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Metabolismo e nutrienti

Metabolismo (diversi tipi) :

Insieme di reazioni chimiche che permette la crescita di un
organismo, comprende il catabolismo (degradazione nutrienti,
produzione energia) e [|'anabolismo (biosintesi delle
macromolecole biologiche, consumo di energia)

" acronurioni RSB hicronuient

Elementi o composti chimici alla base della sintesi delle
macromolecole (principali  componenti cellullari : DNA,
proteine, lipidi)



50% peso totale
della cellula

Table 5.1 Ma.ronutrients in nature and in culture media

Element Usual form of nutrient found in the environment Chemical form supplied in culture media

Carbon (C) v CO,, organic compounds Glucose, malate, acetate, pyruvate, amino acids, hundreds of
other compounds, or complex mixtures (yeast extract,
peptone, and so on)

Hydrogen (H) H,O, organic compounds H,O, organic compounds

Oxygen (O) H;0, Oy, organic compounds H>0, Oy, organic compounds

Nitrogen (N) NH3, NO;3~, N, organic nitrogen compounds Inorganic: NH,4Cl, (NH4),SO,4, KNO3, N,

Organic: Amino acids, nitrogen bases of nucleotides, many

other N-containing organic compounds

Phosphorus (P PO KH,PO,, Na,HPO,

Sulfur (S) H,S, SO4%, organic S compounds, metal sulfides Na;S0y4, Na;S,03, NajS, cysteine, or other organic sulfur

(FeS, CuS, ZnS, NiS, and so on) compounds
Potassium (K) K" in solution or as various K salts KCl, KH,POy4
Magnesium (Mg) Mg?" in solution or as various Mg salts MgClp, MgSO4
Sodium (Na) Na' in solution or as NaCl or other Na salts NaCl
Calcium (Ca) Ca”" in solution or as CaSOy or other Ca salts CaCl,
Iron (Fe) Fe?" or Fe®" in solution or as FeS, Fe(OH)3, FeCls, FeSOy, various chelated iron solutions (Fe3* EDTA,

or many other Fe salts

Fe3* citrate, and so on)

Table 5-1 Brock Biology'pf Microorganisms 11/e
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12% peso totale della cellula




Richiesti in
guantita

modeste

Micronutrients (trace elements) needed by

FI, 3 - -
Taio o< living organisms*
Element Cellular function
Boron (B) Present in an autoinducer for quorum

sensing in bacteria; also found in some
polyketide antibiotics

Chromium (Cr) Required by mammals for glucose
metabolism; no known microbial
requirement

Cobalt (Co) Vitamin Bj,; transcarboxylase (propionic
acid bacteria)

Copper (Cu) Respiration, cytochrome c oxidase;

photosynthesis, plastocyanin, some \

superoxide dismutases

Iron (Fe)" Cytochromes; catalases; peroxidases; iron-
sulfur proteins; oxygenases; all
nitrogenases

Manganese (Mn) Activator of many enzymes; present in
certain superoxide dismutases and in

the water-splitting enzyme in oxygenic

phototrophs (Photosystem II)
Molybdenum (Mo) Certain flavin-containing enzymes;

some nitrogenases, nitrate reductases,

sulfite oxidases, DMSO-TMAO reduc-

tases; some formate dehydrogenases
“Not every micronutrient listed is required by all cells; some metals
listed are found in enzymes present in only specific microorganisms.
’Needed in greater amounts than other trace metals.
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Cofattori di

numerosi
enzimi




Micronutrients (trace elements) needed by

bptde e living organisms“
Element Cellular function
Nickel (Ni) Most hydrogenases; coenzyme Fy3 of

methanogens; carbon monoxide
dehydrogenase; urease

Selenium (Se) Formate dehydrogenase; some
hydrogenases; the amino acid
selenocysteine

Tungsten (W) Some formate dehydrogenases;
oxotransferases of hyperthermophiles

Vanadium (V) Vanadium nitrogenase;

bromoperoxidase

Zinc (Zn) Carbonic anhydrase; alcohol

dehydrogenase; RNA and DNA
polymerases; and many DNA-binding
proteins

“ Not every micronutrient listed is required by all cells; some metals

listed are found in enzymes present in only specific microorganisms.

b Needed in greater amounts than other trace metals.
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Fattori di crescita

Composti

organici

necessari in  piccole  quantita,

essenzialmente cofattori enzimatici

Non richiesti
requisiti nutrizionali

da tutti

| microrganismi, ma alcuni hanno

anche piu complessi di quelli dellluomo!

