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Objetivos de aprendizado

• Taxonomia de Procariotos
• Como microrganismos são classificados?

• Quais são os principais grupos de bactérias?
• Qual o impacto da metagenômica:

• No conhecimento atual sobre diversidade dos organismos?
• Na classificação dos procariotos?



Taxonomia de microrganismos

• Taxonomia
• Definição: taxonomia é a ciência que descreve e classifica os organismos
• Objetivo: entender as relações de parentesco entre os diferentes grupos de 

organismos

• A taxonomia permite organizar a imensa diversidade de microrganismos 
em grupos relacionados
• O sistema de classificação taxonômica moderno foi introduzido por Carl 

Linnaeus, botânico e médico sueco que formalizou o sistema de nomenclatura 
binomial (Gênero espécie, no próximo slide)

• Relevância: o estudo baseado nos grupos definidos pela taxonomia 
permite comparar o efeito de variações na composição da microbiota 
sobre a saúde humana
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Figure 10.5 The taxonomic hierarchy. Organisms are grouped according to relatedness. 
Species that are closely related are grouped into a genus. For example, the baker’s yeast belongs 
to the genus that includes sourdough yeast (Saccharomyces exiguus). Related genera, such as 
Saccharomyces and Candida, are placed in a family, and so on. Each group is more comprehensive. 
The domain Eukarya includes all organisms with eukaryotic cells.

Q     What is the biological de!nition of family?

Appendix F). In Bergey’s Manual, prokaryotes are divided into 
two domains: Bacteria and Archaea. Each domain is divided 
into phyla. Remember, the classification is based on similari-
ties in nucleotide sequences in rRNA. Classes are divided into 

orders; orders, into families; families, into genera; and genera, 
into species.

A prokaryotic species is defined somewhat differently from a 
eukaryotic species, which is a group of closely related organisms 
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Classificação de organismos
Métodos fenotípicos

• Métodos clássicos, precedem o desenvolvimento da genética e genômica 
microbiana
• A maioria dos métodos fenotípicos não são usados isoladamente, mas em 

combinação
• Exemplos:

• Análise morfológica: forma celular e aparência das colônias

• Coloração de Gram e outras técnicas de coloração

• Análises bioquímicas
• Detecção da atividade de enzimas que estão presentes somente en certo subgrupo de 

organismos
• Análise da composição de lipídeos na membrana citoplasmática usando espectometria de 

massa: técnica extremamente sensível que permite identificar diferenças de composição 
entre espécies próximas



Métodos de classificação: perfil bioquímico
• Uma colônia isolada de bactérias é coletada com uma haste e a 

haste é inserida no tubo, atravessando e contaminando os
compartimentos

• Depois de algumas horas, alterações nas cores dos 
compartimentos são lidas por um scanner ligado a um 
computador e convertidas, automaticamente, em um código
numérico, que identifica a espécie de enterobactéria

• O exemplo neste slide é específico 
para bactérias entéricas 
(Enterobacteriaceae), só pode ser 
aplicado depois da coloração de 
Gram (bactérias entéricas são 
Gram-negativas) e de outros testes 
fenotípicos que comprovem que o 
organismo sob análise é uma 
bactéria entérica.

• Em cada compartimento do tubo, 
pode ocorrer uma reação química 
que muda a cor de um indicador 
(meio diferencial)

• A mudança de cor implica a 
presença de enzimas características 
de cada espécie



• Técnica de FAME – Fatty acid
methyl ester

• Amplamente usado em
laboratório clínico

• Pode identificar uma espécie
bacteriana em particular

• Padronização nos
experimentos, pois
temperatura e outros fatores
modificam o resultado

Análise dos ácidos
graxos nas

membranas



Classificação de organismos
Métodos genotípicos

• Esses métodos são baseados na detecção da presença de 
certos genes ou na sequência de nucleotídeos desses genes

• Por avaliarem os genes diretamente, ao invés do fenótipo 
determinado por esses genes, esses métodos são mais 
precisos

• São considerados os métodos de referência na àrea de 
pesquisa ou usados na clínica quando os métodos fenotípicos 
são inconclusivos



Classificação de organismos
Métodos genotípicos

• São muitas vezes baseados na análise de um pequeno número de 
genes, considerados bons marcadores taxonômicos, tais como:
• Genes 16S (procariotos) e 18S (eucariotos), que codificam a mesma 

subunidade menor do RNA ribossomal e não codificam proteínas.
• gyrB: DNA girase (replicação do DNA)
• recA: recombinase A (replicação do DNA)

• Para ser bons marcadores taxonômicos, um gene deve
1. Estar presentes em todos os organismos que se deseja classificar
2. Conter variação suficiente para discriminar os grupos / espécies de 

organismos

• Graças ao avanço das tecnologias de sequenciamento de DNA, 
classificações recentes começam a usar todos os genes dos organismos 
sob análise (genoma completo) para classificação



Ribossomo

Classificação de organismos
Métodos genotípicos

Gene do RNA ribossomal 16S / 18S (ssrDNA)

• Gene (DNA) que codifica a subunidade menor do 
ribossomo ou ssrRNA (small subunit ribosomal RNA)

• Nome: 18S (eucariotos) e 16S (procariotos)
• Importância na taxonomia moderna
• Presente em todos os organismos celulares
• Altamente conservado, acumula em algumas regiões, ao 

longo de bilhões de anos, um número reduzido de 
mutações

• A análise das variações nas regiões conservadas permiteu 
seu uso para reconstruir as relações entre todas as 
linhagens de organismos (tries domínios da vida).

rRNA 
16S

Subunidade 
menor do 
ribossomo

Subunidade 
maior do 

ribossomo

AminoácidoProteína nascente

Cromossomo de Mycobacterium smegmatis
ssrDNA
(gene)



Identificação do grupo ao qual 
pertence a amostra

Métodos genotípicos
Sequenciamento e filogenia do rRNA 16S
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amino acid sequences. Other genes, such as those encoding 16S
rRNA, can often be aligned by inspection or through the use of
computer programs designed to minimize the number of mis-
matches and gaps. Secondary structure, the folding of the 16S
rRNA (Figure 16.11), is also helpful in making accurate gene align-
ments because base mismatches that show up in the secondary
structure of highly conserved regions of the molecule readily signal
alignment errors.

Phylogenetic Trees
Reconstructing evolutionary history from observed nucleotide
sequence differences includes construction of a phylogenetic
tree, which is a graphic depiction of the relationships among
sequences of the organisms under study, much like a family tree.
A phylogenetic tree is composed of nodes and branches (Figure
16.14). The tips of the branches represent species that exist now
and from which the sequence data were obtained. The nodes are
points in evolution where an ancestor diverged into two new
organisms, each of which then began to evolve along its separate
pathway. The branches define both the order of descent and the
ancestry of the nodes, whereas the branch length represents the
number of changes that have occurred along that branch.

