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Metabolismus

.................. latkova premena

soubor biochemickych reakci zajistujicich pfisun a
vyuziti energie a stavebnich latek

tisice reakci nékolika malo typu
reakce rychle, fizeny enzymy

reakce jsou propojené do fetézcu Ci cyklu =
metabolickych drah

asi 100 klicovych molekul




Metabolismus

dvé podskupiny protichudnych reakci:
katabolismus x anabolismus

rozkladné reakce x syntetické reakce
exergonicke procesy x endergonicke procesy
oxidace x redukce
disimilace x asimilace

ziskavani energie a stavebnich prvku x z jednoduchych stavebnich
prvku (produktu katabolismu)

v Ewv s

skladany slozitéjsi slouCeniny

rozklad latek az na CO,, NH;, H,O ... x syntéza produktu

amfibolické procesy

-manv ciithetratit ha7 anarnatinlcAhn afalcti



Katabolismus - rozkladna ¢ast metabolismu
l. faze

na bunécné urovni v lysosomech, stepeni latek na stavebni prvky
= rozvod obehovym systémem do potfebnych mist, neziskava se
energie

Il. faze

postupny rozklad za dehydrogenace na jednouhlikaté a
dvojuhlikaté slouCeniny (CO, a acetylkoenzym A), ziskano malé
mnozstvi energie, ziskany aktivovaneé vodiky bohaté na enerqii

lll. faze
acetyl-CoA oxidovan na CO, v tzv. citratovém cyklu za zisku
dalSich aktivovanych vodiku, aktivované vodiky z citratového
cyklu a z 2. faze preneseny enzymatickym systémem na kyslik v
tzv. respiraCnim retézci = zisk energie, ziskana energie se uklada

A =T~



Anabolismus - synteticka Cast
metabolismu

3 faze:
vznik stavebnich prvku = 2. a 3. faze katabolismu
syntéza zakladnich stavebnich jednotek

tvorba konecnych produktu




. Simple molecules such
. as glucose, amino acids, :
glycerol, and fatly acids
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Anabolic reactions
transfer energy from
ATF to complex
molecules
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FIGURE 5.1 The role of ATP in coupling anabolic and catabolic
reactions. When complex molecules are split apart (catabolism),
some of the energy is transferred to and trapped in ATP, and the
rest is given off as heat. When simple molecules are combined to
form complex molecules (anabolism), ATP provides the energy for
synthesis, and again some energy is given off as heat.

® The coupling of anabolic and catabolic reactions is
achieved through ATP.



Zvlastnosti metabolismu mikrobu

Vysoka intenzita E. coli 20 min
S. cerevisiae 2 hod.
Vysoka biosynteticka aktivita
piijimani zZivin celym povrchem téla, mimotadné vyvinuty
enzymaticky aparat — proteosyntézy (ribosomy az 40% suSiny),
velmi aktivni katabolismus
Mimoradna prizpusobivost (plasticita) metabolismu
enzymove vybaveni bunky
konstitutivni
indukovatelné

reprimovatelné (potencialni)



Mikrobialni enzymy

Lokalizace:

Prokaryota: - cytoplasmaticka membrana

- bunécna sténa

- rozpusSténe v cytosolu

Eukaryota: - jednotlivé organely
- DNA — replikace — jadro
- tvorba ATP — mitochondrie

- vakuoly - lyticke




Endoenzymy (intracelularni e.)

Substrat — nizkomolekularni latky

(asparaginaza, katalaza, penicilinaza, gluk6zaoxidaza, ....)

Exoenzymy (extracelularni e.)

Substrat — biomakromolekuly
(proteaza, amylaza, celulaza, lipaza, ....)

jsou odolné&jsi, vétsi produkce




Enzymy (biokatalyzatory)
V bakterialni bunce 2000 enzymi
Specifita enzymii:  substratova — pfeména jen urcitého substratu

ucinku — jen jedna pfeména

Mechanismus pusobeni
E+S < ES (komplex S+E)
Aktivace komplexu E-S ES <« ES (aktivni)

Chemicka preména substratu (komplex E-produkt) ES <> EP

s » b=

Oddéleni enzymu od produktu EP <> E + P



Schema priibéhu enzymatického ti¢inku
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Déleni enzymii podle ucinku:

1. Oxidoreduktazy pienos elektront

2. Transferazy prenos skupin (metylové, karboxylove ...)
3. Hydrolazy hydrolytické Stépeni vazeb

4. Lyazy nehydrolyticke Stépeni

5. Izomerazy izomerace (pfemény)

6. Ligazy (syntetazy) — spojeni dvou substrati




Zivné prostiedi — asimilovatelné zdroje:
C,H, O N,P S; K, Mg, Ca, Mn, Fe, Cu, Co, Zn

O,H - voda, org., anorg. latky
C - autotrofni — oxid uhlicity
- heterotrofni — org. latky = zdroj energie ,
N - N,, NH;, NH,", NO;"
- mocovina, aminokyseliny, peptony, bilkoviny,
heterotrofni — zdroj C + energie
S - mineralni soli H,SO,
P - soli kyseliny fosforecné
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Klasifikace organismu podle
metabolismu

Podle zdroje energie:
FOTOTROFY X CHEMOTROFY

Podle zdroje stavebniho materialu:
AUTOTROFY X HETEROTROFY

Podle donoru elektronu:
LITHOTROFY X ORGANOTROFY

Podle konecnych akceptoru elektronu:
AEROBY X ANAEROBY



Rozdéleni organismii podle typu metabolismu

Metabolicky Zdroj Zdroj Zdroj elektrontu Organismy
typ organismu energie uhliku
Fotolitotrofy svételné¢ | CO, anorg. slouCeniny | zelené rostliny na
autotrofni zareni (H,O; H,; H,S; S) | svétle, sinice, zelené a
purpurove sirné
bakterie
Fotoorganotrofy | svételné org. anorg. slouCeniny | nesirn¢€ purpurove
heterotrofni zareni slouceniny | (H,; H,S; S); bakterie, nékteré fasy
org. slouCeniny
(sukcinat, mastne
kyseliny)
Chemolitotrofy | oxidace CO, anorg. slouCeniny | bakterie vodikove,
autotrofni anorg. latek (H,; H,S; S; Fe**; | zelezité, nitrifikacni,
NH,"; NO;) methanogenni,
bezbarve sirné
Chemoorganotro | oxidace org. | org. org. slouceniny Zivoc€ichové, vétSina
fy heterotrofni | latek slouceniny mikrob1l, rostlinne

