 0.14721004982635  K7R647 up 28

permease

RLTM_0492

9—0 ° Uncharacterized protein transmembrane transport 0.14721004982635 H7GG11 up 28
TSC_c20050 Major facilitator superfamily MFS_1 transmembrane transport 0.14721004982635 E8PN77 up 28
TanI‘JSIZASFT_ Major facilitator superfamily MFS_1 transmembrane transport 0.14721004982635 B7ABE6 up 28
Mrub_0144 Drug resistance transpgrter, transmembrane transport 0.14721004982635 D3PL28 PLESIE) up 28

EmrB/QacA subfamily membrane
TagDRAFT_ TRAP dicarboxylate transporter—DctP transport 0.14115412319067  B7ASB7 down
4068 subunit
ATP-bindi if. - :

pilF binding mOtL)ifF"nta'”'”g protein transport 0.14115412319065 Q72H73 up
Mrub_2215 Twitching motility protein transport 0.14115412319067 D3PKU4 up
TagDRAFT_ ) . - .

3338 Transposase 1S4 family protein transposition, DNA-mediated 0.13994323497076 B7AA71 up 29
RLTM6—0579 Transposase transposition, DNA-mediated 0.13994323497076 H7GlHW up 29
TtJL18_1389 Transposase transposition, DNA-mediated 0.13994323497076 H9ZSG3 up 29
RLTMXOSZO Transposase transposition, DNA-mediated 0.13994323497076  H7GHBO up 29

mdh Malate dehydrogenase tricarboxylic acid cycle 0.08356036675864 E8PMQS8 down 30

sucC TSSO L B0 LRIy ) tricarboxylic acid cycle 0.08356036675864  HIZSV6 down 30

subunit beta
Theos_1659 succinate dehydsrl:)bgf:iise, EEEELE tricarboxylic acid cycle 0.08356036675864  K7QvQ7 down 30
TCCBUSSUF  Succinate dehydrogenase, cytochrome tricarboxylic acid cycle 0.08356036675860  GSNID6 down 30
116710 subunit
fumC Fumarate hydratase class Il tricarboxylic acid cycle 0.08356036675860  Q5SKT5 cytoplasm down 30
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TaquF;AZFT_ Glucose-inhibited division protein A tRNA processing 0.25325449169829 B7A8Y2 up
truB tRNA pseudouridine synthase B tRNA pseudouridine synthesis 0.06479534891742 K7R1A7 down
truD tRNA pseudouridine synthase D tRNA pseudouridine synthesis 0.06479534891742 B7A722 up
truA tRNA pseudouridine synthase A tRNA pseudouridine synthesis 0.06479534891742 K7QTV4 up
Thth2116_18 Anthranilate synthase component | tryptophan biosynthetic process 0.21485354366631 F6DFJ7 up
trpS Tryptophan-tRNA ligase tryptophanyl-tRNA aminoacylation 0.29610606628426 E8PN43 cytoplasm up
tyrA Prephenate dehydrogenase tyrosine biosynthetic process 0.29610606628426  E8PMZ6 up
TTHV084 Xylulokinase xylulose metabolic process 0.1806610552248 GI9MBD6 up

*Numebered according to the Biological Process shown in Figure 5B.
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Table S11: Gene encoding aminoacyl-tRNA synthetases that presented duplication in

Thermus filfiromis, and their regulation in sample cultivated at 77 °C for trancriptome and

proteome analysis.