Phylogenetic trees can be constructed that are either unrooted,
showing the relative relationships among the organisms under
study but not the evolutionary path leading from an ancestor to a
strain (Figure 16.14a), or rooted, in which case the unique path
from an ancestor to each strain is defined (Figure 16.14b, c).
Trees are rooted by the inclusion in the analysis of an outgroup,
an organism that is less closely related to the organisms under
study than the organisms are to each other, but that shares with
them homologs of the gene under study.

Figure 16.12 PCR amplification of the 16S rRNA gene. Following
DNA isolation, primers complementary to the ends of the 16S rRNA (see
Figure 16.11) are used to PCR-amplify the 16S rRNA gene from genomic
DNA of five different unknown bacterial strains and the products are run on
an agarose gel (photo). The bands of amplified DNA are approximately
1465 nucleotides in length. Positions of DNA kilobase size markers are
indicated at the left. Excision from the gel and purification of these PCR
products is followed by sequencing and analysis to identify the bacteria.
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Figure 16.13 Alignment of DNA sequences. Sequences for a hypo-
thetical region of a gene are shown for two organisms, before alignment
and after the insertion of gaps to improve the matchup of nucleotides,
indicated by the vertical lines showing identical nucleotides in the two
sequences. The insertion of gaps in the sequences substantially
improves the alignment.
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amino acid sequences. Other genes, such as those encoding 16S
rRNA, can often be aligned by inspection or through the use of
computer programs designed to minimize the number of mis-
matches and gaps. Secondary structure, the folding of the 16S
rRNA (Figure 16.11), is also helpful in making accurate gene align-
ments because base mismatches that show up in the secondary
structure of highly conserved regions of the molecule readily signal
alignment errors.

Phylogenetic Trees
Reconstructing evolutionary history from observed nucleotide
sequence differences includes construction of a phylogenetic
tree, which is a graphic depiction of the relationships among
sequences of the organisms under study, much like a family tree.
A phylogenetic tree is composed of nodes and branches (Figure
16.14). The tips of the branches represent species that exist now
and from which the sequence data were obtained. The nodes are
points in evolution where an ancestor diverged into two new
organisms, each of which then began to evolve along its separate
pathway. The branches define both the order of descent and the
ancestry of the nodes, whereas the branch length represents the
number of changes that have occurred along that branch.

Phylogenetic trees can be constructed that are either unrooted,
showing the relative relationships among the organisms under
study but not the evolutionary path leading from an ancestor to a
strain (Figure 16.14a), or rooted, in which case the unique path
from an ancestor to each strain is defined (Figure 16.14b, c).
Trees are rooted by the inclusion in the analysis of an outgroup,
an organism that is less closely related to the organisms under
study than the organisms are to each other, but that shares with
them homologs of the gene under study.

Figure 16.12 PCR amplification of the 16S rRNA gene. Following
DNA isolation, primers complementary to the ends of the 16S rRNA (see
Figure 16.11) are used to PCR-amplify the 16S rRNA gene from genomic
DNA of five different unknown bacterial strains and the products are run on
an agarose gel (photo). The bands of amplified DNA are approximately
1465 nucleotides in length. Positions of DNA kilobase size markers are
indicated at the left. Excision from the gel and purification of these PCR
products is followed by sequencing and analysis to identify the bacteria.
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Figure 16.13 Alignment of DNA sequences. Sequences for a hypo-
thetical region of a gene are shown for two organisms, before alignment
and after the insertion of gaps to improve the matchup of nucleotides,
indicated by the vertical lines showing identical nucleotides in the two
sequences. The insertion of gaps in the sequences substantially
improves the alignment.
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In its most basic form, a phylogenetic tree is a depiction of
lines of descent, and the relationship between two organisms
therefore should be read in terms of common ancestry. That is,
the more recently two species shared a common ancestor, the
more closely related they are. The rooted trees in Figure 16.14b
and c illustrate this point. Species 2 is more closely related to
species 3 than it is to species 1 because 2 and 3 share a more
recent common ancestor than do 2 and 1.

Tree Construction
Modern evolutionary analysis uses character-state methods, also
called cladistics, for tree construction. Character-state methods
define phylogenetic relationships by examining changes in
nucleotides at particular positions in the sequence, using those
characters that are phylogenetically informative. These are char-
acters that define a monophyletic group; that is, a group that has
descended from one ancestor. Figure 16.15 describes how phylo-
genetically informative characters are recognized in aligned
sequences. Computer-based analysis of these changes generates a
phylogenetic tree, or cladogram.

A widely used cladistic method is parsimony, which is based
on the assumption that evolution is most likely to have pro-
ceeded by the path requiring fewest changes. Computer algo-
rithms based on parsimony provide a way of identifying the tree
with the smallest number of character changes. Other cladistic

methods, maximum likelihood and Bayesian analysis, proceed
like parsimony, but they differ by assuming a model of evolution,
for example, that certain kinds of nucleotide changes occur more
often than others. Inexpensive computer applications, such as
PAUP (Phylogenetic Analysis Under Parsimony, and Other
Methods), guidebooks, and web-accessible tutorials are available
for learning the basic procedures of cladistic analysis and tree
construction.

MiniQuiz
• How are DNA sequences obtained for phylogenetic analysis?
• What does a phylogenetic tree depict?
• Why is sequence alignment critical to phylogenetic analysis?

16.8 Microbial Phylogeny
Biologists previously grouped living organisms into five king-
doms: plants, animals, fungi, protists, and bacteria. DNA
sequence-based phylogenetic analysis, on the other hand, has
revealed that the five kingdoms do not represent five primary evo-
lutionary lines. Instead, as previously outlined in Chapter 2, cellu-
lar life on Earth has evolved along three primary lineages, called
domains. Two of these domains, the Bacteria and the Archaea,
are exclusively composed of prokaryotic cells. The Eukarya con-
tains the eukaryotes (Figure 16.16), including the plants, animals,
fungi, and protists.

An SSU rRNA Gene–Based Phylogeny of Life
The universal phylogenetic tree based on small subunit rRNA
genes (Figure 16.16) is a genealogy of all life on Earth. It depicts
the evolutionary history of all cells and clearly reveals the three
domains. The root of the universal tree represents a point in time
when all extant life on Earth shared a common ancestor, the last
universal common ancestor, LUCA (Figure 16.16).

The three-domain concept is also supported by sequence analy-
sis of several other genes shared among all organisms. Analysis of
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Figure 16.14 Phylogenetic trees. Unrooted (a) and rooted (b, c) forms of a phylogenetic tree are shown.
The tips of the branches are species (or strains) and the nodes are ancestors. Ancestral relationships are
revealed by the branching order in rooted trees.
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amino acid sequences. Other genes, such as those encoding 16S
rRNA, can often be aligned by inspection or through the use of
computer programs designed to minimize the number of mis-
matches and gaps. Secondary structure, the folding of the 16S
rRNA (Figure 16.11), is also helpful in making accurate gene align-
ments because base mismatches that show up in the secondary
structure of highly conserved regions of the molecule readily signal
alignment errors.