bunky nefotosynteti-
zujici a fotosyntetizu-
1ici ve tmé




Rozdéleni katabolismu chemotrofnich organismii podle kone¢ného akceptoru

elektronu
Konecny U¢innost
Charakter Y v .
. akceptor uvoliovan Organismy
katabolismu o ; .
elektronu i energie
Aerobni respirace O, nejvetsi zivocichove, rada
mikroorganismil, rostlinné
bunky nefotosyntetizujici a
fotosyntetizujici ve tmé
Anaerobni respirace | jina oxidac¢ni mensi nckteré mikroorganismy

¢inidla nez O,
(NO;, SO,*, CO,,
fumarat)

Fermentace (kvaseni)

organ.
meziprodukty
metabolismu
(pyruvat,
acetaldehyd,
butyrat,...)

nejmensi

nckteré mikroorganismy,
vétSina heterotrofnich bunék
pi1 nedostatku O,




Fototrofni bakterie
Tvorba ATP - cyklickou fosforylaci

- necyklickou fosforylaci

Cyklicka fosforvlace

| “k svételnd energie
bakteriochlorofyl(d) < cytochrom C
ATP
€ 7 fotosynteticky systém
ADP + Ponorg | 0@ pienos elektronti

feredoxin e

Sumarni rovnice:
ADP + P »Energie ATP

anorg.




Fototrofni bakterie

Necyklicka fosforylace

svetelna energie

bakteriochlorofyl()
NAD(P)H+H* ATP e
\ € 7 elektron z
externiho
NAD(P)* ADP + P10 donoru

g'\ feredoxin
Sumarni rovnice:
H,S +NADP" + ADP + P Energie  WADPH + H' + ATP + S¢

anorg.

Zdroj elektront: fotolitotrofni mikroorganismy — anorganicky substrat (H,S, H,)

fotoorganotrofni mikroorganismy — organicky s. (kys. octova, jant.)

NADT elektronovy nosi¢ — nikotinamid adenin dinukleotid =~ NADP" - nikotinamid adenin dinukleotid fosfat
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Fototrofni bakterie (G- anaerobni, pfevazné vodni)

Purpurove sirné bakterie
Bakteriochlorofyl a nebo b a karotenoidy (v chromatoforech)
fotolitotrofni (zdroj C — CO,, zdroj elektronu — H,S, S)
fotoorganotrofni (zdroj C — jednoduché¢ org. latky)

oxidaci H,S vznika S — uklada se uvnitf, ¢1 vné bunck
rody: Chromatium, Thiosarcina, Thispirillum
Purpurové nesirné bakterie
Bakteriochlorofyl a nebo b (v chromatoforech)
Nevyuzivaji siru jako donor el., nybrz org. latky
rody: Rhodospirillum, Rhodopseudomonas
Zelené sirne bakterie

Bakteriochlorofyl ¢ nebo d v chlorobiovych vaccich,
mixotrofni - za pfitomnosti H,S ukladaji siru vné bunky, obligatné
anaerobni (rody: Chlorobium, Chloropseudomonas, Pelodiction)
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Jakym zplsobem ziskdvaji buriky energii z molekul?

Oxidized
. compound B

Reduced
compound A A

Oxidized
compound A

Reduced
compound B




GLYCOLYSIS
Aerobic Yg w Anaerobic
CELLULAR RESPIRATION FERMENTATION
* Complete oxidation * Incomplete oxidation
* Waste products: H,O, CO, * Waste products: Organic
* Net energy trapped: 36 Compennd
* Net energy trapped: 2%}

LIFE: THE SCIENCE OF BIOLOGY, Seventh Edition, Figure 7.1 Energy for Life
© 2004 Sinaver Associates. Inc. and W. H. Freeman & Co.




LIFE: THE SCIENCE OF BIOLOGY. Seventh Edition, Figure 7.3 NAD Is an Energy Carrier
© 2004 Sinaver Associates, Inc. and W. H. Freeman & Co.



Premény sacharidu (metabolicke drahy)

Pocatecni usek az po vytvoreni pyruvatu je spoleny pro
vSechny ziveé organismy — glykolyza (podle objevitelit Embden,
Mayerhof, Parnas — EMP draha)

U mikroorganismu se vyskytuji jesté dvé drahy

Pentoso-fosfatova draha (Warburg — Dickens — Horrecker) piima
oxidace glukozy a vznik pentoz, dulezitych pro tvorbu NA a NADPH,
(vysledkem drahy je 5/6 ptivodniho mnozZstvi glukdzy)

Entner—Doudorfova draha produkuje dvé molekuly NADPH, a
jednu ATP z kazde molekuly glukozy, vyslednym produktem je
glyceraldehyd-3-P a také pyruvat. Ne¢ktere G- bakterie Rhizobium,
Pseudomonas (nékteré taxonomické metody vyuzivaji tuto drahu) a

Agrobacterium



Aktivace a prenos vodiku

hikotinamidadenindinukleotid (NAD*)
soucdst enzymd

aktivuje vodiky a prendsi je

hikotinamidadenindinukleotidfosfat (NADP*)

transportuje aktivovany (energeticky vyuzitelny)
vodik z katabolickych do anabolickych drah =
redukéni Cinidlo a zdroj vodiku




GLYCOLYSIS

Fermentation: How anaerobes
get their NAD* back

Without the ETC (Electron
Transport Chain), anaerobes
must have some way to oxidize
their NADH back to NAD*.
(Why?)

