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• Prokaryotes thrive almost everywhere, including places too acidic, salty, 
cold, or hot for most other organisms

• There are more prokaryotes in a handful of fertile soil than the number 
of people who have ever lived

• Prokaryotes are divided into two domains: bacteria and archaea

Orange and yellow colonies of thermophilic prokaryotes grow 

in the hot water of Yellowstone National Park’s Grand Prismatic 

Spring

Hyperthermophilic bacteria that live on high-temperature, high-

pressure hydrothermal vents in the Pacific Ocean



• Most prokaryotes are unicellular

• Most prokaryotic cells are 0.5–5 µm, much smaller than the 10–100 µm of many 
eukaryotic cells

• Prokaryotic cells three most common shapes are spheres (cocci), rods (bacilli), 
and spirals

• Prokaryotes reproduce asexually quickly (some can divide every 10 min) by binary 
fission

(a) Spherical
(cocci)

1 µm

(b) Rod-shaped
(bacilli)

2 µm

(c) Spiral

5 µmhttps://learn.genetics.utah.edu/content/cells/scale/
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Prokaryotic Cell Structural Organization

1. Internal structures
– In all prokaryotes: cytoplasm, 

chromosome, and ribosomes
– In some prokaryotes: plasmids and 

endospores

2. Cell surface (envelope)
– In all prokaryotes: cytoplasmic 

membrane and cell wall
– In some prokaryotes: capsule

3. External structures
– In some prokaryotes: flagella and 

pili/fimbriae

Fimbriae

Capsule

Cell wall

Circular chromosome

Internal
organization

Flagella

Sex pilus
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Some Distinguishable Prokaryotic cell Structures 

Cell wall
– An important feature of nearly all prokaryotic cells is their cell wall, which maintains cell 

shape, provides physical protection, and prevents the cell from bursting in a hypotonic 
environment

– Bacterial cell walls made of peptidoglycan; a network of sugar polymers cross-linked by 
polypeptides.

Capsule 
– The cell wall of many prokaryotes is surrounded by a sticky layer of polysaccharide or protein, 

which is called a capsule 

– The capsule enables prokaryotes to adhere to their substrate or to other individuals in a colony, 
protect against dehydration, and some capsules shield pathogenic prokaryotes from attacks by 
their host’s immune system  

Pili/fimbriae 
– Some prokaryotes have fimbriae (also called attachment pili), which allow them to stick to 

their substrate or other individuals in a colony

– Sex pili are longer than fimbriae and allow prokaryotes to exchange DNA by conjugation
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lack water or essen tial n u trien ts (Figure 27.5) . Th e origin al 

cell produces a copy of its ch rom osom e an d surroun ds th at 

copy with  a m ultilayered structure, form in g th e en dospore. 

Water is rem oved from  th e en dospore, an d its m etabolism  

h alts. Th e origin al cell th en  lyses, releasin g th e en dospore. 

Most en dospores are so durable th at th ey can  survive in  boil -

in g water; killin g th em  requires h eatin g lab equipm en t to 

121°C un der h igh  pressure. In  less h ostile en viron m en ts, 

en dospores can  rem ain  dorm an t but viable for cen turies, 

able to reh ydrate an d resum e m etabolism  wh en  th eir 

en viron m en t im proves.

Fin ally, som e prokaryotes stick to th eir substrate or to on e 

an oth er by m ean s of h airlike appen dages called f im b riae  

gram -positive bacteria. Such  drugs destroy m an y species of 

path ogen ic bacteria with out adversely affectin g h um an  cells, 

wh ich  do n ot h ave peptidoglycan .

Th e cell wall of m an y prokaryotes is surroun ded by a 

sticky layer of polysacch aride or protein . Th is layer is called a 

cap su le  if it  is den se an d well-defin ed (Figure 27.4)  or a slim e 

layer if it  is n ot as well organ ized. Both  kin ds of sticky ou ter 

layers en able prokaryotes to adh ere to th eir substrate or to 

oth er in dividuals in  a colon y. Capsules an d slim e layers also 

protect again st deh ydration , an d som e capsules sh ield path o -

gen ic prokaryotes from  attacks by th eir h ost’s im m un e  system .

In  an oth er way of with stan din g h arsh  con dition s, certain  

bacteria develop resistan t cells called en d o sp o res  wh en  th ey 

Gram-positive
bacteria

Gram-negative
bacteria

10 om

(a) Gram-posit ive bacteria (b) Gram-negat ive bacteria

Plasma membrane

Cell
wall Peptido-

glycan
layer

Outer
membrane

Carbohydrate portion
of lipopolysaccharide

Cell
wall

Peptido-
glycan
layer

Plasma
membrane

Gram-positive bacteria stain a darker color and have a thick cell 
wall made of peptidoglycan.

