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Spolecenstva mikroorganismu

Spole€enstva mikroorganismi
= slozity systém vazeb mezi sebou i s okolnim prostredim

Hlavni mechanismy mezi- a vnitrodruhovych procesu:

» kooperace (u mikroorganismu néjcastéji substratova)

» kompetice (antibiotika)

» symbidzy s rostlinami (jsou Casto sledovany jako eko(toxiko)logicky endpoint)

Centrum pro vyzkum o
toxickych latek Snimek 4
v prostiedi
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Priklad — mikrobialni spole¢enstva pud — dominuiji tri

Spole¢enstva mikroorganismu

skupiny mikroorganismui

o u

charakteristika bakterie aktinomycety houby
populace nejCetnéjsi stfedné pocetné nejmeéné pocetné
biomasa bakterie a aktinomycety maji stejnou biomasu nejvysSi biomasa

bunécna sténa

murein, teikoove kyseliny,

murein, teikoove kyseliny,

chitin nebo celuldéza

lipopolysacharidy lipopolysacharidy
kompetitivita pro
jednoduché nejkompetivnéjsi nejmeéné kompetivni stfedné kompetivni
org.slouc.

tolerance k vihkosti

nejmeéné tolerantni

stredné tolerantni

nejvice tolerantni

©)

v prostiedi

optimalni pH 6-8 6-8 6-8
pH pro kompetici 6-8 >8 <5
. Ny . . dominuji v suchych pudach dominuji v pudach
puda pro kompetici vSechny typy pud s vysokym pH s nizkym pH
o SUICAS




Selekce a strategie

Hlavni hybatele evoluce: selekce, diverzita, sukcese

Strategie a selekce: r a K stratégove
Béhem studia mikrobialnich spole€enstev bylo prokazano, ze
mikroorganismy praktikuji bud’ jednu, i druhou stategii.

Lze stanovit napf.:
- jejich podily na substratem indukované respiraci (SIR)
- Ize inhibovat r stratégy v pokusech s minimalnim pridavkem substratu (napf. acetat)

Centrum pro vyzkum o
(6) toxic:(uSIch late‘l’tyz ! Snimek 6
v prostiedi




Biodiverzita

- je funkci ekosystému (ekosystém ma mnoho/malo nik ===> biodiverzita je velka/mala )

Nerovnovaha: ekosystém ma mnoho nik a ty nejsou zaplnény (napf. ve zniCenych Ci
stresovanych ekosystémech)

Stabilita: stabilni vztahy mezi populacemi, uvnitf populaci a mezi organismy a prostfedim

Stability je vétSinou dosazeno na konci sukcese (nebo pravdivéji v jejim subfinalnim stadiu)

Diverzita = rovhomérnost rozlozeni jedinctl do skupin = informace

Vétsi diverzita = vétsi "pool” informaci (strategii, enzymu, genomu ...) = mensi energie
nutna na udrzeni celku = vyssi stability

Specifika mikroorganismu: riizné druhy a rody mohou zastavat podobné funkce (vétsi
smysl ma tedy funkCni nez taxonomicka diverzita)

Vysoka diverzita zajist'uje stabilitu ekosystému
Pokud je zasah, je tolerance vysSi u diverzifikovaného spoleCenstva

Casto ma inverzni vztah s produktivitou

Centrum pro vyzkum o
toxickych litek Snimek 7
v prostiedi
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Biodiverzita mikroorganismui

2 mMozné scénare

Madlo druhd Hodné druh

Hodné jedinct \ / Mdlo jedincil
Diverzita

Nizké Vysoka

Pozn: uvazujeme zatim pouze druhovou diverzitu

Centrum pro vyzkum 1
toxickych litek Snimek 8
v prostiedi
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Biodiverzita mikroorganismu

Mala druhova diverzita

Uspésné
konkurenceschopné
mikroorganismy
Vysokad
produkftivita

Vysokd potreba energie

Vysoké po&ty bunék ‘ .\

Jen nékolik dominantnich populaci

NESTABILNI

Centrum pro vyzkum 1
toxickych litek Snimek 9
v prostiedi
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Biodiverzita mikroorganismu

Vysoka druhova diverzita

Vysoka druhova
bohatost

(= je hodné druht)

|

Méng jedincd ‘ Men¥ energetické ndroky

|

Komplexni struktura

STABILNI SPOLECENSTVO

Centrum pro vyzkum

toxickych litek Snimek 10
v prostiedi
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Biodiverzita mikroorganismu

Mala druhova diverzita — relevance k

environmentalnim zasahum
Uprednostnén je rychly

o v . y
rust nékolika malo N
druht Environmentalni zména

|

Vysokd spotreba energie

\/

‘ Biomasa
Druhy \
Vyvoj jednoduchého /
spolecenstva

Cas

Centrum pro vyzkum o
toxickych latek Snimek 11
v prostiedi
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Biodiverzita mikroorganismu

Co kontroluje biodiverzitu?

