Microbial Growth

Environmental Forcing Functions:

® Temperature: Psychrophile, Mesophile, Thermophile,
& Hyperthermophile
Cardinal Temps: Min*, Max, & Optimal*
Q,, 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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Growth temperature ranges for various life forms
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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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Concentration in moles/liter

[OH] [H*]
1044_ 107°
10" 10"
107" 107
107" 107
10° 107
107 10°
10°

107 -107
107 - 10°
10° 107
10° 107°
107 10"
107 10"
107 10"
107° 10

pH

10

12

13

14

Examples

Hydrochloric acid
Stomach acid
Lemon juice
Vinegar, cola, beer
Tomatoes

Black coffee
Urine

Saliva (6.5)
Distilled water
Blood (7.4)
Seawater

Baking soda

Great Salt Lake

Household ammonia 11

Bicarbonate of soda 12

Oven cleaner

Sodium hydroxide
(NaOH)

Bacterial/fungal growth

0

10

13

14

Most fungi -~

Growth rate




926 E, Values.

MnO, O, NO,
+600 - o /
w4004
200+ :

B M_n2+ N,
0 1 NH,
2004 |
MnS

-

Fe(OH); SO,2 HCO4

Ranges of E, values for various sub-

Stances. In complex systems the reduction potential is influenced

"_;:';’" 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
Compatible 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
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1. Amino acid-type solutes:

Glycine betaine Ectoine
CH CH
[ R H,
Hy,C— l|\I+—CH2 —COO~ (I: (|3
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2. Carbohydrate-type solutes:

Sucrose
CH,OH
O
HOH,C ©
H
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3. Alcohol-type solutes:

Glycerol Mannitol

CH,OH CH,OH

Compatible solutes CHOF HO—C—H
CH,OH HO—C—H

H—C—OH

H—C—OH
CH,OH

4. Other:
Dimethylsulfoniopropionate:
CHj O
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1IN N  Tolerance of selected Bacteria and Archaea
for decreased water activity a,,

Type

Organisms

a

W

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 075




Response of bacterial growth to oxygen availability
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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.
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_Electronic States of Oxygen _
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' Nasty!

Superoxide free
radical
Peroxide

L
O
[+2

10,

@ @ @ @ @ Spin of

& @ IO () | Etectrons




O, +e—> 0,  Superoxide
O, +e + 2H"— H,0O, Hydrogen peroxide
H,O, + & + H" = H,O + OHe Hydroxyl radical
OHe + e + H" = H,O Water

Overall: O, + 4™ + 4 H"— 2 H,0

4 electron reduction of O, to water



-'_-'Table 9-6 Bacterial Enzymes that
i Protect the Ceil Agamst To)uc Forms
g of 0xygen | .. |

Superoxide
Microorganism Catalase Dismutase
Aerobe +
Facultative anaerobe o=
Microaerophile =

Obligate anaerobe —



(a) Catalase:
H202 + H202_)*2 H2O =] 02

(b) Peromdase
NADH + H" = 2 H,O + NAD"

(c) Superoxide dismutase:

O +027 + 2H"> H,0, + O,

(d) Superoxide dismutase/catalase in combination:
4- + 4H > 2H,0 + 30,

(e) Superoxide reductase:
- +2 H" + ¢yt Crequced ™ H202 + cyt Coxidized
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Cytochrome Oxidase Test

An important diagnostic indicator
for the identification of Pseudomonas
and Neisseria spp.

Oxidase Test

Ps. a E.C = g

E. coli Ps. aeruginosa
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