Table 5.3 Growth factors: Vitamins and their functions

Vitamin Function

p-Aminobenzoic acid Precursor of folic acid

Folic acid One-carbon metabolism; methyl group transfer

Biotin Fatty acid biosynthesis; B-decarboxylations; some CO, fixation reactions
Cobalamin (By3) Reduction of and transfer of single carbon fragments; synthesis of deoxyribose
Lipoic acid Transfer of acyl groups in decarboxylation of pyruvate and a-ketoglutarate

Nicotinic acid (niacin)

Pantothenic acid

Riboflavin

Thiamine (By)

Vitamins By (pyridoxal-pyridoxamine group)
Vitamin K group; quinones

Hydroxamates

Table 5-3 Brock Biology of Microorganisms 11/e
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Precursor of NAD™ (see Figure 5.10); electron transfer in oxidation-reduction reactions
Precursor of coenzyme A; activation of acetyl and other acyl derivatives

Precursor of FMN (see Figure 5.15), FAD in flavoproteins involved in electron transport
a-Decarboxylations; transketolase

Amino acid and keto acid transformations

Electron transport; synthesis of sphingolipids

Iron-binding compounds; solubilization of iron and transport into cell



| terreni di coltura

Soluzioni nutrienti utilizzati per la crescita di microrganismi
In laboratorio (terreni liquidi)

T e O Complessi

v

JComposizione chimica nota
JRichiede conoscenze sul

v

JComposizione chimica non
nota con precisione

JRicchi di nutrienti

JPreparati a base di materiale
biologico (caseina, sangue)
JVantaggiosi per praticita

microrganismo
JPreparazione lenta se
terreno complesso
Jpuo essere costoso

Nozione di capacita biosintetica del microrganismo
Estremadiversita di bisogni nutrizional



Table 5.4 Examples of culture media for microorganisms with simple and demanding nutritional requirements®

Defined culture medium for
Escherichia coli

Defined culture medium for
Leuconostoc mesenteroides

Complex culture medium for
either E. coli or L. mesenteroides

K2HPO4 7 8

KH,PO42g

(NHy),504 18

MgSO40.1g

CaCl,0.02 g

Glucose 4-10 g

Trace elements (Fe, Co, Mn, Zn,
Cu, Ni, Mo) 2-10 pug each
Distilled water 1000 ml

KH2P04 0.6 g
NH4Cl3 g
MgSO40.1¢g
Glucose 25 g

Sodium acetate 20 g

Amino acids (alanine, arginine, asparagine,
aspartate, cysteine, glutamate, glutamine,
glycine, histidine, isoleucine, leucine, lysine,
methionine, phenylalanine, proline, serine,
threonine, tryptophan, tyrosine,
valine) 100-200 ug of each

Purines and pyrimidines (adenine, guanine, uracil,
xanthine) 10 mg of each

Vitamins (biotin, folate, nicotinic acid, pyridoxal,
pyridoxamine, pyridoxine, riboflavin, thiamine,
pantothenate, p-aminobenzoic acid) 0.01-1 mg of each

Trace elements (see first column) 2—-10 g each

Distilled water 1000 mi
pH?7

Glucose 15 g

Yeast extract5 g
Peptone 5 g

KH,PO42 g

Distilled water 1000 ml
pH7

(®)

“The photos are tubes of (a) the defined medium described, and (b) the complex medium described. Note how the complex medium is colored from the various
organic extracts and digests that it contains. Photos courtesy of Cheryl L. Broadie and John Vercillo, Southern Illinois University at Carbondale.
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| terreni solidl

Ottenuti mediante l'aggiunta di un composto gelificante :

AGAR (~1,5%)

Becco di
stub .
clarino

Diversi formati :

piastra
di Petri




Le piastre di Petri

(o capsula) di Petri




Colture pure e miste

Le singole cellule rimangono nella sede di _inoculo e la
crescita batterica si manifesta con la comparsa di colonie
batteriche nella posizione corrispondente

Dalla morfologia delle colonie (isolate) e possibile

macroscopicamente distinguere se la coltura e PURA (le
colonie sono tutte uguali) o MISTA (sono presenti colonie con

morfologie diverse)

Subcoltivando la singola colonia si puo ottenere una coltura
pura da una popolazione inizialmente mista
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Isolamento e colture pure

Superficie
del terreno’

ansa per batteriologia bunsen



Confluent growth at
beginning of streak

Isolated colonies
at end of streak

Figure 5-4c Brock Biology of Microorganisms 11/e
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James A. Shapiro, University of Chicago



