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Resumo

Os fungos produzem uma variedade de metabólitos com aplicações na indústria e na
medicina, ao mesmo tempo que podem ser patógenos humanos. O Paracoccidioides lutzii
é um fungo dimórfico causador da paracoccidioidomicose (PCM), uma micose sistêmica
autóctone da América Latina, onde cerca de 10 milhões de pessoas estão infectadas,
inclusive no Brasil, o qual contribui com cerca de 80% dos casos, afetando principalmente
indivíduos em áreas rurais. Neste trabalho, foi criado um método para identificar e
organizar vias de metabolismo em fungos, com ênfase no metabolismo secundário. Para
validar o método, foi realizado um estudo de caso para o fungo P. lutzii, cujos resultados
obtidos identificaram 2.087 reações enzimáticas, 1.437 enzimas, 1.464 compostos e 335
vias metabólicas. As vias de metabolismo secundário representaram cerca de 4,5% do
total de vias identificadas no P. lutzii. O método criado pode ser aplicado à reconstrução
in silico de redes metabólicas de outros fungos.

Palavras-chave: Bioinformática, rede metabólica, fungos, Paracoccidioides lutzii
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Abstract

Fungi produce various metabolites with applications in industry and medicine, fur-
thermore, can be human pathogens. Paracoccidioides lutzii is a dimorphic fungus that
causes paracoccidioidomycosis (PCM), a systemic mycosis in Latin America affecting ap-
proximately 10 million people, including Brazil, which contributes about 80% of cases,
usually affecting individuals in rural areas. In this work, we create a method to identify
and organize metabolic pathways in fungi, with emphasis on secondary metabolism. To
validate this method, a case study was performed for the fungus P. lutzii. The results
identified 2,087 enzymatic reactions, 1,437 enzymes, 1,464 compounds and 335 metabolic
pathways. The secondary metabolism pathways represented around 4.5% of pathways
identified in the P. lutzii. The method created can be applied to the in silico reconstruc-
tion of metabolic networks of other fungi.

Keywords: Bioinformatics, metabolic network, fungi, Paracoccidioides lutzii

vii



Sumário

1 Introdução 1
1.1 Motivação . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
1.2 Problema . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
1.3 Objetivos . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
1.4 Descrição dos Capítulos . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

2 Metabolismo 4
2.1 Conceitos básicos de Bioquímica . . . . . . . . . . . . . . . . . . . . . . . . 4
2.2 Conceitos básicos de metabolismo . . . . . . . . . . . . . . . . . . . . . . . 7

2.2.1 Vias metabólicas . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
2.2.2 Metabolismo primário . . . . . . . . . . . . . . . . . . . . . . . . . 11
2.2.3 Metabolismo secundário . . . . . . . . . . . . . . . . . . . . . . . . 11

3 O fungo Paracoccidioides lutzii 15
3.1 Paracoccidioides brasiliensis e Paracoccidioides lutzii . . . . . . . . . . . . 15
3.2 A paracoccidioidomicose (PCM) . . . . . . . . . . . . . . . . . . . . . . . . 18
3.3 Rede metabólica do P. lutzii : uma primeira versão . . . . . . . . . . . . . 19

4 Ferramentas computacionais 22
4.1 Bancos de dados . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

4.1.1 Bancos de dados de relacionais . . . . . . . . . . . . . . . . . . . . 22
4.1.2 UniProt . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
4.1.3 BRENDA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
4.1.4 BioCyc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23
4.1.5 KEGG . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

4.2 Anotação . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24
4.2.1 KAAS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25
4.2.2 CDD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26
4.2.3 InterPro . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

4.3 Metabolismo secundário . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

viii



4.3.1 antiSMASH . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26
4.3.2 SMURF . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27

4.4 Reconstrução de redes metabólicas . . . . . . . . . . . . . . . . . . . . . . 28
4.4.1 PathwayTools . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 29

5 Método para reconstrução in silico de redes metabólicas em fungos 32
5.1 Descrição geral do método . . . . . . . . . . . . . . . . . . . . . . . . . . . 32
5.2 Detalhes das etapas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32

6 Estudo de caso: rede metabólica do P. lutzii 36
6.1 Método aplicado ao P. lutzii . . . . . . . . . . . . . . . . . . . . . . . . . . 36
6.2 Dados da rede metabólica in silico do P. lutzii . . . . . . . . . . . . . . . . 40
6.3 Discussão . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47

7 Conclusão 51
7.1 Contribuições . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52
7.2 Trabalhos futuros . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52

Referências 53

A Tabela com as vias de metabolismo secundário identificadas 59

B Tabela de reações com gaps e as vias metabólicas onde ocorrem 61

C Tabela de transcritos em suas respectivas formas de ocorrência 70

ix



Lista de Figuras

2.1 Ciclo do ATP [8] . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
2.2 Estágios do Catabolismo [8] . . . . . . . . . . . . . . . . . . . . . . . . . . 8
2.3 Via da gluconeogenese encontrada no fungo Candida albicans SC5314 [58]. 10
2.4 Expressão de metabólitos secundários em ágar como forma de inibição de

colônias adjacentes [66]. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11
2.5 Os principais grupos de metabólitos secundários de fungos. [47]. . . . . . . 14

3.1 Distribuição geográfica do gênero Paracoccidioides e Lacazia loboi [77]. . . 17
3.2 Árvore filogenética de fungos dimórficos, obtida usando o critério maximum

likelihood RaxML [17]. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17
3.3 As duas formas do Paracoccidioides lutzii : forma leveduriforme caracterís-

tica com brotamentos múltiplos em forma de roda de leme [25] à esquerda
e forma de micélio à direita. . . . . . . . . . . . . . . . . . . . . . . . . . . 18

3.4 Página com os dados da rede metabólica reconstruída por Alvarez [3]. . . . 20
3.5 Página com links para as vias metabólicas reconstruída por Alvarez [3]. . . 21

4.1 Metabolismo da pirimidina no P. lutzii [46] . . . . . . . . . . . . . . . . . . 25
4.2 Exemplo de arquivo no formatoFASTA, representando aminoácidos. . . . . 25
4.3 Pipeline da análise genômica de metabólitos secundários realizada pelo an-

tiSMASH [57]. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
4.4 Trechos dos arquivos de entrada gerados a partir do banco de dados Plutzii:

(A) genetic-elements.dat, (B) PAAG_0001T0.fsa, (C) PAAG_0001T0.pf. . 31

5.1 Método para reconstrução in silico de redes metabólicas de fungos. . . . . 33
5.2 Modelo de Entidade-Relacionamento do banco de dados . . . . . . . . . . . 34

6.1 Método para reconstrução in silico de redes metabólicas em fungos aplicado
ao P. lutzii. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37

x



6.2 Modelo de Entidade-Relacionamento (MER) do banco de dados adaptado
para o P. lutzii. Este MER foi chamado de Plutzii e contém as tabelas e
relacionamentos com os dados do P. lutzii e os dados da rede previamente
reconstruída. É utilizado como ponto de partida para o método e ao longo
de sua execução, os dados são atualizados com os resultados intermediários. 38

6.3 Funcionalidade do PathoLogic [42] para reconstrução automática da rede
metabólica a partir dos arquivos com elementos genéticos gerados com in-
formações do banco de dados Plutzii. . . . . . . . . . . . . . . . . . . . . . 40

6.4 Funcionalidade do PathoLogic [42] para refinar dados de vias metabólicas
reconstruídas. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40

6.5 Rede metabólica reconstruída in silico para o fungo P. lutzii, incluindo vias
metabólicas completas e reações não atreladas a vias. . . . . . . . . . . . . 42

6.6 Distribuição (%) das vias metabólicas identificadas, de acordo com a clas-
sificaçao do BioCyc. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43

6.7 Distribuição de transcritos oriundos dos contigs e singlets do P. lutzii, sob
as formas de levedura, micélio e ambas as formas. . . . . . . . . . . . . . . 45

6.8 Exemplo da página com dados gerais da rede metabólica do P. lutzii na web. 46
6.9 Exemplo de navegação pela rede metabólica através das classificações das

vias metabólicas. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 46
6.10 Exemplo de exibição da via metabólica de biossíntese de betaxantin. . . . . 47
6.11 Via metabólica do cliclo do glioxilato . . . . . . . . . . . . . . . . . . . . . 48
6.12 Via metabólica da degradação de mannitol I . . . . . . . . . . . . . . . . . 49
6.13 Via metabólica da biossíntese de Geranilgeranil di-fosfato . . . . . . . . . . 50

xi



Lista de Tabelas

2.1 Funções biológicas das proteínas . . . . . . . . . . . . . . . . . . . . . . . . 5

6.1 Tabela comparativa das informações das redes metabólicas reconstruídas
in silico para o P. lutzii . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41

6.2 Possíveis aplicações de vias metabólicas secundárias identificadas in silico
para o P. lutzii. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44

6.3 Anotações propostas para enzimas antes anotadas como preditas ou hipo-
téticas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45

xii



Capítulo 1

Introdução

O DNA pode ser transcrito sob a forma RNAs e então traduzido em proteínas encon-
tradas nos organismos [71]. A estrutura em dupla hélice do DNA foi proposta por Watson
e Crick em 1953 [83] e desde então, o DNA vem sendo estudado através de diversas téc-
nicas, tanto de laboratório quanto em computadores.

O Projeto Genoma Humano (PGH) [37], iniciado em 1990, teve o objetivo de deter-
minar a sequência de DNA do genoma humano, tendo sido concluído com sucesso em
2001 [37, 81]. Além disso, levou a significativos e rápidos avanços nas tecnologias utiliza-
das para sequenciar DNA [14]. O PGH identificou cerca de 20.000 a 25.000 genes do DNA
humano e determinou a sequência dos 3 bilhões de pares de nucleotídeos que compõem os
cromossomos humanos. O PGH inaugurou uma nova era nas áreas de saúde, agricultura,
pecuária e indústria, entre outras. Além disso, houve transferência de tecnologia entre o
setor público e o setor privado e a discussão de questões éticas e sociais [33].

Milhares de projetos de sequenciamento de genoma foram concluídos ou estão em
andamento. Segundo o GOLD [29], são conhecidos 3.450 projetos genoma, 2.173 deles
terminados, sendo 157 de archeas, 3.118 de bactérias e 175 de eucariotos. Neste contexto,
surgiu uma nova área de pesquisa e desenvolvimento, chamada de Bioinformática, que
se propõe a resolver problemas de Biologia Molecular usando ferramentas e métodos de
Computação, Matemática e Estatística.

No Brasil, o primeiro projeto genoma concluído com sucesso foi o da bactéria Xyllela
fastidiosa [73], responsável por infectar cerca de 30% dos laranjais do estado de São Paulo
com uma doença conhecida por amarelinho, que provoca imensos prejuízos financeiros aos
produtores de laranja.

Em seguida, no âmbito dos projetos genoma induzidos pelo CNPq e MCT, foi criada
a Rede Genoma Centro-Oeste como uma das oito unidades regionais brasileiras para o
sequenciamento de genomas. O primeiro transcritoma sequenciado pela Rede Genoma
Centro-Oeste foi o do fungo Paracoccidioides brasiliensis (Pb), entre 2001 e 2003 [21, 22],
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que é o patógeno humano causador da paracoccidioidomicose (PCM). Anos mais tarde, o
Instituto Broad dos Estados Unidos, sequenciou os genomas dos isolados Pb03 e Pb18 e
Pb01. Finalmente, Teixeira et al [76] descobriram que o isolado Pb01, é na verdade, uma
nova epécie pertencente ao gênero Paracoccidioides, denominada Paracoccicidioides lutzii
(P. lutzii), cujo nome é uma homenagem ao descobridor do P. brasiliensis em 1908, Adolf
Lutz. Os dois outros isolados, Pb03 and Pb18, pertencem à espécie Paracoccicidioides
brasiliensis.

A Rede Genoma Centro-Oeste, participou apoiando a bioinformática de outros proje-
tos como o Genoma Guaraná [27, 86] e o Genoma Anaplasma [4, 39]. Houve ainda outro
projeto que integra algumas instituições de pesquisa dessa região chamado BIOFOCO,
que teve como principal objetivo desenvolver ferramentas de Bioinformática em ambiente
computacional distribuído para uso público [11].

1.1 Motivação

O Projeto Genoma Pb trouxe significativos avanços ao conhecimento da biologia mo-
lecular do Paracoccidioides. Os dados gerados neste projeto serviram de base para várias
outros, sobretudo na UnB e UFG. Um desses projetos, foi a definição de um método para
reconstrução in silico de redes metabólicas de fungos contemplando um pipeline para
metabolismo primário e secundário, tendo como estudo de caso o P. lutzii. A reconstru-
ção da rede metabólica in silico permite identificar importantes interações, bem como
proporciona uma visão sistêmica dos processos bioquímicos do P. lutzii, especialmente
para aqueles genes relacionados à interação patógeno-hospedeiro e à doença PCM, possi-
bilitando explorá-los em busca de novos alvos moleculares visando o desenvolvimento de
novas drogas anti-fúngicas.

1.2 Problema

Uma rede de metabolismo do P. lutzii foi reconstruída in silico por Alvarez [3], mas
não foi feito um estudo aprofundado das vias do metabolismo secundário, que ainda não
foram completamente reportadas.
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1.3 Objetivos

Objetivo principal

Desenvolver um método in silico para identificar e organizar vias de metabolismo, com
ênfase no metabolismo secundário, e reconstruir redes metabólicas em fungos.

Objetivos específicos

• Organizar os dados do fungo em um banco de dados centralizador das entradas e
saídas das pipelines que compõem o método.

• Utilizar ferramentas de bioinformática para predição de metabolismo secundário;

• Realizar um estudo de caso, reconstruindo in silico a rede metabólica do fungo P.
lutzii ;

• Gerar uma visualização da rede metabólica reconstruída;

• Disponibilizar os resultados na web.

1.4 Descrição dos Capítulos

Este trabalho está organizado sob a forma de capítulos. O Capítulo 2 apresenta
conceitos básicos de bioquímica, metabolismo, vias e redes metabólicas, necessários ao
entendimento deste trabalho. O Capítulo 3 apresenta uma visão geral do organismo alvo
do estudo de caso, o Paracoccidioides lutzii. O Capítulo 4 apresenta as ferramentas e
métodos utilizados neste trabalho, a saber, ferramentas de predição de clusters de genes,
bancos de dados relacionais, bancos de dados de proteínas, PGDBs (Pathway/Genome
Databases), o software PathwayTools e os métodos de reconstrução de redes metabólicas
empregados. O Capítulo 5 apresenta a proposta metodológica de pesquisa organizando os
pipelines em um método definido. O Capítulo 6 apresenta o estudo de caso para o fungo
P. lutzii e os resultados obtidos, além de uma breve discussão sobre três vias metabólicas
identificadas no estudo de caso do P. lutzii. O Capítulo 7 traz as conclusões e perspectivas.
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Capítulo 2

Metabolismo

Este Capítulo apresenta conceitos básicos de Bioquímica e de metabolismo, necessários
para o entendimento deste trabalho. Na Seção 2.1 são descritos conceitos de Bioquímica
relacionados ao metabolismo. Na Seção 2.2 são definidos metabolismo, vias metabólicas,
metabolismo primário e secundário, este último, com ênfase na sua especial importância
em fungos.

2.1 Conceitos básicos de Bioquímica

Uma reação química é a transformação de um conjunto de substâncias químicas, cha-
madas de reagentes ou substratos, gerando um conjunto de outras substâncias químicas,
chamadas de produtos da reação [8].

A Bioquímica é o estudo da química dos processos vitais [8]. Estes processos en-
volvem um intercâmbio de duas classes diferentes de moléculas: moléculas grandes, tais
como proteínas e ácidos nucléicos, chamadas de macromoléculas biológicas, e moléculas de
baixa massa molecular, tais como glicose e glicerol, chamadas metabólitos [8]. Os meta-
bólitos participam das reações químicas que compõem o metabolismo de um organismo,
sendo quimicamente transformados em processos biológicos, podendo ser tanto substratos
quanto produtos de reações [60].

As proteínas são polímeros de resíduos de aminoácidos. Os aminoácidos são também
encontrados nos organismos, em sua forma monomérica, como transportadores de nitrogê-
nio, neurotransmissores ou precursores de outras biomoléculas, como nucleotídeos, glicose,
heme e creatina. O conjunto de aminoácidos unidos por ligações peptídicas forma a cadeia
polipeptídica de uma proteína, também chamada de estrutura primária. As estruturas
espaciais das proteínas costumam ser bastante complexas, tendo sido divididas em níveis
organizacionais, de primária até quaternária [23]. Essa estrutura espacial é essencial para
a atividade catalítica [63].
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Proteínas e peptídeos participam de praticamente todos os processos que ocorrem nos
seres vivos. A diversidade de suas funções é apresentada na Tabela 2.1.

Tabela 2.1: Funções biológicas das proteínas
Função Exemplos
Catálise DNA polimerases, lactato dehydrogenase, tripsina
Transporte Hemoglobina
Armazenamento Ovalbumina
Contração Miosina, actina
Suporte estrutural e mecânico Colágeno, elastina
Defesa Anticorpos, fatores anticoagulantes do sangue
Transdução de sinal Receptores, canais de íons, proteínas de vias de tradu-

ção de sinais
Controle de crescimento, diferencia-
ção e metabolismo

Fatores de crescimento, peptídeos de hormônios

Toxinas Venenos de cobra, toxinas de cólera

Exceto por um pequeno grupo de moléculas de RNA catalíticas, todas as enzimas
são proteínas [63]. As enzimas são classificadas e catalogadas pelo IUBMB (International
Union of Biochemistry and Molecular Biology) [38]. Para cada enzima, é atribuído um EC
(Enzyme Code Number), um código hierárquico composto de quatro números separados
por pontos, na forma X.Y.Z.W , onde X define o tipo de reação catalisada, Y e Z definem,
respectivamente, a classe e a sub-classe da enzima e Z é um identificador sequencial da
enzima na categoria indicada pelos outros três números. A enzima 1.6.99.3, por exemplo,
de acordo com o IUBMB, tem o seguinte significado:

• Quanto ao tipo de reação: 1 = Oxiredutases;

• Quanto à classe da enzima: 6 = Atua sobre NADH ou NADPH;

• Quanto à subclasse da enzima: 99 = Outros receptores;

• O identificador sequencial da enzima é 3 = NADH dehydrogenase.

Algumas pequenas moléculas especiais, chamadas co-fatores, são essenciais para a
ação das enzimas. Elas se ligam às enzimas de maneira não-covalente, aumentando sua
atividade (ativadores) ou diminuindo sua atividade (inibidores). Para que uma reação
química ocorra, algumas condições devem ser satisfeitas [60]:

• Todos os reagentes devem estar presentes na célula, em quantidades necessárias para
que a reação ocorra;

• A enzima que catalisa a reação deve estar presente;

• Co-fatores que interferem na atividade enzimática, em alguns casos devem estar
presentes enquanto em outros não podem estar presentes.
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Sobre o comportamento dos sistemas bioquímicos, é importante saber que obedecem
às leis da termodinâmica. A primeira lei da termodinâmica diz que a energia total de
um sistema e de sua vizinhança é constante, ou seja, a energia não pode ser criada nem
destruída, apenas assume diferentes formas. Uma forma alternativa é a energia potencial,
aquela armazenada em moléculas, que pode ser liberada na ocorrência de algum processo.
Todos os seres vivos, sejam unicelulares ou multicelulares, teciduais ou não, precisam de
energia [8].

O processo de transformação de energia ocorre através do metabolismo, uma rede inte-
grada de reações químicas. Basicamente há dois tipos de reações químicas que compõem
o metabolismo:

• Reações catabólicas: reações que extraem energia de alguma fonte, como alimentos;

• Reações anabólicas: reações que utilizam energia para biossíntese.

Processos metabólicos são comuns a muitos organismos. Por exemplo, o conjunto de
transformações químicas que converte glicose e oxigênio em dióxido de carbono e água
é essencialmente idêntico em bactérias como a Escherichia coli (E. coli) e em organis-
mos complexos como o humano. Mesmo processos que parecem muitos distintos, têm
características comuns em nível bioquímico [8, 63].

Figura 2.1: Ciclo do ATP [8]

A maior parte do catabolismo é constituída de reações que extraem energia das molécu-
las energéticas - como glicídeos e lipídeos - e as converte em ATP (Adenosina trifosfato).
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O ATP é a moeda corrente universal de energia livre em sistemas biológicos, e é uma
molécula rica em energia porque seu trifosfato contém duas ligações de anidrido fosfórico.

A energia é liberada - reação exergônica - quando o ATP sofre hidrólise para adenosina
difosfato (ADP ) e ortofosfato (Pi) ou para adenosina monosfosfato (AMP ) e pirofosfato
(Pii). A variação de energia livre necessária para esta reação depende da força iônica do
meio e das concentrações de Mg2+ ou de outros iontes1 metálicos. A forma ativa do ATP

é geralmente um complexo de ATP com Mg2+ ou Mn2+ [8, 63].
O ATP forma-se a partir do ADP e Pi, quando as moléculas energéticas são oxidadas

nos seres quimiotróficos ou quando a luz é capturada pelos fototróficos. Este ciclo ATP �
ADP , cujo esquema é mostrado na Figura 2.1, é fundamental na troca de energia em
sistemas biológicos.

Há três estágios na extração de energia dos alimentos pelos organismos aeróbicos. No
primeiro estágio, grandes moléculas são quebradas em moléculas menores. As proteínas
são hidrolisadas para os seus 20 tipos de aminoácidos constituintes, os poliosídeos hidroli-
sados a oses, como a glicose, os lipídeos a glicerol e ácidos graxos. Neste primeiro estágio,
nenhuma energia utilizável é capturada. No segundo estágio, essas moléculas pequenas
são degradadas a poucas unidades simples que desempenham um papel fundamental no
metabolismo. A maioria delas é transformada na unidade acetila da acetilCoA. Algum
ATP é gerado neste estágio, mas a quantidade é inferior ao próximo estágio. No terceiro
estágio, é produzido ATP pela oxidação completa da unidade acetil da acetilCoA. Este
terceiro estágio é conhecido como ciclo do ácido cítrico, ou ciclo de Krebs e da fosforilação
oxidativa, que são as vias finais comuns das moléculas alimentares [8, 63]. Os três estágios
descritos são mostrados na Figura 2.2.

2.2 Conceitos básicos de metabolismo

O metabolismo é a soma de todas as transformações químicas que ocorrem em uma
célula ou em um organismo através de uma série de reações catalisadas por enzimas que
constituem as vias metabólicas [59, 63].

As enzimas catalisam a conversão dos substratos em produtos. A ocorrência deste
processo se dá quando, inicialmente, ocorre a associação da enzima E com os substratos
S, produzindo um complexo intermediário enzima-substrato: ES : E + S ⌦ ES. A
seguir, esse complexo ES passa por um estágio de transição, que é denotado por EA,
transformando-se em um complexo enzima-produto: EP : ES ⌦ EA ⌦ EP . Final-
mente, ocorre a quebra do complexo enzima-produto EP , liberando as enzimas e os
produtos resultantes da reação: EP ⌦ E + P , conforme exemplificado a seguir [63]:

1íons eletricamente carregados, positiva ou negativamente.
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Figura 2.2: Estágios do Catabolismo [8]

E + S ⌦ ES ⌦ EA ⌦ EP ⌦ E + P

Os processos metabólicos são regulados por três métodos principais: controle das
quantidades de enzimas, controle da atividade catalítica e controle de acesso aos substra-
tos [8, 59].

O controle das quantidades de enzimas ocorre através do ajuste do nível de transcrição
dos genes que as codificam2.

Quanto à atividade catalítica das enzimas, pode haver um controle alostérico, que
consiste numa alteração na estrutura terciária ou quaternária de uma enzima protéica
induzida pela ação de uma molécula ligante, que pode ser um ativador, um inibidor,
um substrato, ou os três. Pode ocorrer também uma inibição por feedback (ou inibição
retroativa), ocorre quando o produto final de uma reação de biossíntese influencia o início
de outra [59, 63].

O controle de acessibilidade aos substratos pode ocorrer de duas formas: controle
do fluxo dos substratos ou compartimentalização. Nos seres eucariotos, a regulação e a
flexibilidade metabólicas são potencializadas pela compartimentalização. Por exemplo, a
degradação por oxidação de ácidos graxos ocorre nas mitocôndrias, enquanto a síntese
desses mesmos ácidos ocorre no citoplasma. Essa compartimentalização segrega reações
opostas [8, 59, 63].

2Por exemplo, na E. coli, a presença de lactose induz dentro de minutos um aumento de cerca de 50
vezes a velocidade de síntese da galactosidase �, uma enzima necessária à degradação deste diosídeo [8, 59]
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2.2.1 Vias metabólicas

O metabolismo de um organismo é formado por vias metabólicas, que compõem a
sua rede metabólica. Vias metabólicas são séries de reações químicas sobre compostos
que ocorrem nas células dos organismos vivos. Essas reações podem ser catalisadas por
enzimas que muitas vezes precisam ainda de minerais, vitaminas e outros co-fatores [59].
Os produtos de algumas reações são utilizados como reagentes de outras reações, esse
encadeamento forma vias, que por sua vez, formam redes de processamento de compostos
químicos em uma célula [3]. As vias metabólicas são geralmente mostradas graficamente.
A figura 2.3, é uma representação gráfica da via da gluconeogenese encontrada no fungo
Candida albicans SC5314.
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Figura 2.3: Via da gluconeogenese encontrada no fungo Candida albicans SC5314 [58].
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2.2.2 Metabolismo primário

O metabolismo pode classificado em primário e secundário. O metabolismo primário
é o conjunto de processos metabólicos que desempenham funções essenciais ao organismo,
como a divisão e crescimento celular, respiração, estocagem de energia e reprodução [59,
63]. Muitos sistemas enzimáticos cooperam para obter energia química capturando energia
solar ou degradando nutrientes ricos em energia obtidos do ambiente, ou ainda convertendo
moléculas dos nutrientes obtidos em outras moléculas, próprias de cada célula [63].

2.2.3 Metabolismo secundário

Metabolismo secundário é aquele relativo aos compostos secundários, que diferente-
mente dos primários, não são essenciais para o crescimento, desenvolvimento ou repro-
dução. Apesar dos compostos secundários fazerem parte do metabolismo normal de um
organismo, são frequentemente produzidos em células especializadas, e tendem a ser mais
complexos do que os compostos primários [49, 63].

Os metabólitos secundários são particularmente abundantes em fungos filamentosos
que vivem no solo [49]. Muitos fungos produzem metabólitos secundários por influência
de competição ambiental e nestes casos os compostos são produzidos juntos com enzimas
para digestão extracelular. Eles podem oferecer proteção contra estresses ambientais ou
interações com outros organismos [49], como pode ser visto na Figura 2.4.

Figura 2.4: Expressão de metabólitos secundários em ágar como forma de inibição de
colônias adjacentes [66].
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Metabólitos secundários são geralmente produzidos após um crescimento ativo e alguns
metabólitos, frequentemente são encontrados em fungos relacionados, enquanto outros são
encontrados apenas em uma ou algumas espécies [66].

Existem razões claras para estudar metabólitos secundários, pois há aplicações na
indústria e na medicina. Seis dos vinte medicamentos mais comumente prescritos para os
seres humanos são de origem fúngica [66]. A importância dos metabólitos secundários de
fungos cresceu a partir da década de 1940 com o enorme impacto da penicilina sobre a
saúde humana. Desde então, diversos outros compostos foram descobertos, como agentes
imunossupressores, drogas para baixar o colesterol, drogas antivirais e anti-tumorais [49,
57]. A disponibilidade de dados de genomas de fungos têm facilitado a descoberta e
caracterização de novos componentes e suas vias metabólicas [49].

Metabólitos secundários importantes são sintetizados a partir de uma ou da combina-
ção de três das vias biossintéticas [34] de:

• Policetídeos decorrentes de Acetil CoA;

• Via do mevalonato, também decorrente de Acetil CoA;

• Aminoácidos.

Além disso, os genes para a síntese de alguns metabólitos secundários encontram-se
agrupados, e a expressão do cluster parece ser induzida por um ou alguns reguladores
globais [34, 66].

Classes de metabólitos secundários

O metabolismo secundário está relacionado, em grande parte, ao domínio da química
orgânica. Metabólitos secundários são muitas vezes bioativos, geralmente de baixa massa
molecular, e são produzidos como famílias de compostos relacionados a áreas restritas do
ciclo de vida, com a produção, muitas vezes correlacionada com um estágio específico
de diferenciação morfológica [47]. Existem várias classes de metabólitos secundários,
conforme mostrados na Figura 2.5.

• Policetídeos (PK): são os mais abundantes metabólitos secundários de fungos.
Eles são sintetizados por policetídeo-sintases (PKS), que são proteínas de vários
domínios que estão relacionadas com as sintases de ácidos graxos em eucariotos e
contêm estruturas de domínio semelhante [47].;

• Peptídeos não-ribossomais (NRP): são derivados, ao mesmo tempo de aminoá-
cidos proteinogênicos (aqueles que constituem as proteínas) ou aminoácidos não-
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proteinogênicos multidomínio3, e enzimas multimodulares chamadas não-ribossomais
peptídeo sintases(NRPs). Cada módulo em um NRPS contém vários domínios que
permitem o reconhecimento, a ativação e a ligação covalente de um aminoácido es-
pecífico do módulo. Subsequentemente, as ligações peptídicas são formados entre
os aminoácidos ligados. O peptídeo resultante é então liberado por um domínio
do tipo tioesterase4 geralmente localizada na extremidade C do módulo final. A
diversidade entre os peptídeos não ribossomais surge do comprimento de peptídeos
produzidos [47];

• Alcalóides: Constituem um grupo heterogêneo de substâncias nitrogenadas, ge-
ralmente de origem vegetal, de caráter básico e que apresentam acentuada ação
farmacológica em animais. São encontrados predominantemente na forma combi-
nada, com ácidos orgânicos, e em concentração menor, na forma livre [63];

• Terpenos: Podem ser definidos como um grupo de moléculas cuja estrutura está
baseada em um número definido de unidades de isoprênicas5. Os terpenos podem
ser usados como substratos para obtenção de energia por respiração celular, ou para
criar outras substâncias como aminoácidos e novos tecidos [9].

3Regiões com estruturas terciárias semi-independentes ligadas entre si por segmentos lineares da cadeia
polipeptídica, ou seja, unidades funcionais e de estrutura tridimensional de uma proteína.

4As hidrolases incluem enzimas de baixa especificidade, como esterases e tioesterases, que hidrolisam
um número muito grande de ésteres e tioésteres, embora com velocidades diferentes.

5metil-buta-1,3-dieno, com 5 átomos de carbono
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Figura 2.5: Os principais grupos de metabólitos secundários de fungos. [47].
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Capítulo 3

O fungo Paracoccidioides lutzii

Este capítulo apresenta uma visão geral sobre o Paracoccidioides lutzii. Na Seção 3.1
é descrito o P. lutzii, o sequenciamento de seu genoma funcional e diferencial pela Rede
Genoma Centro-Oeste e o sequenciamento do genoma dos isolados Pb03, Pb18, Pb01 pelo
BROAD Institute. A Seção 3.2 Apresenta uma visão geral sobre a paracoccidioidomi-
cose. Finalmente, a Seção 3.3 apresenta a rede metabólica previamente reconstruída por
Alvarez [3].

3.1 Paracoccidioides brasiliensis e Paracoccidioides

lutzii

O P. brasiliensis é um fungo que vem sendo estudado desde 1908, quando foi iden-
tificado por Adolfo Lutz, a partir de amostras colhidas da mucosa bucal em pacientes
da cidade de São Paulo [52]. Mais tarde, em 1912, Splendore estabeleceu as condições
para seu cultivo in vitro, tendo classificado-o como Zymonema brasiliensis [75]. Alguns
anos depois, em 1930, Almeida propôs o gênero Paracoccidioides em substituição à clas-
sificação anterior de Splendore, como citado em [5]. Em meados de 2000, Bailek [7]
demonstrou a proximidade filogenética entre o P. brasiliensis, com os fungos dos gêne-
ros Histoplasma, Emmonsia e Blastomyces, utilizando análise ribossomal parcial do RNA
ribossomal 26S [7].

O Projeto Genoma Funcional e Diferencial do Paracoccidioides, iniciado em 2001 pela
Rede Genoma Centro-Oeste, propunha-se a identificar os genes de expressão de micélio e
levedura e os genes de expressão diferencial, que potencialmente exercem funções relaci-
onadas à adaptação do fungo ao hospedeiro, à manutenção do estado diferenciado, bem
como com à patogenicidade deste fungo [28]. A metodologia proposta utilizou técnicas
que possibilitaram o sequenciamento de ESTs das formas de micélio e de levedura, e a
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identificação de cDNAs (ESTs) diferenciais estágio-específicas, de uma das duas formas
(micélio ou levedura) do P. brasiliensis; identificação de ESTs diferenciais por DDRT-
PCR; e identificação de ESTs diferencias por microarranjos [22, 28, 65].

O sequenciamento do transcritoma do isolado Pb01, até então conhecido como P.
brasiliensis, foi realizado com a técnica Sanger e foram gerados 19.718 ESTs (Expressed
Sequence Tags) de alta qualidade. Após a montagem, foram obtidos 2.655 contigs e
3.367 singlets, constituindo um total 6.022 ESTs montadas. Esses dados sugeriram um
tamanho de genoma estimado em aproximadamente 30 Mb, contendo entre 7.500 até
9.000 genes [21, 22]. O projeto foi finalizado em 2003 [21].

A identificação de genes de expressão diferencial, requeridos para a transição dimórfica,
permitiu aprofundar o conhecimento de possíveis causas de estabelecimento de infecção e
da doença PCM. Vários genes que participam do processo de dimorfismo e de virulência já
foram descritos também para outros fungos patogênicos como o Histoplasma capsulatum
e o Candida albicans.

Vários genes potencialmente envolvidos no dimorfismo ou na patogenicidade foram
descritos para o P. lutzii [22, 28]. Em 2003, durante um período entre 5 e 120 horas, a
expressão gênica do P. brasiliensis foi monitorada durante a transição micélio-levedura.
Esse experimento revelou mais de 2 mil genes que apresentaram modulações estatística-
mente significativas [65].

O Instituto Broad nos Estados Unidos sequenciou os genomas dos isolados Pb03 e
Pb18 e do isolado Pb01. O tamanho obtido para estes genomas foi de, respectivamente
29,1 Mb em 7.610 genes, 30 Mb em 8.042 genes e 32,9 Mb em 8.130 genes [17, 36].

Teixeira et al [76] revelaram que o isolado Pb01, é de fato, uma nova epécie pertencente
ao gênero Paracoccidioides, denominada Paracoccicidioides lutzii em homenagem ao seu
descobridor. Os dois outros isolados, Pb03 and Pb18, permaneceram pertencentes à
espécie Paracoccicidioides brasiliensis. O P. lutzii ocorre predominantemente, mas não
exclusivamente, na Região Centro-Oeste do Brasil, conforme pode ser observado na Figura
3.1. A Figura 3.2 mostra a filogenia e ortologia entre alguns fungos dimórficos.

O P. lutzii, (Figura 3.3) pertence ao Reino Fungi; Divisão Ascomycota; Subdivisão
Euascomycetes; Classe Plectomyceto; Ordem Onygenales ; Família Onygenacea; Subfamí-
lia Onygenaceae anamorficos ; Gênero Paracoccidioides; Espécie Paracoccidioides lutzii.
É um fungo dimórfico, ou seja, pode ocorrer sob duas formas. É encontrado na natureza
sob a forma miceliana à temperatura de aproximadamente 25�C, que sofre uma transi-
ção da forma miceliana (24-26�C) para a forma levedura (37�C). Esse processo pode ser
controlado in vitro por alteração da temperatura de incubação [5].

O P. lutzii vive saprofiticamente no solo sob a forma miceliana, que apresenta uma
organização pluricelular formada por filamentos de células cilíndricas, com ramificações
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Figura 3.1: Distribuição geográfica do gênero Paracoccidioides e Lacazia loboi [77].

Figura 3.2: Árvore filogenética de fungos dimórficos, obtida usando o critério maximum
likelihood RaxML [17].
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denominadas hifas. As hifas são multinucleadas, finas e septadas, podendo ter esporos
terminais ou intercalares. As células de levedura são multinucleadas, arredondadas e
algumas exibem múltiplos brotamentos, que conferem ao fungo uma estrutura típica,
usada inclusive para diagnóstico, denominada roda de leme [5].

Figura 3.3: As duas formas do Paracoccidioides lutzii : forma leveduriforme característica
com brotamentos múltiplos em forma de roda de leme [25] à esquerda e forma de micélio
à direita.

3.2 A paracoccidioidomicose (PCM)

A paracoccidioidomicose (PCM), doença causada pelo P. lutzii, é uma micose sistê-
mica, autóctone da América Latina, onde cerca de 10 milhões de pessoas estão infectadas,
com maior ocorrência na Argentina, Colômbia, Venezuela e no Brasil, o qual contribui
com cerca de 80% dos casos, afetando principalmente indivíduos em áreas rurais [62].

Uma vez que a PCM não é doença de notificação compulsória, não há dados precisos
sobre sua incidência no país [62]. O conhecimento de áreas endêmicas e dos dados de
prevalência, incidência e morbidade baseia-se em relatos de casos clínicos e de inquéritos
intradérmicos. A maioria dos casos tem sido reportada nas regiões Sul, Sudeste e Centro-
Oeste. A PCM apresenta caráter endêmico [5] entre as populações de zona rural. Sua
ocorrência também tem sido relatada em áreas de colonização mais recente, submetidas
a desmatamento, como em partes da Amazônia, atingindo áreas dos estados do Mara-
nhão, Tocantins, Pará, Mato Grosso, Rondônia, Acre e Amazonas, onde a PCM, pela
falta de informações de ocorrência prévia, tem sido considerada uma micose sistêmica
emergente [62]. A infecção da PCM não privilegia etnia, já a PCM doença, afeta prin-
cipalmente trabalhadores rurais adultos, do sexo masculino, em contato constante com a
vegetação e solo, no período mais produtivo de suas vidas, o que implica em importante
repercussão econômica para pacientes e dependentes [25].
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A PCM representa um problema de Saúde Pública, pelo seu alto potencial incapaci-
tante e pela quantidade de mortes prematuras que provoca, quando não diagnosticada e
tratada oportunamente. A doença também é conhecida como Blastomicose sul-americana
ou moléstia de Lutz-Splendore e Almeida [62].

O período de incubação é desconhecido, podendo levar anos até que se manifeste a
doença. Não há transmissão homem a homem e não há relatos de contágio de animais para
o homem. O controle da infecção depende da resposta imune celular associada ao padrão
tipo 1 da resposta imunológica, resultando na formação de granulomas compactos [62].

A infecção humana ocorre por inalação de conídios e fragmentos micelianos do P.
brasiliensis, que alcançam os bronquíolos terminais e alvéolos pulmonares, onde se trans-
formam em células leveduriformes, produzindo a infecção que pode disseminar-se para os
demais tecidos por via linfática e hematogênica [25]. As manifestações clínicas variam
em diferentes indivíduos, dependendo tanto de aspectos específicos do parasita como do
hospedeiro [5]. A doença pode se apresentar sob duas formas básicas: aguda e crônica.
A primeira acomete ambos os sexos, geralmente pacientes jovens, e origina-se a partir
de uma lesão primária não detectada que progride rapidamente com disseminação para o
baço, fígado, linfonodos e medula óssea. A forma crônica tem sua origem em um foco pri-
mário ou em uma lesão antiga, contendo formas viáveis de P. brasiliensis, podendo estar
restrita a um órgão, sistema ou podendo ainda atingir múltiplos órgãos, como intestinos,
ossos e o sistema nervoso central.

3.3 Rede metabólica do P. lutzii : uma primeira versão

Alvarez [3] reconstruiu in silico uma primeira versão em larga escala da rede metabólica
do fungo Paracoccidioides lutzii e disponibilizou uma página (Figuras 3.4 e 3.5) com
diversas informações sobre o fungo.

Foram identificadas vias metabólicas do P. lutzii usando os bancos de dados do
KEGG [46] dos organismos Saccharomyces cerevisiae, Coccidioides immitis, Aspergillus
fumigatus, Aspergillus nidulans e Escherichia coli, e o banco de dados Biocyc [10] com os
organismos S. cerevisiae e E. coli. A rede reconstruída identificou 295 vias metabólicas,
1.743 reações catalisadas por 1.413 enzimas, além de 9 reações de transporte, as reações
atuam sobre um total de 1.202 compostos. Foi construída uma visualização da rede com
o PathwayTools [43]. Entre as perspectivas do trabalho de Alvarez [3], estava o estudo
mais aprofundado do metabolismo secundário.
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Figura 3.4: Página com os dados da rede metabólica reconstruída por Alvarez [3].
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Figura 3.5: Página com links para as vias metabólicas reconstruída por Alvarez [3].
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Capítulo 4

Ferramentas computacionais

Este capítulo apresenta o conceito de banco de dados relacional, as ferramentas para
anotação de proteínas, predição de genes, bancos de dados biológicos e métodos de recons-
trução de redes metabólicas. Na Seção 4.1 são apresentados conceitos de bancos de dados
e também bancos de dados de sequências biológicas e de vias metabólicas e o modelo de
banco de dados conhecido como Pathway/Genome Database (PGDB). Na Seção 4.2, são
apresentadas as ferramenatas utilizadas para anotação de ECs de enzimas e anotação de
genes. Na Seção 4.3, são apresentadas as ferramentas utilizadas para predição de meta-
bolismo secundário. Finalmente, na Seção 4.4 são apresentados os métodos e ferramentas
utilizados neste trabalho para reconstrução e geração da visualização da rede metabólica
reconstruída.

4.1 Bancos de dados

Nesta seção, é descrito o conceito de banco de dados e banco de dados relacional.
Também são descritos os bancos de dados de metabolismo utilizados neste trabalho. Um
banco de dados, segundo Date [16], é uma coleção de dados persistentes usado pelos
sistemas das organizações. Persistência é a capacidade do dado, uma vez inserido num
Sistema Gerenciador de Bancos de Dados (SGBD), permanecer armazenado até que seja
explicitamente removido, exceto por algum erro computacional [16].

4.1.1 Bancos de dados de relacionais

Um banco de dados relacional tem seu alicerce numa teoria chamada modelo relacional
de dados. Três aspectos descrevem este modelo [16]:

1. Estrutural: os bancos de dados são percebido pelo usuário como tabelas;

2. Integridade: essas atebals satisfazem a restrições de integriade;
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3. Manipulável: existem operadores disponíveis para manipulação das atebals por
parte do usuário.

Uma entidade é um objeto distinguível que possa ser representado no banco de dados.
As ligações entre essas entidades são os relacionamentos. Um arepresentação gráfica des-
sas entidades e seus relacionamentos é chamada de Modelo de Entidade-Relacionamento
(MER) [16].

Um sistema gerenciador de bancos de dados (SGBD) é um software que trata de
todo o acesso ao banco de dados. Este software deve ser capaz de aceitar definições de
dados (esquemas e seus mapeamentos associados), manipulação de dados (inserção, busca,
atualização e exclusão), otimização e desempenho, segurança e integridade, concorrência
sobre os dados através de transações, além de fornecer um dicionário de dados [16].

4.1.2 UniProt

O UniProtKB (UniProt Knowledgebase) é um repositório centralizador de informações
sobre proteínas, que fornece uma visão unificada de sequências protéicas e informações fun-
cionais. O UniProtKB é composto de duas seções: UniProtKB/Swiss-Prot e UniProtKB/-
TrEMBL. UniProtKB/Swiss-Prot é curado manualmente, o que significa que as informa-
ções de cada registro são analisadas e mantidas por um curador, enquanto os registros do
UniProtKB/TrEMBL são gerados automaticamente e são enriquecidos com anotação au-
tomática e classificação [55]. Está disponível na web no endereço http://www.uniprot.org.

4.1.3 BRENDA

BRENDA (BRaunschweig ENzyme Database) é um sistema de informações de en-
zimas. A maior parte dos dados são manualmente extraídos da literatura. A cober-
tura de dados abrange função, estrutura, ocorrência, preparo, aplicação de enzimas, bem
como propriedades de mutações e variações [70]. Está disponível na web no endereço
http://www.brenda-enzymes.org.

4.1.4 BioCyc

O BioCyc [13] é um agregador de PGDBs (Pathway/Genome Databases). Há versões
de PGDBs agregados que variam quanto à quantidade. Cada versão destas é chamada de
Tier. O Tier1, por exemplo agrega os PGDBs EcoCyc, MetaCyc, HumanCyc, AraCyc,
YeastCyc, LeishCyc e TrypanoCyc. Há ainda o Tier 2, com maior número de PGDBs,

23



mas menor nível de cura1. O Tier 3 com uma grande coleção de PGDBs gerados compu-
tacionalmente, mas não curado.

As ferramentas do BioCyc permitem navegação, visualização e análise dos dados, que
incluem:

• Browser genômico;

• Visualização individual de vias metabólicas, com nível ajustável de detalhes;

• Ferramenta para análise comparativa;

• Mapeamento com links entre cada componente das vias metabólicas.

O MetaCyc é um banco de dados altamente curado e não redundante de metabolismo.
Por este motivo ele foi escolhido para este trabalho. O MetaCyc contém vias metabólicas
com dados de enzimas experimentalmente demonstrados pela literatura científica. As
vias metabólicas e demais dados do MetaCyc são derivados dos demais bancos de dados
do BioCyc [13]. Como o MetaCyc contém apenas dados com evidências experimentais,
determinadas vias metabólicas e enzimas podem não estar disponíveis. O MetaCyc está
disponível na web no endereço http://metacyc.org.

4.1.5 KEGG

KEGG (Kyoto Encyclopedia of Genes and Genomes) é uma base de conhecimento
para análise sistemática de função genômica. A informação genômica é armazenada num
banco de dados de genes, que é uma coleção de genes para genomas completamente se-
quenciados e alguns genomas parciais, com constante atualização de anotação de funções
de genes [40, 41]. O acesso ao KEGG e suas ferramentas é possível através da página
http://www.genome.jp/kegg. A Figura 4.1 foi extraída do KEGG e mostra a via metabó-
lica de metabolismo da pirimidina no P. lutzii.

4.2 Anotação

A anotação é o procedimento por meio do qual uma função biológica é atribuída à
sequência de resíduos de aminoácidos, no caso das proteínas, ou à sequência de nucle-
otídeos, no caso dos genes. Quanto ao formato dos dados, um dos mais conhecidos é
o FASTA, onde os dados são apresentados em formato textual para representar tanto
sequências de nucleotídeos quanto sequências de aminoácidos. Num arquivo FASTA, os

1O termo ”cura” é largamente utilizado na literatura especializada para designar uma verificação, assim
algo curado é algo que passou por uma checagem do especialista
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Figura 4.1: Metabolismo da pirimidina no P. lutzii [46]

nucleotídeos ou aminoácidos são representados usando códigos de uma única letra con-
forme mostrado na Figura 4.2.

Figura 4.2: Exemplo de arquivo no formatoFASTA, representando aminoácidos.

4.2.1 KAAS

KAAS (KEGG Automatic Annotation Server) é uma implementação web para ano-
tação automática de genes. O KAAS é implementado sobre dois métodos: baseado em
similaridade de sequências com best hit bidirecional e best hit unidirecional. Para um
genoma completo, o método de best hit bidirecional obtém mais acurácia. Por outro
lado, para um número limitado de ORFs ou ESTs, é recomendado o uso de best hit uni-
direcional. O método alcançou um elevado grau de precisão quando comparado com o
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banco de dados KEGG curado manualmente [61]. Está disponível na web no endereço
http://www.genome.jp/kegg/kaas.

4.2.2 CDD

O CDD (Conserved Domain Database) é utilizado para anotação de sequências de
proteínas através da identificação de domínios conservados e sítios funcionais. É curado
manualmente e utiliza modelos de estrutura tridimensional de proteínas para refinar os
modelos de domínio e prover informação sobre o relacionamento sequência/estrutura/fun-
ção [56]. Está disponível na web sob o endereço http://www.ncbi.nlm.nih.gov/cdd.

4.2.3 InterPro

O InterPro é um banco de dados que integra diversas informações sobre famílias de
proteínas, domínios e sítios funcionais. Tem uma interface web amigável e web service. O
Interpro foi construído a partir de uma análise em larga escala de genomas e metageno-
mas, além de caracterização individual de proteínas. O InterPro cobre cerca de 95% do
UniProtKB/Swiss-Prot e cerca de 79% do UniProtKB/TrEMBL [35]. Está disponível na
web no endereço http://www.ebi.ac.uk/interpro.

4.3 Metabolismo secundário

Nesta seção, são apresentadas as ferramentas para predição de metabolismo secundário
em fungos. Os genes para a síntese de alguns metabólitos secundários encontram-se
agrupados, e a expressão do cluster parece ser induzida por um ou alguns reguladores
globais [34, 66]. Estas ferramentas fazem as suas predições de acordo com este critério.

4.3.1 antiSMASH

antiSMASH (antibiotic and Secondary Metabolite Analysis Shell) é um pipeline ca-
paz de indentificar locus de biosíntese, cobrindo todo o genoma em busca de clusters
de genes de metabolismo secundário das classes conhecidas (Policetídeos, Peptídeos não-
ribossomais, Alcalóides e Terpenos). O antiSMASH alinha e identifica diferentes regiões
do genoma em busca de clusters de genes. Como resultado, obtém genes de metabolismo
secundário com links entre os componentes das vias metabólicas, numa vizualização inte-
rativa [57]. O esquema do pipeline pode ser observado na Figura 4.3. O antiSMASH está
disponível na web no endereço http://antismash.secondarymetabolites.org.
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Figura 4.3: Pipeline da análise genômica de metabólitos secundários realizada pelo antiS-
MASH [57].

4.3.2 SMURF

SMURF (Secondary Metabolite Unknown Regions Finder) é um software disponível via
web para o mapeamento sistemáticos de clusters de genes de metabolismo secundário. É
baseado em três características de vias metabólicas secundárias de biossíntese: backbone
genes, clusters e domínios conservados de proteínas. O SMURF baseia-se no Modelo
Oculto de Markov (Hiden Markov Model - HMM) para detectar genes de backbone em
sequências de genomas fúngicos [49].

O SMURF utiliza o mesmo algoritmo que o antiSMASH para identificar backbone
genes, mas utiliza uma estratégia diferente para predizer os limites do cluster. Ambos,
antiSMASH e SMURF, predizem genes que codificam backbone de enzimas com precisão
próxima de 100%. O SMURF utiliza um conjunto de 27 domínios específicos de metabo-
lismo secundário para tentar realizar uma previsão exata dos limites do cluster de genes.
antiSMASH, por outro lado, utiliza uma margem de segurança entre 5 e 20kb ao redor do
backbone de genes [19]. Genes além do cluster são difíceis de serem preditos, pois alguns
deles contêm domínios desconhecidos, o que implica em predições ruins [19]. O SMURF
está disponível na web no endereço http://www.jcvi.org/smurf. É necessário um registro
de usuário com endereço de e-mail.
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4.4 Reconstrução de redes metabólicas

Existem diversos métodos para o processo de reconstrução de redes metabólicas in
silico. A diversidade de métodos para modelar as vias e redes tem se expandido signifi-
cativamente ao longo das últimas duas décadas. As abordagens modernas e tradicionais
são igualmente importantes e recentes pesquisas têm possibilitado integrar as vantagens
de ambas [68].

Uma destas abordagens que integra técnicas modernas e tradicionais é a Reconstrução
de Redes Bioquímicas em Microorganismos, de Feist et al [20] que está organizado em
etapas. A primeira etapa é a obtenção do genoma e a identificação de enzimas associ-
adas às funções celulares através de informações de bancos de dados e literatura. Com
essas informações é construída uma relação gene-proteína-reação (GPR). Ferramentas au-
tomatizadas de reconstrução, como o PathwayTools, estão disponíveis para ajudar neste
processo e vários bancos de dados possuem as informações necessárias, mas as reconstru-
ções resultantes exigem curadoria manual [20].

A segunda etapa é a cura do draft da rede reconstruída. A rede metabólica recons-
truída automaticamente é incompleta, e pode ter lacunas ou reações equivocadamente
incluídas que não deveriam ocorrer no organismo alvo. A cura manual acrescenta, retira
e corrige informações que os procedimentos automáticos geram [20]. Enquanto a etapa
de reconstrução automática é rápida, o processo de curadoria manual é trabalhoso e às
vezes demorado.

A terceira etapa é a criação de um modelo computacional para a rede gerada. O
quarto passo consiste em análises com ferramentas de alto rendimento, realizadas sobre
o conjunto de dados em escala genômica para avaliar as interações genéticas e podem
ser utilizadas para refinar e expandir o conteúdo de uma rede metabólica. Um exemplo
particular desse tipo de análise é o GEM [45] que foi usado para anotar funções de genes
desconhecidos em E. coli, por exemplo [20].

Outra abordagem é a análise biológica dos dados genômicos, bioquímicos e fisiológicos
disponíveis. Para essa abordagem, existem várias pipelines que normalmente são espe-
cíficas para o tipo de organismo alvo. Exemplos desta abordagem, são os trabalhos de
Förster et al. [24] e Heavner [32], que respectivamente reconstruíram e expandiram a rede
metabólica do fungo Saccharomyces cerevisiae.

A abordagem de Förster et al. [24] e Heavner [32], assim como a abordagem de Feist
et al [20], utilizam numa primeira etapa o genoma anotado e informações de bancos de
dados de vias metabólicas e revisão de literatura. Através dessas informações, é criado um
modelo metabólico do organismo que permite predições das vias metabólicas que foram
sua rede metabólica [24], mas a rede gerada também depende de cura manual.
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4.4.1 PathwayTools

O PathwayTools [43] é um ambiente de software para a criação de um PGDB (Pathway/-
genome database), tal como o MetaCyc[58]. O PathwayTools é também um ambiente de
gestão, análise e visualização de coleções integradas de genoma, vias metabólicas e da-
dos de regulação. Ele permite a edição interativa de curadores e tem suporte web para
publicação de PGDBs, e fornece um grande número de ferramentas de consulta e visu-
alização. O PathwayTools também suporta análises comparativas de PGDBs, e fornece
análises de vários sistemas biológicos dos PGDBs incluindo a análise de acessibilidade de
redes metabólicas e traçado interativo de metabólitos através de uma rede metabólica [43].
Atualmente está em sua versão 18.0.

Além das vias metabólicas, o PathwayTools lida com muitos tipos de informação gênica
e seus recursos são muito extensos. O software está em desenvolvimento contínuo pelo SRI
International desde o início da década de 1990 [42]. Entre as tarefas que o PathwayTools
provê, citamos:

• Apoio ao desenvolvimento de bancos de dados específicas de organismo (PGDBs);

• Suporte à visualização científica, publicação na web e disseminação desses bancos
de dados específicos do organismo;

• Realização de inferências computacionais, incluindo a previsão de vias metabólicas,
a previsão de preenchimento de gaps em vias metabólicas;

• Fornecimento de ferramentas visuais para análise de conjuntos de dados genômicos;

• Fornecimento de ferramentas para análise de redes biológicas;

• Fornecimento de análises comparativas de PGDBs.

O algoritmo de predição do PahwayTools consiste de duas fases. A primeira fase é a
inferência do reactoma, ou seja, o conjunto de reações catalisadas pelo organismo através
do conjunto de enzimas presentes no seu genoma anotado. A segunda fase consiste na
inferência de vias metabólicas que contêm as reações identificadas na primeira fase. Nesta
fase o módulo PathLogic do PathwayTools verifica cada elemento genético contido nos
arquivos de entrada e reconstrói automaticamente as vias metabólicas. O banco de dados
consultado pelo Pathway Tools para realizar essas inferências é o MetaCyc [44].

Os formatos dos arquivos de entrada do PathwayTools, exemplificados na Figura 4.4,
são de três tipos, a saber:

1. O arquivo genetic-elements.dat, que contém um conjunto de registros, sendo um
para cada elemento genético como cromossomos, genes, contigs, etc. Cada elemento
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genético é descrito com uma ou mais anotações relacionadas. Atributos válidos para
as anotações são:

• ID: Obrigatório, identifica o elemento genético;

• NAME: Obrigatório, descreve o elemento genético;

• TYPE: Opcional, pode ter os seguintes valores: CHRSM, PLASMID, CON-
TIG, MT, PT;

• CIRCULAR? Obrigatório (exceto para contigs), pode ter valores Y ou N, in-
dicando se o elemento genético é circular ou não;

• CODON-TABLE: Opcional, pode ser um número entre 1 e 15. A tabela padrão
de códons é especificada no arquivo organism.dat;

• ANNOT-FILE: Obrigatório (exceto para contigs). Provê caminho do arquivo
que contém a anotação para o elemento genético. Este arquivo tem a extensão
.pf. Pode ser também um arquivo no formato GenBank (.gbk, .gb);

• SEQ-FILE: Opcional, caminho do aruiqvo que contém a sequência de nucleotó-
deos. Pode ter a extensão conforme o formato (.fna, .fsa, .fasta, .seq). No caso
de se utilizar um arquivo no formato GenBank apra o atributo ANNOT-FILE,
este atributo pode ser omitido, pois as informações seriam redundantes;

• CONTIG: Opcional, não permitido quando o atributo TYPE tiver valor CON-
TIG.

2. Os arquivos com as sequências de cada elemento genético. Esse tipo de arquivo
pode ter as extensões conforme o formato (.fna, .fsa, .fasta, .seq, .gbk, gb). Nós
utilizamos o formato .fsa.

3. Os arquivos com as anotações das sequências e seus ECs. Esse tipo de arquivo têm
a extensão .pf.
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Figura 4.4: Trechos dos arquivos de entrada gerados a partir do banco de dados Plutzii:
(A) genetic-elements.dat, (B) PAAG_0001T0.fsa, (C) PAAG_0001T0.pf.
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Capítulo 5

Método para reconstrução in silico de
redes metabólicas em fungos

Este capítulo apresenta o método criado para reconstruir in silico redes metabólicas de
fungos a partir de seu genoma e/ou transcritoma, com destaque para o pipeline específico
de identificação de vias de metabolismo secundário. O fungo P. lutzii foi utilizado como
estudo de caso. Na Seção 5.1 o método proposto é descrito de forma geral. Na Seção 5.2
são detalhadas as etapas e pipelines do método.

5.1 Descrição geral do método

O método proposto é semi-automatizado e consiste de etapas com pipelines subse-
quentes apoiados por um banco de dados relacional, que armazena os arquivos de entrada
e os resultados obtidos ao longo dos pipelines de predição de metabolismo secundário,
identificação de vias metabólicas a partir dos dados do genoma do fungo e reanotação de
enzimas. Opcionalmente, dados específicos de cada projeto podem ser agregados às ano-
tações. A reconstrução da rede com os dados do banco colhidos é realizada pelo software
PathwayTools. Uma visão geral do método é mostrada na Figura 5.1.

5.2 Detalhes das etapas

1. Dados do genoma do fungo. Um banco de dados relacional foi modelado e im-
plementado utilizando o Sistema Gerenciador de Bancos de Dados MySQL. Este
banco de dados tem dois propósitos: o primeiro é armazenar e recuperar os dados
que são usados como entrada dos pipelines. O segundo é prover uma base de da-
dos acessível multiplataforma para facilitar a geração de relatórios. O modelo de
entidade-relacionamento pode ser visto na Figura 5.2.

32



Figura 5.1: Método para reconstrução in silico de redes metabólicas de fungos.
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Figura 5.2: Modelo de Entidade-Relacionamento do banco de dados

2. Identificação de clusters de metabolismo secundário. Uma vez alimentado
o banco de dados com os dados do genoma do fungo, esses dados são recuperados
e manipulados através de scripts, para gerar os arquivos de entrada nos formatos
das ferramentas de predição de genes de metabolismo secundário. Em particular
SMURF [49] e antiSMASH [57] são softwares que têm como saída clusters de genes
preditos para metabolismo secundário. A partir desses clusters, é possível identificar
nos dados do genoma, as enzimas que os genes codificam.

3. Identificação das vias metabólicas. As enzimas do fungo1 são buscadas nos
bancos de dados KEGG [41] e BioCyc [13]. As vias metabólicas encontradas a par-
tir dessas enzimas, são filtradas para separar as vias que ocorrem ou potencialmente
ocorrem em fungos. Depois disso, as vias metabólicas com suas respectivas enzi-
mas (enzimas preditas e demais enzimas das vias) são armazenadas no banco de
dados com seus ECs. Adicionalmente todas as demais informações das reações são
catalogadas.

4. Conjunto de todas enzimas identificadas das vias metabólicas. Neste ponto
o banco de dados já conta com uma coleção de enzimas do genoma do fungo com
seus ECs identificados.

5. Características específicas do projeto. Se o organismo alvo da reconstrução
tiver alguma característica que se deseje inserir na anotação, essas características

1Todas as enzimas, inclusive as preditas em clusters de genes para metabolismo secundário.
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devem ser inseridas após o pipeline de anotação. Uma vez anotados, esses dados
servirão de entrada para a reconstrução da rede e não é recomendável anotá-los após
a reconstrução da rede metabólica devido ao risco de corromper a rede reconstruída.

6. Reanotação. As sequências de resíduos de aminoácidos destas enzimas na sua
forma canônica e isoenzimas são então obtidas nos bancos de dados de enzimas.
Em particular, sugerimos o UniProt [55] e BRENDA [70]. Essas enzimas passam
a ser consideradas enzimas candidatas. É feito um alinhamento das sequências das
enzimas candidatas contra as sequências das enzimas do fungo utilizando Blastp.

As enzimas do fungo que alcançam melhores hits, têm seu domínio conservado veri-
ficado utilizando CDD [56] e InterPro [35]. Este procedimento visa identificar se a
enzima do fungo realmente catalisa a reação alvo para a qual ela pretende ser atri-
buída. Se a enzima do fungo for confirmada para a via e ainda não estiver anotada,
ela tem sua anotação atualizada.

O conjunto de todas as enzimas do fungo é então submetido ao KAAS [61] para uma
anotação automática. Este procedimento, visa confirmar ou atualizar a anotação
existente e completar a anotação quando possível. Adicionalmente, informações
exclusivas do projeto podem ser adicionadas na anotação.

7. Reconstrução da rede metabólica. Os dados de anotação são então armaze-
nados no banco de dados. Os dados são recuperados via script e convertidos nos
arquivos de entrada do PathwayTools [43]. O PathwayTools realiza primeiramente
a inferência do reactoma a partir das enzimas e num segundo momento a inferên-
cia das vias metabólicas a partir do reactoma. Depois essas vias são classificadas
e agrupadas. Esse processamento pode feito de forma automática ou manual pelo
módulo PathoLogic do PathwayTools.

8. Geração da visualização da rede metabólica. A geração da visualização da
rede reconstruída é realizada automaticamente pelo módulo Omics Viewer [42] do
PathwayTools. O resultado é uma figura em formato pdf de alta resolução com
todas as vias metabólicas com nível de detalhe customizável. Além disso é possível
utilizar o PathwayTools em conjunto com um servidor web e um banco de dados
MySQL e gerar uma versão para web da rede metabólica. Esta versão web provê a
navegação entre os objetos da rede metabólica através de links.

Biblioma. O biblioma é o conjunto de informações que podem ser obtidas na litera-
tura especializada, como livros e artigos científicos. O biblioma é consultado ao longo de
todo o método nas suas diferentes etapas para que haja uma cura incremental dos dados
gerados nos pipelines.
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Capítulo 6

Estudo de caso: rede metabólica do P.

lutzii

Este capítulo apresenta o estudo de caso para o fungo P. lutzii. A Seção 6.1 detalha
a aplicação do método proposto na reconstrução in silico da rede metabóica do fungo
P. lutzii. A Seção 6.2 apresenta os dados gerais da rede metabólica do P. lutzii além de
comparar esses dados com outros resultados disponíveis. Na Seção 6.3 discutimos três
vias de metabolismo identificadas.

6.1 Método aplicado ao P. lutzii

O transcritoma do P. lutzii identificou 6.022 ESTs, indicando um número estimado
de aproximadamente 8.000 genes [22]. Posteriormente, o BROAD Institute sequenciou
o genoma do P. lutzii e identificou 9.132 genes [17]. Notamos que no transcritoma, há
informacão disponível sobre a forma de ocorrência dos genes: micélio ou levedura. Este
estudo de caso utilizou os dados do transcritoma, obtidos no Laboratório de Bioinfomática
do Departamento de Biologia Celular da UnB e dados do genoma, obtidos do BROAD
Institute. Além desses dados, Alvarez [3] reconstruiu uma rede metabólica do P. lutzii com
295 vias metabólicas. Os dados deste trabalho foram revisitados e atualizados. O método
definido para reconstrução in silico de redes de metabolismo em fungos foi aplicado ao P.
lutzii e é mostrado na Figura 6.1. Os detalhes são descritos a seguir.

1. A rede metabólica do P. lutzii, previamente reconstruída por Alvarez [3], propor-
cionou um grande volume de informações armazenadas em arquivos, muitas vezes
com redundâncias. O esquema do banco de dados relacional foi criado com nome de
Plutzii (Figura 6.2) e com ele organizamos e armazenamos os dados disponíveis da
rede metabólica previamente reconstruída por Alvarez [3] e dados de transcritoma
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Figura 6.1: Método para reconstrução in silico de redes metabólicas em fungos aplicado
ao P. lutzii.
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e genoma. Além disso, armazenamos os dados resultantes da separação de forma
de micélio/levedura, dados de enzimas e evidências de sua participação nas vias
metabólicas.

Figura 6.2: Modelo de Entidade-Relacionamento (MER) do banco de dados adaptado
para o P. lutzii. Este MER foi chamado de Plutzii e contém as tabelas e relacionamentos
com os dados do P. lutzii e os dados da rede previamente reconstruída. É utilizado como
ponto de partida para o método e ao longo de sua execução, os dados são atualizados com
os resultados intermediários.

2. Após a execução, os resultados do SMURF [49] e do antiSMASH [57] apontaram
um total de onze clusters de genes, sendo quatro deles preditos pelos dois softwares,
cinco exclusivamente pelo SMURF e dois exclusivamente pelo antiSMASH. Foi rea-
lizada a identificação das enzimas dos clusters de genes de metabolismo secundário
preditos para o P. lutzii.

3. As enzimas identificadas nos clusters de genes foram consultadas no KEGG [41] e
BioCyc [13] e as vias metabólicas encontradas a partir dessas enzimas, foram fil-
tradas para separar aquelas que ocorriam ou potencialmente ocorriam em fungos.
Depois disso, as vias metabólicas identificadas com suas respectivas enzimas (enzi-
mas preditas e demais enzimas), foram armazenadas em nosso banco de dados.
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4. Cada uma das enzimas das vias metabólicas identificadas, teve sua sequência obtida
do UniProt [55] e BRENDA [70] e foram chamadas de enzimas candidatas. Um
alinhamento com Blastp das sequências das enzimas do P. lutzii contra as sequências
das enzimas candidatas, revelou aquelas que tinham potencial para preencher os gaps
da via.

5. Para confirmar este potencial indicado pelo alinhamento das sequências, verificamos
também domínios conservados da enzima, no CDD [56] e InterPro [35]. As enzimas
que preencheram os requisitos de afinidade por alinhamento e presença de domínios
conservados para a reação alvo, foram mantidas para ocupar os gaps e tiveram seus
ECs identificados e armazenados em nosso banco de dados.

6. O conjunto das enzimas do P. lutzii foi submetido ao KAAS para atualizar sua
anotação anterior e anotar as enzimas hipotéticas, preditas ou putativas. O traba-
lho de Alvarez [3] forneceu ECs anotados de 1.802 enzimas. Essas enzimas foram
novamente submetidas ao KAAS [61] e algumas anotações foram atualizadas e/ou
expandidas. Após anotadas ou não, as enzimas que catalizam reações identificadas
foram armazenados em nosso banco de dados.

7. Em paralelo, foi realizada a separação de micélio/levedura do transcritoma, obtido
na UnB. Scripts escritos em Perl realizaram a análise dos arquivos de transcritoma
para obter informação sobre a forma em que os genes ocorrem. Para cada contig
foi verificada a sua origem que podia ser micélio (M) ou levedura (L) ou ambos
(B). Na montagem do contig, o critério de separação foi a presença de 80% ou mais
sequências de micélio ou levedura. Para cada singlet foi verificada a sua origem que
podia ser micélio (M) ou levedura (L). Ao final deste processo, os contigs e singlets
foram separados em: micélio, levedura, ambos ou nenhum1. As enzimas oriundas
dos 9.132 genes do P. lutzii obtidas no BROAD Institute, foram submetidas a um
Blastx contra o transcritoma obtido na UnB, para identificar a forma de expressão
dos genes de acordo com o transcritoma.

Foram identificados, com evalue < 10�100, 1.442 transcritos a partir dos contigs.
Também com evalue < 10�100, foram identificados 715 transcritos a partir dos
sinlgets. Para este conjunto de 2.157 transcritos, foi possível verificar a forma de
ocorrência (M/L/B). Foi acrescentada à anotação dos genes essa nova informação.
Os dados de forma dos transcritos foram armazenados em nosso banco de dados.

8. Com todas as informações armazenadas no banco de dados Plutzii, foram gerados
os arquivos de entrada para o PathwayTools [43] através de um script.

1Quando não foi possível identificar a forma de ocorrência.

39



9. Com os arquivos de entrada gerados, acessamos o módulo PathoLogic [42] do Pathway-
Tools e criamos uma nova rede metabólica vazia. Em seguida a função automated
build (Figura 6.3) foi acionada com a rede vazia selecionada. O draft da rede foi
então reconstruído.

Figura 6.3: Funcionalidade do PathoLogic [42] para reconstrução automática da rede
metabólica a partir dos arquivos com elementos genéticos gerados com informações do
banco de dados Plutzii.

10. Com o draft da rede, foi feito o procedimento de cura, verificando de forma compa-
rativa as vias geradas pelo PathwayTools com aquelas identificadas no KEGG [40,
41, 46] e no BioCyc [10, 13]. Novas reações e vias metabólicas puderam ser adici-
onadas manualmente. Onde houve divergências, a literatura foi consultada e a via
foi ajustada com a função refine mostrada na Figura 6.4.

Figura 6.4: Funcionalidade do PathoLogic [42] para refinar dados de vias metabólicas
reconstruídas.

11. A geração da visualização da rede reconstruída foi realizada automaticamente pelo
módulo Omics Viewer [42] do PathwayTools. A rede metabólica está disponível no
endereço http://www.biomol.unb.br/metabolismo.

6.2 Dados da rede metabólica in silico do P. lutzii

Após a execução do nosso método, obtivemos 2.087 reações enzimáticas sobre as quais
foi possível identificar 335 vias metabólicas. Essas reações enzimáticas são catalizaas por
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1.437 enzimas sobre 1.464 compostos. Esses resultados podem ser vistos na Tabela 6.1
juntamente com outros resultados existentes para redes metabólicas do P. lutzii.

Tabela 6.1: Tabela comparativa das informações das redes metabólicas reconstruídas in
silico para o P. lutzii

Resultado Alvarez [3] BROAD [85] Waldeyr
Reações enzimáticas 1.743 1.800 2.087
Enzimas 1413 1.463 1.437
Compostos 1.202 1.234 1.464
Vias metabólicas 295 290 335

A visualização da rede metabólica reconstruída pode ser vista na Figura 6.5. A dis-
tribuição das vias metabólicas de acordo com a classificação proposta pelo BioCyc, pode
ser vista no gráfico da Figura 6.6, com destaque para as vias de metabolismo secundário.

A partir do alinhamento dos contigs e singlets transcritos do P. lutzii contra as sequên-
cias do genoma obtido do BROAD Institute, identificamos a forma (micélio/levedura/am-
bas) de 1.972 transcritos. O gráfico da Figura 6.7 mostra a distribuição das formas de
ocorrência dos 1.972 transcritos do P. lutzii. A forma de cada transcrito pode ser verificada
no Anexo C.

Foram encontradas 20 vias de metabolismo secundário completas, sendo 15 vias de
biossíntese de metabólitos secundários e 5 vias de degradação de metabólitos secundários.
Estas vias representam cerca de 4.5% do total de vias que compõem a rede metabólica
do P. lutzii e sua classificação é mostrada no Anexo A. A tabela 6.2 apresenta algumas
aplicações dessas 20 vias metabólicas secundárias.

Após o alinhamento das sequências, a verificação de domínios conservados e uma
revisão bibliográfica sobre as reações que as enzimas catalizam, foram propostas anotações
para nove enzimas (ver Tabela 6.3), anteriormente anotadas como hipotéticas ou preditas.

Foram identificados 310 gaps em reações enzimáticas. Uma tabela com essas reações,
ECs das enzimas e vias metabólicas das quais essas reações participam pode ser vista no
Anexo B.

