
GENERAL, MORPHOLOGICAL CHARACTERS, CLASSIFICATION, METHODS 
OF REPRODUCTION OF BACTERIA  

BACTERIA: Unicellular, and lack of organised nucleus. Bacteria are mostly 

rod shaped , non motile or motile by means of one or more flagella on their 

body.Plant pathogenic bacteria are usually gram negative, bacteria are mainly 

dispersed through seed , soil air and water Bacteria are weak parasite, enter the 

host through natural opening such as stomata, lenticels and hydathodes.  

 
MORPHOLOGICAL TYPES OF BACTERIA : 
The knowledge of the morphology and internal structure of bacteria will be 
useful in classifying the bacteria and also to understand various physiological 
processes that are taking place in bacteria 
(1) SIZE: 
0.5 to 1.0 μm in diameter, surface area/ volume ratio is exceedingly high 
favoring unusually high rate of growth and metabolism of bacteria. No 
circulatory mechanism is needed to distribute the nutrients that are taken in, due 
to this high surface to volume ratio. 
Micron (µ) is the unit for measurements of microorganisms. Hesting has 
proposed the unit micron (µ). 
 
TYPICAL BACTERIAL CELL STRUCTURE AND FUNCTIONS 

 
(2)SHAPE AND ARRANGEMENT 



 
 

• The Cocci are further grouped into Diplococci, Streptococci, Tetracocci 
and Staphylococci based on the characteristic arrangement of the cells. Bacilli 
are mostly singular or in pairs (Diplococci). But some species may be 
Streptobacilli (Ex: Bacillus subtilis) or trichomes (Ex: Beggiatoa) or may have 
palisade arrangement (Corynebacterium diphtheria). Some other bacilli may 
form long, branched multinucleated filaments called hyphae, which collectively 
form mycelium (Ex: Streptomyces)  

 
 
 
 
 
 
Streptococci  



 
 

 
 

Shape of Bacteria:  
The shape of bacteria governed by its rigid cell wall. The typical bacteria cells 
are rods, spherical, curved, comma and pleomorphic.  
Rod shape: (Bacillus Pl. Bacilli)  
   The cells are rod shape. 
       e.g. Bacillus substilis  
          Xanthomonas citri  
Spherical (Coccus Pl. Cocci) Round:  
  The bacterial cells are typical round shape. 
  e.g. Streptococcus lactis  
Spiral Curved Shape (Spirillum):  
  The cells are vermiform spiral. 
       e.g. Spirillum serpens  
Vibrios comma shape:  
  The cells are comma shape. 
      e.g. Vibrio comma  
Pleomorphic:  
Some bacterial species are exhibits a variety of shapes. 
     e.g. Arthrobacter spp. 



 
             E. coli  (pathogenic)         Cholera Vibrio cholera Gram (-) comma shaped rods 
 

(3) Structure of Bacteria:  
 Examination of a bacterial cell reveals various component structures. 
Some of these are extended to the cell wall. E.g. Capsules, pili and flagella, 
other are internal to the cell wall e.g. Cytoplasmic membrane, cytoplasm, 
nuclear material etc. Some structures are present in only certain species than of 
others and still other cellular parts such as cell wall are naturally common to 
almost all bacteria. 

 
 
 
Cell wall:  
It is very rigid structure located in cell, between external structure (flagella and 
capsule) and internal structure of cell, i.e. cytoplasm and cytoplasmic 
membrane. 
 



Chemical composition of cell wall:  
It is made up of peptidoglycan, polysaccharides, teichoic acid and lipids & 
lipoproteins.  
 Chemical composition of cell wall may be the major function in the Gram 
reaction and the bacteria classified in two main group as Gram positive and 
Gram negative. 
Function: 

• It gives shape to the cell.  
• It prevents the cell from expending and brusting.  
• It gives physical protection to cytoplasm in which most of vital activities 

are performed.  
• It is essential for bacterial growth and division.  
• Due to permeability, cell can absorb dissolved nutrients. 