Importanza del contaminati

La coltivazione dei microrganismi in |aboratorio viene
eseguita in condizioni di sterilita (tecniche asettiche)
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La coltivazione del microrganismi

NUTRITIVI
(minimi o ricchi)

ﬁ

ELETTIVI
Favoriscono la crescita di una
particolare specie batterica

SELETTIVI
favoriscono la crescita di un
gruppo a scapito di altri

[ TERRENI

Un terreno deve:

contenere tutti nutrienti necessari
avere un pH adatto

avere un potenziale redox idoneo
essereSTERILE

DIFFERENZIALI
Permettono di distinguere gruppi
di microrganismi




| terreni selettivi e differenziali

Terreno Sale-Mannite

S. epidermidis S. aureus
Mannitolo negativo Mannitolo positivo

La percentuale di sale (7,5%) ostacola la crescita
di altri batteri, il mannitolo e fermentato da  S. aureuse
non da altre specie di stafilococco




| terreni selettivi e differenziali

Terreno TCBS (thiosulfate citrate bile salts sucrose)

y

Vibrio parahaemolyticus
(fermenta Il saccarasio)



| terreni selettivi e differenziali

Terreni differenziatori per la varie specie
di Candida

Candida glabrata

Candida tropicalis

?ida kruse
Candida albicans




Il metabolismo

Substrates Products
\\ -

CATABOLISM
Energy generation

ATP 2222 Proton motive force

ANABOLISM
i Energy consumption
Macromolecules
Monomers / BiOSV“theSiS\‘ and other

cellular constituents

Figure 5-24 Brock Biology of Microorganisms 11/e
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Free energy of formation for a few

LR compounds of biological interest
Compound Free energy of formation“
Water (H,O) —287.2
Carbon dioxide (CO,) —394.4
Hydrogen gas (H») 0
Oxygen gas (O,) 0
Ammonium (NH;") —79.4
Nitrous oxide (N,O) +104.2
Acetate (C2H302_) —369.4
Glucose (CgH170¢) —917.3
Methane (CHy) —50.8
Methanol (CH;0H) ~175.4

“The free energy of formation values (G) are in kJ/mol. See Table A1.1 for a
more complete list of free energies of formation.

Table 5-5 Brock Biology of Microorganisms 11/e
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Activation

gl L o * Activation
i energy with
Substrates (A + B) 4 f enzyme

Free energy

AG®'=G°(C+D)-
G°(A + B)

)

Products (C + D)

Progress of the reaction

Figure 5-5 Brock Biology of Microorganisms 11/e
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Richard Feldmann



NH; CHO .
Ester N | Ester Anhydride
Anhydride bonds bond "I o \> H?OH bond bond
k ~\ OHCH
N ! o |o
1A 0 o I_ L]
CHa =00 "0 —P~0—P~0—P—0—CH HCOH /' o H3C—C —°~ﬁ —0°
? g g (Il CHz'O—ﬁ -0 o
"0 _ﬁ —0- 0 Acetyl phosphate
OH OH
9 .. Glucose 6-phosphate
Phosphoenolpyruvate Adenosine triphosphate (ATP)
Thioastes Compound G° kJ/mol
bond
o > " AG'> 30kJ
I / ol H Phosphoenolpyruvate -51.6
CH3—C~5—(CHy)2 ~N—C—(CH3);-N—C—(CH,)3—O0—R 1,3-Bisphosphoglycerate| -52.0
' I . : Acetyl phosphate -44.8
Acetyl B-Mercapto- Pantothenic acid pitosp .
ethylamine ATP -31.8
ADP -31.8
Acetyl-CoA Acetyl CoA =31
AG® < 30kJ
AMP -14.2
Glucose 6-phosphate -13.8

Figure 5-12 Brock Biology of Microorganisms 11/e
© 2006 Pearson Prentice Hall, Inc.




La glicolisi e le fermentazioni

STAGE I: PREPARATORY
REACTIONS

AT P ADP AT P ADP

L

Glucose «> Glucose-6- P «=> Fructose-6- P  ¢=> P Fructose-1,6- P

Hexokinase Isomerase Phosphofructokinase Aldslase
v
STAGE I1: MAKING ATP > Giyceraldehyde-3- p
AND PYRUVATE Glyceraldehyde-3-P
dehydrogenase

2 P; ——— Electrons — 2 NAD*

2 P 1,3-Bisphosphoglycerate™ P 2|

1 Phospho- 2ADP
1 | glycerokinase

Stage lll

2 3-Phosphoglycerate™ P 2AT P

!