It's pretty simple: NADH reduces

pyruvate — either EtOH + CO,
or lactate

FERMENTATION

CH,
2 Ethanol




Reaucton
P

[ e
i H* :
ﬁ \proton)
e
Organic melecule NAD™ coenzyme Oxidized organic NABH + H™ (prot
that includes two {electron carrier) malecule (reduced glectron ca
nydrogen atoms :
W : 3}
-
Dxidation

FIGURE 5.9 Representative biological oxidation. Two electrons and two protons
(almg&her equivalent to two hydrogen atoms) are transferred from an organic sub-
strate moleculeto a coenzyme, NAD ™. NAD™ actually receives one hydragen atom and
one electron, and one proton is refeased into the medium. NAD " is reduced to NADH,
which is a more energy-rich molecuie.

® Organisms use oxidation-reduction reactions in catabolism to ex-
tract energy from nutrient molecules, such as glucose.




PrenaseCe chemickeé energie

téz makroergické slouceniny

energie uvolnéna pfi rozpadu = energie puvodni
molekuly — energie produktu

nejrozsSifrenejSi adenosintrifosfat (ATP):

ATP + H,O & ADP + P, + H*; AG°" = -31,8 kJ.mol"
nebo

ATP +H,O < AMP + PP, + H*; AG®" = -31,8 kJ.mol"

PP, +H,0 o 2P, + H* AG™ -19.2
kJ.mol! '

ATP +2H,0 < AMP + 2P, + 2H"; AG®" = -41,8 kd.mol-
1

R




ATP




(a) Glycolysis and
cellular respiration

(b) Glycolysis and
fermentation

GLYCOLYSIS

uvate
=
PYRUVATE FERMENTATION
OXIDATION
8 = 2
Lactate or alcohol

Depending on whether or not oxygen is
present, there are two metabolic
pathways (sets of reactions) that cells
use:
O, present: glycolysis + citric
acid cycle + ETC
O, absent: glycolysis +
fermentation

LIFE: THE SCIENCE OF BIOLOGY, Seventh Edition, Figure 7.5 Energy-Producing Metabolic Pathways
© 2004 Sinaver Associates, Inc. and W. H. Freeman & Co.
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3-phosphate

E i 4 > Glyceraldehyde
2 3
1

Everything begins with
glycolysis, a set of 10
enzyme-catalyzed
reactions.

Change in free energy, AG (in kcal /mol)
2
|

N 6
i \e 22
23
-100 8
- 10 s %:P} For each glucose:
| 2 Pyruvate
i 2 NADH + 2 H*
Poruat 2 ATP are produced.

=150

LIFE: THE SCIENCE OF BIOLOGY, Seventh Edition, Figure 7.7 Changes in Free Energy During Glycolysis
© 2004 Sinaver Associates, Inc. and W, H. Freeman & Co.




CUKRY |
 GLYKOLYZA

PYRUVAT

FERMENTACE

- ESCHERICHIA [ SAC'CHAROMYCESR CLOSTRIDIUM
J LAKTOBACILUS [ PROPIONIBACTERIUM
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Konecné produkty nékterych druhi kvaseni
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GLYCOLYSIS

FERMENTATION
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DYCHANI x KVASENI

AKCEPTOR VODIKU

0, ORGANICKE LATKY

vzdu$ny — aer.
vdzany - anaer.

ZISK ENERGIE |
VYSSI NIZSI
1 mol glukozy
38 mol ATP 120
KONECNY PRODUKT

CO,+H, 0 ORGANICKE KYS. +
CcO,....




FIGURE 5.10 An overview of
respiration and fermentation.

@ Clycolysis produces ATP and
reduces NAD ' to NADH while oxi-
dizing glucose to pyruvic acid. In
respiration, the pyruvic acid is
converted into the first reactant in
@ the Krebs cycle, which produces
ATP and reduces NAD " (and an-
other electron carrier called FADH,}
while giving of f CO,. The NADH
from both processes carries elec-
trons to @ the electron transport
chain, in which their energy is used
to produce a great deal of ATP. In
fermentation, the pyruvic acid and
the electrons carried by NADH from
glycolysis are incorporared into fer-
mentation end-products. A small
version of this figure will be included
in figures throughout the chapter to
indicate the relationships of differ-
ent reactions to the overall
PTOCESSES.

»
-

m What is the basic difference
between respiration and
fermentation?

- chain and

RESPIRATION

Electrons

Electron
transport

chemiosmosis

FERMENTATION

Fermentation
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zdroj naproste vetsiny energie

vyuziti energie reakce kysliku s vodikem
U eukaryot probiha v mitochondriich
dva procesy:

respiracni reté€zec — elektrony z vodiku pfeneseny
systémem oxidoreduktas na kyslik = uvolni se energie

oxidacni fosforylace — cca 45 % energie
prevedeno do ATP, zbytek = teplo
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GLYCOLYSIS PYRUVATE CITRIC
OXIDATION ACID CYCLE

-Products of pyruvate oxidation (including
citric acid cycle):

*10 more electron carriers (NADH and
FADH,) have been reduced

*2 more substrate-level ATPs have been
phosphorylated

*CO, has been given off (2 for each turn
of the CAC wheel). Why does it take 3
turns of the CAC to spit out the 6
carbons that started out in the glucose
molecule?

At this point, all of the energy that was in
the glucose has been transferred to 4
ATPs and 12 electron carriers.

7

Change in free energy, AG (in kcal /mol)

_300 L Acetyl-CoA
Citrate
—400 4
5
=500 |-
-600 |-

—700 Oxaloacetate |,




GLYCOLYSIS

| amino acids

Some

-

OXIDATION

Pyrimidines

i

Some
amino acids

E o

?| Acetyl CoA

Some
amino acids

>| Proteins |4

E 2




Biosyntéza sacharidu

tzv. glukoneogeneze

vychozi prvky C3 a C4 (pyruvat, laktat, glycerol,
nékteré aminokyseliny)

castecne jako obracena glykolyza; u 3 reakci
zvrat prilis energeticky narocny = jiny
mechanismus

spotfeba 12ATP na 1 glukosu ze 2 pyruvatu




(a) Aerobic respiration

Organic compound > ©

Carbon flow
Proton | Electron

motive | flow
force }

FIGURE 4.22 Energetics and carbon flow in (a) aerobic
respiration, (b) anaerobic respiration, (c) chemolithotrophic

i P.; 3
- metabolism, and (d) phototrophic metabolism. Note the
(b ) An a ero b l c resp i rati on importance of electron transp};rt leading to proton motive

force formation in each case.