 
• Gram staining is one of the most important and widely used differential 
staining introduced by Christian Gram in 1884. Bacteria stained by Gram’s 
staining method fall into two groups –Gram positive, (which appear deep violet 
in color) and Gram negative (which appear red in color). Gram staining is 
generally not applicable to other microorganisms. However, yeasts consistently 
stain gram positive.  

 

• Differences in the cell wall of Gram positive and Gram negative 
eubacteria : 



  

 

A. Component external to the cell wall:  

1. Capsule or Slime layer:  
 Not all but some bacterial species develop capsule.  Cells are surrounded by a 
viscous substance secretion from cell, which form a covering layer or envelope 
around the cell wall.  
  If this layer can be visualized by light microscope using special capsule   
staining technique, it is termed as a “Capsule”.   If it is too thin to be seen 
microscope than it is termed as a    ‘microcapsule’,  
  if it is abundant that may cells are embedded in a common matrix, the  
   material is called ‘slime layer’.  
Function:  
1. It provides protecting covering of cell and retain moisture in cell. 
2.The function of the slime layer is to protect the bacteria cells from       
environmental dangers such as antibiotics and desiccation.  
3. It serves as a reserved stored food or for disposal of waste substances. 
4. In disease producing bacteria, it increases infection capacity 
 

Capsule                              Slime layer 



1. Thick hard layer                    1. Thin layer  
2. It is a part of cell          2. It is secretion of cell. 
3. Cell secretion sharply           3. Cell secretion diffused, invisible  
     defined                               & readily visible.  
4. Uniform density &          4. Not definite shape and density. 
    definite shape 
 eg Bacillus & Azotobacter     eg,  Streptococcus 
 

A bacterial cell secretes materials in forms of capsules or a slime layers. 
There are some differences between a slime layer and a capsule. A capsule is 
attached to a bacterium and has defined boundaries. Slime layers can be easily 
washed off and are loosely attached to bacterium.  

The cell capsule is a very large structure of bacterial cells. It is a layer 
that lies outside the cell wall of bacteria. It is a well organized layer, not easily 
washed off, and it can be the cause of various diseases. 

When the amorphous viscid secretion (that makes up the capsule) diffuses 
(spread out, not concentrated) into the surrounding medium and remains as a 
loose secretion, it is known as slime layer. 

 

(2)The bacteria may be classified on the basis of number and 
arrangement of flagella. 

Bacterial flagella are hair like helical appendages that 
protrude through the cell wall and are responsible for 
swimming motility. It grows at the tip unlike hair, which 
grows at the bottom.  

A. Monotrichous: A single flagellum at one end of the 
cell 

   e.g. Xanthomonas citri  
B. Amphitrichous: One flagella at each end of the cell.  

   e.g. Thiobacillus thioparus  
C. Lophotrichous: Two or more flagella at one or both 
                                 ends of the cell. 
   e.g. Spirillum serpens  
D. Peritrichous: Large number of flagella surrounding 
                                 the cell. 

 



   e.g. Proteus vulgaris, Salmonella typhi  
 E. Atrichous:  The cells are without flagella.  
                          e.g. Mycobacterium tuberculosis. 
F. Peritrichous: Flagella protruding from all portion of its surface 

                           e.g. Erwinia spp. 

 

• A flagellum is composed of 3 parts 

(a) Basal body associated with cytoplasmic membrane and cell wall 

(b)a short hook and c). A helical filament which is usually several times longer than 
 the bacterial cell. The hook and filament are made up of protein whereas the 
 composition of basal body is not known. The protein of the filament is known as 
 flagellin. 

(3) Pili or Fimbriae:  
• Any filamentous appendages other than flagella on bacterial cell known as Pili.  
• They are thinner, shorter and more numerous than flagella. They do not function in 

motility.  
• The term fimbreae is used for common pili.  

