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Nonsporulating, low GC

In this section we consider genera of lactic acid bacteria and their relatives, classical

nonsporulating gram-positive rods and cocci, and some relatives. We also consider

Micrococcus here, although it is actually a member of the Actinobacteria, because it is

morphologically quite similar to Staphylococcus

TIP-FTP-UB-2016
Distinguishing features of major gram-positive cocci
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Nonsporulating, low GC
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Staphylococcus

(a) Scanning electron micrograph of

typical Staphylococcus aureus cells,

showing the irregular arrangement of

the cell clusters. Individual cells are

about 0.8 m in diameter.

(b) Transmission electron micrograph of a

dividing cell of S. aureus. Note the

thick gram-positive cell wall.



Nonsporulating, low GC
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Sarcina

(a) Phase-contrast photomicrograph of

cells of a typical gram-positive coccus

Sarcina. A single cell is about 2 m in

diameter.

(b) Electron micrograph of a thin section.

The outermost layer of the cell consists

of cellulose.
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Lactic Acid Bacteria and Lactic Acid Fermentations

Differentiation of the principal genera of lactic acid bacteria
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Nonsporulating, low GC
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Streptococcus and Other Cocci

(a) Lactococcus lactis, phasecontrast micrograph. 

(b) Streptococcus sp., scanning electron micrograph. Cells in both

photos are 0.5–1 m in diameter



Nonsporulating, low GC
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Lactobacillus

Differential characteristics of streptococci, lactococci, and enterococci

Lactobacillus species.

(a) Lactobacillus acidophilus, phase-contrast. Cells are about 0.75 µm wide.

(b) Lactobacillus brevis, transmission electron micrograph. Cells measure about 0.8x2 µm.

(c) Lactobacillus delbrueckii, scanning electron micrograph. Cells are about 0.7 µm in diameter.
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Listeria

 Listeria are gram-positive coccobacilli that tend to form chains of three

to five cells.

 Listeria is phylogenetically related to Lactobacillus species, and like

homofermentative lactic acid bacteria, they produce acid but not gas

from glucose.

 True lactic acid bacteria, however, are capable of growth under strictly

anoxic conditions and lack the enzyme catalase. Listeria, in contrast,

requires microoxic or fully oxic conditions for growth and produces

catalase.

 Although several species of Listeria are known, the species Listeria

monocytogenes is most noteworthy because it causes a major

foodborne illness, listeriosis.

 The organism is transmitted in contaminated, usually ready-to-eat foods,

such as cheese and sausages, and can cause anything from a mild

illness to a fatal form of meningitis.
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Endospore forming, low GC
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Major genera of endospore-forming bacteria

Clostridium species and endospore

location

(a) Clostridium cadaveris, terminal 

endospores. Cells are about 0.9 µm 

wide. 

(b) Clostridium sporogenes, subterminal

endospores. Cells are about 1 µm wide. 

(c) Clostridium bifermentans, central 

endospores. Cells are about 1.2 µm 

wide. All are phase-contrast 

micrographs.
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Bacillus and Paenibacillus

Characteristics of representative species of bacilli
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Bacillus and Paenibacillus

• The toxic parasporal crystal in the insect pathogen

• Bacillus thuringiensis. Electron micrograph of a thin section of a sporulating

• cell. The crystalline protein (Bt toxin) is toxic to certain insects by

• causing lysis of their intestinal cells.
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Endospore forming, low GC
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Clostridium
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Sporosarcina

Sporosarcina ureae

Phase-contrast micrograph. A single cell is about 2 m wide. Note bright refractile

endospores. Most cell packets contain eight cells.



Endospore forming, low GC
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Heliobacteria

Cells and endospores of heliobacteria.

(a) Electron micrograph of Heliobacillus mobilis, a peritrichously flagellated

species.

(b) Heliophilum fasciatum cell bundles as observed by electron microscopy.

(c) Phase-contrast micrograph of endospores from Heliobacterium gestii.
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Coryneform and propionic acid bacteria
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Coryneform Bacteria

Snapping division in

Arthrobacter

Phase-contrast micrograph

of characteristic V-shaped

cell groups in Arthrobacter

crystallopoietes resulting

from snapping division. Cells

are about 0.9 µm in

diameter.