A rede metabólica reconstruída disponível na web, permite visualizar dados gerais da
rede (Figura 6.8), navegar pelas vias através de sua classificação (Figura 6.9) e visualizar
detalhes da via selecionada (Figura 6.10).
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3.1.3.86

urea

4_-formyl-4`-
methyl-5_-cholesta-

8,24-dien-3`-ol

N-carbamoyl-L-aspartate

tetrahydrofolate

trans-6 2 , cis-6 4 -
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S-transferase
103-1A (765
nt) Note(s):
Short internal
exon conserved
hypothetical
protein (453
nt) conserved
hypothetical
protein (654 nt)
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dehydratase (6261 nt)
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alpha reductase (5652 nt)
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2-deoxy-D-gluconate 3-
dehydrogenase (771 nt)
fatty acid synthase (7770
nt) 2-succinylbenzoate-
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3-oxo-C42:2-[acp]

a phenoxyl
radical of a

phenolic donor
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2.6.1.58

fatty acid synthase
subunit beta
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orotidine 5’-phosphate
decarboxylase (486 nt) orotate
phosphoribosyltransferase
(735 nt)

1.1.1.10

13-DPG

acyl-coenzyme A
oxidase (1962 nt)
acyl-coenzyme A
oxidase (2085 nt)
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polyprenol (C

80
)
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4-amino-5-
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reductase
msrB (459 nt)

C-4 methylsterol
oxidase (735 nt)
C-4 methylsterol
oxidase (552 nt)

hydrogen
peroxide

a decanoyl-[acp]

trehalose-
cis-methoxy-

mono-mycolate

tRNA charging

3-hydroxy-
pentanoyl-CoA

dihydroxy-acid
dehydratase
(1818 nt)
dihydroxy-acid
dehydratase
(1836 nt)

6-methoxy-3-methyl-
2-all-trans-octaprenyl-

1,4-benzoquinol

2.4.1.1

protein kinase
C (3354 nt)

sucrose

2.4.1.1

succinate

all-trans-
`-carotene

phe

formate

4.2.3.26

3-hydroxyanthranilate
3,4-dioxygenase
(579 nt) Note(s): At
least one base has
a quality score < 10

1.1.1.100

L-xylulose

2.6.1.27

5.1.3.1

_-D-glucose
1-phosphate

cystathionine
beta-synthase
(1536 nt)

1.13.11.27

4_-methyl-
zymosterol

catechol

5.3.3.2

a mannosyl-
diphosphoinositol-_

hydroxyphytoceramide

6.4.1.2

AMP

2.4.1.14

nitrite

a fatty acid-
ethyl ester

glyoxylate

alpha-galactosidase
(1470 nt)

(Z)-15-tetracosenoyl-CoA

3-methylthiopropanal

6.2.1.4

miraxanthin V

stigmasterol

1.2.1.3

1.14.14.-

isocitrate lyase (1614
nt) mitochondrial
2-methylisocitrate

lyase (1818 nt)

UDP-
galactopyranose
mutase (1563 nt)

a peptide

2.3.1.179

nucleoside-
triphosphatase
ntp-1 (2271 nt)

3-keto-steroid
reductase
(1362 nt)

2-amino-3-
oxobutanoate

UMP

an adenosine 37

in tRNA

3.1.3.5

acetyl-CoA

pentafunctional
AROM
polypeptide
(4572 nt)

Ins(1,2,3,4,5,6)P
6

SAM

acetoacetyl-CoA

formate

1.6.3.1

D-ribose 5-
phosphate

OPC4-3-
hydroxyacyl-CoA

oxaloacetate

AMP

a uridine 44

in tRNA ser

quinolinate

ammonium

L-saccharopine

nucleoside diphosphate
kinase (459 nt) Note(s)
: At least one base has
a quality score < 10

3.1.1.1

glycerophosphoglycerol

4.1.1.70

uroporphyrinogen-I

1.1.1.100/2.3.1.85/2.3.1.86

CDP-diacylglycerol-inositol
3-phosphatidyltransferase
(1017 nt)

conserved
hypothetical
protein (1107 nt)

an oxidized
electron-transfer

flavoprotein

O-acetylhomoserine
(thiol)-lyase
(1320 nt)

acetaldehyde

phenol
degradation

I (aerobic)

a dolichyl `-
D-mannosyl
phosphate

3.5.1.2/3.5.1.38

asp

a cis,cis-
delta11,29-
3-hydroxy
C48:2-[acp]

4.1.1.33

cotinine

glyoxylate
reductase (1047
nt) 2-hydroxyacid
dehydrogenase
(1053 nt)

3.5.1.23

CAIR

6-O-trans-keto-
mycolyl-trehalose

6-phosphate

aspartate-
semialdehyde
dehydrogenase
(1185 nt)

conserved
hypothetical
protein (1089
nt) dihydrofolate
reductase
(1041 nt)

nitrite

trp

oleate

a holo-[acyl-
carrier protein]

4-trans-3-oxo-
undecenoyl-CoA

4.1.1.1

thr

1.8.4.9

coproporphyrinogen
III oxidase (1365 nt)

conserved
hypothetical
protein (1041 nt)

gly

1-acyl-sn-glycerol-
3-phosphate
acyltransferase
beta (912 nt)
MBOAT family
protein (1668 nt)
triacylglycerol
lipase (1968 nt)

_-linolenate

10-formyl-
tetrahydrofolate

2.5.1.3

betanidin

UDP-N-
acetylglucosamine
pyrophosphorylase
(1548 nt)

methanol

1.14.13.-

1.14.-.-

thr

conserved
hypothetical
protein (735 nt)

UDP-glucose:sterol
glycosyltransferase
(4032 nt) conserved
hypothetical
protein (2787 nt)

isovaleryl-CoA
dehydrogenase
(1293 nt)

conserved
hypothetical
protein (1374
nt) conserved
hypothetical
protein (1137 nt)
Note(s): At least
one base has a
quality score < 10

a cis,cis-
delta17,29-
C48:2-[acp]

4.1.1.28

2.3.1.179

1.2.1.18

2.6.1.11

agmatine

asn

a diphthine-[translation
elongation factor 2]

D-threo-isocitrate

3.6.1.6

ribonucleoside-
diphosphate
reductase large
chain (2637 nt)
ribonucleotide
reductase
R2 subunit
variant (978 nt)

thioesterase family protein (585 nt)

threonine
degradation II

a thiol

a [2-oxoglutarate
dehydrogenase

E2 protein] N 6 -S-
succinyldihydrolipoyl-

L-lysine

formaldehyde

inositol
monophosphatase
(912 nt)

S-lactoyl-
glutathione

indole
acetaldehyde

monoxygenase
(1134 nt) salicylate
hydroxylase (1392 nt)

(3S)-2,3-
epoxy-2,3-

dihydrosqualene

4-hydroxy-
2-nonenal

hormone-
sensitive lipase
(2610 nt)

a phosphorylated
pyruvate

dehydrogenase

salicylate
hydroxylase
(1320 nt)

3-keto-5-cis-
tetradecenoyl-CoA

D-sorbitol

2.8.1.12

1.5.1.5

fumarylacetoacetate
hydrolase domain-
containing
protein (699 nt)

3-phospho-
D-glycerate

ethylnitronate

a holo-[acyl-
carrier protein]

`-D-
ribosylnicotinate

an [eIF5A-
precursor]-

deoxyhypusine

nucleoside-
triphosphatase
ntp-1 (2271 nt)

2.3.1.75

a 2-lyso-
phosphatidylcholine

glutaryl-CoA

arginase (975 nt)

cystathionine
gamma-lyase
(1257 nt)

longevity-
assurance protein
(LAC1 (1416 nt)
sphingosine N-
acyltransferase
lac1 (1416 nt)

conserved
hypothetical
protein (978
nt) 3-oxo-5-
alpha-steroid 4-
dehydrogenase
family protein
(1092 nt)

coenzyme A

succinate

aminomethyltransferase
(1473 nt) Note(s):

At least one base has
a quality score < 10

phytol
degradation

4.2.1.-

4-hydroxy-2-
nonenal-[L-

Cys] conjugate

pyridoxine
5’-phosphate

4-methyl-2-
oxopentanoate

a 3R-hydroxy
cis 6 5 -

dodecenoyl-[acp]

4.1.1.-

biotin carboxylase
(2001 nt) acetyl-
CoA carboxylase
(6819 nt)

6.4.1.4

5.3.1.8

7,8-
diaminopelargonate

5-amino-6-(5-
phosphoribosylamino)
uracil reductase (1968 nt)

a protein

2.7.1.11

3-dehydroshikimate
dehydratase
(1218 nt)

1.8.3.5

CARBOHYDRATES BIOSYNTHESIS

3.4.19.5

3,4-dihydroxyphenylglycol

malonyl-CoA

10-trans-
heptadecenoyl-
CoA degradation

(reductase-
dependent, yeast)

superpathway of
tetrahydrofolate

biosynthesis

a phosphatidyl-N-
methylethanolamine

2.7.1.105

formyl-coenzyme A
transferase (1305 nt)
formyl-coenzyme A
transferase (1350 nt)

2.1.2.1

GPI ethanolamine phosphate
transferase (2571 nt)
aminoalcoholphosphotransferase
(1266 nt)

2.3.3.9

ribonuclease
Z (5451 nt)

a tRNA
containing a
3’ CCA end

L-homoserine

3-hydroxyphenylacetate

a holo-[acyl-
carrier protein]

alanine
biosynthesis III

2.6.1.52

a reduced c-
type cytochrome

conserved
hypothetical
protein (1839 nt)

UDP-N-
acetyl-D-

glucosamine
biosynthesis II

enterobactin

2.7.7.7

an apo c-type
cytochrome

L-citrulline

MoO
2

-
molybdopterin

cofactor

a ketone Ins(1,2,3,4,5,6)P
6

2-oxoglutarate

6.2.1.3

6.3.5.3

3.2.2.9

stearate
biosynthesis

III (fungi)

hexokinase (1284
nt) glucokinase
(1551 nt)

1.1.99.24

4_-hydroxymethyl-
4`-methyl-5_-
cholesta-8,24-

dien-3`-ol

3-hydroxyadipyl-CoA

3-oxo-
myristoyl-CoA

1.5.3.16/1.5.3.17

D-gluconate
6-phosphate

a reduced
flavoprotein

3.2.1.21

a peptide

pyruvate

3.2.1.21

a protein

L-isoleucyl-
tRNA ile

a phosphate
monoester

4.1.1.h

phosphomethylpyrimidine
kinase (1674 nt)

4-hydroxybenzoate

thiamin phosphate

3-oxoacyl-[acyl-
carrier-protein]
synthase
(2577 nt)

succinate

imidazole acetol-
phosphate

1.1.1.100

chenodeoxycholate

kexin (3087 nt)
Note(s): At least
one base has a
quality score < 10

AMP

a butyryl-[acp]

ATP

pseudouridine
5’-phosphate

L-a-
glutamylcysteine

1.2.1.8

his

1.3.1.72

a single
stranded DNA

a holo-[acyl-carrier protein]

3-methyl-2-oxobutanoate
hydroxymethyltransferase
(1023 nt)

1.1.1.86

6.3.3.2

2.6.1.85

glutamate
degradation

IX (via 4-
aminobutyrate)

methylthiopropionate
biosynthesis

a plant soluble
heteroglycan

2.7.1.78

a tripeptide

conserved
hypothetical
protein (1230 nt)

conserved
hypothetical
protein (540 nt)
peptidase (906 nt)

glycolate

1.3.1.76

2-trans, 5-
cis, 7-trans-

tetradecatrienoyl-
CoA

10-formyl-
tetrahydrofolate

2.5.1.78

sporulation
protein SPS19
(954 nt)

trans-oct-2-
enoyl-CoA

(S)-3-
hydroxybutanoate

conserved
hypothetical
protein (1596 nt)

peptidyl-tRNA
hydrolase domain-
containing
protein (636
nt) conserved
hypothetical
protein (654 nt)

1-(o-
carboxyphenylamino)

-1’-deoxyribulose
5’-phosphate

1.14.3.-

an L-1-
phosphatidyl-
ethanolamine

conserved
hypothetical
protein (990 nt)
5’-nucleotidase
(2022 nt) 3.6.1.52

H
2

O

3.5.5.1

3.4.21.48

2-oxoglutarate

4_-methyl-
cholesta-8-enol

2.1.3.3

succinate

histone deacetylase
HosB (3540 nt)
histone deacetylase
hda1 (2178 nt)
histone deacetylase
phd1 (1464 nt)
histone deacetylase
RPD3 (2076 nt)

AMP

5,10-
methenyltetrahydrofolate

1.3.1.71

chenodeoxycholoyl-
CoA

pyruvate
dehydrogenase E1
component subunit

beta (1134 nt) pyruvate
dehydrogenase E1
component subunit

alpha (1218 nt)
pyruvate decarboxylase

(1746 nt)

2-phospho-
D-glycerate

a 2,3,4-saturated fatty acyl CoA

his

phenylacetaldehyde

acetyl-CoA

a cis,cis-
delta15,33-3-

oxo-C52:2-[acp]

D-glucono-
1,5-lactone

2-dehydro-
3-deoxy-D-
gluconate

dGDP

1.1.1.1

3.5.1.1/3.5.1.38

5.4.2.2/5.4.2.5

CMP

4.2.1.140

1.3.3.6

`-D-glucose

a [protein]-
L-cysteine

a mannosyl-
inositol-phospho-_

hydroxyphytoceramide

6.1.1.11

urea

1.2.1.12

choline

phe

an L-histidine-
[translation

elongation factor 2]

4’-phosphopantetheine

OPC4-3-
hydroxyacyl-CoA

chorismate
synthase
(1122 nt)

acetyl-CoA

isochorismatase
hydrolase
(1176 nt)

pyridoxine
kinase (1155 nt)

coenzyme A

methanol

1.6.2.2

4.2.99.20

Ins(5)P

1.1.1.100

2.4.2.1

a 1,4-_-D-glucan

AMP

a peptide

2-O-(6-phospho-
_-D-mannosyl)

-D-glycerate

maltotriose

3-phosphoinositide biosynthesis

1.4.1.2

L-arabinose
degradation II

gamma-
glutamyltranspeptidase
(1782 nt) gamma-
glutamyltranspeptidase
(1815 nt)

1.14.13.72

oleate `-
oxidation

(reductase-
dependent,

yeast)

chitin

eicosatrienoyl-
2-enoyl CoA

NADH

acetyl-CoA
acetyltransferase
(1200 nt)
acetyl-CoA
acetyltransferase
(1317 nt)

1.3.1.10/1.3.1.39/2.3.1.85/2.3.1.86

ubiquinol-6

1.3.3.6

sulfite reductase
flavoprotein
component
(3276 nt) sulfite
reductase subunit
beta (4605 nt)

a 3,4-dihydroxy-
5-all-trans-

polyprenylbenzoate

L-aspartyl-
tRNA asn

uracil

3-ketoacyl-CoA
thiolase (1266
nt) 3-ketoacyl-
CoA thiolase
B (1260 nt) 3-
ketoacyl-CoA
thiolase (1254
nt) 3-ketoacyl-
CoA thiolase
B (1242 nt)

betanidin quinone

triacylglycerol
lipase (2025
nt) conserved
hypothetical
protein (1044
nt) autophagy-
related protein
15 (1929 nt)
triacylglycerol
lipase (1968 nt)
triacylglycerol
lipase (1797 nt)

NMN

acetoacetyl-coenzyme
A synthetase (2184 nt)

RNA pseudouridylate
synthase domain-
containing protein
(1578 nt) pseudouridine
synthase (2310 nt)

2.3.3.10

9-cis, 11-trans-
octadecadienoyl-
CoA degradation

(isomerase-
dependent, yeast)

fumarate

xanthosine

(E)-2-
methylcrotonoyl-

CoA

a 1-phosphatidyl-
1D-myo-inositol

4,5-bisphosphate

a trans-tetracos-
2-enoyl-[acp]

phosphatidylinositol-
4-phosphate 5-
kinase its3 (2865 nt)

ornithine
aminotransferase
(1383 nt)
Note(s): At least
one base has a
quality score < 10

3-ketodihydrosphingosine
reductase tsc10 (1158 nt)

bifunctional
polynucleotide
phosphatase/
kinase (1644 nt)

mRNA-capping
enzyme subunit
alpha (1638 nt)

4_-carboxy-
5_-cholesta-

8,24-dien-3`-ol

1.3.99.-

NAD-dependent epimerase/
dehydratase (855 nt) fatty
acid synthase subunit beta
dehydratase (6261 nt)
fatty acid synthase subunit
alpha reductase (5652 nt)
Note(s): At least one base
has a quality score < 10
2-deoxy-D-gluconate 3-
dehydrogenase (771 nt)
fatty acid synthase (7770
nt) 2-succinylbenzoate-
CoA ligase (1782 nt)
3-oxoacyl-[acyl-carrier-
protein] reductase (843
nt) 3-oxoacyl-[acyl-carrier-
protein] reductase (531
nt) 3-oxoacyl-(acyl-carrier-
protein) reductase (435 nt)

4.4.1.8

2.1.1.-

1.1.1.53

aldose reductase
(879 nt) aldehyde
reductase (942 nt)

a reduced
flavoprotein

nucleoside
diphosphate
kinase (459 nt)
Note(s): At least
one base has a
quality score < 10

1.14.11.33

2.1.1.201

2.3.1.86

a tRNA
uridine 38/39

betaine aldehyde

glt

a crotonyl-[acp]

6.3.5.5

2.3.1.-

pyridoxine
kinase (1155 nt)

hexaprenyldihydroxybenzoate
methyltransferase (1194 nt)

2.5.1.47

acetyl-CoA
acetyltransferase
(1200 nt) acetyl-CoA
acetyltransferase
(1317 nt) 3-ketoacyl-
CoA thiolase B (1242
nt) 3-ketoacyl-CoA
thiolase (1254 nt) 3-
ketoacyl-CoA thiolase
B (1260 nt) 3-ketoacyl-
CoA thiolase (1266 nt)

inosine-uridine
preferring
nucleoside
hydrolase
(1344 nt)

pyruvate

C-4 methylsterol
oxidase (735 nt)
C-4 methylsterol
oxidase (552 nt)

a trans-3-
enoyl-CoA

1.1.5.2

lipoate-protein
ligase A (1251 nt)

an oxidized
electron-transfer

flavoprotein

1.4.1.13

glutamate
decarboxylase
(1815 nt)
glutamate
decarboxylase
(1659 nt)
glutamate
decarboxylase
(1551 nt)

a peptide

n-propanol

1.3.1.89

6.3.4.3

a tRNA uridine 32

synaptic glycoprotein SC2
(942 nt) trans-2-enoyl-
CoA reductase (1245 nt)

uroporphyrinogen
decarboxylase
(1098 nt)

6.2.1.3

a holo-[acyl-
carrier protein]

ile

cys

separin (6300 nt)

1.1.1.272

thymidylate
kinase (699 nt)

ammonium

5_-androstane-
3,17-dione

pyruvate

3.5.1.110

UDP-_-D-glucose

an [eIF5A-
precursor]-lysine

H
2

2.1.1.216

lanosterol

biotin-protein ligase
ligase (1257 nt)

acyl-CoA
desaturase
(1401 nt)

allysine

2.7.7.1

_-D-galactose
1-phosphate

3-oxo-5,6-
didehydrosuberyl-

CoA

a peptide with a
leader sequence

a cis,cis-
delta15,27-3-

oxo-C46:2-[acp]

2.1.1.114

nucleoside
diphosphate
kinase (459 nt)
Note(s): At least
one base has a
quality score < 10

3.1.1.4

D-mannose

dimethylthiophosphate

a DNA 5-
methylcytosine

1.14.13.7

nicotinamide mononucleotide
adenylyltransferase (996 nt)

guanine deaminase
(1680 nt)

an octanoyl-[acp]

3.1.2.1

3.5.2.2

D-glucopyranose

3.6.1.7

gln

acetolactate
synthase small
subunit (1014
nt) acetolactate
synthase catalytic
subunit (2106 nt)

an N-terminal-
PPK-[protein]

L-homoserine

C-4 methylsterol
oxidase (735 nt)
C-4 methylsterol
oxidase (552 nt)

deoxyhypusine
synthase (1077
nt) Note(s): At
least one base
has a quality
score < 10

1.2.1.10

3.1.3.2

formamidase
(1248 nt)

citrate synthase (1425
nt) 2-methylcitrate
synthase (1410 nt)

3-oxoacyl-(acyl-
carrier-protein)
reductase (435 nt) 3-
oxoacyl-[acyl-carrier-
protein] reductase
(531 nt) 3-oxoacyl-
[acyl-carrier-protein]
reductase (843 nt) 2-
deoxy-D-gluconate
3-dehydrogenase
(771 nt) NAD-
dependent epimerase/
dehydratase (855 nt)

1.3.99.30

1.2.1.71

2.3.1.179

ATP NAD kinase (2001 nt)
ATP NAD kinase (1236 nt)

a reduced NrdH
glutaredoxin-
like protein

a 2’-O-
methyluridine 44

in tRNA ser

4-guanidinobutyrate

adenine

alpha-amylase
(1596 nt) alpha-
amylase (1617 nt)

fumarate hydratase (1092 nt)

a carboxylic ester

N 2 -
methylguanine 26 /

guanine 27  in tRNA

3.1.3.2

1.3.1.34

L-homocysteine

2.7.11.11/2.7.12.1

FAD binding
domain-
containing
protein (1887 nt)

1.3.8.7

1.1.1.26

(2S,3S)-2,3-
dihydroxy-2,3-

dihydrobenzoate

IPP

2-iminopropanoate

cholesterol

(R)-lactate

a cytosine 40  in
tRNA precursor

glycoprotease
pgp1 (1617 nt)

xanthine
dehydrogenase
(4215 nt)
aldehyde
oxidoreductase
(3669 nt)

trans-6 2 -
decenoyl-CoA

1.2.1.4

1.2.1.3

type-1
transmembrane

domains

UDP-_-D-glucose

conserved
hypothetical
protein (2067 nt)

2-oxobutanoate

2.7.4.3

3-hydroxyisobutyrate
dehydrogenase
(1035 nt)

2.4.1.1

malonate
semialdehyde

C-4 methylsterol
oxidase (735 nt)
C-4 methylsterol
oxidase (552 nt)

cystathionine
gamma-synthase
(846 nt)
cystathionine
gamma-synthase
(1821 nt)
cystathionine
gamma-lyase
(1242 nt)

2.3.1.179

4.2.1.70

a phosphatidylcholine

leucine
degradation I

an acetoacetyl-[acp]

2.7.1.39

4.1.2.25

a carboxy-
adenylated

small subunit of
molybdopterin

synthase

phosphorylated
mitogen-

activated protein
kinase kinase

1.2.1.76

a CDP-2,3,4-
saturated-

diacylglycerol

a trans-6 2 -decenoyl-[acp]

arginine biosynthesis
bifunctional protein

argJ (1422 nt)

inositol
polyphosphate
multikinase
(1320 nt)
Note(s): At least
one base has a
quality score < 10

5-oxoprolinase
(4074 nt)

1.14.13.-

1.1.1.100

coenzyme A

aldose 1-
epimerase aldose

1-epimerase
(1233 nt)

1.1.1.35

5.5.1.5

2.3.1.135

1.1.1.-

GMP

2.3.3.a/2.3.3.1

O-acetyl-L-
homoserine

an mRNA

2.4.1.25

glycolaldehyde

UTP and CTP
dephosphorylation I

2.4.1.1

5-methyl-
tetrahydrofolate

4_-hydroxymethyl-
4`-methyl-

5_-cholesta-
8-en-3`-ol

3-keto-steroid
reductase (1362 nt)

1.13.11.27

alpha-methylacyl-
CoA racemase
(1194 nt)

conserved
hypothetical
protein (1374
nt) averantin
oxidoreductase
(1572 nt)
cytochrome
P450-DIT2 (1506
nt) conserved
hypothetical
protein (1506 nt)

a sphingoid base

D-erythro-
imidazole-glycerol-

phosphate

CMP

6-methoxy-3-
methyl-2-all-

trans-decaprenyl-
1,4-benzoquinol

1.14.-.-

2-methoxy-6-all trans-
octaprenyl-2-methoxy-

1,4-benzoquinol

phenylacetate
degradation
I (aerobic)

geranyl
diphosphate

3.1.1.31

3.5.99.c

an aldose

ala

3.1.3.12

S-hydroxymethylmycothiol
HMG-CoA

2.6.1.13

1-phosphatidylinositol
phosphodiesterase
(1437 nt)

jasmonoyl-CoA

a peptide

UDP

urease (2511 nt)

a reduced
thioredoxin

6.1.1.12

UDP-_-D-glucose

a phospholipid

6-trans-3-oxo-
tridecenoyl-CoA

XMP

morphine

formate reduction to 5,10-
methylenetetrahydrofolate

3.6.1.52

4.1.2.8

ribosomal RNA
methyltransferase
MRM2 (1074 nt)

3.4.22.40

a cis-delta11-3-
oxo-C30:1-[acp]

coumarinate

1.1.1.24

succinate-
semialdehyde
dehydrogenase
(1500 nt)
aldehyde
dehydrogenase
(1491 nt)
Note(s): At least
one base has
a quality score
< 10 aldehyde
dehydrogenase
(1416 nt)
aldehyde
dehydrogenase
(471 nt) aldehyde
dehydrogenase
(1488 nt)

conserved
hypothetical protein
(957 nt) Note(s): At
least one base has
a quality score < 10

an in-chain
hydroxy fatty acid

gly

L-glutamyl-
tRNA Gln

2,3-
dihydroxybenzoate

coenzyme A

pyruvate

an oleoyl-[acp]

(Z)-2-
methylureidoacrylate

peracid

cAMP-dependent
protein kinase
(4878 nt) kinase
lkh1 (1992 nt)
Note(s): At least
one base has
a quality score
< 10 glycogen
synthase kinase-
3 beta (4329 nt)
Note(s): At least
one base has a
quality score < 10
serine/threonine-
protein kinase
PRKX (1203 nt)
serine/threonine-
protein kinase
PAK 2 (2679 nt)
cAMP-dependent
protein kinase
catalytic subunit
pkaC (1116 nt)

2’-deoxyadenosine

pristanate

glutamate
synthase (2415
nt) glutamate
synthase small
chain (1392 nt)
NADP-specific
glutamate
dehydrogenase
(1377 nt)

a dietary all-trans
-retinyl ester

short-chain
specific acyl-CoA
dehydrogenase
(1644 nt)

a 1,4-_-D-glucan

2.5.1.1

UDP

a D-hexose

a peptide

NADH-ubiquinone oxidoreductase 9.5
kDa subunit (231 nt) NADH-ubiquinone
oxidoreductase 12 kDa subunit (321
nt) NADH-ubiquinone oxidoreductase
20 kDa subunit (480 nt) NADH-
ubiquinone oxidoreductase 21 kDa
subunit (567 nt) NADH-ubiquinone
oxidoreductase 21.3 kDa subunit (576
nt) NADH-ubiquinone oxidoreductase
213 kDa subunit (600 nt) electron
transfer flavoprotein subunit beta (600
nt) NADH-ubiquinone oxidoreductase
78 kDa subunit (2187 nt) LYR family
protein (399 nt) conserved hypothetical
protein (360 nt) NADH-quinone
oxidoreductase subunit I 2 (690 nt)
hypothetical protein (432 nt) NADH-
ubiquinone oxidoreductase (636 nt)
conserved hypothetical protein (759
nt) NADH-ubiquinone oxidoreductase
49 kDa subunit (1440 nt) NADH-
ubiquinone oxidoreductase 40 kDa
subunit (882 nt) NADH-ubiquinone
oxidoreductase 105 kDa subunit (285
nt) conserved hypothetical protein
(312 nt) hypothetical protein (372 nt)
NADH-ubiquinone oxidoreductase
20.8 kDa subunit (483 nt) NADH-
ubiquinone oxidoreductase 51 kDa
subunit (1548 nt) NADH-ubiquinone
oxidoreductase 21 kDa subunit (678
nt) NADH dehydrogenase iron-sulfur
protein (867 nt) NADH-ubiquinone
oxidoreductase 24 kDa subunit (780
nt) NADH dehydrogenase iron-sulfur
protein (687 nt) NADH-ubiquinone
oxidoreductase subunit B17.2 (408 nt) 3.2.1.4

8-oxo-dGTP

tetrahydrofolate

D-glucosamine
6-phosphate

1.14.13.124

acyl-coenzyme A oxidase (1962 nt)
acyl-coenzyme A oxidase (2085 nt)
acyl-coenzyme A oxidase (2049 nt)

1.3.8.4

3.2.1.21

phenylethanol biosynthesis

N-_-acetyl-
L-methionine

1.2.1.12

1.14.13.-

OTHER

RNA

5’-deoxyadenosine

GMP synthase
(1632 nt) imidazole
glycerol phosphate
synthase hisHF
(1647 nt) GMP
synthase (759
nt) glutamine
amidotransferase
subunit pdxT
(720 nt)

1.2.1.11

a jasmonic acid

a (1,6)-_-D-
glucosyl-(1,4)

-_-glucan

2.6.1.42

3.2.2.1

1.1.1.8

histidine
biosynthesis
trifunctional
protein (2613 nt)

NAD(P) +

nonspecific
lipid-transfer
protein (1197 nt)
Note(s): At least
one base has a
quality score < 10

sucrose

(2R,3S)-2-
methylisocitrate

HMP-P

NAD-dependent epimerase/dehydratase
(855 nt) fatty acid synthase subunit beta
dehydratase (6261 nt) fatty acid synthase
subunit alpha reductase (5652 nt) Note(s)
: At least one base has a quality score < 10
2-deoxy-D-gluconate 3-dehydrogenase
(771 nt) fatty acid synthase (7770 nt)
2-succinylbenzoate-CoA ligase (1782
nt) 3-oxoacyl-[acyl-carrier-protein]
reductase (843 nt) 3-oxoacyl-[acyl-carrier-
protein] reductase (531 nt) 3-oxoacyl-
(acyl-carrier-protein) reductase (435 nt)

pyridoxine
kinase (1155 nt)

acetaldehyde

2-oxobutanoate

carbamate

coenzyme A

farnesyl
pyrophosphate
synthetase
(1041 nt)
geranylgeranyl
pyrophosphate
synthetase
(1224 nt)

dIDP

1.13.11.52

baicalein

2-methoxy-6-all
trans-heptaprenyl-

2-methoxy-1,4-
benzoquinol

5.4.2.2/5.4.2.5

ser

a 1-phosphatidyl-
1D-myo-inositol

4,5-bisphosphate

4.1.1.17

nucleoside-
triphosphatase
ntp-1 (2271 nt)

inositol
monophosphatase
(912 nt)

(S)-malate

4-amino-2-methyl-5-
diphosphomethylpyrimidine

biosynthesis

serine palmitoyltransferase
(1527 nt) serine
palmitoyltransferase (2055 nt)

6.3.2.6

6.2.1.4

2.3.1.16

lanosterol
synthase (2187 nt)

5-aminolevulinate
synthase
(1956 nt)

glutamine
degradation I

a [ribosomal
protein L3]-
L-glutamine

a ribonucleoside

cytochrome P450
51 (1809 nt)

3-oxohexanoyl-
CoA

a long-chain
acyl-CoA

cytidine

1.11.1.12

conserved
hypothetical
protein (1215 nt)

glutathione

a cis,cis-
delta13,31-3-

oxo-C50:2-[acp]

asn

acetoacetyl-CoA

amidase (807
nt) acetamidase
(1746 nt)
acetamidase
(1638 nt)

AMP

nucleoside-
triphosphatase
ntp-1 (2271 nt)

(1,4-_-D-glucosyl)
n

-glucosyl
glucogenin

3.2.2.23

3.2.1.1

DNA
topoisomerase
(2703 nt) DNA
topoisomerase
(1899 nt)

thiamine-phosphate
pyrophosphorylase
(1623 nt)

1.3.3.6

3.2.1.170

mitochondrial
ATPase complex
subunit ATP10
(606 nt) ATP
synthase subunit
g (600 nt) ATP
synthase subunit
beta (1542 nt)
vacuolar ATP
synthase catalytic
subunit A (2181
nt) hypothetical
protein (360 nt)
vacuolar ATP
synthase subunit
B (1521 nt)
ATP synthase
subunit 5 (693
nt) vacuolar ATP
synthase subunit
E (720 nt) ATP
synthase delta
chain (498 nt)
ATP synthase
gamma chain
(894 nt) vacuolar
ATP synthase
subunit d (1092
nt) ATP synthase
subunit 4 (735
nt) ATPase
alpha subunit
(1398 nt) ATP
synthase D chain,
mitochondrial
(525 nt) vacuolar
ATP synthase 16
kDa proteolipid
subunit (486 nt)
hypothetical
protein (483
nt) vacuolar
ATP synthase
subunit c (597
nt) vacuolar
ATP synthase
subunit F (375
nt) vacuolar
ATP synthase
subunit c (1182
nt) conserved
hypothetical
protein (1512
nt) vacuolar ATP
synthase 98 kDa
subunit (2523
nt) ATPase H+
transporting V1
subunit D (546
nt) mitochondrial
F1F0 ATP
synthase
subunit (306 nt)

10-formyl-
tetrahydrofolate

2-trans-
undecenoyl-CoA

diphthamide
biosynthesis

peptidyl-prolyl cis-trans isomerase
(840 nt) FK506-binding protein
(423 nt) conserved hypothetical
protein (363 nt) hypothetical protein
(399 nt) peptidyl-prolyl isomerase
cwc27 (1707 nt) peptidyl-prolyl cis-
trans isomerase ssp1 (573 nt) RNA
binding protein (1329 nt) peptidyl-
prolyl cis-trans isomerase cypE (492
nt) peptidylprolyl isomerase domain
and WD repeat-containing protein
(1899 nt) serine/threonine-protein
phosphatase 2A activator 2 (1239
nt) Note(s): At least one base has
a quality score < 10 peptidyl-prolyl
cis-trans isomerase D (1122 nt)
peptidyl-prolyl cis-trans isomerase
cyp8 (1326 nt) peptidyl-prolyl cis-
trans isomerase H (543 nt) FK506-
binding protein (1509 nt) peptidyl-
prolyl cis-trans isomerase B (633 nt)

2.4.1.183

a 5 methylcytosine 40

in tRNA precursor

SAM

a single-
stranded RNA

1.1.1.218

melibiose
degradation

AMINOACYL-
TRNA CHARGING

2.7.4.13/2.7.4.14/2.7.4.25

4_-methyl-
5_-ergosta-
8,14,24(28)
-trien-3`-ol

callose
biosynthesis

_-D-galactose

oxaloacetate

pyruvate

1.1.1.35

coenzyme A

ammonium

3.5.99.6

5,10-
methenyltetrahydrofolate

a nucleoside 5’-
monophosphate

D-gluconate
6-phosphate

NAD
phosphorylation and
dephosphorylation II

alanine-glyoxylate
aminotransferase
(1482 nt)
Note(s): At least
one base has a
quality score < 10

alanine-glyoxylate
aminotransferase
(1482 nt)
Note(s): At least
one base has a
quality score < 10

a malonyl-[acp]

acyl-CoA
dehydrogenase
(1320 nt)

dCTP

3-isopropylmalate
dehydratase
(2247 nt)

asp

an N 2 -
methylguanine 10

in tRNA

2.6.1.52

_-D-glucose
6-phosphate

cholesterol

pyruvate
decarboxylase
(1746 nt)
pyruvate
decarboxylase
(1725 nt)

protein
phosphatase
methylesterase
(1308 nt)

a (1->5)-_-
L-arabinan

oligosaccharide

L-tyrosine
decarboxylase
(1734 nt)
Note(s): At least
one base has a
quality score < 10

3.5.99.2

GDP

1-acyl-sn-glycerol-
3-phosphate
acyltransferase
beta (912 nt)
MBOAT family
protein (1668 nt)
triacylglycerol
lipase (1968 nt)

formyl-CoA

3-hydroxybutyryl-
CoA dehydratase
(900 nt) enoyl-
CoA hydratase/
isomerase
family protein
(948 nt) enoyl-
CoA hydratase/
isomerase family
protein (801
nt) enoyl-CoA
hydratase (399 nt)

2.3.1.41

pyrroline-5-
carboxylate
reductase
(1011 nt)

5.3.3.-

2.8.3.-

parathion

a 2-methyl branched 2,3,4-
saturated fatty acyl-CoA

6.3.4.10

2.7.6.1

5’-hydroxycotinine

Delta(14)-
sterol reductase
(1500 nt)

lysine
degradation II

asn

a palmitoyl-[acp]

N-carbamoylglycine

p-tRNA His

1-phosphatidyl-
1D-myo-

inositol 3,4,5-
trisphosphate

amidase (807
nt) acetamidase
(1746 nt)
acetamidase
(1638 nt)

C-4 methylsterol
oxidase (735 nt)
C-4 methylsterol
oxidase (552 nt)

4,4-dimethyl-
14_-formyl-
5_-cholesta-
8-en-3`-ol

(Z)-3-
peroxyaminoacrylate

ubiquinol-9

cyanate degradation

benzyl acetate

endochitinase
(1185 nt)
predicted
protein (1038 nt)

a substituted
`-amino acid

trp

1.3.8.5

a [protein]-L-
methionine

acetone
cyanohydrin

1.1.1.49

methionyl-tRNA
formyltransferase
(1182 nt)

6.3.4.2

a dipeptide

coenzyme A

enoyl-CoA
hydratase
(399 nt) enoyl-
CoA hydratase/
isomerase
family protein
(801 nt) enoyl-
CoA hydratase/
isomerase family
protein (948 nt)

tRNA guanosine-2’-
O-methyltransferase
TRM11 (1365 nt)

phytol

lanosterol
synthase
(2187 nt)

1.3.1.34

4_-carboxy-
stigmasta-
7,24(24 1 )-
dien-3`-ol

glycogen
debranching
enzyme (4479 nt)
Note(s): At least
one base has a
quality score < 10

2-oxoadipate

branched-chain-amino-
acid aminotransferase
(1167 nt) branched-
chain-amino-acid
aminotransferase
(1233 nt)

2.4.1.25

(2R,3S)-3-
isopropylmalate

acetaldehyde

a D-glucosyl-N-
acylsphinganine

a 3-oxo-octanoyl-[acp]

glyoxylate cycle

a nucleoside 5’-
monophosphate

D-mannose

2.7.2.11

Cobalamin-independent
synthase (2316 nt)

2.7.1.137

2.3.1.24

5-methylthioribulose
1-phosphate

coenzyme A

2.6.1.1

conserved
hypothetical
protein (1098
nt) tyrosinase
(2145 nt)

HMP-PP

2.6.1.7

2.3.1.76

ATP

a cis,cis-delta9,21-
3-hydroxyC40:2-

[acp]

ornithine
aminotransferase
(1383 nt)
Note(s): At least
one base has a
quality score < 10

ornithine
carbamoyltransferase
(1047 nt)

3.1.3.25

2.5.1.9

inositol-
pentakisphosphate
2-kinase (1245 nt)

Ins(1,4,5)P
3

glutamate-cysteine
ligase (849

nt) glutamate-
cysteine ligase

(1977 nt)

3-oxoacyl-[acyl-
carrier-protein]
synthase (2577 nt)

24-alkyl sterol 1

a trans hexadecenoyl-[acp]

3.5.3.4

puromycin-
sensitive
aminopeptidase
(2697 nt)

fructose 1,6-
bisphosphate

acetolactate
synthase small
subunit (1014
nt) acetolactate
synthase catalytic
subunit (2106 nt)

phosphatidylinositol 4-
kinase STT4 (5862 nt)

adenylyl-sulfate
kinase (645 nt)

pyruvate

a 3`-
hydroxysteroid

arginine N-
methyltransferase
skb1 (2472 nt)

2.5.1.39

D-lactate
dehydrogenase
(1575 nt)

D-glucopyranose

fumarate

1.1.1.30

sulfite reductase
flavoprotein
component
(3276 nt) sulfite
reductase subunit
beta (4605 nt)

a 3-oxo-palmitoyl-[acp]

3.2.1.3

1.2.1.8

a [co-chaperone]-
[scaffold protein-

(2Fe-2S)] complex

indole-3-acetamide

synaptic
glycoprotein
SC2 (942 nt)

sitosterol

peroxidase (3366
nt) predicted
protein (3894 nt)

acrylate

a purine base

1.4.1.3

1.1.1.14

Ins(1,4)P
2

spermine and
spermidine degradation I

a peptide

6.1.1.11

cytochrome P450
61 (1062 nt)
Note(s): At least
one base has a
quality score < 10

a cis,cis-
delta15,27-3-

oxo-C46:2-[acp]

trehalose-
phosphatase
(2766 nt)
trehalose-
phosphatase
(2823 nt)
Note(s): At least
one base has a
quality score < 10

RNA
pseudouridylate
synthase domain-
containing
protein (1578
nt) tRNA
pseudouridine
synthase
(1233 nt)

aldehyde
dehydrogenase
(1491 nt)
Note(s): At least
one base has
a quality score
< 10 succinate-
semialdehyde
dehydrogenase
(1500 nt)

2.7.7.4

ferrochelatase
(885 nt)

(+)-dihydrokaempferol

4.99.1.1

2,5-dichloro-
p-quinol

1.14.13.72

1.2.1.3

a holo-[acyl-
carrier protein]

4.1.1.37

glycogen
phosphorylase
(2634 nt)

a sphingoid base

2-phospho-
D-glycerate

conserved
hypothetical
protein (1374
nt) averantin
oxidoreductase
(1572 nt)
cytochrome
P450-DIT2 (1506
nt) conserved
hypothetical
protein (1506 nt)

itaconate

O-acetyl-L-
homoserine

6.1.1.4

a protein

3.1.2.-

1.3.8.7

a 2-hydroxy
carboxylate

DNA
topoisomerase
(4749 nt)

an oxidized
flavoprotein

a pyruvate
dehydrogenase

quinolinate

lipoyl synthase
(1320 nt)

a reduced electron-
transfer flavoprotein

zymosterol

2.7.4.6

4-chlorocatechol

5.3.1.24

C-1-tetrahydrofolate
synthase (2820 nt)

ACETYL-COA
BIOSYNTHESIS

13-DPG

gly

conserved hypothetical protein
(1374 nt) averantin oxidoreductase
(1572 nt) cytochrome P450-
DIT2 (1506 nt) conserved
hypothetical protein (1506 nt)

thiamin phosphate

2.4.2.7

citronellyll-CoA

2.4.2.1/2.4.2.15

aldose reductase
(879 nt)

F6P

hydantoin

an L-1-
phosphatidyl-

glycerol

cis-aconitate

ribonucleoside-
diphosphate reductase
large chain (2637
nt) ribonucleotide
reductase R2 subunit
variant (978 nt)

an N-terminal
[protein]-L-proline

1.1.1.94

a 1-lysophosphatidylcholine

3.1.2.14

ser

2.6.1.42

a glycan

protoporphyrinogen IX

2.3.1.157

pyridoxal 5’-phosphate salvage I

aldehyde
dehydrogenase
(471 nt) aldehyde
dehydrogenase
(1416 nt)

3.5.1.23

2.4.1.25

dihydrolipoamide

3.4.11.18

leukotriene-C4

2.7.1.86

2.5.1.21

aromatic-L-
amino-acid
decarboxylase
(3279 nt)

formate

protocatechuate

triosephosphate
isomerase (690 nt)
triosephosphate

isomerase (750 nt)

14-hydroxylanosterol

1.2.1.-

5.3.1.9

1.5.5.2

cys

a [glycine-
cleavage complex

H protein] N 6 -
dihydrolipoyl-

L-lysine

a cis,cis-
delta15,33-
3-hydroxy
C52:2-[acp]

3.2.1.113

cytochrome c1
heme lyase (906
nt) cytochrome
c heme lyase
(1101 nt)

chorismate

GTP

a 2-monoglyceride

nitrite

pristanoyl-CoA

methylacrylyl-CoA

an oxidized
flavoprotein

protoporphyrin IX

beta-mannosidase
(2076 nt)

`-D-glucose

ethanolamine-phosphate
cytidylyltransferase (1362 nt)

3-oxoacyl-(acyl-
carrier-protein)
reductase (435 nt)
3-oxoacyl-[acyl-
carrier-protein]
reductase (531 nt)
3-oxoacyl-[acyl-
carrier-protein]
reductase (843
nt) 2-deoxy-
D-gluconate 3-
dehydrogenase
(771 nt) NAD-
dependent
epimerase/
dehydratase
(855 nt)

formate
oxidation

to CO
2

a (mannosyl)
9

-(N-
acetylglucosaminyl)

2-diphosphodolichol

tetrahydrofolate

fatty acid synthase subunit beta dehydratase
(6261 nt) fatty acid synthase subunit
alpha reductase (5652 nt) Note(s):
At least one base has a quality score
< 10 fatty acid synthase (7770 nt) 2-
succinylbenzoate-CoA ligase (1782 nt)

a 2,3,4-saturated
L-phosphatidate

a sulfurated
[sulfur carrier]

phosphomevalonate
kinase (1230 nt)
Note(s): At least
one base has a
quality score < 10

2.7.1.17

4.2.1.114

S-hydroxymethylglutathione

L-asparaginyl-tRNA asn

4-amino-2-methyl-5-
phosphomethylpyrimidine

biosynthesis (yeast)

triacylglycerol
lipase (1968 nt)

pentatricopeptide
repeat protein

(4065 nt)

fumarate

mannosyltransferase
(1227 nt)

pyruvate

helicase (2220 nt)

a glycogen

2.4.99.18

ornithine
carbamoyltransferase
(1047 nt)

enoyl-CoA
hydratase (894
nt) carnitinyl-
CoA dehydratase
(876 nt) enoyl-
CoA hydratase/
isomerase
family protein
(948 nt) enoyl-
CoA hydratase/
isomerase family
protein (801
nt) enoyl-CoA
hydratase (399 nt)

2.6.1.22

dimethylaniline
monooxygenase
(1587 nt)

tetrahydrofolate

2.1.2.2

myo-inositol
biosynthesis

(9Z,12Z)-15,16-
epoxyoctadeca-
9,12-dienoate

(R)-pantoate

ATP

a (R)-3-hydroxybutanoyl-[acp]

2.3.1.57

(2E,6E)-farnesyl
diphosphate

6.3.2.1

3.6.3.51

3.1.3.27

DNA
n

pyrroline-5-
carboxylate
reductase
(1011 nt)

5-hydroxyindole
acetaldehyde

conserved
hypothetical
protein (1371 nt)

3.2.1.141

2.3.1.1

aminocarboxymuconate
semialdehyde

mitochondrial-
processing
peptidase subunit
alpha (1764 nt)
mitochondrial-
processing
peptidase subunit
beta (1440 nt)

serine/threonine-
protein kinase
BUR1 (1551
nt) CTD kinase
subunit alpha
(2178 nt) serine/
threonine-
protein kinase
prk1 (918 nt)
serine/threonine-
protein kinase
crk1 (1134 nt)

a peptide

phosphotransferase
enzyme family
protein (1002 nt)

hydroxymethylpyrimidine

pyridoxine

conserved
hypothetical
protein (453 nt)

a [lipoyl-carrier
protein] N 6 -

octanoyl-L-lysine

1.7.3.3

thiamine-phosphate
pyrophosphorylase
(1623 nt)

tRNA (guanine-N(7)
-)-methyltransferase
(1062 nt)

EntB
isochorismatase/

aryl-carrier protein

4_-hydroxymethyl-
5_-cholesta-

8,24-dien-3`-ol

nucleoside
diphosphate
kinase (459 nt)
Note(s): At least
one base has a
quality score < 10

a holo-[acyl-
carrier protein]a peptide

a ferrocytochrome
b

5

pyruvate

2.1.1.41

a cis-delta9-3-
oxo-C28:1-[acp]

2.7.8.5

a quinone

(R)-lactate

dolichyl-phosphate-
mannose-protein
mannosyltransferase
(2238 nt) dolichyl-
phosphate-
mannose-protein
mannosyltransferase
(2751 nt) dolichyl-
phosphate-
mannose-protein
mannosyltransferase
(2349 nt)

N,O-
diacetylmuramidase
(561 nt)

3.5.4.16

1.1.1.284

purine nucleoside
phosphorylase
(732 nt) Note(s): At
least one base has
a quality score < 10

1.5.1.15

NUCLEOSIDES AND NUCLEOTIDES DEGRADATION

an aldehyde

CTP

conserved
hypothetical
protein (1230 nt)

2.8.1.8

6-phosphofructokinase
subunit beta (2403 nt)

1.3.1.88

biotin-protein
ligase ligase
(1257 nt)

biotin

3-ketodihydrosphingosine
reductase tsc10 (1158 nt)

aconitate
hydratase
(2403 nt) 3-
isopropylmalate
dehydratase large
subunit (2184 nt)

UDP-_-D-
galactose

L-glutamine
biosynthesis

II (tRNA-
dependent)

a 5-(2-methoxy-
2-oxoethyl)

uridine 34  in tRNA

IMP

3.1.2.-

(S)-dihydroorotate

2.6.1.19

an N-modified
amino acid

1.1.1.100

2.1.1.201

an [2Fe-2S]
cluster protein

FERMENTATION

2.6.1.5/2.6.1.57

ATP

conserved
hypothetical
protein (1215 nt)

L-ornithine

acetate

2.3.1.168

gln

a dialkyl
phosphatean aromatic

oxo-acid

dUDP

a reduced
hemoprotein

GTP

a uracil 17  in tRNA

3’,5’-ADP

`-D-glucose

1.1.1.100

a ubiquitin C-
terminal thioester

seleno-L-
homocysteine

a 3-oxo-cis-
vaccenoyl-[acp]

a 3’ half-tRNA
molecule with

a hydroxyl
on its 5’ end

2.6.1.42

2.1.1.35

2.1.1.183

4.1.1.23

(S)-3-hydroxy-
isobutanoyl-CoA

a reduced
flavodoxin

octanoyl-CoA

nucleoside-
triphosphatase
ntp-1 (2271 nt)

squalene
monooxygenase
(1434 nt)

4.2.1.119

Fe 2+

ethanolamine

a holo-[acyl-
carrier protein]

2-maleylacetate

long-chain-fatty-acid-CoA
ligase (2007 nt) long-chain-
fatty-acid-CoA ligase (2100
nt) fatty acid transporter
protein (1932 nt) long-
chain-fatty-acid-CoA ligase
(2124 nt) long-chain-fatty-
acid-CoA ligase (3516 nt) D-
alanine-poly(phosphoribitol)
ligase subunit 1 (3078 nt) 2-
succinylbenzoate-CoA ligase
(1782 nt) acyl-coenzyme A
synthetase ACSM5 (1689
nt) elongation of fatty
acids protein (1053 nt) acyl-
activating enzyme (312 nt)

ethylphosphate

4,4-dimethyl-
5_-cholesta-
8-en-3-`-ol

polyphenoloxidase
(1956 nt)

beta-glucosidase (1620 nt)
beta-glucosidase (2958 nt)
beta-glucosidase (2598 nt)
beta-glucosidase (2625 nt)

D-gluconate

NAD(P)H

a carboxylate

tRNA cys

2.5.1.47

arg

2.4.2.1

glutamine
amidotransferase
subunit pdxT (720
nt) GMP synthase
(759 nt) imidazole
glycerol phosphate
synthase hisHF
(1647 nt) GMP
synthase (1632
nt) glutamate
synthase (2415
nt) glutamate
synthase small
chain (1392
nt) asparagine
synthetase (1737
nt) Note(s): At
least one base
has a quality
score < 10 CTP
synthase (1761
nt) bifunctional
pyrimidine
biosynthesis
protein
(PyrABCN) (6645
nt) carbamoyl-
phosphate
synthase arginine-
specific large
chain (3546
nt) asparagine
synthase (2130
nt) carbamoyl-
phosphate
synthase arginine-
specific small
chain (1413 nt)

SAH

sterol O-
acyltransferase
(1566 nt)

2.1.1.6

tryptamine

phosphocholine

1.1.1.-

[DsrEFH complex]
persulfide

farnesyltransferase
alpha subunit
(522 nt) CaaX
farnesyltransferase
beta subunit (1668 nt)

_-D-mannose
6-phosphate

2.3.3.5

linustatin

nucleoside-
triphosphatase
ntp-1 (2271 nt)

1.1.1.28

a 1,2-diacyl-
sn-glycerol

3-hydroxypropionate

D-sedoheptulose
7-phosphate

a cis,cis-delta7,19-
C38:2-[acp]

a D-glucosyl-N-
acylsphingosine

adenosine
kinase (1008 nt)

3.1.6.1

an O-D-
mannosyl-protein

cotinine

chitotriose

L-canavanine

1.4.3.5

dATP

4-chlorosalicylate

ribonucleoside-
diphosphate
reductase large
chain (2637 nt)
ribonucleotide
reductase
R2 subunit
variant (978 nt)

3.5.4.3

3.2.2.3

thiamin
diphosphate

O-acetylhomoserine
(thiol)-lyase
(1320 nt)

cytochrome P450
51 (1809 nt)

5_-cholesta-
8,24-dien-3-one

an oxidized
cytochrome

HMP-PP

an (S)-2-
hydroxyacid

2.4.1.256

aspartate
aminotransferase
(1320 nt) aspartate
aminotransferase
(1647 nt) aspartate
aminotransferase
(1392 nt) aspartate
aminotransferase
(1290 nt) aromatic
amino acid
aminotransferase
(1596 nt)

a cis-delta7-3-
hydroxyC26:1-

[acp]

glycerophosphoryl
diester
phosphodiesterase
family protein (993 nt)

3.2.1.55

a cis,cis-
delta15,27-
C46:2-[acp]

salicylate
hydroxylase
(1320 nt)

1.2.1.3

pyruvate

methylglyoxal
degradation I

aminoacetone

2.8.1.7

conserved
hypothetical
protein (1527 nt)

a (R)-3-hydroxyoctanoyl-[acp]

3-keto-steroid
reductase
(1362 nt)

NMN

glutamine
synthetase (1077
nt) glutamine
synthetase
(1461 nt)

6.1.1.16

a limit dextrin

cholinephosphate
cytidylyltransferase
(1656 nt)

6.2.1.3

2.3.1.158

protoheme IX

2.3.1.179

2.1.1.137

a [protein]
(L-serine/L-
threonine)
phosphate

formate

3.4.13.19

2.3.1.86/4.2.1.59

2-succinylbenzoate-CoA ligase (1782
nt) fatty acid synthase (7770 nt) fatty
acid synthase subunit alpha reductase
(5652 nt) Note(s): At least one base has
a quality score < 10 fatty acid synthase
subunit beta dehydratase (6261 nt)

6.3.5.2

a peptide

a standard
_ amino acid

formate
dehydrogenase
(711 nt) Note(s)
: At least one
base has a
quality score < 10

AMP

4.1.1.65

3.4.19.9

cys

MBOAT family
protein (1668 nt)

acetaldehyde

1.17.1.4

4.1.1.1

1.2.1.-

1.5.3.1

C-4 methylsterol
oxidase (735 nt)
C-4 methylsterol
oxidase (552 nt)

thymidylate
synthase (1083 nt)

3.1.4.-

AMINO ACIDS BIOSYNTHESIS

2.6.1.42

1.14.99.29

2-oxo-3-
phenylpropanoate

3.1.3.5

arginine
biosynthesis
bifunctional
protein argJ
(1422 nt)
acetylglutamate
synthase
(2028 nt)

1.3.5.4

a 2-lyso-
phosphatidylcholine

2.7.1.91

phosphatidylethanolamine
biosynthesis I

pyruvate
dehydrogenase
kinase (1356 nt)

hypothetical
protein (1365 nt)
phosphoglucomutase
(2289 nt)

1.13.11.11/1.13.11.52

an aliphatic amine

protocatechualdehyde

trans-6 2 -
decenoyl-CoA

hypoxanthine

cystathionine
gamma-lyase
(1257 nt)

glycerophosphoryl
diester
phosphodiesterase
family protein (993 nt)

acetoacetate

6.3.4.3

conserved
hypothetical
protein (1641 nt)

acetyl-CoA

an alcohol

a 3-oxoacyl-CoA

mitogen-activated
protein kinase
MKC1 (1296
nt) mitogen-
activated protein
kinase (1083 nt)
mitogen-activated
protein kinase
HOG1 (1083 nt)

gln

conserved
hypothetical
protein (540 nt)
peptidase (906 nt)

5_-cholesta-
7,24-dien-3`-ol

_-D-glucose
1-phosphate

succinyl-CoA

N 6 ,N 6 ,N 6 -
trimethyl-L-lysine

acetyl-CoA
acetyltransferase
(1200 nt)
acetyl-CoA
acetyltransferase
(1317 nt)

2’-deoxyinosine

1,3-beta-glucan
synthase
component
GLS1 (5697 nt)

endopolyphosphatase
(2055 nt)

aconitate hydratase
(2403 nt) 3-
isopropylmalate
dehydratase large
subunit (2184 nt)

chitobiosyldiphosphodolichol
beta-mannosyltransferase (498 nt)

3.6.1.15

pyruvate

gln

4.2.1.17

oleate
biosynthesis

II (animals
and fungi)

(R)-benzylsuccinyl-
CoA

a palmitoylated
protein

gly

2.3.1.47

a protein
with incorrect

disulfide bonds

3-methoxy-4-
hydroxyphenylglycol

1.1.1.282

arginine
degradation
VI (arginase
2 pathway)

a protein

thiamine-phosphate
pyrophosphorylase
(1623 nt)

formaldehyde
oxidation II

(glutathione-
dependent)

1.10.3.1

2-succinylbenzoate-
CoA ligase (1749 nt)
2-succinylbenzoate-
CoA ligase (1881 nt)

3.2.1.21

argininosuccinate
lyase (900 nt)

CDP

conserved
hypothetical
protein (453 nt)

cellulose
degradation

II (fungi)

2.4.2.1

an L-1-
phosphatidyl-

inositol

3-methoxy-4-
hydroxy-5-all-trans-
hexaprenylbenzoate

3-beta-
hydroxysteroid-
Delta(8),Delta(7)-
isomerase (699 nt)

2.7.1.151

1.2.1.38

3.4.13.18

salicyl-6-hydroxy-
2-cyclohexene-

on-oyl

4-coumarate

a 2-oxo
carboxylate

3.4.19.12

1.11.1.5

1.1.1.205

D-myo-inositol
1,2-cyclic

phosphate

phenylacetyl-CoA

a leader sequence

a peptide

2.7.1.149

2.3.1.31

(25R)-3_,7_-
dihydroxy-5`-

cholestanoyl-CoA

RNA

a 5-L-glutamyl-
L-amino acid

GlcNAc

aldehyde
dehydrogenase
(1491 nt)
Note(s): At least
one base has
a quality score
< 10 succinate-
semialdehyde
dehydrogenase
(1500 nt)
aldehyde
dehydrogenase
(1488 nt)

2.7.7.4

3-hydroxy, 6-trans
-tridecenoyl-CoA

4_-formyl-5_-
cholesta-8,24-

dien-3`-ol

N 2  dimethylguanine 26

/guanine 27  in tRNA

IPP

3.2.1.21

nitrate reductase
(3150 nt)

catechol

2.7.6.3

IMP

OPC6-trans-
2-enoyl-CoA

a cis,cis-
delta17,29-3-

oxo-C48:2-[acp]

conserved
hypothetical
protein (306
nt) conserved
hypothetical
protein (753 nt)

1.3.1.-

a peptide

4.1.99.12

3.1.1.4

phosphoglycerate
kinase (1254 nt)

3.2.2.27

a [pyruvate
dehydrogenase
E2 protein] N 6 -

octanoyl-L-lysine

phosphoenol
pyruvate

ATP

pyridoxamine

1.4.3.21

inosine

a cis,cis-
delta21,39-3-

hydroxyC58:2-
[acp]

L-cystathionine

a malonyl-[acp]

nucleoside-
triphosphatase
ntp-1 (2271 nt)

1-deoxy-L-
glycero-tetrulose

4-phosphate

a malonyl-[acp]

3-ketoacyl-CoA
thiolase (1266
nt) 3-ketoacyl-
CoA thiolase
B (1260 nt) 3-
ketoacyl-CoA
thiolase (1254
nt) 3-ketoacyl-
CoA thiolase
B (1242 nt)

a pyrophosphate-
containing

inositol phosphate

3-ketoacyl-CoA
thiolase (1266
nt) 3-ketoacyl-
CoA thiolase
B (1260 nt) 3-
ketoacyl-CoA
thiolase (1254
nt) 3-ketoacyl-
CoA thiolase
B (1242 nt)

3.1.2.14

zeaxanthin

2.4.1.82

3’,5’-ADP

3-oxooctanoyl-
CoA

a tRNA precursor
with a short
3’ extension

(9Z)-12,13-
dihydroxyoctadeca-

9-enoate

2.6.1.2

1.5.1.3

oxaloacetate

1.1.1.184

guanosine

2.3.1.179

a protein

acetoacetate

6-cis, 2-trans-
tridecadienoyl-CoA

(2E,6E)-farnesal

cytidine

4-aminobutanoate

4-(2-amino-3-
hydroxyphenyl)

-2,4-
dioxobutanoate

C-4 methylsterol
oxidase (735 nt)
C-4 methylsterol
oxidase (552 nt)

L-methionyl-
tRNA fmet

cholesterol

6.3.5.5

2.3.1.22

1,4-alpha-glucan-
branching
enzyme (1662 nt)

D-glycerate

2.3.1.-

2.1.1.244

a tRNA

a reduced
cytochrome c

L

a 3-oxo-dodecanoyl-[acp]

3-hydroxy-5-trans
-dodecenoyl-CoA

3-dehydroshikimate

1.8.1.4

a cis,cis-
delta21,39-3-

oxo-C58:2-[acp]

1.1.1.100

glycogen
phosphorylase
(2634 nt)

ATP

cacodylate

inosine-uridine
preferring
nucleoside
hydrolase
(1344 nt)

1.2.1.3

(2S)-2-
isopropylmalate

1.2.1.3

pyruvate

2.8.1.1

UTP-glucose-
1-phosphate
uridylyltransferase
(1578 nt) Note(s):
At least one base has
a quality score < 10

3.2.2.14

3-hexaprenyl-
4-amino-5-

methoxybenzoate

a protein-L-
methionine-
(S)-S-oxide

L-glutaminyl-
tRNA gln

2-succinylbenzoate-CoA
ligase (1782 nt) fatty acid
synthase (7770 nt) fatty
acid synthase subunit
alpha reductase (5652 nt)
Note(s): At least one base
has a quality score < 10
fatty acid synthase subunit
beta dehydratase (6261 nt)

3.3.2.10

L-cystathionine

1.14.13.-

a 3’ phosphooligonucleotide

an odd numbered
straight chain 2,3,4-
saturated fatty acid

long-chain-fatty-acid-CoA
ligase (2007 nt) long-chain-
fatty-acid-CoA ligase (2100
nt) fatty acid transporter
protein (1932 nt) long-
chain-fatty-acid-CoA ligase
(2124 nt) long-chain-fatty-
acid-CoA ligase (3516 nt) D-
alanine-poly(phosphoribitol)
ligase subunit 1 (3078 nt) 2-
succinylbenzoate-CoA ligase
(1782 nt) acyl-coenzyme A
synthetase ACSM5 (1689
nt) elongation of fatty
acids protein (1053 nt) acyl-
activating enzyme (312 nt)

1.8.4.14

L-ornithine

D-glycerate

C-5 sterol
desaturase
(1080 nt)

zeaxanthin,
antheraxanthin

and violaxanthin
interconversion

aspartate
aminotransferase
(1320 nt) aspartate
aminotransferase
(1647 nt) aspartate
aminotransferase
(1392 nt) aspartate
aminotransferase
(1290 nt)

an apo-[methylmalonyl-
CoA:pyruvate

carboxytransferase]

3-oxo-
docosapentaenoyl-CoA

a 2-hydroxy-3-
methyl-branched
2,3,4-saturated
fatty acyl-CoA

aromatic amino acid
aminotransferase
(1596 nt)

2.4.1.260

isobutanol

1.8.1.7

1.1.1.-

acetyl-CoA

starch degradation V

14-hydroxylanosterol

inosine-5’-
monophosphate
dehydrogenase
IMD2 (1647 nt)

succinate dehydrogenase flavoprotein
subunit (1791 nt) succinate dehydrogenase

iron-sulfur subunit (576 nt) succinate
dehydrogenase flavoprotein subunit
(1965 nt) succinate dehydrogenase

cytochrome B subunit (567 nt)

all-trans-retinol

solasodine 3-O-`-
D-glucopyranoside

3.1.3.21

ile

dUTP

N-acetyl-D-
glucosamine

histidine
biosynthesis
trifunctional
protein (2613 nt)

(R)-lipoate

3.4.11.21

Delta(14)-
sterol reductase
(1500 nt)

dTDP

a uracil 16  in tRNA

fatty acid synthase subunit beta dehydratase
(6261 nt) fatty acid synthase subunit
alpha reductase (5652 nt) Note(s):
At least one base has a quality score
< 10 fatty acid synthase (7770 nt) 2-
succinylbenzoate-CoA ligase (1782 nt)

a (mannosyl)
5

-(N-
acetylglucosaminyl)

2-diphosphodolichol

HMP-PP

3.1.3.4

ethanol

serine/threonine-
protein kinase psk1
(867 nt) serine/
threonine-protein
kinase hal4 (1584
nt) conserved
hypothetical protein
(1593 nt) serine/
threonine-protein
kinase (1908 nt)
serine/threonine-
protein kinase cot-
1 (1956 nt) serine/
threonine-protein
kinase sid2 (1974
nt) serine/threonine-
protein kinase
nrc-2 (2028 nt)
serine/threonine-
protein kinase
SAPK2 (2052
nt) conserved
hypothetical
protein (2142 nt)
serine/threonine-
protein kinase
sck1 (2307 nt)
serine/threonine-
protein kinase
(2763 nt) serine/
threonine protein
kinase (2811 nt)
RAC-alpha serine/
threonine-protein
kinase (3270 nt)
serine/threonine-
protein kinase
ppk6 (3366 nt)
spindle assembly
checkpoint kinase
(3741 nt) cAMP-
dependent protein
kinase (4878 nt)
serine/threonine-
protein kinase
ste20 (2538 nt)
serine/threonine-
protein kinase
(1170 nt) cell cycle
protein kinase spo4
(1584 nt) mitosis
inhibitor protein
kinase SWE1
(3330 nt) Note(s)
: At least one base
has a quality score
< 10 conserved
hypothetical
protein (2043 nt)
Note(s): At least
one base has a
quality score < 10
casein kinase I (852
nt) Note(s): At
least one base has
a quality score < 10
serine/threonine-
protein kinase ksg1
(2547 nt) serine/
threonine-protein
kinase (2229
nt) eukaryotic
translation initiation
factor 2-alpha
kinase (3228 nt)
serine/threonine-
protein kinase
gad8 (1935 nt)
cyclin-dependent
protein kinase
PHO85 (2397 nt)
serine/threonine-
protein kinase ppk4
(3501 nt) serine/
threonine-protein
kinase bud32
(1227 nt) Note(s)
: At least one base
has a quality score
< 10 casein kinase
I (1212 nt) serine/
threonine-protein
kinase chk1
(1797 nt) serine/
threonine-protein
kinase (1290 nt)
casein kinase II
subunit alpha (1014
nt) G2-specific
protein kinase
nimA (2166 nt)
phosphoinositide
3-kinase regulatory
subunit 4 (6576 nt)
cAMP-dependent
protein kinase
catalytic subunit
(1884 nt) Note(s)
: At least one base
has a quality score
< 10 autophagy-
related protein 1
(2832 nt) ataxia
telangiectasia
mutated (8514 nt)
serine/threonine-
protein kinase
RIO2 (1323 nt)
serine/threonine-
protein kinase
prp4 (2391 nt)
serine/threonine-
protein kinase
(3027 nt) serine/
threonine-protein
kinase AtPK1/
AtPK6 (8280 nt)
protein kinase
dsk1 (1800 nt)
UVSB PI-3 kinase
(5508 nt) kinase
C eta b (1680 nt)
checkpoint serine/
threonine-protein
kinase bub1
(3804 nt) serine/
threonine-protein
kinase gcn2 (4608
nt) protein kinase
byr2 (2679 nt)
serine/threonine-
protein kinase
RIO1 (1719 nt)

3-carboxy-
2,5-dihydro-
5-oxofuran-

2-acetate

(E)-cinnamoyl-CoA

(R)-pantothenate

L-glutaminyl-
tRNA gln

biotin

an [eIF5A-
precursor]-

deoxyhypusine

phosphopantothenate-
cysteine ligase (1266 nt)

sterol O-
acyltransferase
(1566 nt)

1-phosphatidylinositol-
4,5-bisphosphate

phosphodiesterase
(3486 nt)

O
2

4.3.2.2

aspartate
aminotransferase
(1320 nt) aspartate
aminotransferase
(1647 nt) aspartate
aminotransferase
(1392 nt) aspartate
aminotransferase
(1290 nt)

mevalonate-diphosphate

peptidase
(PNG1) (1221 nt)

chorismate

2.3.1.176

glycerol

an oxidized
hemoprotein

2-dehydro-3-
deoxy-D-glucarate

NADP +

valine degradation I

3.4.11.22

thiamin phosphate

thr

an RNA 3’-
terminal-

phosphate

diphosphomevalonate
decarboxylase (1218 nt)

fructose 1,6-
bisphosphate

a cis-5-enoyl-CoA

ATP

CDP

sporulation
protein SPS19
(954 nt)

2.7.1.33

_-D-glucose
6-phosphate

gln

2.3.1.22

2.4.1.1

a [lipoyl-carrier
protein] N 6 -

lipoyl-L-lysine

squalene

3.5.1.9

D-glucurono-
6,3-lactone

glt

purine nucleoside
phosphorylase
(732 nt) Note(s): At
least one base has
a quality score < 10

4,4-dimethylzymosterol

2.8.1.2

a pseudouridine 38/

39 in tRNA

a phosphatidylcholine

a uracil 47  in tRNA

4.2.1.33

3-oxoacyl-[acyl-
carrier-protein]
synthase (2577 nt)

5.5.1.9

2.3.3.8

3.7.1.3

aspartyl/glutamyl-
tRNA(Asn/Gln)
amidotransferase
subunit B (2328
nt) glutamyl-
tRNA(Gln)
amidotransferase
subunit A (1536 nt)

thymidylate
synthase (1083 nt)

2.4.2.29

AMP

ubiquinol-10
biosynthesis
(eukaryotic)

4.1.1.37

amine oxidase
(1494 nt)
copper amine
oxidase (2022
nt) copper amine
oxidase (2043
nt) membrane
copper amine
oxidase (2307 nt)

adenosylhomocysteinase
(1344 nt)

a reduced
electron-transfer

flavoprotein

2.5.1.18

undecaprenyldiphospho-
N-acetylmuramoyl-L-alanyl-
a-D-glutamyl-meso-2,6-

diaminopimeloyl-D-alanyl-D-alanine

thiosulfate
sulfurtransferase
(1035 nt)

farnesyltransferase
alpha subunit
(522 nt) squalene
synthetase (777
nt) Note(s): At
least one base has
a quality score < 10

L-ascorbate

3.8.1.10

an unsulfurated
[sulfur carrier]

biotin

1.3.1.70

D-alanine-poly(phosphoribitol)
ligase subunit 1 (3078 nt) long-
chain-fatty-acid-CoA ligase
(3516 nt) long-chain-fatty-
acid-CoA ligase (2124 nt) fatty
acid transporter protein (1932
nt) long-chain-fatty-acid-CoA
ligase (2100 nt) long-chain-
fatty-acid-CoA ligase (2007 nt)
acyl-coenzyme A synthetase
ACSM5 (1689 nt) elongation
of fatty acids protein (1053 nt)
acyl-activating enzyme (312 nt)

1.1.1.100

nucleoside
diphosphate
kinase (459 nt)
Note(s): At least
one base has a
quality score < 10

sarcosine

a reduced
flavoprotein

biotin
biosynthesis

from 8-amino-7-
oxononanoate I

5.3.4.1

2.5.1.19

sphinganine (C20)

3.3.1.1

XMP

linamarin

3,2-trans-enoyl-
CoA isomerase
,Delta(2)-enoyl-
CoA isomerase
(825 nt)

mature tRNA

molybdenum
cofactor biosynthesis

acetyl-CoA

C-1-
tetrahydrofolate
synthase (2820 nt)

acetaldehyde

succinate-
semialdehyde
dehydrogenase
(1494 nt)
succinate-
semialdehyde
dehydrogenase
(2094 nt)

fatty acid
synthase
(7770 nt)

4-coumarate-CoA ligase (1491 nt)
4-coumarate-CoA ligase (1539 nt)
4-coumarate-CoA ligase (1653 nt)
4-coumarate-CoA ligase (1683 nt)
4-coumarate-CoA ligase (1749 nt)
4-coumarate-CoA ligase (1758 nt)
4-coumarate-CoA ligase (1698 nt)

L-quinate

dTDP

GLYCOLYSIS

IMP

1.1.1.35

endochitinase
(1110 nt)
endochitinase
(1185 nt)
predicted
protein (1038 nt)

pyruvate

4-coumarate-CoA ligase (1491 nt)
4-coumarate-CoA ligase (1539 nt)
4-coumarate-CoA ligase (1653 nt)
4-coumarate-CoA ligase (1683 nt)
4-coumarate-CoA ligase (1749 nt)
4-coumarate-CoA ligase (1758 nt)
4-coumarate-CoA ligase (1698 nt)

1.2.1.-

2-trans, 4-trans
-undecadienoyl-

CoA

1.8.4.8

short-chain
specific acyl-CoA
dehydrogenase
(1644 nt)

a trans-2-
enoyl-CoA

glutaryl-CoA

a ketone

1.5.5.1

catalase A (2250
nt) catalase
B (2211 nt)
catalase (870 nt)
Note(s): At least
one base has a
quality score < 10

2.7.1.153

met

putrescine

2.3.1.41/2.3.1.85/2.3.1.86

1.14.13.169

conserved
hypothetical
protein (2862 nt)

dATP

a 1,3-_-D-glucan

conserved
hypothetical
protein (855 nt)

AICAR

a 1,3-_-D-glucan

4.1.1.37

CO
2

L-lysyl-tRNA lys

a cis-delta15-3-
hydroxyC34:1-[acp]

alcohol
dehydrogenase
(1059 nt) alcohol
dehydrogenase
(1071 nt)

2.6.1.16

3.5.4.39

6.3.4.11

3.1.3.1

(15Z)-tetracosenoate

folate transformations I

DNA-directed RNA
polymerase I subunit
RPA12 (375 nt)
DNA-directed RNA
polymerase II 13.3 kDa
polypeptide (510 nt)
DNA-directed RNA
polymerase III subunit
22.9 kDa polypeptide
(588 nt) DNA-directed
RNA polymerase III
subunit RPC2 (3618
nt) DNA-directed
RNA polymerase II
subunit RPB2 (3777
nt) DNA-directed
RNA polymerase
II subunit RPB1
(5247 nt) Note(s):
At least one base has
a quality score < 10
DNA-directed RNA
polymerase (4218 nt)
DNA-directed RNA
polymerase III subunit
RPC1 (4278 nt)
DNA-directed RNA
polymerase I subunit
RPA1 (5076 nt)
DNA-directed RNA
polymerase I subunit
RPA2 (3663 nt)

a [biotin-
carboxyl-carrier

protein monomer]

a standard
_ amino acid

3-oxoacyl-[acyl-
carrier-protein]
synthase
(2577 nt)

chitin
degradation
to ethanol

3-dehydrosphinganine

4.1.1.-

2.1.1.16

pyruvate kinase
(1605 nt)

NADPH:adrenodoxin
oxidoreductase
(1431 nt) Note(s):
At least one base has
a quality score < 10

DHAP

1.3.98.1

stearate

2.3.1.41/2.3.1.85/2.3.1.86

hydrogen selenide

2.5.1.16

1.2.1.24

glt

ala

glutamate
dependent

acid
resistance

gly

L-aspartyl-
4-phosphate

N,N’-
diacetylchitobiose

histidine
biosynthesis
trifunctional
protein (2613 nt)

peroxidase
(3366 nt)

1.14.11.9

1.3.3.4

a 1,4-`-D-glucan

cytosine

3.5.4.9

dUMP

a CDP-
diacylglycerol

estradiol 17-beta-
dehydrogenase
12-B (1038 nt)
peroxisomal
multifunctional
enzyme (2706 nt)

cholinephosphate
cytidylyltransferase
(1656 nt)

2.7.4.6

acetoacetate

a peptide

4.2.1.17

a reduced
electron-transfer

flavoprotein

1.1.1.116

queuine at
position 34
of a tRNA

3.1.2.-

PRPP

a 3-oxoacyl-CoA

lipoyl synthase
(1320 nt)

farnesyl
pyrophosphate
synthetase
(1041 nt)
geranylgeranyl
pyrophosphate
synthetase
(1224 nt)

5.1.3.3

enoyl-CoA
hydratase
(399 nt) enoyl-
CoA hydratase/
isomerase
family protein
(801 nt) enoyl-
CoA hydratase/
isomerase family
protein (948 nt)
carnitinyl-CoA
dehydratase
(876 nt) enoyl-
CoA hydratase
(894 nt)

conserved hypothetical protein (1587 nt)
predicted protein (1137 nt) conserved
hypothetical protein (2745 nt) Note(s)
: At least one base has a quality score <
10 ubiquitin carboxyl-terminal hydrolase
(7653 nt) Note(s): At least one base has
a quality score < 10 ubiquitin carboxyl-
terminal hydrolase (2382 nt) conserved
hypothetical protein (3387 nt) ubiquitin
carboxyl-terminal hydrolase (1401 nt)
ubiquitin carboxyl-terminal hydrolase (3366
nt) conserved hypothetical protein (2118
nt) hypothetical protein (1686 nt) Note(s)
: At least one base has a quality score < 10
ubiquitin carboxyl-terminal hydrolase (1926
nt) ubiquitin carboxyl-terminal hydrolase
(3366 nt) ubiquitin carboxyl-terminal
hydrolase (2352 nt) ubiquitin carboxyl-
terminal hydrolase (2373 nt) ubiquitin
carboxyl-terminal hydrolase (4551 nt)

glt

sulfite
oxidation IV

FATTY ACID AND LIPIDS DEGRADATION

2.4.1.18

guanine

3_,7_-dihydroxy-
24-oxo-5`-

cholestanoyl CoA

purine nucleoside
phosphorylase
(732 nt) Note(s): At
least one base has
a quality score < 10

an oxidized  c-type cytochrome

cystathionine
beta-lyase
(1344 nt)

proteasome component
PRE3 (645 nt) proteasome
subunit alpha type-4 (756
nt) proteasome component
PRE6 (810 nt) proteasome
component PUP2 (738 nt)
proteasome component
PRE5 (801 nt) proteasome
component C7-alpha (987
nt) proteasome component
PRE2 (852 nt) proteasome
component PUP1 (831 nt)
proteasome component
PRE4 (783 nt) proteasome
component C5 (801 nt)
proteasome component
C1 (1044 nt) proteasome
component PUP3 (621 nt)
proteasome component
C11 (408 nt) proteasome
component Y7 (831 nt)

4-methyl-5-(`-
hydroxyethyl)

thiazole

NAD-dependent
epimerase/
dehydratase (855
nt) fatty acid
synthase subunit
beta dehydratase
(6261 nt) fatty acid
synthase subunit
alpha reductase
(5652 nt) Note(s)
: At least one base
has a quality score
< 10 2-deoxy-
D-gluconate 3-
dehydrogenase
(771 nt) fatty
acid synthase
(7770 nt) 2-
succinylbenzoate-
CoA ligase (1782
nt) 3-oxoacyl-[acyl-
carrier-protein]
reductase (843 nt)
3-oxoacyl-[acyl-
carrier-protein]
reductase (531 nt)
3-oxoacyl-(acyl-
carrier-protein)
reductase (435 nt)

hydroxymethylglutaryl-
CoA synthase (1959 nt)

RESPIRATION

3-`-hydroxyandrost-
5-en-17-one 3-sulfate

a cis,cis-
delta17,35-3-

oxo-C54:2-[acp]

phosphoglycerate
kinase (1254 nt)

3.5.1.42

1.1.99.1

L-dopa

L-pipecolate

`-D-fructose 2,6-
bisphosphate

a trans3,cis-5-
dienoyl-CoA

1.1.1.-

taxiphyllin
bioactivation

peroxidase
(3366 nt)

a DNA containing
an AP site

acyl-CoA dehydrogenase
family protein (558 nt) acyl-
Coenzyme A dehydrogenase
family (786 nt) acyl-CoA
dehydrogenase (1239 nt)
acyl-CoA dehydrogenase
(1467 nt) acyl-CoA
dehydrogenase (1887 nt)

a petrosel-2-enoyl-[acp]