2 2-Phosphoglycerate P

IEnolase

2 Phosphoenolpyruvate™ P

STAGE I1I: MAKING —
FERMENTATION PRODUCTS | kinase -

Pyruvate~
Pyruvate:Formate lyase
Lactate | Pyruvate

ehydrogenase ¥ decarboxylas Acetate‘i; formate™
- ormate
Lactate Acetaldehyde + co, hydrogenlyase

Alcohol L J H, +CO,
dehydrogenase
NAD* — To Stage Il

Ethanol

2 ADP

NADH
To Stage Il «— NAD*

Figure 5-14 part 1 Brock Biology of Microorganisms 11/e
© 2006 Pearson Prentice Hall, Inc.



Summary Boxes

I. Consumption and generation of ATP in glycolysis

Reaction ATP Net
(gain/loss) ATP
1.Glucose — Glucose-6-P -1 -1
2.Fructose-6-P — Fructose-1,6, bisphosphate -1 -2
3.2 (1,3-Bisphosphoglycerate) — 2 (3-Phosphoglycerate) +2 0
4.2 (Phosphoenolpyruvate) — 2 Pyruvate +2 +2

Il. Summary of the energetics of glycolysis for yeast and lactic acid bacteria

Examples of overall stoichiometries:  Organisms: Free-energy yields:
(1) Glucose — 2 ethanol + 2 CO, Yeast 1.Ethanol/CO5: -238.8 kJ/mol
(2) Glucose — 2 lactate™ + 2 H* Lactic acid bacteria glucose-fermented.

Approximately 64 kJ is conserved
in ATP, for an efficiency of 27%.

2.Lactate: -196 kJ, for an
efficiency of 32%.

Figure 5-14 part 2 Brock Biology of Microorganisms 11/e
© 2006 Pearson Prentice Hall, Inc.
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Diversita del metabolismo

Organic compound ==mmmm—)> CO,

1 1 Vv N\O Carbon flow

Electron transport
ATP ®"\Proton motive force

I ‘ l \ \ Biosynthesis

s NO;~ S0, Organice” ? Aerobic
| acceptors |

Anaerobic respiration
Chemoorganotrophic metabolism

Figure 5-23a Brock Biology of Microorganisms 11/e
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Diversita del metabolismo

Inorganic compound Cco,
7 I 1\
Electron transport/ Carbon
ATP €A\ Pjtonlmoiive\force flow
s O, NO; SO, Biosynthesis

Chemolithotrophic metabolism

Figure 5-23b Brock Biology of Microorganisms 11/e
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Photoheterotrophy

Organic
compound

Carbon
flow

Biosynthesis

Light

!

Electron
transport

!

Proton
motive
force

2

ATP

Phototrophic metabolism

Figure 5-23c Brock Biology of Microorganisms 11/e
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Photoautotrophy

co,

Carbon
flow

Biosynthesis
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— “)/ DNA

One generation

Figure 6-1 Brock Biology of Microorganisms 11/e
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La divisione delle cellule batteriche

DNA replication

Cell elongation

Septum
formation

Completion of
septum with
formation of
distinct walls

Cell separation



Outer membrane
Peptidoglycan

Cytoplasmic membrane

Divisome FtsZ ring
proteins

" -
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Cytoplasmic membrane ___E
Division plane ;
N\
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Time Total number Time Total number
(h) of cells (h) of cells
0 1 4 256
0.5 2 4.5 512
1 4 5 1,024
1.5 8 5.9 2,048
2 16 6 4,096
2.5 32 .
3 64 .
39 128 10 1,048,576
(@)
1000
- 1000
Logarithmic

- Arithmetic )

23 100 28

8 3 82

52 500 S'E

o 2 oS

o € b=

= E

25 {10 28

100
1

(b)

0O 1 2 3 4 5
Time (h)




Curva di crescita dei microrganismi

Logq viable

organisms/ml

9.0

Growth phases

I— Lag —l— Exponential—l Stationary l Death
: : / ' Viable count
Turbidity

(optical density)

