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CHROMOSOME REPLICATION AND PARTITIONING  
AND CYTOKINESIS

Most bacterial chromosomes are circular
DNA replication proceeds in both directions from the 

origin
Origins move to opposite ends of the cell

Cell elongates
Septation – formation of cross walls between 

daughter cells and cells separate
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Growth

• Increase in cellular constituents that may result in:
• increase in cell number
• increase in cell size

• Growth refers to population growth rather than 
growth of individual cells
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THE POPULATION GROWTH CURVE

• In laboratory studies, populations typically display a 
predictable pattern over time – growth curve.

• Stages in the normal growth curve:

1. Lag phase – “flat” period of adjustment, enlargement; little 
growth

2. Exponential growth phase – a period of maximum 
growth will continue as long as cells have adequate nutrients 
and a favorable environment

3. Stationary phase – rate of cell growth equals rate of cell 
death caused by depleted nutrients and O2, excretion of 
organic acids and pollutants

4. Death phase – as limiting factors intensify, cells die 
exponentially in their own wastes
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• Observed when microorganisms are cultivated in batch 
culture

• Usually plotted as logarithm of cell number versus time

• Has four distinct phases
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LAG PHASE
• Cell synthesizing new 

components
• e.g., to replenish spent 

materials
• e.g., to adapt to new 

medium or other conditions

• Varies in length
• in some cases can be very 

short or even absent
• depends on harshness of 

medium 
• is it selective or enrichment 

medium?
• what is the temperature of 

medium?
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EXPONENTIAL PHASE

• Also called log phase or log 
growth phase

• Rate of growth and 
division is constant and 
maximal

• Population is most uniform 
in terms of chemical and 
physical properties during 
this phase

• Bacteria from this stage 
would be used for studies

10

THE POPULATION GROWTH CURVE



Balanced Growth

• During log phase, cells 
exhibit balanced 
growth
• cellular constituents 

manufactured at 
constant rates relative 
to each other
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STATIONARY PHASE

• Closed system 
population growth 
eventually ceases, total 
number of viable cells 
remains constant 
• active cells stop 

reproducing or 
reproductive rate is 
balanced by death rate
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POSSIBLE REASONS FOR 
STATIONARY PHASE

• Nutrient limitation

• Limited oxygen 
availability

• Toxic waste accumulation

• Critical population 
density reached

• Bacteria die off and 
liberate some nutrients
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STATIONARY PHASE AND 
STARVATION RESPONSE

• Entry into stationary 
phase due to starvation 
and other stressful 
conditions activates 
survival strategy
• morphological changes

• e.g., endospore 
formation

• decrease in size, protoplast 
shrinkage, and nucleoid 
condensation

• RpoS protein assists RNA 
polymerase in transcribing 
genes for starvation 
proteins
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STARVATION RESPONSES
• Production of starvation 

proteins 
• increase cross-linking in cell 

wall
• Dps protein protects DNA
• chaperone proteins prevent 

protein damage

• Cells are called persister cells
• long-term survival
• increased virulence
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DEATH PHASE
• Also called Log Death phase
• Toxic waste build up, inadequate 

nutrients, oxygen depleted, etc.
• Bacteria are dying off opposite to log 

growth phase
• do not die all at once

• Two alternative hypotheses
• cells are Viable But Not 

Culturable (VBNC)
• cells alive, but dormant, capable 

of new growth when conditions 
are right

• Programmed cell death
• fraction of the population 

genetically programmed to die 
(commit suicide)
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PROLONGED DECLINE IN 
GROWTH 
AND SURVIVAL

• Bacterial population continually 
evolves

• Process marked by successive waves 
of genetically distinct variants

• Natural selection occurs
• Bacteria that survive may not be 

genetically identical to the original 
population

• May find mutations, endospores, 
VBNC bacteria (a bacterial culture 
will contain cellular debris at the 
bottom of the tube)
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 During the bacterial cell division cycle, the parent cell enlarges, duplicates its 
chromosome, and forms a central transverse septum that divides the cell into 
two daughter cells. 

 This process is repeated at intervals by each new daughter cell in turn; and 
with each successive round of division, the population increases.
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THE MATHEMATICS OF GROWTH

• Generation (doubling) time
• time required for the population to double in size
• varies depending on species of microorganism and 

environmental conditions
• range is from 10 minutes for some bacteria to several 

days for some eukaryotic microorganisms
• This is calculated during log growth phase
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EXPONENTIAL POPULATION GROWTH

• Population is doubling every 
generation

THE MATHEMATICS OF GROWTH
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• Equation for calculating population size over time:

Nƒ = (Ni)2
n

Nƒ is total number of cells in the population.

Ni is starting number of cells.

Exponent n denotes generation time.

2n number of cells in that generation

RATE OF POPULATION GROWTH

THE MATHEMATICS OF GROWTH



MEASUREMENT OF MICROBIAL GROWTH

Direct Counts: 
• counting chambers
• electronic counters – flow cytometry
• on membrane filters

Viable Counting Methods:
• Spread and pour plate techniques
• Membrane filter technique
• Turbidity for Most Probable Number (MPN)

Measurement of Cell Mass 
• Dry Weight Analysis
• Measurement of cell components
• Turbidity
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Counting Chambers
• Easy, inexpensive, 

and quick

• Useful for counting 
both eukaryotes and 
prokaryotes

• Cannot distinguish 
living from dead cells



Direct Counts on Membrane Filters

• Cells filtered through special membrane that 
provides dark background for observing cells

• Cells are stained with fluorescent dyes

• Useful for counting bacteria

• With certain dyes, can distinguish living from dead 
cells
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Flow Cytometry
• Microbial suspension forced through small orifice 

with a laser light beam

• Movement of microbe through orifice impacts 
electric current that flows through orifice

• Instances of disruption of current are counted

• Specific antibodies can be used to determine size 
and internal complexity
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Viable counting: 
Alive or dead?

• Whether or not a cell is 
alive or dead isn’t 
always clear cut in 
microbiology
• Cells can exist in a 

variety of states 
between ‘fully viable’ 
and ‘actually dead’

• VBNC (Viable but not 
culturable)
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Viable Counting Methods
• Spread and pour plate techniques

• diluted sample of bacteria is spread over solid agar 
surface or mixed with agar and poured into Petri 
plate

• after incubation the numbers of organisms are 
determined by counting the number of colonies 
multiplied by the dilution factor

• results expressed as colony forming units (CFU)
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Viable Counting Methods
• Membrane filter technique (used in our lab during 

water testing)
• bacteria from aquatic samples are trapped on membranes 
• membrane placed on culture media
• colonies grow on membrane 
• colony count determines # of bacteria in sample
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Viable Counting Methods
• If microbe cannot be cultured on plate media

• Dilutions are made and added to suitable media

• Turbidity determined to yield the most probable 
number (MPN)
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Measurement of Cell Mass
• Dry weight

• time consuming and not very sensitive

• Quantity of a particular cell constituent
• e.g., protein, DNA, ATP, or chlorophyll
• useful if amount of substance in each cell is constant

• Turbidometric measures (light scattering)
• quick, easy, and sensitive
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