4-nitrophenol

a [protein]-S-
methyl-L-cysteine

lipoyl synthase
(1320 nt)

cyanate

O-phospho-
L-homoserine

C-4 methylsterol
oxidase (735 nt)
C-4 methylsterol
oxidase (552 nt)

HMP-P

5-phospho-`-
D-ribosylamine

deoxyhypusine
synthase (1077
nt) Note(s): At
least one base
has a quality
score < 10

(2R)-homocitrate

3.1.1.79

dehydroepiandrosterone

aconitate hydratase
(2403 nt) 3-

isopropylmalate
dehydratase large
subunit (2184 nt)

2.4.1.132

_-D-mannose
1-phosphate

glycerol

acyl-CoA
thioesterase
II (1068 nt)

26,27-dehydrozymosterol

1.6.5.3

a cis-3-enoyl-CoA

glycyl-tRNA
synthetase
(1968 nt)

(R)-mevalonate

delta-1-pyrroline-
5-carboxylate
dehydrogenase
(1314 nt) delta-
1-pyrroline-5-
carboxylate
dehydrogenase
(1722 nt)

hydrogen sulfide

6.2.1.5

(E)-2-
benzylidenesuccinyl-CoA

nicotinate-nucleotide
pyrophosphorylase
(948 nt)

histidinol-
phosphate
aminotransferase
(1272 nt)

UDP-N-acetylglucosaminyltransferase
(4734 nt)

1.3.1.21

1.8.1.4

fatty acid synthase subunit beta dehydratase
(6261 nt) fatty acid synthase subunit
alpha reductase (5652 nt) Note(s):
At least one base has a quality score
< 10 fatty acid synthase (7770 nt) 2-
succinylbenzoate-CoA ligase (1782 nt)

a trans-2-enoyl-
[acyl-carrier protein]

fatty acid
desaturase
(1458 nt)

NAD
biosynthesis

I (from
aspartate)

peroxisomal
multifunctional
enzyme (2706 nt)
estradiol 17-beta-
dehydrogenase
12-B (1038 nt)

glycerol-3-
phosphate O-
acyltransferase
(1746 nt)
glycerol-3-
phosphate O-
acyltransferase
(2244 nt)
conserved
hypothetical
protein (2376 nt)

2.7.1.49

1.4.3.21

phosphomethylpyrimidine
kinase (1674 nt)

fatty acid synthase subunit beta dehydratase
(6261 nt) fatty acid synthase subunit
alpha reductase (5652 nt) Note(s):
At least one base has a quality score
< 10 fatty acid synthase (7770 nt) 2-
succinylbenzoate-CoA ligase (1782 nt)

coenzyme A

3.5.2.2

phospholipase
D (984 nt)

phospholipase
D1 (5487 nt)

a protein

AMP

(E)-glutaconyl-
CoA

2.1.1.220

3.1.3.-

conserved
hypothetical
protein (420 nt)

an N 10 -formyl-
tetrahydrofolate

UDP

3.4.23.25

3.4.21.89

isobutanoyl-CoA

D-lysine

(S)-malate

acyl-coenzyme A
oxidase (1962 nt)
acyl-coenzyme A
oxidase (2085 nt)
acyl-coenzyme A
oxidase (2049 nt)

phosphatidyl
synthase (984
nt) aspartyl-
tRNA synthetase
(1242 nt)

2.1.3.3

2-oxo-4-hydroxy-
4-carboxy-5-

ureidoimidazoline

enoyl-CoA
hydratase
(399 nt) enoyl-
CoA hydratase/
isomerase
family protein
(801 nt) enoyl-
CoA hydratase/
isomerase family
protein (948 nt)

CTP

2.7.8.5

CDP

alcohol
dehydrogenase
(1065 nt) alcohol
dehydrogenase
(1026 nt) S-
(hydroxymethyl)
glutathione
dehydrogenase
(1371 nt) alcohol
dehydrogenase
(1254 nt) alcohol
dehydrogenase
(960 nt) alcohol
dehydrogenase
(1107 nt) alcohol
dehydrogenase
(1071 nt) alcohol
dehydrogenase
(1059 nt)

(S)-2,3,4,5-
tetrahydropiperidine-

2-carboxylate

hypoglycin B

NADPH:adrenodoxin
oxidoreductase
(1431 nt) Note(s):
At least one base has
a quality score < 10

an acylglycerone
phosphate

L-1-glycero-3-
phosphocholine

hexaprenyldihydroxybenzoate
methyltransferase (1194 nt)

a (2R)-2-
methylacyl-CoA

formate

a phenol

NAD
salvage

pathway II

a vernolate

1.1.1.270

citrate

a holo-[acyl-
carrier protein]

a reduced c-
type cytochrome

molybdopterin

kinase lkh1
(1992 nt)
Note(s): At least
one base has
a quality score
< 10 glycogen
synthase kinase-
3 beta (4329 nt)
Note(s): At least
one base has a
quality score < 10
serine/threonine-
protein kinase
PAK 2 (2679 nt)

L-arabitol

D-ribulose
5-phosphate

squalene
monooxygenase
(1434 nt)

glycogen
debranching
enzyme (4479 nt)
Note(s): At least
one base has a
quality score < 10

N 6 -methyladenine 1618

in 23S rRNA

DUF858 domain-
containing
protein (723 nt)

3’,5’-ADP

ceramide
de novo

biosynthesis

an acylcholine

fructose-
bisphosphate
aldolase (864
nt) fructose-
bisphosphate
aldolase (1083 nt)

5.3.3.5

aldose reductase
(879 nt) aldehyde
reductase (942 nt)

acetoacetyl-CoA

a 2-[(3S)-3-amino-
3-carboxypropyl]-L-
histidine-[translation
elongation factor 2]

uridine kinase
(1326 nt)

1.3.1.-

N 6 -dimethylallyladenosine 37

in tRNA

a holo-[acyl-
carrier protein]

2.4.2.1

cys

pyridoxamine
5’-phosphate
oxidase (1188 nt)
Note(s): At least
one base has a
quality score < 10

a 2,3,4-saturated
fatty acyl CoA

gly

para-hydroxybenzoate-
polyprenyltransferase
(876 nt)

conserved
hypothetical
protein (453 nt)

a 3-oxo-5-
_-steroid

fructose-bisphosphate
aldolase (864 nt)
fructose-bisphosphate
aldolase (1083 nt)

hexaprenyldihydroxybenzoate
methyltransferase (1194 nt)

1.2.4.4

1.1.1.100

a 1-phosphatidyl-
1D-myo-inositol

3-phosphate

dihydrolipoamide
succinyltransferase

(1542 nt)

a holo-[methylmalonyl-
CoA:pyruvate

carboxytransferase]

6.3.4.2

a petroselinoyl-
[acp]

5.4.2.2/5.4.2.5

docosahexanoate
biosynthesis II

pyruvate

aldehyde dehydrogenase
(1491 nt) Note(s): At least
one base has a quality score
< 10 succinate-semialdehyde
dehydrogenase (1500 nt)

3-hydroxy-
5-cis, 7-trans-

tetradecadienoyl-
CoA

a cis,cis-
delta17,35-3-

oxo-C54:2-[acp]

(R)-2-
hydroxyglutarate

folylpolyglutamate
synthase (1086 nt)
folylpolyglutamate
synthase (1281 nt)

N 1 -
methylguanine 37

in tRNA Phe

D-ribulose
5-phosphate

superoxide
radicals

degradation

an aldehyde

acyl-activating
enzyme (312 nt)
acetyl-coenzyme
A synthetase
(2010 nt)

1.3.3.6

nucleoside-
triphosphatase
ntp-1 (2271 nt)

4-aminobenzoate

nucleoside diphosphate
kinase (459 nt) Note(s)
: At least one base has
a quality score < 10

1.7.1.4

1.3.1.20

purine nucleoside
phosphorylase
(732 nt) Note(s)
: At least one
base has a
quality score < 10

3.6.1.5

2-iminobutanoate

B1094

a carboxylate

1.9.3.1

5.4.99.5

2.7.1.67

1.8.2.1

a [chaperone-ATP]-
[co-chaperone]-

[scaffold protein-
(2Fe-2S)] complex

asp

6,7-dimethyl-8-(1-
D-ribityl)lumazine

a fatty acid

peroxidase (3366
nt) predicted
protein (3894 nt)

ATP

glutamate
biosynthesis IV

6.2.1.17

NAD dependent
epimerase/dehydratase
family protein (972 nt)
S-adenosylmethionine
synthetase (1158 nt)

folic acid synthesis
protein (1803 nt)

a (R)-3-hydroxy-
cis-vaccenoyl-[acp]

AROMATIC COMPOUNDS BIOSYNTHESIS

2.7.7.12

2.7.4.8

a triacyl-sn-glycerol

1.1.1.37

(S)-malate

a primary alcohol

cyclopropane
fatty acid

(CFA)
biosynthesis

a 5,6-
dihydrouracil 16

in tRNA

nonspecific
lipid-transfer
protein (1197 nt)
Note(s): At least
one base has a
quality score < 10

3.4.23.3

2.4.2.17

ethanol

MBOAT family
protein (1668 nt)

1.1.1.170

`-D-galactose

branched-chain-
amino-acid
aminotransferase
(1167 nt)
branched-chain-
amino-acid
aminotransferase
(1233 nt)

D-hexose 6-
phosphate

1.3.1.10/1.3.1.39/2.3.1.85/2.3.1.86

2.7.1.35

1,4-alpha-glucan-
branching
enzyme (1662 nt)

2.1.1.201

1.3.1.91

conserved
hypothetical
protein (648 nt)

1.15.1.1

F6P

2.5.1.29

(2E,6E)-farnesyl
diphosphate

a protein L-
serine phosphate

2,6-diamino-4-
hydroxy-5-(N-methyl)
formamidopyrimidine

farnesyltransferase
alpha subunit (522 nt)
squalene synthetase
(777 nt) Note(s): At
least one base has
a quality score < 10

a protein

3.1.3.21

thiamin

fumarate

GDP

a linear malto-
oligosaccharide

H +

formate

UDP

nucleoside
diphosphate
kinase (459 nt)
Note(s): At least
one base has a
quality score < 10

NADP-dependent
L-serine/L-
allo-threonine
dehydrogenase
ydfG (3831 nt)

1.1.1.102

2.6.1.7

1.1.1.1

4.2.1.24

peroxidase (3180
nt) linoleate diol
synthase (3201 nt)

a glucosyl-
glycogenin

alcohol
dehydrogenase
(1065 nt) alcohol
dehydrogenase
(1026 nt) S-
(hydroxymethyl)
glutathione
dehydrogenase
(1371 nt) alcohol
dehydrogenase
(1254 nt) alcohol
dehydrogenase
(960 nt) alcohol
dehydrogenase
(1107 nt) alcohol
dehydrogenase
(1071 nt) alcohol
dehydrogenase
(1059 nt)

an oxidized NrdH
glutaredoxin-

like protein

cytochrome P450
51 (1809 nt)

a cleaved
lipoprotein

signal peptide

1.14.13.70

a petrosel-2-
enoyl-[acp]

2.6.1.1

2.7.4.6

zymostenol

cytochrome-c oxidase
chain VIIc (234
nt) cytochrome c
oxidase polypeptide
VIb (279 nt)
cytochrome c oxidase
polypeptide V (600 nt)

protoporphyrinogen IX

nitrate reductase
(3150 nt)

presqualene
diphosphate

thiocyanate

octanoate

phosphonoacetate
degradation

(R)-mevalonate

L-aspartyl-
4-phosphate

a D-xylopyranose

3-oxoacyl-(acyl-
carrier-protein)
reductase (435 nt)
3-oxoacyl-[acyl-
carrier-protein]
reductase (531 nt)
3-oxoacyl-[acyl-
carrier-protein]
reductase (843
nt) 2-deoxy-
D-gluconate 3-
dehydrogenase
(771 nt) NAD-
dependent
epimerase/
dehydratase
(855 nt)

1.1.1.205

_-D-glucose

1.5.1.2

transketolase
(2058 nt)

apo-4’-
lycopenoate

nitrite

fatty acid synthase
subunit beta
dehydratase (6261
nt) fatty acid
synthase subunit
alpha reductase
(5652 nt) Note(s)
: At least one
base has a quality
score < 10 fatty
acid synthase
(7770 nt) 2-
succinylbenzoate-
CoA ligase
(1782 nt)

a [glycine-
cleavage complex

H protein] N 6 -
octanoyl-L-lysine

farnesyl pyrophosphate
synthetase (1041
nt) geranylgeranyl
pyrophosphate
synthetase (1224 nt)

taxiphyllin

propionyl-CoA

3-oxoacyl-(acyl-
carrier-protein)
reductase (435 nt)
3-oxoacyl-[acyl-
carrier-protein]
reductase (531 nt)
3-oxoacyl-[acyl-
carrier-protein]
reductase (843
nt) 2-deoxy-
D-gluconate 3-
dehydrogenase
(771 nt) NAD-
dependent
epimerase/
dehydratase
(855 nt)

aldose reductase
(879 nt)

CDP-ethanolamine

1.13.11.20

_-D-glucose
6-phosphate

_-D-ribose-
1-phosphate

1.1.1.-

(3S)-2,3-epoxy-
2,3-dihydrosqualene

2’-deoxycytidine

glutathione

xanthine and
xanthosine

salvage

ATP

tRNA (cytosine-5-)
-methyltransferase
NCL1 (2721 nt)

a glutathione-
toxin conjugate

4.2.1.9

cytochrome P450
51 (1809 nt)

an aldehyde

carnitine O-
acetyltransferase
(1833 nt) carnitine O-
palmitoyltransferase
(2478 nt)

FMN

N-acetylglutamyl-
phosphate

3,4-dihydroxy-
5-all-trans-

heptaprenylbenzoate

4.3.1.17

phenylalanyl-
tRNA synthetase

(1581 nt)
phenylalanyl-

tRNA synthetase
alpha chain (1563
nt) phenylalanyl-
tRNA synthetase

beta chain
(1803 nt)

1.2.1.41

phosphoglycerate
mutase family
protein (717 nt)
phosphoglycerate
mutase family
protein (783 nt)
phosphoglycerate
mutase family
protein (996 nt) 2,3-
bisphosphoglycerate-
independent
phosphoglycerate
mutase (1566 nt)

1.1.1.21

2.4.2.29

3-hydroxy-dihomo
a-linolenoyl-CoA

5.3.3.5

4-methylsalicylate

D-glyceraldehyde

E3 ubiquitin-protein ligase MARCH6
(5007 nt) conserved hypothetical protein
(5550 nt) Note(s): At least one base has a
quality score < 10 conserved hypothetical
protein (1716 nt) SUMO-conjugating
enzyme ubc9 (477 nt) ubiquitin conjugation
factor E4 (4326 nt) Note(s): At least one
base has a quality score < 10 PA domain-
containing protein (2673 nt) RING finger
protein (1956 nt) postreplication repair E3
ubiquitin-protein ligase rad18 (1293 nt)
conserved hypothetical protein (1893 nt)
U-box domain-containing protein (858
nt) ubiquitin-conjugating enzyme (447 nt)
Note(s): At least one base has a quality score
< 10 conserved hypothetical protein (438
nt) NEDD8-activating enzyme E1 catalytic
subunit (1260 nt) ubiquitin-activating
enzyme (1875 nt) ubiquitin-conjugating
enzyme (423 nt) ubiquitin-conjugating
enzyme (756 nt) RING finger protein (2349
nt) RING finger protein (1899 nt) ubiquitin-
conjugating enzyme (504 nt) conserved
hypothetical protein (714 nt) hypothetical
protein (783 nt) Note(s): At least one base
has a quality score < 10 hypothetical protein
(1404 nt) conserved hypothetical protein
(3093 nt) ubiquitin-conjugating enzyme
(507 nt) E3 ubiquitin-protein ligase bre1
(2193 nt) ubiquitin-conjugating enzyme
(507 nt) NEDD8-conjugating enzyme
Ubc12 (573 nt) Note(s): At least one
base has a quality score < 10 E3 ubiquitin-
protein ligase RSP5 (2520 nt) ubiquitin-
conjugating enzyme (1566 nt) E3 ubiquitin-
protein ligase HUWE1 (12336 nt) cell cycle
control protein cwf8 (1431 nt) ubiquitin-
conjugating enzyme (471 nt) conserved
hypothetical protein (1422 nt) ubiquitin-
conjugating enzyme (861 nt) conserved
hypothetical protein (3798 nt) Note(s):
At least one base has a quality score < 10
ubiquitin-conjugating enzyme (558 nt) E3
ubiquitin-protein ligase ubr11 (6489 nt) E3
ubiquitin-protein ligase HUWE1 (4044 nt)
conserved hypothetical protein (1680 nt)
ATP-dependent DNA helicase (4443 nt)
hypothetical protein (1101 nt) conserved
hypothetical protein (3225 nt) Note(s): At
least one base has a quality score < 10 DNA
damage tolerance protein rad31 (1107 nt)
RING finger and CHY zinc finger domain-
containing protein (2118 nt) Note(s): At
least one base has a quality score < 10 IQ and
HECT domain-containing protein (3708 nt)
ubiquitin-conjugating enzyme (477 nt) RING
finger domain-containing protein (2916 nt)

3-methylcrotonyl-
CoA

a (glucosyl)
2(mannosyl)

9
-(N-

acetylglucosaminyl)
2-diphosphodolichol

NADPH

an L-1-
phosphatidyl-

inositol

OPC8-trans-
2-enoyl-CoA

farnesyl
pyrophosphate
synthetase
(1041 nt)
geranylgeranyl
pyrophosphate
synthetase
(1224 nt)

GMP

phospholipid remodeling
(phosphatidylcholine, yeast)

a (R)-3-
hydroxybehenoyl-

[acp]

conserved
hypothetical
protein (453 nt)

3.1.3.12

triacylglycerol lipase (1797 nt)
triacylglycerol lipase (1968
nt) autophagy-related protein
15 (1929 nt) conserved
hypothetical protein (1044 nt)
triacylglycerol lipase (2025 nt)

1.1.1.170

pyrimidine
ribonucleosides

salvage III

palmitate

phospho-[DNA-
directed RNA-

polymerase]

24-methyldesmosterol

myo-inositol

D-mannose
degradation

L-citrulline

3.2.1.14

pro

thiamine-phosphate
pyrophosphorylase
(1623 nt)

palmitate

fatty acid synthase subunit beta dehydratase
(6261 nt) fatty acid synthase subunit
alpha reductase (5652 nt) Note(s):
At least one base has a quality score
< 10 fatty acid synthase (7770 nt) 2-
succinylbenzoate-CoA ligase (1782 nt)

3.1.3.1

catalase A (2250
nt) catalase
B (2211 nt)
catalase (870 nt)
Note(s): At least
one base has a
quality score < 10

2.1.1.225

helicase swr1 (5037 nt)
transcriptional regulator
(1407 nt) DNA helicase
(1719 nt) helicase C-
terminal domain-containing
protein (3408 nt) conserved
hypothetical protein (3717
nt) transcription initiation
factor iif (1164 nt) DNA
repair helicase RAD25
(2499 nt) chromodomain
helicase hrp3 (4563 nt)
DNA replication ATP-
dependent helicase dna2
(4479 nt) DNA repair and
recombination protein
pif1 (2394 nt) DNA repair
helicase RAD3 (2394 nt)
ATP-dependent DNA
helicase Q1 (4653 nt)
predicted protein (1590
nt) Note(s): At least one
base has a quality score <
10 conserved hypothetical
protein (5394 nt) DNA ATP-
dependent helicase (4845 nt)

leu

1.1.1.270

carbamoyl-phosphate

1.3.8.-

sarcosine
oxidase (1341 nt)

mevalonate
kinase (1638 nt)

3-oxooctanoyl-
CoA

a [protein]-L-
`-isoaspartate

(S)-1-pyrroline-
5-carboxylate

phenylalanine
degradation III

a 1,2-diacyl-sn-glycerol

2.1.1.215

L-1-glycero-3-
phosphocholine

cysteine
biosynthesis

IV (fungi)

a [lipoyl-carrier
protein] N 6 -

lipoyl-L-lysine

_-D-glucose

2-(2-carboxy-4-
methylthiazol-5-

yl)ethyl phosphate

branched-chain-
amino-acid
aminotransferase
(1167 nt)
branched-chain-
amino-acid
aminotransferase
(1233 nt)

pyruvate

threonine
degradation IV

1.2.1.88

2.7.1.151

glucokinase
(1551 nt)
hexokinase
(1284 nt)

2.6.1.11

6.3.2.3

a perthiol

(2E,6E)-farnesyl
diphosphate

ethanol
degradation II

2.5.1.3

maltotetraose

estradiol 17-beta-
dehydrogenase
12-B (1038 nt)
peroxisomal
multifunctional
enzyme (2706 nt)

a 6-(N-acetyl-D-
glucosaminyl)-

1-phosphatidyl-
1D-myo-inositol

3-methyl-2-butenal

threonine
dehydratase
(1689 nt)

2-succinylbenzoate-CoA ligase
(1782 nt) acyl-coenzyme A
synthetase ACSM5 (1689 nt)
long-chain-fatty-acid-CoA ligase
(2007 nt) long-chain-fatty-acid-
CoA ligase (2100 nt) fatty acid
transporter protein (1932 nt)
long-chain-fatty-acid-CoA ligase
(2124 nt) long-chain-fatty-acid-
CoA ligase (3516 nt) D-alanine-
poly(phosphoribitol) ligase
subunit 1 (3078 nt) elongation
of fatty acids protein (1053 nt)
acyl-activating enzyme (312 nt)

acetylglutamate
kinase (2715 nt)

2.3.1.16

lathosterol

3’ exoribonuclease
family (891 nt)
PAB-dependent
poly(A)-specific
ribonuclease
subunit pan2
(3438 nt)

guanine 46

in tRNA

4.2.1.2

1.8.4.8

H +

decanoyl-CoA

C-4 methylsterol
oxidase (735 nt)
C-4 methylsterol
oxidase (552 nt)

6-hydroxymelatonin

a cis,cis-delta5,17-
3-oxo-C36:2-[acp]

a long-chain
acyl-CoA

an [Fe-S cluster
biosynthesis

chaperone]-ATP

coumaraldehyde

2.1.1.143

2-oxoglutarate

a ribonucleoside
diphosphate

PRPP

N-formylkynurenine

3.1.2.12

phosphoglycerate
mutase family
protein (717 nt)
phosphoglycerate
mutase family
protein (783 nt)
phosphoglycerate
mutase family
protein (996 nt) 2,3-
bisphosphoglycerate-
independent
phosphoglycerate
mutase (1566 nt)

dTMP

hydrogen cyanide

a glucanconserved
hypothetical
protein (981 nt)

DNA
n

2.7.8.2

methanol

a 2-trans-4-cis
-dienoyl-CoA

3,4-dihydroxyphenylacetate

carboxylesterase
(1815 nt)

isovaleryl-CoA

1D-myo-inositol 1,5-
bis(diphosphate)

2,3,4,6-
tetrakisphosphate

3-oxoacyl-(acyl-
carrier-protein)
reductase (435 nt)
3-oxoacyl-[acyl-
carrier-protein]
reductase (531 nt)
3-oxoacyl-[acyl-
carrier-protein]
reductase (843
nt) 2-deoxy-
D-gluconate 3-
dehydrogenase
(771 nt) NAD-
dependent
epimerase/
dehydratase
(855 nt)

UDP-N-
acetylglucosaminyltransferase
(4734 nt)

2.7.7.19

oxaloacetate

UDP

2.3.1.181

5.3.1.6

oxaloacetate

NAD +

phosphonoacetate
hydrolase (576 nt)

maltoheptaose

6.3.2.14

malic enzyme
(1800 nt)

cadaverine

pentose
phosphate

pathway
(oxidative
branch) II

linoleoyl-CoA

a reduced
flavoprotein

4.1.2.13

acetate

1-oleoylglycerol

a phospholipid
methylene
fatty acid

a holo-[acyl-
carrier protein]

4.3.3.7

deoxyhypusine
synthase (1077
nt) Note(s): At
least one base
has a quality
score < 10

pyruvate
decarboxylase
(1725 nt)
pyruvate
decarboxylase
(1746 nt)

thymidylate
synthase (1083 nt)

a diphospho-
1D-myo-inositol

tetrakisphosphate

_-D-glucose
1-phosphate

a 5’-(5’-
triphosphoguanosine)

-purine-[mRNA]

glycyl-peptide

a double stranded DNA

aspartate
degradation I

DNA

2.5.1.-

pro

2.4.1.-

2.7.1.2

`-D-glucose
6-phosphate

2-methyl-3-
hydroxybutyryl-

CoA

N 2 -
dimethylguanine 26 /N
2 -dimethylguanine 27

an L-1-
phosphatidylserine

1.4.3.21

1.1.1.38/1.1.1.39

argininosuccinate
synthase (1242 nt)

a dihydroceramide

3.4.13.9

salicylate
hydroxylase
(1320 nt)

2-amino-3-
carboxymuconate-
6-semialdehyde
decarboxylase
(1194 nt)

myo-inositol

an [eIF5A-
precursor]-N-(4-
aminobutylidene)

-lysine

2-succinylbenzoate-CoA ligase
(1782 nt) fatty acid synthase
(7770 nt) fatty acid synthase
subunit alpha reductase (5652
nt) Note(s): At least one
base has a quality score < 10
fatty acid synthase subunit
beta dehydratase (6261 nt)

a cytidine 4  in
tRNAGly(GCC)

an aromatic
amino acid

2-dehydropantoate

a `-D-glucan with
a C3-substituted

glucose

a 2-methyl branched 2,3,4-
saturated fatty aldehyde

4-trans-
undecenoyl-CoA

1.4.3.16

vanillyl mandelate

4-coumaryl-CoA

1,6-anhydro-N-
acetyl-`-muramate

2.4.2.-

alanine-glyoxylate
aminotransferase
(1482 nt)
Note(s): At least
one base has a
quality score < 10

linoleate

2.7.1.12

enoyl-CoA
hydratase
(399 nt) enoyl-
CoA hydratase/
isomerase
family protein
(801 nt) enoyl-
CoA hydratase/
isomerase family
protein (948 nt)
carnitinyl-CoA
dehydratase
(876 nt) enoyl-
CoA hydratase
(894 nt)

O-phospho-
L-homoserine

1.1.1.100/2.3.1.85/2.3.1.86

an oxidized
electron-transfer

flavoprotein

4-carboxymuconolactone
decarboxylase family
protein (561 nt)

L-cysteine
degradation II

4.1.1.33

asp

phosphate

dTTP

[histone]-N t -
methyl-arginine

isoleucine
biosynthesis I

3.1.1.32

lysine
biosynthesis IV

3-oxo-
docosapentaenoyl-CoA

homogentisate

nicotinate

indole-3-acetate

2-oxoglutarate

aldose reductase
(879 nt) aldehyde
reductase (942 nt)

2.7.2.2

ribonucleoside-
diphosphate
reductase large
chain (2637 nt)
ribonucleotide
reductase
R2 subunit
variant (978 nt)

6-O-mycolyl-
trehalose 6-
phosphate

enoyl-CoA hydratase/
isomerase family
protein (948 nt)
enoyl-CoA hydratase/
isomerase family
protein (801 nt) enoyl-
CoA hydratase (399 nt)

_-D-mannose
6-phosphate

NAD-dependent
epimerase/dehydratase
(855 nt) fatty acid
synthase subunit beta
dehydratase (6261 nt)
fatty acid synthase
subunit alpha reductase
(5652 nt) Note(s): At
least one base has a
quality score < 10 2-
deoxy-D-gluconate
3-dehydrogenase
(771 nt) fatty acid
synthase (7770 nt)
2-succinylbenzoate-
CoA ligase (1782
nt) 3-oxoacyl-[acyl-
carrier-protein]
reductase (843 nt) 3-
oxoacyl-[acyl-carrier-
protein] reductase
(531 nt) 3-oxoacyl-
(acyl-carrier-protein)
reductase (435 nt)

4_-carboxy-4`-
methyl-5_-cholesta-

8,24-dien-3`-ol

protoporphyrin IX

2.7.1.36

UTP

13-DPG

dihydroxy-acid
dehydratase
(1818 nt)
dihydroxy-acid
dehydratase
(1836 nt)

3-O-`-D-glucosyl-
`-sitosterol

2.6.1.13

a sphingomyelin

3-methyl-2-
oxobutanoate

inosine

1.14.13.-

arg

nucleoside-
triphosphatase
ntp-1 (2271 nt)

5-amino-6-(5-
phosphoribosylamino)
uracil reductase (1968 nt)

diphthine
synthase (858 nt)

paraoxon

hydroxyquinol
1,2-dioxygenase
(1005 nt)

DL-allothreonine

an L-glutaminyl-
peptide

methylarsonite

phosphopantothenoylcysteine
decarboxylase (702 nt)

2.3.1.179

6.3.4.4

enoyl-CoA
hydratase
(399 nt) enoyl-
CoA hydratase/
isomerase
family protein
(801 nt) enoyl-
CoA hydratase/
isomerase family
protein (948 nt)

2.3.2.2

1.1.1.42

a ADP-D-
ribosyl acceptor

a fatty acid

a peptide

dCMP

2-iminobutanoate

maleylacetoacetate
isomerase (474 nt)

aldehyde
reductase (942 nt)

cytochrome P450
52A11 (1641
nt) conserved
hypothetical
protein (1374
nt) averantin
oxidoreductase
(1572 nt)
cytochrome
P450-DIT2 (1506
nt) conserved
hypothetical
protein (1506 nt)

alpha-
galactosidase
(1470 nt)

hydroxyacylglutathione
hydrolase (768 nt)

an _-D-galactoside

a `-lactam

1.14.13.-

2.8.1.7

3.5.4.4

peroxidase
(3366 nt)

4_-hydroxymethyl,4`,14_-
dimethyl-9`,19-cyclo-5_-
ergost-24(24 1 )-en-3`-ol

6-phosphogluconate
dehydrogenase
(1476 nt)

a [glycine-cleavage
complex H protein] N 6 -

aminomethyldihydrolipoyl-
L-lysine

5.3.1.9

L-cysteinyl-glycine

palmitate

indole-3-ethanol

3.4.11.-

glutaryl-CoA

1-acyl-sn-glycerol-
3-phosphate
acyltransferase beta
(912 nt) MBOAT
family protein (1668
nt) triacylglycerol
lipase (1968 nt)

a (3R)-3-hydroxyacyl-CoA

aconitate
hydratase
(2403 nt) 3-
isopropylmalate
dehydratase large
subunit (2184 nt)

1.2.1.5

3.2.1.52

(12Z,15Z)-9,10-
epoxyoctadeca-
12,15-dienoate

a protein

L-canaline

thiocysteine

tryptophanyl-
tRNA synthetase

(1320 nt)
tryptophanyl-

tRNA synthetase
(1152 nt)

fructose-1,6-
bisphosphatase
(1065 nt)

3.5.4.9

1.5.1.9

glt

L-asparaginase (1629
nt) acyl-protein
thioesterase (732 nt)
lysophospholipase
(2268 nt) conserved
hypothetical
protein (3483 nt)

2.1.1.41

a phosphoprotein

sulfate

1.3.3.6

5,10-
methylenetetrahydrofolate

lotaustralin

inosine-uridine
preferring
nucleoside
hydrolase
(1344 nt)

C-4 methylsterol
oxidase (735 nt)
C-4 methylsterol
oxidase (552 nt)

3-hydroxy-
undecanoyl-CoA

NAD dependent
epimerase/dehydratase
family protein (972 nt)
S-adenosylmethionine
synthetase (1158 nt)

ethanol

GGPP

3.5.2.2

trans-octadec-
2-enoyl-CoA

UDP

phosphatidylethanolamine
biosynthesis II

3-deoxy-
D-arabino-

heptulosonate-
7-phosphate

aldehyde
dehydrogenase
(1491 nt)
Note(s): At least
one base has
a quality score
< 10 succinate-
semialdehyde
dehydrogenase
(1500 nt)

uridine kinase
(1326 nt)

a holo aryl-
carrier protein

adenylate cyclase
(6300 nt)
Note(s): At least
one base has a
quality score < 10

docosahexaenoate

2.1.1.202

3.5.4.12

phosphate
utilization
in cell wall

regeneration

2.5.1.103

`-D-galactose

2.4.2.9

3-oxoacyl-(acyl-
carrier-protein)
reductase (435 nt)
3-oxoacyl-[acyl-
carrier-protein]
reductase (531 nt)
3-oxoacyl-[acyl-
carrier-protein]
reductase (843
nt) 2-deoxy-
D-gluconate 3-
dehydrogenase
(771 nt) NAD-
dependent
epimerase/
dehydratase
(855 nt)

respiration (anaerobic)

propionamide

1,5-anhydro-
D-mannitol

2.1.1.228

3.5.3.1

alpha-
galactosidase
(1470 nt)

2.5.1.6

carboxylesterase
(1815 nt)

D-mannitol
1-phosphate

alcohol
dehydrogenase
(1059 nt) alcohol
dehydrogenase
(1071 nt) alcohol
dehydrogenase
(1107 nt) alcohol
dehydrogenase
(960 nt) alcohol
dehydrogenase
(1254 nt) S-
(hydroxymethyl)
glutathione
dehydrogenase
(1371 nt) alcohol
dehydrogenase
(1026 nt) alcohol
dehydrogenase
(1065 nt)

an oxidized
electron-transfer

flavoprotein

N 1 -
methyladenine 57

/N 1 -
methyladenine 58

in tRNA

a malonyl-[acp]

succinate-
semialdehyde
dehydrogenase
(1494 nt)
succinate-
semialdehyde
dehydrogenase
(2094 nt)

an aliphatic nitrile

1,2-dipalmitoyl-
phosphatidylcholine

(25R)-3_,7_,12_-
trihydroxy-5`-

cholestanoyl-CoA

phosphoglycerate
mutase family
protein (717 nt)
phosphoglycerate
mutase family
protein (783 nt)
phosphoglycerate
mutase family
protein (996 nt) 2,3-
bisphosphoglycerate-
independent
phosphoglycerate
mutase (1566 nt)

3.1.1.8

3-oxoacyl-(acyl-
carrier-protein)
reductase (435 nt)
3-oxoacyl-[acyl-
carrier-protein]
reductase (531 nt)
3-oxoacyl-[acyl-
carrier-protein]
reductase (843
nt) 2-deoxy-
D-gluconate 3-
dehydrogenase
(771 nt) NAD-
dependent
epimerase/
dehydratase
(855 nt)

tRNA
methyltransferase
Trm5 (1440 nt)

7-dehydrocholesterol

homoserine
kinase (1077 nt)

a cis,cis-
delta19,31-3-

oxo-C50:2-[acp]

phytenal

2.3.2.2

alcohol
dehydrogenase
(1059 nt) alcohol
dehydrogenase
(1071 nt) alcohol
dehydrogenase
(1107 nt) alcohol
dehydrogenase
(960 nt) alcohol
dehydrogenase
(1254 nt) S-
(hydroxymethyl)
glutathione
dehydrogenase
(1371 nt) alcohol
dehydrogenase
(1026 nt) alcohol
dehydrogenase
(1065 nt)

dUTP

conserved
hypothetical
protein (1092
nt) NADH-
cytochrome b5
reductase (1002
nt) NADH-
cytochrome b5
reductase (930 nt)

H
2

O

a phenol sulfate

acetate

1.8.1.2

a cis,cis-
delta13,25-3-

oxo-C44:2-[acp]

threonine
aldolase (735 nt)

argininosuccinate
lyase (900 nt)

ammonia
assimilation

cycle III

a trans-2-enoyl-CoA

ketolysis

(2E,6E)-farnesyl
diphosphate

a cis,cis-
delta13,31-3-

oxo-C50:2-[acp]

1.2.1.10

a halide anion

[propionyl-
CoA:carbon-
dioxide ligase

(ADP-forming)]

3-ketoacyl-CoA
thiolase (1266
nt) 3-ketoacyl-
CoA thiolase
B (1260 nt) 3-
ketoacyl-CoA
thiolase (1254
nt) 3-ketoacyl-
CoA thiolase
B (1242 nt)

2.3.1.31

a [protein]-L-
methionine

1.3.1.70

acrylonitrile

an N 2 -
methylguanine 26

in tRNA

conserved
hypothetical
protein (957 nt)
Note(s): At least
one base has a
quality score < 10

3,4-dihydroxymandelate

_-D-glucose
1-phosphate

uracil

1.3.1.21

1.1.1.85

a 5-methyluracil 54

in tRNA

a cis-delta19-3-
hydroxyC38:1-[acp]

bifunctional purine
biosynthesis
protein ADE17
(1815 nt)

phe

a glycerophosphodiester

1.1.1.100

dADP

5.1.3.3

an mRNA

glycogen
phosphorylase
(2634 nt)

tRNA sec

acetate

1.6.5.9

an acyl-[acyl-
carrier protein]

1.14.13.63

1.4.1.14

an [L-2-
aminoadipate

carrier protein]-
L-ornithine

a myo-inositol-
polyphosphate

2.7.8.2

ethanol
degradation I

a [histone] N 6 -
methyl-L-lysine

AMP

glycolysis VI
(metazoan)

phosphoryl-ethanolamine

2-methylbutanoyl-
CoA

alcohol
dehydrogenase
(1059 nt) alcohol
dehydrogenase
(1071 nt) alcohol
dehydrogenase
(1107 nt) alcohol
dehydrogenase
(960 nt) alcohol
dehydrogenase
(1254 nt) S-
(hydroxymethyl)
glutathione
dehydrogenase
(1371 nt) alcohol
dehydrogenase
(1026 nt) alcohol
dehydrogenase
(1065 nt)

2.3.1.41/2.3.1.85/2.3.1.86

2.8.1.8

cysteine
desulfurase
(1503 nt)

trehalose-
phosphatase
(2766 nt)
trehalose-
phosphatase
(2823 nt)
Note(s): At least
one base has a
quality score < 10

NAD/NADH phosphorylation
and dephosphorylation

L-asparaginase (1629
nt) acyl-protein
thioesterase (732 nt)
lysophospholipase
(2268 nt) conserved
hypothetical
protein (3483 nt)

a dodecanoyl-[acp]

dTTP

3.6.1.52

acryloyl-CoA

pyruvate

3-phospho-
D-glycerate

nucleoside diphosphate
kinase (459 nt) Note(s)
: At least one base has
a quality score < 10

2.3.1.158

dCTP

a mRNA with
poly(A) tail

4-methyl-5-(`-
hydroxyethyl)

thiazole

a 3’-phosphopolynucleotide

glycerol-3-
phosphate O-
acyltransferase
(2244 nt)

1D-myo-inositol
1-diphosphate

2,3,4,5,6-
pentakisphosphate

all-trans-retinol

`-D-glucose

2.7.4.9/2.7.4.12/2.7.4.13

O
2

2.6.1.62

a peptide

histidinol

threonine aldolase
(735 nt) threonine
aldolase (1242 nt)

2.6.1.13

3-carboxy-cis
,cis-muconate

asp

14-demethyllanosterol

a 5’-triphospho-
purine-[mRNA]

SAM

1.1.3.37

phosphoserine
phosphatase
(1404 nt)

3.1.1.2

a standard
_ amino acid

acetyl-CoA

24-alkyl sterol 2

2.1.1.114

3.4.23.49

1.8.3.6

conserved
hypothetical
protein (2016 nt)
poly polymerase
family (2031 nt)

2-trans-
tetradecenoyl-CoA

2.4.1.25

PRPP

a 1-phosphatidyl-
1D-myo-inositol

4-phosphate

acetate

6.1.1.6

3,2-trans-enoyl-
CoA isomerase
,Delta(2)-enoyl-
CoA isomerase
(825 nt)

4.1.1.49

acetaldehyde

salicylate

a long-chain
alcohol

1-acyl-sn-glycerol-
3-phosphate
acyltransferase beta
(912 nt) MBOAT
family protein (1668
nt) triacylglycerol
lipase (1968 nt)

cystathionine
gamma-synthase
(846 nt)

3-phospho-
L-serine

glutamate-1-
semialdehyde

3.1.2.22

conserved
hypothetical
protein (1641 nt)

enoyl-CoA
hydratase
(399 nt) enoyl-
CoA hydratase/
isomerase
family protein
(801 nt) enoyl-
CoA hydratase/
isomerase family
protein (948 nt)
carnitinyl-CoA
dehydratase
(876 nt) enoyl-
CoA hydratase
(894 nt)

2-succinylbenzoate-CoA ligase
(1782 nt) fatty acid synthase
(7770 nt) malonyl CoA-acyl carrier
protein transacylase (1263 nt)
fatty acid synthase subunit alpha
reductase (5652 nt) Note(s): At
least one base has a quality score
< 10 fatty acid synthase subunit
beta dehydratase (6261 nt)

gln

conserved
hypothetical
protein (981 nt)

a 1-phosphatidyl-
1D-myo-inositol

5-phosphate

3.1.3.3

a cis,cis-
delta9,21-3-

oxo-C40:2-[acp]

3-demethylubiquinol-6

L-carnitine

6.3.5.1

a limit dextrin

Ins(3)P

2,5-diamino-6-(5-
phospho-D-ribitylamino)

pyrimidin-4(3H)-one

sugar isomerase
(1386 nt)

beta-glucosidase (1620 nt)
beta-glucosidase (2958 nt)
beta-glucosidase (2598 nt)
beta-glucosidase (2625 nt)

4.2.1.17

a phosphatidylcholine

NAD(P) +

2.7.7.41

L-cystathionine

dCMP

2.3.3.10

2.7.4.16

2-carboxyl-
cerotoyl-CoA

(S)-1-pyrroline-
5-carboxylate

met

aldehyde
dehydrogenase

(471 nt) aldehyde
dehydrogenase

(1416 nt)
aldehyde

dehydrogenase
(1491 nt)

Note(s): At least
one base has

a quality score
< 10 succinate-
semialdehyde

dehydrogenase
(1500 nt)

spermidine

2.3.3.a/2.3.3.1

2.4.1.257

4.2.1.as

5,10-
methylenetetrahydrofolate

4,4-
dimethylzymosterol

enoyl-CoA
hydratase
(399 nt) enoyl-
CoA hydratase/
isomerase
family protein
(801 nt) enoyl-
CoA hydratase/
isomerase family
protein (948 nt)

melatonin

aminopeptidase
(1524 nt)

inorganic
pyrophosphatase
(885 nt)

adenylosuccinate
synthetase
(1266 nt)

aromatic amino acid
aminotransferase
(1596 nt)

hypothetical
protein (1365 nt)
phosphoglucomutase
(2289 nt)

1D-myo-inositol
hexakisphosphate

biosynthesis I
(from Ins(1,4,5)P3)

TCA cycle II (plants and fungi)

a tRNA precursor

a malonyl-[acp]

2.3.2.5

carbapenem
antibiotics
biosynthesis
protein carD
(1593 nt)

oleate

3.2.1.1

2.7.1.50

glt

D-glyceraldehyde
3-phosphate

succinate-semialdehyde
dehydrogenase (1500 nt)
aldehyde dehydrogenase
(1491 nt) Note(s): At least
one base has a quality
score < 10 aldehyde
dehydrogenase (1416 nt)
aldehyde dehydrogenase
(471 nt) aldehyde
dehydrogenase (1488 nt)

NUCLEOSIDES AND NUCLEOTIDES BIOSYNTHESIS

1.1.1.1

alcohol
dehydrogenase
(1059 nt) alcohol
dehydrogenase
(1071 nt) alcohol
dehydrogenase
(1107 nt) alcohol
dehydrogenase
(960 nt) alcohol
dehydrogenase
(1254 nt) S-
(hydroxymethyl)
glutathione
dehydrogenase
(1371 nt) alcohol
dehydrogenase
(1026 nt) alcohol
dehydrogenase
(1065 nt)

3-isopropylmalate
dehydrogenase
(1629 nt) 3-
isopropylmalate
dehydrogenase
A (1089 nt)

methylsalicylate
degradation

hypoxanthine

L-seryl-tRNA ser

acetyl-CoA
acetyltransferase
(1200 nt)
acetyl-CoA
acetyltransferase
(1317 nt)

3.5.99.-

acetyl-/propionyl-
coenzyme A
carboxylase alpha
chain (3612 nt)

fatty acid synthase subunit beta dehydratase
(6261 nt) fatty acid synthase subunit
alpha reductase (5652 nt) Note(s):
At least one base has a quality score
< 10 fatty acid synthase (7770 nt) 2-
succinylbenzoate-CoA ligase (1782 nt)

xanthine
dehydrogenase
(4215 nt)
aldehyde
oxidoreductase
(3669 nt)

4-phospho-
hydroxy-L-
threonine

2’-O-
methyluridine 2791

in 21S rRNA

3.1.3.-

conserved
hypothetical
protein (1626 nt)

3.2.1.106

D-lactate
dehydrogenase
(1575 nt)
D-lactate
dehydrogenase
(1824 nt)

F6P

acetyl-CoA
acetyltransferase
(1200 nt)
acetyl-CoA
acetyltransferase
(1317 nt)

(Z)-phenylacetaldehyde
oxime

glycogen
phosphorylase
(2634 nt)

arginine-
tRNA-protein
transferase
(1599 nt)

guanine 26

/guanine 27

in tRNA

3-oxochol-4-
en-24-oyl-CoA

7,8-dihydrofolate

5.1.99.4

apo-[propionyl-
CoA:carbon-
dioxide ligase

(ADP-forming)]

2-oxoadipate

a trans-2,trans-
4-dienoyl-CoA

cleaved type-1
transmembrane

domains

PENTOSE PHOSPHATE PATHWAYS

acyl-coenzyme A
oxidase (1962 nt)
acyl-coenzyme A
oxidase (2085 nt)
acyl-coenzyme A
oxidase (2049 nt)

a multi-methyl-
branched
acyl-CoA

fatty acid synthase
subunit beta
dehydratase (6261
nt) fatty acid
synthase subunit
alpha reductase
(5652 nt) Note(s)
: At least one
base has a quality
score < 10 fatty
acid synthase
(7770 nt) 2-
succinylbenzoate-
CoA ligase
(1782 nt)

cyanate hydratase (492 nt)

conserved
hypothetical
protein (1374
nt) averantin
oxidoreductase
(1572 nt)
cytochrome
P450-DIT2 (1506
nt) conserved
hypothetical
protein (1506 nt)

ala

3.1.2.14

alpha-amylase
(1596 nt)

3R-hydroxy-
docosapentaenoyl [acp]

GTP
cyclohydrolase
(1503 nt)

phospholipid remodeling
(phosphatidylethanolamine, yeast)

1.2.1.12

cysteine synthase
(1134 nt) cysteine
synthase (1251 nt)

prostaglandin E
2

7_-hydroxycholesterol

ATP

UDP-_-D-glucose

glutathione

a [ubiquitin] C-terminal glycine

`-D-glucose

alanyl-tRNA
synthetase
(2889 nt)

phosphatidylcholine
biosynthesis I

4.2.1.104

5.3.3.-

L-citrulline

1.14.-.-

1.4.3.21

anthranilate
synthase
component
2 (2316 nt)
anthranilate
synthase
component
1 (1668 nt)

3-hydroxy-
undecanoyl-CoA

dCTP

F6P

5’-deoxy-5’-
fluoroadenosine

NADP +

L-glyceraldehyde

3-(4-
hydroxyphenyl)

-3-hydroxy-
propionyl-CoA

3.1.3.48

2.3.1.16

molybdenum
cofactor synthesis
protein cinnamon
(2139 nt)

2.1.1.13

5’-nucleotidase
(2022 nt) conserved
hypothetical
protein (990 nt)

desmosterol

a cis,cis-
delta11,23-3-

oxo-C42:2-[acp]

1.1.1.270

1.3.1.44

a holo-[acyl-
carrier protein]

2.5.1.60

a 3-oxo-cis-
vaccenoyl-[acp]

3.3.2.12

all-trans-3,4-
didehydrolycopene

7,8-
dihydropteroate

2.1.1.216

2.7.4.6

3-demethylubiquinol-7

hydrolase
(1050 nt)

methylmalonate-
semialdehyde
dehydrogenase
(1761 nt)

DEGRADATION/UTILIZATION/
ASSIMILATION - OTHER

4.1.2.4

estradiol 17-beta-
dehydrogenase
12-B (1038 nt)
peroxisomal
multifunctional
enzyme (2706 nt)

butanoyl-CoA

glucose

1.7.2.1

an apo-
AsbD protein

gln

mitochondrial
methylglutaconyl-CoA
hydratase (918 nt)

phosphomannomutase
(807 nt)

ammonium

NAD +

fructose-
bisphosphate
aldolase (864
nt) fructose-
bisphosphate
aldolase (1083 nt)

D-xylulose
5-phosphate

1.1.1.1

5.1.3.15

Ins(1,4,5)P
3

pyruvate

GMP

folylpolyglutamate
synthase (1281 nt)
folylpolyglutamate
synthase (1086 nt)

a D-xylopyranose

a myristoyl-[acp]

GTP

N2,N2-
dimethylguanosine
tRNA
methyltransferase
(2478 nt)

UDP-_-D-glucose

scyllo-inosose

IMP

2.4.1.186

a reduced
flavoprotein

(S)-3-hydroxy-
isobutanoate

1.3.1.21

2.7.2.4

aromatic amino acid
aminotransferase
(1596 nt)

xanthine

1.17.4.1

DHAP

4.2.1.51

O-phospho-
L-homoserine

6.2.1.3

maltotetraose

cytochrome P450
51 (1809 nt)

5.4.99.28

dCTP

1.1.2.3

fecosterol

phenoxy radical VI

alcohol oxidase
(1269 nt) alcohol
oxidase (1815 nt)

phosphoribosylamine-
glycine ligase (2415
nt) Note(s): At
least one base has
a quality score < 10

nitrate reductase
(3150 nt)

propanoate

cycloeucalenol

pyruvate

2.7.1.6

1.1.1.41

3.4.11.9

GSSG

SAH

1.14.21.6

5.4.99.45

a generic
polynucleotide

substrate

diphthine
synthase (858 nt)

CO
2

AICAR

2.3.1.41/2.3.1.85/2.3.1.86

3.1.1.13

a long-
linear glucan

1.1.1.1

`-D-glucose

UDP-N-acetyl-
_-D-glucosamine

3-demethylubiquinol-6

4_-methyl-
zymosterol

ATP

_-amylose

a protein

2.3.1.41/2.3.1.86

fatty acid synthase
subunit beta
dehydratase (6261
nt) fatty acid
synthase subunit
alpha reductase
(5652 nt) Note(s)
: At least one
base has a quality
score < 10 fatty
acid synthase
(7770 nt) 2-
succinylbenzoate-
CoA ligase
(1782 nt)

2.6.1.5/2.6.1.57

succinate

1.14.11.8

ethanol

conserved
hypothetical
protein (420 nt)

ADP

choline
dehydrogenase
(2445 nt) glucose-
methanol-choline
oxidoreductase
(1728 nt) choline
dehydrogenase
(1629 nt)

pyruvate formate
lyase activating
enzyme (1098 nt)

4-aminobutanoate

5.3.3.-

acetolactate
synthase small
subunit (1014
nt) acetolactate
synthase catalytic
subunit (2106 nt)

coenzyme A

a trans tetradec-2-enoyl-[acp]

cysteine
desulfurase
(1503 nt)

acetate

a long-chain
fatty acid

conserved
hypothetical
protein (783 nt)

scopolin

(2E,6E)-farnesyl
diphosphate

a reduced
flavoprotein

2.3.1.111

3.5.1.4

4.2.1.2

a diamine

amylopectin

IMP

a mannosyl-
inositol-phospho-_

hydroxyphytoceramide

1.13.12.16

4-methyl-2-
oxopentanoate

1.1.1.-

bicarbonate

alpha-amylase
(1596 nt) alpha-
amylase (1617 nt)

L-asparaginyl-
tRNA asn

3.5.4.4

acyl-coenzyme A
oxidase (1962 nt)
acyl-coenzyme A
oxidase (2085 nt)
acyl-coenzyme A
oxidase (2049 nt)

ornithine
aminotransferase
(1383 nt) Note(s):
At least one base has
a quality score < 10

DHAP

transaldolase
(975 nt)

a (3R)-3-hydroxyacyl-
[acyl-carrier protein]

a protein c-
terminal s-

farnesyl-l-cysteine
methyl ester

cystathionine
gamma-synthase
(846 nt)

4.4.1.1

mannose-6-
phosphate
isomerase
(1368 nt)

6.3.2.12

2.1.1.100

1.1.1.-

formyl-CoA

an oxidized
flavoprotein

(1R,6R)-6-hydroxy-2-
succinylcyclohexa-2,4-

diene-1-carboxylate

4.1.2.5/4.1.2.48

a (mannosyl)
2

-(N-
acetylglucosaminyl)

2-diphosphodolichol

2.1.1.-

leucine
degradation III

CDP-choline

pyruvate
decarboxylase
(1725 nt)
pyruvate
decarboxylase
(1746 nt)

C1 COMPOUNDS UTILIZATION AND ASSIMILATION

glucose-6-phosphate
isomerase (1659 nt)

(Z)-2-methyl-
peroxyaminoacrylate

1.14.21.6

alcohol
dehydrogenase
(1059 nt) alcohol
dehydrogenase
(1071 nt) alcohol
dehydrogenase
(1107 nt) alcohol
dehydrogenase
(960 nt) alcohol
dehydrogenase
(1254 nt) S-
(hydroxymethyl)
glutathione
dehydrogenase
(1371 nt) alcohol
dehydrogenase
(1026 nt) alcohol
dehydrogenase
(1065 nt)

a cis,cis-delta9,21-
C40:2-[acp]

aldehyde
dehydrogenase
(1488 nt)
aldehyde
dehydrogenase
(1416 nt)
aldehyde
dehydrogenase
(471 nt)

5.3.3.8

uridylate kinase (774 nt)

cinnamaldehyde

RNA pseudouridylate
synthase domain-
containing protein
(1578 nt) tRNA
pseudouridine
synthase (1803 nt)

2-oxoglutarate

NAD(P)
transhydrogenase
(3261 nt)

dUMP

catechol

ADP

6.3.4.2

violaxanthin

betaine aldehyde

3.4.16.6

a peptide

3-O-methyldopa

conserved
hypothetical
protein (1671
nt) conserved
hypothetical
protein (1737
nt) conserved
hypothetical
protein (1056 nt)

coenzyme A

pyruvate kinase
(1605 nt)

RNA

guanine and
guanosine
salvage II

2.4.2.28

glutamate
decarboxylase
(1815 nt)
glutamate
decarboxylase
(1659 nt)
glutamate
decarboxylase
(1551 nt)

adenine
phosphoribosyltransferase
(645 nt)

ile

3.5.4.9

2.7.1.40

2.6.1.1

L-ornithine 5-
monooxygenase
(1428 nt)

estradiol 17-beta-
dehydrogenase
(858 nt)

D-ribulose
5-phosphate

glutathioselenol

conserved
hypothetical
protein (894 nt)

allantoate

3.2.1.21

alanine
aminotransferase
(1671 nt)

NAD-dependent epimerase/dehydratase
(855 nt) fatty acid synthase subunit beta
dehydratase (6261 nt) fatty acid synthase
subunit alpha reductase (5652 nt) Note(s)
: At least one base has a quality score < 10
2-deoxy-D-gluconate 3-dehydrogenase
(771 nt) fatty acid synthase (7770 nt)
2-succinylbenzoate-CoA ligase (1782
nt) 3-oxoacyl-[acyl-carrier-protein]
reductase (843 nt) 3-oxoacyl-[acyl-carrier-
protein] reductase (531 nt) 3-oxoacyl-
(acyl-carrier-protein) reductase (435 nt)

3-ureido-
isobutyrate

choline-sulfatase
(1860 nt)

3.2.1.1

a quinol

a peptide

a 1,2-diacyl-
sn-glycerol

dAMP

3.1.3.67

1.6.5.2

a 5,6-
dihydrouracil 20

in tRNA

L-homoserine

an (R)-3-hydroxydecanoyl-[acp]

ubiquinol-7

A

3-hydroxy-3-
methylglutaryl-
coenzyme A
reductase (3474
nt) Note(s): At
least one base
has a quality
score < 10

L-alanyl-tRNA ala

a 5 methylcytosine 34

in tRNA precursor

dolichyl-
phosphate beta-
glucosyltransferase
(1668 nt)

a tetrahydrofolate-
glutamate

hypothetical
protein (309
nt) peroxisomal
matrix protein
(501 nt) AhpC/
TSA family
protein (549 nt)
mitochondrial
peroxiredoxin
PRX1 (669 nt)

glutamate
biosynthesis III

a peptide

pyruvate

6.2.1.3

2.8.1.7

dihydrolipoyl
dehydrogenase
(1566 nt)

ADP

2.7.1.40

squalene

succinyl-CoA

3.6.1.5

cysteine desulfurase
(1503 nt)

4_-hydroxymethyl-
5_-cholesta-

8,24-dien-3`-ol

a long-chain
aldehyde

glutamyl-tRNA
synthetase (585

nt) glutamyl-
tRNA synthetase,

mitochondrial
(1506 nt)

glutamyl-tRNA
synthetase
(2130 nt)

D-myo-inositol
(1,3,4,5)-

tetrakisphosphate

L-cysteate

alcohol dehydrogenase (1059 nt)
alcohol dehydrogenase (1071 nt)
alcohol dehydrogenase (1107 nt)
alcohol dehydrogenase (960 nt)
alcohol dehydrogenase (1254 nt)
S-(hydroxymethyl)glutathione
dehydrogenase (1371 nt)
alcohol dehydrogenase (1026 nt)
alcohol dehydrogenase (1065 nt)

CDP

an apo glycine-
cleavage complex

H protein

5.3.3.-

tRNA
isopentenyltransferase
(1662 nt)

1.3.1.44

N-acetyl-D-
galactosamine-
6-phosphate

3-phospho-D-glycerate

nucleoside-
triphosphatase
ntp-1 (2271 nt)

hydroxypyruvate

4.3.2.-

4.4.1.8

phenylacetone

C-1-
tetrahydrofolate
synthase (2820 nt)

alpha-mannosidase
(594 nt) alpha-
mannosidase (3294 nt)

3-oxoacyl-(acyl-
carrier-protein)
reductase (435 nt)
3-oxoacyl-[acyl-
carrier-protein]
reductase (531 nt)
3-oxoacyl-[acyl-
carrier-protein]
reductase (843 nt)

1.1.1.270

spermidine

pyruvate
carboxylase
(3591 nt)

acetyl phosphate

1.14.13.149

3.1.4.4

deoxyribonuclease tatD (933 nt)

2.4.1.18

lanosterol

a protein

dehydrospermidine

ADP-ribose
pyrophosphatase
(648 nt)

conserved
hypothetical
protein (2286 nt)

L-arginino-succinate

malate
dehydrogenase
(996 nt) malate
dehydrogenase
(1023 nt)

L-tyrosine
decarboxylase
(1734 nt)
Note(s): At least
one base has a
quality score < 10

trans-6 2 -
decenoyl-CoA

a [protein]-
L-cysteine

2.8.1.8

trans-hex-2-
enoyl-CoA

a-butyrobetaine

4-imidazoleacetate

N-acetyl-D-
glucosamine
6-phosphate

IPP

succinate-
semialdehyde
dehydrogenase
(1500 nt)
aldehyde
dehydrogenase
(1491 nt)
Note(s): At least
one base has
a quality score
< 10 aldehyde
dehydrogenase
(1416 nt)
aldehyde
dehydrogenase
(471 nt) aldehyde
dehydrogenase
(1488 nt)

a-linolenoyl-CoA

choline

3.1.1.4

a phosphoprotein

2.4.2.1

a 3-oxo-
behenoyl-[acp]

a cis,cis-
delta13,31-
3-hydroxy
C50:2-[acp]

indole-3-
glycol aldehyde

triacylglycerol
lipase (1968 nt)
pentatricopeptide
repeat protein
(4065 nt)

1.1.1.34

1.1.1.100/2.3.1.85/2.3.1.86

APAF1-
interacting
protein (723 nt)

N2,N2-
dimethylguanosine
tRNA
methyltransferase
(2478 nt)

1.2.1.12

acetate

xanthine
dehydrogenase
(4215 nt)
aldehyde
oxidoreductase
(3669 nt)

1.1.1.100

pyruvate

3.1.8.1

acetate

5.4.2.4

sn-glycerol
3-phosphate

2.3.1.181

DETOXIFICATION

trans-oct-2-
enoyl-CoA

glutathione

1.1.1.170

phosphatidylinositol N-
acetylglucosaminyltransferase
GPI3 subunit (306 nt)

3.3.2.6

hydroxyacylglutathione
hydrolase (768 nt)

2.3.1.57

a cis,cis-delta5,17-
3-oxo-C36:2-[acp]

1.1.1.37

saccharopine
dehydrogenase
(1155 nt)

succinate-
semialdehyde
dehydrogenase
(1494 nt)
succinate-
semialdehyde
dehydrogenase
(2094 nt)

1-18:1-2-18:1-
phosphatidylethanolamine

5’-nucleotidase
(2022 nt)
conserved
hypothetical
protein (990 nt)

1.1.1.1

4.1.1.53

HORMONES
BIOSYNTHESIS

5.3.1.1

1.1.1.100

a tRNA precursor

maltohexaose

acetaldehyde

amidophosphoribosyltransferase
(1863 nt)

short-chain
specific acyl-CoA
dehydrogenase
(1644 nt)

6-hydroxy-D-
nicotine oxidase
(1428 nt)

a long-
linear glucan

L-aspartate-
semialdehyde

4-nitrophenol

a (3S)-3-
hydroxyacyl-CoA

a plastoquinol

(S)-3-methyl-2-
oxopentanoate

conserved
hypothetical
protein (1374
nt) averantin
oxidoreductase
(1572 nt)
cytochrome
P450-DIT2 (1506
nt) conserved
hypothetical
protein (1506 nt)

N-acetyltransferase
ats1 (306 nt)

L-dopa

met

2.5.1.72

2.6.1.2

3-octaprenyl-4-
hydroxybenzoate

4.2.1.19

dipeptidyl
aminopeptidase
B (2739 nt)

ITP

a protein

allysine

a peptide

2.3.1.85/2.3.1.86/4.2.1.59

ADP ribose
1’’-phosphate

2.1.1.137

hydrolase (894 nt)

4.2.1.au

purine nucleoside
phosphorylase
(732 nt) Note(s)
: At least one
base has a
quality score < 10

3.1.3.16

1.1.1.100/2.3.1.85/2.3.1.86

2.7.7.3

5-trans-3-oxo-
dodecenoyl-CoA

3.1.1.4

O-acetyl-L-serine

2-methylbutanol

mitochondrial
ATPase complex
subunit ATP10
(606 nt) ATP
synthase subunit
g (600 nt) ATP
synthase subunit
beta (1542 nt)
vacuolar ATP
synthase catalytic
subunit A (2181
nt) hypothetical
protein (360 nt)
vacuolar ATP
synthase subunit
B (1521 nt)
ATP synthase
subunit 5 (693
nt) vacuolar ATP
synthase subunit
E (720 nt) ATP
synthase delta
chain (498 nt)
ATP synthase
gamma chain
(894 nt) vacuolar
ATP synthase
subunit d (1092
nt) ATP synthase
subunit 4 (735
nt) ATPase
alpha subunit
(1398 nt) ATP
synthase D chain,
mitochondrial
(525 nt) vacuolar
ATP synthase 16
kDa proteolipid
subunit (486 nt)
hypothetical
protein (483
nt) vacuolar
ATP synthase
subunit c (597
nt) vacuolar
ATP synthase
subunit F (375
nt) vacuolar
ATP synthase
subunit c (1182
nt) conserved
hypothetical
protein (1512
nt) vacuolar ATP
synthase 98 kDa
subunit (2523
nt) ATPase H+
transporting V1
subunit D (546
nt) mitochondrial
F1F0 ATP
synthase
subunit (306 nt)

cys

L-cysteinyl-
tRNA cys

superoxide

superpathway of acetyl-
CoA biosynthesis

a purine
ribonucleoside

a [glycine-
cleavage complex

H protein] N 6 -
lipoyl-L-lysine

1.4.1.2

threonine
synthase
(1611 nt)

1.1.1.-

2-hexaprenyl-6-
methoxyaminobenzene

guanine

AMP

a 1,4-_-D-glucan

2.5.1.39

phenylacetone
monooxygenase
(1812 nt)

ubiquinone/
menaquinone
biosynthesis
methyltransferase
ubiE (843 nt)
Note(s): At least
one base has a
quality score < 10

maltose

CTP

7,8-dihydrofolate

6.2.1.1

1.14.13.1

UDP-_-D-glucose

2.7.7.18

(S)-3-methyl-2-
oxopentanoate

3-ketoacyl-CoA
thiolase (1266
nt) 3-ketoacyl-
CoA thiolase
B (1260 nt) 3-
ketoacyl-CoA
thiolase (1254
nt) 3-ketoacyl-
CoA thiolase
B (1242 nt)

a 1-phosphatidyl-
1D-myo-inositol

4-phosphate

a long-chain
fatty acid

5.1.99.4

a sulfurated
[sulfur carrier]

L-seryl-tRNA sec

glycerol-3-
phosphate O-
acyltransferase
(2244 nt)
conserved
hypothetical
protein (2376 nt)

trehalose
biosynthesis I

alcohol
dehydrogenase
(1059 nt) alcohol
dehydrogenase
(1071 nt)

hypothetical
protein (1365 nt)
phosphoglucomutase
(2289 nt)

3,4-dihydroxy-
5-all-trans-

hexaprenylbenzoate

alcohol
dehydrogenase
(1059 nt) alcohol
dehydrogenase
(1071 nt) alcohol
dehydrogenase
(1107 nt) alcohol
dehydrogenase
(960 nt) alcohol
dehydrogenase
(1254 nt) S-
(hydroxymethyl)
glutathione
dehydrogenase
(1371 nt) alcohol
dehydrogenase
(1026 nt) alcohol
dehydrogenase
(1065 nt)

aldehyde
dehydrogenase
(1491 nt)
Note(s): At least
one base has
a quality score
< 10 succinate-
semialdehyde
dehydrogenase
(1500 nt)

a tRNA precursor
with a 5’

extension and a
short 3’ extension

conserved
hypothetical
protein (1428
nt) neutral
ceramidase
(2292 nt)

conserved
hypothetical
protein (687 nt)

NADH

C-1-tetrahydrofolate
synthase (2820 nt)

UTP

3-hydroxy-
N 6 ,N 6 ,N 6 -

trimethyl-L-lysine

2.5.1.103

an aldehyde

3.6.1.52

24-methylenelophenol

glucose-6-
phosphate 1-
dehydrogenase
(1533 nt)

gly

L-homoserine

a cis,cis-delta7,25-
3-hydroxyC44:2-

[acp]

CDP-choline

dihydroorotase
(1122 nt)

2-oxoglutarate

1.1.1.12

trans-caffeate

FAD binding
domain-
containing
protein (1887 nt)

2.7.1.48

galactinol

ALDEHYDE DEGRADATION

4.2.99.18

N3-methylcytosine

3.5.3.1

2.7.7.-

3-(2-propenoic
acid)-o-

benzoquinone

L-glutamate
5-phosphate

NAD salvage pathway I

glyoxalase/
bleomycin
resistance protein/
dioxygenase
(465 nt)

met

glutamate
carboxypeptidase
(2295 nt) glutamate
carboxypeptidase
(2694 nt)

1.8.1.4

(deoxynucleotides)
(m)

ammonium

an S-sulfanyl-[cysteine
desulfurase]-[disordered-

form scaffold
protein] complex

aldehyde reductase
(1044 nt)

choloyl-CoA

2-oxo-4-
methylthiobutanoate

amidase (807 nt)

nicotinamide

DHAP

3.6.1.19

a holo-[acyl-
carrier protein]

thiamin
diphosphate
biosynthesis

IV (eukaryotes)

6.3.2.17

D-4’-
phosphopantothenate

pro

an acyl-CoA

4.1.1.1

uracil

peroxidase (3366
nt) predicted
protein (3894 nt)

glutamate
synthase (2415
nt) glutamate
synthase small
chain (1392 nt)

6.3.4.2

4.2.1.20

3.2.1.21

farnesyl
pyrophosphate
synthetase
(1041 nt)
geranylgeranyl
pyrophosphate
synthetase
(1224 nt)

a [protein]-N 4 -
(N-acetyl-`-D-
glucosaminyl)
-L-asparagine

dolichyl
pyrophosphate
Man9GlcNAc2
alpha-1,3-
glucosyltransferase
(2157 nt)

L-cystathionine

succinate

eicosatrienoate

PAPS

1-dodecanol

a 3-oxo-pimeloyl-
[acp] methyl ester

3.4.21.105

1.14.19.3

1.1.1.2

2.7.13.3

1.3.1.-

2.1.1.-

5-enolpyruvyl-
shikimate 3-
phosphate

XMP

cyclic
pyranopterin
phosphate

dATP

a DsrEFH complex

glycerol-3-
phosphate
dehydrogenase
(2106 nt) glycerol-
3-phosphate
dehydrogenase
(2121 nt)

CO
2

NAD +

synaptic
glycoprotein
SC2 (942 nt)
trans-2-enoyl-
CoA reductase
(1245 nt)

4-methyl-5-(`-
hydroxyethyl)

thiazole

1.1.1.178

argininosuccinate
synthase (1242 nt)

3-hexaprenyl-4-
hydroxybenzoate

glycerol-3-phosphate O-
acyltransferase (1746 nt) glycerol-
3-phosphate O-acyltransferase
(2244 nt) conserved
hypothetical protein (2376 nt)

1.1.1.274

1.17.4.1

a protein-
L-tyrosine
phosphate

2.3.1.54

a phosphatidylcholine

purine nucleoside
phosphorylase
(732 nt) Note(s): At
least one base has
a quality score < 10

glycerol

a 3-oxo-
petroslinoyl-[acp]

geranyl
diphosphate
biosynthesis

4-hydroxyphenylpyruvate

6.2.1.3

hexokinase (1284
nt) glucokinase
(1551 nt)

leukotriene B
4

NADH

D-amino-acid
oxidase (1005 nt)
Note(s): At least
one base has a
quality score < 10

5-cis-
tetradecenoyl-CoA

1.14.19.-

MAP kinase
kinase kinase
wis4 (4146 nt)

an oxidized  c-
type cytochrome

a 5,6-
dihydrouracil 47

in tRNA

a purine
ribonucleoside

spermidine
biosynthesis I

coenzyme A

4_-formyl-
4`-methyl-

5_-cholesta-
8-en-3`-ol

tRNA lys

1.3.1.70

(S)-malate

sn-glycerol
3-phosphate

a monocarboxylate

D-arabinitol 2-
dehydrogenase
(1116 nt)

alanine-glyoxylate
aminotransferase
(1482 nt)
Note(s): At least
one base has a
quality score < 10

1.10.2.2

sucrose 6 F -phosphate

NAD-dependent epimerase/
dehydratase (855 nt) fatty
acid synthase subunit beta
dehydratase (6261 nt)
fatty acid synthase subunit
alpha reductase (5652 nt)
Note(s): At least one base
has a quality score < 10
2-deoxy-D-gluconate 3-
dehydrogenase (771 nt)
fatty acid synthase (7770
nt) 2-succinylbenzoate-
CoA ligase (1782 nt)
3-oxoacyl-[acyl-carrier-
protein] reductase (843
nt) 3-oxoacyl-[acyl-carrier-
protein] reductase (531
nt) 3-oxoacyl-(acyl-carrier-
protein) reductase (435 nt)

2.5.1.18

NAD +

threonine
degradation

III (to
methylglyoxal)

maltotriose

2.4.2.1

peroxisomal NADH
pyrophosphatase
NUDT12 (1272 nt)

UMP

a peptide

[DsrC] persulfide

`-D-glucose
6-phosphate

_-D-glucose
6-phosphate

pro

kynureninase (1449 nt)

DHAP

4-aminobenzoate

13-DPG

MBOAT family
protein (1668 nt)

2.1.1.71

1.1.1.35

2.2.1.1

episterol

homoserine
acetyltransferase
family protein (378
nt) homoserine O-
acetyltransferase
(1440 nt)
homoserine O-
acetyltransferase
(1650 nt)
Note(s): At least
one base has a
quality score < 10

a `-D glucan

3.1.2.2

CO
2

3.1.4.17

5-aminopentanal

2.5.1.10

a holo-[acyl-
carrier protein]

cys

nucleoside diphosphate
kinase (459 nt) Note(s)
: At least one base has
a quality score < 10

alcohol dehydrogenase
(1059 nt) alcohol
dehydrogenase (1071 nt)

indoleamine 2,3-
dioxygenase
family protein
(1503 nt)

met

xylitol

L-glutamate-5-
semialdehyde

all-trans-retinol

thiocyanate

2.8.1.6

protoheme IX

a peptide

2.7.7.9

C-4 methylsterol
oxidase (735 nt)
C-4 methylsterol
oxidase (552 nt)

a CDP-
diacylglycerol

D-3-
phosphoglycerate
dehydrogenase
(1827 nt) D-3-
phosphoglycerate
dehydrogenase
(1425 nt)
Note(s): At least
one base has a
quality score < 10

cytochrome b-c1
complex subunit
Rieske (753 nt)

succinate
semialdehyde

malate synthase
(1620 nt)

3-ureidopropionate

2.7.11.2

ethanol
degradation IV

phosphomethylpyrimidine
kinase (1674 nt)

nucleoside-
triphosphatase
ntp-1 (2271 nt)

a dipeptide

acrylonitrile
degradation II

6.1.1.10

F6P

sporulation
protein SPS19
(954 nt)

val

adenine and
adenosine
salvage II

4.2.1.11 cystathionine
gamma-lyase
(1257 nt)

(R)-lipoate

SAM

pentafunctional
AROM
polypeptide
(4572 nt)

hydroxymethylpyrimidine

a phosphatidylcholine

NADP +

dGTP

4-hydroxy-
2-nonenal

detoxification

1.2.1.79

2.7.7.18

1.1.1.1

pyruvate

dimethylaniline
monooxygenase
(1587 nt)

a holo-[acyl-
carrier protein]

propane-
1,3-diamine

dADP

3.4.21.92

2.5.1.3

1.3.1.10/1.3.1.39/2.3.1.85/2.3.1.86

aldehyde
reductase
(1044 nt)

6.2.1.1

a short glucan

2.5.1.-

3-methoxy-4-
hydroxy-5-all-trans-
nonaprenylbenzoate

NAD(P)H

a cis,cis-delta19-
37-C56:2-[acp]

2.7.4.2

a [protein]-L-lysine

a 1,2-diacyl-
sn-glycerol

formate

3-demethylubiquinone-
9 3-methyltransferase
(600 nt)

_-D-galactose

gamma-glutamyl
phosphate
reductase
(1368 nt)

phosphatidylinositol-
4-phosphate 5-
kinase fab1 (7530 nt)

(3R)-linalool

2.5.1.3 3.2.1.21

alcohol oxidase
(1269 nt) alcohol
oxidase (1815 nt)

hypothetical
protein (1203 nt)
Note(s): At least
one base has a
quality score < 10

6-methoxy-3-
methyl-2-all-trans

-heptaprenyl-
1,4-benzoquinol

F6P

2.4.1.173

phenylacetonitrile

(S)-3-
hydroxyoctanoyl-

CoA

4.3.1.19

1.1.1.1

3-oxoacyl-(acyl-
carrier-protein)
reductase (435 nt) 3-
oxoacyl-[acyl-carrier-
protein] reductase
(531 nt) 3-oxoacyl-
[acyl-carrier-protein]
reductase (843 nt) 2-
deoxy-D-gluconate
3-dehydrogenase
(771 nt) NAD-
dependent epimerase/
dehydratase (855 nt)

cis-aconitate

phe

conserved
hypothetical
protein (726 nt)

AICAR

2.1.1.201

2-carboxy-5-oxo-
2,5-dihydrofuran-

2-acetate

phosphoacetylglucosamine
mutase (1647 nt)

3-oxoacyl-(acyl-
carrier-protein)
reductase (435 nt)
3-oxoacyl-[acyl-
carrier-protein]
reductase (531 nt)
3-oxoacyl-[acyl-
carrier-protein]
reductase (843
nt) 2-deoxy-
D-gluconate 3-
dehydrogenase
(771 nt) NAD-
dependent
epimerase/
dehydratase
(855 nt)

4.1.3.40

an L-1-
phosphatidyl-
ethanolamine

acetyl-/propionyl-
coenzyme A
carboxylase alpha
chain (3612 nt)

docosahexaenoate

3.5.99.c

propionyl-CoA

anthranilate

perillate

catechol O-
methyltransferase
(879 nt)

1.2.1.38

glycogen
phosphorylase
(2634 nt)

6.3.4.2

2.7.1.151

1.3.8.7

choline

a butyryl-[acp]

glycogen
debranching
enzyme (4479 nt)
Note(s): At least
one base has a
quality score < 10

