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Microbial Growth

Microbial growth = increase in number of cells,
not cell size
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The Requirements for Growth: Physical Requirements
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Psychrotrophs

Grow between 0°C and 20-30°C
Cause food spoilage — 2+
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Psychrotrophs

Temperatures in this range destroy most microbes,

:'althuugh lower temperatures take more time.

Very slow bacterial growth.

>Rapid growth of bacteria; some may produce toxins.

°F
130

250 8 120
290 o 110
220 [~ 100
200 — 90
180 — 80
160 70
140 —
120
100 Danger zone

80

40

el -10

°n -20
—20 [= -30

Many bacteria survive; some may grow.

Refrigerator temperatures; may allow slow growth
of spoilage bacteria, very few pathogens.

No significant growth below freezing.
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The Requirements for Growth: Physical Requirements

noke|  PH @% Blood 7,3
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pH |
())60\\’/‘8 clfadine PH
Most bacteria grow between pH 6.5 and 7.5

Molds and yeasts grow between pH 5 and 6
Acidophiles grow in acidic environments
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The Requirements for Growth: Physical Requirements
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The Requirements for Growth: Physical Requirements

Plasma Plasma
membrane Cell wall membrane
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The Requirements for Growth: Chemical Requirements
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Structural organic molecules, energy source

Chemoheterotrophs use organic carbon sources
Autotrophs use CO>



The Requirements for Growth: Chemical Requirements

Nitrogen
In amino acids, proteins Leminakion
Most bacteria decompose proteins %ﬂi i )
Some bacteria use NH+ or NO3 «—— 5+
A few bacteria use N2 in nitrogen fixation - -~
Sulfur e
In amino acids, thiamine, biotin
Most bacteria decompose proteins
Some bacteria use SO# or H2S
Phosphorus
In DNA, RNA, ATP, and membranes

PO is a source of phosphorus




The Requirements for Growth: Chemical Requirements
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Inorganic elements required in small amounts
Usually as enzyme cofactors



The Requirements for Growth: Chemical Requirements

Oxygen (O>)
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e ——
Toxic Forms of Oxygen

Singlet oxygen: O2 boosted to a higher-energy state

Superoxide free radicals: O

Q)

superoxide dismutase

02" + 2 H+ > H202 + 02
Peroxide anion: O

(2) catalase

2 H,0, 2 H,0 + O,

o

H202 +9 O_I_@pemxidase S 9 HZO

Hydroxyl radical fOHE <O H a)




The Requirements for Growth: Chemical Requirements
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Organic Growth Factors
Organic compounds obtained from the environment
Vitamins, amino acids, purines, pyrimidines
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Log of numbers of bacteria

Growth cycle

Lag
phase

no Visible

arousHu

> LM (e Wb
tolicakions Pur
ol ég_mbor\uxh

3

’\,_3)',.}5\ S0 o\ ‘},F { »;_K,D PAV Ry 5] &a_ED
wagks J7 15, e
= B Stationary S 2 S,
phase e
Log, or Death, or
exponential logarithmic
growth, \\\, decline, phase
phase — —
K e ﬁ: L <

\4 o \DJ\_;

T
» ond adepraton 1o yin,.

0 on new
envitoments

5

Time (hr.)

10



.
Generation time

time for bacterial mass to double
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Fermentation of Sugars

Breakdown of sugars to pyruvic acid and then to lactic
acid (glycolytic cycle) vy e

Meisseria (it Py 2 oSV [ 18y N. (Menigitidis — 2asvp 5

-2 N. meningitidis vs. N. gonorrhoeae (glucose & maltose)
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If oxygen is present, pyruvate enters Krebs cycle and is
metabolized to CO2 & H20. —> ke wve w &7,
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Aerobes as P. aeruginosa produce metabolites that
enter Krebs cycle by deamination of a.a.

In clinical lab., pH indicators as phenol red are used.
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Aerobic & Anaerobic Growth
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Iron Metabolism
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Culture Media

Culture Medium: Nutrients prepared for microbial
growth

" Sterile: No living microbes — auoclaiing

))& '] [l '] ']
<"Inoculum: Introduction of microbes into medium
Culture: Microbes growing in/on culture medium

=
liguil salid

wd semisslid



-

Complex polysaccharide

*\:& “wl
Used as solidifying agent for culture media in Petri
-~—plates, slants, and deeps — «ie 1)

Generally not metabolized by microbes
Liquefies at 100°C "~ _ "‘jj*f@i‘ =
Solidifies ~40°C
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Culture Media
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S
Culture Media

TABLE 6.2

Glucose

A Chemically Defined
Medium for Growing a

Typical Chemoheterotroph,

Such as E. coli

Ammonium phnsphu’r&, monobasic

[NH¢H,PO,)

Sodium chloride (NaCl)
Magnesium sulfate (Mg5QO, - 7H,0)
Potassium phosphate, dibasic (KoHPO,)

Water

50¢
1.0g

504
02g
1.0g
1 liter

TABLE 6.4 Composition of Nutrient

Agar, a Complex Medium

for the Growth of

Heterotrophic Bacteria
Constituent Amount
Peplone [parfiolly digested protein) 50¢g
Beef extract 30g
Sodium chloride 8.0g
Agar 15.0g
Water 1 liter

Table 6.2 & 6.4
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Anaerobic Culture Methods
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RedUCing media —> d:::-%._ —» anaerobic
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Reducing media are used for growing anaerobic
bacteria in the laboratory. Since obligate anaerobes do
not grow Iin the presence of oxygen, this type of media
uses a chemical substance, such as thioglycolate, to
remove molecular oxygen that is dissolved in the
media
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Anaerobic Culture Methods
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Anaerobic Culture Methods
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Capnophiles require high CO >
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Selective Media

—+ Suppress unwanted
¥+ microbes and

| encourage desired
microbes.
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Differential Media

- Make it easy to distinguish colonies of different
microbes.
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Enrichment Media

. Target \.-» -. . .. - - ..
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Encourages growth of desired microbe

Assume a soil sample contains a few phenol-
degrading bacteria and thousands of other bacteria

Inoculate phenol-containing culture medium with the
soil and incubate

Transfer 1 ml to another flask of the phenol medium
and incubate

Transfer 1 ml to another flask of the phenol medium
and incubate

Only phenol-metabolizing bacteria will be growing



A pure culture contains only one species or strain

A colony is a population of cells arising from a single

cell or spore or from a group of attached cells

—

i e e a8 colowy 150 @ e 83 A Cor T
A colony is often called a colony-forming unit (CFU)
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Streak Plate