Phylogenetic Trees
Reconstructing evolutionary history from observed nucleotide
sequence differences includes construction of a phylogenetic
tree, which is a graphic depiction of the relationships among
sequences of the organisms under study, much like a family tree.
A phylogenetic tree is composed of nodes and branches (Figure
16.14). The tips of the branches represent species that exist now
and from which the sequence data were obtained. The nodes are
points in evolution where an ancestor diverged into two new
organisms, each of which then began to evolve along its separate
pathway. The branches define both the order of descent and the
ancestry of the nodes, whereas the branch length represents the
number of changes that have occurred along that branch.

Phylogenetic trees can be constructed that are either unrooted,
showing the relative relationships among the organisms under
study but not the evolutionary path leading from an ancestor to a
strain (Figure 16.14a), or rooted, in which case the unique path
from an ancestor to each strain is defined (Figure 16.14b, c).
Trees are rooted by the inclusion in the analysis of an outgroup,
an organism that is less closely related to the organisms under
study than the organisms are to each other, but that shares with
them homologs of the gene under study.

Figure 16.12 PCR amplification of the 16S rRNA gene. Following
DNA isolation, primers complementary to the ends of the 16S rRNA (see
Figure 16.11) are used to PCR-amplify the 16S rRNA gene from genomic
DNA of five different unknown bacterial strains and the products are run on
an agarose gel (photo). The bands of amplified DNA are approximately
1465 nucleotides in length. Positions of DNA kilobase size markers are
indicated at the left. Excision from the gel and purification of these PCR
products is followed by sequencing and analysis to identify the bacteria.
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Figure 16.13 Alignment of DNA sequences. Sequences for a hypo-
thetical region of a gene are shown for two organisms, before alignment
and after the insertion of gaps to improve the matchup of nucleotides,
indicated by the vertical lines showing identical nucleotides in the two
sequences. The insertion of gaps in the sequences substantially
improves the alignment.
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Woese, C. R.; G. E. Fox (1977). "Phylogenetic structure of the prokaryotic domain: The primary kingdoms". 
Proceedings of the National Academy of Sciences 74 (11): 5088–5090.

• Revolução na classificação da vida: filogenia universal baseada no ssrDNA (acima)

• Transição da classificação baseada em fenótipo para uma baseada em genótipo

• Separação entre Bactérias e Arqueas

Carl Woese e os três domínios da vida



Conjunto de Linhagens forma uma espécie



Filo mais antigo
• Hipertermófilo
• Quimiolitrotrofico
• Oxidam H2

Também contém
espécies
termofílicas Fototróficos

Quimiorganotróficos

Exibem
Brotamento

Fototróficos
Oxigênicos

Quimiorganotróficos

Todos Gram-negativos
Maior e mais diverso metabolicamente
Ampla variedade de Formas
Importância médica, agrícula e industrial

Domínio de Bacterias



A era genômica e a metagenômica

• A partir dos anos 2000: o número crescente de genomas completos permitiu que centenas ou
milhares de genes em múltiplos genomas fossem usados para inferir filogenias e classificar
organismos

• No início, todos as análises de genomas completos, incluindo as voltadas para taxonomia, 
focaram organismos que os pesquisadores conseguiam isolar e crescer em laboratório

• A restrição de cultivar o organismos significa que quase 90% dos microorganismos não podem
ser analisados!

• Desde 2010 esses estudos foram suplementados por análises de genomas incompletos, 
obtidos a partir de amostras ambientais de organismos não-cultiváveis, ou seja, sem
isolar e crescer os organismos no laboratório (metagenômica)

• O sequenciamento de DNA extraído de amostras ambientais não requer o isolamento de 
células. O DNA sequenciado, portanto, é de uma mistura de organismos que precisam ser 
identificados no computador

• Resultados da aplicação das técnicas de análise metagenômica, que unem o sequenciamento de 
DNA ambiental em grande escala com técnicas computacionais poderosas , incluem:

• Novas linhagens de microrganismos foram descobertas

• Uma nova visão da àrvore da vida, onde os Eucariotos aparecem como descendentes da arqueias



Árvore da vida

Publicada em 2018
baseada em genomas completos e em
DNA extraído de amostras ambientais

Castelle, C. J., & Banfield, J. 
F. (2018). Major New 
Microbial Groups Expand 
Diversity and Alter our 
Understanding of the Tree of 
Life. Cell, 172(6), 1181–1197. 

Eucariotos

Bactérias

Arqueas

CPR
Novos tipos de bactérias!

Todas as linhagens nos grupos
CPR e DPANN não podem
ser cultivadas em laboratório
e eram desconhecidas antes da 
metagenômica!

Navegue os links acima para conhecer a 
classificação e diversidade dos organismos



Filogenia das 
Bacterias

Wu,M. and Eisen,J.A. (2008) A simple, fast, and accurate method of phylogenomic inference. Genome Biol., 9, R151.

À direita: árvore de 
máxima verissimilhança 
construída a partir do 
alinhamento 
concatenado de 31 
proteínas codificadas 
por genes housekeeping



Grupos Importantes de Bactérias
Classificação baseada na sequência do ssrDNA

A lista abaixo, assim como os próximos slides, mencionam apenas alguns dos 

grupos mais importantes de bactérias e estão longe de ser exaustivos

• Proteobactérias

• Cianobactérias

• Espiroquetas

• Firmicutes

• Bacteroidetes

• Actinobactérias



Proteobactérias
• Inclui a maioria das bactérias Gram-negativas

• Maior grupo em termos de diversidade de espécies e fenótipos

• Mitocondrias de eucariotos derivadas de proteobactérias por endossimbiose

Neisseria gonorrhea
causa gonorrea

Domíni
o

Bacteria

Filo Proteobacteria

Classe Betaproteobacteria

Ordem Neisseriales

Família Neisseriaceae

Gênero Neisseria

Espécie N. gonorrhea

Escherichia coli 
comensal, gastroenterite

Domínio Bacteria

Filo Proteobacteria

Classe Gammaproteobacteria

Ordem Enterobacterialles

Família Enterobacteriaceae

Gênero Escherichia

Espécie E. coli

Helicobacter pylori
úlceras, cancer estomacal

Domíni
o

Bacteria

Filo Proteobacteria

Classe Epsilonproteobacteria

Ordem Campylobacterales

Família Helicobacteraceae

Gênero Helicobacter

Espécie H. pylori
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!e relationship between the normal microbiota and the 
host is called symbiosis, a relationship between two organ-
isms in which at least one organism is dependent on the other 
(Figure 14.2). In the symbiotic relationship called commensal-
ism, one of the organisms bene"ts, and the other is una#ected. 
Many of the microorganisms that make up our normal micro-
biota are commensals; these include staphylococcus epidermidis 
that inhabit the surface of the skin, the corynebacteria that in-
habit the surface of the eye, and certain saprophytic mycobac-
teria that inhabit the ear and external genitals. !ese bacteria 
live on secretions and sloughed-o# cells, and they bring no ap-
parent bene"t or harm to the host.

