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UNIT III (20 Periods)

• Microbial growth: Growth curve, Generation time, synchronous batch and continuous culture, measurement of 

growth and factors affecting growth of bacteria.

• Microbial Metabolism: Metabolic pathways, amphi-catabolic and biosynthetic pathways

• Bacterial Reproduction: Transformation, Transduction and Conjugation. Endospores and sporulation in bacteria.
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Microbial growth: Growth curve, Generation time, 

Population growth is often studied by analyzing the growthof microbes in batch culture;

they are incubated in a closed culture vessel with a single batch of medium. Fresh medium is 

not provided during incubation, so nutrient concentrations decline and concentrations of

wastes increase over time. 

Population growth of microbes reproducing by binary fission in a batch culture can be plotted 

as the logarithm of the number of viable cells versus the incubation

time. The resulting curve has five distinct phases:
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Lag Phase

When microorganisms are introduced into fresh culture medium, usually no immediate increase in cell 

number occurs. This period is called the lag phase. It is not a time of inactivity; rather cells are synthesizing 

new components. The cells may be old and depleted of ATP, essential cofactors, and ribosomes; these must 

be synthesized before growth can begin. The medium may be different from the one the microorganism was 

growing in previously. In this case, new enzymes are needed to use different nutrients. Possibly the 

microorganisms have been injured and require time to recover. Eventually however, the cells begin to 

replicate their DNA, increase in mass, and divide.

Exponential Phase

During the exponential (log) phase, microorganisms are growing and dividing at the maximal rate possible 

given their genetic potential, the nature of the medium, and the environmental conditions.

Their rate of growth is constant during the exponential phase; that is, they are completing the cell cycle and 

doubling in number at regular intervals. The population is most uniform in terms of chemical and physiological 

properties during this phase; therefore exponential phase cultures are usually used in biochemical

and physiological studies. 

The growth rate during log phase depends on several factors, including nutrient availability. When microbial 

growth is limited by the low concentration of a required nutrient, the final net growth or yield of cells increases 

with the initial amount of the limiting nutrient present .
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Stationary Phase

In a closed system such as a batch culture, population growth eventually ceases and the growth curve 

becomes horizontal.

This stationary phase is attained by most bacteria at a population level of around 109 cells per 

milliliter. 

Final population size depends on nutrient availability and other factors, as well as the type of microorganism. 

In stationary phase, the total number of viable microorganisms remains constant. This may result from a

balance between cell division and cell death, or the population may simply cease to divide but remain 

metabolically active.

One reason microorganisms enter the stationary phase is nutrient limitation; if an essential nutrient is severely 

depleted, population growth will slow and eventually stop. Microbes enter the stationary phase for other 

reasons besides nutrient limitation. Aerobic organisms often are limited by O2 availability. Oxygen is not very 

soluble and may be depleted so quickly that only the surface of a culture will have an O2 concentration

adequate for growth. Population growth also may cease due to the accumulation of toxic waste products. This 

seems to limit the growth of many cultures growing in the absence of O2.

For example, streptococci can produce so much lactic acid and other organic acids from sugar fermentation 

that their medium becomes acidic and growth is inhibited. Finally, some evidence exists that growth may cease 

when a critical population level is reached. 
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Death Phase

Cells growing in batch culture cannot remain in stationary phase indefinitely. Eventually

they enter a phase known as the death phase. During this phase, the number of viable

cells declines exponentially, with cells dying at a constant rate. It was assumed that

detrimental environmental changes such as nutrient deprivation and the buildup of toxic

wastes caused irreparable harm to the cells. That is, even when bacterial cells were

transferred to fresh medium, no cellular growth was observed. Because loss of viability

was often not accompanied by a loss in total cell number, it was assumed that cells

Viable but nonculturable (VBNC), is thought to be the result of a genetic response

triggered in starving, stationary phase cells.

The second hypothesis is programmed cell death. In Contrast to the VBNC hypothesis whereby 

cells are genetically programmed to survive, programmed cell death predicts that a fraction of the 

microbial population is genetically programmed to

die after growth ceases. In this case, some cells die and the nutrients they leak enable the eventual 

growth of those cells in the population that did not initiate cell death. The dying cells are thus

“altruistic”—they sacrifice themselves for the benefit of the larger population.
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Long-Term Stationary Phase

Long-term growth experiments reveal that after a period of expo nential

death some microbes have a long period where the popu

Lation size remains more or less constant. This long-term stationary phase (also called 

extended stationary phase) can last months to years . During this time, the bacterial

Population continually evolves so that actively reproducing cells are those best able to use 

the nutrients released by their dying brethren and best able to tolerate the accumulated 

toxins. This dynamic process is marked by successive waves of genetically distinct variants. 

Thus natural selection can be witnessed within a single culture vessel.
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Exponential Microbial Growth. Four generations of 

growth are plotted directly (•—•) and in the 

logarithmic form (˚—˚). The growth curve is

exponential, as shown by the linearity of the log 

plot.
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