1. EKosystémy, kde jsou to fyzikalné — chemicke faktory
prostredi: napr. kysela raseliniste, horké prameny,
pousté, znecisténé pudy ...

= specializovane ekosystemy, kde je jeden faktor urcCujici
(tzv. variant)

Malédivverz’i’ra ——  Adaptace ——s Nejvyéévipvr:ior'i’ra
prostredi = prezit

N J

v

Nizkd druhova diverzita

C zku o
e ol Snimek 12
prosred
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Biodiverzita mikroorganismu

Co kontroluje biodiverzitu?
2. Ekosystémy, kde jsou to biologicke faktory

Tolerantni Abioticky stres Spolecenstva
pl"OSTcedf je redukovdn druhové bohatad
J

v

Vysokd druhova diverzita

Prirozeny stav pro mikrobialni spolecenstva je vysoka diverzita

- je sniZzovana stresem a negativnimi zasahy, kdy se ,vyhranu;ji“ vlastnosti prostfedi (ad 1)

=» biodiverzita mikroorganismu je idealni mirou
biologickeé kvality systému

Centrum pro vyzkum i
toxickych litek Snimek 13
v prostiedi
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Biodiverzita MO

* vyjadrovani
diverzity

* lze pouzit stejné
indexy, jen misto
druht budou napf¥.
funkcni skupiny
mikroorganismu a
misto jedincl
biomasa ...

Table 6.1

Examples of diversity indices

Soecies richness (d)

i =
log &

where § = number of species

N = numbper of individuals

Shannon-Weaver index of diversity (H)

H =%(NlngN—ZnE log #:)

where C=2.3
N = number af individuals
n, = nutnber of individuals in the i* species

Evenness (¢)

g =

- log S

where /T = Shannon-Weaver diversiiy index

§ = number of species

Equitability (J)
H
Hnmx

J=

where H = Shannon-Weaver diversity index

H .= theoretical maximal Shannon-Weaver diversity index for

the popalation examined—assumes gach species has only
one member,

Centrum pro vyzkum
toxickych latek
v prostiedi
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Biodiverzita mikroorganismu

Biodiverzita

\

geneticka

strukturalni

taxonomicka

v ?? interpretace ??

funkéni

?? kvantitativni miry ??

?? vzajemné vztahy markert ??

Centrum pro vyzkum o
toxickych litek Snimek 15
v prostiedi
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Analyzy lipidu:

biomarkery a diverzita
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Analyza lipidu: biomarkery a diverzita

Soil sample

Molecular Approach Fatty Acid Analysis Approach

’ Extraction ‘ Extraction
Direct Indirect Direct Indirect

DNA/RNA  DNA/RNA
T

Amplification ’LFA FAME MIDI-FAME

PCR/RT-PCR

| | | ! | : Acid methylation
rep-PCR ARDRA T-RFLP RISA DGGE

\ \I //TGGE

Community fingerprint Community profile Species identification
Diversity Structure Richness Evenness Structure  Biomass  Diversity of isolates

Fig. 1. Current approaches available for microbial community fingerprinting in soil perturbed with chemicals. The plot presents techniques
that are discussed in this review.

Centrum pro vyzkum i
toxickych litek Snimek 17
v prostiedi
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Analyza lipidl: biomarkery a diverzita

- lipidy bunéCnych membran jsou tak specifické, Ze maji povahu az
biomarkerti ===> SLB - signature lipid biomarkers

- kazdy mikroorganismus ma charakteristicky "pattern” sloZeni lipida, ktery
muze byt uZit jako diagnosticky parametr

Priklad:

rod Micrococcus dle vetvenych nenasycenych FA:
C,7,C8,Coq M. luteus
Cy5,Co6,Cor M. varians
C30,C351,Cs M. sedentarius

Centrum pro vyzkum

toxickych litek Snimek 18
v prostiedi
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Analyza lipidl: biomarkery a diverzita

- lipidy buné€nych membran jsou tak specifické, Ze maji povahu az biomarkert ===> SLB -
signature lipid biomarkers

- jsou velmi diverzifikované: nékolik skupin a v ramci nich jsou lipidy s mnoha strukturnimi
variacemi:

1) Jednu velkou skupinu tvofi mastné kyseliny vazané v puvodni makromolekule fosfolipidu
esterovou vazbou (EL-PLFA):

a) nasycenych PLFA (SATFA - saturated fatty acids)

b) mono-nenasycenych (MUFA - mono-unsaturated fatty acids)

c) vicenasobné nenasycenych (PUFA - poly-unsaturated fatty acids)

d) hydroxy-substituovanych (PLOH)