Mutualism is a type of symbiosis that bene"ts both organisms. 
For example, the large intestine contains bacteria, such as E. coli, 
that synthesize vitamin K and some B vitamins. !ese vitamins 
are absorbed into the bloodstream and distributed for use by 
body cells. In exchange, the large intestine provides nutrients 
used by the bacteria, resulting in their survival.

Recent genetics studies have found hundreds of antibiotic-
resistance genes in the intestinal bacteria. It may seem desir-
able to have these bacteria survive while a person is taking 
antibiotics for an infectious disease; however, these bene"cial 
bacteria may be able to transfer antibiotic-resistance genes to 
pathogens.

In still another kind of symbiosis, one organism bene"ts 
by deriving nutrients at the expense of the other; this relation-
ship is called parasitism. Many disease-causing bacteria are 
parasites.

Opportunistic Microorganisms
Although categorizing symbiotic relationships by type is conve-
nient, keep in mind that under certain conditions the relationship 

can change. For example, given the proper circumstances, a 
mutualistic organism, such as E. coli, can become harmful. 
E. coli is generally harmless as long as it remains in the large 
intestine; but if it gains access to other body sites, such as the 
urinary bladder, lungs, spinal cord, or wounds, it may cause 
urinary tract infections, pulmonary infections, meningitis, 
or abscesses, respectively. Microbes such as E. coli are called 
opportunistic pathogens. !ey ordinarily do not cause dis-
ease in their normal habitat in a healthy person but may do so 
in a di#erent environment. For example, microbes that gain  
access through broken skin or mucous membranes can cause 
opportunistic infections. Or, if the host is already weakened or 
compromised by infection, microbes that are usually harmless 
can cause disease. AIDS is o$en accompanied by a common  
opportunistic infection, Pneumocystis pneumonia, caused by 
the opportunistic organism Pneumocystis jirovecii (see Fig-
ure 24.20, page 705). !is secondary infection can develop in 
AIDS patients because their immune systems are suppressed. 
Before the AIDS epidemic, this type of pneumonia was rare. 
Opportunistic pathogens possess other features that contribute 
to their ability to cause disease. For example, they are present 
in or on the body or in the external environment in relatively 
large numbers. Some opportunistic pathogens may be found in 
locations in or on the body that are somewhat protected from 
the body’s defenses, and some are resistant to antibiotics.

In addition to the usual symbionts, many people carry other 
microorganisms that are generally regarded as pathogenic but 
that may not cause disease in those people. Among the patho-
gens that are frequently carried in healthy individuals are 
echoviruses (echo comes from enteric cytopathogenic human 
orphan), which can cause intestinal diseases, and adenoviruses, 
which can cause respiratory diseases. Neisseria meningitidis, 

Figure 14.2 Symbiosis.

Q   Which type of symbiosis is best represented by the relationship between humans and E. coli?

Commensalism: One organism benefits, and the
other is unaffected

SYMBIOSIS

μ2.5   m μ5   m 0.5 nm

Mutualism: Both organisms benefit Parasitism: One organism benefits at the expense
of the other

(a) Staphylococcus 
epidermidis on the skin

(b) E. coli bacteria (lavender) 
in the large intestine

(c) H1N1 virus particles 
(orange) on a host cell (green)

SEM SEM SEM

314 PART TWO  A Survey of the Microbial World

Figure 11.13 Clostridium di!cile. The endospores of clostridia 
usually distend the cell wall, as shown here. The bacterial cell containing 
the endospore is dehydrated and flattened as a result of prepararion for 
electron microcopy.

Q     What physiological characteristic of Clostridium makes it a 
problem in contamination of deep wounds?

SEM 2   mμ

Endospore

Figure 11.12 Helicobacter pylori. H. pylori, a curved rod, is an 
example of a helical bacterium that does not make a complete twist.

Q    How do helical bacteria di!er from spirochetes?

Flagella

TEM μ1   m

Clostridiales

Clostridium Members of the genus Clostridium (klôs-triʹ    dē-um) 
are obligate anaerobes. #e rod-shaped cells contain endo-
spores that usually distend the cell (Figure 11.13). #e forma-
tion of endospores by bacteria is important to both medicine 
and the food industry because of the endospore’s resistance 
to heat and many chemicals. Diseases associated with clos-
tridia include tetanus (page 621), caused by C. tetani (teʹ tan-e); 
botulism (page 622), caused by C. botulinum (bo-tū-līʹ num); 
and gas gangrene (page 652), caused by C. perfringens (per-
frinʹ jens) and other clostridia. C. perfringens is also the cause of 
a common form of foodborne diarrhea. C. di!cile (dif ʹ &-sē-il) 
is an inhabitant of the intestinal tract that may cause a serious 
diarrhea (page 726). #is occurs only when antibiotic therapy 
alters the normal intestinal microbiota, allowing overgrowth 
by toxin-producing C. di!cile.

Epulopiscium Biologists have long considered bacteria to be 
small by necessity because they lack the nutrient transport 
systems used by higher, eukaryotic organisms and because they 
depend on simple di'usion to obtain nutrients. #ese char-
acteristics would seem to critically limit size. So, when a cigar-
shaped organism living symbiotically in the gut of the Red Sea 
surgeon&sh was &rst observed in 1985, it was considered to be a 
protozoan. Certainly, its size suggested this: the organism was as 
large as 80 μm × 600 μm—over half a millimeter in length—large 
enough to be seen with the unaided eye (Figure 11.14). Compared 
to the familiar bacterium E. coli, which is about 1 μm × 2 μm, 
this organism would be about a million times larger in volume.

The Gram-Positive Bacteria
LEARNING OBJECTIVES
11-6  Di!erentiate the genera of "rmicutes described in this chapter 

by drawing a dichotomous key.

11-7 Di!erentiate the actinobacteria described in this chapter by 
drawing a dichotomous key.

#e gram-positive bacteria can be divided into two groups: those 
that have a high G + C ratio, and those that have a low G + C 
ratio (see “Nucleic Acids,” page 44). To illustrate the variations in  
G + C ratio, the genus Streptococcus has a low G + C content of 33 
to 44%; and the genus Clostridium has a low content of 21 to 54%. 
Included with the gram-positive, low G + C bacteria are the my-
coplasmas, even though they lack a cell wall and therefore do not 
have a Gram reaction. #eir G + C ratio is 23 to 40%.