Gene Name aminoacyl-tRNA synthetases Transcriptome Proteome
Thfi_0089 alanyl tRNA synthetase + nsd
Thfi_1940 alanyl tRNA synthetase nsd nsd
Thfi_2251 aspartyl-tRNA synthetase + nsd
Thfi_1196 aspartyl-tRNA synthetase nsd nsd
Thfi_0234 cysteinyl-tRNA synthetase nsd +
Thfi_1287 cysteinyl-tRNA synthetase nsd nsd
Thfi_1644 valyl-tRNA synthetase + nsd
Thfi_1505 valyl-tRNA synthetase nsd nsd
(+)Up-regulated at 77 °C , (nsd) no signifincant difference in expression between sample cultivated at 77 °C
and 63 °C.
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Figure SF1. Peroxyl radical scavenger capacity by carotenoid extracts of Thermus filiformis. Linear
relationship between the carotenoid concentrations of samples cultivated at 63 °C (A), 70 °C (B), 77
°C (C) and 70 °C with 100 uM of H,O, (D) and net AUC values from the fluorescence decay curves
of C11-BODIPY581/591 oxidation.
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Advances in industrial biotechnology offer potential opportunities for economic utilization of agro-
industrial residues such as sugarcane bagasse, which is the major by-product of the sugarcane industry.
Due to its abundant availability and despite the c: lex chemical ¢ ition, it can be considered an
ideal substrate for microbial processes for the production of value-added products. In the present study
we evaluated the enzymatic production of xylooligosaccharides (XOS) and antioxidant compounds from
sugarcane bagasse using XynZ from Clostridium thermocellum, a naturally chimeric enzyme comprising
activities of xylanase and feruloyl esterase along with a carbohydrate binding module (CBM6). In order to
reveal the biotechnological potential of XynZ, the XOS released after enzymatic hydrolysis using differ-
ent substrates were characterized by capillary electrophoresis and quantified by high performance anion
exchange chromatography. In parallel, the antioxidant capacity related to the release of phenolic com-
pounds was also determined. The results indicated noteworthy differences regarding the amount of XOS
and antioxidant phenolic compounds produced, as well as the XOS profile, functions of the pre-treatment
method employed. The ability of XynZ to si usly produce xylooligosaccharides, natural probio-
tics, phenolic compounds and anti molecules from natural substrates such as sugarcane bagasse
d ical potential of this enzyme. Production of value-added products from
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Clostridium thermocellum
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rated the biotech
agro-industrial residues is of great interest not only for advancement in the biofuel field, but also for
pharmaceutical and food industries.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction of the total fresh weight and contains 60%-80% of carbohydrates

(Betancur and Pereira, 2010). Sugarcane bagasse is composed of

Large amounts of waste are generated every year from the
industrial processing of agricultural raw materials. Most of these
wastes are used as animal feed or burned as an alternative for
elimination. However, such wastes may be a potential source of
many interesting compound, such as antioxidant compounds and
xylooligosaccharides (Sultana et al., 2008; Akpinar et al., 2009).
Plant biomass, like sugarcane bagasse, is a cheap, abundant and
renewable raw material that can be employed for sustainable pro-
duction of biofuel, bioenergy and several value added biomolecules
(Jayapal et al., 2013; Gongalves et al., 2012; Damadsio et al., 2012).
Currently, sugarcane is used worldwide as a feedstock for ethanol
and sugar production. After sugarcane is milled for juice extraction,
bagasse is obtained as a residue, which corresponds to about 25%

* C ing author at: Gi Maximo Scolfaro Street,n 10000, Campinas,
SP 13083 970, Brazil. Tel.: +55 19 35183111 fax: +55 19 35183164.
E-mail address: fabio.squina@bioetanol.org.br (F.M. Squina).