Gram-negative bacteria have a thinner layer of peptidoglycan 
located between the plasma membrane and an outer membrane. 

.  Figure 27.3 Gram  st ain ing .

Bacterial
capsule

Tonsil
cell

Bacterial
cell wall

200 nm

.  Figure 27.4 Capsu le. The polysaccharide capsule around this 

Streptococcus bacterium enables the prokaryote to attach to cells in 

the respiratory tract—in this colorized TEM, a tonsil cell.

Endospore

Coat

Bacterium

0.5 om

.  Figure 27.5 An endospore. Bacillus anthracis, the bacterium that 

causes the disease anthrax, produces endospores (TEM). An endospore’s 

protective, multilayered coat helps it survive in the soil for years.
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Sex pilus 1 µm

Fimbriae

200 nm
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(sin gular, fim bria) (Figure 27.6) . For exam ple, th e bacterium  

th at causes gon orrh ea, Neisseria gonorrhoeae, uses fim briae to 

fasten  itself to th e m ucous m em bran es of its h ost. Fim briae 

are usually sh orter an d m ore n um erous th an  p i l i  (sin gular, 

pilus), appen dages th at pull two cells togeth er prior to DNA 

tran sfer from  on e cell to th e oth er (see Figure 27.12); pili are 

som etim es referred to as sex pili.

Motility

About h alf of all prokaryotes are capable 

of t ax is , a directed m ovem en t toward 

or away from  a stim ulus (from  th e Greek 

taxis, to arran ge). For exam ple, pro -

karyotes th at exh ibit chem otaxis ch an ge 

th eir m ovem en t pattern  in  respon se to 

ch em icals. Th ey m ay m ove toward n u tri-

en ts or oxygen  (positive ch em otaxis) or 

away from  a toxic substan ce (n egative 

ch em otaxis). Som e species can  m ove at 

velocities exceedin g 50 µm /sec—up to 50 

tim es th eir body len gth  per secon d. For 

perspective, con sider th at a person  1.7 m  

tall m ovin g th at fast would be run n in g 

306 km  (190 m iles) per h our!

Of th e various structures th at en able 

prokaryotes to m ove, th e m ost com m on  

are flagella (Figure 27.7) . Flagella (sin gu -

lar, flagellum ) m ay be scattered over th e 

en tire surface of th e cell or con cen trated at 

on e or both  en ds. Prokaryotic flagella dif -

fer greatly from  eukaryotic flagella: Th ey 

are on e-ten th  th e width  an d typically 

are n ot covered by an  exten sion  of th e 

plasm a m em bran e (see Figure 6.24). Th e 

flagella of prokaryotes an d eukaryotes also 

1 om

Fimbriae

.  Figure 27.6 Fim br iae. These numerous protein-containing 

appendages enable some prokaryotes to attach to surfaces or to 

other cells (colorized TEM).

Filament

Hook

Motor

Flagellum

Cell wall

Plasma
membrane

Peptidoglycan
layerRod

20 nm

.  Figure 27.7 A prokaryot ic f lagellum . The motor of a prokaryotic flagellum consists of a 

system of protein rings embedded in the cell wall and plasma membrane (TEM). The electron 

transport chain pumps protons out of the cell. The diffusion of protons back into the cell provides 

the force that turns a curved hook and thereby causes the attached filament to rotate and propel 

the cell. (This diagram shows flagellar structures characteristic of  gram-negative bacteria.)

VISUAL SKILLS Predict which of the four protein rings shown in this diagram are likely 

hydrophobic. Explain your answer .

 Mast er ing Biology Video: Prokaryot ic Flagella

differ in  th eir m olecular com position  an d th eir m ech an ism  

of propulsion . Am on g prokaryotes, bacterial an d arch aeal 

flagella are sim ilar in  size an d rotation al m ech an ism , but th ey 

are com posed of en tirely differen t an d un related protein s. 

Overall, th ese structural an d m olecular com parison s in dicate 

th at th e flagella of bacteria, arch aea, an d eukaryotes arose 

in depen den tly. Sin ce curren t eviden ce sh ows th at th e flagella 

of organ ism s in  th e th ree dom ain s perform  sim ilar fun ction s 

but are n ot related by com m on  descen t, th ey are described as 

an alogous, n ot h om ologous, structures (see Con cept 22.3) .

Evolutionary Origins of Bacterial Flagella

Th e bacterial flagellum  sh own  in  Figure 27.7 h as th ree m ain  

parts (th e m otor, h ook, an d filam en t) th at are th em selves 

com posed of 42 differen t kin ds of protein s. How could such  

a com plex structure evolve? In  fact, m uch  eviden ce in dicates 

th at bacterial flagella origin ated as sim pler structures th at were 

m odified in  a stepwise fash ion  over tim e. As in  th e case of th e 

h um an  eye (see Con cept 25.6), biologists asked wh eth er a less 

com plex version  of th e flagellum  could still ben efit its own er. 