By contrast, &lamentous actinomycetes of the genus Strep-
tomyces have a high G + C content of 69 to 73%. Gram-positive 
bacteria of a more conventional morphology, such as the genera 
Corynebacterium and Mycobacterium, have a G + C content of 
51 to 63% and 62 to 70%, respectively.

#ese bacterial groups are placed into separate phyla, the 
Firmicutes (low G + C ratios) and Actinobacteria (high G + 
C ratios).

Firmicutes (Low G + C  
Gram-Positive Bacteria)
Low G + C gram-positive bacteria are assigned to the phylum  
Firmicutes. #is group includes important endospore-forming 
bacteria such as the genera Clostridium and Bacillus. Also of 
extreme importance in medical microbiology are the genera 
Staphylococcus, Enterococcus, and Streptococcus. In industrial mi-
crobiology, the genus Lactobacillus, which produces lactic acid, is 
well known. #e mycoplasma, which do not possess a cell wall, 
are also found in this phylum.
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One species that is used in industrial microbiology is described in 
the box in Chapter 28 on page 808.

Beggiatoa Beggiatoa alba (bej ʹ jē-ä-tō-ä al ʹ ba), the only species 
of this unusual genus, grows in aquatic sediments at the inter-
face between the aerobic and anaerobic layers. Morphologically, 
it resembles certain $lamentous cyanobacteria (page 320), but it 
is not photosynthetic. Motility is by gliding. %e mechanism is 
the production of slime, which attaches to the surface on which 
movement occurs and also provides lubrication allowing the 
organism to glide.

Nutritionally B. alba uses hydrogen sul$de (H2S) as an energy 
source and accumulates internal granules of sulfur. %e ability of 
this organism to obtain energy from an inorganic compound was 
an important factor in the discovery of autotrophic metabolism.

Francisella Francisella (franʹ sis-elʹ   lä) is a genus of small, pleo-
morphic bacteria that grow only on complex media enriched with 
blood or tissue extracts. Francisella tularensis (tüʹ  lär-en-sis) causes 
the disease tularemia. (See the box in Chapter 23, page 651.)

Pseudomonadales
Members of the order Pseudomonadales are gram-negative  
aerobic rods or cocci. %e most important genus in this group is 
Pseudomonas.

Pseudomonas A very important genus, Pseudomonas (sū-dō-
mōʹ nas) consists of aerobic, gram-negative rods that are motile by 
polar 'agella, either single or tu(s (Figure 11.7). Pseudomonads 
are very common in soil and other natural environments.

(melioidosis) endemic in southeast Asia and northern Australia 
(page 697).

Bordetella Of special importance is the nonmotile, aerobic, 
gram-negative rod Bordetella pertussis (bôrʹ de-tel-lä pėr-tusʹ sis). 
%is serious pathogen is the cause of pertussis, or whooping 
cough (page 687).

Neisseria Bacteria of the genus Neisseria (nī-seʹ rē-ä) are aerobic, 
gram-negative cocci that usually inhabit the mucous membranes 
of mammals. Pathogenic species include the gonococcus bacte-
rium Neisseria gonorrhoeae (go-nôr-rē ʹ ī), the causative agent of 
gonorrhoea (page 754, Figure 11.6, and the box in Chapter 26, 
page 757), and N. meningitidis (men-nin-jiʹ ti-dis), the agent of 
meningococcal meningitis (page 618).

Zoogloea %e genus Zoogloea (zōʹ  ō-glē-ä) is important in the con-
text of aerobic sewage-treatment processes, such as the activated 
sludge system (see Figure 27.21, page 793). As they grow, Zoogloea 
bacteria form 'u+y, slimy masses that are essential to the proper 
operation of such systems.

CHECK YOUR UNDERSTANDING

✓ Make a dichotomous key to distinguish the betaproteobacteria 
described in this chapter. 11-2

The Gammaproteobacteria
%e gammaproteobacteria constitute the largest subgroup of the 
proteobacteria and include a great variety of physiological types. 

Figure 11.6 The gram-negative coccus Neisseria gonorrhoeae. Notice 
the paired arrangement (diplococci). The fimbriae enable the organism 
to attach to mucous membranes. 

Q     How do !mbriae contribute to pathogenicity?

Capsule

Fimbriae

SEM 0.4   mμ Figure 11.7 Pseudomonas. This photo of a pair of Pseudomonas 
bacteria shows polar flagella that are a characteristic of the genus. In 
some species only a single flagellum is present (see Figure 4.7b, page 80). 
Note that one cell (on the bottom) is beginning to divide.

Q     How does the nutritional diversity of these bacteria make them a 
problem in hospitals?

μ1   mTEM



• Grande importância 
ecológica: ciclos de 
carbono, oxigênio e 
nitrogênio

• Modo de vida livre ou 
comensal (plantas) 

• Células isoladas ou 
colônias

• Utilizam clorofila-A para 
fotossíntese e liberam 
gás oxigênio

• Deram origem aos 
cloroplastos por 
endossimbiose

• Possuem sistema de 
membrana interna 
(tilacóides) semelhante 
ao dos cloroplastos

Cianobactérias

Anabaena
Espécie fixadora de nitrogênio

Synechococcus
Espécie de ambientes

marinhos e águas termais

Cloroplasto



• Morfologia e modos de locomoção únicos

• Possuem forma de um longo cilindro em espiral, parecidas com saca-rolhas

• Possuem um filamento axial e endoflagelo no espaço periplásmico

• Muitas são parasitas de seres humanos. Outros vivem em lamas ou água

Borrelia burgdorferi
causador da doença de Lyme

Treponema pallidum
causador da sífilis 

Espiroquetas

Endoflagelo
corte transversal
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Figure 11.13 Clostridium di!cile. The endospores of clostridia 
usually distend the cell wall, as shown here. The bacterial cell containing 
the endospore is dehydrated and flattened as a result of prepararion for 
electron microcopy.

Q     What physiological characteristic of Clostridium makes it a 
problem in contamination of deep wounds?

SEM 2   mμ

Endospore

Figure 11.12 Helicobacter pylori. H. pylori, a curved rod, is an 
example of a helical bacterium that does not make a complete twist.

Q    How do helical bacteria di!er from spirochetes?