Organic compound s .

/ Electron Carbon flow

ATP  — otive l

force




(c) Chemolithotrophic metabolism

ATP ———Proton Carbon
motive | flow flow
force
/ }

=
FIGURE 4.22 Energetics and carbon flow in (a) aerobic
( d) Ph t t s - respiration, (b) anaerobic respiration, (c) chemolithotrophic
O O rO p h IC m Eta bO I iIsm metabolism, and (d) phototrophic metabolism. Note the
importance of electron transport leading to proton motive
; - force formation in each case.

Light

|
Electron
flow
1 Carbon
Proton motive flow
forcel

ATP
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Rust a mnozeni bakterii
DNA
replication
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Septum formation

* Completion of
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_ formation of
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One generation
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FIGURE 5.1 The process of nucleoid i dep "? .

prokaryote. For simplicity, the
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Rustova krivka Cisté kultury mikroorganismii:

1) lag-faze, 2) faze zrychlujiciho se ristu, 3) exponencialni faze, 4)
faze zpomalujiciho se rustu, 5) stacionarni faze, 6) faze postupneho
odumirani bunck.




LAG-FAZE: Pocate¢ni faze, bunék zatim nepfibyva. Buiiky se nerozmnozuji, ale
zvEtsuji svilj objem a aktivuje se jejich enzymovy systém. Délka lag-faze zavisi na
druhu mikroorganismu, fyziologickém stavu bun¢k, velikosti inokula (k ni je nepfimo
umérnd) a na sloZeni rastového prostredi. U E. coli 30 — 180 min.

FAZE ZRYCHLUJICIHO SE RUSTU: Ptechodna faze, kde se buiiky zadinaji mnozit
zvySujici se rychlosti a zkracujici se generacni dobou. Bunécna populace v této fazi
prechazi do faze exponencialni.

EXPONENCIALNI FAZE: Je faze intenzivniho a pravidelného ristu. Buiiky zde maji
nejkratsi generacni dobu, ktera je po celou dobu exponencidlni faze konstantni. Pocet
bunck roste exponencialné s Casem. Tato faze se takeé oznacuje jako
LOGARITMICKA, vzhledem k linearni zavislosti mezi logaritmem poétu bunék a
dobou ristu. FAZE ZPOMALUJICIHO SE RUSTU: Nastava po exponencialni fazi
ristu. Rychlost rozmnoZovani postupné klesa az k rovnovaznému stavu s odumiranim
bunck.

STACIONARNI FAZE: Pii vyéerpani nékteré Ziviny nebo pti vzriistu koncentrace
toxického metabolitu nad urc¢itou hranici dojde k zastaveni ristu bunécné populace. V
této fazi bunky neptibyvaji, ale ani neubyvaji. PoCet odumirajicich bunék je
kompenzovan jejich pomalym rozmnozovanim.

FAZE POSTUPNEHO ODUMIRANI: Buiiky se viibec nerozmnozuji, hynou a jejich
koncentrace v Case klesa. U rliznych mikroorganismii miize trvat dny, tydny, mésice.



Ridges thrlat support |coverslip

Sample added here; care must be
taken not to allow overflow; space
between coverslip and slide is 0.02 mm

(50mm) Whole grid has 25 Iarge
squares, a total area of 1 mm? and /

a total volume of 0.02 mm?.




Microscopic observation; all cells are
counted in large square: 12 cells (in
practice, several squares are counted and

the numbers averaged.)




Surface

0|onies

A

Spread-plate
method

L — &3

Sample is pipetted onto surface Sample is spread evenly over Incubation . Lol it
of agar plate (0.1 ml or less) surface of agar using sterile Typical spread-plate results
glass spreader | e |
Pour-plate Surface — Subsurface

colonies colonies
R N

Sample is pipetted into Sterile medium is added and : 3
sterile plate mixed well with inoculum lypical POt preta Jestits

FIGURE 5.6 Two methods of performing a viable count (plate count). In either case the sample must usually be diluted be-
fore plating. 3




() FIGURE5.7 Procedure for viable counting using serial di-

Ny lutions of the sample. The sterile liquid used for making di-

(& lutions can simply be water, but a balanced salt solution or
sampleto  growth medium may yield a higher recovery. The dilution
o becounted  factor is the reciprocal of the dilution.
Dilution —>
1iml 1ml 1ml 1 ml 1ml
AR TR T
9-ml
broth

1/10 1/100 1/10°  1/10¢ 1/10° 1/108
(103 (10 (1079 (1079) (1078

Plate 1-ml samples

o |

T I 159 17 2

Too many colonies colonies colonies colonies colonies
to count
159 x 10° =  1.59 x 10°
Plate Dilution Cells (colony-
count factor forming units) per

milliliter of original
sample




Incident ' Unscattered

light, /g - light, / o
Filter Sample Photocell Recorder
or containing (measures
prism cells (@) unscattered units
light, 1) 1. Spectrophotometer—
optical density (OD)
= Log /oy
2. Photometer—
for example, Klett,
Klett units;

1 Klett unit = 0D/0.002

Princip turbidimetrie



oD

600 |-
Organism A 500} 1.0
400 | 450 F 0.9
Theoratical —
300 | aool os

Organism B
350 0.7

200
150 300 | 0.6
Klett
units Klett
units 250 |- 0.5
100
80 200k 0.4
2 150 } 0.3
40 } 100 F 0.2
50F 0.1
20 ] S 1 1 L 1 1 0
0 5 10 15 20 25 30 35 Cell numbers or dry weight
Time (h
(b) (o) (©

FIGURE 5.8 Turbidity measurements of microbial growth. (a) Measurements of turbidity are made in a spectrophotometer ¢

inci i 5 P in s 5 »ives readings in optical density or
. The photocell measures incident light unscattered by cells in suspension and gives readings 3
Sk e : X two organisms growing at different growth rates.

hotometer units. (b) Typical growth curve data obtained in Klett units for e .
For practice, calculate 5?2 gengration time (g) of the two cultures using the forrqula "= 3.3(log N — log_;?\(’.,-)) \E hl; rt(: ;:’s;:d Lf:t )
are two different Klett values taken between a time interval f. Which organism is growing faster, A or B? ¢ "c «?c"r ~l.1ti£'nship
tween cell number or dry weight and turbidity readings. Note that the one-to-one correspondence between these TE

breaks down at high turbidities.