2) Druhou velkou skupinu tvofi mastné kyseliny vazané v plvodni makromolekule pfes
neesterovou vazbu (NEL-PLFA):
a) UNSFA - nasycené i nenasycené mastné kyseliny a hydroxy-substituované (UNSOH)

Konkrétni sloué¢eniny mastnych kyselin jsou stanovovany stejné v obou frakcich, tedy
EL-PLFA i NEL-PLFA. LiSi se tedy pouze zpusobem navazani v molekule fosfolipidu.
UNSFA tedy zahrnuji stejné molekuly jako SATFA+MUFA+PUFA, pouze misto
karboxylového konce, maji jiné zakonéeni pochazejici z hydrolyzy neesterové vazby.
Analogicky totéz plati pro PLOH a UNSOH.

Centrum pro vyzkum o
toxickych litek Snimek 19
v prostiedi
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Analyza lipidl: biomarkery a diverzita

Analyzy lipidl - nazvoslovi

- zakladni ¢ast vlastniho nazvoslovi tvofi pomér X:Y, kde X je pocet uhliki v fetézci
kyseliny a Y znaCi stupen nenasycenosti, tedy pocCet dvojnych vazeb v
makromolekule

- pozice dvojnych vazeb je pak Cislo v zavorce s tim, ze pokud je u n€j ¢, respektive
t, znamena to cis, respektive trans konfiguraci

- pismeno n znamena normalni nevétveny retézec
- zkratka br znamena rozvétvenou molekulu o methylovou skupinu
- pismena / a a pak znamenaji iso a anteiso pozici methyloveé skupiny

- pismeno p Ci p nasledovano Cislem znamena pozici methylové skupiny od
karboxyloveho konce molekuly

- cyklopropylové skupiny na PLFA maji v nazvoslovi zkratku cy

- pozice hydroxy skupiny v fetézci je vyznacCena jako o, [ od karboxylového konce,
Ci od alifatického konce fetézce symbolem o nasledovanym cCislem, napfiklad o-1

- pismeno d znamena dikarboxylové mastné kyseliny

Centrum pro vyzkum o
toxickych litek Snimek 20
v prostiedi
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Analyza lipidu: biomarkery a diverzita

Analyzy lipidi - analyza

- slozita separace a extrakce; esterifikace na
FAME

- analyticka koncovka je GC-MS: na zakladé MS
je identifikovana mastna kyselina a na zakladé
retenéniho C€asu pak jiz muize byt

analyzovana

- existuji knihovny FA pro MS

rutinné
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Analyza lipidl: biomarkery a diverzita

Analyzy lipidl - PLFA jako biomarkery

- informuji o slozeni mikrobialniho spoleCenstva:

vétvené PLFA typicky bakterialniho puvodu

PUFA, zejména 18:2 charakteristické pro Eukaryota

suma relativni abundance iso a anteiso
izomert 15:0 vétvenych PLFA
pomér mezi iso(anteiso) 15:0 vétvenymi
PLFA a 16:0 vétvenymi PLFA

18:2 w FA = houby

reprezentuji bakterie

= relativni zastoupeni bakterii

- poskytuji ale i dalSi informace:

pokud vy$Si nez 1 muze znacit

pomeér cis a trans izomeru MUFA N
stradani ¢i env. stres

pomér nasycenych / nenasycenych
pomeér cykropropyl FA / jejich monoenoic

prekursory indikace stresu
pomér iso 15:0 / anteiso 15:0 aiso 17:0/
anteiso 17:0
( ckgen el Snimek 22
v prostiedi




Analyza lipidl: biomarkery a diverzita

Analyzy lipidl - PLFA jako biomarkery

Table 2

Marker fatty acids (FAs) of selected microbial groups inhabiting soil ecosystem

Microbial group
Gram-negative
bacteria

Gram-posiiive
bacteria
Actinomycetales

Cytophaga—
Flavobacterium—
Bacteroides
Pseudomonas

Arthrobacter
Fungi

Eukaryotic algae and

Protozoa

Fatty acids (FAs)

OH FAs (usually 3 OH)
monounsaturated FAs

(e.g. 16:1wTL, 16:1w8c, 18:1w7)
cy17:0, cy19:0

Iso- and anteiso FAs (e.g. 115:0,
A15:0, i16:0, i17:0, al7:0)

10 Me FAs (e.g. 10 Mel6:0,

10 Mel17:0, 10 Mel8:0)
16:1w5c¢

FAs with odd number of C

16:0 and 16:1w7c (equiv.
proportions), 18: 1w7 c/wot/wllt
FAs with even number of C
a15:0 and al7:0 (high proportions)
16:1w8c (in arbuscular fungi)