Flagella

TEM μ1   m

Clostridiales

Clostridium Members of the genus Clostridium (klôs-triʹ    dē-um) 
are obligate anaerobes. #e rod-shaped cells contain endo-
spores that usually distend the cell (Figure 11.13). #e forma-
tion of endospores by bacteria is important to both medicine 
and the food industry because of the endospore’s resistance 
to heat and many chemicals. Diseases associated with clos-
tridia include tetanus (page 621), caused by C. tetani (teʹ tan-e); 
botulism (page 622), caused by C. botulinum (bo-tū-līʹ num); 
and gas gangrene (page 652), caused by C. perfringens (per-
frinʹ jens) and other clostridia. C. perfringens is also the cause of 
a common form of foodborne diarrhea. C. di!cile (dif ʹ &-sē-il) 
is an inhabitant of the intestinal tract that may cause a serious 
diarrhea (page 726). #is occurs only when antibiotic therapy 
alters the normal intestinal microbiota, allowing overgrowth 
by toxin-producing C. di!cile.

Epulopiscium Biologists have long considered bacteria to be 
small by necessity because they lack the nutrient transport 
systems used by higher, eukaryotic organisms and because they 
depend on simple di'usion to obtain nutrients. #ese char-
acteristics would seem to critically limit size. So, when a cigar-
shaped organism living symbiotically in the gut of the Red Sea 
surgeon&sh was &rst observed in 1985, it was considered to be a 
protozoan. Certainly, its size suggested this: the organism was as 
large as 80 μm × 600 μm—over half a millimeter in length—large 
enough to be seen with the unaided eye (Figure 11.14). Compared 
to the familiar bacterium E. coli, which is about 1 μm × 2 μm, 
this organism would be about a million times larger in volume.

The Gram-Positive Bacteria
LEARNING OBJECTIVES
11-6  Di!erentiate the genera of "rmicutes described in this chapter 

by drawing a dichotomous key.

11-7 Di!erentiate the actinobacteria described in this chapter by 
drawing a dichotomous key.

#e gram-positive bacteria can be divided into two groups: those 
that have a high G + C ratio, and those that have a low G + C 
ratio (see “Nucleic Acids,” page 44). To illustrate the variations in  
G + C ratio, the genus Streptococcus has a low G + C content of 33 
to 44%; and the genus Clostridium has a low content of 21 to 54%. 
Included with the gram-positive, low G + C bacteria are the my-
coplasmas, even though they lack a cell wall and therefore do not 
have a Gram reaction. #eir G + C ratio is 23 to 40%.

By contrast, &lamentous actinomycetes of the genus Strep-
tomyces have a high G + C content of 69 to 73%. Gram-positive 
bacteria of a more conventional morphology, such as the genera 
Corynebacterium and Mycobacterium, have a G + C content of 
51 to 63% and 62 to 70%, respectively.

#ese bacterial groups are placed into separate phyla, the 
Firmicutes (low G + C ratios) and Actinobacteria (high G + 
C ratios).

Firmicutes (Low G + C  
Gram-Positive Bacteria)
Low G + C gram-positive bacteria are assigned to the phylum  
Firmicutes. #is group includes important endospore-forming 
bacteria such as the genera Clostridium and Bacillus. Also of 
extreme importance in medical microbiology are the genera 
Staphylococcus, Enterococcus, and Streptococcus. In industrial mi-
crobiology, the genus Lactobacillus, which produces lactic acid, is 
well known. #e mycoplasma, which do not possess a cell wall, 
are also found in this phylum.

• Grupo diverso de bactérias Gram-positivas
• Também conhecidas como bactérias Gram+ de baixo G+C%, em virtude 

da frequência das bases guanina (G) e citosina (C) no seu DNA ser, 
média, menor que 50%

• Inclui várias espécies patôgenicas de grande importância médica, como 
os membros dos gêneros Staphylococcus, Clostridium e Streptococcus

• Muitas espécies importantes vivem no solo (Bacillus) e podem 
representar risco à saúde (Bacillus anthracis)

• Outras gêneros, como Lactobacillus, inclue espécies importantes na 
microbiota e que contribuem para a saúde humana

Firmicutes

Clostridium difficile
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Figure 11.16 Staphylococcus aureus. Notice the grapelike clusters of 
these gram-positive cocci.

Q    What is an environmental advantage of a pigment?

SEM 1   mμ

Figure 11.17 Streptococcus. Notice the chains of cells characteristic 
of most streptococci. Many of the spherical cells are dividing and are 
somewhat oval in appearance—especially when viewed with a light  
microscope, which has lower magnification than this electron 
micrograph.

Q     How does the arrangement of Streptococcus di!er from 
Staphylococcus?

SEM
1   mμ

Lactobacillales
Several important genera are found in the order Lactobacillales. 
!e genus Lactobacillus is a representative of the industrially im-
portant lactic acid–producing bacteria. Most lack a cytochrome 
system and are unable to use oxygen as an electron acceptor. Un-
like most obligate anaerobes, though, they are aerotolerant and 
capable of growth in the presence of oxygen. But compared to 
oxygen-utilizing microbes, they grow poorly. However, the produc-
tion of lactic acid from simple carbohydrates inhibits the growth 
of competing organisms and allows them to grow competitively in 
spite of their ine"cient metabolism. !e genus Streptococcus shares 
the metabolic characteristics of the genus Lactobacillus. !ere are 
several industrially important species, but the streptococci are 
best known for their pathogenicity. !e genera Enterococcus and 
Listeria are more conventional metabolically. Both are facultative 
anaerobes, and several species are important pathogens.

Lactobacillus In humans, bacteria of the genus Lactobacillus 
(lak-tō-bä-silʹ lus) are located in the vagina, intestinal tract, and 
oral cavity. Lactobacilli are used commercially in the produc-
tion of sauerkraut, pickles, buttermilk, and yogurt. Typically, a 
succession of lactobacilli, each more acid tolerant than its prede-
cessor, participates in these lactic acid fermentations.

Streptococcus Members of the genus Streptococcus (strep-
tō-kokʹ kus) are spherical, gram-positive bacteria that typi-
cally appear in chains (Figure 11.17). !ey are a taxonomically 

are sold in gardening supply shops to be sprayed on plants. 
Bacillus cereus (seʹ rē-us) (Figure 11.15b) is a common bacterium in 
the environment and occasionally is identi&ed as a cause of food 
poisoning, especially in starchy foods such as rice (page 726).

!e three species of the genus Bacillus that we have just 
described are dramatically di'erent in important ways, especially 
their disease-causing properties. However, they are so closely re-
lated that taxonomists consider them to be variants of a single 
species, di'ering almost entirely in genes carried on plasmids, 
which are easily transferred from one bacterium to another.

Staphylococcus Staphylococci typically occur in grapelike 
clusters (Figure 11.16). !e most important staphylococcal 
species is Staphylococcus aureus (staf-i-lō-kokʹ kus ôʹ rē-us), 
which is named for its yellow-pigmented colonies (aureus = 
golden). Members of this species are facultative anaerobes.