Cell division in Arthrobacter

Transmission electron micrograph of cell division in

Arthrobacter crystallopoietes, illustrating how snapping

division and V-shaped cell groups arise.

(a) Before rupture of the outer cell wall layer (arrow).

(b) After rupture of the outer layer on one side. Cells are

0.9–1 µm in diameter.
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Coryneform Bacteria

Stages in the life cycle of Arthrobacter globiformis as observed in slide

culture.

(a) Single coccoid element;

(b–e) conversion to rod and growth of a microcolony consisting predominantly of

rods;

(f–g) conversion of rods to coccoid forms. Cells are about 0.9 m in diameter.
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Propionic Acid Bacteria

 The propionic acid bacteria (genus Propionibacterium) were first discovered in Swiss

(Emmentaler) cheese, where their fermentative production of CO2 produces the

characteristic holes and the propionic acid they produce is at least partly responsible

for the unique flavor of the cheese.

 The bacteria in this group are grampositive anaerobes that ferment lactic acid,

carbohydrates, and polyhydroxy alcohols, producing primarily propionic acid, acetic

acid, and CO2

 The fermentation of lactate is of interest because lactate itself is an end product of

fermentation for many bacteria

 The propionic acid bacteria are thus able to obtain energy anaerobically from a

product that other bacteria have produced by fermentation.

 This metabolic strategy is called a secondary fermentation.

 Propionate is also formed in the fermentation of succinate by the bacterium

Propionigenium.

 This organism is phylogenetically and ecologically unrelated to Propionibacterium, but

energetic aspects of its fermentation are of considerable interest.
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Actinomycetes
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The actinomycetes are a large group of phylogenetically related, filamentous

and aerobic gram-positive Bacteria. As a result of successful growth and

branching, a ramifying network of filaments called a mycelium is formed (figure).

Nocardia

A young colony of an actinomycete of the genus Nocardia, showing typical

filamentous cellular structure (mycelium). Each filament is about 0.8–1 µm in

diameter



Actinomycetes

TIP-FTP-UB-2016

Most actinomycetes form spores; the manner of spore formation varies and is 

used in separating subgroups



Actinomycetes
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Cont….



4/23/2016

8



Actinomycetes
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Streptomyces

• Over 500 species of Streptomyces are recognized. Streptomyces filaments

are typically 0.5–1.0 µm in diameter, are of indefinite length, and often lack

cross-walls in the vegetative phase.

• Streptomyces grow at the tips of the filaments, often showing branching.

• Streptomyces spores, called conidia, are quite distinct from the endospores of

Bacillus and Clostridium.

Spore-bearing structures of actinomycetes. Phasecontrast micrographs. 

(a) Streptomyces, a monoverticillate type. (b) Streptomyces, a closed spiral type. 

Filaments are about 0.8 m wide in both types.
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Streptomyces

Spore formation in Streptomyces. Diagram of stages in the conversion of an aerial 
hypha (sporophore) into spores (conidia).
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Streptomyces

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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Streptomyces

Streptomycetes

(a) Colonies of Streptomyces and other soil 

bacteria derived from spreading a soil 

dilution on a casein–starch agar plate. 

The Streptomyces colonies are of 

various colors (several black 

Streptomyces colonies are near the top 

of the plate) but can easily be identified 

by their opaque, rough, nonspreading

morphology.

(a) Close-up photo of colonies of 

Streptomyces coelicolor.



Actinomycetes
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Ecology and Isolation of Streptomyces

• Although a few streptomycetes are aquatic, they are primarily soil

organisms.

• In fact, the characteristic earthy odor of soil is caused by the production of a

series of complex metabolites all called geosmin by streptomycetes.

• Alkaline to neutral soils are more favorable for the development of

Streptomyces than are acid soils.

• Moreover, higher numbers of Streptomyces are found in well-drained soils

(such as sandy loams or soils covering limestone), where conditions are

more likely to be aerobic, than in waterlogged soils, which quickly become

anoxic.
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Antibiotics of Streptomyces

Antibiotics from Streptomyces.

(a) Antibiotic action of soil microorganisms on a crowded plate. The smaller colonies

surrounded by inhibition zones (arrows) are streptomycetes; the larger,

spreading colonies are Bacillus species, some of which are also producing

antibiotics.

(b) The red-colored antibiotic undecylprodigiosin is being excreted by colonies of S.

coelicolor