Fresh medium —- Flow-rate
from reservoir il regulator

Sterile air or — = S
other gas I 3 ] ]
_— Gaseous
= headspace
\ / —— Culture
b vessel
L0
°§°:'
.:: —— Culture
oé‘
Overflow

Effluent containing
microbial cells ———_ 0

FIGURE 5.9 Schematic for a continuous culture device
(chemostat). In such a device, the population density is con-
trolled by the concentration of limiting nutrient in the reser-
voir, and the growth rate is controlled by the flow rate (see
Figure 5.11). Both parameters can be set by the experimenter.




Only yield affected
s !
(5]
© -~ S K %
= S =
= o =
e o 0 )
S S
i 1 1
2 3 4 5

Nutrient concentration (mg/ml)

FIGURE 5.10 Relationship among nutrient concentration,
growth rate (solid line), and growth yield (dashed line) in a
batch culture (closed system). At low nutrient concentra-
tions both growth rate and growth yield are affected.




Presently known upper temperature
limits 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 113
Archaea

a See a possible exception in Section 16.12 and Figure 16.34.




‘Enzymatic reactions | 'Optimhm’
~occurring at increasingly ' S
_rapid rates

Growth '
rate e ' \ .

- Minimum

Maximum —\

Temperature

Membrane gelling;
transport processes
so slow that growth
cannot occur




Bezeichnung Temperaturfenster Beispiellebensraum
psychrophil unterhalb 15° C  Gletscher

mesophil 15-40° C gemifigte Zonen, Meere
thermophil 40 - 100° C Komposthaufen
hyperthermophll liber 100° C heie Quellen

e e

H.l

Lol

NN




« Letalni ucinek tepla- vyse teploty, doba expozice,
podminky prostiedi, kondice MO

*Ucinek predevsim na koagulaci bilkovin

*Denaturace bilkovin — 1inaktivace enzymu, destrukce
jedinneho esencialnniho — odumieni bunky

*Ochlazeni pod bod mrazu — rozdil spociva v tom, zda se
jedna o pomale — vznik velkych krystalu a poskozeni
bunky

*Pi1 rychlém ochlazeni vznikaji malé krystalky a bunky
se neposkodi

-Lyofilizace bun¢k — dehydratace zmrazenych
mikroorganismiu se pouziva u sbirkovych MO



Bezeichnung pH-Bereich Beispiellebensraum
acidophil pH <5 Moorgewasser
neutrophil pH=15.9 menschlicher Darm
alkalophil  pH>9 Sodasee




Moles per liter of:
B OH"
1 1014

Volcanic soils, waters 101 10-13
Gastric fluids R
Lemon juice

Acid mine drainage
Vinegar

Rhubarb

Peaches

Acid soil

Tomatoes

American cheese
Cabbage

Peas

Corn, salmon, shrimp

Pure water

Example

i)
p =

o

1 0-12‘

Seawater
Very alkaline

natural soil
Alkaline lakes

200 0N O O NN =

\
o




Salzkonzentration
obligatorisch geringe
Salzkonzentration

fakultativ mittlere
Salzkonzentration

obligatorisch mittlere
Salzkonzentration

obligatorisch hohe
Salzkonzentration

Bezeichnung

nichthalophil

halotolerant

halophil

extrem
halophil

Beispiellebensraum

Siilwasser, Boden

menschliche Haut

Meerwasser

Solequellen, totes
Meer




Halotolerant Halophile L "3'45 tme |

‘Example: Example: | halophile
Staphylo- Vibrio Example
coccus fischeri Halo-
aureus bacterium
salanarum
l/—-
Growth rate /
4
Nonhalophile
Example:
Escherichia
coli -

Sodium ion concentration

FIGURE 5.19 Effect of sodium ion concentration on
growth of microorganisms of different salt tolerances. The
optimum NaCl concentration for marine microorganisms
such as V. fischeri is about 3%; for extreme halophiles, it is
between 15 and 30%, depending on the organism.



mwmer activity of several substances

Examples of organisms growing

Water activity,a,, ~ Material at stated water activity

1.000 Pure water Caulobacter, Spirillum

0.995 Human blood Streptococcus, Escherichia

0.980 Seawater Pseudomonas, Vibrio

0.950 Bread Most gram-positive rods

0.900 Maple syrup, ham Gram-positive cocci such as Staphylococcus
0.850 Salami Saccharomyces rouxii (yeast)

0.800 Fruit cake, jams Saccharomyces bailii, Penicillium (fungus)
0.750 Salt lakes, salted fish Halobacterium, Halococcus

0.700 Cereals, candy, dried fruit Xeromyces bisporus and other xerophilic fungi




 Podle naroku na vlhkost

«Xerofilni (mikromycety, streptomycety)
*Mezofilni (bakterie, fasy, prvoci)
*Hydrofilni (4zotobacter, Rhizobia)

*Osmoticky tlak

» prostiedi hypo (nastava plasmoptyza — prasknuti buiiky
a vyhreznuti b. obsahu) a hypertonické (ztrata vody —
plasmolyza) S. aureus snasi 1 koncentraci 6,5 % NaCl, E.
coli nikoliv, halofilni b. V moftské vodé (1 v Mrtvém
mor1)



JL:IRE X Oxygen relationships of microorganisms
Group

Relationship to O, Type of metabolism Example Habitat"
Aerobes
Obligate Required Aerobic respiration Micrococcus luteus Skin, dust
Facultative Not required, but growth ~ Aerobic, anaerobic respiration,  Escherichia coli Mammalian large
better with O, fermentation intestine
Microaerophilic ~ Required but at levels Aerobic respiration Spirillum volutans Lake water
lower than atmospheric
Anaerobes
Aerotolerant Not required, and growth ~ Fermentation Streptococcus pyogenes  Upper respiratory tract
__ no better when O, present
Harmful or lethal Fermentation or anaerobic Methanobacterium Sewage sludge digestors,
respiration formicicum anoxic lake sediments

‘a Listed are typical habitats of the example organism.