Some characteristics of the staphylococci account for their 
pathogenicity, which takes many forms. !ey grow compara-
tively well under conditions of high osmotic pressure and low 
moisture, which partially explains why they can grow and sur-
vive in nasal secretions (many of us carry the bacteria in our nos-
trils) and on the skin. !is also explains how S. aureus can grow 
in some foods with high osmotic pressure (such as ham and other 
cured meats) or in low-moisture foods that tend to inhibit the 
growth of other organisms. !e yellow pigment probably confers 
some protection from the antimicrobial e'ects of sunlight.

S. aureus produces many toxins that contribute to the 
bacterium’s pathogenicity by increasing its ability to invade the 
body or damage tissue. !e infection of surgical wounds by S. au-
reus is a common problem in hospitals. And its ability to develop 
resistance quickly to such antibiotics as penicillin contributes to its 
danger to patients in hospital environments. (See the box in Chap-
ter 14, page 423.) S. aureus produces the toxin responsible for toxic 
shock syndrome, a severe infection characterized by high fever and  
vomiting, sometimes even death. S. aureus also produces an 
enterotoxin that causes vomiting and nausea when ingested; it is 
one of the most common causes of food poisoning (page 717).

Streptococcus Bacillus subtilis



• Juntas com Fusobacterium e Cytophaga, formam o grupo CFB

• Bacilos Gram-negativos de ambientes anaeróbicos (trato
gastrointestinal, incluindo a boca (Fusobacterium)

• São fermentadores capazes de processar celulose (no estômago de 
ruminantes) ou de contribuir para a digestão de alimentos de origem
vegetal (em humanos)

Bacteroidetes e grupos relacionados

• Algumas poucas espécies de 
Bacteroidetes podem ser patógenos
oportunista e provocar disbioses, como
Bacteroides melaninogenicus, que pode
infectar feridas em pacientes com 
imunidade comprometida

• Espécies do gênero Bacteoides formam
cerca de 30% da microbiota normal em
humanos

Bacteroides



• Bactérias Gram-positivas com alto conteúdo de G+C% (> 50%)

• Incluem muitas espécies patogênicas importantes, como os gêneros Mycobacterium 
(tuberculose e hanseníase), Nocardia e outros

• Actinobactérias da famílias Streptomycetaceae (Streptomyces, Kitasatospora)
podem crescer na forma de micélios macroscópicos com múltiplos núcleos e são a 
principal fonte de antibióticos para a indústria farmacêutica

• Membros do gênero Propionibacterium vivem nos poros da pele e podem contribuir
para a formação da acne

• Espécies do gênero Bifidobacterium vivem no intestino e contribuem positivamente
na sua regulação e homeostase

Actinobacteria

Mycobacterium tuberculosis
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and ecologically unrelated to Propionibacterium, but energetic
aspects of its fermentation are of considerable interest. We dis-
cussed the mechanism of the Propionigenium fermentation in
Section 14.4.

MiniQuiz
• What is snapping division and what organism exhibits it?
• What organism is involved in the production of Swiss cheese,

and what products does it make that help to flavor the cheese
and make the holes?

18.5 Actinobacteria: Mycobacterium
Key Genus: Mycobacterium
The genus Mycobacterium consists of rod-shaped organisms that
at some stage of their growth cycle possess the distinctive stain-
ing property called acid-fastness. This property is due to the
presence of unique lipids called mycolic acids, found only in
species of the genus Mycobacterium, on the surface of the
mycobacterial cell. Mycolic acids are a group of complex
branched-chain hydroxylated lipids (Figure 18.15) covalently
bound to peptidoglycan in the cell wall; the complex gives the cell
surface a waxy, hydrophobic consistency.

Because of their waxy surface, mycobacteria do not stain well
with Gram stain. A mixture of the red dye basic fuchsin and phe-
nol is used in the acid-fast (Ziehl–Neelsen) stain. The stain is
driven into the cells by slow heating and the role of the phenol is
to enhance penetration of the fuchsin into the lipids. After wash-
ing in distilled water, the preparation is decolorized with acid
alcohol and counterstained with methylene blue. Cells of acid-
fast organisms stain red, whereas the background and non-
acid-fast organisms appear blue ( Figure 33.9).

Mycobacteria are somewhat pleomorphic and may undergo
branching or even filamentous growth. However, in contrast to
the filaments of the actinomycetes (Section 18.6), the filaments of

the mycobacteria become fragmented upon even the slight dis-
turbance and a true mycelium is not formed. In general,
mycobacteria can be separated into two major groups, slow
growers and fast growers (Table 18.8). Mycobacterium tuberculosis
is a typical slow grower, and visible colonies are produced 
from dilute inoculum only after days to weeks of incubation.
When growing on solid media, mycobacteria form tight,
compact, often wrinkled colonies (Figure 18.16). This colony
morphology is probably due to the high lipid content and
hydrophobic nature of the cell surface, which facilitate cells stick-
ing together.

For the most part, mycobacteria have relatively simple nutri-
tional requirements. Most species can grow aerobically in a
simple mineral salts medium with ammonium as the nitrogen
source and glycerol or acetate as the sole carbon source and
electron donor. Growth of M. tuberculosis is more difficult and is
stimulated by lipids and fatty acids. A glycerol–egg medium
(Lowenstein–Jensen medium; eggs are a good source of lipids) is
often used in primary isolation of M. tuberculosis from patient
specimens. The virulence of M. tuberculosis cultures has 
been correlated with the formation of long, cordlike structures

Figure 18.15 Acid-fast staining. Structure of (a) mycolic acid and 
(b) basic fuchsin, the dye used in the acid-fast stain. The fuchsin dye
combines with mycolic acids in the cell wall via ionic bonds between
COO– and NH2

+.

CH2N NH2
+ Cl–

NH2

R1 C C COO–

H

OH

H

R2

(a) Mycolic acid; R1 and
R2 are long-chain
aliphatic hydrocarbons

(b) Basic fuchsin 

Figure 18.16 Characteristic colony morphology of mycobacteria. (a) Mycobacterium tuberculosis,
showing the compact, wrinkled appearance of the colony. The colony is about 7 mm in diameter. (b) A
colony of virulent M. tuberculosis at an early stage, showing the characteristic cordlike growth. Individual
cells are about 0.5 !m in diameter. (See also the historic drawings of M. tuberculosis cells made by Robert
Koch, Figure 1.20). (c) Colonies of Mycobacterium avium from a strain of this organism isolated as an
opportunistic pathogen from an AIDS patient.
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Isolation of Streptomyces from soil is relatively easy: A suspen-
sion of soil in sterile water is diluted and spread on selective agar
medium, and the plates are incubated aerobically at 25°C (
Figure 15.4). Media selective for Streptomyces contain mineral
salts plus polymeric substances such as starch or casein as
organic nutrients. Streptomycetes typically produce extracellular
hydrolytic enzymes that permit utilization of polysaccharides
(starch, cellulose, and hemicellulose), proteins, and fats, and

some strains can use hydrocarbons, lignin, tannin, and other
polymers. After incubation for 5–7 days in air, the plates are
examined for the presence of the characteristic Streptomyces
colonies (Figure 18.22 and Figure 18.23), and spores from
colonies can be restreaked to isolate pure cultures.

