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Lecture Outlines

Some definitions.

Microbial nutrition.

Microbial growth and its requirements.
Bacterial respiration.



Definitions

é; Bacterial growth: refers to an increase-in-cell'number , not
in cell size.®

[ > L) . .
* Metabolism: the sum of the chemical reactions in“an
organism. - -
i Catabolism: provides energy and building blocks for
anabolism — Frem breoing motetes -

#'Anabolism: uses energy and building blocks to build large
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Microbial nutrition
Types of microbial nutrition
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Bacteria are classified in two nutritional types on the basis of

their carbon requirement into:

A
[ \

Autotrophic: that uses Hete.rotrODhiC | must
CO,, an inorganic gas obtain carbon in an
as its carbon source organic form made by
other living organisms
v Photosynthetic bacteria. l
v Chemosynthetic bacteria v Saprophytic
whathie bhe bype of v'=-Symbiotic
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Requirements for Growy> Tampre: v
Physical Requirements ';C: o
1. Temperature 7 o e

¢t preferred-temperature-ranges. @)
A. Psychrophiles: “Coldsloving”. Can grow a?\

~0°C. Two groups:
© True Psychrophiles a; Y
~Optimum growth at|15 Clor below Found in

very cold environments (North pole oceaq'rklD cean depths).
Seldom cause e disease or food spoﬂage

OP ychrotrophs Optimum growth at 2@0 i Catws

Respons1ble for most low temperature food sgoﬂage &:s:!_}
=~ —




Requirements for Growth
Physical Requirements

1. Temperature:
-

B. Mesophiles: “Middle loving”| Most bacteria.
Best growth between 25 to é_l_QE’C.

Optimum temperature commonly 37C..-

Many have adapted to live in the bodies of animals.

C. Thermophiles: “Heat loving”.
sgc. e

Optimum growth between SOOto

©) ®
Adapted to live in sunlit s011 compost piles, and hot

2 springs,, T
Extreme Thermophiles (Hyperthermophiles): hetp i
Optimum growth at 80°C or higher. Archaebacteria. | esfe
Most live in volcanic and ocean vents.. ~— -




Growth Rates of Bacterial Groups
at Different Temperatures

I [
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Temperature (°C)
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Requirements for Growth o
Physical Requirements

2. pH: Organisms can be classified as:

A. Acidophiles: “Acid loving™.
Grow at very low pH (0.110 5.4)=>" w -blayr? | /sromea.

La_cmlza_céll%f produces lactic acid, tolerates mild acidity.
>

° Female gf—vv'l-t! MacK - >‘—opfcv¢.m.|— %-(bvd otHner \—ﬂ:pc
B. Neutrophiles: =

> After meupense—> Tk dhapearn
Grow at pH 5.4 to 8.5. ettt e gt &

—

Includes most human pathogens.

C. Alkaliphiles: “Alkali loving”.
Grow at alkaline or high pH (7 to 12 or higher)
Vibrio cholerae optimal pH 9¢

t- What%e He clatss Cocallow M“ﬁ
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Requirements for Growth
Physical Requirements

3. Osmotic Pressure: Cells are @ to\@%[water.\

Halophiles : Require moderate to large salt
concentrations. Ocean water contains 3.5% salt.

o
Most bacteria in oceans.

——

a- b-
Extreme or Obligate Halophiles : Require very

high salt concentrations (20 to 30%).
— R 5

Bacteria in Dead Sea./~
... ©Facultative Halophiles : Do not require high salt

s ound .
" . concentrations for growth, but tolerate 2% salt or

SWve .

more
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Requirements for Growth
Chemical Requirements

1. Carbon: Makes up 50% of dry weight of cell

QM of all organic compounds.

OﬁWC

OChemoheterotrophs ObtamMy
source: 11p1ds, protelns, and carbohydrates.

© Chemoautotrophs and Photoautotrophs : @btain
carbon from carbon dioxide.

—_—
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Requirements for Growth ==,
Chemical Requirements

2. Oxygen: bacteria are classified into

1- Arerobes: atilizes exygen and can detoxify it

/‘\,/\

obligate aerobes: canfot grow witngen

facultative anaerobes: utilize oxygen but can also grow in its
absence .~

. {\>
microaelg)philic : requires(only)a small amount of oxygen

> W- B{\;cul‘a-d —> Uve i mMurcCose wold of- slemaan -

ey

2- Anaerobes : do not utilize oxygen

obligate anaerobes: lack the enzymes to detoxify oxygen so
cannot survive in an oxygen environment

aerotolerance anaerobes: do no utilize oxygen but can survive
and grow in its presence T

‘//



Requirements for Growth
Chemical Requirements

Categories of oxygen requirement
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Obligate Obligate Microaerophile Aerotolerant Facultative
aerobe anaerobe anaerobe anaerobe




Requirements for Growth
Chemical Requirements

Anaerobic conditions




Requirements for Growth
Chemical Requirements

'Q: Why do some bacteria are forced to live in oxygen
free environment?  2Quhae the 0nfw ndidest

Cé To avoid the toxic forms of oxygen (Oxygenw=iree
~ radicals).

. If a microbe 1s not capable of dealing with toxic oxygen,
it 1s forced to live 1n oxygen free habitats.