(b) (c) (d) (e)

FIGURE 5.21 Aerobic, anaerobic, facultative, mi-
croaerophilic, and aerotolerant anaerobe growth, as re-
vealed by the position of microbial colonies (depicted here
as black dots) within tubes of a culture medium. A small
amount of agar has been added to keep the liquid from be-
coming disturbed and the redox dye, resazurin, which is
pink when oxidized and colorless when reduced, is added
as a redox indicator. (a) Oxygen penetrates only a short dis-
tance into the tube, so obligate aerobes grow only at the sur-
face. (b) Anaerobes, being sensitive to oxygen, grow only
away from the surface. (¢) Facultative aerobes are able to
grow in either the presence or the absence of oxygen and
thus grow throughout the tube. (d) Microaerophiles grow
away from the most oxic zone. (e) Aerotolerant anaerobes
grow throughout the tube.



* Hydrostaticky tlak
* —jsou znamy MO, zijici ve Filipinske ryze v hloubce
vice jak 10 km z1ji barofilni MO,

*barotolerantni ty které rostou a rozmnozuji se pri
normalnim atm. tlaku, ale jsou schopny piekonat 1 tyto
extrémni podminky




VENGOAWN -

Kontrolni otdzky

Metabolismus

Zvldstnosti metabolismu mikrobil

Mikrobidlni enzymy a pribéh enz. reakce

Déleni enzymi

Fototrofy x chemotrofy, autotrofy x heterotrofy
Litotrofy x organotrofy, aeroby x anaeroby
Fototrofni bakterie

Jak ziskdvaji MO energii?

Biol. oxidace, NAD+ x NADH + H+

. Glykolyza

Fermentace mlé¢na
Ostatni druhy fermentace

. Srovnani respirace a fermentace

Ana- a katab. syn‘reza OL (glukoneogeneze.)
Rlst a mnozeni MO

. Faze ristu mikrobidlni populace

Zred ovaci metoda stanoveni MO
Turbidimetrie, chemostat

. Vztah MO k teploté

. Vztah MO k pH, k osmotickému tlaku

. Vztah MO k vodé a hydrostatickému tlaku
. Vztah MO ke kysliku



Mikrobialni spolecenstvo pudy =
- bakterie (fetizky €i kolonie)

- aktinomycety (pseudemycelia)
~houby (hyty)

- fasy

N
g
A

.. k‘.-’ﬂSil‘lk}-’ + :. Drgani’:-:. :

maties

- VIry




Clay-organic
mather Comphex
Mycorrhizal hyphas
Actinomycete hyphae
and spores [ ::f:' )
Docomposing plant cells —1k i
Fungal hyphas

and spores

SpoleCenstva pudnich

biot a rostlinného kofene m
—




Vyznam mikroorganismi v pude
- stezejni v cyklech zivin a energit

- stoji na pocatku potravnich fetézcu

“rozklad organické hmoty (minerﬁlizaee)

- sysni¢éza novych sloucenin (immobilizace)
- tvorba-humusu

- udrzovani pudni struktury

rostlin

+vliv na vodni a vzdusny rezim pudy




O Fyzikalni
O Chemicke
O Biologicke

v Kvalita piidy
v Bdravi pady
¥ Fungovant pudy
v~ Urédnost pldy

Terestricky ekosystém

Spoleéenstva pudnich
mikroorganismu

Stabilita agregati a
pudne stroktura

Degradace Produkee
kontiminantd huminsu

Zdro) a propad organického
materialu

Tworba zivin pro
rosthiny

Mineralizace
reridin




* 0,05 - 0,5% hmoty pudy jsou mikroorganismy

* 10° az 107 jedincu v 1 g suché pudy

» foto mnozstyi staci na zabezpeceni veskeryeh procest minerahzace a immobilizace a
dal3ich procesu

» v pudé se vyskytuji volng, ¢ ve slozite a dynamicke vazbé na povrsich a uvnitr agregatu a
Castic.organomineralniho komplexu

uhlik
(Copn)




Imobilizace versus mineralizace

* Imobilizace ... proces, kdy je Cast
mineralnich zivin v€lenéna do organicke
hmoty, napt. pi1 rustu zelenych rostlin, ale
stejné tak 1 pf1 prijmu Zivin mikroorganismy.

= Mineralizace ... proces postupného rozkladu
organickych latek az na mineralni latky
vychozi.




Blogeochemlcke cykly
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Cyklus uhliku

ATMOSPHERE

Released from
interior of Earth

R ir n
espiratio Evaporation

Photosynthesis :
Released Solution

from sail

Biological
reservoir

Mixing layer

)
Fossil
fuels

Deep ocean

Sedimentation

New fossil beds

Carbonates



CYkIUS Uhliku A e —

Dissolved carbon, CO:2 dissolved Weatheri
bicarbonates in oceans, etc. eathering

FLEE

Photosynthesis o Respiration

vF




Carbon (mostly CO,)
in atmosphere

Volcanic action

Carbon in coal, oil, gas

(fossil fuels)




Cyklus uhliku

Tri Casti:

 Biochemicky — vyména latek v organismech (cca — 20 let)

* Biogeochemicky — ¢ast biomasy z biochemického cyklu
prechazi do sedimentii, ze kterych se postupné uvoliiuje (cca
—20 000 let)

* Geochemicky — vznik uhli¢itanu a jejich ukladani v morich a
oceanech (cca—200 000 000 let)

Antropogenni ovlivnéni




Cyklus uhliku

Uhlik se nachazi se ve vSech velkych systémech a rezervoarech

 Biosféra: zakladni stavebni Castice Zivych organismiu
 Litosféra: vapencové horniny, fosilni paliva
« Hydrosféra: (rozpustény CO, a karbonatové latky)
¢ Atmosfera: (CO,, CH, ...): 0,036 %
Nejvétsim rezervoarem uhliku jsou oceanské a pevninské
sedimenty.