0926-6690/$ - see front matter © 2013 Elsevier B.V. All rights reserved.
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cellulose, hemicellulose, lignin, and small amounts of extractives
and mineral salts (Rezende et al., 2011). The enzymatic conversion
of lignocellulosic biomass could significantly improve bioethanol
productivity and sustainability, but instead it is discarded as agri-
cultural waste or burned for energy supply in sugar and ethanol
mills (Pandey et al., 2000; Rocha et al., 2012). The close associ-
ation and complexity of the carbohydrate-lignin complex is the
main obstacle in bioconversion. In this context, much has been
invested in technology to make this process economically feasi-
ble, such as the development of an efficient pre-treatment step and
optimization of enzymatic cocktails for cell wall deconstruction.
The employment of enzymes in bioconversion processes pro-
vides advantages when compared to chemical processes, such as
mild reaction conditions. Moreover, product specificity and waste
minimization are also advantages that make the enzymatic process
eco-friendly (Rozzell, 1999). Xylanases (E.C. 3.2.1.8) are hemicellu-
lases responsible for breaking down xylan, the major hemicellulosic
component of plant cell walls, into short xylooligosaccharides by a
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general acid-base mechanism involving two glutamic acid residues
(Davies and Henrissat, 1995). Ferulic acid esterase (FAE) is the
biotechnological key to access ferulic acid (FA) in the plant cell wall.
FAE belongs to carbohydrate esterase family 1 (EC 3.1.1.73), which
is a subclass of the carboxylic esterases that catalyze the hydrolysis
of FA ester linkages in lignin-carbohydrate complexes (Henrissat
and Davies, 1997). The xylanase (XynZ) from Clostridium thermocel-
lum ATCC 27405 is composed of a xylanolytic domain together with
a C-terminal domain which has feruloyl esterase activity (Blum
et al., 2000).

In this context, the aim of this work was to evaluate the ability
of XynZ from C. thermocellum ATCC 27405 to produce antioxi-
dant compounds and xylooligosaccharides from sugarcane bagasse.
In order reveal the biotechnological potential of XynZ, the XOS
(xylooligosaccharides) produced by hydrolysis of different sub-
strates were identified and the antioxidant capacity (related to the
released phenolic compounds) was determined.

2. Materials and methods
2.1. Cloning of XynZ from C. thermocellum

Genomic DNA of Clostridium thermocellum ATCC 27405 was
purified using a previously described methodology (Blum et al.,
2000) and stored at 4 “C without loss of integrity until the moment
of use. The XynZ sequence (Cthe.1963 with NCBI-GI: 125974464),
coding both xylanase and feruloyl esterase domains, was ampli-
fied from genomic DNA by means of standardized PCR reaction,
adding 50 ng of the genomic DNA template from C. thermocellum
ATCC 27405. The signal peptide was removed after sequence analy-
sis using forward (5'-ATATATGCTAGCACCATGCCGCCTTCGGGATA-
3’) and reverse (5'-TATATAGGATCCTCAATAGCCCATAAGAGCTT3-')
primers, where the Nhel and BamHI endonucleases site are
underlined, respectively. Remaining parameters were adjusted as
recommended by the manufacturer of Phusion High-Fidelity DNA
polymerase (New England BioLabs Inc., USA). The PCR reaction
product was double digested with Nhel and BamHI restriction
enzymes and cloned into the pET28a vector, a plasmid that was
optimized for protein expression in Escherichia coli (Novagen-USA).
The E. coli strains DH5« and BL21 (DE3) were grown at 37 °C in
Luria-Bertani (LB) medium and used as hosts for cloning and over-
expression of XynZ, respectively.

2.2. Expression and purification of XynZ from E. coli

E. coli BL21 (DE3) was transformed with the pET28a/XynZ
construct and plated on a selective solid LB medium contain-
ing kanamycin (50 pg/mg). A single colony was grown in liquid
LB-kanamycin (50 p.g/mg) for 16h at 37°C and 250rpm. This
pre-inoculum was inoculated in 500 mL of fresh LB-kanamycin
medium and growing at the same conditions until reaching
an optical density (OD 600nm) equal to 0.6. Thus, recombi-
nant protein expression was induced by adding IPTG (isopropyl
B-p-1-thiogalactopyranoside) at final concentration of 0.5mM.
After 4h, the cells were harvested at 8500 xg and stored at
-20°C.