Function:  
• Attachment to substrate. 
• Useful for sexual reproduction as the part of entry of genetic material during bacterial 

mating. 
• Some pili play a major role in human infection by pathogenic bacteria. 

 
B. Component internal to the cell wall:  
(1)  Cytoplasmic membrane: 

•   In the cell it is immediately beneath the cell wall.  
•   This structure is approximately 7.5 nm (0.0075 µm) thick and is 

       composed primarily of phospholipids (20 to 30 %).  
•   It is in intimate contact with the inside of the cell wall.  

Function: 
• It has tremendous importance in life processes of cell.  
• It controls the exchange of material between the cell and its environment.  
• It acts as a true semi permeable membrane (low molecular weight) substance can pass 

through it. 
(2)  Cytoplasm: 



• The liquid material within the cytoplasmic membrane.  
• It is usually clear watery or slightly viscous substances such as stored food.  
• It is divided in three parts. 

• Cytoplasm (materials around nucleus) 
• Nucleus or Naked DNA 
• Other inclusions 

• Cytoplasm composed of organic and inorganic chemicals, carbon, nitrogen, hydrogen, 
sulphur, protein, fats and carbohydrates. 
 
(3)  Nucleus (Genetic material or naked DNA): 

• Bacteria are prokaryotic microorganism hence; do not exhibit a well defined 
nucleus. 

• It contains a diffused nucleus, chromatin, granules are spread out in 
cytoplasm, which contain circular loop of DNA and attached at one or more 
points to mesosome. 

• The nucleus has been the hereditary characters. 
(4)  Granules: 

 They are considered to be a reserve source of food substances, highly  
  refractive hence, easily observed, important for differentiation of bacterial  
  species, their presence and absence may be significant in disease diagnosis of 
  diphtheria. 

Reproduction in bacteria  

• Bacteria may either be in an active growing stage (vegetative stage) or in the form of 
resting cells.  

• Actively growing bacterial cells may increase in numbers in several different ways, 
most commonly they multiplied by splitting cross walls i.e. by transvers fission.  

• All true bacteria reproduce by this method, an asexual process known as ‘binary 
fission’. 

• This method of multiplication is so common and characteristic of the bacteria.  

Spore Production: Some genera of bacteria produce reproductive spores called 
conidiospores or sporangiospores at the tip of filamentous growth, each of these 
spores give rise to a new organism. Eg: Streptomyces 

Physical Requirements 

• Temperature  

– psychrophiles   (cold loving microbes ) 

• range            0 C  -  20 C 

– mesophiles    (moderate temp. loving microbes) 



• range            20 C   -  40 C 

– thermophiles     (heat loving microbes) 

• range            40 C  -  100 C 

 pH 
Most bacteria grow between pH 6.5 - pH 7.5 

Very few can grow at below    pH 4.0 

Many foods, such as pickles, and cheeses are preserved from spoilage by acids produced 

during fermentation 

 

Asexual reproduction:  

1. Binary fission 

 Under favourable conditions the simple cells divide into two, after the critical size of 

cell and development of a transverse cell wall to separate the intracellular contents. 

 
 

 

2. Budding 

 Some bacteria such as Rhodopseudomonas acidophila reproduce by budding in 

which small bud develops at one end of the cell. It enlarges and develops into new cell, 

which separate from parent cell. 

3. Fragmentation: 

 Bacteria that produce extensive filamentous growth, such as Nocrdia spp. reproduce 

by fragmentation of the filamentous into small bacillary or cocci cell. 



 

   
 

 

Generation time:  

 The time required for a bacterium to give rise to two daughter cells under optimum 
conditions is known as “Generation time” or population doubling time. It is different for 
different bacteria. 

e.g.      Bacteria       Generation time  

 Escherichia coli   17 minutes 
 Bacillus mycodies   28 minutes 
 Mycobacterium tuberculosis 792-932 minutes 

 
Growth of fungi is different from other unicellular organisms that divide either by binary 
fission or by budding. In filamentous fungi growth occurs only at the tips of filament and 
therefore is not exponential (Increasing very rapidly). Moreover, extensive branching 
occurs in fungi and new ends are generated at which growth occurs. Thus, fungi growth is 
difficult to describe in simple mathematical terms. 
 
