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The Process of Growth

 Metabolism required for growth, both anabolic 
and catabolic. ~2000 reactions!

 Usual Definition: Increase in cell numbers
Other definitions possible – spores  UMC’s  Other definitions possible spores, UMC s, 
respiration, viable but nonculturable, morphology 
changes (life cycle)

 Divide via Binary Fission: 3 mechanisms involved!
Cell Elongation – cell wall
DNA Replication – rate limiting step
Cell Division – septum formation
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FtsZ ring & cell
division 

The “divisome”

phase

DNA stain

FtsZ stain

DNA & FtsZ

FtsZ similar to Tubulin
MreB similar to Actin



3

Bactoprenol  the lipid carrier of Bactoprenol, the lipid carrier of 
peptidoglycan building blocks.

Autolysins
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Penicillin blocks this reaction

Td = 20 min

Td = 100 min
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The Process of Growth

 Growth Rate: Time it takes to reproduce
t½ = ln2/μ = 0.693/μ = g

 Phases of Growth in Batch culture
Lag, Log, Stationary, Death

 Measurement of Growth
Total cell counts
Viable cell counts
Turbidity

The growth rate of 
a microbial culture
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How to estimate the generation times 
of an exponential microbial culture 
using semi-log plots.

t = time
n = generations
g = generation time
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The Growth Cycle
• Lag phase

– Cells synthesizing materials, not dividing

• Log phase = exponential growth
– 1  2  4  8  16 …1  2  4  8  16 … 

• 10 doublings increases density by ~1000

• log10(N) increases linearly

• Stationary phase
– Cells no longer growing

• Death phase

The Growth Cycle

Log scale necessary to show wide range of concentrations

Cryptic Growth

Typical growth curve for a bacterial population
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Total Cell counts using the 
Petroff-Hausser Counter

Total Cell counts using the 
Petroff-Hausser Counter

30-300 on standard
Petri Dish

Viable cell count methods
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Counting the number of viable cells by 
serial dilution and plate count

(Part 1) Concentration of cells by 
membrane filtration

(Part 2) Concentration of cells by 
membrane filtration
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Turbidity measurements of microbial 
growth

Turbidity measurements of microbial growth

The Process of Growth

 Continuous Culture: The wonders of the chemostat
Steady State
Reproducible Physiology
Fi  lFine control

Key parameters: Ks, μmax, Yield

Closed systems vs. Open systems vs. Nature!
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D = F/V = 
Where:
D  dil ti  tD = dilution rate
F = flow rate
V = volume
 = growth rate

Rem: At Steady State
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Starvation

Steady-state relationship between substrate
concentration and output of bacterial mass

DYmax
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