C-4 methylsterol
oxidase (735 nt)
C-4 methylsterol
oxidase (552 nt)

glyoxylate

3.4.24.59

6.2.1.-

arachidoyl
dodecanoate

1.7.7.2

3.1.1.5

H +

conserved
hypothetical
protein (1230 nt)

carbonic anhydrase (849 nt)
carbonic anhydrase (768

nt) carbonic anhydrase (444
nt) Note(s): At least one

base has a quality score < 10

a cholesterol ester

maltose

dTMP

4.1.99.18

2.1.2.1

a peptide

coproporphyrinogen
III oxidase (1365 nt)

2.7.2.3

isoleucine
degradation I

trehalose-phosphatase
(2766 nt) trehalose-
phosphatase (2823
nt) Note(s): At
least one base has
a quality score < 10

C-4 methylsterol
oxidase (735 nt)
C-4 methylsterol
oxidase (552 nt)

2.4.1.1

a double
stranded DNA

3-ketoacyl-CoA
thiolase (1266
nt) 3-ketoacyl-
CoA thiolase
B (1260 nt) 3-
ketoacyl-CoA
thiolase (1254
nt) 3-ketoacyl-
CoA thiolase
B (1242 nt)

a D-glucosyl-N-
acylsphinganine

nucleoside
diphosphate
kinase (459 nt)
Note(s): At least
one base has a
quality score < 10

glycine
biosynthesis III

a lipid-linked
oligosaccharide

coproporphyrinogen III

an oxidized  c-
type cytochrome

3.6.1.5

2.3.1.-

valyl-tRNA
synthetase
(3156 nt)

1.1.1.2

acyl-activating enzyme
(312 nt) elongation
of fatty acids protein
(1053 nt) D-alanine-
poly(phosphoribitol)
ligase subunit 1
(3078 nt) long-chain-
fatty-acid-CoA ligase
(3516 nt) long-chain-
fatty-acid-CoA ligase
(2124 nt) fatty acid
transporter protein
(1932 nt) long-
chain-fatty-acid-
CoA ligase (2100 nt)
long-chain-fatty-acid-
CoA ligase (2007 nt)

leukotriene A
4

glycine
dehydrogenase

(3552 nt)

3.1.1.1

carboxypeptidase
Y (1653 nt)

oxaloacetate

amidophosphoribosyltransferase
(1863 nt)

(E)-2-
benzylidenesuccinyl-

CoA

2.1.1.201

2.1.1.64

biotin carboxylase
(2001 nt) acetyl-
CoA carboxylase
(6819 nt)

anthranilate
phosphoribosyltransferase
(1269 nt)

glt

an alcohol

a [protein]-S-
farnesyl-L-cysteine

1.1.1.270

acetate

acetyl-CoA

nicotinate
phosphoribosyltransferase

(1482 nt)

inosine-5’-
monophosphate
dehydrogenase
IMD2 (1647 nt)

a holo-[acyl-
carrier protein]

3-hydroxy-L-kynurenine

CELL
STRUCTURES

BIOSYNTHESIS

6.3.4.3

glt

inositol
monophosphatase
(912 nt)

ile

conserved
hypothetical
protein (1266 nt)

3.6.1.65

2.1.1.216

1.1.1.1

2.7.4.9/2.7.4.12/2.7.4.13

5-cis, 7-
trans-3-oxo-

tetradecadienoyl-
CoA

an aldehyde

ketol-acid
reductoisomerase
(402 nt) Note(s)
: At least one
base has a
quality score < 10

an adenosine 34

in [tRNA Arg2 ]

superpathway of
geranylgeranyldiphosphate

biosynthesis I (via mevalonate)

2.7.1.40

6.3.2.1

1.2.1.3

GTP

long-chain-fatty-acid-CoA
ligase (2007 nt) long-chain-
fatty-acid-CoA ligase (2100
nt) fatty acid transporter
protein (1932 nt) long-
chain-fatty-acid-CoA ligase
(2124 nt) long-chain-fatty-
acid-CoA ligase (3516 nt) D-
alanine-poly(phosphoribitol)
ligase subunit 1 (3078 nt) 2-
succinylbenzoate-CoA ligase
(1782 nt) acyl-coenzyme A
synthetase ACSM5 (1689
nt) elongation of fatty
acids protein (1053 nt) acyl-
activating enzyme (312 nt)

glucosamine
6-phosphate
synthetase (1179
nt) glucosamine-
fructose-6-
phosphate
aminotransferase
(1467 nt)

_-D-glucose
1-phosphate

a monoamine

2-methoxy-6-all
trans-hexaprenyl-
2-methoxy-1,4-

benzoquinol

a peptide

8-amino-7-
oxononanoate

hexanoyl-CoA

aldehyde
reductase (942 nt)

2.5.1.49

6-hydroxymethyl-
7,8-dihydropterin

2.3.1.-

a phosphoprotein

thiamin

gly

gly

citrate synthase (1425 nt) 2-
methylcitrate synthase (1410 nt)

flavin biosynthesis
III (fungi)

a cis,cis-
delta19,37-3-

oxo-C56:2-[acp]

a carboxylated-
biotinylated

[BCCP dimer]

a plastoquinone

NAD-dependent epimerase/
dehydratase (855 nt) fatty
acid synthase subunit beta
dehydratase (6261 nt)
fatty acid synthase subunit
alpha reductase (5652 nt)
Note(s): At least one base
has a quality score < 10
2-deoxy-D-gluconate 3-
dehydrogenase (771 nt)
fatty acid synthase (7770
nt) 2-succinylbenzoate-
CoA ligase (1782 nt)
3-oxoacyl-[acyl-carrier-
protein] reductase (843
nt) 3-oxoacyl-[acyl-carrier-
protein] reductase (531
nt) 3-oxoacyl-(acyl-carrier-
protein) reductase (435 nt)

a 2,3,4-saturated
fatty acyl CoA

GTP

phosphorylase
family protein
(936 nt)

UDP

2.4.1.186

cytochrome P450
monooxygenase
(1701 nt)

nitrate

1.13.12.1

_-linolenate

conserved
hypothetical
protein (1374
nt) averantin
oxidoreductase
(1572 nt)
cytochrome
P450-DIT2 (1506
nt) conserved
hypothetical
protein (1506 nt)

3.1.1.47

prephenate

carboxylesterase
(1815 nt)

5.3.3.5

4-nitrophenyl
phosphate

adenylo-succinate

1.2.1.3

2.7.4.6

methylmalonate-
semialdehyde
dehydrogenase
(1761 nt)

neutral alpha-
glucosidase
AB (2910 nt)

3.2.1.3

1.14.19.-

glyoxylate
reductase (1026
nt) 2-hydroxyacid
dehydrogenase
(1107 nt)
Note(s): At least
one base has a
quality score < 10

2.4.1.173

3.2.1.6

sphingolipid
biosynthesis

(yeast)

tRNA leu

pyruvate

2.7.11.21

2.6.1.42

2-dehydropantoate
2-reductase
(1032 nt) 2-
dehydropantoate
2-reductase (1062
nt) conserved
hypothetical
protein (1500 nt)

UDP

a 1-acyl-sn
-glycerol 3-
phosphate

a (R)-3-hydroxydodecanoyl-[acp]

normetanephrine

6,7-
dehydrobaicalein

gln

linamarin

3.5.4.25

superpathway
of cholesterol
biosynthesis

a phosphorylated
branched-chain

2-keto acid
dehydrogenase

a 1,3-_-D-glucan

carboxylesterase
(1815 nt)

selenate
reduction

UDP-Galf

2.7.4.6

succinate
semialdehyde

phenylacetate

(R)-lactate

3.5.3.6

3.6.4.6

a [protein]-
(L-serine/L-
threonine)

D-glyceraldehyde
3-phosphate

a ferricytochrome
b

5

2.3.1.86/2.3.1.-

3’-dephospho-CoA

norcotinine

3.7.1.2

NADPH
dehydrogenase
(1263 nt) NADPH
dehydrogenase
(1230 nt)
Note(s): At least
one base has a
quality score < 10

a trans2,cis-5-
dienoyl-CoA

CMP

dihydrolipoyl
dehydrogenase

(1566 nt)

6.2.1.-

diphthine
synthase (858 nt)

glutamate-1-
semialdehyde
2,1-aminomutase
(795 nt)

a holo-[acyl-
carrier protein]

guanosine

1.1.5.-

a 1,3-`-D-glucan

2.7.1.40

dCDP

1.14.13.-

3-phospho-
D-glycerate

ATP

4.1.1.28

6-phosphofructo-
2-kinase (1605
nt) fructose-2,6-
bisphosphatase
(1449 nt)

branched-chain-
amino-acid
aminotransferase
(1167 nt)
branched-chain-
amino-acid
aminotransferase
(1233 nt)

a tau protein

2.4.1.13

a malonyl-[acp]

dihydrolipoamide

undecaprenyldiphospho-
N-acetylmuramoyl-L-

alanyl-a-D-glutamyl-meso
-2,6-diaminopimeloyl-

D-alanyl-D-alanine

a protein

6.5.1.3

3.1.2.4

2.7.1.1

6.1.1.3

L-cystine

4.1.2.13

tributyrin

succinate-
semialdehyde
dehydrogenase
(2094 nt)
succinate-
semialdehyde
dehydrogenase
(1494 nt)

2-carboxymethyl-3-
hydroxyphenylpropionyl-CoA

UMP

phospho-2-
dehydro-3-
deoxyheptonate
aldolase (1122
nt) phospho-
2-dehydro-3-
deoxyheptonate
aldolase (1371
nt) phospho-
2-dehydro-3-
deoxyheptonate
aldolase (1077 nt)

3.1.4.2

D-glyceraldehyde
3-phosphate

pyridoxal
reductase (984 nt)

D-threo-isocitrate

a [protein]-
L-asparagine

2.4.1.80

2.4.2.1

2.3.1.179

a 1-phosphatidyl-
1D-myo-inositol

4,5-bisphosphate

glycyl-tRNA gly

dihydrolipoyl
dehydrogenase

(1566 nt)

(R)-2,3-dihydroxy-
3-methylpentanoate

C-4 methylsterol
oxidase (735 nt)
C-4 methylsterol
oxidase (552 nt)

an [apo BCAA
dehydrogenase
E2 protein] N 6

-lipoyl-L-lysine

3-oxoacyl-(acyl-
carrier-protein)
reductase (435 nt)
3-oxoacyl-[acyl-
carrier-protein]
reductase (531 nt)
3-oxoacyl-[acyl-
carrier-protein]
reductase (843
nt) 2-deoxy-
D-gluconate 3-
dehydrogenase
(771 nt) NAD-
dependent
epimerase/
dehydratase
(855 nt)

2-(1,2-epoxy-1,2-
dihydrophenyl)

acetyl-CoA

a cis-delta21-3-
hydroxyC40:1-[acp]

3’,5’-bisphosphate
nucleotidase
(1059 nt)

enoyl-CoA
hydratase
(399 nt) enoyl-
CoA hydratase/
isomerase
family protein
(801 nt) enoyl-
CoA hydratase/
isomerase family
protein (948 nt)
carnitinyl-CoA
dehydratase
(876 nt) enoyl-
CoA hydratase
(894 nt)

UDP

1.1.1.100/2.3.1.85/2.3.1.86

ATP NAD
kinase (2001
nt) ATP NAD
kinase (1236 nt)

a 1-phosphatidyl-
1D-myo-inositol

3,4-bisphosphate

a protein

a ubiquitin

phytanoyl-CoA

an alcohol

S-(2-hydroxyacyl)
glutathione

4-aminobutanoate

`-D-glucose

a glucosyl-
(mannosyl)

9
-(N-

acetylglucosaminyl)
2-diphosphodolichol

peroxidase (3366
nt) predicted
protein (3894 nt)

2.3.1.9

a cis,cis-delta9,27-
3-hydroxyC46:2-

[acp]

arachidonate

3.1.8.1

UDP-glucose:sterol
glycosyltransferase
(4032 nt) conserved
hypothetical
protein (2787 nt)

DNA
n

a 5’-(N 7 -methyl 5’-
triphosphoguanosine)

-purine-[mRNA]

purine nucleoside
phosphorylase
(732 nt) Note(s)
: At least one
base has a
quality score < 10

succinate

3-dehydro-4-
methylzymosterol

serine
palmitoyltransferase
(1527 nt) serine
palmitoyltransferase
(2055 nt)

molybdenum
cofactor sulfurase
(2664 nt)

3-decaprenyl-4-
hydroxybenzoate

acetate

NAD(P)H

conserved
hypothetical
protein (2460 nt)
Note(s): At least
one base has a
quality score < 10

a [glycine-
cleavage complex

H protein] N 6 -
lipoyl-L-lysine

3-ketoacyl-CoA thiolase (1266 nt)
3-ketoacyl-CoA thiolase B (1260 nt)
3-ketoacyl-CoA thiolase (1254 nt)

3-ketoacyl-CoA thiolase B (1242 nt)

1.2.1.79

1.14.11.33

2-methylcitrate
dehydratase
(1686 nt)

4.2.1.11

1.14.13.-

4,4-dimethyl-
5-_-cholesta-

8,14-dien-3-`-ol

ribonucleoside-
diphosphate
reductase large
chain (2637 nt)
ribonucleotide
reductase
R2 subunit
variant (978 nt)

4.2.3.1

2.1.1.64

ATP-dependent RNA helicase
dbp6 (2448 nt) ATP-dependent
RNA helicase DHH1 (1548 nt)
ATP-dependent RNA helicase
ROK1 (2265 nt) pre-mRNA-
splicing factor ATP-dependent
RNA helicase PRP2 (3222 nt)
Note(s): At least one base has a
quality score < 10 ATP-dependent
RNA helicase MAK5 (2316 nt)
ATP-dependent RNA helicase
DOB1 (3243 nt) ATP-dependent
RNA helicase FAL1 (1227 nt)
ATP-dependent RNA helicase
DBP7 (1542 nt) ATP-dependent
RNA helicase DBP2 (1644 nt)
pre-mRNA-splicing factor ATP-
dependent RNA helicase PRP43
(3807 nt) ATP-dependent
RNA helicase drs1 (2508 nt)
pre-mRNA-splicing factor brr2
(6684 nt) pre-mRNA-splicing
factor ATP-dependent RNA
helicase PRP2 (3576 nt) ATP-
dependent RNA helicase SUB2
(1404 nt) helicase required for
RNAi-mediated heterochromatin
assembly 1 (3246 nt) ATP-
dependent RNA helicase DBP10
(2718 nt) ATP-dependent RNA
helicase DBP4 (2451 nt) pre-
mRNA-splicing ATP-dependent
RNA helicase PRP28 (2412
nt) pre-mRNA-processing ATP-
dependent RNA helicase prp5
(1599 nt) pre-mRNA-splicing
factor ATP-dependent RNA
helicase PRP43 (2307 nt) ATP-
dependent RNA helicase dbp7
(2349 nt) pre-mRNA-splicing
factor ATP-dependent RNA
helicase prp22 (3675 nt) ATP-
dependent rRNA helicase SPB4
(1926 nt) ATP-dependent RNA
helicase DBP8 (1632 nt) DEAD-
box ATP-dependent RNA
helicase (960 nt) Note(s): At least
one base has a quality score < 10
ATP-dependent RNA helicase
DQX1 (2652 nt) ATP-dependent
RNA helicase DED1 (2052 nt)
pre-mRNA-splicing factor ATP-
dependent RNA helicase PRP43
(2064 nt) ATP-dependent
RNA helicase DBP3 (1461 nt)
ATP-dependent RNA helicase
DBP9 (1824 nt) nucleoside-
triphosphatase ntp-1 (2271 nt)

a protein

GTP

a (R)-3-
hydroxylignoceroyl-

[acp]

2.1.3.3

pyridoxamine
5’-phosphate
oxidase (1188 nt)
Note(s): At least
one base has a
quality score < 10

1.3.8.7

a standard
_ amino acid

5’-nucleotidase
(2022 nt)
conserved
hypothetical
protein (990 nt)

a monoamide of
a dicarboxylate

a cis-delta15-3-
oxo-C34:1-[acp]

xylitol

a tRNA
precursor with
a 5’ extension

1,2-dibutyrin

L-aspartate-
semialdehyde

3.1.1.17

dolichyl-phosphate
mannosyltransferase
polypeptide 2 (243 nt)
dolichol-phosphate
mannosyltransferase
(840 nt)

oxaloacetate

6.3.1.2

4-aminobutyrate
aminotransferase
(858 nt) Note(s)
: At least one
base has a
quality score < 10

6.5.1.4

6.3.5.6

GGPP

dihomo a-linolenoyl-
2-enoyl-CoA

HMP-PP

a peptide

3-hydroxyadipyl-
CoA

3.5.4.10

acyl-activating enzyme (312
nt) elongation of fatty acids
protein (1053 nt) D-alanine-
poly(phosphoribitol) ligase
subunit 1 (3078 nt) long-
chain-fatty-acid-CoA ligase
(3516 nt) long-chain-fatty-
acid-CoA ligase (2124
nt) fatty acid transporter
protein (1932 nt) long-
chain-fatty-acid-CoA ligase
(2100 nt) long-chain-fatty-
acid-CoA ligase (2007 nt)

asn

conserved
hypothetical
protein (1044 nt)

OPC8-3-
hydroxyacyl-CoA

dihydroxyacetone
kinase (1803 nt)

asn

cysteine desulfurase
(1503 nt)

an acyl-CoA

4.99.1.7

guanine 37

in tRNA Phe

heme
biosynthesis from
uroporphyrinogen-

III II (anaerobic)

superpathway of lipoate
biosynthesis and incorporation

(PDH, KGDH, GCV, yeast)

glutaminyl-tRNA
synthetase
(2154 nt)

3-oxoacyl-(acyl-
carrier-protein)
reductase (435 nt) 3-
oxoacyl-[acyl-carrier-
protein] reductase
(531 nt) 3-oxoacyl-
[acyl-carrier-protein]
reductase (843 nt) 2-
deoxy-D-gluconate
3-dehydrogenase
(771 nt) NAD-
dependent epimerase/
dehydratase (855 nt)

3.1.26.3

2.3.2.2

1.18.1.2

N-acetylglucosaminyl-
phosphatidylinositol
de-N-acetylase (918 nt)

3-ketoacyl-CoA
thiolase (1266
nt) 3-ketoacyl-
CoA thiolase
B (1260 nt) 3-
ketoacyl-CoA
thiolase (1254
nt) 3-ketoacyl-
CoA thiolase
B (1242 nt)

2.3.1.16

2.3.1.179

coenzyme A

1.14.13.-

guanylate
kinase (636 nt)

a cis,cis-delta5,23-
C42:2-[acp]

3.1.4.2/3.1.4.46

3.4.11.5

an acetyl-[acp]

glutamate
synthase small
chain (1392
nt) glutamate
synthase
(2415 nt)

1.14.11.33

a triacyl-sn
-glycerol

all-trans-
retinyl palmitate

UMP

a cis-delta21-3-
oxo-C40:1-[acp]

serine 3-
dehydrogenase
(747 nt) Note(s)
: At least one
base has a
quality score < 10

4_-formyl-4`-
methyl-5_-

cholesta-8,24-
dien-3`-ol

5,10-
methylenetetrahydrofolate

S-acetyldihydrolipoamide

enoyl-CoA hydratase/
isomerase family protein
(801 nt) enoyl-CoA
hydratase/isomerase
family protein (948 nt)

5’-nucleotidase
(2022 nt) conserved
hypothetical
protein (990 nt)

a cis,cis-
delta19,37-3-

oxo-C56:2-[acp]

(2-trans-6-trans
)-farnesoate

a negatively
supercoiled DNA

palmitate

D-glucopyranuronate

tRNA splicing 2’
phosphotransferase
(1023 nt)

oxaloacetate

2-oxo-3-
phenylpropanoate

2.1.1.43

ketol-acid
reductoisomerase
(402 nt) Note(s)
: At least one
base has a
quality score < 10

eicosatetraenoate

1.16.1.7

2.1.2.1

a peptide

1.1.1.1

dehydro-D-
arabinono-
1,4-lactone

biosynthesis

1.1.3.20

mitochondrial
NADP-specific
isocitrate
dehydrogenase
(702 nt)

an N terminal
N,N-dimethyl-
PPK-[protein]

DNA
methyltransferase
Dim-2 (4116 nt)
C-5 cytosine
methyltransferase
DmtA (1962 nt)

2,4-dinitrophenyl-
S-glutathione

beta-lactamase
(1212 nt)

conserved
hypothetical
protein (1239 nt)
cytochrome P450
4F5 (1671 nt)

24-ethylidenelophenol

NAD(P) transhydrogenase (3261 nt)

fatty acid synthase
subunit beta
dehydratase (6261 nt)
fatty acid synthase
subunit alpha reductase
(5652 nt) Note(s): At
least one base has a
quality score < 10 fatty
acid synthase (7770
nt) 2-succinylbenzoate-
CoA ligase (1782 nt)

3.6.1.5

a D-glucosyl-N-
acylsphinganine

pseudouridine

sorbitol dehydrogenase
(1074 nt)

(Z)-phenylacetaldehyde
oxime

fatty acid `-
oxidation III

(unsaturated,
odd number)

DNA polymerase IV (3483
nt) DNA repair protein
rad5 (3564 nt) DNA repair
protein rad50 (3843 nt)

N 2 -dimethylguanine 26

/N 2 -methylguanine 27

a peptide with
N-terminal L-
methionine

2.3.1.41/2.3.1.85/2.3.1.86

dUMP

dGDP

D-ribulose
5-phosphate

a cytosine 49

in tRNA

a 2-oxo
carboxylate

2.1.1.6

lipoate
salvage I

NADH

2’-deoxyuridine

cis-homoaconitate

dUDP

ADP-_-D-glucose

conserved
hypothetical

protein (2232
nt) beta-

hexosaminidase
(2748 nt) beta-
hexosaminidase
(1812 nt) beta-
hexosaminidase

(1800 nt)

2.1.1.215

1.6.5.9

val

4-aminobutanoate

CTP

salicylate
hydroxylase
(1392 nt)
monoxygenase
(1134 nt)

5’-nucleotidase
(2022 nt)
conserved
hypothetical
protein (990 nt)

4-aminobutyrate
aminotransferase
(858 nt) Note(s)
: At least one
base has a
quality score < 10

lanosterol

a biotinylated
[BCCP monomer]

4.3.2.2

3-hydroxyisobutyryl-
CoA hydrolase (1536 nt)

3.2.1.33

4.1.1.43

a 1,3-_-D-glucan

D-gluconate

RNA

a primary alcohol

1.1.1.179

a 3-oxo-myristoyl-[acp]

asp

glt

an oxidized
flavoprotein

1.1.1.3

glycerol

a cis,cis-delta5,17-
C36:2-[acp]

arsenate

acetylglutamate
kinase (2715 nt)

glyoxylate

1.1.1.306

nitriteglycolate

gamma-
glutamyltranspeptidase
(1782 nt) gamma-
glutamyltranspeptidase
(1815 nt)

NAD-dependent epimerase/
dehydratase (855 nt) fatty
acid synthase subunit beta
dehydratase (6261 nt)
fatty acid synthase subunit
alpha reductase (5652 nt)
Note(s): At least one base
has a quality score < 10
2-deoxy-D-gluconate 3-
dehydrogenase (771 nt)
fatty acid synthase (7770
nt) 2-succinylbenzoate-
CoA ligase (1782 nt)
3-oxoacyl-[acyl-carrier-
protein] reductase (843
nt) 3-oxoacyl-[acyl-carrier-
protein] reductase (531
nt) 3-oxoacyl-(acyl-carrier-
protein) reductase (435 nt)

5’-nucleotidase
(2022 nt)
conserved
hypothetical
protein (990 nt)

tyr

a peptide

4-tyrosol

neutral trehalase
(2202 nt) neutral
trehalase (2136
nt) acid trehalase
(3204 nt)

coenzyme A

1-phosphatidylinositol-
4,5-bisphosphate
phosphodiesterase
(3486 nt)

cystathionine
beta-synthase
(1536 nt)

4.2.1.119

guanine 26

/guanine 27

in tRNA

3.4.11.1

malate
dehydrogenase
(996 nt) malate
dehydrogenase
(1023 nt)

1.3.5.4

catechol O-
methyltransferase
(879 nt)

adenylyl-sulfate
kinase (645 nt)

threonine
biosynthesis

2.4.1.25

conserved
hypothetical
protein (2286 nt)

ATP

gln

chenodeoxycholoyl-
CoA

long-chain-fatty-acid-CoA
ligase (2007 nt) long-chain-
fatty-acid-CoA ligase (2100
nt) fatty acid transporter
protein (1932 nt) long-
chain-fatty-acid-CoA ligase
(2124 nt) long-chain-fatty-
acid-CoA ligase (3516 nt) D-
alanine-poly(phosphoribitol)
ligase subunit 1 (3078 nt) 2-
succinylbenzoate-CoA ligase
(1782 nt) acyl-coenzyme A
synthetase ACSM5 (1689
nt) elongation of fatty
acids protein (1053 nt) acyl-
activating enzyme (312 nt)

acetylcholine

an S-sulfanyl-[cysteine
desulfurase]-S-

sulfanyl-[disordered-
form scaffold

protein] complex

1.1.1.300

conserved
hypothetical
protein (1374
nt) averantin
oxidoreductase
(1572 nt)
cytochrome
P450-DIT2 (1506
nt) conserved
hypothetical
protein (1506 nt)

a glycoprotein with
the oligosaccharide
chain attached by N
-glycosyl linkage to

protein L-asparagine

5,10-
methylenetetrahydrofolate

ethanol

10-cis-
heptadecenoyl-
CoA degradation

(yeast)

CAAX prenyl
protease (1371 nt)

2.1.1.201

UDP-N-acetyl-
_-D-glucosamine

1.1.1.255

3-oxoacyl-[acyl-
carrier-protein]
synthase
(2577 nt)

JmjC domain-containing
histone demethylation
protein (4455 nt)

_,_-trehalose

conserved
hypothetical
protein (1239 nt)
cytochrome P450
4F5 (1671 nt)

cystathionine
gamma-lyase
(1257 nt)

an N 1 -
methyladenine 58

in tRNA

conserved
hypothetical
protein (1443 nt)

ser

1.1.1.272

chitin synthase A (3411 nt)
chitin synthase D (3669
nt) chitin synthase B (2784
nt) Note(s): At least one
base has a quality score <
10. Missing 3 prime End
chitin synthase (2838 nt)
chitin synthase (5583 nt)

1,2-dihydroxy-3-keto-
5-methylthiopentene
dioxygenase (537 nt)

pyruvate kinase
(1605 nt)

estradiol 17-beta-
dehydrogenase
12-B (1038 nt)
peroxisomal
multifunctional
enzyme (2706 nt)

myo-inositol

(S)-3-amino-2-
methylpropanoate

(S)-malate

5.4.99.26

an Fe(III)-
siderophore

a trans-octadec-
2-enoyl-[acp]

2,3-diphospho-
D-glycerate

(4S,5S)-4,5-
dihydroxy-2,6-

dioxohexanoate

6.1.1.22

3.1.2.14

3-oxoacyl-(acyl-
carrier-protein)
reductase (435 nt) 3-
oxoacyl-[acyl-carrier-
protein] reductase
(531 nt) 3-oxoacyl-
[acyl-carrier-protein]
reductase (843 nt) 2-
deoxy-D-gluconate
3-dehydrogenase
(771 nt) NAD-
dependent epimerase/
dehydratase (855 nt)

2.7.7.48

a 1,2-diglyceride

ADP

PRPP

aliphatic nitrilase
(1071 nt)

uracil

4.2.1.122

threonine aldolase
(735 nt) serine
hydroxymethyltransferase
(1608 nt) serine
hydroxymethyltransferase
(1416 nt)

AMP

2.4.1.25

formaldehyde

myo-inositol

acetoin

4.2.1.10

2.10.1.1

2.4.2.1

a cis,cis-
delta11,29-3-

oxo-C48:2-[acp]

4_-carboxy-
4`-methyl-

5_-cholesta-
8-en-3`-ol

bifunctional pyrimidine
biosynthesis protein
(PyrABCN) (6645 nt)

adenosine

conserved
hypothetical
protein (1716 nt)

ribonucleoside-
diphosphate
reductase large
chain (2637 nt)
ribonucleotide
reductase
R2 subunit
variant (978 nt)

a pseudouridine 32

in tRNA

3-phospho-
D-glycerate

glutamine
synthetase (1077
nt) glutamine
synthetase
(1461 nt)

a dolichol

2.7.7.41

endothiapepsin
(1281 nt)

AMP

5.3.1.9

succinate dehydrogenase
flavoprotein subunit (1791 nt)
succinate dehydrogenase iron-
sulfur subunit (576 nt) succinate
dehydrogenase flavoprotein subunit
(1965 nt) succinate dehydrogenase
cytochrome B subunit (567 nt)

3.2.1.21

3.1.4.-

FAICAR

a 2,3,4-saturated
fatty acyl-[acp]

pyruvate

2-succinylbenzoate-CoA ligase (1782 nt) D-
alanine-poly(phosphoribitol) ligase subunit

1 (3078 nt) long-chain-fatty-acid-CoA ligase
(3516 nt) long-chain-fatty-acid-CoA ligase

(2124 nt) fatty acid transporter protein (1932
nt) long-chain-fatty-acid-CoA ligase (2100
nt) long-chain-fatty-acid-CoA ligase (2007

nt) acyl-coenzyme A synthetase ACSM5
(1689 nt) elongation of fatty acids protein
(1053 nt) acyl-activating enzyme (312 nt)

4.1.3.4

2.7.7.13

a trans-2-
enoyl-CoA

dCDP

D-erythrose
4-phosphate

5.3.1.1

2.5.1.-

1.1.99.24

2.7.2.4

glutamine-dependent
NAD(+) synthetase (2010 nt)

an (N-
acetylglucosaminyl)

2-diphosphodolichol

1,2-benzoquinone

3.1.26.5

6.3.2.17

a CDP-
diacylglycerol

3-hydroxy-5-cis-
tetradecenoyl-CoA

3-oxoacyl-(acyl-
carrier-protein)
reductase (435 nt)
3-oxoacyl-[acyl-
carrier-protein]
reductase (531 nt)
3-oxoacyl-[acyl-
carrier-protein]
reductase (843
nt) 2-deoxy-
D-gluconate 3-
dehydrogenase
(771 nt) NAD-
dependent
epimerase/
dehydratase
(855 nt)

4.4.1.1

a cis,cis-
delta15,27-3-

hydroxyC46:2-
[acp]

D-galactonate

prephenate

a fatty acid

6.2.1.12

farnesyl
pyrophosphate
synthetase
(1041 nt)
geranylgeranyl
pyrophosphate
synthetase
(1224 nt)

6.4.1.3

phosphocholine

conserved
hypothetical
protein (1839 nt)

3.1.3.10

shikimate

5-amino-4-
imidazolecarboxyamide

choline
degradation I

3.1.2.27

avenastenone

pyruvate

an aldehyde

1.11.1.6/1.11.1.21

4.1.1.21

conserved
hypothetical
protein (453 nt)

1.3.8.-

acetyl-CoA

3.1.2.4

3.1.3.25

fumarate

hexaprenyldihydroxybenzoate
methyltransferase (1194 nt)

a ribonucleotide

3-hydroxy-
nonanoyl-CoA

succinate

phytosphingosine

a 1,4-_-D-glucan

DNA repair
exonuclease
rad1 (1311
nt) conserved
hypothetical
protein (1335 nt)

1.1.2.4

1.11.1.9

(3R)-3-hydroxy-
stearoyl-CoA

phytenate

_,_-trehalose

hypothetical
protein (630
nt) conserved
hypothetical
protein (957
nt) conserved
hypothetical
protein (1239
nt) conserved
hypothetical
protein (720 nt)

2-aminoprop-
2-enoate

acyl-coenzyme A
oxidase (1962 nt)
acyl-coenzyme A
oxidase (2085 nt)
acyl-coenzyme A
oxidase (2049 nt)

2-oxobutanoate

3-ketoacyl-CoA
thiolase (1266
nt) 3-ketoacyl-
CoA thiolase
B (1260 nt) 3-
ketoacyl-CoA
thiolase (1254
nt) 3-ketoacyl-
CoA thiolase
B (1242 nt)

a standard
_ amino acid

chorismate

diphthine
synthase (858 nt)

2,4-
dihydroxyhept-2-
ene-1,7-dioic acid
aldolase (780 nt)

3.1.3.12

4-methyl-2-
oxopentanoate

a 2-[3-carboxy-3-
(methylammonio)

propyl]-L-histidine-
[translation

elongation factor 2]

leucodopachrome

POS9-activating
factor FAP7
(534 nt)
adenylate kinase
cytosolic (831
nt) adenylate
kinase (747 nt)

a cis-delta11-3-
hydroxyC30:1-[acp]

3-methoxy-5-
hydroxytoluene

ARP

a [formate C
acetyltransferase]-
glycin -2-yl radical

O-succinyl-L-
homoserine

a cis,cis-delta9,27-
C46:2-[acp]

2.7.4.9/2.7.4.12/2.7.4.13

D-myo-inositol
(1,4,5)-trisphosphate

biosynthesis

cys

succinate

3.2.2.3

3.4.24.56

a [protein]-
L-cysteine

tRNA
nucleotidyltransferase
(1902 nt)

ATP

a cis,cis-delta7,25-
C44:2-[acp]

carbamoyl-phosphate

uridine kinase
(1326 nt)

2-isopropylmalate
synthase
(1968 nt)

a hexanoyl-[acyl-carrier-protein]

uroporphyrinogen-III
C-methyltransferase
(1680 nt) Note(s):
At least one base has
a quality score < 10

NAD-dependent
epimerase/
dehydratase (855
nt) fatty acid
synthase subunit
beta dehydratase
(6261 nt) fatty acid
synthase subunit
alpha reductase
(5652 nt) Note(s)
: At least one base
has a quality score
< 10 2-deoxy-
D-gluconate 3-
dehydrogenase
(771 nt) fatty
acid synthase
(7770 nt) 2-
succinylbenzoate-
CoA ligase (1782
nt) 3-oxoacyl-[acyl-
carrier-protein]
reductase (843 nt)
3-oxoacyl-[acyl-
carrier-protein]
reductase (531 nt)
3-oxoacyl-(acyl-
carrier-protein)
reductase (435 nt)

2.4.2.7

3-[(3aS,4S,7aS)-7a-
methyl-1,5-dioxo-

octahydro-1H-inden-
4-yl]propanoate

ala

3.5.1.4

sphingosine
kinase (1476 nt)

glycogen degradation I

serotonin

coenzyme A

tRNA thr

5.3.3.8

malonate
semialdehyde

phosphopantothenate
biosynthesis I

aldose reductase
(879 nt) aldehyde
reductase (942 nt)

1.2.1.31

Ins(4)P

O-acetylhomoserine
(thiol)-lyase
(1320 nt)

AMP deaminase
(3087 nt)

1.9.6.1

D-ribofuranose

UDP

cytochrome P450
51 (1809 nt)

thiamin formation
from pyrithiamine and
oxythiamine (yeast)

a [protein]-N-ubiquityl-L-lysine

2.3.1.97

an _-D-mannoside

short-chain-fatty-acid-CoA
ligase (1473 nt) acyl-coenzyme
A synthetase ACSM5 (1689
nt) long-chain-fatty-acid-CoA
ligase (2007 nt) long-chain-
fatty-acid-CoA ligase (2100 nt)
fatty acid transporter protein
(1932 nt) long-chain-fatty-acid-
CoA ligase (2124 nt) long-chain-
fatty-acid-CoA ligase (3516 nt)
D-alanine-poly(phosphoribitol)
ligase subunit 1 (3078 nt) 2-
succinylbenzoate-CoA ligase
(1782 nt) elongation of fatty
acids protein (1053 nt) acyl-
activating enzyme (312 nt)

lanosterol

a nucleobase
within DNA

ubiquinol-10

D-myo-inositol
1,3,4,5,6-

pentakisphosphate

L-homoserine

avenasterol

acetoacetyl-CoA

1.1.1.42

2.7.4.6

tRNA (uracil-5-)-
methyltransferase
TRM9 (705 nt)

choline-sulfatase
(1860 nt)

1.3.3.6

a protein S-
farnesyl-L-cysteine

a holo-[acyl-
carrier protein]

a mature protein

a protein

1.6.5.2

pentafunctional
AROM
polypeptide
(4572 nt)

2.4.2.8

2.1.3.3

guanosine

3.6.1.19

4_-carboxy-5_-
cholesta-8,24-dien-3`-ol

1.3.1.88

inositol
polyphosphate
multikinase
(1320 nt)
Note(s): At least
one base has a
quality score < 10

3-oxoacyl-[acyl-
carrier-protein]
synthase (2577 nt)

2.6.1.19

2.3.1.86/4.2.1.59

2.1.1.56

arginase (975 nt)

argininosuccinate
lyase (900 nt)

4.2.1.99

UTP

arg

3-sulfinoalanine

3.5.2.5

D-mannitol

ureide
biosynthesis

tRNA gly

phosphatidylinositol-
4-phosphate 5-
kinase its3 (2865 nt)

2.3.1.85/2.3.1.86/4.2.1.59

sulfate
adenylyltransferase
(1722 nt)

_1,6-D
mannobiose

glycerophosphoserine

2-hydroxyacyl-
CoA lyase
(1818 nt)

an S-sulfanyl-[L-
cysteine desulfurase]

(2R,3S)-3-
isopropylmalate

inositol
monophosphatase
(912 nt)

3.1.1.7

catechol O-
methyltransferase
(879 nt)

a 5-oxoprolyl-
peptide

24-alkyl sterol 3

6.2.1.12

a (mannosyl)
6

-(N-
acetylglucosaminyl)

2-diphosphodolichol

2.7.1.36

C-4 methylsterol
oxidase (735 nt)
C-4 methylsterol
oxidase (552 nt)

1.1.1.-

oleoyl-CoA

4_-hydroxymethyl-
5_-cholesta-
8-en-3`-ol

3.2.1.59

tyr

3.6.1.52

2-succinylbenzoate-CoA
ligase (1782 nt) fatty acid
synthase (7770 nt) fatty
acid synthase subunit
alpha reductase (5652 nt)
Note(s): At least one base
has a quality score < 10
fatty acid synthase subunit
beta dehydratase (6261 nt)

folic acid
synthesis
protein (1803 nt)

dipalmitoyl
phosphatidate

phosphate

a [protein]-
L-aspartate

protoporphyrinogen
oxidase (1770 nt)

NAD +

glucosamine 6-
phosphate N-
acetyltransferase
(621 nt)

4.99.1.1

2.8.1.7

siroheme
biosynthesis

an Fe(II)-
siderophore

6.1.1.5

4.2.1.-

met

a cis,cis-
delta17,29-3-

hydroxyC48:2-
[acp]

stigmasterol 3-
O-`-D-glucoside

sulfite

fatty acid synthase subunit beta dehydratase
(6261 nt) fatty acid synthase subunit
alpha reductase (5652 nt) Note(s):
At least one base has a quality score
< 10 fatty acid synthase (7770 nt) 2-
succinylbenzoate-CoA ligase (1782 nt)

1.17.4.1

5-deoxy-_-ribose
1-phosphate

O-acetyl-L-
homoserine

S-adenosylmethionine
decarboxylase
proenzyme (1560 nt)

4.1.1.48

ATP

3.1.3.11

purine nucleoside
phosphorylase
(732 nt) Note(s): At
least one base has
a quality score < 10

a 3-oxo-
docosapentaenoyl [acp]

2-methoxy-6-(all-trans
-octaprenyl)phenol

triacylglycerol
lipase (2025
nt) conserved
hypothetical
protein (1044
nt) autophagy-
related protein
15 (1929 nt)
triacylglycerol
lipase (1968 nt)
triacylglycerol
lipase (1797 nt)

2.5.1.18

CO
2

fatty acid synthase
subunit beta
dehydratase (6261
nt) fatty acid
synthase subunit
alpha reductase
(5652 nt) Note(s)
: At least one
base has a quality
score < 10 fatty
acid synthase
(7770 nt) 2-
succinylbenzoate-
CoA ligase
(1782 nt)

NaMN

3.5.1.10

thiosulfate

3.1.3.5

a glycol

trehalose-phosphatase
(2766 nt) trehalose-
phosphatase (2823
nt) Note(s): At
least one base has
a quality score < 10
alpha,alpha-trehalose-
phosphate synthase
(1509 nt) Note(s):
At least one base has
a quality score < 10

a [histone]-N 6 -
acetyl-L-lysine

phosphoribosylglycinamide
formyltransferase (702 nt)

protein kinase
gsk3 (1185 nt)

ribonucleoside-
diphosphate reductase
large chain (2637
nt) ribonucleotide
reductase R2 subunit
variant (978 nt)

a (R)-3-
hydroxypetroselinoyl-

[acp]

a very long chain
fatty acyl-CoA

4.6.1.a

N,N-dimethylaniline

4.2.1.9

a cellular-retinol-
binding protein

hydrogen
peroxide

2.4.1.94

2.6.1.5/2.6.1.57

sucrose
biosynthesis I (from

photosynthesis)

HMP-PP

PAPS

2.7.7.23

3.5.1.23

violaxanthin

ala

4.2.1.3

conserved
hypothetical
protein (957 nt)
Note(s): At least
one base has a
quality score < 10

DUF890 domain-
containing
protein (1203 nt)

2.6.1.6/2.6.1.42

2-isopropylmaleate

1.1.1.107

(S)-3-
hydroxyhexanoyl-

CoA

diphosphoinositol
polyphosphate
phosphohydrolase
aps1 (477 nt)

6-methoxy-3-
methyl-2-all-trans

-nonaprenyl-
1,4-benzoquinol

1.1.1.100

1.3.8.6

3.1.3.5

peroxisomal NADH
pyrophosphatase

NUDT12 (1272 nt)

betaine aldehyde
dehydrogenase
(1437 nt)
betaine aldehyde
dehydrogenase
(1905 nt)
betaine aldehyde
dehydrogenase
(1500 nt)

glutamate
decarboxylase
(1815 nt)
glutamate
decarboxylase
(1659 nt)
glutamate
decarboxylase
(1551 nt)

guanine

conserved hypothetical
protein (1326 nt)

carbonic acid

HX

trehalose-cis-keto-
mono-mycolate

choline

L-histidyl-tRNA his

thr

NADH

mevalonate
kinase (1638 nt)

all-trans-retinol

GMP

2.5.1.82

(R)-benzylsuccinyl-
CoA
dehydrogenase
(1335 nt)

quinone
oxidoreductase
(609 nt) quinone
oxidoreductase
(1041 nt) quinone
oxidoreductase
(1176 nt)

2-methoxy-
6-(all-trans-

decaprenyl)phenol

3-hydroxybutyryl-
CoA
dehydrogenase
(966 nt)

4,4-
dimethylzymosterol

2.3.3.14

UQH
2

1.2.1.25

a peptide

12-oxo-cis-10,15-
phytodienoate

4-methylumbelliferyl glucoside

4.2.1.59

3-hydroxy-
nonanoyl-CoA

6.3.4.13

a long-chain ester

a 3-oxo-cis-6 9 -
hexadecenoyl-[acp]

trans-dienelactone

a [glycine-
cleavage complex

H protein] N 6 -
octanoyl-L-lysine

H
2

O

dGTP

aconitate hydratase (2403 nt) 3-isopropylmalate
dehydratase large subunit (2184 nt)

1.5.3.13

adenine

UDP-_-D-glucose

a 3-oxoacyl-CoA

an apo aryl-
carrier protein

protoheme IX

6.3.5.5

D-threo-isocitrate

3.1.3.25

n-acetylglucosamine-
6-phosphate
deacetylase (1422 nt)

DNA-(apurinic or
apyrimidinic site)
lyase (1713 nt) N-
glycosylase/DNA lyase
(1239 nt) endonuclease
III (1425 nt) ATFPG-
1/ATFPG-2/ATMMH-
1/ATMMH-2/FPG-
1/FPG-2 (1110 nt)
oxidoreductase (1065
nt) DNA-(apurinic
or apyrimidinic site)
lyase (1458 nt)

catechol O-
methyltransferase
(879 nt)

D-ribulose

1.17.1.4

thiamine-phosphate
pyrophosphorylase
(1623 nt)

catechol O-
methyltransferase
(879 nt)

chorismate

an aldehyde

3-oxoacyl-[acyl-
carrier-protein]
synthase (2577 nt)

ribonucleoside-
diphosphate
reductase large
chain (2637 nt)
ribonucleotide
reductase
R2 subunit
variant (978 nt)

guanidinobutyrase
(936 nt)

R-4’-
phosphopantothenoyl-

L-cysteine

sn-glycerol
3-phosphate

sphinganine

nicotinamide

1D-myo-inositol
3-diphosphate

1,2,4,5,6-
pentakisphosphate

superpathway
of sulfur amino

acid biosynthesis
(Saccharomyces

cerevisiae)

`-D-cellobiose

a 5’-phospho-DNA

estrone-sulfate

2.3.1.15

androst-4-ene-
3,17-dione

a ceramide

2.7.7.79

4.2.1.9

3.6.1.-

D-xylulose

1.5.1.20

fatty acid
activation

a (1,6)-_-D-
glucosyl-(1,4)

-_-glucan

an L-1-
phosphatidyl-
ethanolamine

UMP

dipeptidyl
peptidase
(2421 nt)

6.2.1.30

1.14.13.-

melibiose

carotenoid
cleavage
dioxygenase
(1743 nt)

(2-amino-4-
hydroxy-7,8-

dihydropteridin-
6-yl)methyl

diphosphate

1.14.13.722.3.3.a/2.3.3.1

1.3.1.44

2.1.1.43

melatonin

1.1.1.100

D-myo-inositol
1,3,4,5,6-

pentakisphosphate

thiosulfate

4-nitrophenol

a di-trans, poly-
cis-polyisoprenyl

diphosphate

2-trans-
hexadecenal

trehalose-
phosphatase
(2766 nt)
trehalose-
phosphatase
(2823 nt)
Note(s): At least
one base has a
quality score < 10

glucan 1,3-beta-glucosidase
(2706 nt) glucan 1,3-beta-
glucosidase (2808 nt) glucan
1,3-beta-glucosidase (4047 nt)
glucan 1,3-beta-glucosidase
(4197 nt) glucan 1,3-beta-
glucosidase (1251 nt) beta-
glucosidase (930 nt) glucan
1,3-beta-glucosidase (2814 nt)

thr

2.6.1.58

uridine

pyruvate
dehydrogenase protein
X component (1470 nt)

1,2,4-benzenetriol

a cytidine 32 /
guanosine 34

in tRNA

AMP

2.4.1.232

leu

1.1.1.35

1.1.1.44

tRNA-specific
adenosine
deaminase (594
nt) conserved
hypothetical
protein (1533 nt)

nitrate reduction
V (assimilatory)

8-amino-7-
oxononanoate

7-dehydrocholesterol
reductase (1281 nt)

a debranched
limit dextrin

phenoxy
radical VIII

2.4.2.10

carbapenem antibiotics
biosynthesis protein
carD (1593 nt)

superpathway
of 4-

aminobutyrate
degradation

farnesyltransferase
alpha subunit
(522 nt) squalene
synthetase (777
nt) Note(s): At
least one base has
a quality score < 10

a 1-phosphatidyl-
1D-myo-inositol

3-phosphate

1.3.1.42

superoxide

a cis,cis-
delta15,33-
C52:2-[acp]

OPC8-trans-
2-enoyl-CoA

formate

chitin

pentafunctional
AROM
polypeptide
(4572 nt)

a phenolic donor

phosphomethylpyrimidine
kinase (1674 nt)

dual specificity
protein kinase
FUZ7 (1635 nt)
Note(s): At least
one base has a
quality score <
10 protein kinase
wis1 (1980 nt)
MAP kinase
kinase MKK1/
SSP32 (1509 nt)

laurate

GDP

1.1.5.-

3-methyl-2-
oxobutanoate

4.2.1.119

2-trans,4-trans-
tetradecadienoyl-

CoA

nitrate

nucleoside-
triphosphatase
ntp-1 (2271 nt)

sphingosine
and

sphingosine-
1-phosphate
metabolism

2.6.1.2

glucose-6-phosphate
isomerase (1659 nt)

1.1.1.100

L-saccharopine

tripeptidyl
aminopeptidase
(993 nt)

1.14.19.-

FATTY ACIDS AND LIPIDS BIOSYNTHESIS

sterol esterase
(2133 nt)
triacylglycerol
lipase (1968 nt)

3-ketoacyl-CoA
thiolase (1266
nt) 3-ketoacyl-
CoA thiolase
B (1260 nt) 3-
ketoacyl-CoA
thiolase (1254
nt) 3-ketoacyl-
CoA thiolase
B (1242 nt)

xanthosine

AMP

(E)-2-
methylcrotonoyl-

CoA

o-diquinones
biosynthesis

a [protein]-
L-cysteine

L-dopachrome
biosynthesis

conserved
hypothetical
protein (1374
nt) averantin
oxidoreductase
(1572 nt)
cytochrome
P450-DIT2 (1506
nt) conserved
hypothetical
protein (1506 nt)

homoserine
dehydrogenase
(1119 nt)

fumarate

1D-myo-inositol 1,5-
bis(diphosphate)

2,3,4,6-
tetrakisphosphate

5.3.3.2

betaine aldehyde

2.4.1.265

homoisocitrate
dehydrogenase
(1086 nt)

2-oxoglutarate

a [histone]-L-lysine

glycerol-3-
phosphate
dehydrogenase
(2106 nt) glycerol-
3-phosphate
dehydrogenase
(2121 nt)

3-cis-
dodecenoyl-CoA

succinate-
semialdehyde
dehydrogenase
(1500 nt)
aldehyde
dehydrogenase
(1491 nt)
Note(s): At least
one base has
a quality score
< 10 aldehyde
dehydrogenase
(1416 nt)
aldehyde
dehydrogenase
(471 nt) aldehyde
dehydrogenase
(1488 nt)

sphinganine

3.4.21.53

urate

ammonium

a 2-oxo
carboxylate

N,N-
dimethylaniline-

N-oxide

UDP-glucose
4-epimerase
(1125 nt)

nucleoside
diphosphate
kinase (459 nt)
Note(s): At least
one base has a
quality score < 10

1.14.-.-

cis-aconitate

a 1,2-diacyl-
sn-glycerol

3-phosphate

NAD +

OPC6-3-
hydroxyacyl-CoA

lanosterol
synthase
(2187 nt)

6.1.1.19

4.3.2.1

conserved hypothetical
protein (2304 nt)

fatty acid synthase subunit beta dehydratase
(6261 nt) fatty acid synthase subunit
alpha reductase (5652 nt) Note(s):
At least one base has a quality score
< 10 fatty acid synthase (7770 nt) 2-
succinylbenzoate-CoA ligase (1782 nt)

2.3.1.51

asp

6-O-trans-
methoxy-mycolyl-

trehalose 6-
phosphate

catalase A (2250
nt) catalase
B (2211 nt)
catalase (870 nt)
Note(s): At least
one base has a
quality score < 10

3.1.4.12

1.14.13.70

N-acetyl-_-D-
glucosamine
1-phosphate

all-cis-7,10,13,16,19-
docosapentaenoate

sterol esterase
(2133 nt)
triacylglycerol
lipase (1968 nt)

2.4.2.1/2.4.2.15

2-succinylbenzoate-CoA ligase (1782
nt) fatty acid synthase (7770 nt) fatty
acid synthase subunit alpha reductase
(5652 nt) Note(s): At least one base has
a quality score < 10 fatty acid synthase
subunit beta dehydratase (6261 nt)

a cytosine 48

in tRNA

1.1.1.100

acyl-activating
enzyme (312 nt)
acetyl-coenzyme
A synthetase
(2010 nt)

5.1.3.15

diethylthiophosphate

UDP-_-D-glucose

glycerophosphoryl
diester
phosphodiesterase
family protein (993 nt)

an N 10 -formyl-
tetrahydrofolate

5-hydroxyindole
acetate

2.8.3.5

2.1.1.6

2-hydroxyacid
dehydrogenase
(1107 nt)
Note(s): At least
one base has a
quality score < 10

2.7.8.8

3-hexaprenyl-4-
hydroxybenzoate

chloroacetate

pentatricopeptide
repeat protein (4065

nt) triacylglycerol
lipase (1968 nt)

1.14.11.1

a phosphatidylcholine

1.8.4.12

pyruvate
decarboxylase
(1746 nt)

2.3.1.75

dienelactone
hydrolase family
protein (645 nt)
dienelactone
hydrolase family
protein (738 nt)
dienelactone
hydrolase family
protein (873 nt)

selenodiglutathione

enoyl-CoA
hydratase
(399 nt) enoyl-
CoA hydratase/
isomerase
family protein
(801 nt) enoyl-
CoA hydratase/
isomerase family
protein (948 nt)
carnitinyl-CoA
dehydratase
(876 nt) enoyl-
CoA hydratase
(894 nt)

_,_-trehalose
6-phosphate

trans-3’-
hydroxycotinine

L-threo-
sphinganine

deoxyuridine
5’-triphosphate
nucleotidohydrolase
(654 nt) conserved
hypothetical
protein (453 nt)

a non galactosylated
galactose acceptor

2.7.11.13

3.1.3.-

a cis-delta17-3-
hydroxyC36:1-[acp]

enolase (1215 nt)
Note(s): At least
one base has a
quality score < 10

13’-hydroxy-
_-tocopherol

3.1.3.-

glycogen
phosphorylase
(2634 nt)

a guanine 10

in tRNA

1.13.11.6

3-oxoacyl-[acyl-
carrier-protein]
synthase
(2577 nt)

pseudouridine
degradation

palmitaldehyde

3.1.1.5

N(5)-glutamine
methyltransferase
MTQ2 (870 nt)

4.2.1.22

Ins(4,5)P
2

cys

ethanol

1-phosphatidylinositol-
4,5-bisphosphate
phosphodiesterase
(3486 nt)

haloacid
dehalogenase
(852 nt)

conserved
hypothetical
protein (1374
nt) averantin
oxidoreductase
(1572 nt)
cytochrome
P450-DIT2 (1506
nt) conserved
hypothetical
protein (1506 nt)

L-aspartate-
semialdehyde

a peptide

3.2.1.22

enoyl-CoA
hydratase
(399 nt) enoyl-
CoA hydratase/
isomerase
family protein
(801 nt) enoyl-
CoA hydratase/
isomerase family
protein (948 nt)
carnitinyl-CoA
dehydratase
(876 nt) enoyl-
CoA hydratase
(894 nt)

aspartate
aminotransferase
(1320 nt) aspartate
aminotransferase
(1647 nt) aspartate
aminotransferase
(1392 nt) aspartate
aminotransferase
(1290 nt)

UDP-glucose
4-epimerase
(1125 nt)

a 3-oxo-octanoyl-[acp]

phosphatidylcholine
biosynthesis V

gly

C-4 methylsterol
oxidase (735 nt)
C-4 methylsterol
oxidase (552 nt)

4-methyl-5-(2-
phosphonooxyethyl)

thiazole

4.1.3.1

4-hydroxybenzaldehyde

episterone

7,8-
dihydroneopterin

triphosphate

UDP-N-
acetylglucosamine
transferase
subunit alg14
(1005 nt) UDP-N-
acetylglucosamine
transferase subunit
alg13 (603 nt)

3.6.1.15

asparagine
synthetase
(1737 nt)
Note(s): At least
one base has a
quality score <
10 asparagine
synthase
(2130 nt)

aldehyde dehydrogenase
(1491 nt) Note(s): At least
one base has a quality score
< 10 succinate-semialdehyde
dehydrogenase (1500 nt)

5.4.99.9

putrescine

glutamate 5-
kinase (1257 nt)

nucleoside
diphosphate
kinase (459 nt)
Note(s): At least
one base has a
quality score < 10

L-ornithine

(25S)-3_,7_,12_-
trihydroxy-5`-

cholestanoyl-CoA

4.2.1.10

sphinganine

carbonic anhydrase
(849 nt) carbonic
anhydrase (768 nt)
carbonic anhydrase
(444 nt) Note(s): At
least one base has
a quality score < 10

conserved
hypothetical
protein (453 nt)

sporulation
protein SPS19
(954 nt)

met

superpathway
of ergosterol

biosynthesis I

4_-hydroxymethyl-
ergosta-7,24(24 1

)-dien-3`-ol

oxaloacetate

N 5 -hydroxy-
L-ornithine

trans-6 2 -
decenoyl-CoA

5.3.1.13

histidine
biosynthesis
trifunctional
protein (2613 nt)

3-keto-steroid
reductase
(1362 nt)

conserved
hypothetical
protein (3672
nt) conserved
hypothetical
protein (2124 nt)

2.7.4.6

coenzyme A2-deoxygluconate

PAP2 domain-
containing
protein (696 nt)

conserved
hypothetical
protein (2232
nt) beta-
hexosaminidase
(2748 nt) beta-
hexosaminidase
(1812 nt) beta-
hexosaminidase
(1800 nt)

pppGp-tRNA His

2.7.8.11

2.7.7.79

S-ribosyl-L-
homocysteine

2.5.1.49

conserved
hypothetical
protein (1107 nt)

3.5.99.c

a glucan

glt

6.3.4.4

acetate

indole-3-acetate

methylglyoxal
degradation II

chitin

uroporphyrinogen-III
C-methyltransferase
(1680 nt) Note(s):
At least one base has
a quality score < 10

1.1.1.215

3.1.3.-

a cis,cis-delta9,27-
3-oxo-C46:2-[acp]

XMP

2.4.1.-

a tetrahydrofolate-
glutamate

1.2.1.11

1.5.1.3

octanoyl-CoA

L-cysteinyl-glycine

coenzyme A

4.2.1.-

1.3.3.3

2.7.7.2

2.3.1.51

2.7.1.31

2.4.1.173

2.7.7.23

an L-1-
phosphatidyl-

glycerol

a peptide

phytosphingosine

trp

1.3.8.4

1.6.2.4

4-aminobutanoate

superpathway
of asparagine
biosynthesis

gluconeogenesis I

diphosphoinositol
polyphosphate
phosphohydrolase
aps1 (477 nt)

conserved
hypothetical
protein (1587 nt)

_-D-glucose
1-phosphate

amine oxidase
(1527 nt)

(S)-lactate

aspartate
aminotransferase
(1320 nt) aspartate
aminotransferase
(1647 nt) aspartate
aminotransferase
(1392 nt) aspartate
aminotransferase
(1290 nt)

an aryl dialkyl
phosphate

1.17.4.1

antheraxanthin

2.4.1.1

3.1.2.2

C-4 methylsterol
oxidase (735 nt)
C-4 methylsterol
oxidase (552 nt)

L-aspartyl-
4-phosphate

S-methyl-5’-
thioadenosine

7,8-dihydropteroate

sucrose

fatty acid
synthase
(7770 nt)

cis-aconitate

3.5.1.10

3.1.3.25

a cis,cis-delta7,25-
3-oxo-C44:2-[acp]

isochorismatase
domain-
containing
protein (519 nt)

3.1.1.34/3.1.1.79

4.2.1.104

1.14.13.1

(R)-methylmalonyl-
CoA

3.7.1.5

[a DNA-directed
RNA-polymerase]

conserved
hypothetical
protein (1641 nt)

a malonyl-[acp]

DMAPP

an L-1-
phosphatidyl-

inositol

C-4 methylsterol
oxidase (735 nt)
C-4 methylsterol
oxidase (552 nt)

(3S)-linalool

4-aminobutanoate

an acyl phosphate

3.6.1.15

stachyose

1,2-
dioleoylglycerol

glutamine
amidotransferase
subunit pdxT (720
nt) imidazole glycerol
phosphate synthase
hisHF (1647 nt)

3.5.3.1

a 2’-O-
methyladenosine 4

in tRNA His

4.4.1.1

2.3.1.-

succinate
semialdehyde

1.3.99.5

2.1.2.10

peroxisomal
multifunctional
enzyme (2706 nt)
estradiol 17-beta-
dehydrogenase
12-B (1038 nt)

starch

xanthine

(12Z,15Z)-9,10-
dihydroxyoctadeca-

12,15-dienoate

1-18:1-
lysophosphatidylethanolamine

3-trans-
decenoyl-CoA

an oxidized
cytochrome c550

6.4.1.2

1.1.1.302

conserved hypothetical
protein (1671 nt)

conserved hypothetical
protein (1737 nt)

conserved hypothetical
protein (1056 nt)

chitin

methyl parathion
degradation

4.2.1.118

a reduced
electron-transfer

flavoprotein

fructose-1,6-
bisphosphatase
(1065 nt)

3.2.2.6

2-hexaprenyl-6-
methoxyaminophenol

sporulation
protein SPS19
(954 nt)

3-oxoacyl-(acyl-carrier-
protein) reductase (435
nt) 3-oxoacyl-[acyl-carrier-
protein] reductase (531
nt) 3-oxoacyl-[acyl-carrier-
protein] reductase (843
nt) 2-succinylbenzoate-
CoA ligase (1782 nt) fatty
acid synthase (7770 nt)
2-deoxy-D-gluconate 3-
dehydrogenase (771 nt)
fatty acid synthase subunit
alpha reductase (5652 nt)
Note(s): At least one base
has a quality score < 10
fatty acid synthase subunit
beta dehydratase (6261 nt)
NAD-dependent epimerase/
dehydratase (855 nt)

cholate

2.8.3.16

1.14.13.-

2.7.8.1

3.1.3.27

an inositol-phospho-_
hydroxyphytoceramide

protein
citrullination

3.1.26.11

a reduced
cytochrome c-553

a reduced NrdH
glutaredoxin-
like protein

nitrate reductase
(3150 nt)

a reduced azurin

3-beta-
hydroxysteroid-
Delta(8),Delta(7)-
isomerase (699 nt)

an oxidized
cytochrome c

L

phosphoenol
pyruvate

a 2,3,4-saturated
fatty acyl-[acp]

CDP

5.4.2.10

cytochrome b-c1 complex
subunit Rieske (753 nt)

2.4.1.259

3-methylbutanol

(S)-1-pyrroline-
5-carboxylate

a 2’-O-
methylcytidine 4

in tRNAGly(GCC)

saccharopine
dehydrogenase
(1353 nt)

nicotinate adenine dinucleotide

inositol oxygenase
(936 nt) inositol
oxygenase (939 nt)

3.1.3.-

1.8.4.-

alcohol
dehydrogenase
(1059 nt) alcohol
dehydrogenase
(1071 nt) alcohol
dehydrogenase
(1107 nt) alcohol
dehydrogenase
(960 nt) alcohol
dehydrogenase
(1254 nt) S-
(hydroxymethyl)
glutathione
dehydrogenase
(1371 nt) alcohol
dehydrogenase
(1026 nt) alcohol
dehydrogenase
(1065 nt)

malate
dehydrogenase
(996 nt) malate
dehydrogenase
(1023 nt)

a fatty acid

2.7.1.2

a dihydroceramide

diacylglycerol
pyrophosphate
phosphatase
(966 nt)

aconitate hydratase (2403 nt) 3-isopropylmalate
dehydratase large subunit (2184 nt)

aldehyde
reductase
(1044 nt)

2-phenylethylamine

5-proFAR
isomerase (777 nt)

succinate

farnesyltransferase
alpha subunit
(522 nt) squalene
synthetase (777
nt) Note(s): At
least one base has
a quality score < 10

3-oxoacyl-(acyl-carrier-protein) reductase
(435 nt) 3-oxoacyl-[acyl-carrier-protein]
reductase (531 nt) 3-oxoacyl-[acyl-
carrier-protein] reductase (843 nt) 2-
succinylbenzoate-CoA ligase (1782 nt)
fatty acid synthase (7770 nt) 2-deoxy-
D-gluconate 3-dehydrogenase (771 nt)
fatty acid synthase subunit alpha reductase
(5652 nt) Note(s): At least one base has
a quality score < 10 fatty acid synthase
subunit beta dehydratase (6261 nt) NAD-
dependent epimerase/dehydratase (855 nt)

2.7.4.7

isopentenyl-
diphosphate
Delta-isomerase
(819 nt)

adenine

N 2 -dimethylguanine 26

/N 2 -methylguanine 27

fatty acid synthase subunit beta dehydratase
(6261 nt) fatty acid synthase subunit
alpha reductase (5652 nt) Note(s):
At least one base has a quality score
< 10 fatty acid synthase (7770 nt) 2-
succinylbenzoate-CoA ligase (1782 nt)

a branched-
chain 2-keto acid
dehydrogenase

phospholipase
C 2 (1974 nt)

leu

leukotriene B
4

an oxidized
flavoprotein

3.4.21.61

(2S,4S)-4-
hydroxy-2,3,4,5-

tetrahydrodipicolinate

4-acetamidobutanal

coenzyme A

phosphomevalonate
kinase (1230 nt)
Note(s): At least
one base has a
quality score < 10

DMAPP

3.1.3.56

4-hydroxybenzoyl-
CoA

acyl-coenzyme A
oxidase (1962 nt)
acyl-coenzyme A
oxidase (2085 nt)
acyl-coenzyme A
oxidase (2049 nt)

2.1.2.11

XMP

glutathione

an [apo BCAA
dehydrogenase
E2 protein] N 6 -

dihydrolipoyl-L-lysine

3.1.1.23

3.4.21.83

3.1.1.29

hexaprenyldihydroxybenzoate
methyltransferase (1194 nt)

myo-inositol

dATP

a 2-monoglyceride

1.3.1.34

3.1.3.5

1.14.13.17

sulfite

3-ketodihydrosphingosine
reductase tsc10 (1158 nt)

4-fumaryl-acetoacetate

nicotinate-nucleotide
pyrophosphorylase
(948 nt)

3-hydroxy, 4-trans
-undecenoyl-CoA

purine nucleoside
phosphorylase
(732 nt) Note(s): At
least one base has
a quality score < 10

4-methyl-5-(2-
phosphonooxyethyl)

thiazole

UTP and CTP
dephosphorylation II

3.5.1.98

malate
dehydrogenase
(996 nt) malate
dehydrogenase
(1023 nt)

chitin degradation II

3,24-
dioxocholest-4-
en-26-oyl-CoA

a holo-[acyl-
carrier protein]

negative regulator of the
PHO system (1110 nt)
serine/threonine-protein
kinase BUR1 (1551 nt)
cyclin-dependent kinase
B1-1 (1221 nt) Note(s): At
least one base has a quality
score < 10 cell division
protein kinase (1458 nt)
negative regulator of the
PHO system (1470 nt) CTD
kinase subunit alpha (2178
nt) serine/threonine-protein
kinase prk1 (918 nt) cell
division control protein
(1002 nt) serine/threonine-
protein kinase crk1 (1134 nt)

protoporphyrinogen IX

1.2.4.1

DNA polymerase IV (3483
nt) DNA repair protein rad5
(3564 nt) DNA repair protein
rad50 (3843 nt) DNA ligase
(2553 nt) DNA ligase (2934
nt) DNA ligase (2724 nt)

pyrimidine
deoxyribonucleotide

phosphorylation

2.3.1.181

L-N b -acetylornithine
biosynthesis

GNAT family N-
acetyltransferase
(612 nt) N-terminal
acetyltransferase
A complex
catalytic subunit
ard1 (771 nt)
NMDA receptor-
regulated protein
(2547 nt) N-
acetyltransferase
(573 nt)

S-adenosyl-L-
methionine cycle II

a 6-methoxy-
3-methyl-2-all-

trans-polyprenyl-
1,4-benzoquinol

a semiquinone

a [lipoyl-carrier
protein] N 6 -

lipoyl-L-lysine

1.1.1.100

a plant soluble
heteroglycan

squalene
monooxygenase
(1434 nt)

3,4-dihydroxyphenylglycol

a [formate C
acetyltransferase]-

glycine
N-acetyltransferase
ats1 (306 nt)

[2Fe-2S] iron-sulfur
cluster biosynthesis

lophenol

D-glucosamine
1-phosphate

1.3.3.6

uridylate
kinase (774 nt)

glutamate
degradation I

tRNA arg

7-dehydrodesmosterol

neurosporaxanthin

3.5.1.110

4.2.3.5

estrone

2.7.1.35

aldehyde
dehydrogenase
(1488 nt)

conserved
hypothetical
protein (2232
nt) beta-
hexosaminidase
(2748 nt) beta-
hexosaminidase
(1812 nt) beta-
hexosaminidase
(1800 nt)

F6P

coenzyme A

leu

sn-glycerol 3-phosphate

Ins(1,4)P
2

carboxylesterase
(1815 nt)

H
2

O

C-4 methylsterol
oxidase (735 nt)
C-4 methylsterol
oxidase (552 nt)

methylglyoxal
degradation V

methanol

(DL)-glycerol-
3-phosphatase
(714 nt)

a trans-2-
enoyl-CoA

L-homocysteine

a 5’-dephospho-
DNA

GMP

1-(5-phospho-`-
D-ribosyl)-AMP

2.3.1.9

1.1.1.1

2,5-diamino-6-
(5-phospho-

D-ribitylamino)
pyrimidin-
4(3H)-one

a 1-phosphatidyl-
1D-myo-inositol

4-phosphate

thioredoxin
reductase
(1077 nt)

tRNA (uridine-2’-O-
)-methyltransferase
TRM7 (1188 nt)

ribonuclease H2
subunit A (1032
nt) ribonuclease
H (1263 nt)

2.3.1.16

3.1.1.3

a malonyl-[acp]

a [protein]-N 4 -
(N-acetyl-`-D-
glucosaminyl)
-L-asparagine

L-tyrosyl-tRNA tyr

6.2.1.16

sphingosine N-
acyltransferase
lac1 (1416
nt) longevity-
assurance protein
(LAC1 (1416 nt)

5.4.99.27

ubiquinol-8

lipoate-protein
ligase A (1251 nt)

dTDP

lys

a [protein]-
L-arginine

dTMP

a 3-oxoacyl-[acp]

APS

2.7.1.68

2.6.1.13

urea

1.1.1.102

3.1.3.32

laccase-1
(1815 nt)

ser

hypothetical
protein (801 nt)

2.7.7.50

a double-helix DNA

dipeptidase
(1206 nt)

a reduced
electron-transfer

flavoprotein

4.1.3.30

an oxidized NrdH
glutaredoxin-
like protein

4-nitrophenylphosphatase
(924 nt)

2-succinylbenzoate-
CoA ligase (1782 nt)
fatty acid synthase
(7770 nt) fatty acid
synthase subunit
alpha reductase (5652
nt) Note(s): At least
one base has a quality
score < 10 fatty acid
synthase subunit beta
dehydratase (6261 nt)

1.1.1.-

2.7.4.6

dopaquinone

a 3-oxo-
stearoyl-[acp]

dGTP

conserved
hypothetical
protein (2184
nt) conserved
hypothetical
protein (1482
nt) disulfide-
isomerase
tigA (2526
nt) disulfide
isomerase
Pdi1 (1617 nt)

4.3.2.3

3-hydroxyanthranilate

tripeptidyl
aminopeptidase
(993 nt) tripeptidyl-
peptidase (1839 nt)
tripeptidyl-peptidase
(1917 nt) tripeptidyl-
peptidase (1935 nt)

pyruvate

an inosine 34

in [tRNA Arg2 ]

2.7.1.35

2.3.1.9

2.1.1.114

alcohol
dehydrogenase
(1065 nt) alcohol
dehydrogenase
(1026 nt) S-
(hydroxymethyl)
glutathione
dehydrogenase
(1371 nt) alcohol
dehydrogenase
(1254 nt) alcohol
dehydrogenase
(960 nt) alcohol
dehydrogenase
(1107 nt) alcohol
dehydrogenase
(1071 nt) alcohol
dehydrogenase
(1059 nt)

3.2.2.1

methylglyoxal

Cobalamin-
independent
synthase
(2316 nt)

5-amino-6-(5-
phospho-D-

ribitylamino)uracil

coenzyme A

dipeptidase
(1257 nt)

2.7.7.63

4.1.1.15

a lysophospholipid

2-trans-
dodecenoyl-CoA

superpathway
of heme

biosynthesis
from glycine

enoyl-CoA
hydratase
(399 nt) enoyl-
CoA hydratase/
isomerase
family protein
(801 nt) enoyl-
CoA hydratase/
isomerase family
protein (948 nt)
carnitinyl-CoA
dehydratase
(876 nt) enoyl-
CoA hydratase
(894 nt)

succinate

a 2-methoxy-6-all-
trans-polyprenyl-
1,4-benzoquinol

IMP

1.3.1.38

4.1.1.37

C-4 methylsterol
oxidase (735 nt)
C-4 methylsterol
oxidase (552 nt)

3.4.22.49

coenzyme A

2.8.1.7

2-deoxy-_-
D-ribose 1-
phosphate

a (mannosyl)
3

-(N-
acetylglucosaminyl)

2-diphosphodolichol

adenine and
adenosine
salvage VI

succinate
dehydrogenase
flavoprotein subunit
(1791 nt) succinate
dehydrogenase
iron-sulfur subunit
(576 nt) succinate
dehydrogenase
flavoprotein subunit
(1965 nt) succinate
dehydrogenase
cytochrome B
subunit (567 nt)

UDP-glucose:sterol
glycosyltransferase
(4032 nt) conserved
hypothetical
protein (2787 nt)

2-succinylbenzoate-
CoA ligase (1782
nt) acyl-coenzyme
A synthetase
ACSM5 (1689
nt) elongation
of fatty acids
protein (1053 nt)
acyl-activating
enzyme (312 nt)

glycerol 1-
phosphate

formaldehyde

6.1.1.17

a supercoiled
duplex DNA

L-iditol

1.3.1.-

leukotriene-D4

L-xylo-3-hexulose

1.14.19.1

6.3.4.9

1.1.1.1

trans-hex-2-
enoyl-CoA

a-glutamyl cycle

L-2-aminoadipate

2.7.4.6

3-hydroxypropionate

a reduced c-
type cytochrome

_-D-glucose
1-phosphate

a dolichyl
phosphate

a [protein] c-
terminal S-

farnesyl-L-cysteine

2.3.1.80

HMG-CoA

pro

urea-1-carboxylate

acetyl-CoA
acetyltransferase
(1200 nt) acetyl-CoA
acetyltransferase
(1317 nt)

a (R)-3-hydroxybutanoyl-[acp]

2.7.7.18

3.5.4.3

keto-L-sorbose

succinyl-CoA

all-trans-
retinyl palmitate

UDP-glucose:sterol
glycosyltransferase
(4032 nt) conserved
hypothetical
protein (2787 nt)

1.14.13.-

adenosine 5’-
phosphoselenate

a maltodextrin

neolinustatin

acetoacetate

6.5.1.-

formate

L-carnitinyl-CoA

2.2.1.6

(R)-2-
hydroxybutanoate

acetyl-CoA

N-acetyl-serotonin

_,_-trehalose

3-oxo-5,6-
didehydrosuberyl-
CoA semialdehyde

8-amino-7-
oxononanoate
synthase (1239 nt)

1.1.1.100

lotaustralin

3.5.1.49

sulfite

2.7.1.23

DNA
n

histidyl-tRNA
synthetase
(1806 nt)

glycerol

14-oxolanosterol

4_-carboxy-
4`-methyl-5_-
cholesta-8,24-

dien-3`-ol

3.1.1.4

2.1.1.215

a (R)-3-
hydroxybehenoyl-

[acp]

6-phospho
D-glucono-
1,5-lactone

4.2.1.2

a holo-[acyl-
carrier protein]

histidinol-
phosphatase
(939 nt)

O
2

1.3.1.72

HMP-P

2-succinylbenzoate-CoA ligase (1782
nt) fatty acid synthase (7770 nt) fatty
acid synthase subunit alpha reductase
(5652 nt) Note(s): At least one base has
a quality score < 10 fatty acid synthase
subunit beta dehydratase (6261 nt)

cys

crinosterol

1-acyl-sn-glycerol-
3-phosphate
acyltransferase
beta (912 nt)
MBOAT family
protein (1668 nt)
triacylglycerol
lipase (1968 nt)

glycogen
debranching
enzyme (4479 nt)
Note(s): At least
one base has a
quality score < 10

(S)-malate

3-hydroxy-3-
methylglutaryl-
coenzyme A
reductase (3474
nt) Note(s): At
least one base
has a quality
score < 10

phosphomethylpyrimidine
kinase (1674 nt)

1.17.3.2

a cis,cis-delta3,21-
C40:2-[acp]

CoA

morphinone

presqualene diphosphate

3.4.24.57

2.1.1.211

1.2.1.79

`-D-glucose

nitrate

1.1.1.31

xanthine

APS

a DsrC protein
with an

intramolecular
disulfide bond

2,4-
dihydroxyhept-2-
ene-1,7-dioic acid
aldolase (780 nt)