Cyklus uhliku a clovek

Atmosphere (increase 3/year)

A oA A CO2 fertilization A A
1-37
Deforestation
1-3?

| DA, !

Biosphere
and ocean 36 725

surface biota o Surface ocean
- (inorganic 700,
40 | organic 25)

11400
Clathrates

40| 39

38000
Deep ocean
(inorganic 37000, organic 1000)

Fossil fuel




Cyklus uhliku

a Clovéek

* do atmosféry 6 miliard t/rok spalovanim fosilnich paliv
* kolem 2 miliard t/rok odlesnovanim
* dusledek: misto prirozené spotieby z atmosféry produkce CO,

Dlouhodoba pfirozena celkova nevyrovnanost tokt je pravdépodobné
menSi neZ 1 miliarda C t/rok. Toto mnoZstvi se zda mal¢ ve srovnani

s ostatnimi toky. Presto je zasah Clovéka obrovsky.




Cyklus dusiku

Atmospheric nitrogen

Bacteria

Nitrogen
N

Denitrification

N

Animal protein
Protein synthesis i

Ammonification

Excretions

Bacteria
Nitrate (NO-) and

ammonium (NH;)
in soil

Nitrification

Nitrogen Fixation



fossil fuels

nitrogen- St
Tixing =Y
bacteria dead animals

in root and plants

nodules

nitrogen-
fixing
bacteria
in soil

decomposers
'il:uau:terialanl:l fungil

ammonification

mmm human activities

I natural activities

21 1992 Encuclopasdia Britannica, Ine.
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Fixace vzdusného dusiku volné zijicimi bakteriemi

Azotobacter
nesymbioticka fixace vzdusneho dusiku

Zije obvykle v symbioze s pseudomonadami,



Symbiézu mezi bakteriemi fixujicimi molekularni
dusik a rostlinami lze rozd€lit na ndsledujici typy:

a) nodulujici symbiozu,
b) nenodulujici symbidézu a
¢) asociativni symbiodzu.




Fixace vzdusného dusiku - symbioticka

Leghemoglobin- v hlizkach bakterii rodu Rhizobium ma
pyrolovou povahu a obsahuje Fe




7592

9
0 oo_'

kofenovy vlasek

rizobium

primérni kura
8 b

Obr. 7.3 Tvorba hlizky u s6ji. (a), (b) Bakterie rodu Rhizobium se shromaz
které vyvoldvaji délenf bun&k kofene a vznik hlizky. (d) Hlizka. (Pfevzat



infekéni
viakno

délici se bunky hlizka
primarni kdry
c d

zduji v okoli kofenového vldsku. (c) Infekéni vldkno s bakteriemi,
ato ze Salisburyho a Rosse 1991.)




Scanning electron micrograph of an infected cell. The rod-like structures
are the micro-symbiont, Bradyrhizobium japonicum. There may be up to
20,000 individual bacteroids in an infected cell!




' am W es AR Y W e "
Lo Lo D0 0N . T New

Transmission electron micrograph of an infected cell. Bacteroids appear as either dark
circles or as rods depending on whether they were sectioned transversely or
longitudinally, respectively. Bacteroids are grouped in units of three or four, which
comprise a symbiosome. The symbiosome is separated from the host-cell cytosol by the
symbiosome membrane that was derived from the infection thread. An uninfected cell is
in the lower left hand corner of the micrograph




Cyklus dusiku

Aminokyseliny jsou dilezitymi
slouc¢eninami vSech Zivych organismi
(-NH, skupiny; bilkoviny).

Dusik ve tfrech formach:

* plynny jako prvek N,

* vredukované podobé jako amoniak NH,

« voxidované podobé jako dusi¢cnanovy NO;™ ion

Pouze jako redukovany se zucastiiuje biochemickych reakei.
N, nemiiZe byt primo vyuZivan organismy. NejvétSim
rezervoarem dusiku je atmosféra: 78 %




Cyklus dusiku

Clovék:
* spalovani paliv (vznik NO za vysokych teplot z N, a O,), ten se
dale oxiduje na NO, a s vodou tvori HNO, (kysely dést’)

* N,O (sklenikovy plyn) uvolnovan bakteriemi ze zemédélskych
odpadii

* uvoliovani z pudy zavlaZzovanim, vypalovanim pralesi

* hnojeni a komunalni odpad (sinice)




Cyklus dusiku

Mikroorganismy jsou naprosto stézejni:

1) kromé sinic a symbiotickych bakterii nedovedou organismy poutat N,
2) zpétne uvolnovani dusiku do atmosfery
3) transformace forem dusikatych sloucenin

AKTERIE A PROCESY ZUCASTNENE NA KOLOBEHU DUSIKU,

Fixace dusfku

Oxidace slouZenin dusiku
{tvorba dusitant a dusitnana)}

Redukee dusiénani
{tvorba amoniaku
a denitrifikace)

Symbiotické Nitrobacteraceae Jiné baktérie Baktérie zplisobujict
balktérie oxidujici NO;~ amonifikaci bilkovin
Nesymbiotické baktérie (Zijfci sym- na NOy~ a denitrifikaci, vyuZivajici
(volné Zijici baktérie) bioticky NO; a NOy— jako
8 vikvovitymi akceptory vodiku
rostlinami) :
] Oxidace
Azotobacteraceae Jiné baktérie
NH; NO;—
na NQOy— na NOj;~
Azotobacter Enterobacter Rhizobium Nitroso- Nitrobacter] Nocardia Thiobacillus denitrificans
Azomonas Nocardia monas Nitro- Streptomyces Pseudomonas stutzeri
Beijerinckia Clostridium Nitroso- spina Né&které druhy rodu
Derxia Rhodospirillales coccus Nitro- Bacillus aj.
Nitroso- cocecus
lobus