Stored cells were re-suspended in a lysis buffer (20 mM sodium
phosphate pH 7.5, 500mM NaCl, 5mM imidazole, 80 pg of egg
lysozyme/mL and 5mM PMSF) for 30 min in a Nutating Mixer
(Labnet, USA). Cell disruption was performed in an ice bath using
an ultrasonic processor (7 pulses for 10s at 500 W; VC750 Ultra-
sonic Processor, Sonics Vibracell). The extract was centrifuged at
10,000 x g for 30 min at 4 °C and the supernatant was loaded onto
a Ni2*-chelating affinity column (GE Healthcare). Chromatogra-
phy was carried out using a non-linear imidazole gradient from

5 to 0.5 M with 20 column volumes. To attain a homogenous sam-
ple, it was further loaded on a gel filtration Superdex 200 column
(GE Healthcare), which was previously equilibrated with a 20 mM
phosphate buffer (pH 7.4) containing 50 mM NaCl (Mandelli et al.,
2013).

2.3. Enzymatic activity assay

The xylanase activity of xylan feruloyl esterase was evaluated
according Gongalves et al. (2012) with modifications. Enzymatic
reaction mixtures consisted of 50 pL of xylan beechwood 0.5% at
PH 6.0, 40 L of citrate phosphate glycine buffer (0.1 M) and 10 p.L
of the purified enzyme. After 10min the reaction was stopped
by addition of 100 L of 3,5-dinitrosalicylic acid, immediately
boiled for 5min at 99°C and cooled (Miller, 1959). The solution
was analyzed at 540nm in an Infinite M200*® spectrophotome-
ter (Tecan-Switzerland) to measure the release of reducing sugars.
Esterase activity of the purified enzyme was assessed against the
substrate a-naphthylacetate according to the method previously
described (Koseki et al., 2007).

24. Preparation of substrates for hydrolysis

Four different substrates were used in the analysis: insolu-
ble wheat arabinoxylan (WA), purchased from Megazyme (lot
120801); in natura sugarcane bagasse (variety SP81-3250) (IN),
graciously provided by the Usina Vale do Rosario (Sdo Paulo,
Brazil); steam-exploded sugarcane bagasse (SE), obtained from in
natura sugarcane bagasse which was loaded into a custom-made
stainless steel reactor with volume of 5m?, treated by saturated
steam at 190°C with a pressure of 13kgfcm~2 for 7min and
then exhaustively washed with water to remove the soluble com-
pounds; and chemically treated sugarcane bagasse (CT) prepared
by treating the in natura sugarcane bagasse with a 1:1 mixture
of glacial acetic acid P.A. and hydrogen peroxide P.A. at 60 “C for
7h.

2.5. Chemical composition determination

Cellulose, hemicellulose and lignin content in IN, SE and CT
were determined according to Gouveia et al. (2009). Representa-
tive samples of 200 mg were hydrolyzed in two steps: 72% H,S04
for 7 min at 45 “C followed by dilution to 3% H,SO4 for an additional
30min at 121 °C. The samples were then quenched in ice and fil-
tered. The cellulose and hemicellulose contents of the filtrates were
determined by high-performance anion exchange-pulsed amper-
ometric detection chromatography (HPAE-PAD) with a Dionex
1CS-3000 (Thermo Fisher Scientific, USA) system using a CarboPac
PA 10 column (4 mm x 250 mm Dionex, USA). The monosaccharide
contents found in the hydrolysates were converted to percentage
of polysaccharides. For determination of ash content, the sample
was slowly calcined at 300°C for 1h followed by 2h at 800°C
in a muffle. After cooling the crucible in a dissector, the ash
mass was determined on an analytical balance (adequate from the
standard ASTM, 1966). All these analyses were performed in trip-
licate.

2.6. Enzymatic hydrolysis

The capacity of XynZ to release phenolic compounds and
oligosaccharides from WA, IN, SE and CT was evaluated using
methods previously described (Bragatto et al., 2012; Gongalves
et al., 2012). Reaction mixtures contained 20 mg of each substrate,
0.08 mg/mL of the purified enzyme, and sodium phosphate buffer
(0.1 M, pH 6.4) at the amount necessary to complete a final volume
of 1 mL. The samples were incubated at 50 “C for 5 h and 1500 rpm.
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After that the samples were centrifuged (12,000 x g for 15min at
4°C), and the supernatant collected for subsequent analysis. The
control sample consisted of adding the inactivated enzyme (99 °C
for 10 min) prior to the centrifugation step.