(9Z,15Z)-12,13-
dihydroxyoctadeca-

9,15-dienoate

1.14.13.72

2.5.1.48

17-`-
hydroxyandrostan-

3-one

a [pyruvate
dehydrogenase
E2 protein] N 6

-lipoyl-L-lysine

phenylacetaldehyde

sarcosine
oxidase (1527 nt)

methyl parathion

acetyl-CoA

a reduced
electron-transfer

flavoprotein

pppGp-tRNA His

pyruvate
decarboxylase
(1725 nt)
pyruvate
decarboxylase
(1746 nt)

a reduced
[NADPH-

hemoprotein
reductase]

2.3.1.35

sulfite oxidase
(1347 nt)

conserved
hypothetical
protein (1464 nt)
phosphotyrosine
protein
phosphatase (600
nt) 3-phytase
A (1365 nt)

2.7.1.151

3.5.2.9

DMSP

F6P

glycolaldehyde

a processed
mitochondrial

protein

3-cis, 5-trans-
dodecadienoyl-

CoA

3-hydroxy-
docosapentaenoyl-CoA

a cis,cis-
delta15,33-3-

oxo-C52:2-[acp]

3-(methylthio)
propanoate

5.1.3.3

4-hydroxybenzoyl-
acetyl-CoA

estradiol 17-beta-
dehydrogenase
12-B (1038 nt)
peroxisomal
multifunctional
enzyme (2706 nt)

1.14.14.1

1.1.1.270

5.1.99.4

all-trans-
decaprenyl

diphosphate

cys

sulfate

adenosine

farnesyltransferase
alpha subunit
(522 nt) squalene
synthetase (777
nt) Note(s): At
least one base has
a quality score < 10

an N-acetyl-`-
D-hexosaminide

UTP

phosphatidylglycerol
biosynthesis II
(non-plastidic)

dolichol
and dolichyl
phosphate

biosynthesis

S-formylglutathione

leukotriene-D4

triosephosphate
isomerase (690 nt)
triosephosphate
isomerase (750 nt)

a uracil 20  in tRNA

ADP

3-(all-trans-
octaprenyl)

benzene-1,2-diol

putrescine

4.6.1.13

a maltooligosyl-
trehalose

crotonyl-CoA

3.5.1.5

(2E,6E)-farnesyl
diphosphate

4.2.1.-

dolichyl
diphosphooligosaccharide

CTP

ser

glutathione
reductase
(1431 nt)

pyridoxine
kinase (1155 nt)

a peptide

a holo-[acyl-
carrier protein]

a protein

2-trans, 4-cis-
undecadienoyl-

CoA

a 2’-phospho-
[ligated tRNA]

a ferrihemoglobin

D-xylonolactone

2-oxoglutarate
dehydrogenase
E1 (3219 nt)

UDP-N-acetyl-
_-D-glucosamine

10-trans-
heptadecenoyl-

CoA

_-D-glucose
1-phosphate

1.2.1.3

`-D-glucose
6-phosphate

3-keto-steroid
reductase
(1362 nt)

sulfite

an N-
acetylglucosaminyl-
diphosphodolichol

heme o

5-amino-levulinate

myo-inositol

malic enzyme
(1800 nt)

_-D-mannose

ribonucleoside-
diphosphate reductase
large chain (2637
nt) ribonucleotide
reductase R2 subunit
variant (978 nt)

2.7.11.11/2.7.12.1

uridylate kinase (774 nt)

1.4.1.4

1.3.8.7

N-acetyl-D-
glucosamine
6-phosphate

dGMP

nucleoside-
triphosphatase
ntp-1 (2271 nt)

1.6.5.3

1.2.1.82

L-histidinol-
phosphate

arginine biosynthesis
IV (archaebacteria)

a [2-oxoglutarate
dehydrogenase
E2 protein] N 6

-lipoyl-L-lysine

a [protein]
L-threonine
phosphate

a 1-monoglyceride

ser

conserved
hypothetical
protein (978
nt) 3-oxo-5-
alpha-steroid 4-
dehydrogenase
family protein
(1092 nt)

OPC8-3-
ketoacyl-CoA

1.3.3.6

a single-
stranded RNA

a trans-2-enoyl-CoA

a relaxed DNA

(S)-3-
hydroxyoctanoyl-

CoA

brassicasterol

4-hydroxybenzoyl-
acetyl-CoA

6.3.5.2

4-aminobutyrate
degradation II

NAD +

ser

RNase III
processing

product mRNA

3.5.4.19

7-dehydrocholesterol

nitrate reductase
(3150 nt)

2.3.1.176

peptidyl-tRNA
hydrolase domain-
containing protein
(636 nt) conserved
hypothetical
protein (654 nt)

2-phenylethanol

1.1.1.100/2.3.1.85/2.3.1.86

2.7.1.35

glycogen
synthase
(2133 nt)

2.1.1.64

beta-glucosidase
(1620 nt)

1-(`-D
ribofuranosyl)
nicotinamide

D-amino-acid
oxidase (1005 nt)
Note(s): At least
one base has a
quality score < 10

NADP +

2.5.1.10

sn-glycerol
3-phosphate

aspartate-
semialdehyde
dehydrogenase
(1185 nt)

phytosphingosine

squalene
monooxygenase
(1434 nt)

an (R)-3-hydroxyhexanoyl-[acp]

D-glyceraldehyde
3-phosphate

a cis,cis-
delta17,35-3-

hydroxyC54:2-
[acp]

a retinol

2.4.1.267

5-hydroxyferulate

3-phytase
(2310 nt)

UDP

conserved
hypothetical
protein (1374
nt) averantin
oxidoreductase
(1572 nt)
cytochrome
P450-DIT2 (1506
nt) conserved
hypothetical
protein (1506 nt)

N’-hydroxymethyl-
norcotinine

3.6.1.5

ADP-D-ribose

3.1.3.25

7-dehydrocholesterol
reductase (1281 nt)

decanoyl-CoA

glycerol kinase
(1533 nt)

aldehyde
dehydrogenase
(1491 nt)
Note(s): At least
one base has
a quality score
< 10 succinate-
semialdehyde
dehydrogenase
(1500 nt)

ubiquinol-9
biosynthesis
(eukaryotic)

2.3.1.50

5.4.99.7

2.3.1.37

asp

4.1.1.-

a trans-2-
enoyl-CoA

2.5.1.87

acetoacetyl-CoA

amine oxidase
(1494 nt)

1.14.13.-

3.5.1.4

3.6.1.5

N2,N2-
dimethylguanosine
tRNA
methyltransferase
(2478 nt)

serine/threonine-protein kinase
ssp1 (3828 nt) serine/threonine-
protein kinase ppk34 (2352 nt)
calcium/calmodulin-dependent
protein kinase, variant 2 (1158
nt) calcium/calmodulin-dependent
protein kinase (1338 nt) calcium/
calmodulin-dependent protein
kinase, variant 1 (1236 nt)
calcium/calmodulin-dependent
protein kinase, variant 3 (1056 nt)

5.99.1.2

5-formyl-
tetrahydrofolate

2.5.1.3

UMP

sterol O-
acyltransferase
(1566 nt)

thimet
oligopeptidase
(2616 nt)

3.6.3.14

phosphatidylethanolamine N-
methyltransferase (2940 nt)

succinate-
semialdehyde
dehydrogenase
(1500 nt)
aldehyde
dehydrogenase
(1491 nt)
Note(s): At least
one base has
a quality score
< 10 aldehyde
dehydrogenase
(1416 nt)
aldehyde
dehydrogenase
(471 nt) aldehyde
dehydrogenase
(1488 nt)

a peptide

5.2.1.8

an [eIF5A]-
hypusine

dGTP

propionyl-CoA
carboxylase
(1785 nt)

NAD-dependent
epimerase/
dehydratase (855
nt) fatty acid
synthase subunit
beta dehydratase
(6261 nt) fatty acid
synthase subunit
alpha reductase
(5652 nt) Note(s)
: At least one base
has a quality score
< 10 2-deoxy-
D-gluconate 3-
dehydrogenase
(771 nt) fatty
acid synthase
(7770 nt) 2-
succinylbenzoate-
CoA ligase (1782
nt) 3-oxoacyl-[acyl-
carrier-protein]
reductase (843 nt)
3-oxoacyl-[acyl-
carrier-protein]
reductase (531 nt)
3-oxoacyl-(acyl-
carrier-protein)
reductase (435 nt)

2-oxepin-2(3H)-
ylideneacetyl-CoA

GSSG

NAD-dependent epimerase/
dehydratase (855 nt) fatty
acid synthase subunit beta
dehydratase (6261 nt)
fatty acid synthase subunit
alpha reductase (5652 nt)
Note(s): At least one base
has a quality score < 10
2-deoxy-D-gluconate 3-
dehydrogenase (771 nt)
fatty acid synthase (7770
nt) 2-succinylbenzoate-
CoA ligase (1782 nt)
3-oxoacyl-[acyl-carrier-
protein] reductase (843
nt) 3-oxoacyl-[acyl-carrier-
protein] reductase (531
nt) 3-oxoacyl-(acyl-carrier-
protein) reductase (435 nt)

hypothetical
protein (309
nt) peroxisomal
matrix protein
(501 nt) AhpC/
TSA family
protein (549 nt)
mitochondrial
peroxiredoxin
PRX1 (669 nt)

2-oxoglutarate

ATP

1.2.1.47

catechol O-
methyltransferase
(879 nt)

enoyl-CoA
hydratase
(399 nt) enoyl-
CoA hydratase/
isomerase
family protein
(801 nt) enoyl-
CoA hydratase/
isomerase family
protein (948 nt)

GDP-mannose
biosynthesis

nicotinate adenine
dinucleotide

2.6.1.45

2.6.1.45

methanethiol

1.3.99.12

`-D-glucose

tyr

4.1.1.1

3.1.1.89

4.1.2.27

1,2-dihydroxy-
5-(methylthio)

pent-1-en-3-one

alpha-amylase
(1596 nt)

2.3.1.51

NAD-dependent
epimerase/
dehydratase (855
nt) fatty acid
synthase subunit
beta dehydratase
(6261 nt) fatty acid
synthase subunit
alpha reductase
(5652 nt) Note(s)
: At least one base
has a quality score
< 10 2-deoxy-
D-gluconate 3-
dehydrogenase
(771 nt) fatty
acid synthase
(7770 nt) 2-
succinylbenzoate-
CoA ligase (1782
nt) 3-oxoacyl-[acyl-
carrier-protein]
reductase (843 nt)
3-oxoacyl-[acyl-
carrier-protein]
reductase (531 nt)
3-oxoacyl-(acyl-
carrier-protein)
reductase (435 nt)

4.2.1.55

a 1,2-diacyl-sn-glycerol 3-phosphate

prolyl-tRNA
synthetase

(1917 nt) prolyl-
tRNA synthetase

(1770 nt)

phosphoglycerate
kinase (1254 nt)

1.5.1.2

1.1.1.-

hydrogen cyanide

aromatic-L-
amino-acid
decarboxylase
(3279 nt)
aromatic-L-
amino-acid
decarboxylase
(1638 nt)

acrylate

a holo-[acyl-
carrier protein]

a polypeptide

1.3.1.70

2-oxovalerate

a trans-2-
enoyl-CoA

`-D-fructose 2,6-
bisphosphate

_-linolenoyl-CoA

a holo-[acyl-
carrier protein]

5-formyltetrahydrofolate
cyclo-ligase (774 nt)

phosphoryl-
ethanolamine

3.5.1.4

a dicarboxylate

thio-molybdenum
cofactor

a 3-methyl-branched
2,3,4-saturated fatty acid

aldehyde
dehydrogenase
(471 nt) aldehyde
dehydrogenase
(1416 nt)

a debranched
limit dextrin

N 1 -acetylspermine

an _
hydroxyphytoceramide

a [protein]-L-asparagine

3.2.1.14

2.1.2.9

lanosterol
synthase
(2187 nt)

a purine base

succinyl-CoA

succinate-
semialdehyde
dehydrogenase
(1500 nt)
aldehyde
dehydrogenase
(1491 nt)
Note(s): At least
one base has
a quality score
< 10 aldehyde
dehydrogenase
(1416 nt)
aldehyde
dehydrogenase
(471 nt) aldehyde
dehydrogenase
(1488 nt)

asparagine
synthase (2130
nt) asparagine
synthetase
(1737 nt)
Note(s): At least
one base has a
quality score < 10

2.1.1.214

5.4.99.7

2.4.1.25

prephenate
dehydrogenase
(1488 nt)

2.6.1.42

uridylate
kinase (774 nt)

D-glyceraldehyde
3-phosphate

a 3-oxo-cis-6 7 -
tetradecenoyl-[acp]

7,8-
dihydrolumazine

`-D-glucose

adenylo-succinate

2.1.1.14

dipeptidyl
aminopeptidase
B (2739 nt)

puromycin-
sensitive
aminopeptidase
(2697 nt)

succinyl-CoA

3-oxo-dihomo
a-linolenoyl-CoA

conserved hypothetical
protein (1443 nt)

1.14.18.1

urate

coenzyme A

leukotriene B
4

4-hydroxybenzoate

C-1-
tetrahydrofolate
synthase (2820 nt)

formate

2.6.1.13

2.7.1.158

glucose-6-
phosphate
isomerase
(1659 nt)

sterol:steryl ester
interconversion

(yeast)

6.3.2.2

2.1.3.3

nitrate

an oxidized
electron-transfer

flavoprotein

2.3.1.179

choline

3.4.11.1

superpathway NAD/NADP - NADH/
NADPH interconversion (yeast)

phosphoenol
pyruvate

2.2.1.6

2.7.1.67

a cis-delta17-3-
oxo-C36:1-[acp]

2.7.1.25

a 1,4-_-D-glucan

tRNA phe

estradiol 17-beta-
dehydrogenase
(945 nt) 3-
oxoacyl-[acyl-
carrier-protein]
reductase (804 nt)
oxidoreductase
ucpA (993 nt)

2.1.1.125

a carboxylate

1.1.1.28

nucleoside
diphosphate
kinase (459 nt)
Note(s): At least
one base has a
quality score < 10

1.8.1.2

3.1.3.12

1.1.1.170

a 2-[(3S)-3-amino-
3-carboxypropyl]-L-
histidine-[translation
elongation factor 2]

1.11.1.7

2.1.1.222

coniferaldehyde

a cis-delta19-3-
oxo-C38:1-[acp]

tyr

citrulline biosynthesis

3-ketoacyl-
CoA thiolase
B (1242 nt) 3-
ketoacyl-CoA
thiolase (1254
nt) 3-ketoacyl-
CoA thiolase
B (1260 nt) 3-
ketoacyl-CoA
thiolase (1266 nt)

trehalose-
trans-keto-

mono-mycolate

1.3.1.-

2-oxoglutarate

superpathway of purine
nucleotides de novo biosynthesis I

5.4.99.25

1.1.1.100

1,4-alpha-glucan-
branching
enzyme (1662 nt)

4.99.1.1

_-D-glucose
1-phosphate

a DNA containing
a apyrimidinic site

enolase (1215 nt)
Note(s): At least
one base has a
quality score < 10

1.2.1.3

TCA CYCLE

a cis,cis-
delta11,29-
C48:2-[acp]

2.4.1.1

ADP

1.14.14.1

dipeptidyl-
peptidase
(2319 nt)

5.99.1.3

3-oxoacyl-(acyl-
carrier-protein)
reductase (435 nt)
3-oxoacyl-[acyl-
carrier-protein]
reductase (531 nt)
3-oxoacyl-[acyl-
carrier-protein]
reductase (843
nt) 2-deoxy-
D-gluconate 3-
dehydrogenase
(771 nt) NAD-
dependent
epimerase/
dehydratase
(855 nt)

acetyl-CoA

peroxisomal (S)
-2-hydroxy-acid
oxidase (1233 nt)

cys

2.3.1.-

NADH2 dehydrogenase 14K chain (279 nt)
NADH-ubiquinone oxidoreductase 78 kDa
subunit (2187 nt) LYR family protein (399
nt) conserved hypothetical protein (360
nt) NADH-quinone oxidoreductase subunit
I 2 (690 nt) hypothetical protein (432 nt)
NADH-ubiquinone oxidoreductase (636
nt) conserved hypothetical protein (759
nt) NADH-ubiquinone oxidoreductase 49
kDa subunit (1440 nt) NADH-ubiquinone
oxidoreductase 40 kDa subunit (882 nt)
NADH-ubiquinone oxidoreductase 105 kDa
subunit (285 nt) conserved hypothetical
protein (312 nt) hypothetical protein (372
nt) NADH-ubiquinone oxidoreductase
20.8 kDa subunit (483 nt) external NADH-
ubiquinone oxidoreductase (1764 nt) NADH-
ubiquinone oxidoreductase 51 kDa subunit
(1548 nt) NADH-ubiquinone oxidoreductase
21 kDa subunit (678 nt) NADH
dehydrogenase iron-sulfur protein (867 nt)
NADH-ubiquinone oxidoreductase 24 kDa
subunit (780 nt) NADH dehydrogenase iron-
sulfur protein (687 nt) NADH-ubiquinone
oxidoreductase subunit B17.2 (408 nt)

oleate

tRNA met

CDP-choline

a phenyl acetate

1.3.1.27

3.5.4.9

1.14.14.1

a peptide

conserved
hypothetical
protein (2232
nt) beta-
hexosaminidase
(2748 nt) beta-
hexosaminidase
(1812 nt) beta-
hexosaminidase
(1800 nt)

conserved
hypothetical
protein (1341 nt)

4_-carboxy-
5_-cholesta-
8-en-3`-ol

a sphingoid
1-phosphate

1.17.4.1

enoyl-CoA
hydratase
(399 nt) enoyl-
CoA hydratase/
isomerase
family protein
(801 nt) enoyl-
CoA hydratase/
isomerase family
protein (948 nt)
carnitinyl-CoA
dehydratase
(876 nt) enoyl-
CoA hydratase
(894 nt)

3-hydroxy-
docosapentaenoyl-CoA

chitin deacetylase
(1191 nt)

nucleoside diphosphate
kinase (459 nt) Note(s)
: At least one base has
a quality score < 10

UQ

5,10-
methenyltetrahydrofolate

NAD-dependent 15-
hydroxyprostaglandin
dehydrogenase (945 nt)

1.4.4.2

glutamate
synthase (2415
nt) glutamate
synthase small
chain (1392 nt)
NADP-specific
glutamate
dehydrogenase
(1377 nt)

uroporphyrinogen-III

1.2.1.-

amidase (807
nt) acetamidase
(1746 nt)
acetamidase
(1638 nt)

3.2.1.20

4,4-dimethyl-
5_-cholest-
7-en-3`-ol

purine ribonucleosides degradation

an O-glucosylsterol

arginine biosynthesis II (acetyl cycle)

purine nucleoside
phosphorylase
(732 nt) Note(s): At
least one base has
a quality score < 10

glyoxylate

salicylate
hydroxylase
(1320 nt)

peptide
methionine
sulfoxide
reductase
msrA (585 nt)

4.4.1.17

an oxidized
flavoprotein

acetyl-CoA

fatty acid synthase subunit beta
dehydratase (6261 nt) fatty
acid synthase subunit alpha
reductase (5652 nt) Note(s):
At least one base has a quality
score < 10 fatty acid synthase
(7770 nt) 2-succinylbenzoate-
CoA ligase (1782 nt)

quinate
degradation II

thiamin salvage II

3-oxoacyl-[acyl-
carrier-protein]
synthase (2577 nt)

6.3.4.21

1-palmitoylglycerol
3-phosphate

L(or D)-O-
phosphoserine

cytidine

D-myo-
inositol (1,4,5)

-trisphosphate
degradation

2-phospho-
D-glycerate

histone acetylase
complex subunit
(996 nt) histone
acetyltransferase
SAS2 (1074
nt) histone
acetyltransferase
GCN5 (1182
nt) histone
acetyltransferase
ESA1 (1554
nt) elongator
complex protein
(1752 nt) histone
acetyltransferase
type B catalytic
subunit (1641 nt)

2.7.7.14

3.2.1.25

bis(5’-nucleosyl)-
tetraphosphatase
(1047 nt)

ergosterol

glycogen
phosphorylase
(2634 nt)

3-keto-steroid
reductase
(1362 nt)

2.7.4.2

spermine

amidase (807
nt) acetamidase
(1746 nt)
acetamidase
(1638 nt)

4-hydroxy-trans
-8-sphingenine

2.4.1.258

conserved hypothetical
protein (1206 nt)

wound-
induced

proteolysis I

4.2.1.17

2.1.3.3

1.14.13.8

a cis,cis-
delta11,23-3-

hydroxyC42:2-
[acp]

6 24-25 -sitosterol

a 1,2-diacyl-
sn-glycerol 3-
diphosphate

ALCOHOLS DEGRADATION

phenol

OPC6-3-
ketoacyl-CoA

IdgA domain-
containing
protein (2370 nt)

14-oxolanosterol

an odd numbered
straight chain

2,3,4-saturated
fatty aldehyde

2.7.11.23

spermidine

5-dehydroavenasterol

1.5.1.2

orotate

2.7.11.4

diethylthiophosphate

2-aminoprop-
2-enoate

hydroxymethylpyrimidine

3.4.24.64

a peptide

3-dehydroquinate

2.7.1.172

6.3.1.14

pyridoxine

3.6.1.65

2.5.1.3

3-oxohexanoyl-
CoA

diphosphoinositol
polyphosphate
phosphohydrolase
aps1 (477 nt)

2.1.1.33

hydrogen sulfide

fatty acid synthase subunit beta dehydratase
(6261 nt) fatty acid synthase subunit
alpha reductase (5652 nt) Note(s):
At least one base has a quality score
< 10 fatty acid synthase (7770 nt) 2-
succinylbenzoate-CoA ligase (1782 nt)

dephospho-CoA
kinase (480 nt) Note(s)
: At least one base has
a quality score < 10

triacylglycerol
degradation

cystathionine
beta-lyase
(1344 nt)

phosphatidylcholine-
retinol O-
acyltransferase (498 nt)

2.7.4.6

glycerol

2,5-diamino-6-
(5-phospho-D-
ribosylamino)

pyrimidin-4(3H)-one

4-hydroxy-
2-nonenal-N-

acetyl-L-cysteine

methylglyoxal

octanoyl-CoA

alcohol
dehydrogenase
(1059 nt) alcohol
dehydrogenase
(1071 nt)

homogentisate 1,2-
dioxygenase (1365
nt) Note(s): At
least one base has
a quality score < 10

conserved
hypothetical
protein (1443 nt)

(R)-lactate

an oxidized  c-
type cytochrome

2.4.1.109

3.2.1.17

`-alanine

all-trans-retinol

lactoylglutathione
lyase (960 nt)

ethanol

3-ketoacyl-CoA
thiolase (1266
nt) 3-ketoacyl-
CoA thiolase
B (1260 nt) 3-
ketoacyl-CoA
thiolase (1254
nt) 3-ketoacyl-
CoA thiolase
B (1242 nt)

2.8.1.11

2.4.2.1

4_-formyl,4`,14_-
dimethyl-9`,19-

cyclo-5_-ergost-
24(24 1 )-en-3`-ol

a [2-oxoglutarate
dehydrogenase
E2 protein] N 6

-lipoyl-L-lysine

GABA
shunt

indole-3-acetate

protoheme IX

3.1.1.23

4-hydroxyphenylpyruvate

hydroxypyruvate

2.7.1.11

a cis,cis-
delta13,25-3-

oxo-C44:2-[acp]

6.3.4.15

a 1,4-_-D-glucan

L-dopa

a (mannosyl)
9

-(N-
acetylglucosaminyl)

2

a 1,3-_-D-glucan
a reduced flavoprotein

a [2-oxoglutarate
dehydrogenase
E2 protein] N 6

-dihydrolipoyl-
L-lysine

4-methyl-5-(2-
phosphonooxyethyl)

thiazole

pyruvate

1.1.1.102

pimeloyl-CoA

asp

5-methylsalicylate

glycerol and
glycerophosphodiester

degradation

tyrosyl-tRNA
synthetase

(1779 nt) tyrosyl-
tRNA synthetase

(1233 nt)

sulfate

glucose-6-
phosphate
isomerase
(1659 nt)

3-methoxy-4-
hydroxy-5-all-trans-
decaprenylbenzoate

propionyl-CoA

1.5.1.8

2-methylcitrate
cycle I

oxalyl-CoA

a ubiquitin C-terminal thioester

1D-myo-inositol
3-diphosphate

1,2,4,5,6-
pentakisphosphate

sn-1,2-diacylglycerol
cholinephosphotransferase
(1332 nt)

5.4.99.8

a palmitoyl-[acp]

a 5-
methylcytosine 48

in tRNA

2.5.1.87

acyl-coenzyme A synthetase ACSM5
(1689 nt) long-chain-fatty-acid-CoA
ligase (2007 nt) long-chain-fatty-
acid-CoA ligase (2100 nt) fatty acid
transporter protein (1932 nt) long-
chain-fatty-acid-CoA ligase (2124 nt)
long-chain-fatty-acid-CoA ligase (3516
nt) D-alanine-poly(phosphoribitol)
ligase subunit 1 (3078 nt) 2-
succinylbenzoate-CoA ligase (1782 nt)
elongation of fatty acids protein (1053
nt) acyl-activating enzyme (312 nt)

an octanoyl-[acp]

24,25-
dihydrolanosterol

methylenetetrahydrofolate
reductase (2142 nt)

methylenetetrahydrofolate
reductase (1890 nt)

5.4.3.8

pyruvate
fermentation
to ethanol II

cis-coumarinic
acid-`-D-glucoside

phytenoyl-CoA

peptidylproline (t = 180)

2-dehydro-
3-deoxy-D-
galactonate

acetate

farnesyltransferase
alpha subunit
(522 nt) squalene
synthetase (777
nt) Note(s): At
least one base has
a quality score < 10

3-hydroxy-
heptanoyl-CoA

N-acetylglutaminylglutamine
amide2.1.1.202

3.6.1.6

HMG-CoA

acetyl-CoA

1.14.13.132

_-D-glucosamine
6-phosphate

all-trans-
nonaprenyl

diphosphate

uracil
phosphoribosyltransferase

(741 nt) uracil
phosphoribosyltransferase

(777 nt)

(S)-3-
hydroxybutanoyl-

CoA

N-tetradecanoylglycyl-
peptide

1.10.3.1

tRNA asn

6.2.1.3

24-methylenecholesterol

2.5.1.54

aromatic amino acid
aminotransferase
(1596 nt)

a sterol

3.5.1.2/3.5.1.38

2.3.1.26

a peptide

(2E,6E)-farnesyl
diphosphate

phosphomethylpyrimidine
kinase (1674 nt)

a fatty acid

a basic amino acid

4-aminobutyrate
aminotransferase
(858 nt) Note(s)
: At least one
base has a
quality score < 10

2-oxoglutarate

2.5.1.58

NAD(P) +

phosphoglycerate
kinase (1254 nt)

2-succinyl-5-enolpyruvyl-
6-hydroxy-3-cyclohexene-

1-carboxylate

3.6.1.5

UTP

homoserine
dehydrogenase
(1119 nt)

3-oxoacyl-(acyl-
carrier-protein)
reductase (435 nt)
3-oxoacyl-[acyl-
carrier-protein]
reductase (531 nt)
3-oxoacyl-[acyl-
carrier-protein]
reductase (843
nt) 2-deoxy-
D-gluconate 3-
dehydrogenase
(771 nt) NAD-
dependent
epimerase/
dehydratase
(855 nt)

a tRNA
pseudouridine 65

2.7.1.20

a [ribosomal
protein L3]-
N 5 -methyl-
L-glutamine

gly

zeaxanthin

AMP

a [chaperone-
ADP]-[disordered-

form scaffold
protein] complex

PRPP

dual specificity
phosphatase
(1710 nt)

1.17.4.1

2-succinylbenzoate-
CoA ligase (1782
nt) fatty acid
synthase (7770
nt) fatty acid
synthase subunit
alpha reductase
(5652 nt) Note(s)
: At least one base
has a quality score
< 10 fatty acid
synthase subunit
beta dehydratase
(6261 nt)

2.5.1.49

protoheme IX

D-xylulose
5-phosphate

1.14.13.70

lipoate-protein
ligase A (1251 nt)

ribonuclease
T2 (1227 nt)

a cis,cis-delta9,21-
3-oxo-C40:2-[acp]

coenzyme A

glt

2.6.1.1

3-hydroxy-
nonanoyl-CoA

carboxylesterase
(1815 nt)

citrate

uracil

3.1.4.46

acyl-activating enzyme
(312 nt) elongation
of fatty acids protein
(1053 nt) D-alanine-
poly(phosphoribitol)
ligase subunit 1
(3078 nt) long-chain-
fatty-acid-CoA ligase
(3516 nt) long-chain-
fatty-acid-CoA ligase
(2124 nt) fatty acid
transporter protein
(1932 nt) long-
chain-fatty-acid-
CoA ligase (2100 nt)
long-chain-fatty-acid-
CoA ligase (2007 nt)

adenylosuccinate
lyase (1455 nt)

1.14.13.1

Cobalamin-independent
synthase (2316 nt)

2-succinylbenzoate-
CoA ligase (1782
nt) acyl-coenzyme
A synthetase
ACSM5 (1689 nt)
elongation of fatty
acids protein (1053
nt) acyl-activating
enzyme (312 nt)

5.4.2.6

1.17.4.1

nitric oxide

a carboxylate

a reduced NrdH
glutaredoxin-

like protein

glutathione
reductase
(1431 nt)

MoO
2

-
molybdopterin

cofactor

2.7.1.108

a dolichyl
phosphate

1.1.1.270

6.3.1.2

(S)-methylmalonyl-
CoA

a [lipoyl-carrier
protein] N 6 -

dihydrolipoyl-
L-lysine

2.7.7.15

an [L-2-
aminoadipate

carrier protein]-
L-glutamate 5-
semialdehyde

aliphatic nitrilase
(1071 nt)

adenosine

a 5’-diphospho-
purine-[mRNA]

dienelactone
hydrolase family
protein (645 nt)
dienelactone
hydrolase family
protein (738 nt)
dienelactone
hydrolase family
protein (873 nt)

pyruvate
dehydrogenase
protein X
component
(1470 nt)

2.3.1.41/2.3.1.85/2.3.1.86

conserved
hypothetical
protein (939 nt)

a cis,cis-delta5,23-
3-oxo-C42:2-[acp]

peptidylproline (t = 0)

a hydroxyacyl-CoA

uroporphyrinogen-III

(2R)-homocitrate

a standard
_ amino acid

1.2.1.2

9-cis, 11-trans-
octadecadienoyl-

CoA

guanosine

pyruvate

octanoyltransferase
(936 nt)

2.3.1.23

2,5-dichloro-2,5-
cyclohexadiene-

1,4-diol

a 1,2-diacyl-
sn-glycerol

3-phosphate

n-acetylglucosamine-
6-phosphate
deacetylase (1422 nt)

2.1.1.45

6-O-cis-methoxy-
mycolyl-trehalose

6-phosphate

cholesterol
biosynthesis I

(deoxynucleotides)
(m)

L-arginyl-tRNA arg

glycogen
phosphorylase
(2634 nt)

pro

dCDP

_-D-mannose
6-phosphate

2.3.1.1

glycogen
phosphorylase
(2634 nt)

ADP-D-ribose

dAdoMet

UDP

isoleucine
degradation II

5.4.2.2/5.4.2.5

a cis,cis-
delta13,31-
C50:2-[acp]

a mature small
ubiquitin-

like modifier
(SUMO) peptide

3-oxocholest-
4-en-26-oate

3-oxoacyl-(acyl-
carrier-protein)
reductase (435 nt)
3-oxoacyl-[acyl-
carrier-protein]
reductase (531 nt)
3-oxoacyl-[acyl-
carrier-protein]
reductase (843
nt) 2-deoxy-
D-gluconate 3-
dehydrogenase
(771 nt) NAD-
dependent
epimerase/
dehydratase
(855 nt)

aromatic amino acid
aminotransferase
(1596 nt)

1.1.1.289

ribulose-
phosphate 3-
epimerase (813 nt)

a protein

a secondary
alcohol

4-hydroxyphenylpyruvate
dioxygenase (1284 nt) 4-
hydroxyphenylpyruvate
dioxygenase (1212 nt)
Note(s): At least one base
has a quality score < 10

3.1.4.46

tryptophan
degradation

I (via
anthranilate)

acetyl-CoA carboxylase (6819 nt)

3-phospho-
D-glycerate

2.3.1.75

_-D-glucose
6-phosphate

2.7.11.24

a petroselinoyl-
[acp]

3.4.24.55

1.14.13.-

mevalonate-
diphosphate

an organic
molecule

phytosphingosine
1-phosphate

2.3.1.9

C-4 methylsterol
oxidase (735 nt)
C-4 methylsterol
oxidase (552 nt)

2.4.1.34

aldehyde dehydrogenase
(471 nt) aldehyde
dehydrogenase (1416 nt)
aldehyde dehydrogenase
(1491 nt) Note(s): At least
one base has a quality score
< 10 succinate-semialdehyde
dehydrogenase (1500 nt)

3.6.1.10

a maltodextrin

2.4.1.142

UMP

3-oxoacyl-[acyl-
carrier-protein]
synthase (2577 nt)

conserved
hypothetical
protein (990 nt)
5’-nucleotidase
(2022 nt)

5-hydroxyindole
acetaldehyde

_-D-glucose

glycogen
phosphorylase (2634 nt)

a 1-lysophosphatidylcholine

a dolichyl
phosphate

maltopentaose

a phenol

6.2.1.26

arachidonate

5.3.3.-

a steryl-ester

cytochrome b-
245 heavychain
subunit beta
(1647 nt)

F6P

4.3.2.1

a 2-methyl branched
2,3,4-saturated fatty acid

inosine

3.6.1.19

GAR

5.3.3.5

carboxylesterase
(1815 nt)

CO
2

glutaryl-CoA
dehydrogenase
(1287 nt)

3.2.1.52

3.5.99.-

NAD-dependent epimerase/dehydratase
(855 nt) fatty acid synthase subunit beta
dehydratase (6261 nt) fatty acid synthase
subunit alpha reductase (5652 nt) Note(s)
: At least one base has a quality score < 10
2-deoxy-D-gluconate 3-dehydrogenase
(771 nt) fatty acid synthase (7770 nt)
2-succinylbenzoate-CoA ligase (1782
nt) 3-oxoacyl-[acyl-carrier-protein]
reductase (843 nt) 3-oxoacyl-[acyl-carrier-
protein] reductase (531 nt) 3-oxoacyl-
(acyl-carrier-protein) reductase (435 nt)

arginine
degradation
I (arginase
pathway)

starch

indole

GGPP

3.1.3.64

all-trans-
hexaprenyl

diphosphate

1.2.1.3

succinyl-CoA:3-
ketoacid-
coenzyme A
transferase
subunit B
(1548 nt)

glutamine amidotransferase
subunit pdxT (720 nt) GMP
synthase (759 nt) imidazole
glycerol phosphate synthase
hisHF (1647 nt) GMP synthase
(1632 nt) glutamate synthase
(2415 nt) glutamate synthase
small chain (1392 nt) asparagine
synthetase (1737 nt) Note(s):
At least one base has a quality
score < 10 CTP synthase (1761
nt) bifunctional pyrimidine
biosynthesis protein (PyrABCN)
(6645 nt) carbamoyl-phosphate
synthase arginine-specific large
chain (3546 nt) asparagine
synthase (2130 nt) carbamoyl-
phosphate synthase arginine-
specific small chain (1413 nt)

diphosphomevalonate
decarboxylase (1218 nt)

2-iminopropanoate

a [pyruvate
dehydrogenase
E2 protein] N 6

-lipoyl-L-lysine

sulfite oxidation
I (sulfite

oxidoreductase)

conserved
hypothetical
protein (1428
nt) neutral
ceramidase
(2292 nt)

a long-chain
acyl-CoA

molybdopterin
adenine

dinucleotide

3.4.23.36

a reduced
flavoprotein

tRNA ser

pyruvate
decarboxylase
(1746 nt)
pyruvate
decarboxylase
(1725 nt)

4-chlorocatechol

thiamine-phosphate
pyrophosphorylase
(1623 nt)

methylmalonate-
semialdehyde
dehydrogenase
(1761 nt)

3-oxoacyl-[acyl-
carrier-protein]
synthase (2577 nt)

5-hydroxy-
L-tryptophan

aromatic-L-
amino-acid
decarboxylase
(3279 nt)
aromatic-L-
amino-acid
decarboxylase
(1638 nt)

trehalose
biosynthesis II

acetylornithine
aminotransferase
(1455 nt)

citrate

a trans-2-enoyl-
[acyl-carrier protein]

1.1.1.37

an N-acetyl-`-D-
galactosalaminyl-

[glycan]

nucleoside-
triphosphatase
ntp-1 (2271 nt)

2.3.1.16

2.3.1.16

24-epi-campesterol

mRNA
capping I

ammonium

4_-methyl-5_-
ergosta-8,24-

dien-3`-ol

a single-stranded
oligoribonucleotide

`-D-glucose
6-phosphate

1.3.1.-

3.4.24.84

a CDP-
diacylglycerol

succinate
semialdehyde

CARBOHYDRATES DEGRADATION

a non glycosylated
sugar acceptor

lanosteryl oleate

4’-apo-`-carotenal

molybdopterin
synthase
small subunit
CnxG (303 nt)
molybdopterin
synthase
large subunit
CnxH (573 nt)

C-1-
tetrahydrofolate

synthase (2820 nt)

UDP-N-
acetyl-D-

glucosamine
biosynthesis I

3-hydroxy-
heptanoyl-CoA

_-D-glucose
1-phosphate

a cytosine in DNA

D-ribofuranose

1.1.1.170

AMINES AND POLYAMINES DEGRADATION

a protein

N-acetylglucosamine
degradation I

2-amino-5-
formylamino-6-
(5-phospho-D-
ribosylamino)

pyrimidin-
4(3H)-one

5.3.3.18

2.4.1.18

conserved
hypothetical
protein (1641 nt)

1.14.13.72

pyridoxal

an N _ -acetyl-
peptide

cys

nitrite

carbamoyl-
phosphate

2.4.1.1

1-C16:0-_,t-
dicaboxyl-2-

lysophosphatidate

3.5.5.7

ATP

2-oxoglutarate

succinate
semialdehyde

3.2.2.1

a 1-acyl-sn
-glycerol 3-
phosphate

methylcrotonoyl-
CoA carboxylase
beta chain (1749 nt)
methylcrotonoyl-CoA
carboxylase subunit
alpha (2181 nt)

mannose-6-phosphate
isomerase (1368 nt)

4_-methyl-zymosterol

6-phosphofructokinase
subunit beta (2403 nt)

an amino acid

2.3.1.41

torulene

D-glucopyranose

2.7.7.9

methionine
degradation I (to
homocysteine)

L-asparaginase
(1626 nt)

a malonyl-[acp]

UDP-_-D-glucose

6-phosphofructo-
2-kinase (2148 nt)
6-phosphofructo-
2-kinase (1605
nt) fructose-2,6-
bisphosphatase
(1449 nt)

1.3.1.39/1.3.1.104/2.3.1.85/2.3.1.86

5-hydroxy-feruloyl-CoA

threonine aldolase
(735 nt) serine
hydroxymethyltransferase
(1608 nt) serine
hydroxymethyltransferase
(1416 nt)

6.2.1.3

a peptide

1.14.21.6

2.6.1.1

2.6.1.57

ser

2.6.1.39

4-hydroxyphenylpyruvate
biosynthesis

4_-carboxy-
5_-cholesta-

8,24-dien-3`-ol

maltotetraose

a `-D-mannoside

`-D-glucose

coenzyme A

glycine
biosynthesis IV

D-glucopyranose
6-phosphate

polymerase II polypeptide D
(459 nt) DNA polymerase
beta (2076 nt) DNA
polymerase epsilon catalytic
subunit A (6696 nt) DNA
polymerase delta catalytic
subunit (3333 nt) DNA
polymerase alpha catalytic
subunit (4377 nt) polymerase
zeta subunit (5028 nt) DNA
polymerase eta (1995 nt)
predicted protein (858 nt)
DNA polymerase beta (1239
nt) conserved hypothetical
protein (2124 nt) DNA
polymerase gamma (3429 nt)
hypothetical protein (486
nt) Note(s): At least one
base has a quality score <
10 Poly(A) RNA polymerase
cid14 (2178 nt) conserved
hypothetical protein
(2901 nt) DNA polymerase
epsilon subunit B (2235 nt)

phosphoribosylformylglycinamidine
synthase (4089 nt)

acyl-activating enzyme
(312 nt) elongation
of fatty acids protein
(1053 nt) D-alanine-
poly(phosphoribitol)
ligase subunit 1
(3078 nt) long-chain-
fatty-acid-CoA ligase
(3516 nt) long-chain-
fatty-acid-CoA ligase
(2124 nt) fatty acid
transporter protein
(1932 nt) long-
chain-fatty-acid-
CoA ligase (2100 nt)
long-chain-fatty-acid-
CoA ligase (2007 nt)

alcohol
dehydrogenase
(1488 nt)

a non glycosylated
sugar acceptor

a 1,2-diacyl-
sn-glycerol

1.1.1.205

1.3.5.1

putrescine

beta-glucosidase (1620 nt)
beta-glucosidase (2958 nt)
beta-glucosidase (2598 nt)
beta-glucosidase (2625 nt)

3.6.1.31

thiocyanate

NADPH

beta-glucosidase (1620 nt)
beta-glucosidase (2958 nt)
beta-glucosidase (2598 nt)
beta-glucosidase (2625 nt)

1.3.1.70

UDP

3-hydroxyisovaleryl-
CoA

2.3.1.85/2.3.1.86/4.2.1.59

2.7.11.1

2-trans, 5-trans
-dodecadienoyl-

CoA

2.5.1.108

NAD +

superpathway
of allantoin
degradation

in yeast

phosphoglycerate
mutase family
protein (717 nt)
phosphoglycerate
mutase family
protein (783 nt)
phosphoglycerate
mutase family
protein (996 nt)

choloyl-CoA

a cis,cis-delta3,15-
C34:2-[acp]

3.1.2.21

6.3.2.5

2.3.1.26

3.1.4.11

fatty acid beta-
oxidation V

(unsaturated,
odd number,

di-isomerase-
dependent)

ADP

2.6.1.1

3.5.1.52

NAD-dependent epimerase/
dehydratase (855 nt) fatty
acid synthase subunit beta
dehydratase (6261 nt)
fatty acid synthase subunit
alpha reductase (5652 nt)
Note(s): At least one base
has a quality score < 10
2-deoxy-D-gluconate 3-
dehydrogenase (771 nt)
fatty acid synthase (7770
nt) 2-succinylbenzoate-
CoA ligase (1782 nt)
3-oxoacyl-[acyl-carrier-
protein] reductase (843
nt) 3-oxoacyl-[acyl-carrier-
protein] reductase (531
nt) 3-oxoacyl-(acyl-carrier-
protein) reductase (435 nt)

GDP

an 11-cis-
retinyl ester

4.1.1.33

NADP +

an S-sulfanyl-
[L-cysteine

desulfurase]

3-oxodecanoyl-
CoA

betaine aldehyde
dehydrogenase
(1437 nt)
betaine aldehyde
dehydrogenase
(1905 nt)
betaine aldehyde
dehydrogenase
(1500 nt)

bifunctional
polynucleotide
phosphatase/
kinase (1644
nt) conserved
hypothetical
protein (1728 nt)

DMAPP

FAD binding
domain-
containing
protein (1887 nt)

ketol-acid
reductoisomerase
(402 nt) Note(s)
: At least one
base has a
quality score < 10

1.3.1.34

glutamine
amidotransferase
subunit pdxT
(720 nt) imidazole
glycerol phosphate
synthase hisHF
(1647 nt) para-
aminobenzoate
synthase (2661 nt)

5-formyltetrahydrofolate
cyclo-ligase (774 nt)

a [cysteine desulfurase]-
[scaffold protein-

(2Fe-2S)] complex

coenzyme A

a cis,cis-delta5,17-3-
hydroxyC36:2[acp]

a biotinylated
[BCCP dimer]

a 5,6-
dihydrouracil 17

in tRNA

OPC8-3-
hydroxyacyl-CoA

conserved
hypothetical
protein (783 nt)

4.1.1.-

asp

6,7-dimethyl-8-
ribityllumazine
synthase (525 nt)

an (3R)-3-hydroxymyristoyl-[acp]

2.3.1.16

cerotoyl-CoA

4.1.1.31

aqualysin-1 (1131
nt) Note(s): At
least one base has
a quality score < 10

2.4.2.1

ornithine
carbamoyltransferase
(1047 nt)

a protein-N
-phospho-
L-histidine

L-glutamate-5-
semialdehyde

OPC8-CoA

a protein

a mannosyl-(N-
acetylglucosaminyl)

2-diphosphodolichol

stearoyl-CoA

UDP-D-
galactose

biosynthesis

Delta(24(24(1)))-sterol
reductase (1626 nt)

2.3.1.179

protein-L-
isoaspartate(D-
aspartate) O-
methyltransferase
(759 nt)

6.3.5.7

4_-carboxy-
4`-methyl-

5_-cholesta-
8-en-3`-ol

2.1.1.45

oxaloacetate

a [protein]-N 6 -D-
ribulosyl-L-lysine

1.14.13.-

a trans-2-
enoyl-CoA

an unsulfurated
[sulfur carrier]

D-tryptophan

3-(4-
hydroxyphenyl)

-3-hydroxy-
propionyl-CoA

1.4.3.21

3-trans,5-cis-
tetradecadienoyl-

CoA

3.3.1.1

biotin

alcohol
dehydrogenase
(1065 nt) alcohol
dehydrogenase
(1026 nt) S-
(hydroxymethyl)
glutathione
dehydrogenase
(1371 nt) alcohol
dehydrogenase
(1254 nt) alcohol
dehydrogenase
(960 nt) alcohol
dehydrogenase
(1107 nt) alcohol
dehydrogenase
(1071 nt) alcohol
dehydrogenase
(1059 nt)

L-asparaginase
(1629 nt)

hypothetical
protein (1365 nt)
phosphoglucomutase
(2289 nt)

2.8.1.1

2.5.1.103

formate

HMP-P

glycine betaine

2-trans-6-trans-
tridecadienoyl-CoA

acyl-coenzyme A
oxidase (1962 nt)
acyl-coenzyme A
oxidase (2085 nt)
acyl-coenzyme A
oxidase (2049 nt)

mitogen-
activated protein

kinase kinase

galactonate
dehydratase
(1152 nt)

S-ureidoglycolate

arg

a carboxylate

ATP NAD kinase
(2001 nt) ATP NAD
kinase (1236 nt)

6.2.1.3

L-ornithine

2.7.4.6

glyceraldehyde-
3-phosphate
dehydrogenase
(1017 nt)

an oxidized
[NADPH-

hemoprotein
reductase]

xanthosine

L-dopachrome

a mitochondrial
preprotein
including a

mitochondrial
targeting sequence

conserved hypothetical
protein (1092 nt)
NADH-cytochrome b5
reductase (1002 nt)
NADH-cytochrome
b5 reductase (930 nt)

phosphoribulosylformimino-
AICAR-P

3-oxoacyl-(acyl-
carrier-protein)
reductase (435 nt)
3-oxoacyl-[acyl-
carrier-protein]
reductase (531 nt)
3-oxoacyl-[acyl-
carrier-protein]
reductase (843
nt) 2-deoxy-
D-gluconate 3-
dehydrogenase
(771 nt) NAD-
dependent
epimerase/
dehydratase
(855 nt)

purine nucleoside
phosphorylase (732 nt)
Note(s): At least one base
has a quality score < 10

5.3.3.8

Cobalamin-
independent
synthase
(2316 nt)

1.5.1.5

6.2.1.12

C-4 methylsterol
oxidase (735 nt)
C-4 methylsterol
oxidase (552 nt)

NAD-specific
glutamate
dehydrogenase
(3312 nt)

C-4 methylsterol
oxidase (735 nt)
C-4 methylsterol
oxidase (552 nt)

6.2.1.12

3.2.1.14

an alcohol

a trans-hexacos-
2-enoyl-[acp]

ammonia
assimilation

cycle I

fatty acid synthase subunit beta dehydratase
(6261 nt) fatty acid synthase subunit
alpha reductase (5652 nt) Note(s):
At least one base has a quality score
< 10 fatty acid synthase (7770 nt) 2-
succinylbenzoate-CoA ligase (1782 nt)

D-threo-isocitrate

2.1.1.229

an uncharged
tRNA

3.1.3.36

methionine
degradation III

methanol

an [L-2-
aminoadipate

carrier protein]-
L-glutamate

myo-inositol

UDP-_-D-glucose

betaxanthin
biosynthesis

2-[(1R,6S)-1,6-
dihydroxycyclohexa-

2,4-dien-1-yl]acetyl-coA

hydroxymethylglutaryl-
CoA synthase (1959 nt)

cyclic-AMP

1.11.1.6

oleate `-
oxidation

(isomerase-
dependent,

yeast)

L-canavanine

4-hydroxybutanoate

1.1.1.cj

a cis-delta13-3-
oxo-C32:1-[acp]

dGMP

D-erythrose
4-phosphate

1.14.19.-

acyl-CoA
dehydrogenase
(1308 nt)

`-D-glucose
6-phosphate

oxidoreductase
(783 nt)

cystathionine
beta-lyase
(1344 nt)

1.1.2.7

homovanillate

xanthine

conserved hypothetical
protein (687 nt)

fructose 1,6-
bisphosphate

dopamine

ubiquinone/
menaquinone
biosynthesis
methyltransferase
ubiE (843 nt) Note(s)
: At least one base has
a quality score < 10

an inositol-phospho-_
hydroxyphytoceramide

2-succinylbenzoate-
CoA ligase (1782 nt)
fatty acid synthase
(7770 nt) fatty acid
synthase subunit
alpha reductase (5652
nt) Note(s): At least
one base has a quality
score < 10 fatty acid
synthase subunit beta
dehydratase (6261 nt)

2.7.7.6

acetamide

a monocarboxylic-
acid-amide

4.1.-.-

a protein

a peptide

2.3.1.179

carbamoyl-
phosphate
synthase arginine-
specific small
chain (1413
nt) carbamoyl-
phosphate
synthase arginine-
specific large
chain (3546 nt)
bifunctional
pyrimidine
biosynthesis
protein
(PyrABCN)
(6645 nt)

_,_-trehalose
6-phosphate

cysteine synthase
(1134 nt) cysteine
synthase (1251 nt)

pyrithiamine

2.7.1.40

coenzyme A

glutamate synthase
small chain (1392
nt) glutamate
synthase (2415 nt)

palmitate

INORGANIC NUTRIENTS METABOLISM

an mRNA

1.3.1.-

lipoamide

4_-formyl-
ergosta-7,24(24 1

)-dien-3`-ol

a 1-phosphatidyl-
1D-myo-inositol

4,5-bisphosphate

a stearoyl-[acp]

hydroxypyruvate

1.1.1.23

C-1-
tetrahydrofolate

synthase (2820 nt)

1.11.2.3

tRNA-
dihydrouridine
synthase
(2235 nt)

a 3-oxo acid

D-alanine-
poly(phosphoribitol)
ligase subunit 1
(3078 nt) long-chain-
fatty-acid-CoA ligase
(3516 nt) long-chain-
fatty-acid-CoA ligase
(2124 nt) fatty acid
transporter protein
(1932 nt) long-
chain-fatty-acid-CoA
ligase (2100 nt) long-
chain-fatty-acid-CoA
ligase (2007 nt) acyl-
coenzyme A synthetase
ACSM5 (1689 nt)
elongation of fatty
acids protein (1053
nt) acyl-activating
enzyme (312 nt)

squalene

1.1.1.170

malate
dehydrogenase
(1080 nt)

1D-myo-inositol
1-diphosphate

2,3,4,5,6-
pentakisphosphate

1.1.1.35

2.7.7.15

L-aspartate-
semialdehyde

`-D-glucose

isochorismatase
hydrolase
(1176 nt)

L-ornithine

a protein

a peptidoglycan

(2R,3S)-3-
isopropylmalate

N2,N2-
dimethylguanosine
tRNA
methyltransferase
(2478 nt)

a holo-[acyl-
carrier protein]

nicotinamide
mononucleotide
adenylyltransferase
(996 nt)

myo-inositol

2.8.1.8

2.5.1.1

2-keto-D-
gluconate

4.2.1.17

decaprenyl-
diphosphate
synthase subunit
1 (1602 nt)

3.1.2.15

pentatricopeptide
repeat protein
(4065 nt)
triacylglycerol
lipase (1968 nt)

a [protein]-L-serine

2.4.2.1

4.4.1.8

a malonyl-[acp]

3.4.25.1

1.1.1.100

2.3.3.10

2.3.1.29

phenol 2-
monooxygenase
(1164 nt) phenol
2-monooxygenase
(1899 nt) phenol
2-monooxygenase
(1953 nt) phenol
2-monooxygenase
(1914 nt)

2.7.2.3

succinate

starch

acetyl-CoA
hydrolase
(1578 nt)

hydantoinase
(2982 nt)

a holo-[acyl-
carrier protein]

1.11.2.-

hypothetical
protein (279 nt)

1.3.8.-

2.8.1.8

a long-chain
fatty acid

aldehyde
dehydrogenase
(471 nt) aldehyde
dehydrogenase
(1416 nt)

an AP (apurinic or
apyrimidinic) site

created by glycosylic
bond cleavage

3-oxoacyl-[acyl-
carrier-protein]
synthase (2577 nt)

aldehyde
dehydrogenase
(471 nt) aldehyde
dehydrogenase
(1416 nt)

3.1.2.27

N-acetyl-`-
glucosaminylamine

formaldehyde

[histone]-
L-arginine

6.1.1.14

`-D-glucose
1-phosphate

1.1.1.40

a diphthamide-
[translation

elongation factor 2]

1.2.1.88

a cellodextrin

2-oxoglutarate

di-homo-a-linolenate

an oxidized  c-
type cytochrome

2.1.1.181

a [protein]-
L-tyrosine

acetyl-CoA

crotonyl-CoA

conserved
hypothetical
protein (1464 nt)
phosphotyrosine
protein
phosphatase (600
nt) 3-phytase
A (1365 nt)

galactose
degradation IV

2.4.2.19

7,8-
dihydroneopterin

L-lactaldehyde

F6P

acetyl-CoA

2.6.1.9

sporulation
protein SPS19
(954 nt)

2.4.1.227

cAMP-dependent
protein kinase (4878
nt) kinase lkh1 (1992
nt) Note(s): At least
one base has a quality
score < 10 glycogen
synthase kinase-3
beta (4329 nt) Note(s)
: At least one base
has a quality score <
10 serine/threonine-
protein kinase PRKX
(1203 nt) serine/
threonine-protein
kinase PAK 2 (2679
nt) cAMP-dependent
protein kinase catalytic
subunit pkaC (1116 nt)

_-L-
arabinofuranose

superpathway
of adenosine

nucleotides de
novo biosynthesis I

1.3.1.10/1.3.1.39/2.3.1.85/2.3.1.86

L-glutamyl-
tRNA Glu

an N-acetyl-`-
D-hexosamine

1.14.19.4

solasodine

1.1.1.35

2.3.1.15

short-chain
specific acyl-CoA
dehydrogenase
(1644 nt)

2.7.1.36

glyoxylate
reductase
(1026 nt)

2.7.4.7

PLP

1.3.1.10/1.3.1.39/2.3.1.85/2.3.1.86

aldehyde
dehydrogenase
(471 nt) aldehyde
dehydrogenase
(1416 nt)

aldehyde
dehydrogenase
(1491 nt)
Note(s): At least
one base has
a quality score
< 10 succinate-
semialdehyde
dehydrogenase
(1500 nt)

3.1.4.4

(R)-6-
hydroxynicotine

1.1.1.157

caffeoyl-CoA

3.5.4.5

NaMN

a peptide

Phospholipid:diacylglycerol
acyltransferase (1845 nt)

epoxide
hydrolase (417 nt)

POS9-activating
factor FAP7
(534 nt)
adenylate kinase
cytosolic (831
nt) adenylate
kinase (747 nt)

aldose 1-
epimerase aldose
1-epimerase
(1233 nt)

glycogen
phosphorylase (2634 nt)

glt

an acyl-CoA

gln

phosphoenol
pyruvate

glycerol

choline
biosynthesis III

1-(5-phospho-`-D-ribosyl)-
5-[(5-phosphoribosylamino)
methylideneamino]imidazole-

4-carboxamide

ribose-1-arsenate

3-oxoacyl-[acyl-
carrier-protein]
synthase
(2577 nt)

an N 2

dimethylguanine 26

in tRNA

2.7.8.-

(S)-3-methyl-2-
oxopentanoate

homoserine
kinase (1077 nt)

folic acid
synthesis
protein (1803 nt)

glt

4.2.1.119

val

3-methoxy-4-
hydroxy-5-all-trans-
hexaprenylbenzoate

1.1.1.1

succinate-
semialdehyde
dehydrogenase
(2094 nt)

a protein L-`-
isoaspartate
_-methyl ester

UDP

1.3.3.6

2’-hydroxynicotine

2.7.6.2

1.18.1.2

a thiol

dolichyl
diphosphate

UDP

2.1.1.6

NAD-dependent
epimerase/dehydratase
(855 nt) fatty acid
synthase subunit beta
dehydratase (6261 nt)
fatty acid synthase
subunit alpha reductase
(5652 nt) Note(s): At
least one base has a
quality score < 10 2-
deoxy-D-gluconate
3-dehydrogenase
(771 nt) fatty acid
synthase (7770 nt)
2-succinylbenzoate-
CoA ligase (1782
nt) 3-oxoacyl-[acyl-
carrier-protein]
reductase (843 nt) 3-
oxoacyl-[acyl-carrier-
protein] reductase
(531 nt) 3-oxoacyl-
(acyl-carrier-protein)
reductase (435 nt)

a cytosine 34  in
tRNA precursor

2.1.1.114

a holo-[acyl-
carrier protein]

an oxidized
electron-transfer

flavoprotein

eicosapentaenoate

peroxisomal
multifunctional
enzyme (2706 nt)
estradiol 17-beta-
dehydrogenase
12-B (1038 nt)

phosphatidylcholine-
retinol O-
acyltransferase (498 nt)

Appr>p

(R)-adrenaline

urea

citrate synthase
(1425 nt) 2-
methylcitrate
synthase
(1410 nt)

glycogen
debranching
enzyme (4479 nt)
Note(s): At least
one base has a
quality score < 10

presqualene
diphosphate

glycogen
phosphorylase
(2634 nt)

2.7.10.2/2.7.12.1

L-selenocystathionine

xylose
degradation I

1.14.13.132

2.1.1.244

glycine betaine
biosynthesis

I (Gram-
negative
bacteria)

a [cysteine
desulfurase]-(S-

sulfanyl)
2

-[disordered-
form scaffold

protein] complex

a (R)-3-
hydroxybehenoyl-

[acp]

palmitoyl-CoA

6-phosphogluconolactonase
(801 nt)

4.1.2.13

`-D-mannose

1.1.1.21

(3S)-2,3-
epoxy-2,3-

dihydrosqualene

L-glutamate-5-
semialdehyde

ornithine
aminotransferase
(1383 nt) Note(s):
At least one base has
a quality score < 10

aspartyl-tRNA
synthetase (1233

nt) aspartyl-
tRNA synthetase

(2907 nt)
aspartyl-tRNA

synthetase,
mitochondrial

(2058 nt)

2.7.1.48

tRNA val

3-O-`-D-glucosyl-
brassicasterol

a trans-2-
enoyl-CoA

ITP

lanosterol

1.4.3.5

cys

2-oxo-3-
phenylpropanoate

2.5.1.39

3.6.1.19

diphosphoinositol
polyphosphate
phosphohydrolase
aps1 (477 nt)

4.1.2.13

tryptophan
synthase
(2175 nt)

2.1.1.114

cardiolipin
biosynthesis II

bleomycin
hydrolase
(1548 nt)

2.3.1.61

cytochrome P450
51 (1809 nt)

glutathione
redox

reactions II

trehalose
degradation VI
(periplasmic)

1.2.1.3

zymosterol

3_,7_,12_-
trihydroxy-

24-oxo-5-`-
cholestanoyl CoA

acetaldehyde

a ribonucleoside
5’-monophosphate

2.1.1.202

succinate

3.6.1.15

6.2.1.1

ATP

4-methyl-2-
oxopentanoate

2.7.4.6

tRNA asp

2.4.2.1

a triglyceride

hydrogen cyanide

a methylated
nucleobase
within DNA

salicylate
degradation I

farnesyl
pyrophosphate
synthetase
(1041 nt)
geranylgeranyl
pyrophosphate
synthetase
(1224 nt)

hypoglycin Ahexanoyl-CoA

protoporphyrin IX

urate

3-dehydroshikimate

24-hydroxy-3-
oxocholest-4-
en-26-oyl-CoA

1.11.1.7

dAMP

L-leucyl-tRNA leu

sinapate

4.2.1.-

beta-glucosidase (1620 nt)
beta-glucosidase (2958 nt)
beta-glucosidase (2598 nt)
beta-glucosidase (2625 nt)

2.5.1.6

4.1.2.25

succinate

D-glucosamine
6-phosphate

2.3.1.23

octanoyl-ACP
biosynthesis

(mitochondria,
yeast)

2.3.1.176

cys

a 3R-hydroxyglutaryl-
[acp] methyl ester

glycerol-3-
phosphate
dehydrogenase
(1191 nt)
Note(s): At least
one base has a
quality score < 10

a cis,cis-
delta19,31-3-

hydroxyC50:2-
[acp]

2.3.1.16

a guanine 34

in tRNA

2.6.1.42

conserved hypothetical
protein (1641 nt)

2.4.1.18

episterol

2.7.2.1

superpathway of pyrimidine
deoxyribonucleotides
de novo biosynthesis

1.1.1.3

indoleamine 2,3-
dioxygenase
family protein
(1503 nt)

2.5.1.103

conserved hypothetical
protein (1671 nt)
conserved hypothetical
protein (1737 nt)
conserved hypothetical
protein (1056 nt)

a myo-inositol
monophosphate

an aldehyde

hypothetical
protein (1365 nt)
phosphoglucomutase
(2289 nt)

a [lipoyl-carrier
protein] N 6 -

octanoyl-L-lysine

ornithine
decarboxylase
(1347 nt)

a plant soluble
heteroglycan

1.3.-.-

2.7.4.6

2-trans,5-cis-
tetradecadienoyl-

CoA

preQ
1

3-ketoacyl-CoA
thiolase (1266
nt) 3-ketoacyl-
CoA thiolase
B (1260 nt) 3-
ketoacyl-CoA
thiolase (1254
nt) 3-ketoacyl-
CoA thiolase
B (1242 nt)

F6P

succinyl-CoA ligase
subunit beta (1335 nt)
succinyl-CoA ligase
subunit alpha (996 nt)

1.14.99.1

histidinol

1.1.1.1

threonine
dehydratase
(1689 nt)

guanine 37

in tRNA

uroporphyrinogen-III

O-acetyl-L-
homoserine

1.9.3.1

1.7.1.1

1.14.19.-

2.4.2.22

CO
2

ATFPG-1/ATFPG-2/
ATMMH-1/ATMMH-2/
FPG-1/FPG-2 (1110 nt)

alpha-amylase
(1596 nt) alpha-
amylase (1617 nt)

squalene

4_-methyl-5_-
cholesta-7,24-

dien-3`-ol

an oxidized
flavoprotein

decanoate

alpha-
mannosidase
(594 nt)

kynurenine 3-
monooxygenase
(1530 nt)

2.1.1.71

1.1.1.100

an aldehyde

(S)-2-aceto-2-
hydroxybutanoate

a peptide

a peptide

2.2.1.1

cell wall alpha-1,3-
glucan synthase
mok11 (7272 nt)

1.3.1.10/2.3.1.86

tyr

morphine 6-
dehydrogenase
(747 nt)

2.5.1.1

uridylate kinase (774 nt)

3-dehydro-4-
methylzymosterol

conserved
hypothetical
protein (948 nt)

estradiol 17-beta-
dehydrogenase
12-B (1038 nt)
peroxisomal
multifunctional
enzyme (2706 nt)

1.1.1.100

UDP-N-acetyl-_-D-glucosamine

1.1.1.21

sulfate

glucosamine-
6-phosphate
isomerase (843 nt)

a 2-lyso-
phosphatidylcholine

IPP

6.3.3.3

coenzyme A

`-alanine

2.1.1.203

a ceramide

2.7.1.4

NADPH

3-hydroxy-
isobutyrate

phosphoserine
aminotransferase
(1362 nt)

2.3.1.7

4-coumaryl-CoA

an aliphatic N-
acetyl-diamine

(deoxynucleotides)
(m)

an [L-2-
aminoadipate

carrier protein]-
L-glutamate

5-phosphate

a cis,cis-delta11,29-
3-oxo-C48:2-[acp]

6.1.1.20

2-hexaprenyl-6-
methoxyphenol

Delta(3,5)-
Delta(2,4)-
dienoyl-CoA
isomerase (849 nt)

5.4.2.11/5.4.2.12

lys

sn-glycerol
3-phosphate

acetyl-CoA

biotin-protein
ligase ligase
(1257 nt)

ribose-phosphate
pyrophosphokinase
(963 nt) ribose-
phosphate
pyrophosphokinase
(1365 nt) ribose-
phosphate
pyrophosphokinase
(1581 nt)

gly

an oxidized NrdH
glutaredoxin-
like protein

octanoate

6.3.2.19

D-myo-inositol
(1,2,4,5,6)-

pentakisphosphate

xanthosine

starch

Ins(1,2,3,4,5,6)P
6

App-tRNA His

2.5.1.1

3.6.1.19

a [2-oxoglutarate-
dehydrogenase
E2 protein] N 6 -

octanoyl-L-lysine

3.1.1.3

acetate

n-butanoate

glt

a limit dextrin with
short branches

cys

2.7.1.50

4,4-
dimethylzymosterol

glucose-6-
phosphate 1-
dehydrogenase
(1533 nt)

acetaldehyde

CTP synthase (1761 nt)

1.11.1.6

indole
acetaldehyde

3.6.4.12

sporulation
protein SPS19
(954 nt)

_-iminosuccinate

CTP

seleno-L-
homocysteine

glycogen debranching
enzyme (4479 nt)
Note(s): At least
one base has a
quality score < 10

a damaged
DNA pyrimidine

1.5.3.7

conserved
hypothetical
protein (981 nt)

glt

alkylnitronates
degradation

ser

stearoyl-CoA

glutamate 5-
kinase (1257 nt)

phosphatidylinositol 3-
kinase vps34 (2730 nt)

conserved
hypothetical
protein (1641 nt)

longevity-assurance
protein (LAC1 (1416
nt) sphingosine
N-acyltransferase
lac1 (1416 nt)

3,4-dihydroxyphenylglycolaldehyde

cis-2-
methylaconitate

aspartate
aminotransferase
(1320 nt) aspartate
aminotransferase
(1647 nt) aspartate
aminotransferase
(1392 nt) aspartate
aminotransferase
(1290 nt)

a cis,cis-
delta7,19-3-

oxo-C38:2-[acp]

dolichyl-diphosphooligosaccharide
biosynthesis

a palmitoleoyl-[acp]

2.6.1.6/2.6.1.42

inositol
monophosphatase
(912 nt)

dADP

riboflavin
synthase alpha
chain (717 nt)

2.7.1.1/2.7.1.2

3.5.99.-

4_-carboxy-
4`-methyl-5_-
cholesta-8,24-

dien-3`-ol

ethanol

phospholipases

2.5.1.39

allantoicase
(1128 nt)

1.1.1.35

6.2.1.3

glyoxylate

2.7.2.8

RNase III mRNA
processing
substrate

3.1.13.4

a thiol

3-beta-
hydroxysteroid
dehydrogenase
(828 nt)

prostaglandin-H
2

glucoamylase
(1869 nt)

betaine aldehyde
dehydrogenase
(1437 nt)
betaine aldehyde
dehydrogenase
(1905 nt)
betaine aldehyde
dehydrogenase
(1500 nt)

oxythiamine

a peptide

seryl-tRNA
synthetase
(1467 nt) seryl-
tRNA synthetase
synthetase
(1686 nt)

(S)-1-pyrroline-
5-carboxylate

a malonyl-[acp]

propynoate

2-oxobutanoate

AMP

sulfate
adenylyltransferase
(1722 nt)

ferrochelatase
(885 nt)

5.4.2.11/5.4.2.12

a (R)-3-
hydroxypetroselinoyl-

[acp]

aldehyde
dehydrogenase
(1491 nt)
Note(s): At least
one base has
a quality score
< 10 succinate-
semialdehyde
dehydrogenase
(1500 nt)

C-4 methylsterol
oxidase (735 nt)
C-4 methylsterol
oxidase (552 nt)

uroporphyrinogen
decarboxylase
(1098 nt)

NADP +

1.1.1.103

sitosterol

a pimeloyl-[acp]

arsenite

(5Z,8Z,11Z,14Z,17Z)
-eicosapenta-

5,8,11,14,17-enoyl-CoA

an octapeptide

a 5 methylcytosine 34

in tRNA precursor

AMP

a trans-3-
enoyl-CoA

3.1.1.1

keto-D-fructose

leucyl-tRNA
synthetase

(3357 nt) leucyl-
tRNA synthetase

(2919 nt)

mannitol-1-
phosphate 5-
dehydrogenase
(1167 nt)

hexanoyl-CoA

short-chain
specific acyl-CoA
dehydrogenase
(1644 nt)

leukotriene-E4

triacylglycerol
biosynthesis

(9Z,15Z)-12,13-
epoxy-octadeca-

9,15-dienoate

1.1.1.100

a trans-2,trans-
4-dienoyl-CoA

1.1.1.-

salicyl alcohol

1.14.13.-

N-(5-
phosphoribosyl)

-anthranilate

nucleoside
diphosphate
kinase (459 nt)
Note(s): At least
one base has a
quality score < 10

an RNA terminal-
2’,3’-cyclic-
phosphate

UDP-_-D-
galactose

2.5.1.39

anthranilate
synthase
component
2 (2316 nt)

2.3.1.85

a [protein]-
L-tyrosine

biotin-
carboxyl

carrier protein
assembly

3.11.1.2

methionol

an 11-cis retinol-
[cellular-retinol-
binding-protein]

1.1.1.38/4.1.1.3

a stearoyl-[acp]

adenine
phosphoribosyltransferase
(645 nt)

a phosphatidyl-N-
dimethylethanolamine

purine nucleoside
phosphorylase
(732 nt) Note(s): At
least one base has
a quality score < 10

uridine

inositol-3-
phosphate
synthase
(1599 nt)

2.5.1.46

4.1.1.1

2.1.1.45

prop-2-ynal

a 1,4-_-D-glucan

branched-chain-
amino-acid
aminotransferase
(1167 nt)
branched-chain-
amino-acid
aminotransferase
(1233 nt)

SECONDARY METABOLITES DEGRADATION

a 1-alkyl-2-acetyl-
sn-glycero-3-

phosphocholine

L-glutamate
5-phosphate

`-D-glucose
6-phosphate

a malto-
oligosaccharide

indole-3-pyruvate

2.4.1.80

alkaline
phytoceramidase
(993 nt) conserved
hypothetical
protein (1428 nt)
neutral ceramidase
(2292 nt)

L-homocysteine

L-prolyl-tRNA pro

a 1,3-`-D-glucan

pyruvate

methionine
aminopeptidase
(1125 nt)
methionine
aminopeptidase
2A (1338 nt)
methionine
aminopeptidase
1B (1152 nt)

glycogen
debranching
enzyme (4479 nt)
Note(s): At least
one base has a
quality score < 10

squalene synthetase
(777 nt) Note(s): At
least one base has
a quality score < 10
farnesyltransferase
alpha subunit (522 nt)

AMP

Ap4A

mannosyl-oligosaccharide
1,2-alpha-mannosidase
IB (1731 nt) class I
alpha-mannosidase 1A
(2607 nt) mannosyl-
oligosaccharide 1,2-alpha-
mannosidase (2157 nt)

6.3.4.5

carbapenem
antibiotics
biosynthesis
protein carD
(1593 nt)

glucose-6-phosphate
isomerase (1659 nt)

D-arabinose
5-phosphate

NAD(P) +

1.14.13.1

a dodecanoyl-[acp]

4.1.1.45

a cis,cis-
delta13,25-
C44:2-[acp]

a carboxylate

1.3.1.10/1.3.1.39/2.3.1.85/2.3.1.86

acetyl-CoA

thiamin phosphate

2.6.1.51

4.2.1.17

a 7-aminomethyl-7-
deazaguanosine 34

in tRNA

citrulline
degradation

5,6-
dihydrothymine

hypusine
biosynthesis

sphinganine
1-phosphate

D-galactosamine
6-phosphate

4.1.1.44

acetaldehyde
biosynthesis I

xylulose kinase
(4290 nt)

3.5.3.7

homoaconitase
(2430 nt)

an 11-cis-
retinal-[retinal-

binding protein]

dolichyl-di-
phosphooligosaccharide-
protein glycotransferase
(1413 nt) oligosaccharyl
transferase subunit (2217 nt)

1.1.1.-

purine nucleotides
degradation II (aerobic)

L-tryptophanyl-
tRNA trp

10-cis-
heptadecenoyl-

CoA

4-aminobutyrate
aminotransferase
(858 nt) Note(s): At
least one base has
a quality score < 10

1.17.4.1

4.2.1.-

2.7.1.-

1.1.1.100

phosphoribosylglycinamide
formyltransferase (702 nt)

N-acetyl-L-ornithine

IDP

alpha-amylase
(1596 nt)

N-acetyltransferase
ats1 (306 nt)

conserved
hypothetical
protein (270
nt) nucleoside-
triphosphatase
ntp-1 (2271 nt)

pantothenate
synthetase
(1116 nt)

4_-formyl-
5_-cholesta-
8-en-3`-ol

serine

a phenol

O-acetyl-L-serine

_,_-trehalose

arginine biosynthesis
bifunctional protein

argJ (1422 nt)
acetylglutamate

synthase (2028 nt)

myo-inositol

3.6.1.5

a [protein]-
L-histidine

3-hydroxy-
pentanoyl-CoA

6-trans-
tridecenoyl-CoA

a 1,2-diacyl-
sn-glycerol

10-trans-
heptadecenoyl-

CoA degradation
(MFE-dependent,

yeast)

tetrahydrofolate
salvage from 5,10-

methenyltetrahydrofolate

uricase (924 nt)

1.1.1.302

1.13.11.37

3,4-dihydroxy-
5-all-trans-

nonaprenylbenzoate

4.1.1.36

a short RNA
Segment

4.2.1.119

val

1-phosphatidyl-
1D-myo-

inositol 3,4,5-
trisphosphate

a phosphatidylcholine

canavaninosuccinate

sterol 24-C-
methyltransferase
(1134 nt)

5.2.1.2

GDP-_-D-mannose

1.1.1.2

1.14.14.1

L-N b -acetylornithine

conserved
hypothetical
protein (1266 nt)

2-oxobutanoate

diethylphosphate

phenylalanine
biosynthesis I

3.1.2.6

3.2.1.22

aldehydo-
D-mannose

1.3.3.6

S-(hydroxymethyl)
glutathione
dehydrogenase
(1371 nt)

2.5.1.39

methylenetetrahydrofolate
dehydrogenase (945 nt)

1.11.2.-

OPC6-CoA

2-oxoglutarate

(2E,6E)-farnesyl
diphosphate

3-isopropylmalate
dehydrogenase
(1629 nt) 3-
isopropylmalate
dehydrogenase
A (1089 nt)

indole-3-
acetate

biosynthesis
V (bacteria
and fungi)

DHAP

tRNA-
dihydrouridine
synthase
(1692 nt)

2.3.1.51

L-arabitol

superpathway of ubiquinol-6 biosynthesis (eukaryotic)

glt

2-oxoisovalerate
decarboxylation to
isobutanoyl-CoA

6.1.1.2

3.1.3.11

4-aminobutyrate
aminotransferase
(858 nt) Note(s)
: At least one
base has a
quality score < 10

a lipoprotein

3.1.1.5

betaxanthin
biosynthesis

(via dopamine)

3-oxoacyl-(acyl-
carrier-protein)
reductase (435 nt)
3-oxoacyl-[acyl-
carrier-protein]
reductase (531 nt)
3-oxoacyl-[acyl-
carrier-protein]
reductase (843
nt) 2-deoxy-
D-gluconate 3-
dehydrogenase
(771 nt) NAD-
dependent
epimerase/
dehydratase
(855 nt)

a peptide

ubiquinone/
menaquinone
biosynthesis
methyltransferase
ubiE (843 nt)
Note(s): At least
one base has a
quality score < 10

succinate

aromatic amino acid
aminotransferase
(1596 nt)

