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●The Gram-Positive Bacteria:  

The 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. 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 

mycoplasmas, even though they lack a cell wall and therefore do not have 

a Gram reaction. Their G + C ratio is 23 to 40%. By contrast, filamentous 

actinomycetes of the genus Streptomyces 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. These 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. This 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 microbiology, the genus Lactobacillus, 

which produces lactic acid, is well known. The mycoplasma, which do 

not possess a cell wall, are also found in this phylum.  



●Clostridiales:  

Clostridium Members of the genus Clostridium (klôs-triʹ dē-um) 

are obligate anaerobes. The rod-shaped cells contain endospores that 

usually distend the cell. The formation 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 clostridia include tetanus, caused by C. tetani (teʹ tan-e); botulism, 

caused by C. botulinum (bo-tū-līʹ num); and gas gangrene, caused by C. 

perfringens (perfrinʹjens) and other clostridia. C. perfringens is also the 

cause of a common form of foodborne diarrhea. C. difficile (dif ʹ fi-sē-il) 

is an inhabitant of the intestinal tract that may cause a serious diarrhea. 

This occurs only when antibiotic therapy alters the normal intestinal 

microbiota, allowing overgrowth by toxin-producing C. difficile. 

●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 diffusion to 

obtain nutrients. These characteristics would seem to critically limit size. 

So, when a cigarshaped organism living symbiotically in the gut of the 

Red Sea surgeonfish was first 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. 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. Further investigation of the new organism showed 

that certain external structures thought to resemble the cilia of protozoa 

were actually similar to bacterial flagella, and it did not have a 

membrane-enclosed nucleus. Ribosomal RNA analysis conclusively 



placed Epulopiscium (epʹ ū-lō-pis-ē-um) with the prokaryotes. (The name 

means “guest at the banquet of a fish.” It is literally bathed in 

semidigested food.) It most closely resembles gram-positive bacteria of 

the genus Clostridium. Strangely, the species Epulopiscium fishelsoni 

(fish-el-sō ʹ nē) does not reproduce by binary fission. Daughter cells 

formed within the cell are released through a slit opening in the parent 

cell. This may be related to the evolutionary development of sporulation. 

Recently it was discovered that this bacterium does not rely on diffusion 

to distribute nutrients. Instead, it makes use of its larger genetic 

capacity—it has 25 times as much DNA as a human cell and as many as 

85,000 copies of at least one gene—to manufacture proteins at internal 

sites where they are needed.  

●Bacillales:  

The order Bacillales includes several important genera of 

grampositive rods and cocci.  

●Bacillus: 

 Bacteria of the genus Bacillus are typically rods that produce 

endospores. They are common in soil, and only a few are pathogenic to 

humans. Several species produce antibiotics. Bacillus anthracis (ba-sil ʹ 

lus an-thrā ʹ sis) causes anthrax, a disease of cattle, sheep, and horses that 

can be transmitted to humans. It is often mentioned as a possible agent of 

biological warfare. The anthrax bacillus is a nonmotile facultative 

anaerobe, often forming chains in culture. The centrally located 

endospore does not distend the walls. Bacillus thuringiensis (thur-in-jē-en 

ʹ sis) is probably the best-known microbial insect pathogen. It produces 

intracellular crystals when it sporulates. Commercial preparations 

containing endospores and crystalline toxin (Bt) of this bacterium are sold 



in gardening supply shops to be sprayed on plants. Bacillus cereus (seʹ 

rē-us) is a common bacterium in the environment and occasionally is 

identified as a cause of food poisoning, especially in starchy foods such 

as rice. The three species of the genus Bacillus that we have just 

described are dramatically different in important ways, especially their 

disease-causing properties. However, they are so closely related that 

taxonomists consider them to be variants of a single species, differing 

almost entirely in genes carried on plasmids, which are easily transferred 

from one bacterium to another.  

●Staphylococcus:  

 Staphylococci typically occur in grapelike clusters. The 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. They grow comparatively well under conditions of 

high osmotic pressure and low moisture, which partially explains why 

they can grow and survive in nasal secretions (many of us carry the 

bacteria in our nostrils) and on the skin. This 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. The yellow pigment probably confers some 

protection from the antimicrobial effects 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. The infection 

of surgical wounds by S. aureus 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. 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. 

●Lactobacillales:  

Several important genera are found in the order Lactobacillales. 

The genus Lactobacillus is a representative of the industrially important 

lactic acid–producing bacteria. Most lack a cytochrome system and are 

unable to use oxygen as an electron acceptor. Unlike 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 production of lactic acid from simple 

carbohydrates inhibits the growth of competing organisms and allows 

them to grow competitively in spite of their inefficient metabolism. The 

genus Streptococcus shares the metabolic characteristics of the genus 

Lactobacillus. There are several industrially important species, but the 

streptococci are best known for their pathogenicity. The genera 

Enterococcus and Listeria are more conventional metabolically. Both are 

facultative anaerobes, and several species are important pathogens. 

 