GROWTH CYCLE OF BACTERIA: 
When a liquid medium is inoculated with unicellular bacteria or yeasts or other budding 
organisms, the population undergoes  a characteristic sequence of events during the 
increase in cell number. When the number of cell /ml is determined periodically and 
plotted against time, a curve is formed showing four distinct phases of growth. 
 
A- Lag phase / Acclimatization phase 
B- Log phase / exponential phase / Logarithmic phase 
C- Stationary phase 
D- Death phase / Declined phase 
 
Lag Phase 
Immediately after transferring into a fresh medium growth does not take place but only 
after a period of time called the ‘lag phase’. This period may be brief or extended. There 
is no significant increase in the number of cells. However, cell growth occurs as indicated 



by increase in cell mass. This stage represents a period of active growth without cell 
division. The length of the lag phase depends on a variety of factors such as the age of the 
inoculum, the composition of the growth medium and the environmental factors such as 
temperature, pH and aeration etc. At the end of lag phase each organism divides. 
However, since not all organisms do not complete the lag period simultaneously, there is 
a gradual increase in the population until the end of this period when all cells are capable 
of dividing at regular intervals.  
 
Log Phase 
The rate of exponential growth is influenced by environmental conditions as well as by 
characteristics of the organism itself. During exponential phase cells are in a steady state. 
New cell material is synthesized at a constant rate but the new material is itself catalytic 
and the mass increases in an exponential manner. This continues upto a point when one or 
more nutrients in the medium become exhausted or toxic metabolic products accumulate 
and inhibit growth. For aerobes, once cell population reaches 1 X 107 cells /ml, the 
growth rate will decrease unless O2 is forced into the medium by agitation or bubbling in 
air. When the cell concentration reaches 5 X 109 / ml the rate of oxygen diffusion cannot 
meet the O2 demand even in an aerated medium and growth is progressively slowed  
 
The time taken for log phase is different for different microorganisms. Some bacteria take 
20-30 minutes to grow, some soil bacteria take about 60-50minutes. Bacteria like 
Nitrisomonas, Nitrobacter normal few hours, Mycobacterium tuberculosis take about 12-
24 hours to grow. Metabolites which are produced during log phase are known as Primary 
metabolites. Primary metabolites are producing only during this phase and are required 
for cell division and growth.  
 
Stationary Phase  
There is a slow loss of cells through death, which is just balanced by the formation of new 
cell through the growth and division. When this occurs, the total cell count slowly 
increases although the viable count stays constant. Some spore forming bacteria, form 
endospore when they reach stationary phase if they are resistant to lysis or death. In such 
cases the number of viable cells will remain constant after attaining the stationary phase 
and a phase of decline or death may not be seen. Certain cell metabolites called secondary 
metabolites are produced primarily in the stationary phase. Secondary metabolites include 
toxins, antibiotics, sterols etc. These products inhibit the growth and survival of other 
microorganisms and may give competitive advantage to the producer of Secondary 
metabolites 
 
Death Phase  

If incubation continues after a population reaches the stationary phase, the cells may remain 
alive and continue to metabolize, but often they die. If the latter occurs, the population is said 
to be in the death phase. The total count may remain constant while the viable count slowly 
decreases. In some cases death is accompanied by cell lysis leading to decrease in total count. 
As there is no food materials available, accumulation of toxic material leads to death of 



microorganisms. The cells start dying exponentially and hence we can see a sharp declined in 
the growth curve. After a majority of cells are dead, a small number of survivors may persist 
for months or even years which may be due to the growth of a few cells at the expense of 
nutrients released from cells that die and lyse. 