(2S)-naringenin

met

isobutanal

glt

3.2.2.1

2.1.1.13

pyruvate
dehydrogenase protein
X component (1488 nt)

folate polyglutamylation

UDP

(25S)-3_,7_-
dihydroxy-5`-

cholestanoyl-CoA

xanthine

2.5.1.6

NAD-dependent epimerase/
dehydratase (855 nt) fatty
acid synthase subunit beta
dehydratase (6261 nt)
fatty acid synthase subunit
alpha reductase (5652 nt)
Note(s): At least one base
has a quality score < 10
2-deoxy-D-gluconate 3-
dehydrogenase (771 nt)
fatty acid synthase (7770
nt) 2-succinylbenzoate-
CoA ligase (1782 nt)
3-oxoacyl-[acyl-carrier-
protein] reductase (843
nt) 3-oxoacyl-[acyl-carrier-
protein] reductase (531
nt) 3-oxoacyl-(acyl-carrier-
protein) reductase (435 nt)

3-oxododecanoyl-
CoA

an N 2

dimethylguanine 26

in tRNA

1.14.13.132

branched-chain-
amino-acid
aminotransferase
(1167 nt)
branched-chain-
amino-acid
aminotransferase
(1233 nt)

tRNA (uracil-5-)-
methyltransferase
(1650 nt)

dimethyladenosine
transferase (930 nt)

1.2.1.3

orotidine 5’-phosphate
decarboxylase
(1434 nt) orotidine
5’-phosphate
decarboxylase (486 nt)

4.6.1.1

HMP-PP

N-acetyl-`-D-
galactosamine

UDP-_-D-glucose

7,8-
dihydroneopterin

2’,3’-cyclic
phosphate

enoyl-CoA
hydratase
(399 nt) enoyl-
CoA hydratase/
isomerase
family protein
(801 nt) enoyl-
CoA hydratase/
isomerase family
protein (948 nt)

a [cysteine desulfurase]-
S-sulfanyl-[disordered-

form scaffold
protein] complex

1.1.1.100

SAM

2.3.1.57

2.7.1.48

2.7.4.14/2.7.4.22

a protein

a 1,3-_-D-glucan

a cis-vaccen-
2-enoyl-[acp]

palmitoyl-CoA

catechol O-
methyltransferase
(879 nt)

cysteine synthase
(1134 nt) cysteine
synthase (1251 nt)

purine nucleoside
phosphorylase
(732 nt) Note(s)
: At least one
base has a
quality score < 10

CDP-diacylglycerol-inositol
3-phosphatidyltransferase
(1017 nt)

3.2.1.22

10-formyl-
tetrahydrofolate

B1094

a 3-methyl-branched 2,3,4-
saturated fatty acyl-CoA

an N 10 -formyl-
tetrahydrofolate

3.1.1.1

1.1.1.1

4.1.99.17

adenosine

1.2.1.24

5-MTR-1-P

5.4.2.11/5.4.2.12

4.1.1.-
`-D-glucose
6-phosphate

D-lactate
dehydrogenase
(1575 nt)

a dipetide with
L-aspartate at
the N-terminal

glycine biosynthesis II

2.7.1.39

2.1.1.228

acetaldehyde

3,5-bisdiphosphoinositol-
1D-myo-inositol 2,3,4,6-

tetrakisphosphate

4_-hydroxymethyl-
4`-methyl-5_-
cholesta-8,24-

dien-3`-ol

1.1.1.1

1.6.2.2

choline-sulfatase
(1860 nt)
arylsulfatase
(1683 nt)

2-methoxy-
6-(all-trans-

octaprenyl)phenol

2.3.1.16

1.1.1.100

a dolichyl `-
D-glucosyl
phosphate

nitrate

1-oleyl-2-lyso-
phosphatidate

1.8.1.9

AMINES AND POLYAMINES BIOSYNTHESIS

pyridoxamine
5’-phosphate
oxidase (1188 nt)
Note(s): At least
one base has a
quality score < 10

4.1.2.-

guanine
deaminase
(1680 nt)

8-methyl-6-
nonenoate

inosine-uridine
preferring
nucleoside
hydrolase
(1017 nt)

cis-geranyl-CoA

2.7.7.63

squalene

a protein

3-dehydro-4-
methylzymosterol

alpha-1,2
glucosyltransferase
alg10 (1830 nt)

methylglyoxal

3-trans-
undecenoyl-CoA

an oligopeptide

3-methylcrotonyl-CoA

3,4-dihydroxyphenylacetate

canavaninosuccinate

a (2S)-2-
methylacyl-CoA

propanal

oxaloacetate

2.1.2.3

3.1.2.2

alpha-N-
arabinofuranosidase
A (1908 nt)

succinate-semialdehyde
dehydrogenase (1500 nt)
aldehyde dehydrogenase
(1491 nt) Note(s): At least
one base has a quality
score < 10 aldehyde
dehydrogenase (1416 nt)
aldehyde dehydrogenase
(471 nt) aldehyde
dehydrogenase (1488 nt)

porphobilinogen
deaminase (651 nt)

all-trans-retinal

_-D-glucose

a reduced c-
type cytochrome

coenzyme A

cysteine desulfurase
(1503 nt)

acetaldehyde

a nucleoside
triphosphate

13-DPG

all-trans-
retinyl palmitate

cysteinyl-tRNA
synthetase
(2463 nt)

Phospholipid:diacylglycerol
acyltransferase (1845 nt)acyl-activating enzyme

(312 nt) elongation
of fatty acids protein
(1053 nt) D-alanine-
poly(phosphoribitol)
ligase subunit 1
(3078 nt) long-chain-
fatty-acid-CoA ligase
(3516 nt) long-chain-
fatty-acid-CoA ligase
(2124 nt) fatty acid
transporter protein
(1932 nt) long-
chain-fatty-acid-
CoA ligase (2100 nt)
long-chain-fatty-acid-
CoA ligase (2007 nt)

3-oxoacyl-[acyl-
carrier-protein]
synthase (2577 nt)

SAM-dependent
methyltransferase
UbiE/COQ5 family
protein (864 nt)

a (mannosyl)
7

-(N-
acetylglucosaminyl)

2-diphosphodolichol

1.1.1.1

1.1.1.-

a fatty aldehyde

decanoyl-CoA

dipeptidase
(1257 nt)

2-succinylbenzoate-
CoA ligase (1782 nt)
fatty acid synthase
(7770 nt) fatty acid
synthase subunit
alpha reductase (5652
nt) Note(s): At least
one base has a quality
score < 10 fatty acid
synthase subunit beta
dehydratase (6261 nt)

2.8.1.7

3.1.3.12

GMP synthase
(1632 nt) imidazole
glycerol phosphate
synthase hisHF
(1647 nt) GMP
synthase (759
nt) glutamine
amidotransferase
subunit pdxT
(720 nt)

acetate

chorismate
biosynthesis I

phosphatidylserine
decarboxylase
proenzyme (1617 nt)
phosphatidylserine
decarboxylase
proenzyme (3195 nt)

an organic
hydroperoxide

a reduced
cytochrome

a [protein]
(L-serine/L-
threonine)
phosphate

phosphoserine
aminotransferase
(1362 nt)

5,10-
methenyltetrahydrofolate

2.7.4.6

methylmalonate
semialdehyde

S-sulfo-L-cysteine

xanthine
dehydrogenase
(4215 nt) aldehyde
oxidoreductase
(3669 nt)

2.3.1.42

pyruvate
decarboxylase
(1725 nt)
pyruvate
decarboxylase
(1746 nt)

sarcosine oxidase
(1527 nt) sarcosine
oxidase (1341 nt)

a protein-
L-tyrosine
phosphate

a (mannosyl)
8

-(N-
acetylglucosaminyl)

2

cholesterol

2.3.1.174

D-ribose 5-
phosphate

4.1.2.5/4.1.2.48

branched-chain-
amino-acid
aminotransferase
(1167 nt)
branched-chain-
amino-acid
aminotransferase
(1233 nt)

propionyl-CoA

a long-chain
fatty acid

(2S)-2-
isopropylmalate

(R)-mevalonate

deoxyhypusine
hydroxylase
(1002 nt)
Note(s): At least
one base has a
quality score < 10

3.1.3.3

conserved
hypothetical
protein (990 nt)
5’-nucleotidase
(2022 nt)

dTTP

aminoacetone

NADPH

a 3-oxo-myristoyl-[acp]

trp

sphingosine
kinase (1476 nt)

2.4.2.30

2.3.1.75

a malonyl-[acp]

indoleamine 2,3-
dioxygenase family
protein (1503 nt)

GDP

ala

5.3.3.8

4.2.1.17

candidapepsin-
4 (1410 nt)

a holo-AsbD
protein

2.3.1.51

pyruvate

plant sterol biosynthesis

2.3.1.39/2.3.1.85/2.3.1.86

1.1.1.103

C-1-tetrahydrofolate
synthase (2820 nt)

keto-L-sorbose

L-citrulline

an oxidized NrdH
glutaredoxin-

like protein

asp

1-O-
methylsalicylate

a D-xylopyranose

3.2.1.21

a peptide

a protein

4_-methyl-5_-
cholesta-8,14,24-

trien-3`-ol

an _
hydroxyphytoceramide

(5Z,8Z,11Z,14Z,17Z)
-eicosapenta-

5,8,11,14,17-enoyl-CoA

a nucleoside
triphosphate

C-4 methylsterol
oxidase (735 nt)
C-4 methylsterol
oxidase (552 nt)

2-methylacetoacetyl-
CoA

1.2.1.3

sn-glycerol
3-phosphate

guanine

acyl-activating enzyme
(312 nt) elongation
of fatty acids protein
(1053 nt) acyl-
coenzyme A synthetase
ACSM5 (1689 nt)

nucleoside-
triphosphatase
ntp-1 (2271 nt)

4.2.1.119

4_-hydroxymethyl-4`-
methyl-5_-cholesta-

8,24-dien-3`-ol

3.4.11.15

2.6.1.57

enoyl-CoA hydratase
(399 nt) enoyl-CoA
hydratase/isomerase
family protein (801 nt)
enoyl-CoA hydratase/
isomerase family protein
(948 nt) carnitinyl-
CoA dehydratase
(876 nt) enoyl-CoA
hydratase (894 nt)

5.4.2.2/5.4.2.5

a peptide

4-methylcatechol

PLP

8-amino-7-
oxononanoate
synthase
(1239 nt)

3.6.1.1

a protein

AIR

a malonyl-[acp]

diacylglycerol
pyrophosphate
phosphatase
(966 nt)

1.5.5.2

OPC4-trans-
2-enoyl-CoA

polyphenoloxidase
(1956 nt)

ergosterol

myo-inositol

1.1.1.1

1.2.1.3

beta-glucosidase (1620 nt)
beta-glucosidase (2958 nt)
beta-glucosidase (2598 nt)
beta-glucosidase (2625 nt)

2-succinylbenzoate

thiamin phosphate

1.1.1.85

2-oxoglutarate

acetylglutamate
kinase (2715 nt)

ubiquitin
carboxyl-terminal
hydrolase (984
nt) ubiquitin
carboxyl-terminal
hydrolase (669
nt) ubiquitin
carboxyl-terminal
hydrolase (750 nt)

inositol
polyphosphate
multikinase
(1320 nt)
Note(s): At least
one base has a
quality score < 10

1-16:0-2-
lysophosphatidylcholine

cytochrome c
peroxidase (930
nt) cytochrome
c peroxidase
(1125 nt)

3-dehydrosphinganine

inosine-5’-
monophosphate
dehydrogenase
IMD2 (1647 nt)

2.3.1.9

6.3.4.6

a DNA with uracil

2.3.1.85/2.3.1.86/4.2.1.59

1.17.1.4

homoserine
acetyltransferase
family protein (378
nt) homoserine O-
acetyltransferase
(1440 nt)
homoserine O-
acetyltransferase
(1650 nt)
Note(s): At least
one base has a
quality score < 10

galactitol

4-aminobutyrate
aminotransferase
(858 nt) Note(s)
: At least one
base has a
quality score < 10

2.1.1.63

1.1.2.5

cholesterol

an oligopeptide

2.3.1.9

sulfate
adenylyltransferase
(1722 nt)

a 5’-phosphopolynucleotide

estrone

4.1.2.20

a 6 14 steroid

2.3.2.8

NADPH

beta-glucosidase
(1620 nt) beta-
glucosidase
(2958 nt) beta-
glucosidase
(2598 nt) beta-
glucosidase
(2625 nt)

2-keto-D-
gluconate

L-phenylalanyl-
tRNA phe

folic acid
synthesis
protein (1803 nt)

1.3.3.6

1.14.13.-

a dihydroceramide

1.14.14.1

2.3.1.-

a c-type
cytochrome

a 5-L-glutamyl-
L-amino acid

triacylglycerol
lipase (1968 nt)
pentatricopeptide
repeat protein
(4065 nt)

3.2.1.68

fumarate

4-methyl-5-(`-
hydroxyethyl)

thiazole

2.5.1.47

3.5.4.29

uracil-DNA
glycosylase (2694 nt)

1.3.5.3

copper amine
oxidase (2043
nt) membrane
copper amine
oxidase (2307 nt)

propionyl-CoA

Ins(1,4,5)P
3

6.1.1.7

his

3.6.1.6

conserved
hypothetical
protein (2781 nt)

an acyl-[acyl-
carrier protein]

trans-1,2-
dihydrobenzene-

1,2-diol

an N-
acylsphingosine

4.1.3.27

alanine
aminotransferase
(1671 nt)

conserved hypothetical
protein (1089

nt) dihydrofolate
reductase (1041 nt)

monoxygenase
(1134 nt) salicylate
hydroxylase (1392 nt)

3-oxoacyl-[acyl-
carrier protein]
reductase
(1239 nt)

3-oxoacyl-[acyl-
carrier-protein]
synthase
(2577 nt)

OPC4-CoA

HMG-CoA

2.7.7.75

a 6-(N-acetyl-D-
glucosaminyl)-

1-phosphatidyl-
1D-myo-inositol

a protein

3.1.3.5

CO
2

5-dehydro-4-
deoxy-D-glucarate

NADP +

ceramide
degradation

carbamoyl-phosphate
synthase arginine-
specific small chain
(1413 nt) carbamoyl-
phosphate synthase
arginine-specific
large chain (3546 nt)
bifunctional pyrimidine
biosynthesis protein
(PyrABCN) (6645 nt)

an L-1-
phosphatidyl-

inositol

D-myo-inositol
(1,4,5,6)-

tetrakisphosphate

met

5-chloro-5-
deoxyribose
1-phosphate

diacylglycerol O-
acyltransferase
2A (1398 nt)

tyrosine
degradation I

thioredoxin
pathway

DUF858 domain-
containing
protein (723 nt)

7,8-dihydromonapterin

a long-
linear glucan

cycloartenol

3.5.5.1

1.2.1.27

dihydrolipoyl
dehydrogenase

(1566 nt)

4_-carboxy-
4`,14_-dimethyl-
9`,19-cyclo-5_-
ergost-24(24 1

)-en-3`-ol

bicarbonate

3-oxoacyl-(acyl-
carrier-protein)
reductase (435 nt)
3-oxoacyl-[acyl-
carrier-protein]
reductase (531 nt)
3-oxoacyl-[acyl-
carrier-protein]
reductase (843
nt) 2-deoxy-
D-gluconate 3-
dehydrogenase
(771 nt) NAD-
dependent
epimerase/
dehydratase
(855 nt)

6-cis, 3-oxo-
tridecenoyl-CoA

3.1.4.-

N-formylkynurenine

_-D-mannose

L-glutamate-5-
semialdehyde

1.1.1.35

a polypeptide

dTMP

a 5’ phosphodinucleotide

1.14.13.-

aldehyde dehydrogenase
(1491 nt) Note(s): At least
one base has a quality score
< 10 succinate-semialdehyde
dehydrogenase (1500 nt)

4.2.1.18

5.4.2.8

a cis,cis-
delta5,23-3-

oxo-C42:2-[acp]

cis-dienelactone

4.1.2.13

succinate-semialdehyde
dehydrogenase (1500 nt)
aldehyde dehydrogenase
(1491 nt) Note(s): At least
one base has a quality
score < 10 aldehyde
dehydrogenase (1416 nt)
aldehyde dehydrogenase
(471 nt) aldehyde
dehydrogenase (1488 nt)

`-D-glucose

a 2-oxo
carboxylate

thiosulfate
sulfurtransferase
(1035 nt)

D-glyceraldehyde
3-phosphate

epoxide hydrolase
(1014 nt)

asp

presqualene
diphosphate

6.3.2.17

palmitoyl-CoA

a cis-delta5-3-
oxo-C24:1-[acp]

a glycogen

2.1.1.215

24,25-
dihydrolanosterol

a cis,cis-
delta19,31-3-

oxo-C50:2-[acp]

dGDP

cys

oleoyl-CoA

SAH

3-demethylubiquinol-
10

a small peptide

GAF domain
nucleotide-
binding
protein (639 nt)

2.6.1.57

a [protein]-
L-citrulline

a peptide

conserved
hypothetical
protein (1410 nt)

1.14.13.70

D-threo-isocitrate

`-D-fructofuranose

geranyl
diphosphate

aerobic respiration (cytochrome c) (yeast)

isofucosterol

a 2’-deoxyribonucleotide

gly

ser

1.14.19.3

1.1.3.13

linoleate

4.4.1.21

6.3.3.1

1.7.99.4

2.1.1.168

1.5.3.13/1.5.3.17

(DL)-glycerol-
3-phosphatase
(714 nt)

ethanolamine

an oxidized
flavodoxin

arginase (975 nt)

(S)-3-
hydroxydecanoyl-

CoA

aspartyl
aminopeptidase
(1821 nt)

a O-
sialoglycoprotein

ile

a polycistronic
tRNA precursor

tetrahydrofolate

3-methoxytyramine

nuclear elongation and deformation
protein (2268 nt) PAP2 domain-
containing protein (1281 nt)

3.5.2.17

L-cystathionine

UDP

3-methyl-2-
oxobutanoate

nonspecific
lipid-transfer
protein (1197 nt)
Note(s): At least
one base has a
quality score < 10

asp

adenylosuccinate
lyase (1455 nt)

GTP

3-ketoacyl-
CoA thiolase
B (1242 nt) 3-
ketoacyl-CoA
thiolase (1254
nt) 3-ketoacyl-
CoA thiolase
B (1260 nt) 3-
ketoacyl-CoA
thiolase (1266 nt)

melatonin

vacuolar
aminopeptidase
(1554 nt)

GDP

2.3.1.-

L-1-glycerophosphorylethanolamine

S-(2E,6E)-
farnesyl-L-cysteine

phosphatidyl
synthase (984
nt) aspartyl-
tRNA synthetase
(1242 nt)

3.5.4.5

1.97.1.4

1.1.99.1

cytochrome P450
51 (1809 nt)

L-glutamate-5-
semialdehyde

2.2.1.6

4.1.3.38

N-acetylglutaminylglutamine

1.5.7.1

a small ubiquitin-
like modifier

(SUMO)
propeptide

A

nicotinamide

2.8.1.7

3-isopropylmalate
dehydratase
(2247 nt)

diacylglycerol O-
acyltransferase
2A (1398 nt)

4.99.1.4

a lipid-linked _(1-
>6)-D-mannosyl-

D-mannose-
oligosaccharide

methylamine

1.4.3.22

2.1.1.215

D-glucopyranose

3-methoxy-4-
hydroxyphenylglycol

a 2-lyso-
phosphatidyl-
ethanolamine

7,8-
dihydroneopterin

3’-phosphate

a peptide

conserved hypothetical
protein (948 nt)

OPC4-trans-
2-enoyl-CoA

a peptide

dCMP

thiosulfate
sulfurtransferase
(1035 nt)

2.6.1.13

3.2.1.1

2.2.1.2

3-hydroxy-
heptanoyl-CoA

a holo-[acyl-
carrier protein]

arg

an alcohol

6.4.1.3

a 1,2-diacyl-
sn-glycerol

3-phosphate

D-arabinono-1,4-lactone

2.5.1.-

succinate

3-isopropylmalate
dehydratase
(2247 nt)

ATP-citrate-lyase
(1461 nt) ATP-
citrate synthase
subunit 1 (1980 nt)

L-glutamate-5-
semialdehyde

kynureninase
(1449 nt)

dolichyl
diphosphooligosaccharide

ethanol

8-oxo-dGMP

5.3.1.8

queuine tRNA-
ribosyltransferase
(1377 nt)
tRNA-guanine
transglycosylase
family protein
(1413 nt)

uroporphyrinogen
decarboxylase
(1098 nt)

4.1.1.1

glutathione S-
transferase (771
nt) glutathione
S-transferase
103-1A (765
nt) Note(s):
Short internal
exon conserved
hypothetical
protein (453
nt) conserved
hypothetical
protein (654 nt)

cytochrome P450
51 (1809 nt)

5.3.1.9

2-maleylacetate

NADPH

a small subunit of
molybdopterin

synthase

1.2.1.4

5.4.99.12

2.7.4.14/2.7.4.22

scyllo-inositol

haloacid
dehalogenase
(852 nt)

superpathway of leucine, valine,
and isoleucine biosynthesis

Delta(14)-
sterol reductase
(1500 nt)

1.6.1.2

2-maleylacetate

NAD-dependent epimerase/
dehydratase (855 nt) fatty
acid synthase subunit beta
dehydratase (6261 nt)
fatty acid synthase subunit
alpha reductase (5652 nt)
Note(s): At least one base
has a quality score < 10
2-deoxy-D-gluconate 3-
dehydrogenase (771 nt)
fatty acid synthase (7770
nt) 2-succinylbenzoate-
CoA ligase (1782 nt)
3-oxoacyl-[acyl-carrier-
protein] reductase (843
nt) 3-oxoacyl-[acyl-carrier-
protein] reductase (531
nt) 3-oxoacyl-(acyl-carrier-
protein) reductase (435 nt)

1.1.1.100

4-hydroxy-
2-nonenal-
glutathione
conjugate

octanoyl-CoA

conserved
hypothetical
protein (2184
nt) conserved
hypothetical
protein (1482
nt) disulfide-
isomerase
tigA (2526
nt) disulfide
isomerase
Pdi1 (1617 nt)

pentafunctional
AROM
polypeptide
(4572 nt)

3.5.4.4

adenosylhomocysteinase
(1344 nt)

a 2’-deoxyribonucleotide

2.7.1.40

4_-formyl-5_-
cholesta-8,24-

dien-3`-ol

4.1.1.15

2.4.2.7

DMAPP

4-hydroxybenzaldehyde

4-(2’-carboxyphenyl)
-4-oxobutyryl-CoA

argininosuccinate
synthase (1242 nt)

C-4 methylsterol
oxidase (735 nt)
C-4 methylsterol
oxidase (552 nt)

hydroxypyruvate

citrate

estradiol 17-beta-
dehydrogenase 12-B
(1038 nt) peroxisomal
multifunctional
enzyme (2706 nt)

1.14.13.-

a dipeptide

acetoacetyl-CoA

3,4-dihydroxymandelate

3.1.6.2

_-D-glucose
6-phosphate

2.6.1.2

1.1.1.100/2.3.1.85/2.3.1.86

maltohexaose

phosphoadenosine
phosphosulfate
reductase (903 nt)

1.1.1.125

4-maleyl-acetoacetate

petroselinate

a malonyl-[acp]

an apo-[3-
methylcrotonoyl-

CoA:carbon-
dioxide ligase

(ADP-forming)]

a phosphatidylcholine

electron transfer
flavoprotein-
ubiquinone
oxidoreductase
(1923 nt)

1.1.1.34

an oxidized
flavoprotein

2.4.1.117

3-trans-
tetradecenoyl-CoA

1.11.1.15

2-succinylbenzoate-CoA
ligase (1782 nt) fatty acid
synthase (7770 nt) fatty
acid synthase subunit
alpha reductase (5652 nt)
Note(s): At least one base
has a quality score < 10
fatty acid synthase subunit
beta dehydratase (6261 nt)

a [protein] c-
terminal S-

farnesyl-L-cysteine

acetyl-CoA

3.1.8.1

a [histone]-L-lysine

GTP

uroporphyrinogen
decarboxylase
(1098 nt)

1.8.1.4

a cis-delta5-3-
hydroxyC24:1-

[acp]

glucosamine
6-phosphate
synthetase (1179
nt) glucosamine-
fructose-6-
phosphate
aminotransferase
(1467 nt)

GTP
cyclohydrolase
(1503 nt)

biotin-protein
ligase ligase
(1257 nt)

CoA

1.14.13.- 4-aminobutanoate

repressible
alkaline
phosphatase
(1845 nt)
conserved
hypothetical
protein (1860
nt) conserved
hypothetical
protein (1872
nt) streptomycin-
6-phosphate
phosphatase
(1977 nt)

a 3R-hydroxy cis 6 7

-tetradecenoyl-[acp]

6.3.2.-

D-glyceraldehyde
3-phosphate

sphingosine

2.7.1.174

sucrose degradation
II (sucrose synthase)

pyruvate

4-(2-
aminophenyl)-2,4-
dioxobutanoate

methylene-fatty-
acyl-phospholipid
synthase (534 nt)
Note(s): At least
one base has a
quality score < 10

2,5-diamino-6-
(5-phospho-D-
ribosylamino)

pyrimidin-
4(3H)-one

formate

dihydroorotate
dehydrogenase
(1587 nt)

2-succinylbenzoate-CoA ligase (1782
nt) fatty acid synthase (7770 nt) fatty
acid synthase subunit alpha reductase
(5652 nt) Note(s): At least one base has
a quality score < 10 fatty acid synthase
subunit beta dehydratase (6261 nt)

lipoate
biosynthesis

and
incorporation I

2.5.1.75

3.6.1.5

a reduced c-type cytochrome

spermidine synthase
(867 nt) Note(s): At
least one base has
a quality score < 10

`-alanine

carbamoyl-
phosphate

UDP-N-acetyl-
_-D-glucosamine

_-D-glucose

3.5.4.9

a 3-oxo-hexanoyl-[acp]

protoporphyrinogen
oxidase (1770 nt)

a cis-delta9-3-
hydroxyC28:1-

[acp]

3.2.1.24

naringenin 3-
dioxygenase
(1164 nt)

2.3.1.41

C-1-tetrahydrofolate
synthase (2820 nt)

glyoxylate

nucleoside diphosphate
kinase (459 nt) Note(s)
: At least one base has
a quality score < 10

6.4.1.1

3.1.21.1

alanine
degradation III

asp

enoyl-CoA
hydratase
(399 nt) enoyl-
CoA hydratase/
isomerase
family protein
(801 nt) enoyl-
CoA hydratase/
isomerase family
protein (948 nt)
carnitinyl-CoA
dehydratase
(876 nt) enoyl-
CoA hydratase
(894 nt)

carbamoyl-
phosphate

DNA (without 6-
O-methylguanine)

(5Z)-(15S)-11-
_-hydroxy-9,15-

dioxoprosta-
13-enoate

a prolipoprotein

a single-
stranded RNA

L-galactose
dehydrogenase (L-
GalDH) (1416 nt)

L-ornithine

2.7.1.22

(E)-2-
methylcrotonoyl-

CoA

1.1.1.37

4.1.2.27

6-methoxy-3-
methyl-2-all-trans

-hexaprenyl-
1,4-benzoquinol

a (R)-3-hydroxy-
cis-vaccenoyl-[acp]

aldose 1-
epimerase aldose
1-epimerase
(1233 nt)

1,4-alpha-glucan-
branching
enzyme (1662 nt)

asp

4_-methyl-
zymosterol

1.2.1.3

2.7.1.4

a glycogen

a holo-[acyl-
carrier protein]

sphinganine

4.2.1.109

3.2.1.52

gly

choline
dehydrogenase
(2445 nt) glucose-
methanol-choline
oxidoreductase
(1728 nt) choline
dehydrogenase
(1629 nt)

glycerol-3-
phosphate

shuttle

palmitoyl-CoA

precorrin-1

1.17.3.2

tryptophan
biosynthesis

AMP

glycolate

3-hydroxy-
pentanoyl-CoA

2-methylbutanal

phosphate
acquisition

a peptide

tetrahydrofolate

a reduced
flavoprotein

GMP

bicarbonate

2.4.1.198

3.1.2.6

1.4.1.4

3-phosphoinositide degradation

S-adenosyl-L-
methionine cycle I

hormone-
sensitive lipase
(2610 nt)

alpha-1,3-
mannosyltransferase
alg-2 (1521 nt)

3.5.1.4

1.5.1.7

3.1.3.5/3.1.3.91

NADH-ubiquinone oxidoreductase 9.5
kDa subunit (231 nt) NADH-ubiquinone
oxidoreductase 12 kDa subunit (321 nt)
NADH-ubiquinone oxidoreductase 20
kDa subunit (480 nt) NADH-ubiquinone
oxidoreductase 21 kDa subunit (567 nt)
NADH-ubiquinone oxidoreductase 21.3
kDa subunit (576 nt) NADH-ubiquinone
oxidoreductase 213 kDa subunit (600 nt)
electron transfer flavoprotein subunit beta
(600 nt) NADH-ubiquinone oxidoreductase
78 kDa subunit (2187 nt) LYR family protein
(399 nt) conserved hypothetical protein
(360 nt) NADH-quinone oxidoreductase
subunit I 2 (690 nt) hypothetical protein
(432 nt) NADH-ubiquinone oxidoreductase
(636 nt) conserved hypothetical protein
(759 nt) NADH-ubiquinone oxidoreductase
49 kDa subunit (1440 nt) NADH-ubiquinone
oxidoreductase 40 kDa subunit (882 nt)
NADH-ubiquinone oxidoreductase 105 kDa
subunit (285 nt) conserved hypothetical
protein (312 nt) hypothetical protein (372
nt) NADH-ubiquinone oxidoreductase 20.8
kDa subunit (483 nt) NADH-ubiquinone
oxidoreductase 51 kDa subunit (1548 nt)
NADH-ubiquinone oxidoreductase 21 kDa
subunit (678 nt) NADH dehydrogenase
iron-sulfur protein (867 nt) NADH-
ubiquinone oxidoreductase 24 kDa subunit
(780 nt) NADH dehydrogenase iron-
sulfur protein (687 nt) NADH-ubiquinone
oxidoreductase subunit B17.2 (408 nt)

aldehyde
dehydrogenase
(1488 nt)

1.3.8.7

GTP

2.4.2.14

3-dehydro-
2-deoxy-D-
gluconate

1.5.3.6

succinyl-CoA ligase subunit beta (1335 nt)
succinyl-CoA ligase subunit alpha (996 nt)

2.3.1.57

5_-cholesta-
8,24-dien-3-one

1-aminocyclopropane-
1-carboxylate

coenzyme A

1.14.14.1

OPC6-3-
ketoacyl-CoA

3.4.14.1

epoxide
hydrolase (417 nt)

7-dehydrocholesterol
reductase (1281 nt)

dihydrolipoyl
dehydrogenase
(1566 nt)

5-amino-levulinate

maltopentaose

copper amine
oxidase (2043
nt) membrane
copper amine
oxidase (2307 nt)

3.5.1.3

2.4.2.1

dCDP

phosphomethylpyrimidine
kinase (1674 nt)

aromatic-L-
amino-acid
decarboxylase
(3279 nt)
aromatic-L-
amino-acid
decarboxylase
(1638 nt)

hydantoinase
(2982 nt)

cystathionine
gamma-lyase
(1257 nt)

conserved
hypothetical
protein (1587 nt)

a [pyruvate
dehydrogenase
E2 protein] N 6 -

dihydrolipoyl-L-lysine

3.6.3.14

a guanine 26

in tRNA

conserved
hypothetical
protein (306
nt) conserved
hypothetical
protein (753 nt)

luteolin 7-O-`-
D-diglucuronide

a RAD21
cohesin subunit

neurosporaxanthin
biosynthesis

(1S,2R)-1-
C-(indol-3-
yl)glycerol

3-phosphate

xanthine

cholesterol
biosynthesis

III (via
desmosterol)

a large-
branched glucan

ornithine
carbamoyltransferase
(1047 nt)

cardiolipin
biosynthesis III

4.2.3.1

3.6.1.-

molybdenum
cofactor synthesis
protein cinnamon
(2139 nt)

conserved
hypothetical
protein (1266 nt)

2.1.1.19

an (R)-2-
hydroxyacid

a negatively
supercoiled DNA

a retinal-
binding protein

(2Z)-2-aminobut-
2-enoate

1.17.1.7

2.1.1.201

3.5.4.-

acetaldehyde

a `-D glucan

1.14.13.92

3.6.1.52

lauroyl-CoA

1.2.1.-

AROMATIC COMPOUNDS DEGRADATION

2.3.1.16

2.3.1.15

docosahexanoate
biosynthesis I

a protein

aconitate
hydratase
(2403 nt) 3-
isopropylmalate
dehydratase large
subunit (2184 nt)

1.1.5.5

pyruvate

5.4.2.2/5.4.2.5

gln

3-keto-steroid
reductase (1362 nt)

1.3.1.-

1.1.1.1

mixed acid fermentation

1.2.1.3

sulfite

3.5.1.23

UQ

F6P

1.5.1.5

2-trans,5-cis-
tetradecadienoyl-

CoA

(24S)-24-
hydroxycholesterol

a primary alcohol

1.14.11.33

zymosterol

N 1 -
methylguanine 37

in tRNA

amino-parathion

NaMN

7,8-dihydropterin

a 1-lysophosphatidylcholine

AMP

1.1.1.49

octanal

(R)-pantoate

cis-caffeate

3-beta-
hydroxysteroid-
Delta(8),Delta(7)-
isomerase (699 nt)

a dipeptide

3-nonaprenyl-4-
hydroxybenzoate

3.5.2.3

a malonyl-[acp]

5.3.1.9

a [glycine-
cleavage complex

H protein] N 6 -
lipoyl-L-lysine

L-kynurenine

presqualene
diphosphate

a reduced
electron-transfer

flavoprotein

guanine
deaminase
(1680 nt)

acetate

a protein
with correct

disulfide bonds

a 5,10-methylene-
tetrahydrofolate

4.2.1.130

NAD-dependent epimerase/
dehydratase (855 nt) fatty
acid synthase subunit beta
dehydratase (6261 nt)
fatty acid synthase subunit
alpha reductase (5652 nt)
Note(s): At least one base
has a quality score < 10
2-deoxy-D-gluconate 3-
dehydrogenase (771 nt)
fatty acid synthase (7770
nt) 2-succinylbenzoate-
CoA ligase (1782 nt)
3-oxoacyl-[acyl-carrier-
protein] reductase (843
nt) 3-oxoacyl-[acyl-carrier-
protein] reductase (531
nt) 3-oxoacyl-(acyl-carrier-
protein) reductase (435 nt)

3.4.17.21

L-homocysteine

cytochrome P450
51 (1809 nt)

_-D-glucose

CTP synthase
(1761 nt)

1.2.1.44

sulfite oxidase
(1347 nt)

hypothetical
protein (1365 nt)
phosphoglucomutase
(2289 nt)

3.5.1.19

glt

an oxidized azurin

App-tRNA His

galactose degradation
I (Leloir pathway)

L-carnitine
biosynthesis

1.1.1.-

1.11.1.7

5_-cholesta-
7,24-dien-3`-ol

2-hydroxyhexadecanal

a (R)-3-
hydroxycerotoyl-

[acp]

acetaldehyde
biosynthesis II

1.4.1.14

NADP:D-xylose
dehydrogenase
(1140 nt)

a [protein]-L-lysine

a [protein]-
(L-serine/L-
threonine)

3-cis-
dodecenoyl-CoA

nucleoside-
triphosphatase
ntp-1 (2271 nt)

NAD
biosynthesis

II (from
tryptophan)

2.5.1.10

cytochrome-c oxidase chain VIIc
(234 nt) cytochrome c oxidase
polypeptide VIb (279 nt) cytochrome
c oxidase polypeptide V (600 nt)

chorismate
mutase (990 nt)

4-amino-4-
deoxychorismate

homoaconitase
(2430 nt)

phosphatidylinositol 4-
kinase STT4 (5862 nt)

sulfite oxidase
(1347 nt)

acyl-coenzyme A
oxidase (2049 nt)
acyl-coenzyme A
oxidase (2085 nt)
acyl-coenzyme A
oxidase (1962 nt)

2-methoxy-6-all
trans-nonaprenyl-
2-methoxy-1,4-

benzoquinol

propionate-CoA
ligase (2133 nt)
acyl-coenzyme
A synthetase
ACSM5 (1689
nt) elongation
of fatty acids
protein (1053 nt)
acyl-activating
enzyme (312 nt)

2.1.1.-

formaldehyde

galactose-1-
phosphate
uridylyltransferase
(690 nt)

guanylate
kinase (636 nt)

malate dehydrogenase (996 nt)
malate dehydrogenase (1023 nt)

pepsin A
(1926 nt)

ethanol

a 1,6-_-D-
mannosyloligosaccharide

1.1.5.3

ATP phosphoribosyltransferase
(984 nt)

1.3.1.38

6.3.4.5

fatty acid synthase subunit beta dehydratase
(6261 nt) fatty acid synthase subunit
alpha reductase (5652 nt) Note(s):
At least one base has a quality score
< 10 fatty acid synthase (7770 nt) 2-
succinylbenzoate-CoA ligase (1782 nt)

2.3.1.15

pyridoxine
kinase (1155 nt)

ubiquinone/
menaquinone
biosynthesis
methyltransferase
ubiE (843 nt)
Note(s): At least
one base has a
quality score < 10

A(H2)

(DL)-glycerol-
3-phosphatase
(714 nt)

superoxide
dismutase (627
nt) superoxide
dismutase (465
nt) superoxide
dismutase (747
nt) superoxide
dismutase (684 nt)

1.7.1.4

farnesyltransferase
alpha subunit (522
nt) geranylgeranyl
pyrophosphate
synthetase (1224 nt)

nitrite

1D-myoinositol
5-diphosphate

1,2,3,4,6-
pentakisphosphate

a malonyl-[acp]

2.4.2.1

2-succinylbenzoate-CoA ligase (1782
nt) fatty acid synthase (7770 nt) fatty
acid synthase subunit alpha reductase
(5652 nt) Note(s): At least one base has
a quality score < 10 fatty acid synthase
subunit beta dehydratase (6261 nt)

O-acetylcarnitine

3-[(3aS,4S,5R,7aS)-5-
hydroxy-7a-methyl-1-oxo-

octahydro-1H-inden-4-
yl]-3-oxopropanoyl-CoA

thiamin salvage
IV (yeast)

2.7.1.2

a sugar alcohol

epoxide
hydrolase (417 nt)

1.4.3.3

aerobic respiration (cytochrome c)

dTTP

a reduced
flavodoxin

NAD(P)H

2.7.11.25

3-ketodihydrosphingosine
reductase tsc10 (1158 nt)

kynurenine-
oxoglutarate
transaminase
(1356 nt)

`-D-glucose
6-phosphate

delta-
aminolevulinic
acid dehydratase
(1137 nt)

an O-phospho-
tau protein

1.2.1.-

purine deoxyribonucleosides degradation

1.1.1.250a glycogen

Ins(1,2,3,4,5,6)P
6

3.5.99.c

cytochrome P450
51 (1809 nt)

a [lipoyl-carrier
protein] N 6 -

lipoyl-L-lysine

nucleoside diphosphate
kinase (459 nt) Note(s)
: At least one base has
a quality score < 10

2.6.1.44

1.1.1.100

`-D-glucose

tartronate
semialdehyde

a glucosylated
glycogenin

aspartate
aminotransferase
(1320 nt) aspartate
aminotransferase
(1647 nt) aspartate
aminotransferase
(1392 nt) aspartate
aminotransferase
(1290 nt)

uroporphyrinogen-III
C-methyltransferase
(1680 nt) Note(s):
At least one base has
a quality score < 10

a 2,3,4-saturated fatty acid

3.6.1.22

a phosphatidylcholine

dGTP

3.5.5.7

3-oxodecanoyl-
CoA

3.7.1.3

an adenine 57

/adenine 58

in tRNA

1.1.9.1

2.3.1.23

pyrroline-5-carboxylate
reductase (1011 nt)

lauroyl-CoA

2-oxoglutarate

2.3.1.31

lipoyl-adenylate

cellulose

2.7.4.6

met

1.13.11.11/1.13.11.52

cis,cis-muconate

2,5-didehydro-
D-gluconate

cysteine
dioxygenase
(660 nt)

3.5.1.25

dCMP

pyruvate

formaldehyde

adenosine

imidazole
acetaldehyde

succinate

1.1.1.95

1-18:1-2-18:1-
phosphatidate

A(H2)

1.10.2.2

L-dopa

2.3.3.9

UDP-N-
acetylglucosamine-
1-P transferase
(1398 nt)

L-serine
dehydratase
(1173 nt)
Note(s): At least
one base has a
quality score < 10

2.7.1.49

AMINO ACIDS DEGRADATION

(1S,2R)-1-
C-(indol-3-
yl)glycerol

3-phosphate

4_-hydroxymethyl-
stigmasta-
7,24(24 1 )-
dien-3`-ol

4.4.1.1

_-D-glucose
6-phosphate

gamma-glutamyl
phosphate
reductase
(1368 nt)

1.3.1.34

2.3.1.-

oleoyl-CoA

a peptide

thr

aldose reductase
(879 nt)

1.1.1.25

PRPP
biosynthesis I

queuine tRNA-
ribosyltransferase
(1377 nt)
tRNA-guanine
transglycosylase
family protein
(1413 nt)

4-coumaryl-CoA

N-formyl-L-
methionyl-
tRNA fmet

Delta(3,5)-
Delta(2,4)-
dienoyl-CoA
isomerase (849 nt)

trehalose-
phosphatase
(2766 nt)
trehalose-
phosphatase
(2823 nt)
Note(s): At least
one base has a
quality score < 10

a (R)-3-
hydroxystearoyl-

[acp]

4_-carboxy-
ergosta-7,24(24 1

)-dien-3`-ol

epoxide
hydrolase (417 nt)

ceramide
glucosyltransferase
(1794 nt)

AMP

proline
biosynthesis I

trp

1.14.13.8

AMP

endochitinase
(1185 nt)
predicted
protein (1038 nt)

acetaldehyde

glycogen
degradation III

6-hydroxymethyl-
7,8-dihydropterin

an odd numbered
straight chain

2,3,4-saturated
fatty acid

2.7.1.86

3-trans-
undecenoyl-CoA

1.2.1.44

streptomycin-6-phosphate
phosphatase (1977 nt)
conserved hypothetical
protein (1872 nt) conserved
hypothetical protein (1860
nt) repressible alkaline
phosphatase (1845 nt)
3-phytase A (1365 nt)
phosphotyrosine protein
phosphatase (600 nt)
conserved hypothetical
protein (1464 nt)

L-serine
dehydratase
(1173 nt)
Note(s): At least
one base has a
quality score < 10

dATP

5.3.3.-

tyrosine
degradation III

2.4.1.1

tRNA gln

glycolysis I (from glucose-6P)

F6P

1.2.1.41

2.7.1.150

N2,N2-
dimethylguanosine
tRNA
methyltransferase
(2478 nt)

2.7.1.-

1.1.3.13

2.7.2.4

6.3.2.12

glutathione

delta-1-pyrroline-
5-carboxylate
dehydrogenase
(1314 nt) delta-
1-pyrroline-5-
carboxylate
dehydrogenase
(1722 nt)

acetylornithine
aminotransferase

(1455 nt)

a hydroxyacyl-CoA

2.7.1.26

coenzyme A

inositol
polyphosphate
multikinase
(1320 nt)
Note(s): At least
one base has a
quality score < 10

glutathione
synthetase
(1551 nt)

5.4.2.3

pentose phosphate
pathway (non-

oxidative branch)

cys

phenoxy radical VI

a 1-phosphatidyl-
1D-myo-inositol

5-phosphate

glt

thiamine-phosphate
pyrophosphorylase
(1623 nt)

3.5.1.54

1.1.1.100

N 2 -
dimethylguanine 26 /N
2 -dimethylguanine 27

(3S)-2,3-
epoxy-2,3-

dihydrosqualene

2.1.1.6

2.4.1.1

4,4-dimethyl-
5-_-cholesta-

8,14-dien-3-`-ol

3-hydroxy-
L-kynurenine

3-ketoacyl-
CoA thiolase
B (1242 nt) 3-
ketoacyl-CoA
thiolase (1254
nt) 3-ketoacyl-
CoA thiolase
B (1260 nt) 3-
ketoacyl-CoA
thiolase (1266 nt)

fumarate
hydratase
(1092 nt)

a 1-acyl-sn-glycerol 3-phosphate

2.8.3.5

phosphoadenosine
phosphosulfate
reductase (903 nt)

3.2.1.33

arg

a glycogen

D-gluconate
degradation

glycerol

3.5.4.6/3.5.4.17

a trans oct-2-enoyl-[acp]

3.1.1.23

4.2.1.1

1.3.3.3

esterase
D (861 nt)

FGAR

3.1.3.12

a 3-oxo-cis-6 5 -
dodecenoyl-[acp]

lipoate
biosynthesis

and
incorporation II

1.3.99.22

2.3.1.16

2.7.4.6

a medium-chain
trans-2,3-

dehydroacyl-CoA

sn-1,2-diacylglycerol
cholinephosphotransferase
(1332 nt)

a protein

DNA
n

a phospholipid
olefinic fatty acid

gly

6.1.1.9

6.2.1.3

a 1-phosphatidyl-
1D-myo-inositol

3,4-bisphosphate

3-oxocholest-4-
en-26-oyl-CoA

Poly(A)
polymerase
(1773 nt)

3.4.16.5

2.4.2.14

ala

octanoyltransferase
(936 nt)

ribose-5-
phosphate
isomerase B
(477 nt) ribose
5-phosphate
isomerase
A (825 nt)

4_,14_-dimethyl-
5_-cholesta-

8,24-dien-3`-ol

sn-glycerol
1-phosphate

hexaprenyl
diphosphate
biosynthesis

CTP

acetyl-CoA

2.4.2.18

6.3.4.14

a standard
_ amino acid

NADP-dependent
L-serine/L-
allo-threonine
dehydrogenase
ydfG (3831 nt)

a cardiolipin

3.2.2.7

fructose-bisphosphate
aldolase (864 nt)
fructose-bisphosphate
aldolase (1083 nt)

1.1.1.205

an octanoyl-[acp]

5-hydroxytryptophol

all-trans-
hexaprenyl

diphosphate

1.14.13.-

3.1.3.25

dihydrodipicolinate
synthase (942 nt)

2.7.8.5

a 1,4-_-D-glucan

1.1.1.86

pyruvate

sn-glycerol
3-phosphate

N 2 -
methylguanine 26 /

guanine 27  in tRNA

isochorismate

glt

thr

2.6.1.16

6.2.1.3

3.1.4.-

hexokinase (1284 nt)
glucokinase (1551 nt)

DNA
n

3.1.3.-

copper amine
oxidase (2043
nt) membrane
copper amine

oxidase (2307 nt)

malic enzyme
(1800 nt)

1.1.1.2

xaa-Pro
aminopeptidase
(1407 nt) xaa-
Pro dipeptidase
(1248 nt)

L-homoserine

formaldehyde

_-D-galactose

N1-methyladenine

all-trans-
hexaprenyl

diphosphate

2.3.3.a/2.3.3.1

D,L-malic
semialdehyde

glucose and glucose-1-
phosphate degradation

an alcohol

a carboxymethyluridine 34

in tRNA

5-(methylthio)-
2,3-dioxopentyl

phosphate

UDP-N-acetyl-
_-D-glucosamine

1.1.1.100

vanillyl mandelate

thermoresistant
gluconokinase
(573 nt)

squalene
monooxygenase
(1434 nt)

Ins(1,4,5)P
3

NAD-dependent epimerase/dehydratase
(855 nt) fatty acid synthase subunit beta
dehydratase (6261 nt) fatty acid synthase
subunit alpha reductase (5652 nt) Note(s)
: At least one base has a quality score < 10
2-deoxy-D-gluconate 3-dehydrogenase
(771 nt) fatty acid synthase (7770 nt)
2-succinylbenzoate-CoA ligase (1782
nt) 3-oxoacyl-[acyl-carrier-protein]
reductase (843 nt) 3-oxoacyl-[acyl-carrier-
protein] reductase (531 nt) 3-oxoacyl-
(acyl-carrier-protein) reductase (435 nt)

urea

2.4.2.28

1.14.13.98

diphosphomevalonate
decarboxylase (1218 nt)

5.3.1.5

methylarsonate

AMP

a reduced
cytochrome c550

1.14.14.1

3.1.1.1

cytidine

D-arabitol

anthranilate

1.2.1.27

4-hydroxyphenylpyruvate

3.2.1.84

GDP-_-D-
mannose

N-acetyl-L-glutamate
5-semialdehyde

a protein

maltohexaose

4,4-dimethyl-
5_-cholesta-
8-en-3-`-ol

1.1.1.79

a cis,cis-
delta13,25-3-

hydroxyC44:2-
[acp]

mevalonate
kinase (1638 nt)

DHAP

3.1.3.57

(R)-noradrenaline

a phosphatidylcholine

adenine 1779

/adenine 1780

in 18S rRNA

ATP

1.1.1.169

2-trans-
nonenoyl-CoA

phosphatidyl
synthase (984
nt) aspartyl-
tRNA synthetase
(1242 nt)

a holo-[acyl-
carrier protein]

ornithine
aminotransferase
(1383 nt)
Note(s): At least
one base has a
quality score < 10

L-ornithine

N 7 -
methylguanine 46

in tRNA

a peptide

a `-D glucoside

a (3S)-3-
hydroxyacyl-CoA

2-hexaprenyl-3-methyl-
6-methoxyaminophenol

glutamine
degradation II

a cis,cis-delta7,19-
3-oxo-C38:2-[acp]

asp

an epoxide

5_-cholesta-
8-en-3-one

3.1.1.1

a tRNA
pseudouridine 55

3.1.3.13

glutamine-
dependent NAD(+)
synthetase (2010 nt)

adenylosuccinate
synthetase
(1266 nt)

FAD

3-methylglutaconyl-CoA

an (R)-3-hydroxypalmitoyl-[acp]

a [pyruvate
dehydrogenase

E2 protein] N 6 -S-
acetyldihydrolipoyl-

L-lysine

gamma-
glutamyltranspeptidase
(1782 nt) gamma-
glutamyltranspeptidase
(1815 nt)

mitochondrial
NADP-specific
isocitrate
dehydrogenase
(702 nt)

a holo-[acyl-
carrier protein]

endosomal sorting
complex protein
TSG101 (2511 nt)

adenine

N-acetyl-_-D-
glucosamine
1-phosphate

1.8.1.4

1.6.99.1

octanoate

3.1.3.27

5-phospho-`-
D-ribosylamine

3.2.1.101

fatty acid
biosynthesis

initiation II

2.1.1.98

dADP

`-ketovaleryl-CoA

cysteine
desulfurase
(1503 nt)

conserved hypothetical
protein (1671 nt)
conserved hypothetical
protein (1737 nt)
conserved hypothetical
protein (1056 nt)

a flavodoxin
semiquinone

3.1.3.46

(E)-phenylacetaldehyde
oxime

NaMN

2.6.1.6/2.6.1.42

glucose-6-
phosphate
isomerase
(1659 nt)

GTP

puromycin-
sensitive
aminopeptidase
(2697 nt)

CMP

a carboxylate

aldehyde
dehydrogenase
(1488 nt)

conserved hypothetical
protein (2232 nt) beta-
hexosaminidase (2748
nt) beta-hexosaminidase
(1812 nt) beta-
hexosaminidase (1800 nt)

ATP

tRNA Glu

a ribonucleotide

_-D-glucose

a phosphate
monoester

2,3-diphospho-
D-glycerate

Glc
2

Man
9GlcNAc

2

3,22-dioxochol-
4-en-24-oyl-CoA

apo-4’-lycopenal

1.2.1.16

C-1-
tetrahydrofolate
synthase (2820 nt)

AMP

1.1.1.65

sterol 24-C-
methyltransferase
(1134 nt)

maltose

acyl-coenzyme A
oxidase (1962 nt)
acyl-coenzyme A
oxidase (2085 nt)
acyl-coenzyme A
oxidase (2049 nt)

2.1.1.77

DHAP

L-homocysteine

1.8.1.4

phosphoenol
pyruvate

1.1.1.100

17`-estradiol

`-D-fructofuranose

hydantoinase
(2982 nt)

a 3-oxo-
6 4 -steroid

3.1.3.7

4.2.1.17

4.1.1.72

(S)-2,3,4,5-
tetrahydropiperidine-

2-carboxylate

2.7.1.23

1.3.5.2

coenzyme A

deoxycytidylate
deaminase (1053 nt)

farnesyltransferase
alpha subunit
(522 nt) squalene
synthetase (777
nt) Note(s): At
least one base has
a quality score < 10

2.7.1.23

1.1.1.-

uracil
phosphoribosyltransferase
(741 nt) uracil
phosphoribosyltransferase
(777 nt)

a glycogen

1.11.1.7

a malonyl-[acp]

glycogen
biosynthesis
II (from UDP-
D-Glucose)

(2Z)-2-aminobut-
2-enoate

24-methylenecycloartanol

2-methoxy-
6-(all-trans-
heptaprenyl)

phenol

2.4.1.173

2.4.2.1

2.7.1.154

adenine and
adenosine
salvage I

arginase (975 nt)

2.3.1.50

2-oleoylglycerol

2.8.1.9

NAD dependent
epimerase/dehydratase
family protein (972 nt)
S-adenosylmethionine
synthetase (1158 nt)

UDP

tRNA
methyltransferase
Trm5 (1440 nt)

3.1.3.33

phosphocholine

2.3.1.16

a nucleoside
triphosphate

2.1.1.14

an L-1-
phosphatidylglycerol-

phosphate

4.2.1.79

pyruvate

2’-hydroxypyridoxol

cholinesterase
(1506 nt)
cholinesterase
(1821 nt)

3.6.4.13

alanine
degradation II
(to D-lactate)

(S)-2-acetolactate

3-[(3aS,4S,7aS)-7a-
methyl-1,5-dioxo-

octahydro-1H-inden-
4-yl]propanoyl-CoA

ubiquinol-7
biosynthesis
(eukaryotic)

3-oxoacyl-[acyl-
carrier-protein]
synthase
(2577 nt)

queuine

1.4.3.5

sirohydrochlorin

1.14.13.-

seed
germination

protein
turnover

aldehyde
dehydrogenase
(471 nt) aldehyde
dehydrogenase
(1416 nt)

3.1.3.5

maltotetraose

3.5.4.1

1-phosphatidyl-
1D-myo-inositol

3,5-bisphosphate

homoserine
acetyltransferase
family protein (378
nt) homoserine O-
acetyltransferase
(1440 nt)
homoserine O-
acetyltransferase
(1650 nt)
Note(s): At least
one base has a
quality score < 10

Delta(14)-sterol
reductase (1500 nt)

(S)-1-pyrroline-
5-carboxylate

2.4.1.83

2.6.1.19

selenate

AMP

trans-6 2 -
decenoyl-CoA

7-dehydrocholesterol
reductase (1281 nt)

3-isopropylmalate
dehydrogenase
(1629 nt) 3-
isopropylmalate
dehydrogenase
A (1089 nt)

(1R,2S)-
homoisocitrate

stigmasterol

6.2.1.3

4.2.1.75

OPC8-3-
ketoacyl-CoA

a pseudouridine 13

in tRNA

2.7.1.29

2.8.1.7

uroporphyrinogen-III

NADH-ubiquinone
oxidoreductase 9.5
kDa subunit (231 nt)
NADH-ubiquinone
oxidoreductase 12
kDa subunit (321 nt)
NADH-ubiquinone
oxidoreductase 20
kDa subunit (480 nt)
NADH-ubiquinone
oxidoreductase 21
kDa subunit (567 nt)
NADH-ubiquinone
oxidoreductase 21.3
kDa subunit (576 nt)
NADH-ubiquinone
oxidoreductase
213 kDa subunit
(600 nt) electron
transfer flavoprotein
subunit beta (600 nt)

a purine 2’-
deoxyribonucleoside

3-hydroxyphenylacetate
6 hydroxylase (852 nt)

glutamate
synthase (2415
nt) glutamate
synthase small
chain (1392 nt)

6.1.1.18

sn-1,2-diacylglycerol
cholinephosphotransferase
(1332 nt)

1.1.1.100

3.5.1.89

5’-deoxyadenosine

2.3.1.16

2-succinylbenzoate-CoA ligase (1782
nt) fatty acid synthase (7770 nt) fatty
acid synthase subunit alpha reductase
(5652 nt) Note(s): At least one base has
a quality score < 10 fatty acid synthase
subunit beta dehydratase (6261 nt)

lipoyl synthase
(1320 nt)

a 3-oxoacyl-[acp]

L-valyl-tRNA val

2.7.4.8

hydroxybupropion

L-cystathionine

1.4.1.13

diphosphoinositol
polyphosphate
phosphohydrolase
aps1 (477 nt)

3.4.11.2

methanol
oxidation to

formaldehyde IV

4-nitrophenol

isopentenyl-
diphosphate Delta-
isomerase (819 nt)

1.1.1.298

Phospholipid:diacylglycerol
acyltransferase (1845 nt)

palmitate

pyruvate

3.1.3.5

4-methylumbelliferone

an unwound double-
stranded DNA

SECONDARY METABOLITES BIOSYNTHESIS

acetyl-CoA

onanonoxo-7-onima-
8-eninoihtemlysoneda
(2268 nt)

2.7.1.160

ornithine
aminotransferase
(1383 nt)
Note(s): At least
one base has a
quality score < 10

campesterol

1.1.1.86

mevalonate-
diphosphate

succinyl-CoA ligase
subunit beta (1335 nt)
succinyl-CoA ligase
subunit alpha (996 nt)

a 1-alkyl-2-lyso-
sn-glycero-3-

phosphocholine

D-arabinono-
1,4-lactone
oxidase (1773 nt)

deoxyhypusine
synthase (1077
nt) Note(s): At
least one base
has a quality
score < 10

phosphoenol
pyruvate

(S)-malate

conserved
hypothetical
protein (1443 nt)

1.1.1.42

hexaprenyldihydroxybenzoate
methyltransferase (1194 nt)

3.1.3.-

prenylcysteine
oxidase (1740 nt)

2.1.1.37

3.5.2.6

sphingolipid recycling and degradation (yeast)

glycogen
debranching
enzyme (4479 nt)
Note(s): At least
one base has a
quality score < 10

1.6.1.1/1.6.1.2/1.6.1.3

2.5.1.83

lysyl-tRNA
synthetase

(1902 nt) lysyl-
tRNA synthetase

(1566 nt)
Note(s): At least
one base has a

quality score < 10

(S)-malate

phosphoenolpyruvate
carboxykinase (1734 nt)

4.2.1.-

1.1.1.14

a long-chain
alcohol

an organic
hydroperoxide

6.5.1.2

palmitoyl-protein
thioesterase
(2847 nt)

1.14.13.30

conserved
hypothetical
protein (540 nt)
peptidase (906 nt)

an L-1-
phosphatidyl-

inositol

3-oxoadipyl-CoA

phosphoserine
phosphatase
(1404 nt)

a [protein] with
an N-terminal

L-arginine

propanoate

glutamine-
dependent NAD(+)
synthetase (2010 nt)

enoyl-CoA
hydratase
(399 nt) enoyl-
CoA hydratase/
isomerase
family protein
(801 nt) enoyl-
CoA hydratase/
isomerase family
protein (948 nt)
carnitinyl-CoA
dehydratase
(876 nt) enoyl-
CoA hydratase
(894 nt)

histidine
biosynthesis
trifunctional
protein (2613 nt)

trp

an N-
acylsphingosine

L-homocysteine

alanine
biosynthesis II

docosapenta-
7,10,13,16,19-

enoyl-CoA

phosphatidate
cytidylyltransferase
(1224 nt)
phosphatidate
cytidylyltransferase
(1353 nt)

hydroxymethylglutaryl-
CoA synthase (1959 nt)

alpha-1,3-
mannosyltransferase
alg-2 (1521 nt)

enoyl-CoA
hydratase/
carnithine
racemase (840
nt) carnitinyl-
CoA dehydratase
(864 nt)

2.1.1.225

1.14.13.90

3.1.3.5

2.6.1.19

a trans dodec-2-enoyl-[acp]

3.1.2.4

porphobilinogen

PRPP

crotonobetainyl-
CoA

a nucleoside 5’-
monophosphate

enoyl-CoA hydratase
(399 nt) enoyl-CoA
hydratase/isomerase
family protein (801
nt) enoyl-CoA
hydratase/isomerase
family protein (948 nt)

NAD +

NAD +

L-asparaginyl-
tRNA asn

an AP (apurinic or
apyrimidinic) site

created by glycosylic
bond cleavage

glycine betaine

glutaminyl-peptide
cyclotransferase
(1158 nt)

an (R)-3-
hydroxydecanoyl-

[acp]

thiamine-phosphate
pyrophosphorylase
(1623 nt)

glycerol

alcohol
dehydrogenase
(1059 nt) alcohol
dehydrogenase
(1071 nt) alcohol
dehydrogenase
(1107 nt) alcohol
dehydrogenase
(960 nt) alcohol
dehydrogenase
(1254 nt) S-
(hydroxymethyl)
glutathione
dehydrogenase
(1371 nt) alcohol
dehydrogenase
(1026 nt) alcohol
dehydrogenase
(1065 nt)

a 5’-phosphooligonucleotide

2.7.2.8

2.7.1.127

2.3.2.2

a 1-phosphatidyl-
1D-myo-inositol

4-phosphate

thr

an oxidized
flavoprotein

S-formylmycothiol

3.1.3.5

2.3.1.86

a 3R-hydroxy cis 6 9

-hexadecenoyl-[acp]

an odd numbered
straight chain 2,3,4-

saturated fatty acyl CoA

3.2.1.28

3.1.4.11

1-oleyl-2-lyso-
phosphatidate

4.2.1.22

3-oxo-2-(cis-
2’-pentenyl)-

cyclopentane-
1-octanoate

dihomo a-
linolenoyl-CoA

2.3.1.158

mannosyl-
oligosaccharide
glucosidase
(2550 nt)
Note(s): At least
one base has a
quality score < 10

2.1.1.6

2.7.1.25

choline

trehalose-
trans-methoxy-
mono-mycolate

1.1.1.170

dopamine

a-linolenate
biosynthesis

II (animals)

(S)-3-
hydroxybutanoyl-

CoA

2.7.1.173

pyruvate

a wax ester

alpha-methylacyl-
CoA racemase
(1194 nt)

L-glutamate-5-
semialdehyde

a 3’-terminal
unsaturated sugar

an oxidized electron-
transfer flavoprotein

geranyl
diphosphate

6.2.1.3

5,6-dihydrouracil

3-mercaptopyruvate

1.14.14.1

2.3.1.179

1.14.11.27

3.1.2.-

1.14.13.30

di-trans, poly-
cis-polyprenyl

diphosphate (C
80

)

glyceraldehyde-
3-phosphate
dehydrogenase
(1017 nt)

3.1.8.1

CMP

2.4.1.16

1.13.11.53

2.7.1.40

a 2-monoglyceride

1.1.1.35

L-citrulline

NMN

tRNA tyr

1.1.1.100

cyanate hydratase
(492 nt)

proline
degradation

4.1.1.80

copper amine
oxidase (2043
nt) membrane
copper amine
oxidase (2307 nt)

3-ethylmalate

nicotinate adenine
dinucleotide

2.1.2.1

geranyl
diphosphate

dual specificity
protein
phosphatase
3 (999 nt)
tyrosine-protein
phosphatase
YVH1 (1113
nt) conserved
hypothetical
protein (858 nt)
tyrosine-protein
phosphatase
MSG5 (2736 nt)
tyrosine-protein
phosphatase
CDC14 (1839 nt)
phosphotyrosine
protein
phosphatase
(600 nt) pps1
dual specificity
phosphatase
(2151 nt)
tyrosine-protein
phosphatase non-
receptor (1269 nt)
phosphatase (2301
nt) conserved
hypothetical
protein (2100 nt)
M-phase inducer
phosphatase (1563
nt) dual specificity
phosphatase
(1710 nt)

3-ketoacyl-
CoA thiolase
B (1242 nt) 3-
ketoacyl-CoA
thiolase (1254
nt) 3-ketoacyl-
CoA thiolase
B (1260 nt) 3-
ketoacyl-CoA
thiolase (1266 nt)

prenylcysteine
oxidase (1740 nt)

dethiobiotin

3-keto-steroid
reductase
(1362 nt)

synaptic
glycoprotein
SC2 (942 nt)

geranyl diphosphate

a [protein]-N 6 -(3-
O-phospho-D-

ribulosyl)-L-lysine

2.1.3.2

L-threonyl-
tRNA thr

3.5.3.15

type-2 proteins
geranylgeranyltransferase
subunit beta (930 nt)
geranylgeranyl transferase
type-2 subunit alpha
(1104 nt) geranylgeranyl
transferase type I
beta subunit (1278 nt)

N2,N2-
dimethylguanosine
tRNA
methyltransferase
(2478 nt)

malate synthase
(1620 nt)

nucleoside diphosphate
kinase (459 nt) Note(s)
: At least one base has
a quality score < 10

1.17.4.1

a peptide

butanoyl-CoA

6.3.1.2

a [deoxyhypusine
synthase]-N-(4-

aminobutylidene)
-lysine

a phytoceramide

a protein disulfide

3.4.23.5

deoxyribose-
phosphate
aldolase (1200
nt) deoxyribose-
phosphate
aldolase (840 nt)

all-trans-
heptaprenyl
diphosphate

1.3.5.1

(2S,3S)-2-
methylcitrate

1.13.11.59

a ADP-D-
ribosyl acceptor

a cardiolipin

copper-containing
nitrite reductase
(1005 nt)

H
2

4,4-dimethyl-14_-
hydroxymethyl-

5_-cholesta-
8-en-3`-ol

6.2.1.3

oxaloacetate

fatty acids
biosynthesis

(yeast)

4-methyl-5(`-
hydroxyethyl)

thiazole
salvage (yeast)

alcohol
dehydrogenase
(1059 nt) alcohol
dehydrogenase
(1071 nt) alcohol
dehydrogenase
(1107 nt) alcohol
dehydrogenase
(960 nt) alcohol
dehydrogenase
(1254 nt) S-
(hydroxymethyl)
glutathione
dehydrogenase
(1371 nt) alcohol
dehydrogenase
(1026 nt) alcohol
dehydrogenase
(1065 nt)

a tRNA uridine 13

(R)-lactate

6.3.5.1

a polypeptide

2-keto-6-
aminocaproate

selenite

_-D-galactose

D-glucopyranose

1.1.1.-

1.1.1.100

a holo-[acyl-
carrier protein]

_-D-glucose
6-phosphate

7-dehydrocholesterol
reductase (1281 nt)

2.5.1.1

hypothetical
protein (1203 nt)
Note(s): At least
one base has a
quality score < 10

farnesyltransferase
alpha subunit (522 nt)
squalene synthetase
(777 nt) Note(s): At
least one base has
a quality score < 10

a nucleoside
triphosphate

formaldehyde

ribonucleoside-
diphosphate
reductase large
chain (2637 nt)
ribonucleotide
reductase
R2 subunit
variant (978 nt)

prephenate
dehydratase
(1002 nt)

2.4.1.261

3-methoxy-4-
hydroxy-5-all-trans-
heptaprenylbenzoate

L-aminoadipate-
semialdehyde
dehydrogenase
large subunit
(3540 nt)

O
2

RNA
pseudouridylate
synthase domain-
containing
protein (1578 nt)

acyl-activating enzyme (312
nt) elongation of fatty acids
protein (1053 nt) D-alanine-
poly(phosphoribitol) ligase
subunit 1 (3078 nt) long-
chain-fatty-acid-CoA ligase
(3516 nt) long-chain-fatty-
acid-CoA ligase (2124
nt) fatty acid transporter
protein (1932 nt) long-
chain-fatty-acid-CoA ligase
(2100 nt) long-chain-fatty-
acid-CoA ligase (2007 nt)

3-beta-
hydroxysteroid-
Delta(8),Delta(7)-
isomerase (699 nt)

6-methoxy-3-
methyl-2-all-trans

-hexaprenyl-
1,4-benzoquinol

cytochrome
b2 (1542 nt)

3.6.1.19

(R)-lactate

galactokinase
(1587 nt)

2.1.1.114

an oxidized  c-
type cytochrome

isocitrate dehydrogenase subunit 2
(1026 nt) Note(s): At least one base

has a quality score < 10 isocitrate
dehydrogenase subunit 1 (1167 nt)

L-glutamate-5-
semialdehyde

5,7,22,24(28)-
ergostatetraenol

cytosine

3.1.11.2

xaa-Pro
aminopeptidase
(2097 nt) xaa-
pro dipeptidase
(1497 nt)

3.1.26.5

OPC6-trans-
2-enoyl-CoA

C-5 sterol
desaturase
(1080 nt)

1.3.3.6

L-methionine-
(R)-S-oxide

an alkylated
nucleobase

2.3.1.20

D-glycerate

tRNA
pseudouridine
synthase
(2103 nt)

(R)-3-
hydroxybutanoyl-

CoA

2-succinylbenzoate-CoA ligase (1782
nt) fatty acid synthase (7770 nt) fatty
acid synthase subunit alpha reductase
(5652 nt) Note(s): At least one base has
a quality score < 10 fatty acid synthase
subunit beta dehydratase (6261 nt)

triacylglycerol
lipase (1968 nt)
sterol esterase
(2133 nt)

D-glyceraldehyde
3-phosphate

hydrolase
(1050 nt)

4.1.2.20

2.7.4.3

alcohol
dehydrogenase
(1065 nt) alcohol
dehydrogenase
(1026 nt) S-
(hydroxymethyl)
glutathione
dehydrogenase
(1371 nt) alcohol
dehydrogenase
(1254 nt) alcohol
dehydrogenase
(960 nt) alcohol
dehydrogenase
(1107 nt) alcohol
dehydrogenase
(1071 nt) alcohol
dehydrogenase
(1059 nt)

diphosphoinositol
polyphosphate
phosphohydrolase
aps1 (477 nt)

a reduced
flavoprotein

an acetoacetyl-[acp]

2-succinylbenzoate-
CoA ligase (1782
nt) fatty acid
synthase subunit
alpha reductase
(5652 nt) Note(s)
: At least one base
has a quality score
< 10 fatty acid
synthase subunit
beta dehydratase
(6261 nt)

aromatic amino acid
aminotransferase
(1596 nt)

chorismate

conserved
hypothetical
protein (1215 nt)

adenosine

an organic
molecule

formamide

2.7.7.72

choline

a malonyl-[acp]

GVC H protein

salicylate

succinate

mitochondrial
intermediate protein

adenine 1618

in 23S rRNA

pyruvate

2.3.3.13

2.7.1.174

2-methoxy-6-all
trans-decaprenyl-
2-methoxy-1,4-

benzoquinol

1.1.1.100

2.7.1.48

mycocerosic
acid synthase
(7194 nt)

acetamidase
(1638 nt)
acetamidase
(1746 nt)
amidase (807 nt)

fumarate
hydratase
(1092 nt)

2,5-dichloro-2,5-
cyclohexadiene-
1,4-diol
dehydrogenase
(573 nt) 2,5-
dichloro-2,5-
cyclohexadiene-
1,4-diol
dehydrogenase
(852 nt)

2.7.1.91

2-nitropropane
dioxygenase
(993 nt) 2-
nitropropane
dioxygenase
(1041 nt) 2-
nitropropane
dioxygenase
(1113 nt)

1.14.13.9

seryl-tRNA
synthetase

(1467 nt) seryl-
tRNA synthetase

synthetase
(1686 nt)

a protein

a 5-L-glutamyl-
[peptide]

1.1.1.21

2-trans-
undecenoyl-CoA

2.5.1.49

4-trimethylammoniobutanal

conserved hypothetical
protein (966 nt)

an alkylated DNA

1.14.13.70

a cis,cis-
delta17,35-
C54:2-[acp]

(R)-pantothenate

3.5.1.9

6.2.1.3

cystathionine
gamma-lyase
(1257 nt)

prenyl cysteine
carboxyl
methyltransferase
Ste14 (921 nt)

pyridoxine
5’-phosphate

threonine aldolase
(735 nt) threonine
aldolase (1242 nt)

acetate
conversion
to acetyl-

CoA

cytochrome P450
51 (1809 nt)

a tetrahydrofolate-
glutamate

C-5 sterol
desaturase
(1080 nt)

3,2-trans-enoyl-
CoA isomerase
,Delta(2)-enoyl-
CoA isomerase
(825 nt)

acyl-coenzyme A
oxidase (1962 nt)
acyl-coenzyme A
oxidase (2085 nt)
acyl-coenzyme A
oxidase (2049 nt)

3.1.6.2

a medium-chain
2,3,4-saturated
fatty acyl CoA

1.1.1.170

asp

GTP

CTP synthase
(1761 nt)

a malonyl-[acp]

carboxypeptidase
Y (1923 nt)

coenzyme A

2-oxoglutarate

2.7.1.71

2.1.1.-

shikimate 3-
phosphate

2.7.1.151

phosphorylase
family protein
(936 nt)

2.3.1.179

cholesteryl-`-
D-glucoside

C-1-
tetrahydrofolate
synthase (2820 nt)

4.3.2.1

3-hexaprenyl-4-
aminobenzoate

3.5.3.1

pyruvate kinase
(1605 nt)

ser

aspartate
aminotransferase
(1320 nt) aspartate
aminotransferase
(1647 nt) aspartate
aminotransferase
(1392 nt) aspartate
aminotransferase
(1290 nt)

beta-glucosidase (1620 nt)
beta-glucosidase (2958 nt)
beta-glucosidase (2598 nt)
beta-glucosidase (2625 nt)

a phosphatidylcholine

a dihydroceramide

acetate

2.7.1.68

`-D-glucose

2.7.7.4

2.1.1.6

alpha-amylase
(1596 nt) alpha-
amylase (1617 nt)

3.1.3.25

dual specificity
phosphatase
(1710 nt)

NADPH
dehydrogenase
(1263 nt)

glutathione

a chitodextrin

a sterol

2.1.1.13

1.1.1.103

choline

an N-modified
aminoacyl-tRNA

2.3.1.38/2.3.1.85/2.3.1.86

a 2-oxo
carboxylate

2.5.1.15

a guanine 26

in tRNA

acyl-activating enzyme
(312 nt) elongation
of fatty acids protein
(1053 nt) D-alanine-
poly(phosphoribitol)
ligase subunit 1
(3078 nt) long-chain-
fatty-acid-CoA ligase
(3516 nt) long-chain-
fatty-acid-CoA ligase
(2124 nt) fatty acid
transporter protein
(1932 nt) long-
chain-fatty-acid-
CoA ligase (2100 nt)
long-chain-fatty-acid-
CoA ligase (2007 nt)

6-(_-D-
glucosaminyl)-

1-phosphatidyl-
1D-myo-inositol

1.3.3.4

cysteine
desulfurase
(1503 nt)

a phosphatidylcholine

pyruvate kinase
(1605 nt)

2.3.1.4

tRNA splicing

4-aminophenol

a nucleoside
diphosphate

nucleoside-
triphosphatase
ntp-1 (2271 nt)

phospholipid
remodeling

(phosphatidate,
yeast)

a phosphatidylcholine

mannitol
degradation I

a long-chain
fatty acid

a holo-[acyl-
carrier protein]

docosapenta-
7,10,13,16,19-

enoyl-CoA

superpathway of pyrimidine
ribonucleosides salvage

L-arabinopyranose

an oxidized flavoprotein

a 1,2-diacyl-
sn-glycerol

2.3.1.85/2.3.1.86/4.2.1.59

hexaprenyldihydroxybenzoate
methyltransferase (1194 nt)

4.1.1.50

2.4.2.1

an L-1-
phosphatidylglycerol-

phosphate

METABOLIC
REGULATORS

BIOSYNTHESIS

3.1.1.3

cystathionine
beta-lyase
(1344 nt)

a 2,3,4-saturated 2-
lysophosphatidate

tartronate
semialdehyde

4.2.1.-

2.4.1.15

3-keto-steroid
reductase
(1362 nt)

2.1.2.2

acetyl-CoA

2.7.11.26

a dipeptide
with proline at
the C-terminal

1.17.4.1

2-hexaprenyl-6-
methoxyphenol

phospholipase D (984
nt) phospholipase
D1 (5487 nt)

L-ornithine

a long-chain
aldehyde

1,4-alpha-glucan-
branching
enzyme (1662 nt)

a [disordered-
form [Fe-S] cluster
scaffold protein]

1.1.1.17

a cyclic 3’,5’-
nucleoside

monophosphate

1.1.1.117

conserved
hypothetical
protein (1464 nt)
phosphotyrosine
protein
phosphatase (600
nt) 3-phytase
A (1365 nt)