2.7. Capillary electrophoresis of oligosaccharides (CZE)

Oligosaccharides released by the enzyme action, as well as
the standards purchased from Megazyme (xylose, xylobiose,
xylotriose, xylotetraose, xylopentose and xylohexaose) were
derivatized with 8-aminopyrene-1,3,6-trisulfonic acid (APTS) by
reductive amination as described previously (Cotaetal.,2011).Cap-
illary electrophoresis of oligosaccharides was performed using a
P/ACETM MDQ system (Beckman Coulter) with laser-induced flu-
orescence detection. A fused-silica capillary column (TSP050375,
Polymicro Technologies) with 50 wum internal diameter and length
of 31 cm was used for separation of the oligosaccharides. Samples
were injected by application of 0.5 psi for 0.5 s. Electrophoresis con-
ditions were 15kV/70-100 pA with the cathode at the inlet, 0.1 M
sodium phosphate pH 2.5 as running buffer and a controlled tem-
perature of 20 “C. The capillary column was rinsed with 1 M NaOH
followed by running the buffer with a dip-cycle to prevent carry
over after injection. Oligomers labeled with APTS were excited at
488 nm and emission was collected through a 520 nm band pass
filter (Gongalves et al., 2012). Because of the small volumes of
capillary electrophoresis combined with small variations in buffer
strength, retention times varied slightly when comparing separate
electrophoresis runs. The combined information obtained from the
electrophoretic behavior and co-electrophoresis with mono and
oligosaccharides standards (purchased from Megazyme) were used
to identify the degradation products.

2.8. Oligosaccharides quantification

The supernatants that resulted from enzymatic hydrolysis
of sugarcane pulp were analyzed by high performance anion
exchange-pulsed amperometric detection (HPAE-PAD) to detect
oligosaccharides released by XynZ. Separation was performed
using a Dionex ICS 3000 instrument with a CarboPac PA100
column (4mm x250mm) and CarboPac PA100 guard column
(4mm x 50 mm), adopting a linear gradient of A (NaOH 500 mM)
and B (NaOAc 500 mM; NaOH 80 mM) and C (H,0). Gradient pro-
gram: 15% of A, 2% of B and 83% of C at 0-10min, 15-50% of
A, 2-20% of B and 83-30% of C at 10-20 min, with flow rate of
1.0mLmin~'. The concentrations of each saccharide were calcu-
lated based on the construction of calibration curve with external
standards (xylobiose, xylotriose, xylotetraose, xylopentaose, xylo-
hexaose) purchased from Megazyme. The results are presented as
the difference between the reaction samples and the control sam-
ple.

2.9. Quantification of total phenolic compounds

The folin-ciocalteau colorimetric method of Singleton et al.
(1999) was adapted to a microplate reader (Synergy Mx: Biotek,
USA). Reaction mixtures in the sample wells contained the fol-
lowing reagents: 150 L of ultrapure water, 25 pL of extracts in
fourdifferent concentrations (XynZ hydrolysis products),and 25 p.L
of the folin-ciocalteau reagent. The mixture was incubated in the
microplate reader, shaken for 20s, and then maintained at 25°C
for 5min. This was followed by adding 100 p.L of a 7% sodium car-
bonate solution. The absorbance signal was measured after 2h at
a wavelength of 765 nm. Results were expressed in milligrams of
gallic acid equivalent per liter of extract.

2.10. Peroxyl radical scavenging assay

The peroxyl radical (ROO*) scavenging capacity was measured
by monitoring fluorescence decay due to the oxidation of fluores-
cein according to the method of oxygen radical absorbance capacity
(Damasio et al., 2012). The peroxyl radical scavenger capacity was
calculated according to Ou et al. (2001). Briefly, the net protection
provided by the extracts or Trolox (standard) was calculated using
the difference between the area under the fluorescence decay curve
in the presence of the sample (area under the curve AUCexiract) and
in its absence (AUCy,k). Regression equations between net AUC
and the sample concentrations were calculated for all extracts and
Trolox. The results of the peroxyl radical scavenger capacity of the
extracts were expressed as Trolox equivalents in micromoles per
liter of extract.