An alyses of h un dreds of bacterial gen om es in dicate th at on ly 

h alf of th e flagellum ’s protein  com pon en ts appear to be n eces -

sary for it to fun ction ; th e oth ers are in essen tial or n ot en coded 

in  th e gen om es of som e species. Of th e 21 protein s required by 
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Some Distinguishable Prokaryotic cell Structures 

Flagella 

– Most motile bacteria move themselves by flagella that are structurally and functionally 
different from eukaryotic flagella

– They can move toward or away from a stimulus. For example, they may move toward nutrients 
or oxygen or away from a toxic substance

Endospores

– Many prokaryotes form metabolically inactive endospores, which can remain dormant and 
viable in harsh conditions for centuries

Genome 

– The prokaryotic genome has less DNA than the eukaryotic genome

– Most of the genome consists of a circular chromosome that is NOT contained within a 
nucleus, but rather located in the irregularly shaped region known as the nucleoid

– Some species of bacteria also have smaller rings of extra-chromosomal DNA called plasmids
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Endospore

0.3 µm
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Single Circular Chromosome Plasmids
smaller DNA rings

1 µm



Nutrition in Prokaryotes

Diverse nutritional and metabolic adaptations have evolved in 
prokaryotes:

–Phototrophs obtain energy from light

–Chemotrophs obtain energy from chemicals

–Autotrophs require CO2 as a carbon source

–Heterotrophs require an organic nutrient to make organic 
compounds

These factors can be combined to give the four major modes 
of nutrition: photoautotrophy, chemoautotrophy, 
photoheterotrophy, and chemoheterotrophy. 
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Phylogenetic Classification of Prokaryotes
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1. Domain Bacteria 

• Bacteria include the vast majority of  prokaryotes of which most 
people are aware from the pathogenic to the beneficial species

• Diverse nutritional types are scattered among the major groups of 
bacteria as shown below:
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2. Domain Archaea 

• Archaea are prokaryotes and share certain traits with bacteria and other 
traits with eukaryotes

• Archaea are famous for their love of living in extreme environments 

• Only archaea are known to produce methane, know as methanogens
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Spain's Rio Tinto river

Extremely acidic & Full of heavy 

metals

Hydrothermal vents

The surrounding water can 

reach over 300 °C

Deep Lake in East Antarctica

Very cold & ultra-salty



Beneficial Prokaryotes 

In the environment

• Decomposition by heterotrophic prokaryotes and the synthetic activities of 
autotrophic and nitrogen-fixing prokaryotes contribute to the recycling of 
elements in ecosystems

• Prokaryotes play a central role in many beneficial ecological interactions. 
For instance, members of the legume family develop a symbiotic relationship 
with Rhizobia bacteria that operate the nitrogen fixation process

In human 

People depend on mutualistic prokaryotes, including hundreds of species that 
live in our intestines and help digest food. 
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(a) Nitrogen-fixing bacteria such as Rhizobium live in the root nodules of legumes such as clover. (b) This 

micrograph of the root nodule shows bacteroids (bacterium-like cells or modified bacterial cells) within the 

plant cells. The bacteroids are visible as darker ovals within the larger plant cell



Beneficial Prokaryotes 

In food production

They make a wide range of food products by fermentation such as dairy products 
(cheese and yogurt), meat products (sausages), and vegetable products (pickles)

In industry 

Prokaryotes can be used in bioremediation and production of plastics, vitamins, 
antibiotics, and other products

In Research 

They are used in molecular biology, biochemistry and genetic research, because 
they can grow quickly and are relatively easy to manipulate. Scientists use 
bacteria to study how genes and enzymes work.
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Bioremediation of an oil spill: Spraying fertilizer 

stimulates the growth of native bacteria that metabolize 

oil, increasing the speed of the breakdown process up to 

fivefold

Use of bacteria to produce natural plastics: Bacteria 

synthesizing and storing PHA (Polyhydroxyalkanoates), a 

component of biodegradable plastics 



Harmful Prokaryotes 

• Some types are pathogenic which can cause diseases in humans, 
animals or plants. Examples of human bacterial diseases are strep 
throat, tuberculosis, and urinary tract infections

• Their growth can spoil different kind of food or can pose a serious 
health hazard which might lead to food poisoning when ingested

• Some prokaryotes can decrease the availability of nutrients in the 
environment

• Many pathogenic species are potential weapons of bioterrorism
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Pathogens:  Bacteria Causing Lyme Disease are transmitted by deer ticks
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