L-homocysteine

propionyl-CoA

a peptide

a 2-[3-carboxy-3-
(dimethylammonio)
propyl]-L-histidine-

[translation
elongation factor 2]

triacylglycerol
lipase (1968 nt)
pentatricopeptide
repeat protein
(4065 nt)

5.1.3.15

L-ornithine

a cytidine 4

in tRNA Pro

purine nucleoside
phosphorylase
(732 nt) Note(s): At
least one base has
a quality score < 10

a 3-oxo-decanoyl-[acp]

paraoxon
degradation

3.6.1.52

3-hydroxy-3-
methylglutaryl-
coenzyme A reductase
(3474 nt) Note(s):
At least one base has
a quality score < 10

glutaryl-CoA
degradation

3-oxoacyl-(acyl-carrier-protein)
reductase (435 nt) 3-oxoacyl-
[acyl-carrier-protein] reductase
(531 nt) 3-oxoacyl-[acyl-carrier-
protein] reductase (843 nt) 2-
succinylbenzoate-CoA ligase
(1782 nt) fatty acid synthase
(7770 nt) 2-deoxy-D-gluconate
3-dehydrogenase (771 nt) fatty
acid synthase subunit alpha
reductase (5652 nt) Note(s):
At least one base has a quality
score < 10 fatty acid synthase
subunit beta dehydratase
(6261 nt) NAD-dependent
epimerase/dehydratase (855 nt)

3-methylbutanal

glyceraldehyde-
3-phosphate
dehydrogenase
(1017 nt)

3.6.1.22

D-glucopyranose
6-phosphate

1.2.1.8

4.1.1.15

coenzyme A

6-hydroxypseudooxynicotine an all-trans-
retinyl ester

a malonyl-[acp]

a polypeptide

2.7.1.82

5.5.1.4

glt

4_-methyl-
zymosterol

1.1.1.-

NAD-dependent
epimerase/
dehydratase (855
nt) fatty acid
synthase subunit
beta dehydratase
(6261 nt) fatty acid
synthase subunit
alpha reductase
(5652 nt) Note(s)
: At least one base
has a quality score
< 10 2-deoxy-
D-gluconate 3-
dehydrogenase
(771 nt) fatty
acid synthase
(7770 nt) 2-
succinylbenzoate-
CoA ligase (1782
nt) 3-oxoacyl-[acyl-
carrier-protein]
reductase (843 nt)
3-oxoacyl-[acyl-
carrier-protein]
reductase (531 nt)
3-oxoacyl-(acyl-
carrier-protein)
reductase (435 nt)

conserved hypothetical
protein (1443 nt)

adenine

methyl (indol-
3-yl)acetate

octanoyltransferase
(936 nt)

a 1,4-`-D-glucan

phosphoglycerate
mutase family
protein (717 nt)
phosphoglycerate
mutase family
protein (783 nt)
phosphoglycerate
mutase family
protein (996 nt)

leukotriene A-
4 hydrolase
(1845 nt)

ATP

1.3.8.3

a very long
chain alcohol

N-acetyltransferase
ats1 (306 nt)

1.6.5.5

UQH
2

malate dehydrogenase
(996 nt) malate
dehydrogenase
(1023 nt)

2.4.1.131

5’-deoxy-5’-
chloroadenosine

alcohol dehydrogenase
(1059 nt) alcohol
dehydrogenase
(1071 nt) alcohol
dehydrogenase
(1107 nt) alcohol
dehydrogenase
(960 nt) alcohol
dehydrogenase (1254
nt) S-(hydroxymethyl)
glutathione
dehydrogenase
(1371 nt) alcohol
dehydrogenase
(1026 nt) alcohol
dehydrogenase
(1065 nt)

3-oxoacyl-(acyl-
carrier-protein)
reductase (435 nt)
3-oxoacyl-[acyl-
carrier-protein]
reductase (531 nt)
3-oxoacyl-[acyl-
carrier-protein]
reductase (843
nt) 2-deoxy-
D-gluconate 3-
dehydrogenase
(771 nt) NAD-
dependent
epimerase/
dehydratase
(855 nt)

F6P

3-phospho-
D-glycerate

S-methyl-5’-
thioadenosine

4-acetamidobutanoate

(2E,6E)-farnesyl
diphosphate

N 6 -
dimethyladenine 1779 /N 6

-dimethyladenine 1780

in 18S rRNA

3-dimethylsulfoniopropionaldehyde

3-dehydroquinate

26,27-dehydrozymosterol metabolism

glycerol

a primary amine

a [histone]-N 6 -
acetyl-L-lysine

alanine
aminotransferase
(1671 nt)

imidazoleglycerol-
phosphate
dehydratase
(723 nt)

farnesyltransferase
alpha subunit
(522 nt) squalene
synthetase (777
nt) Note(s): At
least one base has
a quality score < 10

a 14_-
methylsteroid

a uracil 54  in tRNA

3.5.1.25

5,10-methenyl-
tetrahydropteroyl-

[a-Glu]
(n)

bicarbonate

L-aspartyl-
tRNA asp

3-hydroxybutyryl-
CoA dehydratase
(900 nt) enoyl-
CoA hydratase
(894 nt)
carnitinyl-CoA
dehydratase
(876 nt) enoyl-
CoA hydratase/
isomerase
family protein
(948 nt) enoyl-
CoA hydratase/
isomerase family
protein (801
nt) enoyl-CoA
hydratase (399 nt)

4.2.99.18

2.7.1.50

maltohexaose

SAM-dependent
methyltransferase
UbiE/COQ5 family
protein (864 nt)

calcineurin subunit
B (570 nt) protein
phosphatase
1 regulatory
subunit SDS22
(705 nt) dual
specificity protein
phosphatase 3
(999 nt) serine/
threonine-protein
phosphatase PP1-
alpha catalytic
subunit (1005 nt)
tyrosine-protein
phosphatase
YVH1 (1113 nt)
transcription/
RNA-processing
factor Ssu72
(849 nt) serine/
threonine-protein
phosphatase ppe1
(1182 nt) serine/
threonine protein
phosphatase 2A
(948 nt) serine/
threonine-protein
phosphatase
2B catalytic
subunit (1635 nt)
phosphoprotein
phosphatase 2C
(1707 nt) Note(s)
: At least one
base has a quality
score < 10 serine/
threonine-protein
phosphatase PP-
X isozyme 1 (969
nt) conserved
hypothetical
protein (2490 nt)
Note(s): At least
one base has a
quality score < 10
plasma membrane
phosphatase
required for sodium
stress response
(1755 nt) serine/
threonine-protein
phosphatase PP1
(978 nt) serine/
threonine-protein
phosphatase
(1893 nt)
phosphatase 2C
Ptc3 (1299 nt)
dual specificity
phosphatase
(1710 nt)

2.1.1.6

NAD-dependent epimerase/dehydratase
(855 nt) fatty acid synthase subunit beta
dehydratase (6261 nt) fatty acid synthase
subunit alpha reductase (5652 nt) Note(s)
: At least one base has a quality score < 10
2-deoxy-D-gluconate 3-dehydrogenase
(771 nt) fatty acid synthase (7770 nt)
2-succinylbenzoate-CoA ligase (1782
nt) 3-oxoacyl-[acyl-carrier-protein]
reductase (843 nt) 3-oxoacyl-[acyl-carrier-
protein] reductase (531 nt) 3-oxoacyl-
(acyl-carrier-protein) reductase (435 nt)

pantetheine-phosphate
adenylyltransferase
family protein (1284 nt)

carboxy-cis,cis-
muconate
cyclase (1110 nt)

cystathionine
gamma-synthase
(846 nt)

2.3.1.179

1.17.4.1

4-cis-
undecenoyl-CoA

ala

3.5.3.11

adenine

glycine betaine

an L-1-
phosphatidyl-
ethanolamine

GTP

dihydroxyacetone

4-hydroxyphenylpyruvate
dioxygenase (1284 nt) 4-
hydroxyphenylpyruvate
dioxygenase (1212 nt)
Note(s): At least one base
has a quality score < 10

palmitate biosynthesis
I (animals and fungi)

1.14.19.-

NAD-specific
glutamate
dehydrogenase
(3312 nt)

OTHER BIOSYNTHESIS

(S)-2-aceto-2-
hydroxybutanoate

2.7.7.80

UDP-_-D-glucose

ATP

3`-hydroxy-
4`-methyl-5_-
cholest-7-ene-
4_-carboxylate

3.4.14.5

betaxanthin

para-hydroxybenzoate-
polyprenyltransferase
(876 nt)

a phosphoprotein

1.14.99.36

tRNA his

trehalose-
phosphatase
(2766 nt)
trehalose-
phosphatase
(2823 nt)
Note(s): At least
one base has a
quality score < 10

acyl-activating
enzyme (312 nt)
acetyl-coenzyme
A synthetase
(2010 nt)

a tripeptide

a nitrile

salicylate
hydroxylase
(1320 nt)

nicotinamide
mononucleotide
adenylyltransferase
(996 nt)

alpha-methylacyl-
CoA racemase
(1194 nt)

urate

aconitate
hydratase
(2403 nt) 3-
isopropylmalate
dehydratase large
subunit (2184 nt)

fructose 1,6-
bisphosphate

(4-hydroxyphenyl)
acetaldehyde

an L-1-
phosphatidylglycerol-

phosphate

3.1.3.12

3.2.1.58

a nucleoside 5’-
monophosphate

2.3.1.12

crotonyl-CoA

4_-carboxy-
5_-cholesta-

8,24-dien-3`-ol

an (S)-2-haloacid

4-aminobutyrate
degradation III

a non glucosylated
glucose acceptor

isovaleryl-CoA

a carboxylate

farnesyltransferase
alpha subunit
(522 nt) squalene
synthetase (777
nt) Note(s): At
least one base has
a quality score < 10

5-dehydro episterol

diphosphoinositol
polyphosphate
phosphohydrolase
aps1 (477 nt)

acetyl-CoA

3.5.4.-

an (R)-2-
hydroxycarboxylate

1.3.1.21

2-oxoglutarate
decarboxylation
to succinyl-CoA

5_-cholesta-
8,24-dien-3-one

glyoxylate

succinate

1.5.5.2

3,4-dihydroxyphenylacetaldehyde

_-D-glucose
1-phosphate

uridine kinase
(1326 nt)

a peptide

a malonyl-[acp]
methyl ester

4.2.3.4

ubiquinol-8
biosynthesis
(eukaryotic)

O-ureidohomoserine

2.7.4.7

DNA-(apurinic or
apyrimidinic site)
lyase (1713 nt)
N-glycosylase/
DNA lyase (1239
nt) endonuclease
III (1425 nt)
ATFPG-1/ATFPG-
2/ATMMH-1/
ATMMH-2/FPG-1/
FPG-2 (1110 nt)
oxidoreductase
(1065 nt) DNA-
(apurinic or
apyrimidinic site)
lyase (1458 nt)

arginase (975 nt)

betanidin
degradation

DNA primase
large subunit
(1515 nt) DNA
primase small
subunit (1695 nt)

2.7.12.2

a trans-docos-
2-enoyl-[acp]

4_-methyl-
5_-cholesta-
8-en-3-one

isovaleryl-CoA
dehydrogenase
(1293 nt)

dihydrolipoyl
dehydrogenase

(1566 nt)

cytochrome P450
51 (1809 nt)

glyceraldehyde-
3-phosphate
dehydrogenase
(1017 nt)

maltose

5-cis, 7-trans-
tetradecadienoyl-

CoA

3.6.1.5

L-ornithine

UTP

5.3.1.9

aspartate-
semialdehyde
dehydrogenase
(1185 nt)

10-formyl-
tetrahydrofolate

CTP

3-demethylubiquinol-8

branched-chain-
amino-acid
aminotransferase
(1167 nt)
branched-chain-
amino-acid
aminotransferase
(1233 nt)

_-D-glucose
1-phosphate

(Z)-3-
ureidoacrylate

peracid

(3S)-2,3-
epoxy-2,3-

dihydrosqualene

folylpolyglutamate
synthase (1086 nt)
folylpolyglutamate
synthase (1281 nt)

a 2,3,4-saturated
L-phosphatidate

trp

3.1.1.13

pyruvate
decarboxylase
(1725 nt)
pyruvate
decarboxylase
(1746 nt)

conserved
hypothetical
protein (453 nt)

inosine-uridine
preferring
nucleoside
hydrolase
(1344 nt)

ubiquinol-6
biosynthesis from

4-hydroxybenzoate
(eukaryotic)

3.4.14.10

a 5’ half-tRNA
molecule with
a 2’,3’ cyclic
phosphate

on its 3’ end

CTP synthase (1761 nt)

4_-hydroxymethyl-
5_-cholesta-

8,24-dien-3`-ol

tryptophan
synthase
(2175 nt)

1.14.14.1

thr

a peptide

`-D-glucose

2.7.8.11

1.1.1.87/1.1.1.286

a cis,cis-
delta7,25-3-

oxo-C44:2-[acp]

DHAP

ubiquinol-6

conserved
hypothetical
protein (1731 nt)

(1R,2S)-
homoisocitrate

1.1.5.3

2-methoxy-6-(all-
trans-nonaprenyl)

phenol

1.2.1.22

aldehyde
reductase (942 nt)

phosphoribosylaminoimidazole-
succinocarboxamide
synthase (912 nt)

two-component
sensor protein
histidine protein
kinase (6996 nt)

succinate

aldehydo-
L-arabinose

5.1.3.2

2.7.4.6

_-tocopherol

NADPH

1-(5-phospho-
`-D-ribosyl)-ATP

dITP

tRNA trp

2-aminomuconate
6-semialdehyde

5.4.99.7

4_-methyl-
5_-cholest-
7-en-3-one

ribonucleoside-
diphosphate
reductase large
chain (2637 nt)
ribonucleotide
reductase
R2 subunit
variant (978 nt)

2.3.1.85/2.3.1.86/4.2.1.59

2.7.1.32

a standard
_ amino acid

1.14.-.-

2,5-diketo-
D-gluconic
acid reductase
A (858 nt)

1.11.1.6/1.11.1.21

a 3-oxo-
behenoyl-[acp]

OPC4-3-
ketoacyl-CoA

a 2’-
deoxyribonucleoside

5’-diphosphate

acyl-coenzyme A
oxidase (1962 nt)
acyl-coenzyme A
oxidase (2085 nt)
acyl-coenzyme A
oxidase (2049 nt)

3.1.1.13

2.3.1.41/2.3.1.85/2.3.1.86

4-hydroxy-2-
nonenal-[Cys-
Gly] conjugate

D-alanine-
poly(phosphoribitol)
ligase subunit 1
(3078 nt) long-chain-
fatty-acid-CoA ligase
(3516 nt) long-chain-
fatty-acid-CoA ligase
(2124 nt) fatty acid
transporter protein
(1932 nt) long-
chain-fatty-acid-CoA
ligase (2100 nt) long-
chain-fatty-acid-CoA
ligase (2007 nt) acyl-
coenzyme A synthetase
ACSM5 (1689 nt)
elongation of fatty
acids protein (1053
nt) acyl-activating
enzyme (312 nt)

6.2.1.1

3.1.4.46

a 3-oxo-glutaryl-
[acp] methyl ester

uroporphyrinogen-III

a methyl jasmonate

1.1.1.81

PROTEIN DEGRADATION

mannan endo-
1,6-alpha-
mannosidase
DCW1 (1380 nt)

longevity-assurance
protein (LAC1 (1416
nt) sphingosine N-
acyltransferase lac1 (1416 nt)

a 2-methyl
branched

2,3,4-saturated
fatty aldehyde

3.1.1.4

1-chloro-2,4-
dinitrobenzene

thio-
molybdenum

cofactor
biosynthesis

2.5.1.61

3.1.1.45

orotidine 5’-phosphate

uridine

Delta(14)-
sterol reductase
(1500 nt)

4.2.1.17

myo-inositol

3.6.1.19/3.6.1.23

NaMN

cytochrome b-c1
complex subunit
Rieske (753 nt)

glutathione S-
transferase (771
nt) glutathione
S-transferase
103-1A (765
nt) Note(s):
Short internal
exon conserved
hypothetical
protein (453
nt) conserved
hypothetical
protein (654 nt)

an N terminal
N,N,N-trimethyl-

(A/S)PK-[protein]

5-dehydro
episterol

Ins(2)P

1-ethyladenine

4-hydroxybenzoate

purine nucleoside
phosphorylase
(732 nt) Note(s)
: At least one
base has a
quality score < 10

a ubiquitin

NADP +

3-oxo-
eicosatrienoyl-CoA

4.2.1.11

L-carnitine

a 1,4-_-D-glucan

2.4.1.1

2.3.1.179

peroxisomal
multifunctional
enzyme (2706 nt)
estradiol 17-beta-
dehydrogenase
12-B (1038 nt)

GDP

3.5.1.20

transketolase
(2058 nt)

a peptide

an L-1-
phosphatidyl-

glycerol

dolichyl diphosphate

2.1.1.em

a [protein] N 6 ,N 6

-dimethyl-L-lysine

conserved
hypothetical
protein (1629
nt) conserved
hypothetical
protein (2907 nt)

`-D-
ribosylnicotinate

farnesyl pyrophosphate
synthetase (1041
nt) geranylgeranyl
pyrophosphate
synthetase (1224 nt)

2-oxo-3-hydroxy-4-
phosphobutanoate

androstan-
3_,17`-diol

3.1.4.11

3.8.1.3

cholesterol
biosynthesis
II (via 24,25-

dihydrolanosterol)

1.14.14.1

1.14.13.-

sphingosine
1-phosphate

biotin synthase
(1155 nt)

F6P

_-D-glucose
1-phosphate

4.2.1.17

a cis-2-enoyl-CoA

2.6.1.1

UTP-glucose-
1-phosphate
uridylyltransferase
(1578 nt) Note(s):
At least one base has
a quality score < 10

5.1.3.2

3.4.23.41

2.4.1.141

6.3.1.1

2,3-
didehydroadipyl-

CoA

1.2.1.3

N-acetyl-L-glutamate

`-D-glucose

methionyl-tRNA
synthetase (1731

nt) methionyl-
tRNA synthetase

(1962 nt)

2.7.2.11

aspartate
degradation II

enolase (1215 nt)
Note(s): At least
one base has a
quality score < 10

2.7.4.6

a purine ribonucleoside

undecaprenyldiphospho-N-acetyl-
(N-acetylglucosaminyl)muramoyl-
L-alanyl-a-D-glutamyl-meso-2,6-

diaminopimeloyl-D-alanyl-D-alanine

L-2-aminoadipate

4.2.1.1

3.6.1.19

an adenine 58

in tRNA

kynurenine-
oxoglutarate
transaminase
(1356 nt)

1.3.1.34

succinate-
semialdehyde
dehydrogenase
(1494 nt)
succinate-
semialdehyde
dehydrogenase
(2094 nt)

2-trans-
dodecenoyl-CoA

nicotinamide
mononucleotide
adenylyltransferase
(996 nt)

(2E,6E)-farnesal

D-glucarate

all-cis-7,10,13,16,19-
docosapentaenoate

alcohol
dehydrogenase
(1059 nt) alcohol
dehydrogenase
(1071 nt) alcohol
dehydrogenase
(1107 nt) alcohol
dehydrogenase
(960 nt) alcohol
dehydrogenase
(1254 nt) S-
(hydroxymethyl)
glutathione
dehydrogenase
(1371 nt) alcohol
dehydrogenase
(1026 nt) alcohol
dehydrogenase
(1065 nt)

1.1.1.270

D-glucopyranose

3.4.22.68

a cytosine 34  in
tRNA precursor

inosine

3.6.1.43

glutaryl-CoA
dehydrogenase
(1287 nt)

3.2.1.52

D-myo-inositol
1,3,4,5,6-

pentakisphosphate

conserved
hypothetical
protein (540 nt)
peptidase (906
nt) conserved
hypothetical
protein (3126 nt)

thiamine-phosphate
pyrophosphorylase
(1623 nt)

a long-chain
acyl-CoA

fatty acid synthase subunit beta dehydratase
(6261 nt) fatty acid synthase subunit
alpha reductase (5652 nt) Note(s):
At least one base has a quality score
< 10 fatty acid synthase (7770 nt) 2-
succinylbenzoate-CoA ligase (1782 nt)

2.7.7.79

3-demethylubiquinol-9

acyl-activating
enzyme (312 nt)
acetyl-coenzyme
A synthetase
(2010 nt)

2.1.1.225

tRNA ala

3.1.3.66

protoheme IX
farnesyltransferase
(1878 nt)

GTP

sorbitol
dehydrogenase
(1074 nt)

lathosterol

GMP

phosphomevalonate
kinase (1230 nt)
Note(s): At least
one base has a
quality score < 10

2.1.1.107

an all-trans-
retinyl ester

a glycogen

met

(2S)-2-isopropyl-
3-oxosuccinate

a 3-oxo-glutaryl-
[acp] methyl ester

beta-glucosidase (1620 nt)
beta-glucosidase (2958 nt)
beta-glucosidase (2598 nt)
beta-glucosidase (2625 nt)

UDP-glucose:sterol
glycosyltransferase
(4032 nt) conserved
hypothetical
protein (2787 nt)

threonine
dehydratase
(1689 nt)

precorrin-2

asparagine
degradation I

alcohol
dehydrogenase
(1059 nt) alcohol
dehydrogenase
(1071 nt) alcohol
dehydrogenase
(1107 nt) alcohol
dehydrogenase
(960 nt) alcohol
dehydrogenase
(1254 nt) S-
(hydroxymethyl)
glutathione
dehydrogenase
(1371 nt) alcohol
dehydrogenase
(1026 nt) alcohol
dehydrogenase
(1065 nt)

coproporphyrinogen III

a D-amino acid

ubiquinone/
menaquinone
biosynthesis
methyltransferase
ubiE (843 nt)
Note(s): At least
one base has a
quality score < 10

a tRNA uridine 38-40

a protein-L-
methionine-
(R)-S-oxide

acetaldehyde

NAD +

3.6.1.52

3-phospho-
hydroxypyruvate

2.1.1.219

siroheme

2.1.1.79

acetylglutamate
kinase (2715 nt)

acetate

glt

NADH

2.6.1.19

2.6.1.1

4.1.1.31

CTP synthase
(1761 nt)

inositol
polyphosphate
multikinase
(1320 nt)
Note(s): At least
one base has a
quality score < 10

methylglyoxal

NMN

3.1.3.84

(2E,6E)-farnesyl
diphosphate

short-chain
specific acyl-CoA
dehydrogenase
(1644 nt)

mitochondrial
intermediate
peptidase (2412 nt)

D-alanine-
poly(phosphoribitol)
ligase subunit
1 (3078 nt)

4_-carboxy-
4`-methyl-5_-
cholesta-8,24-

dien-3`-ol

trehalose-
mono-mycolate

L-asparaginase (1629
nt) acyl-protein
thioesterase (732 nt)
lysophospholipase
(2268 nt) conserved
hypothetical
protein (3483 nt)

3.3.2.1

1.3.-.-

2-amino-3-
oxobutanoate

`-D-fructofuranose
1-phosphate

threonine aldolase
(735 nt) serine

hydroxymethyltransferase
(1608 nt) serine

hydroxymethyltransferase
(1416 nt)

D-glyceraldehyde
3-phosphate

4.4.1.22

3-hydroxy, 6-cis
-tridecenoyl-CoA

2.3.1.76

glycogen
phosphorylase
(2634 nt)

an S-sulfanyl-
[ThiI sulfur-

carrier protein]

HMP-P

a trans hex-2-enoyl-[acp]

an acetoacetyl-[acp]

squalene

2.3.1.223

sinapoyl-CoA

fatty acid synthase
subunit beta
dehydratase (6261
nt) fatty acid
synthase subunit
alpha reductase
(5652 nt) Note(s)
: At least one
base has a quality
score < 10 fatty
acid synthase
(7770 nt) 2-
succinylbenzoate-
CoA ligase
(1782 nt)

a deoxyribonucleoside
triphosphate

adenine and
adenosine
salvage III

a 1,2-diacyl-
sn-glycerol 3-
diphosphate

aldehyde
reductase (942 nt)

adenine

CARBOXYLATES DEGRADATION

a [histone]-L-lysine

1.1.1.35

carboxylesterase
(1815 nt)

Ins(6)P

a cis,cis-
delta17,29-3-

oxo-C48:2-[acp]

ubiquinone/
menaquinone
biosynthesis
methyltransferase
ubiE (843 nt)
Note(s): At least
one base has a
quality score < 10

sn-glycerol
3-phosphate

a reduced NrdH
glutaredoxin-

like protein

a guaiacol

coenzyme A

glt

ergosteryl oleate

3.5.4.4

3-keto-steroid
reductase
(1362 nt)

N-acetyl-serotonin

3.1.3.11

a palmitoyl-[acp]

mevalonate
5-phosphate

all-trans-
hexaprenyl

diphosphate

1.3.1.34

2.3.1.86

OPC6-3-
hydroxyacyl-CoA

(2R)-2-hydroxy-2-
methylbutanenitrile

an alcohol

C-1-
tetrahydrofolate
synthase (2820 nt)

conserved
hypothetical
protein (453 nt)

a DNA containing
ring-opened 7-
methylguanine

pantothenate
synthetase
(1116 nt)

a phosphoprotein

a 3-oxosteroid

N2,N2-
dimethylguanosine
tRNA
methyltransferase
(2478 nt)

alcohol
dehydrogenase
(1065 nt) alcohol
dehydrogenase
(1026 nt) S-
(hydroxymethyl)
glutathione
dehydrogenase
(1371 nt) alcohol
dehydrogenase
(1254 nt) alcohol
dehydrogenase
(960 nt) alcohol
dehydrogenase
(1107 nt) alcohol
dehydrogenase
(1071 nt) alcohol
dehydrogenase
(1059 nt)

thymidylate
kinase (699 nt)

2-methylbutanoyl-
CoA

1.7.1.3

pyruvate kinase
(1605 nt)

5.3.3.5

2’-deoxyguanosine

a diphthine-[translation
elongation factor 2]

succinate-semialdehyde
dehydrogenase (1500 nt)
aldehyde dehydrogenase
(1491 nt) Note(s): At least
one base has a quality
score < 10 aldehyde
dehydrogenase (1416 nt)
aldehyde dehydrogenase
(471 nt) aldehyde
dehydrogenase (1488 nt)

2-oxo-3-
phenylpropanoate

citrate

1.13.99.1

acetaldehyde

1.10.2.2

2.5.1.-

1.5.1.10

6-hydroxy-2-
cyclohexen-

one-carboxylate

NADPH

1.1.1.1

1.1.1.37

O-acetylhomoserine
(thiol)-lyase
(1320 nt)

3.1.3.81

1.2.1.44

5.3.1.16

itaconyl-CoA

4-hydroxyphenylpyruvate

tRNA pro

2.5.1.103

1.1.1.100/2.3.1.85/2.3.1.86

OPC4-3-
ketoacyl-CoA

an aldehyde

an all-trans retinol-
[cellular-retinol-
binding-protein]

pyridoxal

a peptide

5.3.3.2

14-demethyllanosterol

1.3.1.10/1.3.1.39/2.3.1.85/2.3.1.86

a radical of
luteolin-7-O-
diglucuronide

3.1.4.3

3-oxoadipate
enol lactone

3-beta-
hydroxysteroid-
Delta(8),Delta(7)-
isomerase (699 nt)

L-asparaginase
(1629 nt) conserved
hypothetical protein
(1734 nt) nuclear
distribution protein
nudF (1230 nt)

aldehyde
dehydrogenase
(1491 nt)
Note(s): At least
one base has
a quality score
< 10 succinate-
semialdehyde
dehydrogenase
(1500 nt)

acetoacetyl-CoA

nucleoside
diphosphate
kinase (459 nt)
Note(s): At least
one base has a
quality score < 10

raffinose

3-hydroxy-
eicosatrienoyl-CoA

glucoamylase
(1869 nt)

(S)-nicotine

maltopentaose

phosphonoacetate

conserved
hypothetical protein
(2787 nt) UDP-
glucose:sterol
glycosyltransferase
(4032 nt)

2.7.4.2

urea
degradation II

endo-1,3(4)-
beta-glucanase
(2349 nt)

orcinol

serine/threonine-
protein kinase
SAPK2 (3531 nt)

branched-chain-
amino-acid
aminotransferase
(1167 nt)
branched-chain-
amino-acid
aminotransferase
(1233 nt)

GTP
cyclohydrolase
(1503 nt) GTP
cyclohydrolase
I (1044 nt)

N-formyl-D-
kynurenine

6.2.1.2

3.5.3.1

3,4-dihydroxy-
5-all-trans-

hexaprenylbenzoate

a ThiI sulfur-
carrier protein

lipoyl synthase
(1320 nt)

2.1.1.114

GTP
cyclohydrolase
(1503 nt) 3,4-
dihydroxy-2-
butanone 4-
phosphate
synthase
(711 nt) GTP
cyclohydrolase-
2 (1308 nt)

a bleomycin

IMP

ala

1.1.1.102

nucleoside
diphosphate
kinase (459 nt)
Note(s): At least
one base has a
quality score < 10

2.4.2.19

2.4.2.1

vesicular-
fusion protein
SEC18 (2505
nt) nucleoside-
triphosphatase
ntp-1 (2271 nt)

1.1.1.37

2.3.1.16

2-succinylbenzoate-
CoA ligase (1782
nt) fatty acid
synthase subunit
alpha reductase
(5652 nt) Note(s)
: At least one base
has a quality score
< 10 fatty acid
synthase subunit
beta dehydratase
(6261 nt)

2-methoxy-6-all
trans-hexaprenyl-
2-methoxy-1,4-

benzoquinol

an uncharged
tRNA

2.7.11.22

cytochrome P450 61
(1062 nt) Note(s):
At least one base has
a quality score < 10

fumarylacetoacetate
hydrolase domain-
containing
protein (870 nt)
fumarylacetoacetase
(1287 nt)

6.5.1.1

D-alanine-
poly(phosphoribitol)
ligase subunit
1 (3078 nt)

an alcohol

D-lactate
dehydrogenase
(1575 nt)

pyruvate kinase
(1605 nt)

propionyl-CoA

1.14.13.-

2.3.1.88

1.17.1.4

H
2

O

a thiocarboxylated
small subunit of
molybdopterin

synthase

aromatic-L-
amino-acid
decarboxylase
(3279 nt)
aromatic-L-
amino-acid
decarboxylase
(1638 nt)

met

2.7.9.2

3,24-
dioxocholest-4-
en-26-oyl-CoA

spermidine

tRNA ligase
(2457 nt)

3-hydroxyisobutyryl-
CoA hydrolase
(1536 nt)

4-hydroxybenzoate

glucokinase
(1551 nt)
hexokinase
(1284 nt)

pyruvate

a phospholipid
cyclopropane

fatty acid

glycine betaine
biosynthesis

II (Gram-
positive

bacteria)

threonyl-tRNA
synthetase (1680

nt) threonyl-
tRNA synthetase

(2295 nt)

a ceramide

fructose-
bisphosphate
aldolase (864
nt) fructose-
bisphosphate
aldolase (1083 nt)

NAD +

maltose

2.6.1.39

NADP +

3-[(3aS,4S,5R,7aS)-5-
hydroxy-7a-methyl-1-oxo-
octahydro-1H-inden-4-yl]-
3-hydroxypropanoyl-CoA

D-arabinofuranose

1.2.1.5

3.2.1.52

an oxidized
cytochrome c-553

thiamin
diphosphate

ceramide
glucosyltransferase
(1794 nt)

purine nucleoside
phosphorylase
(732 nt) Note(s)
: At least one
base has a
quality score < 10

an adenosine 4

in tRNA His

putrescine

3-oxoacyl-[acyl-
carrier-protein]
synthase (2577 nt)

3.1.1.1

ethanol

a guanine 34

in tRNA

a linear malto-
oligosaccharide

3-oxo-23,24-
bisnorchol-4-

en-22-oyl-CoA

(R)-2,3-dihydroxy-
3-methylpentanoate

3.1.3.21

an oxidized
flavoprotein

a standard
_ amino acid

4-pyridoxolactone

a cis-delta7-3-
oxo-C26:1-[acp]

NAD-dependent epimerase/dehydratase
(855 nt) fatty acid synthase subunit beta
dehydratase (6261 nt) fatty acid synthase
subunit alpha reductase (5652 nt) Note(s)
: At least one base has a quality score < 10
2-deoxy-D-gluconate 3-dehydrogenase
(771 nt) fatty acid synthase (7770 nt)
2-succinylbenzoate-CoA ligase (1782
nt) 3-oxoacyl-[acyl-carrier-protein]
reductase (843 nt) 3-oxoacyl-[acyl-carrier-
protein] reductase (531 nt) 3-oxoacyl-
(acyl-carrier-protein) reductase (435 nt)

an all-trans-
retinyl ester

a purine base

2-[(2R,5Z)-
(2-carboxy-4-

methylthiazol-5(2H
)-ylidene]ethyl

phosphate

2.1.1.205

3.1.26.4

3.1.3.78

eicosapentaenoate

ADP

4_-methyl-
cholesta-8-enol

2.3.1.24
acetyl-CoA
acetyltransferase
(1200 nt)
acetyl-CoA
acetyltransferase
(1317 nt)

S-prenyl-
L-cysteine

an N-terminal-(A/
S)PK-[protein]

conserved
hypothetical
protein (1443 nt)

O-acetyl-L-serine

cotinine

4-guanidinobutyramide

1.10.3.3

an [apo BCAA dehydrogenase
E2 protein] N 6 -S-[2-

methylpropanoyl]dihydrolipoyl-
L-lysine

indole
acetaldehyde

3,4-dihydroxy-
5-all-trans-

octaprenylbenzoate

a single
stranded DNA

3.2.2.21

octanoyl-CoA

3.4.13.21

6.3.4.5

conserved
hypothetical
protein (687 nt)

enolase (1215 nt)
Note(s): At least
one base has a
quality score < 10

crotonyl-CoA

2.3.1.86

3.1.3.41

valine
degradation II

threonine
synthase
(1611 nt)

linoleoyl-CoA

3-demethylubiquinone-
9 3-methyltransferase
(600 nt)

a cis,cis-delta21,39-
3-oxo-C58:2-[acp]

an N-acylsphingosine

a t-hydroxy
fatty acid

coenzyme A

5.3.4.1

tRNA asn

L-kynurenine

bupropion

3.4.14.9

a 3R-hydroxypimeloyl-
[acp] methyl ester

a dipeptide

ornithine
carbamoyltransferase
(1047 nt)

mevalonate
5-phosphate

1.1.1.1

dCTP

a (3R)-3-
hydroxyacyl-CoA

2.1.1.14

C-4 methylsterol
oxidase (735 nt)
C-4 methylsterol
oxidase (552 nt)

eicosapentaenoyl-CoA

a polyphosphate

NAD +

dTMP

a [protein]-
L-threonine

aspartyl/glutamyl-
tRNA(Asn/Gln)
amidotransferase
subunit B (2328
nt) glutamyl-
tRNA(Gln)
amidotransferase
subunit A (1536 nt)

glutamine synthetase
(1077 nt) glutamine
synthetase (1461 nt)

a holo-[acyl-
carrier protein]

3.4.13.19

brassicasterol

4_-formyl-
stigmasta-
7,24(24 1 )-
dien-3`-ol

ala

4.2.1.17

an N 10 -formyl-
tetrahydrofolate

bifunctional purine
biosynthesis
protein ADE17
(1815 nt)

(R)-2,3-
dihydroxy-3-

methylbutanoate

(S)-dihydroorotate

UDP-_-D-glucose

uridine 2791

in 21S rRNA

maltose

1.3.5.1

a secondary
alcohol

2.4.1.173

gln

6.2.1.-

phenylacetaldoxime
dehydratase (1080 nt)

coenzyme A

RNase III domain-
containing
protein (600 nt)

gamma-
glutamyltranspeptidase
(1782 nt) gamma-
glutamyltranspeptidase
(1815 nt)

methanol

3-ketoacyl-CoA
thiolase (1266
nt) 3-ketoacyl-
CoA thiolase
B (1260 nt) 3-
ketoacyl-CoA
thiolase (1254
nt) 3-ketoacyl-
CoA thiolase
B (1242 nt)

3-oxoacyl-[acyl-
carrier-protein]
synthase
(2577 nt)

2.3.1.-

4.2.3.25

phenoxy
radical VII

pro

an acyl-[acyl-
carrier protein]

glycerophosphoryl
diester
phosphodiesterase
family protein (993 nt)

proline
iminopeptidase
(1152 nt)

conserved
hypothetical
protein (687 nt)

(2E,6E)-farnesyl
diphosphate

2.3.1.9

3.1.3.24

2.4.1.173

decanoyl-CoA

3-phospho-
D-glycerate

a peptide

a 3-acylpyruvate

histone-lysine N-
methyltransferase
set9 (1920
nt) conserved
hypothetical
protein (2451 nt)
histone-lysine N-
methyltransferase
(3006 nt) Note(s)
: At least one base
has a quality score
< 10 histone-lysine
N-methyltransferase
(1422 nt)
histone-lysine N-
methyltransferase
(1503 nt) Note(s)
: At least one base
has a quality score
< 10 histone-lysine
N-methyltransferase
(3495 nt)

ferric-chelate
reductase
(1944 nt)
ferric reductase
transmembrane
component 7
(2322 nt) ferric-
chelate reductase
(1806 nt)

pyridoxal

threonine aldolase
(735 nt) serine
hydroxymethyltransferase
(1608 nt) serine
hydroxymethyltransferase
(1416 nt)

deoxyhypusine
synthase (1077
nt) Note(s): At
least one base
has a quality
score < 10

alcohol
dehydrogenase
(1065 nt) alcohol
dehydrogenase
(1026 nt) S-
(hydroxymethyl)
glutathione
dehydrogenase
(1371 nt) alcohol
dehydrogenase
(1254 nt) alcohol
dehydrogenase
(960 nt) alcohol
dehydrogenase
(1107 nt) alcohol
dehydrogenase
(1071 nt) alcohol
dehydrogenase
(1059 nt)

long chain fatty
acid oxidase
(2274 nt)

succinate
semialdehyde

2.3.1.47

5-fluoro-5-
deoxy-D-ribose
1-phosphate

sarcosine

acrylamide

nucleoside-
triphosphatase
ntp-1 (2271 nt)

H
2

O

a crotonyl-[acp]

6.1.1.21

a [protein]-S-
geranylgeranyl-

L-cysteine

pro

2.7.9.2

S-methyl-5’-
thioadenosine

(2E,6E)-farnesyl
diphosphate

precorrin-2

2-succinylbenzoate-CoA ligase
(1782 nt) fatty acid synthase
(7770 nt) fatty acid synthase
subunit alpha reductase (5652
nt) Note(s): At least one
base has a quality score < 10
fatty acid synthase subunit
beta dehydratase (6261 nt)

ATP

(S)-(+)-allantoin

propionyl-CoA

6.3.1.5

catechol O-
methyltransferase
(879 nt)

3.1.3.15

a 2’-O-
methylcytidine 4

in tRNA Pro

purine nucleoside
phosphorylase
(732 nt) Note(s)
: At least one
base has a
quality score < 10

DHAP

guanine

1.3.1.10/1.3.1.39/2.3.1.85/2.3.1.86

a carboxylate

2.3.1.51

2.4.1.25

N2,N2-
dimethylguanosine
tRNA
methyltransferase
(2478 nt)

1.1.1.34

a [phosphatase
2A protein] C-

terminal L-leucine
methyl ester

2.7.1.49

catechol

NADH-ubiquinone
oxidoreductase
9.5 kDa subunit
(231 nt) NADH-

ubiquinone
oxidoreductase
12 kDa subunit

(321 nt) NADH-
ubiquinone

oxidoreductase
20 kDa subunit

(480 nt) NADH-
ubiquinone

oxidoreductase
21 kDa subunit

(567 nt) NADH-
ubiquinone

oxidoreductase
21.3 kDa subunit
(576 nt) NADH-

ubiquinone
oxidoreductase

213 kDa
subunit (600 nt)
electron transfer

flavoprotein
subunit beta

(600 nt)

6-cis-
tridecenoyl-CoA

3.6.1.53

1.2.1.5

adenylosuccinate
lyase (1455 nt)

glycogen debranching
enzyme (4479 nt)
Note(s): At least
one base has a
quality score < 10

AMP

GTP

a 5,10-methylene-
tetrahydrofolate

NADP:D-xylose
dehydrogenase
(1140 nt)

1.4.3.19

a cis,cis-delta5,23-
3-hydroxyC42:2-

[acp]

(9Z,12Z)-15,16-
dihydroxyoctadeca-

9,12-dienoate

N 2 -
succinylglutamate

superpathway
of heme

biosynthesis from
uroporphyrinogen-III

homoserine
dehydrogenase
(1119 nt)

2.6.1.28

a 3-oxoacyl-[acp]

4.1.1.1

an alcohol

a peptide

eicosapentaenoyl-CoA

a protein

1.8.3.1

3.1.3.2

2.1.1.64

cyanate

L-ornithine

3,4-dihydroxy-
2-butanone
4-phosphate
synthase (711 nt)

aryl-alcohol
dehydrogenase
(1155 nt)

4.1.1.-

cholesterol

4.1.1.28

1.1.1.35

a mannosyl-
diphosphoinositol-_

hydroxyphytoceramide

arg

3.5.1.-

enoyl-CoA
hydratase
(399 nt) enoyl-
CoA hydratase/
isomerase
family protein
(801 nt) enoyl-
CoA hydratase/
isomerase family
protein (948 nt)

puromycin-
sensitive
aminopeptidase
(2697 nt)

2-oxobutanoate

pyruvate

glycogen
debranching
enzyme (4479 nt)
Note(s): At least
one base has a
quality score < 10

2-hydroxyphenylacetate

short chain
dehydrogenase/
reductase family
protein (1113 nt)

L-arginyl-tRNA arg

thiosulfate
disproportionation

III (rhodanese)

aldose reductase
(879 nt)

4_-carboxy-
5_-cholesta-
8-en-3`-ol

ubiquinone/
menaquinone
biosynthesis
methyltransferase
ubiE (843 nt)
Note(s): At least
one base has a
quality score < 10

fatty acid `-oxidation (peroxisome, yeast)

5.3.1.1

D-glucosamine
6-phosphate

HMP-PP

malate
dehydrogenase
(1080 nt)

N-acetyl-D-
glucosamine

acetoin
biosynthesis III

conserved
hypothetical
protein (3822 nt)

RNA
pseudouridylate
synthase domain-
containing
protein (1578 nt)

wax esters
biosynthesis II

asparaginyl-
tRNA synthetase

(1743 nt)

3-sulfopyruvate

arg

glt

a 1-lysophosphatidylcholine

2.7.1.35

2.1.1.64

SAM

tryptophan
synthase
(2175 nt)

L-arginino-
succinate

1.2.4.2

a cis,cis-
delta19,37-
3-hydroxy-
C56:2-[acp]

pentafunctional
AROM
polypeptide
(4572 nt)

CTP

purine nucleoside
phosphorylase
(732 nt) Note(s): At
least one base has
a quality score < 10

indole-3-acetate

a peptide

monodehydroascorbate
radical

1.1.1.270

formaldehyde

a malonyl-[acp]

2.1.1.202

1.1.1.38/1.1.1.39

1.17.4.1

a cis,cis-delta7,19-
3-hydroxyC38:2-

[acp]

dihydroceramide
delta(4)-desaturase
(1236 nt)

2.7.4.14/2.7.4.22

catechol

(S)-1-pyrroline-
5-carboxylate

phosphatidate
cytidylyltransferase
(1224 nt)
phosphatidate
cytidylyltransferase
(1353 nt)

3.6.1.5

glucose-6-
phosphate
isomerase
(1659 nt)

3-methoxy-4-
hydroxyphenylglycolaldehyde

beta-glucosidase
(1620 nt) beta-
glucosidase
(2958 nt) beta-
glucosidase
(2598 nt) beta-
glucosidase
(2625 nt)

3.5.4.3

a pseudouridine 38-

40 in tRNA

proline
biosynthesis II
(from arginine)

1.3.99.5

hydroxymethylglutaryl-
CoA lyase (1071 nt)

mannose-1-phosphate
guanyltransferase
subunit beta-A
(1518 nt) mannose-
1-phosphate
guanyltransferase
(1248 nt)

Glc
3

Man
9GlcNAc

2

formylTHF biosynthesis

2-deoxy-D-ribose
5-phosphate

triosephosphate
isomerase (690 nt)
triosephosphate

isomerase (750 nt)

alcohol
dehydrogenase
(1488 nt)

hypothetical
protein (1203 nt)
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This diagram was automatically generated by SRI International Pathway Tools version 18.0, authors S. Paley and P.D. Karp.

Figura 6.5: Rede metabólica reconstruída in silico para o fungo P. lutzii, incluindo vias
metabólicas completas e reações não atreladas a vias.

42



Figura 6.6: Distribuição (%) das vias metabólicas identificadas, de acordo com a classifi-
caçao do BioCyc.
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Tabela 6.2: Possíveis aplicações de vias metabólicas secundárias identificadas in silico
para o P. lutzii.
Via Possível aplicação
Betanidin degradation A enzima peroxidase, que catalisa esta via, é usada no trata-

mento de contaminantes fenólicos na presença de H2O2 [31].
Taxiphyllin bioactivation A partir de glicosídeos cianogênicos, ocorre a liberação de

cianeto de hidrogênio, que desempenha um papel central no
sistema de defesa química nas plantas em interações planta-
inseto [26].

1D-myo-inositol hexa-
kisphosphate biosynthesis
I (from Ins(1,4,5)P3)

Em fungos, está relacionada à regulação da saída do mRNA
do núcleo celular [84].

N-acetylglucosamine degrada-
tion I

A N-acetilglucosamina é relativamente abundante na natu-
reza, sendo um componente da quitina e das paredes celula-
res dos fungos [2].

Mannitol degradation O manitol é utilizado clinicamente em osmoterapia para re-
duzir a pressão intracraniana [72].

Betaxanthin biosynthesis É um pigmento. As betaxantinas amarelo-laranja são restri-
tas aos fungos [51].

Phenylethanol biosynthesis Está presente em boa parte das essências naturais de flores
e frutos. Pode ser usado como matéria-prima na produção
de perfumes com aromas de rosa ou com outras combinações
florais e na formação de sabores artificiais [18].

D-myo-inositol (1,4,5)-
trisphosphate biosynthesis

Os mio-inositois contendo fosfolípidos estão envolvidos no
controle de funções celulares de eucariotos, incluindo algu-
mas vias de sinalização intracelular e de vários regulado-
res, como hormônios, neurotransmissores e fatores de cresci-
mento [54].

zeaxanthin, antheraxanthin
and violaxanthin interconver-
sion

São carotenóides, que não podem ser sintetizados por ani-
mais e são uma fonte essencial de retinóides e vitamina A.
A zeaxantina, por exemplo, está ligada à redução de catara-
tas. Nas plantas, através da dissipação da luz solar, protege
contra o estresse fotooxidativo [15].

Geranylgeranyl-diphosphate
biosynthesis

Também conhecido como pirofosfato geranilgeranil, ou
GGPP, é um composto essencial envolvido na biossíntese de
vários terpenos e terpenóides, incluindo ubiquinonas e me-
naquinonas [78].

Mevalonate pathway Em células eucarióticas, a via do mevalonato conduz a bi-
ossíntese de esterol vegetal, da biossíntese do ergosterol I e
dolicol, através da formação de difosfato de farnesil (FPP).
O ergosterol é um dos principais constituintes da membrana
plasmática em fungos [1].

Neurosporaxanthin bi-
osynthesis

É um apocarotenóide, um pigmento derivado de terpenóides
proveniente de vias de carotenóides. Geralmente o pigmento
é amarelo brilhante ou laranja [69].

Epoxysqualene biosynthesis Esqualeno é um composto que atua como intermediário na
biossíntese de esteróis. Esqualeno é uma alusão ao nome ci-
entífico para o tubarão (Squalus spp.), uma vez que o óleo
de fígado de tubarão é considerada a mais rica fonte de es-
qualeno. O esqualeno é abundante em muitos óleos vegetais,
como o azeite, óleo de palma, óleo de gérmen de trigo [48].44



Figura 6.7: Distribuição de transcritos oriundos dos contigs e singlets do P. lutzii, sob as
formas de levedura, micélio e ambas as formas.

Tabela 6.3: Anotações propostas para enzimas antes anotadas como preditas ou hipoté-
ticas

Gene EC Anotação proposta
PAAG_05405 1.1.1.35 3-hydroxyacyl-CoA dehydrogenase
PAAG_03986 1.11.1.7 peroxidase
PAAG_04175 1.11.1.7 peroxidase
PAAG_04128 1.14.13.7 phenol 2-monooxygenase
PAAG_00037 1.3.3.9 cytochrome P450 mooxygenase
PAAG_07667 2.3.1.135 phosphatidylcholine-retinol O-acyltransferase
PAAG_02729 4.2.1.28 aromatic-L-amino-acid decarboxylase
PAAG_06057 5.1.3.3 aldose 1-epimerase
PAAG_00112 3.1.1.1 carboxylesterase
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Figura 6.8: Exemplo da página com dados gerais da rede metabólica do P. lutzii na web.

Figura 6.9: Exemplo de navegação pela rede metabólica através das classificações das vias
metabólicas.
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Figura 6.10: Exemplo de exibição da via metabólica de biossíntese de betaxantina.

6.3 Discussão

Ciclo do Glioxilato

A ocorrência do ciclo do glioxilato foi originalmente desboberta em bactéria [50]. Em
plantas, este ciclo está envolvido no armazenamento de óleos durante a germinação das
sementes [12]. O ciclo do glioxilato é uma via metabólica alternativa ao ciclo do ácido
cítrico para oxidação do acetato (actilCoA) em ácidos dicarboxílicos (succinato, malato,
oxaloacetato). A via é essencialmente, uma versão modificada do ciclo do TCA I (pro-
cariótico). Estudos apontam que o ciclo do glioxilato é necessário para a virulência em
tanto da bactéria (M. tuberculosis) quanto do fungo (C. albicans) que podem sobreviver
no interior de um macrófago [53].

O ciclo do glioxilato já foi descrito para o P. lutzii e pode ser inibido bloqueando a
disponibilidade de nutrientes, o que impede a sobrevivência dos agentes patogênicos no
interior do macrófago. Os compostos já desenvolvidos que inibem a disponibilidade de
nutrientes, são herbicidas como o glifosato. Neste caso os alvos são enzimas produzidas
por plantas, e não por animais [53]. Como as enzimas do ciclo do glioxilato não são
encontradas em mamíferos, o que inclue o H sapiens, elas são os principais alvos para
agentes anti-bacterianos e anti-fúngicos [6, 53].
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No ciclo do glioxilato, uma enzima chave, isocitrato liase (EC 4.1.3.12), converte D-
threo-isocitrato para succinato e glioxilato. Uma segunda enzima, malato sintase (EC
2.3.3.93), juntamente com uma segunda molécula de acetil-CoA obtida da via de decar-
boxilação do piruvato, converte o glioxilato para a forma (S)-malato. Subsequentemente,
a a oxidação do malato, catalisada pela dehidrogenase do malato (EC 1.1.1.374) converte
(S)-malato em oxaloacetato. Neste ponto, o sucinato que foi convertido pela isocitrato
liase, pode ser retirado do ciclo e usado para a síntese de carbono da célula. Todas as
demais enzimas desta via são expressas por genes em ambas as formas (M/L), o que leva
a crer que esta via ocorre am qualquer uma das formas do P. lutzii. A Figura 6.11, foi
extraída de nossa rede metabólica e mostra esta via.

Figura 6.11: Via metabólica do cliclo do glioxilato.

Degradação de Mannitol I

Dos dez hexitóis existentes (allitol, D�altritol, L�altritol, D�sorbitol, L�sorbitol,
D�manitol, L�manitol, D� iditol, L� iditol e galactitol) apenas três ocorrem natu-
ralmente: D�manitol, D� sorbitol (também conhecido como D� glucitol), e galactitol
(devido à simetria, D � galactitol e L � galactitol são idênticos). O mannitol é o poliol
mais comum no reino fungi, sendo encontrado em quantidades abundantes em esporos,
micélios, escleródios e corpos de frutificação [80]. O manitol pode assumir diferentes pa-
péis em diferentes fungos, por exemplo, em fungos como o Agaricus bisporus o manitol
pode representar entre 10% e 50% do seu peso. Estudos de Niehaus [64] mostraram que as
enzimas da via de biosíntese de manitol são expressas em resposta à presença de glucose.

2Transcritos PAAG_06951 e PAAG_04549
3Transcrito PAAG_04542
4Transcritos PAAG_08449 e PAAG_00053
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A reação desta via5, ocorre nos dois sentidos. Quando a molécula de D � manitol

é fosforilada, a molécula resultante é chamada de D � manitol1 � fosfato. A enzima
mannitol-1-phosphate 5-dehydrogenase ( EC 1.1.1.176) catalisa a redução da frutose �
6� fosfato para 1� fosfatodemanitol utilizando o cofactor NADH. A Figura 6.12 foi
extraída de nossa rede metabólica e mostra a via de degradação do manitol. O Transcrito
que codifica a enzima desta foi expresso apenas sob a forma de micélio, o que indica que
esta via ocorre também apenas nesta forma.

Figura 6.12: Via metabólica da degradação de mannitol I.

Biossíntese de Geranilgeranil di-fosfato

Nos últimos anos, grande atenção tem sido dada aos compostos isoprenóides, que in-
cluem não só moléculas essenciais para a sobrevivência da célula, mas vários compostos
bioativos produzidos através do metabolismo secundário [74]. All-trans-difosfato geranil-
geranil, também conhecido como pirofosfato geranilgeranil, ou GGPP) é um composto
essencial envolvido na biossíntese de vários terpenos e terpenóides, incluindo ubiquinonas
e menaquinonas [78].

Terpenóides são sintetizados pela condensação consecutiva total de unidades de iso-
preno C5, tais como a enzima difosfato dimetilalilo (DMAPP) e isopentenil a enzima
difosfato (IPP) [79]. Os terpenóides são classificados pela quantidade de unidades de
cinco carbonos presentes nas suas estruturas [79]. Durante o processo de alongamento da
unidade de isopreno, a enzima difosfato geranilgeranil (GGPP) sintase catalisa a terceira
reação de condensação do IPP para produzir GGPP (C20) [74]. GGPP é o precursor
de di-terpenos e representa o ponto de ramificação para muitos isoprenóides importan-
tes tanto para metabolitos primários quanto para os metabolitos secundários, como por
exemplo carotenóides. Múltiplos genes têm sido descobertos para sintases de GGPP em
fungos filamentosos [74].

No P. lutzii duas sintases (EC 2.5.1.297) foram identificadas. Para o transcrito PAAG_00717,
que expressa a farnesyltranstransferase subunidade alfa, não foi possível identificar a forma

5D�mannitol 1� phosphate + NAD(P )+ ⌧ ��D� fructofuranose 6� phosphate + NAD(P )H
+ H+

6Transcrito PAAG_06473
7Genes PAAG_00717 e PAAG_00510
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em que ocorre. O transcrito PAAG_00510, que expressa a enzima geranylgeranyl py-
rophosphate synthase, ocorre exclusivamente sob a forma de levedura. Como esta via tem
apenas uma reação catalisada por esta enzima, pode-se dizer que quando a reação é catali-
sada pela enzima geranylgeranyl pyrophosphate synthase, a via ocorre exclusicamente sob
a forma de levedura no P. lutzii. A Figura 6.13 mostra a via extraída da rede metabólica
do P. lutzii.

Figura 6.13: Via metabólica da biossíntese de Geranilgeranil di-fosfato.
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Capítulo 7

Conclusão

A grande disponibilidade de dados oriundos de genomas, transcritomas, proteomas
e metabolomas trouxe novos desafios e possibilidades. O número de genomas fúngicos
completamente sequenciados está em franco crescimento e cada vez mais disponíveis.
Além disso, dezenas de projetos de sequenciamento estão em andamento [30]. Um grande
desafio da pesquisa pós-genoma é explorar o complexo biológico de vias metabólicas de
um genoma, tal como sequências de DNA, sequências de proteínas e perfis de expressão
gênica [82]. Um caminho para explorar esse complexo biológico é a reconstrução de redes
metabólicas de organismos, especialmente de fungos, que são organismos produtores de
metabólitos com diversas aplicações. A reconstrução de redes metabólicas é essencial para
análises de dados experimentais e estudos computacionais em Biologia de Sistemas [20].
Integrar o conhecimento em vias metabólicas de uma rede em escala genômica permite
uma melhor compreensão de como os componentes individuais no sistema interagem e
influenciam as funções das células em geral [24].

As diversas ferramentas e bancos de dados disponíveis para anotação, análise, predição
e organização de dados biológicos foram utilizadas e convergiram no método proposto,
que se mostrou eficaz e eficiente na reconstrução in silico de redes metabólicas em fungos.
O método proposto neste trabalho para reconstrução in silico de redes metabólicas de
fungos, foi aplicado ao fungo P. lutzii, escolhido como estudo de caso. O método provou-
se eficaz porque foi efetivamente reconstruída a rede metabólica para o fungo P. lutzii
como estudo de caso e está disponível na web. O método, também é eficiente, porque
uma vez alimentado o banco de dados com os dados de entrada, a reconstrução da rede
torna-se mais rápida quando comparada ao tempo de um ano ou mais como indicado em
Förster et al. [24]. Além disso, o método proposto abrange um pipeline específico para
metabolismo secundário em fungos. A rede reconstruída avançou o conhecimento das vias
em relação a Alvarez [3], parte devido à atualização constante dos dados provenientes dos
bancos de dados consultados (KEGG e BioCyc), parte devido à inserção de um pipeline
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específico para metabolismo secundário.
Em comparação às outras redes reconstruídas para o P. lutzii [3, 85], nossa rede difere-

se em dois aspectos. O primeiro é que as demais redes reconstruídas não têm informação
explícita sobre a forma dos genes que a compõem (Micélio/Levedura). É fato que essa
informação não está disponível para todo o conjunto dos genes, mas é conhecida para
um subconjunto muito expressivo. Outro aspecto em que nossa rede difere das demais
conhecidas é na cura alcancada com um pipeline de anotação abrangente. As reações que
compõem as vias podem ser encontradas, sem exceção, no MetaCyc, que é um banco de
dados não-redundante de vias metabólicas com evidências experimentais.

Algumas vias do P. lutzii tem especial importância, conforme a literatura, e três delas
foram selecionadas para um breve discussão, a fim de mostrar a importância de conhecer
o metabolismo dos organismos.

7.1 Contribuições

As duas contribuições deste trabalho foram o método para reconstrução in silico de
redes metabólicas em fungos com pipeline específico para metabolismo secundário e o
estudo de caso da rede metabólica do P. lutzii reconstruída e disponível na web.

Quanto às limitações, o método exige um esforço de instalar e utilizar ferramentas e
bancos de dados, o que demanda conhecimento computacional.

7.2 Trabalhos futuros

O método tem algumas lacunas, como o grande número de gaps em reações vinculadas
ou não à uma via metabólica. No estudo de caso, 310 enzimas das vias metabólicas não
foram identificadas no genoma. Uma abordagem mais aprofundada poderia revelar novas
enzimas candidatas, por exemplo, o FBA (Flux Balance Analysis), amplamente utilizado
para estudar redes bioquímicas. O FBA calcula o fluxo de metabólitos da rede metabólica,
tornando possível prever a taxa de crescimento de um organismo ou a taxa de produção
de um metabolito biotecnologicamente importante [67].

Outro projeto importante, seria a criação de uma interface amigável para alimentar o
banco de dados relacional, bem como o ajuste do seu modelo para suportar mais de um
organismo, além da aplicação de técnicas de tuning de desempenho no SGBD.
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Anexo A

Tabela com as vias de metabolismo
secundário identificadas
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Classificação Via metabólica 

Degradation-Utilization-Assimilation → Secondary Metabo- lites Degradation → 
Nitrogen Containing Secondary Com- pounds Degradation → Alkaloids Degradation betanidin degradation 
Degradation-Utilization-Assimilation → Secondary Metabo- lites Degradation → 
Nitrogen Containing Secondary Com- pounds Degradation → Nitrogen Containing taxiphyllin bioactivation 
Degradation-Utilization-Assimilation → Secondary Metabo- lites Degradation → 
Sugar Derivatives Degradation → Cy- clitols Degradation

1D-myo-inositol hexakisphosphate biosynthesis I (from 
Ins(1,4,5)P3)

Degradation-Utilization-Assimilation → Secondary Metabo- lites Degradation → 
Sugar Derivatives Degradation → N- acetylglucosamine degradation N-acetylglucosamine degradation I
Degradation-Utilization-Assimilation → Secondary Metabo- lites Degradation → 
Sugar Derivatives Degradation → Sugar Alcohols Degradation mannitol deagradation I 

Classificação Via metabólica 

Biosynthesis → Secondary Metabolites Biosynthesis → Nitrogen-Containing 
Secondary Compounds Bi- osynthesis → Alkaloids Biosynthesis → Betalaine Al- betaxanthin biosynthesis 
Biosynthesis → Secondary Metabolites Biosynthesis → Nitrogen-Containing 
Secondary Compounds Bi- osynthesis → Alkaloids Biosynthesis → Betalaine Al- betaxanthin biosynthesis (via dopa- mine) 
Biosynthesis → Secondary Metabolites Biosynthesis → Phenylpropanoid 
Derivatives Biosynthesis phenylethanol biosynthesis 
Biosynthesis → Secondary Metabolites Biosynthesis → Sugar Derivatives 
Biosynthesis → Cyclitols Biosynthe- sis D-myo-inositol (1,4,5)- trisphosphate biosynthesis 
Biosynthesis → Secondary Metabolites Biosynthesis → Sugar Derivatives 
Biosynthesis → Cyclitols Biosynthe- sis D-myo-inositol (1,4,5)- trisphosphate degradation 
Biosynthesis → Secondary Metabolites Biosynthesis → Sugar Derivatives 
Biosynthesis → Cyclitols Biosynthe- sis → myo-Inositol Biosynthesis myo-inositol biosynthesis 
Biosynthesis → Secondary Metabolites Biosynthesis → Sugar Derivatives 
Biosynthesis → Cyclitols Biosynthe- sis → Phytate Biosynthesis 

1D-myo-inositol hexakisphosphate biosynthesis I (from 
Ins(1,4,5)P3) 

Biosynthesis → Secondary Metabolites Biosynthesis → Terpenoids Biosynthesis → 
Carotenoids Biosynthesis 

zeaxanthin, antheraxanthin and violaxanthin 
interconversion 

Biosynthesis → Secondary Metabolites Biosynthesis → Terpenoids Biosynthesis → 
Diterpenoids Biosynthesis 

superpathway of geranylgeranyl-diphosphate biosynthesis 
I (via mevalonate) 

Biosynthesis → Secondary Metabolites Biosynthesis → Terpenoids Biosynthesis → 
Hemiterpenes Biosynthesis → Isopentenyl Diphosphate Biosynthesis mevalonate pathway I 
Biosynthesis → Secondary Metabolites Biosynthesis → Terpenoids Biosynthesis → 
Monoterpenoids Bi- osynthesis → Linalool Biosynthesis superpathway of linalool biosynthesis 
Biosynthesis → Secondary Metabolites Biosynthesis → Terpenoids Biosynthesis → 
Tetraterpenoids Biosynthesis 

zeaxanthin, antheraxanthin and violaxanthin 
interconversion 

Biosynthesis → Secondary Metabolites Biosynthesis → Terpenoids Biosynthesis → 
Tetraterpenoids Biosynthesis → Apocarotenoids Biosynthesis neurosporaxanthin biosynthesis 
Biosynthesis → Secondary Metabolites Biosynthesis → Terpenoids Biosynthesis → 
Triterpenoids Biosynthesis epoxysqualene biosynthesis 
Biosynthesis → Secondary Metabolites Biosynthesis → Terpenoids Biosynthesis → 
Triterpenoids Biosynthesis plant sterol biosynthesis

Vias de degradação de metabólitos secundários

Vias de síntese de metabólitos secundários



Anexo B

Tabela de reações com gaps e as vias
metabólicas onde ocorrem
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Reação Gap (EC) Via metabólica que precisa da reação

all-trans-lycopene + an oxidized electron acceptor → all-trans-3,4-didehydrolycopene + a 
reduced electron acceptor  1.3.99.30  neurosporaxanthin biosynthesis

all-trans-3,4-didehydrolycopene → apo-4'-lycopenal  [none]  neurosporaxanthin biosynthesis

apo-4'-lycopenoate → neurosporaxanthin  2.5.1.-  neurosporaxanthin biosynthesis

all-trans-3,4-didehydrolycopene → torulene  2.5.1.-  neurosporaxanthin biosynthesis

torulene + oxygen → 4'-apo-β-carotenal + 3-methyl-2-butenal  1.13.11.59  neurosporaxanthin biosynthesis

4'-apo-β-carotenal + NAD+ + H2O → neurosporaxanthin + NADH + 2 H+  1.2.1.82  neurosporaxanthin biosynthesis
all-trans-hexaprenyl diphosphate + 4-aminobenzoate → 3-hexaprenyl-4-aminobenzoate + 
diphosphate  2.5.1.-  ubiquinol-6 biosynthesis from 4-aminobenzoate (eukaryotic)
3-hexaprenyl-4-aminobenzoate + NADPH + oxygen + H+ → 3-hexaprenyl-4-amino-5-
hydroxybenzoate + NADP+ + H2O  1.14.13.-  ubiquinol-6 biosynthesis from 4-aminobenzoate (eukaryotic)
3-hexaprenyl-4-amino-5-hydroxybenzoate + S-adenosyl-L-methionine → 3-hexaprenyl-4-
amino-5-methoxybenzoate + S-adenosyl-L-homocysteine + H+  2.1.1.-  ubiquinol-6 biosynthesis from 4-aminobenzoate (eukaryotic)
3-hexaprenyl-4-amino-5-methoxybenzoate + H+ → 2-hexaprenyl-6-methoxyaminobenzene 
+ CO2  4.1.1.-  ubiquinol-6 biosynthesis from 4-aminobenzoate (eukaryotic)
2-hexaprenyl-6-methoxyaminobenzene + NADPH + oxygen + H+ → 2-hexaprenyl-6-
methoxyaminophenol + NADP+ + H2O  1.14.13.-  ubiquinol-6 biosynthesis from 4-aminobenzoate (eukaryotic)
2-hexaprenyl-6-methoxyaminophenol + S-adenosyl-L-methionine → 2-hexaprenyl-3-
methyl-6-methoxyaminophenol + S-adenosyl-L-homocysteine + H+  2.1.1.-  ubiquinol-6 biosynthesis from 4-aminobenzoate (eukaryotic)
2-hexaprenyl-6-methoxyaminophenol + H+ + H2O → 2-methoxy-6-all trans-hexaprenyl-2-
methoxy-1,4-benzoquinol + ammonium  3.5.99.-  ubiquinol-6 biosynthesis from 4-aminobenzoate (eukaryotic)
2-hexaprenyl-3-methyl-6-methoxyaminophenol + H+ + H2O → 6-methoxy-3-methyl-2-all-
trans-hexaprenyl-1,4-benzoquinol + ammonium  3.5.99.-  ubiquinol-6 biosynthesis from 4-aminobenzoate (eukaryotic)
di-homo-γ-linolenate + a reduced electron acceptor + oxygen → arachidonate + an oxidized 
electron acceptor + 2 H2O  1.14.19.-  docosahexanoate biosynthesis I
malonyl-CoA + γ-linolenoyl-CoA + H+ → 3-oxo-dihomo γ-linolenoyl-CoA + CO2 + 
coenzyme A  2.3.1.-  docosahexanoate biosynthesis I

3-hydroxy-dihomo γ-linolenoyl-CoA → dihomo γ-linolenoyl-2-enoyl-CoA + H2O  4.2.1.-  docosahexanoate biosynthesis I

dihomo γ-linolenoyl-2-enoyl-CoA + NADH + H+ → dihomo γ-linolenoyl-CoA + NAD+  1.3.1.-  docosahexanoate biosynthesis I
3-oxo-dihomo γ-linolenoyl-CoA + NAD(P)H + H+ → 3-hydroxy-dihomo γ-linolenoyl-CoA 
+ NAD(P)+  1.1.1.-  docosahexanoate biosynthesis I

dihomo γ-linolenoyl-CoA + H2O → di-homo-γ-linolenate + coenzyme A + H+  3.1.2.2  docosahexanoate biosynthesis I
arachidonate + a reduced electron acceptor + oxygen → eicosapentaenoate + an oxidized 
electron acceptor + 2 H2O  1.14.19.-  docosahexanoate biosynthesis I

L-saccharopine + NADP+ + H2O ← L-lysine + 2-oxoglutarate + NADPH + H+  1.5.1.8  lysine degradation II
L-saccharopine + NAD+ + H2O → L-glutamate + (S)-2-amino-6-oxohexanoate + NADH + 
H+  1.5.1.9  lysine degradation II

2-oxoadipate + coenzyme A + NAD+ → CO2 + glutaryl-CoA + NADH  [none]  lysine degradation II
selenite + AMP + glutathione disulfide + 3 H+ ← adenosine 5'-phosphoselenate + 2 
glutathione  1.8.4.9  selenate reduction

glutathioselenol + NADPH + 2 H+ → hydrogen selenide + glutathione + NADP+  [none]  selenate reduction

selenodiglutathione + NADPH → glutathioselenol + glutathione + NADP+  [none]  selenate reduction

sphingosine + ATP → sphingosine 1-phosphate + ADP + H+  [none]  sphingosine and sphingosine-1-phosphate metabolism

sphingosine 1-phosphate → 2-trans-hexadecenal + phosphoryl-ethanolamine  4.3.2.-  sphingosine and sphingosine-1-phosphate metabolism

sphingosine 1-phosphate + H2O → sphingosine + phosphate  [none]  sphingosine and sphingosine-1-phosphate metabolism

palmitaldehyde + NADP+ ← 2-trans-hexadecenal + NADPH + H+  1.3.1.27  sphingosine and sphingosine-1-phosphate metabolism
UDP-α-D-galactose + an N-acetyl-β-D-glucosaminyl-R → β-D-galactosyl-(1→4)-N-acetyl-
β-D-glucosaminyl-R + UDP + H+  2.4.1.38  terminal O-glycans residues modification
GDP-L-fucose + β-D-galactosyl-(1→4)-N-acetyl-β-D-glucosaminyl-R → Lewis x epitope + 
GDP + H+  2.4.1.152  terminal O-glycans residues modification
UDP-α-D-galactose + β-D-galactosyl-(1→4)-N-acetyl-β-D-glucosaminyl-R → α-D-
galactosyl-(1,3)-β-D-galactosyl-(1,4)-N-acetyl-D-glucosaminyl-R + UDP + H+  2.4.1.87  terminal O-glycans residues modificationCMP-N-acetyl-β-neuraminate + β-D-galactosyl-(1→4)-N-acetyl-β-D-glucosaminyl-R → α-
N-acetylneuraminyl-(2→3)-β-D-galactosyl-(1→4)-N-acetyl-β-D-glucosaminyl-R + CMP + 
H+  2.4.99.6  terminal O-glycans residues modificationUDP-N-acetyl-α-D-glucosamine + β-D-galactosyl-(1→4)-N-acetyl-β-D-glucosaminyl-R → 
N-acetyl-β-D-glucosaminyl-1,3-β-D-galactosyl-1,4-N-acetyl-β-D-glucosaminyl-R + UDP + 
H+  2.4.1.149  terminal O-glycans residues modification
CMP-N-acetyl-β-neuraminate + β-D-galactosyl-(1→4)-N-acetyl-β-D-glucosaminyl-R → α-
N-acetylneuraminyl-2,6-β-D-galactosyl-(1→4)-N-acetyl-β-D-glucosaminyl-R + CMP + H+  2.4.99.1  terminal O-glycans residues modification
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UDP-α-D-galactose + N-acetyl-β-D-glucosaminyl-1,3-β-D-galactosyl-1,4-N-acetyl-β-D-
glucosaminyl-R → i antigen + UDP + H+  2.4.1.38  terminal O-glycans residues modificationUDP-α-D-galactose + N-acetyl-β-D-galactosyl-(1,4)-[N-acetyl-β-D-glucosyl-(1,6)]-N-
acetyl-β-D-glucosaminyl-(1,3)-β-D-galactosyl-(1,4)-N-acetyl-β-D-glucosaminyl-R → I 
antigen + UDP + H+  2.4.1.38  terminal O-glycans residues modification

succinyl-CoA + acetyl-CoA ← 3-oxoadipyl-CoA + coenzyme A  2.3.1.174  phenylacetate degradation I (aerobic)
phenylacetyl-CoA + NADPH + oxygen + H+ → 2-(1,2-epoxy-1,2-dihydrophenyl)acetyl-
CoA + NADP+ + H2O  1.14.13.149  phenylacetate degradation I (aerobic)

2,3-didehydroadipyl-CoA + acetyl-CoA ← 3-oxo-5,6-didehydrosuberyl-CoA + coenzyme A  2.3.1.223  phenylacetate degradation I (aerobic)

2-(1,2-epoxy-1,2-dihydrophenyl)acetyl-CoA → 2-oxepin-2(3H)-ylideneacetyl-CoA  5.3.3.18  phenylacetate degradation I (aerobic)
2-oxepin-2(3H)-ylideneacetyl-CoA + H2O → 3-oxo-5,6-didehydrosuberyl-CoA 
semialdehyde  3.3.2.12  phenylacetate degradation I (aerobic)
3-oxo-5,6-didehydrosuberyl-CoA semialdehyde + NADP+ + H2O → 3-oxo-5,6-
didehydrosuberyl-CoA + NADPH + 2 H+  1.17.1.7  phenylacetate degradation I (aerobic)

phenylacetate + ATP + coenzyme A → phenylacetyl-CoA + AMP + diphosphate  6.2.1.30  phenylacetate degradation I (aerobic)

galactitol + NAD+ ↔ L-xylo-3-hexulose + NADH + H+  1.1.1.-  galactose degradation IV
L-xylo-3-hexulose + a reduced electron acceptor ↔ D-sorbitol + an oxidized electron 
acceptor  [none]  galactose degradation IV

galactitol + an oxidized electron acceptor ↔ keto-L-sorbose + a reduced electron acceptor  [none]  galactose degradation IV

D-sorbitol + NADP+ ← keto-L-sorbose + NADPH + H+  1.1.1.289  galactose degradation IV