3. Results and discussion
3.1. XynZ purification and activity

XynZ was expressed in E. coli BL21 (DE3) cells in the sol-
uble fraction at 37°C. Protein purification included two steps,
first IMAC (immobilized metal ion affinity chromatography) fol-
lowed by a size exclusion chromatography, which resulted in a
highly purified enzyme suitable for biochemical assays. The spe-
cific activities of the protein were assayed against rye arabinoxylan
and a-naphthylacetate. Values obtained were equal to 21U/mg
and 0.4U/mg for xylanase and feruloyl esterase activity, respec-
tively.

3.2. Substrates chemical composition

The cellulose crystalline arrangement and the lignin protec-
tive effects, as well as the hemicellulose content, together hamper
enzyme access and make up an obstacle to conversion of bagasse
polysaccharides into value-added products (Canettieri et al., 2007;
Rochaetal., 2012).The pretreatment step of lignocellulosic biomass
results in changes to the chemical composition and physical struc-
ture of substrates, including redistribution of hemicelluloses and
lignin fractions, increasing the surface area and formation of pores
(Grethlein, 1985). In this study, the in natura sugarcane bagasse
was submitted to two different pretreatments strategies: steam
explosion and chemical treatment.

Chemical composition of the four different substrates submit-
ted to enzymatic hydrolysis is shown in Fig. 1. With exception of
WA, which presented hemicellulose as a major compound, cellu-
lose was the major constituent of IN, SE and CT. The lowest dry
weight percentage of hemicellulose was observed in the SE sub-
strate that also presented the highest dry weight percentage of
lignin.

Rocha et al. (2012) determined the chemical composition for
different varieties of sugarcane bagasse, reporting the contents of
cellulose, hemicellulose and lignin as 43.1, 25.2 and 22.9%, respec-
tively. The values showed in Fig. 1 are in full agreement with this
previous report in literature. According to Rochaetal.(2012), steam
explosion pretreatment removes significant amounts of hemicel-
lulose, thus explaining the reduction in hemicellulose content
described for SE bagasse in the present study. The peracetic mixture
(acetic acid and hydrogen peroxide) employed in the CT pretreat-
ment is not only considered environmentally friendly, but is a
highly selective delignificant agent (Borges et al., 2001). Moreover,
it can oxidize the aromatic rings of the lignin structure and expose
hemicellulose and cellulose fibrils which facilitate enzymatic action
(Bragatto et al., 2012, 2013).
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Fig. 1. Chemical comp ofthe wheat (WA), in natura
sugarcane bagasse (IN), steam exploded sugarcane bagasse (SE) and chemically
treated sugarcane bagasse (CT). The chemical composition of WA was obtained from
the specification sheet provided by Megazyme. Different letters correspond to mean
values statically different by Tukey's test (p <0.05), intra groups (lower case letters)
and inter groups (capital letters).

3.3. XOS from enzymatic hydrolysis

The oligosaccharides present in the supernatants, after enzy-
matic hydrolysis using recombinant XynZ and WA, IN, SE and
CT, were analyzed through capillary electrophoresis after APTS-
labeling. Data shown in Fig. 2 underline the ability of XynZ torelease

xylose, xylobiose and short chain xylooligosaccharides from the
different hemicellulosic substrates (Fig. 2). As shown in Fig. 2, the
major saccharide detected after hydrolysis of WA, SE and CT was
xylobiose (X2) while xylose (X1) was preferentially produced from
IN. Some unidentified peaks can be attributed to oligosaccharides
degradation products after APTS-labeling.

Supernatants were also analyzed by HPAE-PAD in order to
quantify the xylose and XOS formed after enzymatic hydrolysis.
The xylose/XOS conversion rate for each substrate was 8.6% for
WA, 0.3% for IN, 2.3% for SE and 14.8% for CT. Previous studies have
reported higher values of oligosaccharide production (Yoon et al.,
2006; Reddy and Krishnan, 2010), however it is important to high-
light that in those cases an enzymatic cocktail was used to achieve
the increased conversion rates.