Cyklus dusiku

Mineralizace dusikatych latek
Ma dva kroky:

amonifikace
mnoZstvi mikroorganismu; organicky N je mineralizovan na NH,* hlavni zdroj
dusiku pro rostliny a mikroorganismy

nitrifikace
mensSi mnozstvi autotrofnich bakterii;
NH4+ "'> NOZ- NOZ- "'> NO3-

mineralizace N je funkci teploty, vlhkosti, provzdusnéni, typu dusikatych
organickych latek v prostredi a také pH

NH,* se v pudé vaze na Castice X NOj se z pudy vymyva




Plant residues

Structural C Metabolic C
high lignin, low N | low lignin, high N
2—4 years 0.1-0.5 year

C/N = 100-200 C/N = 10-25

o,

Active SOM
1-2 years
C/N = 15-30

Slow SOM
[ 5—100 years
C/N = 10-25

Passive SOM
500-5000 years
C/N = 7-10



-
Hydrogen Sulfide [
(H,S) ’

+
Oxygen (O, )
atmosphere

—_—
Sulfur Dioxide |}

(Soz, \
+ g - P
Water (H,0) esenemsmes
Dimethyl Sulfide |
(DMS) ) Industries

Oceans

Sulturic Acid
(H,80,)

Ammonia (NH, )

| Fog and Precipitation
(rain, snow)

Ammonium Sulfat
[(NH,), SO, ]

Animals
Plants %
Sulfate Salts ]
(S0.%) aerobic conditions
in soil and water
Decaying Sulfur
Organisms ()

anaerobic
I conditions in
Hydrogen Sulfide Ik s0il and water

(H.S)

Cyklus siry

VétSina siry vazana mineralné (pyrit,
sadrovec).

* H,S a SO, uvolnovan z aktivnich
vulkanu

* rozkladem organické hmoty

*  SO,* do atmosféry tfiSténim
slané vody

«  DMS (dimethylsulfoxid)
uvoliiovan do atmosféry
planktonem

Clovék: kolem 1/3 z celkového
mnozstvi siry do atmosféry (99 %
SO,)

« spalovani fosilnich paliv (2/3)

e zpracovani ropy, mineralnich
zdroju
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Cyklus fosforu

Diilezita slozka RNA, DNA a

prrenasSecii energie (ADP,
ATP)

fosfor se jen pomalu
uvoliiuje z hornin (apatit
)

nevstupuje do atmosféry
je vétSinou limitujicim
faktorem rustu rostlin

Clovék:

hnojiva a praci
prostiedky

zemédélské a komunalni
odpady



Cyklus
fosforu
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Cyklus kysliku

Stabilita atmosféry:

Obsah O, v atmosfére v porovnani s obsahem CO, je
stabilnéjsi.

Biologicky zpétné vazebny mechanismus (kontrola tlaku O,
v atmosfére):

« nariust koncentrace kysliku — narist parcialniho tlaku
Kysliku — inhibice fotosyntézy

* narust koncentrace oxidu uhliitého — narust parcialniho
tlaku CQO, — vyssi rychlost fotosyntézy, zvétSuje se rostlinna
slozka biosféry, vétsi fytomasa vice respiruje — roste
koncentrace O,, klesa produkce O,, roste koncentrace CO,,
zvySuje se rychlost fotosyntézy



Vztahy mezi cykly C, S, P, Na O




Aeromicrobiology (Maier)

The air is a hostile environment, yetr it is the medium through
which many pathogens are dispersed!

[he-oft of air born microbes:

k — inactivation coefficient, Depends on the type of microbe and environmental
conditions.

Factors contributing to k;

* Relative humidity

*  Temperature

* Radiation
Protection by association with particles, pigmentation, cloud cover, DNA
repair

* (s radicals

*  Open air factors

* Jons




Microbes reach the air by aerosolization

Depends on type of orgamsms, particles and gaseous phase




Transport Time Distance
Submicroscale <0 min <100 m
Microscale [0 — 60 min 00 m— | km
Mesoscale Days | — 100 km
Macroscale Days =100 km

But .... global distribution of pathogens

. : g
Depend on diftusion and wind velocity ‘

g
ul
Z
:

{il. Deposition

Mostly, Coravitational: Stokes law: Terminal velocity of a particle depends on its size,
density, gravity, and the air viscosity.




Air sampling - Simulation of breathing { particle size [0.8 — 15 um|, air flow and
velocity )

Impingement — trapping in hquid, e.g., AG-30

Impaction — deposition on solid surface, e g.. Anderson six-stage sampler
Centrifugation

Filtration

Deposition - passive collection

Siage number.
Jel size (diameter ")
det velocity [ises)
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Stabilita atmosféry:

Obsah O, v atmosfére v porovnani s obsahem CO, je
stabilnéjsi.

Biologicky zpétné vazebny mechanismus (kontrola tlaku O,
v atmosfére):

« narust koncentrace kysliku — narist parcialniho tlaku
Kysliku — inhibice fotosyntézy

* narust koncentrace oxidu uhliitého — narust parcialniho
tlaku CQO, — vyssi rychlost fotosyntézy, zvétSuje se rostlinna
slozka biosféry, vétsi fytomasa vice respiruje — roste
koncentrace O,, klesa produkce O,, roste koncentrace CO,,
zvySuje se rychlost fotosyntézy
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Aeromicrobiology (Maier)

The air is a hostile environment, yetr it is the medium through
which many pathogens are dispersed!

[he-oft of air born microbes:

k — inactivation coefficient, Depends on the type of microbe and environmental
conditions.

Factors contributing to k;

* Relative humidity

*  Temperature

* Radiation
Protection by association with particles, pigmentation, cloud cover, DNA
repair

* (s radicals

*  Open air factors
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Microbes reach the air by aerosolization

Depends on type of orgamsms, particles and gaseous phase
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Air sampling - Simulation of breathing { particle size [0.8 — 15 um|, air flow and
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Impingement — trapping in hquid, e.g., AG-30

Impaction — deposition on solid surface, e g.. Anderson six-stage sampler
Centrifugation
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