Microbial Growth

Environmental Forcing Functions:

® Temperature: Psychrophile, Mesophile, Thermophile,
& Hyperthermophile
Cardinal Temps: Min*, Max, & Optimal*
Qyo 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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Temperature ranges for growth
of Bacteria and Archaea

Species Range (°C)
Cytephage paychvoplila 4-m
Bavilus inzofitus =0-25
Aguaspirillum psychrophiliom 226
Escherichia col 1040
Lactebacillus lacits 1642
Bacillus subtilts 240
Paendomonas fluorescens 40

es
Bacillus thermoleovorans 42-75
Thermoleopteiliem albrm 45-70
Thermus aquiticus A0-79
Chiorafiexus urantiocus 4570

Hyperthermophiles { Arcfao)

Hypertherms H5-108
Metamotherniis forvidis 6587
Pyrotictinm occultum BO-110
Thermococcus coler T0-95

Growth temperature ranges for various life forms

Hyperthermogphiles

-12 [} 10 b ] 30 40 50 L] 70 B0 @ 100 o
Optimum growth temperature {(*C)

& £ g = gg & £&
# B F B 2 B B
I T g ff o £2
g H u £ £
H H - E £3
£ S £ = i
ES E = - &
& = = E

(s} = &




5 Barophile — - 1.0
= ~ Barotolerant
3 / | 0.8
3 4 1
3 Extreme
(=} barophile
£ 3 - 0.6
o
3
5]
2
o 2 <404
@
K =
g 1 <4 0.2
(O]

0 200 00 600 800 1000 1200

Depth ave:™ pragsure (atm)

Microbial Growth

Environmental Forcing Functions:

® pH: acidophiles & alkaliphiles
cytoplasm still near neutral

® ¢H: available electron donors & terminal electron

acceptors

affects the chemistry of the environment
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Example Moles per liter of:
H* OH
1 o
Volcanic soils, waters 1 13
Gasine fuids it s
emon juice
ficid mine drainage L [
inegar
Rhubarb 1% 10"
Peaches
Acid soil 0% 10
Tomatoes
American cheese w0 w0
Cabbage
Peas 10 10®
Corn, salmon, shrimp
pure water ————| NN
- Seawater 108 10
Very alkaline 0% 0f
natural soil
Alkaling lakes Ll
Soap sclutions
H "
Extremely alkaline
soda lakes 102 102
Lime {saturated solution)
102 107
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w! B Seawater 8
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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:

® 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

Halotolerant Halophile
Example: Example:
Staphylococcus Vibrio fischeri  Example:

aureus Halobacterium
/ salinarum
Example:

Escherichia ‘

Growth rate

coli

3% NaCl

1. Amino acid-type solutes:

Glycine betaine Ectoine
CH, CH:
2 N7 ACH,
HyC— N*—CH, —COO" |
| Ly O,
CH, Hae” N7 00"

2. Carbohydrate-type solutes:

Sucrose

CHaOH
Q o]
HOH,C
H —
oH B O ch,0n
OH OH

i Trehalose
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O —
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3. Alcohol-type solutes:

Glycerol Mannitol
(.;.HEOH (I)HEOH

Compatible solutes CEHOH HO—?—H

CH,OH HO—(|3—H
H—(|3—0H
H—CIE—OH
CH,0H

4. Other:
Dimethylsulfoniopropionate:
CHjy

| Il
HSC_S_CchHzc _O_

IEL X R  Tolerance of selected Bacteria and Archaea

for decreased water activity a,,

Type Organisms a,

MNonhalophiles Aquaspirillum and Caulobacter 1.00

Marine forms Pseudomonads and Alteromonas 0.98

Moderate halophiles  Vibrio species and gram-positive 0.91
cocei

Extreme halophiles  Halobacterium and Halococcus 0.75

Response of bacterial growth to oxygen availability

| Facultative anaerobe Aerotolerant species
preferes cxygen. | | grows throughout. |

-

Strict | T—
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Mucroae«ophile'
Al needs less
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| Strict anaerobe
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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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Table 9.5 Electronic States of Oxygen
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Triplet oxvgen 0, 0—0 T
[normal @ O
atmospheric form)
Singlet oxygen 0, 0—0 @ O
T ey Q@ ©
Superoxide free 0, O—0
radical o @ @
Peroxide 0,2 0—0 @ @




O, +e— 0, Superoxide
O,”+e + 2H"— H,0, Hydrogen peroxide
H,0, + € + H* —=H,O + OH+ Hydroxyl radical
OHs + e~ + H* = H,O0 Water

Overall: O, + 4™ + 4H*— 2H,0

4 electron reduction of O, to water

| Table 9.5 Bacterial _ Enzymes that

| Protect the Cell Against Toxic Forms
4O .

Microaerophile =
Obligate anaerobe -

Superoxide
Microorganism Catalase Dismutase
Aerobe i L
Facultative anaerobe + i
g |

(a) Catalase:
H202 + H202"‘2 HQO + 02

(b) Peroxidase:
H,0, + NADH + H* - 2H,0 + NAD*

(c) Superoxide dismutase:

B3+ @53 + 2H'>[H0; + O,

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

(e) Superoxide reductase:
OF + 2 H* + cyt Crequcea™ H202 + Cyt Coxigized




Catalase Test

T. D. Brock

Cytochrome Oxidase Test
An important diagnostic indicator

for the identification of Pseudomonas
and Neisseria spp.

Oxidase Test