As shown in Fig. 3, the profile of the xylose/XOS produced
was different for each substrate used, where the highest amount
was obtained from hydrolysis of WA (4.52 mmol/L) followed by
CT (2.98 mmol/L), SE (0.15mmol/L) and IN (0.06 mmol/L). These
results indicate that the greatest enzymatic conversion yield corre-
lated to the lowest structural substrate complexity. Moreover, after
removing lignin in the chemical treatment, the xylose-containing
polysaccharides were exposed, leading the improvement of enzy-
matic hydrolysis and xylooligosaccharides production (Gongalves
et al., 2012; Bragatto et al., 2013).

XynZ efficiently formed xylose/XOS from all substrates; how-
ever it is important to highlight that different products were
generated after enzymatic action on the different substrates. From
WA the major compound released was xylobiose (67%), while from
IN it was xylose (75%). Hydrolysis of SE released almost the same
amount of xylose (42%) and xylobiose (45%). CT was the substrate
that provided the greatest yield of xylo-oligos with high degree of

X2 X1
(A) (B)
X3
X4 X2 xa
X1
’ X3
‘LL/_ N Control ﬁwﬂwﬂ
L S e S S Wwa T L T T e S S S S R TR S
Time (min) Time (min)
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(© (D)
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X1 X4 X1 || x3 x4
X3
K_M Control
° 1 2 3 4 s .6 7, s ° ° " () ° 1 2 3 « s 6 7 s 9 " " ” n
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Fig. 2. Capillary electrophoresis of APTS-labeled oligosaccharide products rel d by XynZ after isof the (A) wheat (B) in natura sugarcane

bagasse: (C) steam exploded sugarcane bagasse; and (D) chemically treated sugarcane bagasse.

174



774 F. Mandelli et al. / Industrial Crops and Products 52 (2014) 770-775

100%

80%

-

60%

40%

20%

xylose {225 xylobiose xylotriose E=S0P>4 |

Fig. 3. HPAE-PAD analysis of xylose and oligosaccharides released from the sub-
strates WA, IN, SE and CT after hydrolysis with XynZ. The concentrations were
calculated using a standard curve of xylotriose, xylopen-
taose and xylohexaose (Megazyme, USA). DP - degree of polymerization.

polymerization, up to 5%. Therefore, these experiments indicated
an interesting strategy to direct the production of different types
of XOS.

XOS have potential applications in a wide range of fields. In
the food industry, XOS can be used in functional foods due to
the positive effects that oligosaccharides have on gastrointesti-
nal microbiota which promote several benefits to human health
(Gullon et al., 2010; Teng et al., 2010; Yang et al., 2011). The pre-
ferred degree of the XOS polymerization ranges from 2 to 4 for
food related applications (Loo et al., 1999). Xylobiose can also
be employed as a sweetener due to its degree of sweetness of
30% when compared to sucrose and its low calorie characteris-
tics (Toshio et al., 1990). In pharmaceuticals, XOS offers advantages
when compared with other oligosaccharides in terms of stability
and beneficial effects such as stimulating the growth of probio-
tics such as Lactobacillus spp., noncariogenicity and inhibiting the
growth of pathogenic microorganisms, providing a number of ben-
efits to the digestive and immune system (Chapla et al., 2012). XOS
has acceptable organoleptic properties and does not exhibit toxicity
or negative effects on human health (Nabarlatz et al., 2005).

3.4. Antioxidant capacity

Ferulic and p-coumaric acids are the major hydroxycinnamic
acids of sugarcane (Xu et al., 2005). Although the alkali treatment
is a simple and cheap method to extract hydroxycinnamic acids
from plant biomass, other by-products are concurrently formed,
and the salts produced after alkali neutralization impair the sub-
sequent purification steps. As an alternative, feruloyl esterases can
provide a clean and environmentally friendly route for the produc-
tion of hydroxycinnamates from lignocellulosic materials (Fazary
and Ju, 2008).