L-xylo-3-hexulose ↔ keto-L-sorbose  [none]  galactose degradation IV

β-D-fructofuranose + ATP → β-D-fructofuranose 6-phosphate + ADP + H+  2.7.1.4  galactose degradation IV
a 1-phosphatidyl-1D-myo-inositol 4,5-bisphosphate + H2O → a 1-phosphatidyl-1D-myo-
inositol 5-phosphate + phosphate  3.1.3.78  3-phosphoinositide degradation
a 1-phosphatidyl-1D-myo-inositol 4,5-bisphosphate + H2O → a 1-phosphatidyl-1D-myo-
inositol 4-phosphate + phosphate  3.1.3.36  3-phosphoinositide degradation
1-phosphatidyl-1D-myo-inositol 3,4,5-trisphosphate + H2O → a 1-phosphatidyl-1D-myo-
inositol 3,4-bisphosphate + phosphate  3.1.3.86  3-phosphoinositide degradation
a 1-phosphatidyl-1D-myo-inositol 3,4-bisphosphate + H2O → a 1-phosphatidyl-1D-myo-
inositol 3-phosphate + phosphate  3.1.3.66  3-phosphoinositide degradation
a 1-phosphatidyl-1D-myo-inositol 3-phosphate + H2O → an L-1-phosphatidyl-inositol + 
phosphate  3.1.3.64  3-phosphoinositide degradation
a 1-phosphatidyl-1D-myo-inositol 4-phosphate + H2O → an L-1-phosphatidyl-inositol + 
phosphate  3.1.3.-  3-phosphoinositide degradation
a 1-phosphatidyl-1D-myo-inositol 5-phosphate + H2O → an L-1-phosphatidyl-inositol + 
phosphate  3.1.3.-  3-phosphoinositide degradation
4-hydroxy-2-nonenal-glutathione conjugate + H2O → 4-hydroxy-2-nonenal-[Cys-Gly] 
conjugate + L-glutamate  3.4.19.9  4-hydroxy-2-nonenal detoxification
4-hydroxy-2-nonenal-[Cys-Gly] conjugate + H2O → 4-hydroxy-2-nonenal-[L-Cys] 
conjugate + glycine  3.4.11.2  4-hydroxy-2-nonenal detoxification
4-hydroxy-2-nonenal-[L-Cys] conjugate + acetyl-CoA → 4-hydroxy-2-nonenal-N-acetyl-L-
cysteine + coenzyme A + H+  2.3.1.80  4-hydroxy-2-nonenal detoxification
2-methoxy-6-(all-trans-nonaprenyl)phenol + 2 H+ + oxygen → 2-methoxy-6-all trans-
nonaprenyl-2-methoxy-1,4-benzoquinol + H2O  1.14.3.-  ubiquinol-9 biosynthesis (eukaryotic)
S-adenosyl-L-methionine + 3-demethylubiquinol-9 → S-adenosyl-L-homocysteine + 
ubiquinol-9 + H+  2.1.1.64  ubiquinol-9 biosynthesis (eukaryotic)
6-methoxy-3-methyl-2-all-trans-nonaprenyl-1,4-benzoquinol + a reduced electron acceptor 
+ oxygen → an oxidized electron acceptor + 3-demethylubiquinol-9 + H2O  1.14.-.-  ubiquinol-9 biosynthesis (eukaryotic)
3-nonaprenyl-4-hydroxybenzoate + NADPH + oxygen + H+ → 3,4-dihydroxy-5-all-trans-
nonaprenylbenzoate + NADP+ + H2O  1.14.13.-  ubiquinol-9 biosynthesis (eukaryotic)
3-methoxy-4-hydroxy-5-all-trans-nonaprenylbenzoate + H+ → 2-methoxy-6-(all-trans-
nonaprenyl)phenol + CO2  4.1.1.-  ubiquinol-9 biosynthesis (eukaryotic)
all-trans-nonaprenyl diphosphate + 4-hydroxybenzoate → 3-nonaprenyl-4-hydroxybenzoate 
+ diphosphate  2.5.1.39  ubiquinol-9 biosynthesis (eukaryotic)
2-methoxy-6-(all-trans-heptaprenyl)phenol + NADPH + oxygen + H+ → 2-methoxy-6-all 
trans-heptaprenyl-2-methoxy-1,4-benzoquinol + NADP+ + H2O  1.14.13.-  ubiquinol-7 biosynthesis (eukaryotic)
6-methoxy-3-methyl-2-all-trans-heptaprenyl-1,4-benzoquinol + NADPH + oxygen + H+ → 
3-demethylubiquinol-7 + NADP+ + H2O  1.14.13.-  ubiquinol-7 biosynthesis (eukaryotic)
all-trans-heptaprenyl diphosphate + 4-hydroxybenzoate → 3-heptaprenyl-4-
hydroxybenzoate + diphosphate  2.5.1.39  ubiquinol-7 biosynthesis (eukaryotic)
S-adenosyl-L-methionine + 3-demethylubiquinol-7 → S-adenosyl-L-homocysteine + 
ubiquinol-7 + H+  2.1.1.64  ubiquinol-7 biosynthesis (eukaryotic)
3-methoxy-4-hydroxy-5-all-trans-heptaprenylbenzoate + H+ → 2-methoxy-6-(all-trans-
heptaprenyl)phenol + CO2  4.1.1.-  ubiquinol-7 biosynthesis (eukaryotic)
3-heptaprenyl-4-hydroxybenzoate + NADPH + oxygen + H+ → 3,4-dihydroxy-5-all-trans-
heptaprenylbenzoate + NADP+ + H2O  1.14.13.-  ubiquinol-7 biosynthesis (eukaryotic)
2-methoxy-6-(all-trans-decaprenyl)phenol + NADPH + oxygen + H+ → 2-methoxy-6-all 
trans-decaprenyl-2-methoxy-1,4-benzoquinol + NADP+ + H2O  1.14.13.-  ubiquinol-10 biosynthesis (eukaryotic)
6-methoxy-3-methyl-2-all-trans-decaprenyl-1,4-benzoquinol + a reduced electron acceptor 
+ oxygen → an oxidized electron acceptor + 3-demethylubiquinol-10 + H2O  1.14.-.-  ubiquinol-10 biosynthesis (eukaryotic)
S-adenosyl-L-methionine + 3-demethylubiquinol-10 → S-adenosyl-L-homocysteine + 
ubiquinol-10 + H+  2.1.1.64  ubiquinol-10 biosynthesis (eukaryotic)
all-trans-decaprenyl diphosphate + 4-hydroxybenzoate → 3-decaprenyl-4-hydroxybenzoate 
+ diphosphate  2.5.1.39  ubiquinol-10 biosynthesis (eukaryotic)



3-decaprenyl-4-hydroxybenzoate + NADPH + oxygen + H+ → 3,4-dihydroxy-5-all-trans-
decaprenylbenzoate + NADP+ + H2O  1.14.13.-  ubiquinol-10 biosynthesis (eukaryotic)
3-methoxy-4-hydroxy-5-all-trans-decaprenylbenzoate + H+ → 2-methoxy-6-(all-trans-
decaprenyl)phenol + CO2  4.1.1.-  ubiquinol-10 biosynthesis (eukaryotic)
eicosatrienoate + a reduced electron acceptor + oxygen → eicosatetraenoate + an oxidized 
electron acceptor + 2 H2O  [none]  docosahexanoate biosynthesis II
eicosatetraenoate + a reduced electron acceptor + oxygen → eicosapentaenoate + an 
oxidized electron acceptor + 2 H2O  1.14.19.-  docosahexanoate biosynthesis II
all-cis-7,10,13,16,19-docosapentaenoate + a reduced electron acceptor + oxygen → 
docosahexaenoate + an oxidized electron acceptor + 2 H2O  [none]  docosahexanoate biosynthesis I, docosahexanoate biosynthesis II

eicosatrienoyl-2-enoyl CoA + NADH + H+ → eicosatrienoyl-CoA + NAD+  1.3.1.-  docosahexanoate biosynthesis II

3-hydroxy-eicosatrienoyl-CoA → eicosatrienoyl-2-enoyl CoA + H2O  4.2.1.-  docosahexanoate biosynthesis II

eicosatrienoyl-CoA + H2O → eicosatrienoate + coenzyme A + H+  3.1.2.-  docosahexanoate biosynthesis II

α-linolenoyl-CoA + malonyl-CoA + H+ → 3-oxo-eicosatrienoyl-CoA + CO2 + coenzyme A  [none]  docosahexanoate biosynthesis II
eicosapentaenoyl-CoA + malonyl-CoA + H+ → 3-oxo-docosapentaenoyl-CoA + CO2 + 
coenzyme A  [none]  docosahexanoate biosynthesis I, docosahexanoate biosynthesis II
3-hydroxy-docosapentaenoyl-CoA → (5Z,8Z,11Z,14Z,17Z)-eicosapenta-5,8,11,14,17-enoyl-
CoA + H2O  4.2.1.-  docosahexanoate biosynthesis I, docosahexanoate biosynthesis II
(5Z,8Z,11Z,14Z,17Z)-eicosapenta-5,8,11,14,17-enoyl-CoA + 2 H+ → docosapenta-
7,10,13,16,19-enoyl-CoA  1.3.1.-  docosahexanoate biosynthesis I, docosahexanoate biosynthesis II
docosapenta-7,10,13,16,19-enoyl-CoA + H2O → all-cis-7,10,13,16,19-docosapentaenoate + 
coenzyme A + H+  3.1.2.-  docosahexanoate biosynthesis I, docosahexanoate biosynthesis II
9-cis, 11-trans-octadecadienoyl-CoA + 2 coenzyme A + 2 NAD+ + 2 oxygen + 2 H2O → 5-
cis, 7-trans-tetradecadienoyl-CoA + 2 acetyl-CoA + 2 hydrogen peroxide + 2 NADH + 2 H+  [none]

 9-cis, 11-trans-octadecadienoyl-CoA degradation (isomerase-
dependent, yeast)

2-trans, 5-cis, 7-trans-tetradecatrienoyl-CoA + H2O → 3-hydroxy- 5-cis, 7-trans-
tetradecadienoyl-CoA  4.2.1.119

 9-cis, 11-trans-octadecadienoyl-CoA degradation (isomerase-
dependent, yeast)

3-hydroxy- 5-cis, 7-trans-tetradecadienoyl-CoA + NAD+ → 5-cis, 7-trans-3-oxo-
tetradecadienoyl-CoA + NADH + H+  1.1.1.-

 9-cis, 11-trans-octadecadienoyl-CoA degradation (isomerase-
dependent, yeast)

3-cis, 5-trans-dodecadienoyl-CoA → 2-trans, 5-trans-dodecadienoyl-CoA  5.3.3.-
 9-cis, 11-trans-octadecadienoyl-CoA degradation (isomerase-
dependent, yeast)

2-trans, 5-trans-dodecadienoyl-CoA + H2O → 3-hydroxy-5-trans-dodecenoyl-CoA  4.2.1.119
 9-cis, 11-trans-octadecadienoyl-CoA degradation (isomerase-
dependent, yeast)

3-hydroxy-5-trans-dodecenoyl-CoA + NAD+ → 5-trans-3-oxo-dodecenoyl-CoA + NADH + 
H+  1.1.1.-

 9-cis, 11-trans-octadecadienoyl-CoA degradation (isomerase-
dependent, yeast)

3-trans-decenoyl-CoA → trans-Δ2-decenoyl-CoA  5.3.3.-
 9-cis, 11-trans-octadecadienoyl-CoA degradation (isomerase-
dependent, yeast)

L-lactaldehyde + NADP+ ← methylglyoxal + NADPH + H+  1.1.1.283  methylglyoxal degradation V

L-lactaldehyde + NAD+ + H2O → (S)-lactate + NADH + 2 H+  1.2.1.22  methylglyoxal degradation V
D-myo-inositol (1,4)-bisphosphate + H2O → 1D-myo-inositol 4-monophosphate + 
phosphate  3.1.3.57  D-myo-inositol (1,4,5)-trisphosphate degradation
D-myo-inositol (1,4,5)-trisphosphate + H2O → D-myo-inositol (1,4)-bisphosphate + 
phosphate  3.1.3.56  D-myo-inositol (1,4,5)-trisphosphate degradation

2-oxo-4-hydroxy-4-carboxy-5-ureidoimidazoline + H+ → (S)-(+)-allantoin + CO2  4.1.1.h  urate degradation to allantoin I

5-hydroxyisourate + H2O → 2-oxo-4-hydroxy-4-carboxy-5-ureidoimidazoline + H+  3.5.2.17  urate degradation to allantoin I

L-arabitol + NAD+ ↔ L-xylulose + NADH + H+  1.1.1.12  L-arabinose degradation II

xylitol + NADP+ ↔ L-xylulose + NADPH + H+  1.1.1.10  L-arabinose degradation II

cellulose + n H2O → n a cellodextrin  3.2.1.4  cellulose degradation II (fungi)

a cellodextrin + n H2O → n β-D-cellobiose  3.2.1.91  cellulose degradation II (fungi)
a phosphatidyl-N-methylethanolamine + S-adenosyl-L-methionine → a phosphatidyl-N-
dimethylethanolamine + S-adenosyl-L-homocysteine + H+  2.1.1.71  phosphatidylcholine biosynthesis V
a phosphatidyl-N-dimethylethanolamine + S-adenosyl-L-methionine → a 
phosphatidylcholine + S-adenosyl-L-homocysteine + H+  2.1.1.71  phosphatidylcholine biosynthesis V
26,27-dehydrozymosterol + methanol + S-adenosyl-L-methionine + H+ → 24-alkyl sterol 2 
+ S-adenosyl-L-homocysteine + methyl-group  [none]  26,27-dehydrozymosterol metabolism
26,27-dehydrozymosterol + methanol + S-adenosyl-L-methionine + H+ → 24-alkyl sterol 3 
+ S-adenosyl-L-homocysteine + methyl-group  [none]  26,27-dehydrozymosterol metabolism

4-guanidinobutyrate + H2O → urea + 4-aminobutanoate  3.5.3.7  arginine degradation X (arginine monooxygenase pathway)

L-arginine + oxygen → 4-guanidinobutyramide + CO2 + H2O  1.13.12.1  arginine degradation X (arginine monooxygenase pathway)

2-oxo-4-methylthiobutanoate + H+ → 3-methylthiopropanal + CO2  [none]  methionine degradation III
L-methionine + 2-oxo-3-phenylpropanoate ↔ 2-oxo-4-methylthiobutanoate + L-
phenylalanine  2.6.1.28  methionine degradation III

a sphingoid base + ATP → a sphingoid 1-phosphate + ADP + H+  [none]  ceramide degradation

a sphingoid 1-phosphate → phosphoryl-ethanolamine + an aldehyde  [none]  ceramide degradation

α-D-glucose 1-phosphate + H2O → D-glucopyranose + phosphate  3.1.3.10  glucose and glucose-1-phosphate degradation



an ubiquinone + D-glucopyranose[out] → an ubiquinol + D-glucono-1,5-lactone[out]  1.1.5.2  glucose and glucose-1-phosphate degradation
6-methoxy-3-methyl-2-all-trans-octaprenyl-1,4-benzoquinol + a reduced electron acceptor + 
oxygen → an oxidized electron acceptor + 3-demethylubiquinol-8 + H2O  1.14.-.-  ubiquinol-8 biosynthesis (eukaryotic)
2-methoxy-6-(all-trans-octaprenyl)phenol + NADPH + oxygen + H+ → 2-methoxy-6-all 
trans-octaprenyl-2-methoxy-1,4-benzoquinol + NADP+ + H2O  1.14.13.-  ubiquinol-8 biosynthesis (eukaryotic)
all-trans-octaprenyl diphosphate + 4-hydroxybenzoate → 3-octaprenyl-4-hydroxybenzoate + 
diphosphate  2.5.1.39  ubiquinol-8 biosynthesis (eukaryotic)

chorismate → 4-hydroxybenzoate + pyruvate  4.1.3.40  ubiquinol-8 biosynthesis (eukaryotic)
3-octaprenyl-4-hydroxybenzoate + NADPH + oxygen + H+ → 3,4-dihydroxy-5-all-trans-
octaprenylbenzoate + NADP+ + H2O  1.14.13.-  ubiquinol-8 biosynthesis (eukaryotic)
3-methoxy-4-hydroxy-5-all-trans-octaprenylbenzoate + H+ → 2-methoxy-6-(all-trans-
octaprenyl)phenol + CO2  4.1.1.-  ubiquinol-8 biosynthesis (eukaryotic)

sphinganine + NADPH + H+ + oxygen → phytosphingosine + NADP+ + H2O  1.14.13.169  sphingolipid biosynthesis (yeast)
an α hydroxyphytoceramide + an L-1-phosphatidyl-inositol → an inositol-phospho-α 
hydroxyphytoceramide + a 1,2-diacyl-sn-glycerol  2.7.1.-  sphingolipid biosynthesis (yeast)
an inositol-phospho-α hydroxyphytoceramide + GDP-α-D-mannose → a mannosyl-inositol-
phospho-α hydroxyphytoceramide + GDP + H+  2.4.1.-  sphingolipid biosynthesis (yeast)
a mannosyl-inositol-phospho-α hydroxyphytoceramide + an L-1-phosphatidyl-inositol → a 
mannosyl-diphosphoinositol-α hydroxyphytoceramide + a 1,2-diacyl-sn-glycerol  2.7.1.-  sphingolipid biosynthesis (yeast)
a phytoceramide + a ferrocytochrome b5 + oxygen + 2 H+ → an α hydroxyphytoceramide + 
a ferricytochrome b5 + H2O  1.14.19.-  sphingolipid biosynthesis (yeast)
3-hexaprenyl-4-hydroxybenzoate + NADPH + oxygen + H+ → 3,4-dihydroxy-5-all-trans-
hexaprenylbenzoate + NADP+ + H2O  1.14.13.-  ubiquinol-6 biosynthesis from 4-hydroxybenzoate (eukaryotic)
3-methoxy-4-hydroxy-5-all-trans-hexaprenylbenzoate + H+ → 2-hexaprenyl-6-
methoxyphenol + CO2  4.1.1.-  ubiquinol-6 biosynthesis from 4-hydroxybenzoate (eukaryotic)
2-hexaprenyl-6-methoxyphenol + NADPH + oxygen + H+ → 2-methoxy-6-all trans-
hexaprenyl-2-methoxy-1,4-benzoquinol + NADP+ + H2O  1.14.13.-  ubiquinol-6 biosynthesis from 4-hydroxybenzoate (eukaryotic)
6-methoxy-3-methyl-2-all-trans-hexaprenyl-1,4-benzoquinol + a reduced electron acceptor 
+ oxygen → 3-demethylubiquinol-6 + an oxidized electron acceptor + H2O  1.14.-.-

 ubiquinol-6 biosynthesis from 4-aminobenzoate (eukaryotic), 
ubiquinol-6 biosynthesis from 4-hydroxybenzoate (eukaryotic)

3-demethylubiquinol-6 + S-adenosyl-L-methionine → S-adenosyl-L-homocysteine + 
ubiquinol-6 + H+  2.1.1.64

 ubiquinol-6 biosynthesis from 4-aminobenzoate (eukaryotic), 
ubiquinol-6 biosynthesis from 4-hydroxybenzoate (eukaryotic)

L-phenylalanine + H+ + oxygen + H2O → phenylacetaldehyde + ammonium + hydrogen 
peroxide + CO2  [none]  phenylethanol biosynthesis

2-phenylethanol + NADP+ ← phenylacetaldehyde + NADPH + H+  1.1.1.-  phenylethanol biosynthesis
L-phenylalanine + 2 NADPH + 2 oxygen + 2 H+ → (E)-phenylacetaldehyde oxime + CO2 
+ 2 NADP+ + 3 H2O  1.14.13.124  phenylethanol biosynthesis
(Z)-phenylacetaldehyde oxime + H+ + 2 H2O → phenylacetaldehyde + ammonium + 
hydrogen peroxide  [none]  phenylethanol biosynthesis
N1-acetylspermine + oxygen + H2O → spermidine + 3-acetamidopropanal + hydrogen 
peroxide  1.5.3.13  spermine and spermidine degradation I

spermine + oxygen + H2O → spermidine + 3-aminopropanal + hydrogen peroxide
 1.5.3.16/1.5.3.1
7  spermine and spermidine degradation I

N1-acetylspermidine + oxygen + H2O → putrescine + 3-acetamidopropanal + hydrogen 
peroxide

 1.5.3.13/1.5.3.1
7  spermine and spermidine degradation I

oxaloacetate + propionyl-CoA + H2O → (2S,3S)-2-methylcitrate + coenzyme A + H+  2.3.3.5  2-methylcitrate cycle I

(2R,3S)-2-methylisocitrate → succinate + pyruvate  4.1.3.30  2-methylcitrate cycle I

(2R,3S)-2-methylisocitrate ← cis-2-methylaconitate + H2O  4.2.1.99  2-methylcitrate cycle I

ADP ribose 1''-phosphate + H2O → ADP-D-ribose + phosphate  3.1.3.84  tRNA splicing

ADP ribose 1'',2''-cyclic phosphate + H2O → ADP ribose 1''-phosphate + H+  3.1.4.-  tRNA splicinga 5' half-tRNA molecule with a 2',3' cyclic phosphate on its 3' end + a 3' half-tRNA 
molecule with a hydroxyl on its 5' end + ATP → a 2'-phospho-[ligated tRNA] + AMP + 
diphosphate  6.5.1.-  tRNA splicing

octanoyl-ACP + coenzyme A → octanoyl-CoA + a holo-[acyl-carrier protein]  2.8.3.-
 lipoate biosynthesis and incorporation (pyruvate dehydrogenase 
and oxoglutarate dehydrogenase, yeast)

octanoyl-CoA + [pyruvate dehydrogenase E2 lipoyl-carrier protein]-L-lysine → a [pyruvate 
dehydrogenase E2 protein] N6-octanoyl-L-lysine + coenzyme A + H+  2.3.1.-

 lipoate biosynthesis and incorporation (pyruvate dehydrogenase 
and oxoglutarate dehydrogenase, yeast)

octanoyl-CoA + [2-oxoglutarate dehydrogenase E2 lipoyl-carrier protein]-L-lysine → a [2-
oxoglutarate-dehydrogenase E2 protein] N6-octanoyl-L-lysine + coenzyme A + H+  2.3.1.-

 lipoate biosynthesis and incorporation (pyruvate dehydrogenase 
and oxoglutarate dehydrogenase, yeast)

an S-sulfanyl-[L-cysteine desulfurase] + a [disordered-form [Fe-S] cluster scaffold protein] 
→ an S-sulfanyl-[cysteine desulfurase]-[disordered-form scaffold protein] complex  [none]  [2Fe-2S] iron-sulfur cluster biosynthesis
a [cysteine desulfurase]-(S-sulfanyl)2-[disordered-form scaffold protein] complex + 2 Fe3+ 
→ a [cysteine desulfurase]-[scaffold protein-(2Fe-2S)] complex  [none]  [2Fe-2S] iron-sulfur cluster biosynthesisa [cysteine desulfurase]-[scaffold protein-(2Fe-2S)] complex + an [Fe-S cluster biosynthesis 
co-chaperone] → a [co-chaperone]-[scaffold protein-(2Fe-2S)] complex + an [L-cysteine 
desulfurase]  [none]  [2Fe-2S] iron-sulfur cluster biosynthesis
a [co-chaperone]-[scaffold protein-(2Fe-2S)] complex + an [Fe-S cluster biosynthesis 
chaperone]-ATP → a [chaperone-ATP]-[co-chaperone]-[scaffold protein-(2Fe-2S)] complex  [none]  [2Fe-2S] iron-sulfur cluster biosynthesisa [chaperone-ATP]-[co-chaperone]-[scaffold protein-(2Fe-2S)] complex + an apo-iron-
sulfur protein → a [chaperone-ADP]-[disordered-form scaffold protein] complex + an [Fe-S 
cluster biosynthesis co-chaperone] + an [2Fe-2S] cluster protein + phosphate  [none]  [2Fe-2S] iron-sulfur cluster biosynthesis
a [chaperone-ADP]-[disordered-form scaffold protein] complex + ATP → an [Fe-S cluster 
biosynthesis chaperone]-ATP + a [disordered-form [Fe-S] cluster scaffold protein] + ADP  [none]  [2Fe-2S] iron-sulfur cluster biosynthesis

GMP + diphosphate ← guanine + 5-phospho-α-D-ribose 1-diphosphate  2.4.2.8  guanine and guanosine salvage II

ammonium + CO2 + ATP ← carbamoyl-phosphate + ADP + 2 H+  2.7.2.2  citrulline degradation



glycine + acetyl-CoA ← 2-amino-3-oxobutanoate + coenzyme A + H+  2.3.1.29  threonine degradation II

cytosine + H+ + H2O → ammonium + uracil  3.5.4.1  pyrimidine ribonucleosides salvage III

tRNAgln + L-glutamate + ATP + H+ → L-glutamyl-tRNAGln + AMP + diphosphate  [none]  L-glutamine biosynthesis II (tRNA-dependent)

adenosine + H2O → D-ribofuranose + adenine  3.2.2.7  adenine and adenosine salvage II

a D-xylopyranose → D-xylulose  5.3.1.5  xylose degradation I

XMP + diphosphate ← xanthine + 5-phospho-α-D-ribose 1-diphosphate  2.4.2.22  xanthine and xanthosine salvage
linoleoyl-CoA + a reduced electron acceptor + oxygen → γ-linolenoyl-CoA + an oxidized 
electron acceptor + 2 H2O  1.14.19.3

 docosahexanoate biosynthesis I, gamma-linolenate biosynthesis 
II (animals)

thiamin + H2O → 4-methyl-5-(β-hydroxyethyl)thiazole + hydroxymethylpyrimidine + H+  3.5.99.2  thiamin salvage IV (yeast)

D-ribose 5-phosphate + uracil ← pseudouridine 5'-phosphate + H2O  4.2.1.70  pseudouridine degradation5-amino-1-(5-phospho-β-D-ribosyl)imidazole + S-adenosyl-L-methionine → 4-amino-2-
methyl-5-phosphomethylpyrimidine + 5'-deoxyadenosine + L-methionine + formate + 
carbon monoxide + 3 H+  4.1.99.17  4-amino-2-methyl-5-diphosphomethylpyrimidine biosynthesis

4-amino-4-deoxychorismate → 4-aminobenzoate + pyruvate + H+  4.1.3.38  4-aminobenzoate biosynthesis

α-D-glucose 6-phosphate + ADP-α-D-glucose → α,α-trehalose 6-phosphate + ADP + H+  2.4.1.-  trehalose biosynthesis II

an oxidized thioredoxin + 2 e- ← a reduced thioredoxin  [none]  thioredoxin pathway
a [lipoyl-carrier protein]-L-lysine + octanoate + ATP → a [lipoyl-carrier protein] N6-
octanoyl-L-lysine + AMP + diphosphate + H+  [none]  lipoate biosynthesis and incorporation II

oleoyl-CoA + H2O → oleate + coenzyme A + H+  3.1.2.-  oleate biosynthesis II (animals and fungi)

4-hydroxyphenylpyruvate + H+ → CO2 + (4-hydroxyphenyl)acetaldehyde  4.1.1.80  tyrosine degradation III

L-tyrosine + pyruvate ↔ 4-hydroxyphenylpyruvate + L-alanine  2.6.1.58  tyrosine degradation III

3-hydroxy-N6,N6,N6-trimethyl-L-lysine → 4-trimethylammoniobutanal + glycine  [none]  L-carnitine biosynthesis

4-trimethylammoniobutanal + NAD+ + H2O → γ-butyrobetaine + NADH + 2 H+  1.2.1.47  L-carnitine biosynthesis
coproporphyrinogen III + 2 S-adenosyl-L-methionine → protoporphyrinogen IX + 2 CO2 + 
2 L-methionine + 2 5'-deoxyadenosine  1.3.99.22  heme biosynthesis from uroporphyrinogen-III II (anaerobic)

protoporphyrinogen IX + 3 a menaquinone → protoporphyrin IX + 3 a menaquinol  1.3.5.3  heme biosynthesis from uroporphyrinogen-III II (anaerobic)

a long-chain aldehyde + coenzyme A + NAD+ ← a long-chain acyl-CoA + NADH + H+  1.2.1.-  wax esters biosynthesis II

a long-chain aldehyde + NADH + H+ → a long-chain alcohol + NAD+  1.2.1.-  wax esters biosynthesis II
oleoyl-CoA + 2 coenzyme A + 2 NAD+ + 2 oxygen + 2 H2O → 5-cis-tetradecenoyl-CoA + 
2 hydrogen peroxide + 2 acetyl-CoA + 2 NADH + 2 H+  [none]  oleate beta-oxidation (isomerase-dependent, yeast)
2-trans,5-cis-tetradecadienoyl-CoA + coenzyme A + NAD+ + oxygen + H2O + H+ → 3-cis-
dodecenoyl-CoA + hydrogen peroxide + acetyl-CoA + NADH  [none]  oleate beta-oxidation (isomerase-dependent, yeast)

antheraxanthin + L-ascorbate + H+ → zeaxanthin + L-dehydro-ascorbate + H2O  [none]  zeaxanthin, antheraxanthin and violaxanthin interconversion

violaxanthin + L-ascorbate + H+ → antheraxanthin + L-dehydro-ascorbate + H2O  [none]  zeaxanthin, antheraxanthin and violaxanthin interconversion

UDP-α-D-glucose + a glycogenin → a glucosyl-glycogenin + UDP + H+  2.4.1.186  glycogen biosynthesis II (from UDP-D-Glucose)
UDP-α-D-glucose + a glucosyl-glycogenin[cytosol] → (1,4-α-D-glucosyl)n-glucosyl 
glucogenin + UDP + H+[out]  2.4.1.186  glycogen biosynthesis II (from UDP-D-Glucose)
di-trans, poly-cis-polyprenyl diphosphate (C80) + H2O → di-trans, poly-cis-polyprenol 
(C80) + diphosphate  [none]  dolichol and dolichyl phosphate biosynthesis

di-trans, poly-cis-polyprenol (C80) + NADPH + H+ → a dolichol + NADP+  [none]  dolichol and dolichyl phosphate biosynthesis

2-oxo-3-phenylpropanoate + H+ → CO2 + phenylacetaldehyde  4.1.1.43  phenylalanine degradation III

L-phenylalanine + pyruvate ↔ 2-oxo-3-phenylpropanoate + L-alanine  2.6.1.58  phenylalanine degradation III

NADPH + H2O → NADH + phosphate  3.1.3.-  NAD/NADH phosphorylation and dephosphorylation

NADP+ + H2O → NAD+ + phosphate  3.1.3.-  NAD/NADH phosphorylation and dephosphorylation

ammonium + ATP + nicotinate adenine dinucleotide → AMP + NAD+ + diphosphate + H+  6.3.1.5  NAD biosynthesis I (from aspartate)

α-iminosuccinate + dihydroxyacetone phosphate → quinolinate + phosphate + 2 H2O  2.5.1.72  NAD biosynthesis I (from aspartate)

L-aspartate + oxygen → α-iminosuccinate + hydrogen peroxide + H+  1.4.3.16  NAD biosynthesis I (from aspartate)

L-ornithine → L-Nδ-acetylornithine  2.3.1.-  L-Ndelta-acetylornithine biosynthesis
L-glutamate + ATP + NADPH + H+ → ADP + L-glutamate-5-semialdehyde + NADP+ + 
phosphate  [none]  L-Ndelta-acetylornithine biosynthesis

L-arginine + H2O → ammonium + L-citrulline  3.5.3.6  proline biosynthesis II (from arginine)



L-citrulline + 2 H+ + H2O → L-ornithine + CO2 + ammonium  3.5.1.20  proline biosynthesis II (from arginine)

2-methyl-3-hydroxybutyryl-CoA + NAD+ → 2-methylacetoacetyl-CoA + NADH + H+  1.1.1.178  isoleucine degradation I
(S)-3-methyl-2-oxopentanoate + coenzyme A + NAD+ → 2-methylbutanoyl-CoA + CO2 + 
NADH  1.2.1.-  isoleucine degradation I
2-methylbutanoyl-CoA + an oxidized electron-transfer flavoprotein → (E)-2-
methylcrotonoyl-CoA + a reduced electron-transfer flavoprotein  1.3.8.5  isoleucine degradation I
3-hydroxy, 4-trans-undecenoyl-CoA + NAD+ → 4-trans-3-oxo-undecenoyl-CoA + NADH + 
H+  1.1.1.-

 10-trans-heptadecenoyl-CoA degradation (MFE-dependent, 
yeast)

10-cis-heptadecenoyl-CoA + 2 coenzyme A + 2 NAD+ + 2 H2O + 2 oxygen → 6-cis-
tridecenoyl-CoA + 2 acetyl-CoA + 2 hydrogen peroxide + 2 NADH + 2 H+  [none]  10-cis-heptadecenoyl-CoA degradation (yeast)

3-hydroxy, 6-cis-tridecenoyl-CoA + NAD+ → 6-cis, 3-oxo-tridecenoyl-CoA + NADH + H+  1.1.1.-  10-cis-heptadecenoyl-CoA degradation (yeast)
10-trans-heptadecenoyl-CoA + 2 coenzyme A + 2 NAD+ + 2 H2O + 2 oxygen → 6-trans-
tridecenoyl-CoA + 2 acetyl-CoA + 2 hydrogen peroxide + 2 NADH + 2 H+  [none]

 10-trans-heptadecenoyl-CoA degradation (reductase-dependent, 
yeast)

3-hydroxy, 6-trans-tridecenoyl-CoA + NAD+ → 6-trans-3-oxo-tridecenoyl-CoA + NADH + 
H+  1.1.1.-

 10-trans-heptadecenoyl-CoA degradation (reductase-dependent, 
yeast)

3-trans-undecenoyl-CoA → 2-trans-undecenoyl-CoA  5.3.3.-
 10-cis-heptadecenoyl-CoA degradation (yeast), 10-trans-
heptadecenoyl-CoA degradation (reductase-dependent, yeast)

3-hydroxy-undecanoyl-CoA + coenzyme A + NAD+ + H2O + oxygen → 3-hydroxy-
nonanoyl-CoA + acetyl-CoA + hydrogen peroxide + NADH + H+  [none]

 10-cis-heptadecenoyl-CoA degradation (yeast), 10-trans-
heptadecenoyl-CoA degradation (reductase-dependent, yeast)

3-hydroxy-nonanoyl-CoA + coenzyme A + NAD+ + H2O + oxygen → 3-hydroxy-heptanoyl-
CoA + acetyl-CoA + hydrogen peroxide + NADH + H+  [none]

 10-cis-heptadecenoyl-CoA degradation (yeast), 10-trans-
heptadecenoyl-CoA degradation (MFE-dependent, yeast), 10-
trans-heptadecenoyl-CoA degradation (reductase-dependent, 

3-hydroxy-heptanoyl-CoA + coenzyme A + NAD+ + H2O + oxygen → 3-hydroxy-
pentanoyl-CoA + acetyl-CoA + hydrogen peroxide + NADH + H+  [none]

 10-cis-heptadecenoyl-CoA degradation (yeast), 10-trans-
heptadecenoyl-CoA degradation (MFE-dependent, yeast), 10-
trans-heptadecenoyl-CoA degradation (reductase-dependent, 

S-adenosyl-L-methionine + a cytosine49 in tRNA = S-adenosyl-L-homocysteine + a 5-
methylcytosine49 in tRNA + H+  2.1.1.202  tRNA methylation (yeast)
S-adenosyl-L-methionine + a cytosine48 in tRNA = S-adenosyl-L-homocysteine + a 5-
methylcytosine48 in tRNA + H+  2.1.1.202  tRNA methylation (yeast)
S-adenosyl-L-methionine + a cytosine40 in tRNA precursor = S-adenosyl-L-homocysteine + 
a 5 methylcytosine40 in tRNA precursor  2.1.1.202  tRNA methylation (yeast)
S-adenosyl-L-methionine + a cytosine34 in tRNA precursor = S-adenosyl-L-homocysteine + 
a 5 methylcytosine34 in tRNA precursor  2.1.1.202  tRNA methylation (yeast)
S-adenosyl-L-methionine + a cytidine4 in tRNAPro = S-adenosyl-L-homocysteine + a 2'-O-
methylcytidine4 in tRNAPro + H+  2.1.1.225  tRNA methylation (yeast)
S-adenosyl-L-methionine + a cytidine4 in tRNAGly(GCC) = S-adenosyl-L-homocysteine + 
a 2'-O-methylcytidine4 in tRNAGly(GCC)  2.1.1.225  tRNA methylation (yeast)
S-adenosyl-L-methionine + an adenosine4 in tRNAHis = S-adenosyl-L-homocysteine + a 2'-
O-methyladenosine4 in tRNAHis + H+  2.1.1.225  tRNA methylation (yeast)

sphinganine 1-phosphate + H2O → sphinganine + phosphate  3.1.3.-  sphingolipid recycling and degradation (yeast)

phytosphingosine 1-phosphate + H2O → phytosphingosine + phosphate  3.1.3.-  sphingolipid recycling and degradation (yeast)
a mannosyl-diphosphoinositol-α hydroxyphytoceramide + H2O → an α 
hydroxyphytoceramide + phosphoinositol-β-mannoside-phosphoinositol  3.1.4.-  sphingolipid recycling and degradation (yeast)
a mannosyl-inositol-phospho-α hydroxyphytoceramide + H2O → an α 
hydroxyphytoceramide + phosphoinositol-β-mannoside + H+  3.1.4.-  sphingolipid recycling and degradation (yeast)
an inositol-phospho-α hydroxyphytoceramide + H2O → an α hydroxyphytoceramide + 1D-
myo-inositol 1-monophosphate + H+  3.1.4.-  sphingolipid recycling and degradation (yeast)

GTP → cyclic pyranopterin phosphate + diphosphate  4.1.99.18  molybdenum cofactor biosynthesis
a small subunit of molybdopterin synthase + ATP → a carboxy-adenylated small subunit of 
molybdopterin synthase + diphosphate  2.7.7.80  molybdenum cofactor biosynthesisa carboxy-adenylated small subunit of molybdopterin synthase + an S-sulfanyl-[L-cysteine 
desulfurase] → a thiocarboxylated small subunit of molybdopterin synthase + an [L-
cysteine desulfurase] + AMP  2.8.1.11  molybdenum cofactor biosynthesis
trimethyl sulfonium + tetrahydrofolate ← dimethyl sulfide + 5-methyl-tetrahydrofolate + 
H+  2.1.1.19  folate transformations I
2 an oxidized ferredoxin + 5-methyl-tetrahydrofolate ← 2 a reduced ferredoxin + 5,10-
methylenetetrahydrofolate + 2 H+  1.5.7.1  folate transformations I

acetaldehyde + NADP+ + H2O → acetate + NADPH + 2 H+  1.2.1.4  NAD/NADP-NADH/NADPH cytosolic interconversion (yeast)
a diphthine-[translation elongation factor 2] + ammonium + ATP → a diphthamide-
[translation elongation factor 2] + AMP + diphosphate + H+  6.3.1.14  diphthamide biosynthesisan L-histidine-[translation elongation factor 2] + S-adenosyl-L-methionine → a 2-[(3S)-3-
amino-3-carboxypropyl]-L-histidine-[translation elongation factor 2] + S-methyl-5'-
thioadenosine + H+  2.5.1.108  diphthamide biosynthesis
D-glucosamine 1-phosphate + acetyl-CoA → N-acetyl-α-D-glucosamine 1-phosphate + 
coenzyme A + H+  2.3.1.157  UDP-N-acetyl-D-glucosamine biosynthesis I

D-glucosamine 1-phosphate ← D-glucosamine 6-phosphate  5.4.2.10  UDP-N-acetyl-D-glucosamine biosynthesis I

7,8-dihydroneopterin 3'-phosphate + H2O → 7,8-dihydroneopterin + phosphate  3.6.1.-  6-hydroxymethyl-dihydropterin diphosphate biosynthesis I
7,8-dihydroneopterin triphosphate + H2O → 7,8-dihydroneopterin 3'-phosphate + 
diphosphate + H+  3.6.1.-  6-hydroxymethyl-dihydropterin diphosphate biosynthesis I

pyruvate + coenzyme A + NAD+ → acetyl-CoA + CO2 + NADH  1.2.1.-  respiration (anaerobic)

β-nicotinamide D-ribonucleotide + H2O → ammonium + β-nicotinate D-ribonucleotide  3.5.1.42  NAD salvage pathway I

NAD+ + H2O → ADP-D-ribose + nicotinamide + H+  3.2.2.6  NAD salvage pathway I

β-nicotinamide D-ribonucleotide + H2O → D-ribose 5-phosphate + nicotinamide + H+  3.2.2.14  NAD salvage pathway I



a 1-phosphatidyl-1D-myo-inositol 4-phosphate + ATP → a 1-phosphatidyl-1D-myo-inositol 
3,4-bisphosphate + ADP + H+  2.7.1.154  3-phosphoinositide biosynthesis
a 1-phosphatidyl-1D-myo-inositol 4,5-bisphosphate + ATP → 1-phosphatidyl-1D-myo-
inositol 3,4,5-trisphosphate + ADP + H+  2.7.1.153  3-phosphoinositide biosynthesis
1-phosphatidyl-1D-myo-inositol 3,5-bisphosphate + H2O → a 1-phosphatidyl-1D-myo-
inositol 3-phosphate + phosphate  3.1.3.-  3-phosphoinositide biosynthesis

10-formyl-tetrahydrofolate + H2O → formate + tetrahydrofolate + H+  3.5.1.10  formylTHF biosynthesis, folate transformations I
glycine + tetrahydrofolate + NAD+ → ammonium + CO2 + 5,10-methylenetetrahydrofolate 
+ NADH  [none]  formylTHF biosynthesis, folate transformations I

L-homocysteine + 5-methyl-tetrahydrofolate → L-methionine + tetrahydrofolate  2.1.1.13
 formylTHF biosynthesis, folate transformations I, methionine 
biosynthesis III

L-quinate + NAD+ → 3-dehydroquinate + NADH + H+  1.1.1.24  quinate degradation II
an L-1-phosphatidylglycerol-phosphate + H2O → an L-1-phosphatidyl-glycerol + 
phosphate  3.1.3.27  cardiolipin biosynthesis II, cardiolipin biosynthesis III

L-1-glycero-3-phosphocholine + H2O → sn-glycerol 3-phosphate + choline + H+  3.1.4.2  phosphatidylcholine resynthesis via glycerophosphocholine

D-arabinofuranose + NAD(P)+ → D-arabinono-1,4-lactone + NAD(P)H + H+  1.1.1.117  dehydro-D-arabinono-1,4-lactone biosynthesis

a lipid hydroperoxide + 2 glutathione + H+ → a lipid + glutathione disulfide + 2 H2O  1.11.1.12  glutathione redox reactions I

3-methyl-2-oxobutanoate + H+ → isobutanal + CO2  4.1.1.72  valine degradation II

(S)-3-methyl-2-oxopentanoate + H+ → 2-methylbutanal + CO2  4.1.1.72  isoleucine degradation II

3-trans-tetradecenoyl-CoA → 2-trans-tetradecenoyl-CoA  5.3.3.-  oleate beta-oxidation (reductase-dependent, yeast)

2 acetaldehyde → acetoin  [none]  acetoin biosynthesis III

CO2 + 7,8-diaminopelargonate + ATP → dethiobiotin + ADP + phosphate + 3 H+  6.3.3.3  biotin biosynthesis from 8-amino-7-oxononanoate I

L-glutamate + 7,8-dihydropteroate + ATP → ADP + 7,8-dihydrofolate + phosphate + H+  6.3.2.12  formylTHF biosynthesis, tetrahydrofolate biosynthesis

thiamin + ATP → thiamin diphosphate + AMP + H+  2.7.6.2  thiamin diphosphate biosynthesis IV (eukaryotes)
pyrithiamine + H2O → hydroxymethylpyrimidine + 2-(2-methylpyridin-3-yl)ethanol + 2 
H+  3.5.99.-  thiamin formation from pyrithiamine and oxythiamine (yeast)
oxythiamine + H2O → 4-methyl-5-(β-hydroxyethyl)thiazole + 5-(hydroxymethyl)-2-methyl-
4(1H)-pyrimidinone + H+  3.5.99.-  thiamin formation from pyrithiamine and oxythiamine (yeast)

β-D-glucose 1-phosphate → β-D-glucose 6-phosphate  5.4.2.6  galactose degradation I (Leloir pathway)
a butyryl-[acp] + a malonyl-[acp] + H+ → a 3-oxo-hexanoyl-[acp] + CO2 + a holo-[acyl-
carrier protein]  2.3.1.41  octanoyl-ACP biosynthesis (mitochondria, yeast)
a 3-oxo-hexanoyl-[acp] + a malonyl-[acp] + 2 NADPH + 3 H+ → a 3-oxo-octanoyl-[acp] + 
CO2 + a holo-[acyl-carrier protein] + 2 NADP+ + H2O  [none]  octanoyl-ACP biosynthesis (mitochondria, yeast)

a 3-oxo-octanoyl-[acp] + 2 NADPH + 2 H+ → octanoyl-ACP + 2 NADP+ + H2O  [none]  octanoyl-ACP biosynthesis (mitochondria, yeast)

5-phospho-β-D-ribosylamine → 2'-hydroxypyridoxol  [none]
 4-amino-2-methyl-5-phosphomethylpyrimidine biosynthesis 
(yeast)

2'-hydroxypyridoxol + 2 H+ → pyridoxine + H2O  4.2.1.-
 4-amino-2-methyl-5-phosphomethylpyrimidine biosynthesis 
(yeast)

[an HMP-P synthase]-L-histidine + pyridoxal 5'-phosphate → 4-amino-2-methyl-5-
phosphomethylpyrimidine + an HMP-P synthase  [none]

 4-amino-2-methyl-5-phosphomethylpyrimidine biosynthesis 
(yeast)

L-2-aminoadipate + 2-oxoglutarate ↔ L-glutamate + 2-oxoadipate  2.6.1.39  lysine degradation II, lysine biosynthesis IV

acetyl-CoA + phosphate → acetyl phosphate + coenzyme A  2.3.1.8  mixed acid fermentation

formate + acetyl-CoA ← pyruvate + coenzyme A  2.3.1.54  mixed acid fermentation, respiration (anaerobic)

oxaloacetate + phosphate ← phosphoenolpyruvate + bicarbonate  4.1.1.31  mixed acid fermentation, respiration (anaerobic)

formate + H+ → CO2 + H2  [none]  mixed acid fermentation, respiration (anaerobic)

a menaquinol + fumarate[in] → a menaquinone + succinate[in]  1.3.5.4  mixed acid fermentation, respiration (anaerobic)

maltotriose + H2O → maltose + D-glucopyranose  3.2.1.20  glycogen degradation I

β-D-glucose + ATP → β-D-glucose 6-phosphate + ADP + H+  2.7.1.2
 glycogen degradation I, glucose and glucose-1-phosphate 
degradation

2 a 1,2-diacyl-sn-glycerol ↔ a triacyl-sn-glycerol + a 2-monoglyceride  2.3.1.-  triacylglycerol biosynthesis

CTP + a 1,2-diacyl-sn-glycerol → CDP + a 1,2-diacyl-sn-glycerol 3-phosphate + H+  2.7.1.174  triacylglycerol biosynthesis

sphinganine + a long-chain acyl-CoA → a dihydroceramide + coenzyme A + H+  [none]  ceramide de novo biosynthesis
S-adenosyl-L-methionine + a demethylated methyl acceptor → S-adenosyl-L-homocysteine 
+ a methylated methyl acceptor  2.1.1.-

 S-adenosyl-L-methionine cycle II, methionine degradation I (to 
homocysteine)

IMP + diphosphate ← hypoxanthine + 5-phospho-α-D-ribose 1-diphosphate  2.4.2.8  adenine and adenosine salvage III

sn-glycerol 3-phosphate + NAD(P)+ ← dihydroxyacetone phosphate + NAD(P)H + H+  1.1.1.94  CDP-diacylglycerol biosynthesis I



ammonium + 3 NAD(P)+ + 2 H2O ← nitrite + 3 NAD(P)H + 5 H+  1.7.1.4  nitrate reduction V (assimilatory), alkylnitronates degradation

2-oleoylglycerol + CTP → 1-oleyl-2-lyso-phosphatidate + CDP + H+  2.7.1.174  monoacylglycerol metabolism (yeast)

isobutanoyl-CoA + FAD + H+ → methylacrylyl-CoA + FADH2  1.3.8.-  valine degradation I

3-methyl-2-oxobutanoate + coenzyme A + NAD+ → isobutanoyl-CoA + CO2 + NADH  1.2.1.25  valine degradation I
5-amino-6-(5-phospho-D-ribitylamino)uracil + H2O → 5-amino-6-(D-ribitylamino)uracil + 
phosphate  [none]  flavin biosynthesis III (fungi)
2,5-diamino-6-(5-phospho-D-ribitylamino)pyrimidin-4(3H)-one + H+ + H2O → 5-amino-6-
(5-phospho-D-ribitylamino)uracil + ammonium  3.5.4.-  flavin biosynthesis III (fungi)
D-myo-inositol (1,4,5)-trisphosphate + ATP → D-myo-inositol (1,3,4,5)-tetrakisphosphate + 
ADP + H+  2.7.1.127

 1D-myo-inositol hexakisphosphate biosynthesis I (from 
Ins(1,4,5)P3)

a phosphatidylcholine + H2O → a 1-lysophosphatidylcholine + a fatty acid + H+  3.1.1.32  phospholipases

ATP + NADH → ADP + NADPH + H+  2.7.1.86

 NAD/NADP-NADH/NADPH mitochondrial interconversion 
(yeast), NAD/NADH phosphorylation and dephosphorylation, 
NAD/NADP-NADH/NADPH cytosolic interconversion (yeast)

a (3R)-3-hydroxyacyl-CoA + NAD+ → a 3-oxoacyl-CoA + NADH + H+  1.1.1.-  fatty acid beta-oxidation (peroxisome, yeast)

episterol + NADPH + H+ + oxygen → 5-dehydro episterol + NADP+ + 2 H2O  1.14.19.-  ergosterol biosynthesis I

lanosterol → ergosterol  [none]  sterol:steryl ester interconversion (yeast)
a 1-phosphatidyl-1D-myo-inositol 5-phosphate + ATP → a 1-phosphatidyl-1D-myo-inositol 
4,5-bisphosphate + ADP + H+  2.7.1.149  D-myo-inositol (1,4,5)-trisphosphate biosynthesis

shikimate + NAD(P)+ ← 3-dehydroshikimate + NAD(P)H + H+  1.1.1.282  chorismate biosynthesis from 3-dehydroquinate

stearoyl-CoA + H2O → stearate + coenzyme A + H+  3.1.2.2  stearate biosynthesis III (fungi)

an ubiquinone + (S)-dihydroorotate[in] → an ubiquinol + orotate[in]  1.3.5.2  UMP biosynthesis

4-methyl-2-oxopentanoate + coenzyme A + NAD+ → isovaleryl-CoA + CO2 + NADH  1.2.1.-  leucine degradation I
4α-carboxy-4β-methyl-5α-cholesta-8,24-dien-3β-ol + NAD(P)+ → 3-dehydro-4-
methylzymosterol + NAD(P)H + CO2  1.1.1.170  zymosterol biosynthesis
4α-carboxy-5α-cholesta-8,24-dien-3β-ol + NAD(P)+ → 5α-cholesta-8,24-dien-3-one + 
NAD(P)H + CO2  1.1.1.170  zymosterol biosynthesis

(S)-malate + NADP+ → CO2 + pyruvate + NADPH  1.1.1.40  gluconeogenesis I

2-oxoglutarate + coenzyme A + NAD+ → succinyl-CoA + CO2 + NADH  [none]  TCA cycle II (plants and fungi)phosphoribulosylformimino-AICAR-P + L-glutamine → L-glutamate + D-erythro-
imidazole-glycerol-phosphate + 5-amino-1-(5-phospho-D-ribosyl)imidazole-4-carboxamide 
+ H+  2.4.2.-  histidine biosynthesis

a dodecanoyl-[acp] + H2O → a holo-[acyl-carrier protein] + laurate + H+  3.1.2.21  palmitate biosynthesis I (animals and fungi)

a palmitoyl-[acp] + coenzyme A → palmitoyl-CoA + a holo-[acyl-carrier protein]  2.3.1.-  palmitate biosynthesis I (animals and fungi)

a palmitoyl-[acp] + H2O → palmitate + a holo-[acyl-carrier protein] + H+  3.1.2.14  palmitate biosynthesis I (animals and fungi)

pyruvate + ATP + H2O → phosphoenolpyruvate + AMP + phosphate + 2 H+  2.7.9.2  glycolysis I (from glucose-6P), gluconeogenesis I
a (mannosyl)3-(N-acetylglucosaminyl)2-diphosphodolichol + 2 GDP-α-D-mannose → a 
(mannosyl)5-(N-acetylglucosaminyl)2-diphosphodolichol + 2 GDP + 2 H+  2.4.1.131  dolichyl-diphosphooligosaccharide biosynthesis
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Micélio Levedura Ambas
PAAG_00017 PAAG_00014 PAAG_00004
PAAG_00054 PAAG_00023 PAAG_00019
PAAG_00058 PAAG_00024 PAAG_00028
PAAG_00064 PAAG_00030 PAAG_00046
PAAG_00070 PAAG_00035 PAAG_00047
PAAG_00072 PAAG_00063 PAAG_00048
PAAG_00090 PAAG_00065 PAAG_00050
PAAG_00100 PAAG_00068 PAAG_00053
PAAG_00106 PAAG_00088 PAAG_00071
PAAG_00117 PAAG_00128 PAAG_00102
PAAG_00132 PAAG_00144 PAAG_00103
PAAG_00149 PAAG_00151 PAAG_00116
PAAG_00153 PAAG_00165 PAAG_00123
PAAG_00154 PAAG_00173 PAAG_00142
PAAG_00169 PAAG_00177 PAAG_00143
PAAG_00175 PAAG_00201 PAAG_00174
PAAG_00192 PAAG_00212 PAAG_00176
PAAG_00203 PAAG_00224 PAAG_00202
PAAG_00204 PAAG_00225 PAAG_00221
PAAG_00215 PAAG_00271 PAAG_00236
PAAG_00228 PAAG_00276 PAAG_00242
PAAG_00249 PAAG_00281 PAAG_00244
PAAG_00287 PAAG_00288 PAAG_00257
PAAG_00289 PAAG_00306 PAAG_00264
PAAG_00293 PAAG_00330 PAAG_00273
PAAG_00320 PAAG_00352 PAAG_00299
PAAG_00365 PAAG_00358 PAAG_00302
PAAG_00373 PAAG_00391 PAAG_00303
PAAG_00377 PAAG_00396 PAAG_00315
PAAG_00386 PAAG_00403 PAAG_00316
PAAG_00394 PAAG_00416 PAAG_00331
PAAG_00422 PAAG_00433 PAAG_00335
PAAG_00440 PAAG_00438 PAAG_00339
PAAG_00459 PAAG_00455 PAAG_00340
PAAG_00473 PAAG_00460 PAAG_00342
PAAG_00476 PAAG_00477 PAAG_00347
PAAG_00514 PAAG_00481 PAAG_00356



PAAG_00547 PAAG_00485 PAAG_00364
PAAG_00550 PAAG_00487 PAAG_00376
PAAG_00558 PAAG_00492 PAAG_00397
PAAG_00562 PAAG_00494 PAAG_00417
PAAG_00581 PAAG_00495 PAAG_00427
PAAG_00617 PAAG_00510 PAAG_00430
PAAG_00664 PAAG_00524 PAAG_00435
PAAG_00670 PAAG_00535 PAAG_00446
PAAG_00695 PAAG_00546 PAAG_00450
PAAG_00707 PAAG_00559 PAAG_00462
PAAG_00719 PAAG_00621 PAAG_00468
PAAG_00731 PAAG_00626 PAAG_00479
PAAG_00763 PAAG_00639 PAAG_00493
PAAG_00764 PAAG_00642 PAAG_00503
PAAG_00788 PAAG_00657 PAAG_00512
PAAG_00789 PAAG_00689 PAAG_00529
PAAG_00803 PAAG_00706 PAAG_00548
PAAG_00805 PAAG_00726 PAAG_00555
PAAG_00825 PAAG_00734 PAAG_00566
PAAG_00827 PAAG_00739 PAAG_00594
PAAG_00857 PAAG_00774 PAAG_00598
PAAG_00866 PAAG_00791 PAAG_00606
PAAG_00986 PAAG_00795 PAAG_00623
PAAG_00994 PAAG_00802 PAAG_00627
PAAG_01013 PAAG_00813 PAAG_00629
PAAG_01067 PAAG_00818 PAAG_00647
PAAG_01093 PAAG_00850 PAAG_00659
PAAG_01096 PAAG_00851 PAAG_00661
PAAG_01110 PAAG_00865 PAAG_00685
PAAG_01127 PAAG_00867 PAAG_00697
PAAG_01136 PAAG_00868 PAAG_00698
PAAG_01143 PAAG_00871 PAAG_00702
PAAG_01151 PAAG_00889 PAAG_00703
PAAG_01159 PAAG_00890 PAAG_00716
PAAG_01165 PAAG_00893 PAAG_00724
PAAG_01176 PAAG_00914 PAAG_00732
PAAG_01189 PAAG_00934 PAAG_00742
PAAG_01191 PAAG_00935 PAAG_00744



PAAG_01192 PAAG_00953 PAAG_00748
PAAG_01207 PAAG_00968 PAAG_00752
PAAG_01232 PAAG_00971 PAAG_00769
PAAG_01237 PAAG_00997 PAAG_00771
PAAG_01269 PAAG_01023 PAAG_00773
PAAG_01278 PAAG_01034 PAAG_00781
PAAG_01280 PAAG_01082 PAAG_00799
PAAG_01293 PAAG_01085 PAAG_00801
PAAG_01299 PAAG_01087 PAAG_00808
PAAG_01300 PAAG_01095 PAAG_00833
PAAG_01307 PAAG_01123 PAAG_00836
PAAG_01320 PAAG_01141 PAAG_00843
PAAG_01321 PAAG_01146 PAAG_00856
PAAG_01377 PAAG_01147 PAAG_00869
PAAG_01437 PAAG_01150 PAAG_00875
PAAG_01466 PAAG_01177 PAAG_00878
PAAG_01469 PAAG_01209 PAAG_00948
PAAG_01481 PAAG_01226 PAAG_00952
PAAG_01539 PAAG_01227 PAAG_00954
PAAG_01583 PAAG_01243 PAAG_00962
PAAG_01601 PAAG_01244 PAAG_00966
PAAG_01602 PAAG_01251 PAAG_00969
PAAG_01606 PAAG_01252 PAAG_00976
PAAG_01653 PAAG_01256 PAAG_00978
PAAG_01656 PAAG_01262 PAAG_00981
PAAG_01665 PAAG_01273 PAAG_00982
PAAG_01681 PAAG_01289 PAAG_00988
PAAG_01704 PAAG_01291 PAAG_01002
PAAG_01706 PAAG_01302 PAAG_01015
PAAG_01715 PAAG_01305 PAAG_01037
PAAG_01741 PAAG_01306 PAAG_01041
PAAG_01755 PAAG_01317 PAAG_01044
PAAG_01775 PAAG_01339 PAAG_01052
PAAG_01786 PAAG_01381 PAAG_01053
PAAG_01790 PAAG_01390 PAAG_01078
PAAG_01807 PAAG_01412 PAAG_01079
PAAG_01877 PAAG_01415 PAAG_01097
PAAG_01933 PAAG_01423 PAAG_01098



PAAG_01941 PAAG_01425 PAAG_01111
PAAG_01943 PAAG_01462 PAAG_01125
PAAG_01959 PAAG_01479 PAAG_01131
PAAG_01963 PAAG_01494 PAAG_01134
PAAG_02004 PAAG_01495 PAAG_01168
PAAG_02056 PAAG_01515 PAAG_01170
PAAG_02070 PAAG_01517 PAAG_01171
PAAG_02071 PAAG_01527 PAAG_01178
PAAG_02087 PAAG_01541 PAAG_01179
PAAG_02095 PAAG_01563 PAAG_01190
PAAG_02112 PAAG_01570 PAAG_01229
PAAG_02152 PAAG_01574 PAAG_01233
PAAG_02189 PAAG_01581 PAAG_01234
PAAG_02192 PAAG_01591 PAAG_01255
PAAG_02194 PAAG_01647 PAAG_01257
PAAG_02208 PAAG_01682 PAAG_01258
PAAG_02210 PAAG_01696 PAAG_01264
PAAG_02255 PAAG_01713 PAAG_01279
PAAG_02274 PAAG_01718 PAAG_01282
PAAG_02278 PAAG_01722 PAAG_01292
PAAG_02282 PAAG_01725 PAAG_01310
PAAG_02361 PAAG_01743 PAAG_01324
PAAG_02381 PAAG_01750 PAAG_01327
PAAG_02398 PAAG_01751 PAAG_01330
PAAG_02409 PAAG_01757 PAAG_01363
PAAG_02467 PAAG_01763 PAAG_01369
PAAG_02501 PAAG_01776 PAAG_01389
PAAG_02520 PAAG_01791 PAAG_01396
PAAG_02573 PAAG_01821 PAAG_01399
PAAG_02577 PAAG_01825 PAAG_01432
PAAG_02582 PAAG_01831 PAAG_01436
PAAG_02589 PAAG_01834 PAAG_01445
PAAG_02594 PAAG_01847 PAAG_01452
PAAG_02604 PAAG_01864 PAAG_01454
PAAG_02612 PAAG_01874 PAAG_01461
PAAG_02636 PAAG_01876 PAAG_01463
PAAG_02700 PAAG_01898 PAAG_01468
PAAG_02732 PAAG_01899 PAAG_01472



PAAG_02762 PAAG_01906 PAAG_01475
PAAG_02766 PAAG_01907 PAAG_01485
PAAG_02782 PAAG_01917 PAAG_01499
PAAG_02803 PAAG_01921 PAAG_01501
PAAG_02821 PAAG_01922 PAAG_01513
PAAG_02838 PAAG_01924 PAAG_01521
PAAG_02854 PAAG_01928 PAAG_01524
PAAG_02866 PAAG_01932 PAAG_01526
PAAG_02937 PAAG_01935 PAAG_01534
PAAG_03024 PAAG_01938 PAAG_01536
PAAG_03030 PAAG_01970 PAAG_01538
PAAG_03032 PAAG_01973 PAAG_01569
PAAG_03057 PAAG_02011 PAAG_01578
PAAG_03069 PAAG_02012 PAAG_01587
PAAG_03075 PAAG_02016 PAAG_01594
PAAG_03096 PAAG_02050 PAAG_01599
PAAG_03127 PAAG_02068 PAAG_01603
PAAG_03165 PAAG_02096 PAAG_01605
PAAG_03188 PAAG_02102 PAAG_01631
PAAG_03189 PAAG_02110 PAAG_01633
PAAG_03209 PAAG_02111 PAAG_01650
PAAG_03224 PAAG_02129 PAAG_01660
PAAG_03226 PAAG_02150 PAAG_01699
PAAG_03227 PAAG_02164 PAAG_01727
PAAG_03231 PAAG_02169 PAAG_01733
PAAG_03259 PAAG_02173 PAAG_01752
PAAG_03297 PAAG_02180 PAAG_01756
PAAG_03312 PAAG_02232 PAAG_01777
PAAG_03317 PAAG_02289 PAAG_01778
PAAG_03320 PAAG_02293 PAAG_01785
PAAG_03333 PAAG_02294 PAAG_01808
PAAG_03336 PAAG_02297 PAAG_01823
PAAG_03342 PAAG_02303 PAAG_01845
PAAG_03359 PAAG_02327 PAAG_01850
PAAG_03381 PAAG_02334 PAAG_01861
PAAG_03407 PAAG_02343 PAAG_01882
PAAG_03413 PAAG_02369 PAAG_01889
PAAG_03416 PAAG_02391 PAAG_01893



PAAG_03453 PAAG_02399 PAAG_01905
PAAG_03491 PAAG_02410 PAAG_01926
PAAG_03494 PAAG_02416 PAAG_01931
PAAG_03511 PAAG_02417 PAAG_01934
PAAG_03513 PAAG_02439 PAAG_01958
PAAG_03527 PAAG_02443 PAAG_01969
PAAG_03532 PAAG_02446 PAAG_01974
PAAG_03544 PAAG_02452 PAAG_01989
PAAG_03556 PAAG_02460 PAAG_01995
PAAG_03574 PAAG_02486 PAAG_01996
PAAG_03613 PAAG_02521 PAAG_02024
PAAG_03641 PAAG_02526 PAAG_02051
PAAG_03662 PAAG_02546 PAAG_02055
PAAG_03667 PAAG_02548 PAAG_02078
PAAG_03698 PAAG_02551 PAAG_02084
PAAG_03701 PAAG_02553 PAAG_02107
PAAG_03718 PAAG_02558 PAAG_02130
PAAG_03750 PAAG_02561 PAAG_02133
PAAG_03823 PAAG_02567 PAAG_02157
PAAG_03843 PAAG_02569 PAAG_02159
PAAG_03878 PAAG_02580 PAAG_02162
PAAG_03894 PAAG_02592 PAAG_02163
PAAG_03924 PAAG_02602 PAAG_02179
PAAG_03932 PAAG_02603 PAAG_02220
PAAG_03941 PAAG_02608 PAAG_02226
PAAG_03969 PAAG_02610 PAAG_02227
PAAG_03976 PAAG_02613 PAAG_02228
PAAG_04051 PAAG_02614 PAAG_02242
PAAG_04058 PAAG_02616 PAAG_02254
PAAG_04061 PAAG_02627 PAAG_02262
PAAG_04161 PAAG_02628 PAAG_02266
PAAG_04166 PAAG_02633 PAAG_02272
PAAG_04195 PAAG_02644 PAAG_02331
PAAG_04233 PAAG_02648 PAAG_02333
PAAG_04235 PAAG_02650 PAAG_02352
PAAG_04238 PAAG_02653 PAAG_02363
PAAG_04258 PAAG_02656 PAAG_02365
PAAG_04259 PAAG_02671 PAAG_02367



PAAG_04281 PAAG_02686 PAAG_02371
PAAG_04282 PAAG_02698 PAAG_02379
PAAG_04285 PAAG_02723 PAAG_02382
PAAG_04293 PAAG_02743 PAAG_02389
PAAG_04294 PAAG_02747 PAAG_02401
PAAG_04308 PAAG_02748 PAAG_02415
PAAG_04327 PAAG_02772 PAAG_02418
PAAG_04380 PAAG_02776 PAAG_02419
PAAG_04530 PAAG_02789 PAAG_02427
PAAG_04548 PAAG_02801 PAAG_02436
PAAG_04555 PAAG_02817 PAAG_02437
PAAG_04577 PAAG_02859 PAAG_02456
PAAG_04581 PAAG_02865 PAAG_02458
PAAG_04586 PAAG_02869 PAAG_02466
PAAG_04594 PAAG_02876 PAAG_02482
PAAG_04611 PAAG_02883 PAAG_02512
PAAG_04693 PAAG_02907 PAAG_02530
PAAG_04699 PAAG_02920 PAAG_02536
PAAG_04744 PAAG_02925 PAAG_02554
PAAG_04748 PAAG_02960 PAAG_02576
PAAG_04752 PAAG_02965 PAAG_02583
PAAG_04754 PAAG_02971 PAAG_02584
PAAG_04755 PAAG_03009 PAAG_02585
PAAG_04757 PAAG_03021 PAAG_02588
PAAG_04770 PAAG_03022 PAAG_02593
PAAG_04811 PAAG_03027 PAAG_02632
PAAG_04814 PAAG_03050 PAAG_02634
PAAG_04825 PAAG_03058 PAAG_02638
PAAG_04835 PAAG_03098 PAAG_02642
PAAG_04845 PAAG_03105 PAAG_02643
PAAG_04869 PAAG_03112 PAAG_02651
PAAG_04881 PAAG_03116 PAAG_02655
PAAG_04882 PAAG_03139 PAAG_02659
PAAG_04919 PAAG_03141 PAAG_02664
PAAG_04930 PAAG_03142 PAAG_02717
PAAG_04940 PAAG_03151 PAAG_02718
PAAG_04949 PAAG_03152 PAAG_02725
PAAG_04958 PAAG_03164 PAAG_02760



PAAG_05005 PAAG_03166 PAAG_02769
PAAG_05009 PAAG_03171 PAAG_02793
PAAG_05032 PAAG_03182 PAAG_02805
PAAG_05044 PAAG_03201 PAAG_02823
PAAG_05045 PAAG_03215 PAAG_02824
PAAG_05066 PAAG_03237 PAAG_02836
PAAG_05108 PAAG_03246 PAAG_02843
PAAG_05112 PAAG_03276 PAAG_02901
PAAG_05113 PAAG_03279 PAAG_02903
PAAG_05122 PAAG_03295 PAAG_02913
PAAG_05191 PAAG_03378 PAAG_02921
PAAG_05241 PAAG_03385 PAAG_02926
PAAG_05245 PAAG_03417 PAAG_02935
PAAG_05254 PAAG_03419 PAAG_02951
PAAG_05272 PAAG_03448 PAAG_02961
PAAG_05273 PAAG_03472 PAAG_02973
PAAG_05292 PAAG_03482 PAAG_02985
PAAG_05328 PAAG_03496 PAAG_02990
PAAG_05334 PAAG_03503 PAAG_02994
PAAG_05360 PAAG_03508 PAAG_03004
PAAG_05385 PAAG_03512 PAAG_03019
PAAG_05415 PAAG_03514 PAAG_03025
PAAG_05424 PAAG_03555 PAAG_03028
PAAG_05452 PAAG_03558 PAAG_03031
PAAG_05459 PAAG_03561 PAAG_03042
PAAG_05461 PAAG_03568 PAAG_03043
PAAG_05507 PAAG_03572 PAAG_03045
PAAG_05532 PAAG_03573 PAAG_03092
PAAG_05586 PAAG_03586 PAAG_03106
PAAG_05603 PAAG_03590 PAAG_03125
PAAG_05648 PAAG_03596 PAAG_03137
PAAG_05672 PAAG_03599 PAAG_03138
PAAG_05712 PAAG_03612 PAAG_03153
PAAG_05748 PAAG_03621 PAAG_03163
PAAG_05754 PAAG_03622 PAAG_03191
PAAG_05756 PAAG_03624 PAAG_03216
PAAG_05826 PAAG_03626 PAAG_03243
PAAG_05837 PAAG_03629 PAAG_03290



PAAG_05845 PAAG_03639 PAAG_03299
PAAG_05861 PAAG_03640 PAAG_03305
PAAG_05864 PAAG_03697 PAAG_03309
PAAG_05866 PAAG_03711 PAAG_03330
PAAG_05873 PAAG_03736 PAAG_03334
PAAG_05880 PAAG_03737 PAAG_03386
PAAG_05887 PAAG_03746 PAAG_03388
PAAG_05940 PAAG_03748 PAAG_03418
PAAG_05954 PAAG_03768 PAAG_03442
PAAG_05967 PAAG_03770 PAAG_03447
PAAG_06065 PAAG_03777 PAAG_03464
PAAG_06086 PAAG_03792 PAAG_03468
PAAG_06087 PAAG_03816 PAAG_03530
PAAG_06096 PAAG_03828 PAAG_03536
PAAG_06139 PAAG_03835 PAAG_03537
PAAG_06158 PAAG_03851 PAAG_03548
PAAG_06163 PAAG_03874 PAAG_03550
PAAG_06170 PAAG_03890 PAAG_03557
PAAG_06298 PAAG_03909 PAAG_03563
PAAG_06317 PAAG_03931 PAAG_03564
PAAG_06392 PAAG_03944 PAAG_03595
PAAG_06395 PAAG_03945 PAAG_03618
PAAG_06441 PAAG_03954 PAAG_03623
PAAG_06446 PAAG_03978 PAAG_03625
PAAG_06466 PAAG_03984 PAAG_03631
PAAG_06473 PAAG_04005 PAAG_03652
PAAG_06500 PAAG_04006 PAAG_03687
PAAG_06522 PAAG_04030 PAAG_03689
PAAG_06535 PAAG_04040 PAAG_03693
PAAG_06568 PAAG_04043 PAAG_03722
PAAG_06585 PAAG_04050 PAAG_03726
PAAG_06587 PAAG_04060 PAAG_03735
PAAG_06588 PAAG_04064 PAAG_03742
PAAG_06590 PAAG_04082 PAAG_03743
PAAG_06595 PAAG_04083 PAAG_03744
PAAG_06601 PAAG_04117 PAAG_03760
PAAG_06616 PAAG_04130 PAAG_03804
PAAG_06631 PAAG_04137 PAAG_03827



PAAG_06669 PAAG_04142 PAAG_03839
PAAG_06684 PAAG_04148 PAAG_03857
PAAG_06696 PAAG_04165 PAAG_03873
PAAG_06713 PAAG_04190 PAAG_03881
PAAG_06720 PAAG_04191 PAAG_03898
PAAG_06725 PAAG_04225 PAAG_03903
PAAG_06764 PAAG_04232 PAAG_03904
PAAG_06788 PAAG_04251 PAAG_03935
PAAG_06811 PAAG_04262 PAAG_03938
PAAG_06820 PAAG_04264 PAAG_03946
PAAG_06821 PAAG_04276 PAAG_03952
PAAG_06865 PAAG_04286 PAAG_03953
PAAG_06897 PAAG_04287 PAAG_03956
PAAG_06937 PAAG_04290 PAAG_03960
PAAG_06941 PAAG_04291 PAAG_03965
PAAG_06954 PAAG_04313 PAAG_03970
PAAG_07037 PAAG_04321 PAAG_03974
PAAG_07059 PAAG_04328 PAAG_03979
PAAG_07111 PAAG_04333 PAAG_03987
PAAG_07118 PAAG_04336 PAAG_04004
PAAG_07152 PAAG_04339 PAAG_04014
PAAG_07157 PAAG_04340 PAAG_04028
PAAG_07191 PAAG_04347 PAAG_04041
PAAG_07196 PAAG_04374 PAAG_04042
PAAG_07200 PAAG_04378 PAAG_04054
PAAG_07236 PAAG_04394 PAAG_04078
PAAG_07245 PAAG_04401 PAAG_04103
PAAG_07269 PAAG_04415 PAAG_04114
PAAG_07320 PAAG_04423 PAAG_04124
PAAG_07347 PAAG_04433 PAAG_04146
PAAG_07390 PAAG_04435 PAAG_04147
PAAG_07410 PAAG_04443 PAAG_04162
PAAG_07412 PAAG_04464 PAAG_04164
PAAG_07419 PAAG_04468 PAAG_04168
PAAG_07425 PAAG_04478 PAAG_04196
PAAG_07442 PAAG_04550 PAAG_04201
PAAG_07444 PAAG_04596 PAAG_04205
PAAG_07469 PAAG_04601 PAAG_04211



PAAG_07470 PAAG_04622 PAAG_04249
PAAG_07474 PAAG_04661 PAAG_04253
PAAG_07480 PAAG_04678 PAAG_04274
PAAG_07485 PAAG_04686 PAAG_04277
PAAG_07498 PAAG_04711 PAAG_04310
PAAG_07500 PAAG_04712 PAAG_04319
PAAG_07506 PAAG_04724 PAAG_04348
PAAG_07526 PAAG_04725 PAAG_04371
PAAG_07545 PAAG_04742 PAAG_04372
PAAG_07553 PAAG_04766 PAAG_04379
PAAG_07566 PAAG_04847 PAAG_04414
PAAG_07589 PAAG_04860 PAAG_04458
PAAG_07595 PAAG_04925 PAAG_04466
PAAG_07598 PAAG_04931 PAAG_04489
PAAG_07625 PAAG_04953 PAAG_04504
PAAG_07629 PAAG_04961 PAAG_04525
PAAG_07670 PAAG_04979 PAAG_04540
PAAG_07676 PAAG_04999 PAAG_04541
PAAG_07680 PAAG_05028 PAAG_04542
PAAG_07694 PAAG_05042 PAAG_04545
PAAG_07714 PAAG_05046 PAAG_04549
PAAG_07728 PAAG_05049 PAAG_04559
PAAG_07730 PAAG_05050 PAAG_04563
PAAG_07740 PAAG_05067 PAAG_04570
PAAG_07764 PAAG_05071 PAAG_04572
PAAG_07824 PAAG_05077 PAAG_04599
PAAG_07826 PAAG_05078 PAAG_04605
PAAG_07830 PAAG_05079 PAAG_04614
PAAG_07851 PAAG_05103 PAAG_04620
PAAG_07852 PAAG_05107 PAAG_04636
PAAG_07869 PAAG_05114 PAAG_04637
PAAG_07875 PAAG_05150 PAAG_04642
PAAG_07879 PAAG_05151 PAAG_04651
PAAG_08016 PAAG_05160 PAAG_04669
PAAG_08017 PAAG_05162 PAAG_04692
PAAG_08023 PAAG_05163 PAAG_04698
PAAG_08028 PAAG_05251 PAAG_04701
PAAG_08030 PAAG_05253 PAAG_04726



PAAG_08063 PAAG_05300 PAAG_04732
PAAG_08106 PAAG_05338 PAAG_04810
PAAG_08116 PAAG_05363 PAAG_04819
PAAG_08139 PAAG_05379 PAAG_04821
PAAG_08178 PAAG_05387 PAAG_04824
PAAG_08198 PAAG_05395 PAAG_04838
PAAG_08199 PAAG_05427 PAAG_04846
PAAG_08231 PAAG_05436 PAAG_04851
PAAG_08237 PAAG_05437 PAAG_04866
PAAG_08260 PAAG_05438 PAAG_04886
PAAG_08261 PAAG_05439 PAAG_04888
PAAG_08265 PAAG_05442 PAAG_04891
PAAG_08268 PAAG_05465 PAAG_04892
PAAG_08356 PAAG_05474 PAAG_04896
PAAG_08391 PAAG_05481 PAAG_04899
PAAG_08421 PAAG_05482 PAAG_04903
PAAG_08429 PAAG_05485 PAAG_04904
PAAG_08432 PAAG_05502 PAAG_04913
PAAG_08441 PAAG_05510 PAAG_04914
PAAG_08449 PAAG_05513 PAAG_04917
PAAG_08458 PAAG_05516 PAAG_04959
PAAG_08483 PAAG_05527 PAAG_04966
PAAG_08524 PAAG_05534 PAAG_04976
PAAG_08532 PAAG_05551 PAAG_04996
PAAG_08535 PAAG_05575 PAAG_04998
PAAG_08612 PAAG_05576 PAAG_05007
PAAG_08637 PAAG_05617 PAAG_05018
PAAG_08662 PAAG_05619 PAAG_05026
PAAG_08664 PAAG_05657 PAAG_05029
PAAG_08694 PAAG_05660 PAAG_05036
PAAG_08701 PAAG_05674 PAAG_05037
PAAG_08711 PAAG_05676 PAAG_05048
PAAG_08733 PAAG_05690 PAAG_05064
PAAG_08766 PAAG_05692 PAAG_05068
PAAG_08792 PAAG_05696 PAAG_05091
PAAG_08804 PAAG_05704 PAAG_05128
PAAG_08823 PAAG_05731 PAAG_05140
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