* The exygensfreeradicals including: rw.
A. Superoxide Free Radicals (O ;)
B. Hydrogen Peroxide (H,0O,)



s Qackena o Live

HEALTHY in place where Pree vadteals
STABLE ore Lound -
MOLECULE m& 2 1 has

de box: Ev;,\a enzymey .

UNSTABLE
MOLECULE

/‘Jf\\ o
e ¢ > ¢

Oxidative stress reaction
leading to cell damage
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I-How we can Vv fade QW,,‘

Requirements for Growth I
Chemical Requirements

The oxygen free radicals

1. Hyvdrogen Peroxide (H,0)):

There are two different enzymes that break down H202:

b-
A. Catalase: Breaks hydrogen peroxide into water and O..

Common. Produced by humans, as well as many bacteria.
> Th Qrow hs Y‘C_Sfim-.-c‘a“ ho Ja.n\-.—? R Yocdicles

atalase

2 HZOZ' --------- > 2H20 + O 0] 5 svaff 3 = bubbly

— ~_Z e
Hydrogen Gas ] me*q{ o
peroxide Bubbles > theep —
B. Peroxidase: Converts hydrogen peroxide into water.

Peroxidase o

H,O,+ 2H -—--—---- >H,0
Hydrogen

peroxide



Requirements for Growth 252500 ™

- whetre, Hhre Sowecey 4-0—:‘\.—-?'

Chemical Requirements

The oxygen free radicals
2-_Superoxide Free Radicals (O3 ): Extremely toxic and

reactive form of oxygen. All organisms growing in
atmospheric oxygen must produce an enzyme superoxide
dismutase (SOD), to get rid of them. SOD i1s made by
aerobes, facultative anaerobes, and aerotolerant anaerobes,
but not by anaerobes or microaerophiles.

Reaction:
SOD catalase
- - + _ =
0y~ + 0y + 2H"-—--- >H,05+ 0, —— H;0 +02
Superoxide Hydrogen o -

free radicals peroxide
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Bacterial Respiration



Aerobic vs Anagrobic Respiration ¢ 1.

(P C,-ap\q.m e Mmoaeehinem o Glucose
aenbie ond an aartb’e ‘3
(‘g,sp Wabisn 9 / l_ u
2-uohat’s the main o Hommen Glycolysis 7®@
belwear ‘hem 2 /_
o.- |~
Pyruvate
ﬁ e
7 &(rebs cycle)

Electron <
transport chain

/ \
Oxygen as final electron acceptor / sulfate (8042) mtrate (NO;"),
- or sulfur (S) are re used as
4 electron acceptors—=—————

— —



- wWhakre Yhe Couges deesth

A Fermentatlon u,»\

Occurs whenwmd.u
When  thems==oxygem -

/ cbllu-ds exceeds the
glucose metabolism

—————

<5 7

(during strenuous
exercise) -

@ Microbes are kept in an
/&b —- environment
(i.e., without oxygen),
they switch itowalcoholie
fermentation to generate

usable energy from food.

R
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J Glucose :} |
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Pyruvate -
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2.
é entatlon -

Lactic a//md

Ethanol -

-E—_
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some methods ofw
ATP production do

Ze
require oxygen @@

Alcohol
Fermentation

Lactic Acid ( -
Fermentation —

21



Alcohol fermentation o

a- o)
Without any form of respiration, glycolysis products, pyruvate and NH,
will accumulate. To keeE making an mor@by glycolysis, fermenting

cells must convert NADH/back to NAD+ (ox.) by passing its electrons to
/py[lj/xate. Reaction pathways that do this convert pyruvate to many
other compounds, depending on the organism.

2 ADP 2 ATP
(,/‘ ~4% cl)- 2 pyruvate >
— c=0
Corcorei—><- F2 5
| e’ )\
A i / decarboxylation

yeast : @

I
CH; CHg

\ h 2 ethanol 2 acetaldehyde




Lactic Acid Fermentatiol

2 ADP 2 ATP
e O-
. C=—0
‘_""___L tm - -
] GlucoseJ N e e >
| C—o
A Tp- CH;
2 NADH @“*
o Mc
C=—0
H—C—OH No intermediate;
pyruvate accepts
CH3 electrons from NADH

2 Lactate



Products of Fermentation ~~

Without any form of respiration, glycolysis products, pyruvate and NADH,
will accumulate. To keep making any more ATP by glycolysis, fermenting
cells must convert NADH back to NAD+ (ox.) by passing its electrons to
pyruvate. Reaction pathways that do this convert pyruvate to many

other compounds, depending on the organism. \
1
, Fe )
Acetic acid| Gluconobacter — §
t;!ostridium o
utyric acid| [Ethanol] Yeasts [CO2+H; m
\ — / —
Acetoacetic acid [Formic acid
= Streptococcus,| |Mixed
immc acidly actobacillus ( |acids
Oxaloacetic acid Acetyl CoA] . ggf”ee”l';c’”a:
/£ W Acetylmethylcarbinol \_ Acetobacterium _:g:
v|Succinic acid H, Acetic acidl .
_ | 4
Propionic acid 2.3 butanediol

Propionibacterium  gnteropacter
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(2 Mannitol >
ruvate CFermentatlonB——
) A > Ethanol
N T Ethanol

v
@ \ V
fatty acids 3_) ﬁ
and Glycerol ———\
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Aerobic Respiration Anaerobic Respiration ]
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