The use of XynZ allowed for the production of value added
compounds, such as phenolic acids known for their antioxidant
capacity, from agro-industrial by-products. Total phenolic com-
pounds (TP) and ROO* scavenging capacity derived from XynZ
treatment of WA, IN, SE and CT are shown in Table 1.

The best result for phenolic compounds and ROO* scavenging
capacity was observed using WA as substrate compared to sug-
arcane bagasse. This was expected because WA is a commercial
substrate which exhibits high purity, low cellulose content and no

Table 1
Total phenolic ¢ and peroxyl sc capacity derived by XynZ
treatment.
Substrate Phenolic ROO* scavenger
compounds capacity (pmol
(mg GAE/L) TE/L)
Wheat arabinoxylan 106.1 + 8.4 2300.5 + 190.5
In natura sugarcane bagasse 220+27 400.6 + 1709
Steam exploded sugarcane bagasse 783 £2.7 3200+ 38
Chemically treated sugarcane bagasse 56.7 £ 1.5 695.8 + 105.3

GAE, gallic acid equi TE, trolox equi
* Values shown are the difference between the reaction samples and the con-
trol sample (see Section 2.10). The values of the control samples were 24.97 +5.77
and 437.89 £ 62.63 for WA, 42.06 = 4.61 and 821.94 £ 22.19 for IN, 146.9 £ 25.9 and
2080+ 84.9 for SE and 85.52+9.06 and 2063.78 £ 11.84 for CT, respectively, for
phenolic compounds (mg GAE/L) and ROO* scavenger capacity (nmol TE/L).

lignin, furthermore it is carefully extracted and purified from wheat
to maintain the ferulic acid crosslinks in the native arabinoxylan.

It is important to highlight that XynZ efficiently released phe-
nolic compounds from all substrates (Table 1), and as previously
reported in many studies, a correlation was also found between TP
and antioxidant capacity, since the main mechanism of ROO* scav-
enging is a hydrogen atom transfer by the phenolic compounds
(Huang et al., 2005).

The values of TP and ROO* scavenging capacity were 2 times
higher for WA and 4 times higher for CT than those obtained
by Damadsio et al. (2012) working with the enzyme AcFAE from
Aspergillus clavatus. These results suggest that the association
between xylanase and feruloyl esterase of the XynZ had a pos-
itive effect on the production of phenolic compounds with high
antioxidant capacity from plant biomass.

Interest in the industrial use of hydroxycinnamic acids is grow-
ing due to their antioxidant capacity and health benefits. The
extraction of these phenolic compounds from biomass via the
breakdown of the ester linkages with polymers has allowed the
exploitation of such compounds for pharmaceutical, industrial and
food applications (Benoit et al., 2006).

4. Conclusions

Our findings demonstrated the biotechnological potential for
use of XynZ from C. thermocellum ATCC 27405 in the hydrolysis
of agro-industrial residue by-products such as sugarcane bagasse.
The bi-functionality of XynZ allowed for simultaneous extrac-
tion of probiotic xylooligosaccharides and antioxidant compounds
from plant biomass. Seeking out industrial applications and taking
into account the difficulty in preparing efficient enzyme cocktails,
chimeric enzymes such as XynZ are appealing for biomass to bio-
products applications, as previously described by others (Cota et al.,
2013).

The highest xylose/XOS and phenolics production yield were
observed after enzymatic hydrolysis of WA followed by CT, SE
and IN. Therefore, as the substrate complexity decreases, greater
was the ability of the enzyme to produce these higher-value
compounds. In order for economically feasible production of
antioxidant compounds and XOS from agricultural wastes, it is
essential to determinate the optimal pre-treatment and the best
enzyme:substrate combination to be used, as well as the additional
enzymatic activities that would be needed. It was also observed that
each substrate showed a different XOS profile, which might be of
biotechnological interest for the development of new enzymatic
routes for the production of higher-value bioproducts from plant
structural polysaccharides.
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