Time

1.0

0.75

0.50

0.25

0.1

Optical density



Conteggio delle cellule

Metodi diretti per il conteggio del numero TOTALE delle cellule

Ridges that support coverslip /'/ N To calculate number
' | Yyl N\ per milliliter of sample:
f %0 lo \ 12 cells x 25 large squares x 50 x 10°
L) =1.5x107
N|[®| @ |0 \ :> ! | | |
| | | |
e’ e | et ’ | | | |
ol® o / | I | | |
N, ® J 4 " Number /mm? : |
N i 1 | |
Sample added here; care must be ~ —~ | | |
taken not to allow overflow; space Microscopic observation; all cells are | Number /mm3 :
b?tween coverslip and slide is 0.02 mm counted in large square: 12 cells (in | ,
(55mm). Whole grid has 25 large practice, several squares are counted and l o
squares, a total area of 1 mm? and the numbers averaged.) Number /cm® (ml)

a total volume of 0.02 mm?.



Conteggio delle cellule

Metodo per il conteggio delle cellule VIVE
Spread-plate

Surface

olonies

method
X Incubation
= 2 = =

Sample is pipetted onto surface Sample is spread evenly over
of agar plate (0.1 ml or less) surface of agar using sterile
glass spreader
Pour-plate
method

| P

Typical spread-plate results

Subsurface
colonies

Surface
colonies

Incubation
@ —> D =

Sample is pipetted into Sterile medium is added and
sterile plate mixed well with inoculum

Typical pour-plate results



\ Sample to

- “") be counted

Dilution —>

1 ml 1ml 1 ml 1ml

YOO

-

9-mi
broth

1/10 1/100 1/10%  1/104 1/10° 1/106
(10™)  (107® (1079 (109 (1079 (1079

Plate 1-ml samples

| 7 |
159
Too many colonies colonies colonles colonles colonles
to count
159 x 108 = 159 x 10°
Plate Dilution Cells (colony-
count factor forming units) per

milliliter of original
sample



Conteggio delle cellule

Metodo indiretto per la stima del numero TOTALE delle cellule

YY

YYY

Y

\ e
—~ — Al o o T s
et > % f - ‘_%

g N - 2: =1t

Incident . S
light, /o
Filter Sample
or containing
prism cells (@)
@)

Unscattered
light, /

S—-—

Photocell Recorder
(measures

unscattered units

light, /) 1. Spectrophotometer—

optical density (OD)

/
= Log 70
2. Klett photometer—

4o _ OD
Klett units = 0.002




Klett units

(b)

400 Organism A 0.8
300 - 0.6
Organism B
200 = 0.4
150 - 0.3
100 102 oD
80
60
- 0.1
40
20
0O 5 10 15 20 25 30 35

Time (h)

Klett units

()

400

350

300

250

200

150

100

50

Theoretical

Actual

Cell numbers or dry weight

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

OD



Fattorl ambientali che influenzano la crescita

U Temperatura
upH
U Concentrazione salina (forza ionica)

upo,



Enzymatic reactions
occurring at maximal
possible rate

Enzymatic reactions Optimum
occurring at increasingly

+ || rapid rates
S
o
B
O
Minimum .
Maximum
\ Temperature /
Membrane gelling; Protein denaturation;
transport processes collapse of the cytoplasmic
so slow that growth membrane; thermal
cannot occur lysis

Figure 6-16 Brock Biology of Microorganisms 11/e
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Growth rate

Temperatura

Thermophile
Example: Hyperthermophile
Bacillus stearothermophilus Example: Example: )
Mesophile ‘ Thermococcus celer Pyrolobus fumarii
Example: 60°
Escherichia coli 88° 106°
39’
Psychrophile
Example:
Polaromonas vacuolata
40
0 10 20 30 40 50 60 70 80 90 100 110 120

Temperature (°C)



Temperatura

Presently known upper temperature limits

Tanelot for growth of living organisms
Upper
temperature

Group limits (°C)

Animals

Fish and other aquatic vertebrates 38
Insects 45-50
Ostracods (crustaceans) 49-50

Plants

Vascular plants 45
Mosses 50
Eukaryotic microorganisms
Protozoa 56
Algae 55-60
Fungi 60-62
Prokaryotes
Bacteria
Cyanobacteria 70-74
Anoxygenic phototrophs 70-73
Chemoorganotrophic/ chemolithotrophic 95
Bacteria
Archaea
Chemoorganotrophic/chemolithotrophic 1137
Archaea

“ The upper temperature limit for growth of the organism Pyrolobus fumarii.
Related species of Pyrodictium may be able to grow up to as high as 121°C.

Table 6-1 Brock Biology of Microorganisms 11/e
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Katherine M. Brock

(a):

T.D.Brock
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