Antibiotics of Streptomyces
Perhaps the most striking physiological property of the strepto-
mycetes is the extent to which they produce antibiotics (Table
18.10 on page 533). Evidence for antibiotic production is often
seen on the agar plates used in their initial isolation: Adjacent
colonies of other bacteria show zones of inhibition (Figures
18.22a and 18.23a; Figure 15.4).

About 50% of all Streptomyces isolated have been found to be
antibiotic producers. Over 500 distinct antibiotics are produced
by streptomycetes and many more are suspected ( Sections
15.4 and 26.7); most of these have been identified chemically
(Figure 18.23b). Some species produce more than one antibiotic,
and often the several kinds produced by one organism are chem-
ically unrelated. Although an antibiotic-producing organism is
resistant to its own antibiotics, it usually remains sensitive to
antibiotics produced by other streptomycetes. Many genes are
required to encode the enzymes for antibiotic synthesis, and
because of this, the genomes of Streptomyces species are typically
quite large (8 megabase pairs and larger; Table 12.1). More

Figure 18.19 Spore-bearing structures of actinomycetes. Phase-
contrast micrographs. (a) Streptomyces, a monoverticillate type. 
(b) Streptomyces, a closed spiral type. Filaments are about 0.8 !m wide
in both types. Compare these photos with the art in Figure 18.21.
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Figure 18.20 Spore formation in Streptomyces. Diagram of stages
in the conversion of an aerial hypha (sporophore) into spores (conidia).

Growth
phase

Tip
curls

Partitioning
of tip

Cell walls
thicken
and constrict

Spores
mature

Figure 18.21 Morphologies of spore-bearing structures in the
streptomycetes. A given species of Streptomyces produces only one
morphological type of spore-bearing structure. The term “verticillate”
means “whorls.”
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Figure 11.20 Actinomyces. Notice the branched filamentous 
morphology.

Q    Why are these bacteria not classi!ed as fungi?
CHECK YOUR UNDERSTANDING

✓ What group of bacteria makes most of the commercially 
important antibiotics? 11-7

The Nonproteobacteria  
Gram-Negative Bacteria
LEARNING OBJECTIVES
11-8 Di"erentiate among planctomycetes, chlamydias, Bacteroidetes, 

Cytophaga, and Fusobacteria by drawing a dichotomous key.

11-9    Compare and contrast purple and green photosynthetic 
bacteria with the cyanobacteria.

!ere are a number of important gram-negative bacteria that 
are not closely related to the gram-negative proteobacteria 
that were discussed earlier in the chapter. !ey include 
several physiologically and morphologically distinctive pho-
tosynthesizing bacteria, such as those included in the phyla 
Cyanobacteria (cyanobacteria), Chlorobi and Chloro"exi. !e 
cyanobacteria produce oxygen during photosynthesis (are 
oxygenic), and the green sulfur and green nonsulfur bacte-
ria do not produce oxygen (are anoxygenic). !ese groups are 
summarized in Table 11.2.

Cyanobacteria (The Oxygenic 
Photosynthetic Bacteria)
!e cyanobacteria, named for their characteristic blue-green 
(cyan) pigmentation, were once called blue-green algae. 
Although they resemble the eukaryotic algae and o#en 
occupy the same environmental niches, this is a misnomer 
because they are bacteria; algae are not. However, cyanobacte-
ria do carry out oxygenic photosynthesis, as do the eukaryotic 

reproductive asexual spores of Streptomyces are formed at the 
ends of aerial $laments. If each spore lands on a suitable sub-
strate, it is capable of germinating into a new colony. !ese 
organisms are strict aerobes. !ey o#en produce extracellu-
lar enzymes that enable them to utilize proteins, polysaccha-
rides (such as starch and cellulose), and many other organic 
materials found in soil. Streptomyces characteristically pro-
duce a gaseous compound called geosmin, which gives fresh 
soil its typical musty odor. Species of Streptomyces are valu-
able because they produce most of our commercial antibiotics 
(see Table 20.1, page 560). !is has led to intensive study of the 
genus—there are nearly 500 described species.

Actinomyces !e genus Actinomyces (ak-tin-ō-mīʹ sēs) consists 
of facultative anaerobes that are found in the mouth and throat 
of humans and animals. !ey occasionally form $laments that 
can fragment (Figure 11.20). One species, Actinomyces israelii 
(is-rā ʹ lē-ē), causes actinomycosis, a tissue-destroying disease 
usually a*ecting the head, neck, or lungs.

Nocardia !e genus Nocardia (nō-kär ʹ dē-ä) morphologically 
resembles Actinomyces; however, these bacteria are aerobic. To 
reproduce, they form rudimentary $laments, which fragment 
into short rods. !e structure of their cell wall resembles that of 
the mycobacteria; therefore, they are o#en acid-fast. Nocardia 
species are common in soil. Some species, such as Nocardia 
asteroides (asʹ ter-oi-dēz), occasionally cause a chronic, di+cult-
to-treat pulmonary infection. N. asteroides is also one of the 
causative agents of mycetoma, a localized destructive infection 
of the feet or hands.

Clinical Case
The blood agar and Gram stain results show beta-hemolytic 
streptococci. Dr. Walker sends a request to the lab for 
Lance!eld typing (see Chapter 1, page 14) of the blood 
culture to !nd out which Streptococcus species is causing 
Mercy’s meningitis. The results con!rm the presence of 
the group B Lance!eld antigen, thus verifying a diagnosis 
of group B Streptococcus (GBS), or S. agalactiae, infection. 
Although Mercy’s mother tested negative for GBS when  
she was pregnant, Dr. Walker asks that Mercy’s mother  
be retested. This time the results come back positive.

What is GBS?
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Principais Grupos Bactérias
Exercício

Os slides anteriores mencionaram algumas características de seis grupos importantes de bactérias. 
Muitos outros grupos não foram abordados.

Navegando nos sites abaixo, familliarize-se com os nomes de outros grupos de procariotos tais como, 
por exemplo, Chlamydia e Arquaea. 

https://eol.org
http://www.bacterio.net/-classifphyla.html
http://tolweb.org/tree/
https://www.itis.gov

Quando tiver escolhido três grupos faça buscas, naWeb e nos livros texto da disciplina, pelas
seguintes características dos grupos escolhidos:
• Coloração de Gram mais comum no grupo (e exceções, se houver)
• Forma das células
• Detalhes do metabolismo (aeróbica ou anaeróbica, se é fermentadora)
• Variações na composição da parede celular

https://eol.org/
http://www.bacterio.net/-classifphyla.html
http://tolweb.org/tree/
https://www.itis.gov/
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