Microbial Growth

Environmental Forcing Functions:

® Temperature: Psychrophile, Mesophile, Thermophile,
& Hyperthermophile
Cardinal Temps: Min*, Max, & Optimal*
Q;o Rule: 10°C rise will double the growth rate*

® Pressure: Barophiles (Most are also psychrophiles!)
Found only in the deep ocean.....so far
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Species Range (°C)
Psychrophiles
Cytophaga psychrophila 4-20
Bacillus insolitus =(-25
Aquaspirillum psychrophilum 2-26
Mesophiles
Escherichia coli 1040
Lactobacillus lactis 18-42
Bacillus subtilis 22-40
Pseudomonas fluorescens 440
Thermophiles
Bacillus thermoleovorans 42-75
Thermoleophilum album 45-70
Thermus aquaticus 40-79
Chloroflexus aurantiacus 45-70
Hyperthermophiles (Archaea)
Hyperthermus butylicus 85-108
Methanothernius fervidus 65-97
Pyrodictium occultum 80-110
Thermococcus celer 70-95




fe forms

ious |

Thermophiles

Psychrophiles

Growth temperature ranges for var

110

“dds snqojoufig
“dds wnyopoidig

100

0

“dds snosipoutiaryf,
-dds vSojouiiay

9

s.
o
=y
o
o

-

80

‘dds mmqoonuouiay g,

70

-dds wnguydoajonviay |

60

“dds snjjovg

50

es

anisms

“dds sysfovuy

B
40

“dds 1j00 vprasg

Mesophil

30

€ Microor,

Optimum growth temperature (°C)

‘dds snjjovg
“dds sapovqoapfisg

20

__.
=
e

karyoti

Eu

10

0

-dds svuomopfuwnH

=12

“dds spuomoaphisg




5 Barophile

= Barotolerant

3 /

as 4 L 0.8
% Extreme

(o)) barophile

£ 3 - 0.6
0

|

(@]

=3

o 2 - 04
©

=

5 1 Jo02
O]

0 200 00 600 800 1000 1200

Depth ave™ pressure (atm)

Microbial Growth

Environmental Forcing Functions:

® pH: acidophiles & alkaliphiles
cytoplasm still near neutral

® cH: available electron donors & terminal electron

acceptors
affects the chemistry of the environment
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Example

Volcanic soils, waters
Gastric fluids

Lemon juice

Acid mine drainage
Vinegar

Rhubarb

Peaches

Acid soil

Tomatoes

American cheese
Cabbage

Peas

Corn, salmon, shrimp
Pure water ———

Seawater

Very alkaline

natural soil
Alkaline lakes
Soap solutions
Household ammonia
Extremely alkaline

soda lakes
Lime (saturated solution)
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Examples
pH
- Hydrochloric acid
1 Stomach acid
- Lemon juice
- Vinegar, cola, beer
~ Tomatoes
- Black coffee
- Urine
Saliva (6.5)
- Distilled water

Blood (7.4)
- Seawater

- Baking soda

10 - Great Salt Lake 10

11 |- Household ammeonia 11

12 - Bicarbonate of soda 12
13| Oven cleaner 13
14~ Sodium hydroxide 14

(NaOH)

Bacterial/fungal growth
0
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ig. 9-26 E, Values. Ranges of E, values for various sub-
ces. In complex systems the reduction potential is influenced
the strongest oxidant, or reductant, in that system.

Thermodynamics: The Chemical Fuels and Oxidants of Life
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Microbial Growth

Environmental Forcing Functions:

e Salt: Halophiles
Comepatible solutes: amino acid derivatives (e.g.,
proline & glycine)

® \Water Activity: Xerophiles (live in very dry habitats)
All microbes are osmotrophs, must use organic
material in solution!

® Oxygen Usage: aerobe, facultative (an)aerobe,
microaerophile, obligate anaerobe
DeTox enzymes: Catalase, Peroxidase, SOD

Halotolerant Halophile
Example: Example:
Staphylococcus Vibrio fischeri Exam ple:

aureus Halobacterium
/ salinarum

Growth rate

Example:
Escherichia
coli

3% NaCl




1. Amino acid-type solutes:

Glycine betaine Ectoine
CH CH
N N~ 2CH,
H30— r|\|+_CH2 —COO_ é CI:
—
CH, H,c” N7 coo-

2. Carbohydrate-type solutes:

Sucrose
CH-0OH

o)
HOH,C ©
H
OH 0 O}/ CH,0H
OH H

Trehalose

Compatible solutes CH,0H

0
HOH,C\QH
H H
OH o

OH OH

3. Alcohol-type solutes:

Glycerol Mannitol
?H2OH CH,OH

Compatible solutes (|3HOH HO—(|3—H

CH,OH Ho_cl;_H
H—C—OH
H—(|3 —OH
(|3H20H

4. Other:
Dimethylsulfoniopropionate:
CHj
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HaC—S—CH,CH,C—O"
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11| %Y Tolerance of selected Bacteria and Archaea

for decreased water activity a,,

Type Organisms a,

Nonhalophiles Aquaspirillum and Caulobacter 1.00

Marine forms Pseudomonads and Alteromonas 0.98

Moderate halophiles  Vibrio species and gram-positive 0.91
cocci

Extreme halophiles  Halobacterium and Halococcus 0.75

Response of bacterial growth to oxygen availability

Strict

aerobe
requires
oxygen.

Facultative anaerobe
preferes oxygen.

Aerotolerant species
grows throughout.

Microaerophile
needs less
oxygen.

Strict anaerobe
uses no oxygen.




Depth or height (mm)

Intervals corresponding to 1 mm

Fig. 6.3. Oxygen distribution under and inside a colony of Escherichia coli
after growth on complex agar.

Deborah O. Jung and M. T. Madigan
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Form W huww wO W

Triplet oxygen 0 0—0
(normal @ @
atmospheric form)

Singlet oxygen 10; 0—0 @ O .
ﬁ Nasty! ® @
Superoxide free 0, 0—0 -
radical . @ @
Peroxide 0, 0—0 @ @ .

O, + e— 0,~ Superoxide

02_+e_ + 2H" —> H202
H,O, + e + HY = H,0 +

Hydrogen peroxide
OHe Hydroxyl radical

OHe +e~ + H" —>H,O Water

Overall: O, + 4e™ + 4H"—> 2 H,0

4 electron reduction of O, to water
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able 9-6 Bacter:al Enzymes that
. Protect the Cell Agamst Toxlc Forms
'of Oxygen | - ;

Superoxide i

Microorganism Catalase Dismutase &
Aerobe +
Facultative anaerobe +

Microaerophile
Obligate anaerobe —

(a) Catalase:
H202 + H202-)“‘2 HQO + 02

(b) Peroxidase:
H,0; + NABH + H* > 2H,0 + NAD*

(c) Superoxide dismutase:

O3+ O& + 2H">[H0; + O,

(d) Superoxide dismutase/catalase in combination:

4- + 4H+—)'*2H20 + 302

(e) Superoxide reductase:
- +2 H" + ¢yt Crequced ™ H202 + CYt Coidized
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Catalase Test

T. D. Brock

Cytochrome Oxidase Test
An important diagnostic indicator

for the identification of Pseudomonas
and Neisseria spp.

Oxidase Test

Ee e Roal
S8 &Ea ‘

E.coli  Ps. aeruginosa
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