1 8:2wH,9¢

18:1w9c¢, 20:4

23:0, 25:0, 21:0

Polyunsaturated FAs (e.g. 16:1w4,
16:3, 18:4w3, 20:4, 20:5, 22:6)

Source
Cavigelli et al. (1995)
Zelles (1999a),

Zelles (1999b)

Pennanen et al. (1998),
Zelles (1999a,b)
Frostegard et al. (1993),
Kelly et al. (1999)
Frostegard et al. (1993),
Kellv et al. (1999

Otsson and Persson (1999)
Haack et al. (1994)

Olsson and Persson (1999)
Haack et al. (1994)
Olsson (1999)

Frostegird et al. (1993, 1996)
Lindahl et al. (1997
Zelles (1999b)

Findlay (1996
Frostegard et al 11997)

Centrum pro vyzkum
toxickych latek
v prostiedi

©)

Snimek 23



©)

Analyza lipidl: biomarkery a diverzita

Table 1. Common phospholipid biomarkers and their interpretations

Indicator Interpretation Origin of Sample Source Comments
N Polyunsaturates =% Microeukaryotes Isolates (23, 32] Do not occur in bacteria
182w6c (472,77 b\"lw 3 Fungi Isolates [39]
10Me18:0 Actinomycetes Isolates (21}
18:3, 20:3, 20:4, 16:1w5c  "yMycorrhizae Isolates (27]
Branched (i, a, Me) - Gram-positive bacteria Isolates [17] Also in Gram-negative bacteria
Cyclopropyl 17 & 19 Aerobic bacteria Sediment in microcosm [30]
Anaerobic bacteria Soil in microcosm 113]
Starvation Isolate f14]
Cyclo/precursor ratio ¥ Stress indicator Isolate (20] High in acidic conditions,
low O,, and high temp
Isolates [22] High in late logarithmic and
stationary growth phase
Isolate [36] High in starved conditions
trans/cis ratio % Stress indicator Isolates {14] High with starvation
Isolates 119] Ratio increased with
desiccation in Gram-
negative, but not Gram-
positive bacteria
18:1w8¢c % Type II methanotrophs Isolates (5, 24, 25]
Soil [26, 31] Enriched in soil exposed to
methane
Monounsaturated 16 % Type I methanotrophs Isolates (5, 24] Not specific to Type 1
carbon fatty acids methanotrophs; very
low occurrence in soil
exposed to methane [25]
10Mel6:0 Desulfobacter Isolates (7} When not with 10Me18:0
117:1w7 Desulfovibrio 3 strains [8]
Desulfovibrio Isolate (32] Not found in sediments with
desulfuricans known sulfate reduction (31)
17:1w6 Desulfobulbus 3 strains [29, 33]




Analyza lipidl: biomarkery a diverzita

Table 2. Ratios and sums of PLFA used in data analysis _{.- cVL/(A maSli f?"w
Name Definition

Fungal/bacterial biomass (fung/bact) 18:2w6¢/115:0 + al5:0 + 15:0 + 116:0 + 16:1w5c +
i17:0 + al7:0 + 17:0cy + 17:0 + 18:1w7c + 19:0cy

Cyclopropyl 17/precursor (cyl7/pre) 17:0cy/16:1w7¢

Cyclopropyl 19/precursor (cyi9/pre) 19:0cy/18:1w7c

Total monounsaturated/total saturated  14:lw5c + 15:1w6c + 16:1w7¢c + 16:1w5¢ + 17:1w9¢ +

(mono/sat) 18:10w9¢ + 18:w7¢/12:0 + 13:0 + 14:0 + 15:0 + 16:0 +
17:0 + 18:0 + 20:0

Total hydroxy 15:0 30H + 16:1 20H + 16:0 20H + 18:0 20H

Centrum pro vyzkum o
toxickych litek Snimek 25
v prostiedi

©)




Analyza lipidl: biomarkery a diverzita

Table 1. Metal impact on selected phospholipid fatty acids (PLFAs) in forest humus in
Scandinavia. The ratio between the relative abundance in metal rich soil to that of
noncontaminated soil is given. '

Metal PLFA
i16:0 br17 bri8 204
Cd, Cu, Ni, Pb, or Zn® 0.8-2.3 1.5-4.4 1.2-1.9 0.02-0.06
Mainly Cu® 1.7 2.9 3.5 0.07
Cd, Cu, Pb, and Zn a.0.” 1.7 g 23 0.38
Pb? 1.4 7.9 153 0.22
a) Laboratory study (20)
b) Field data, Harjavalta smelter, Finland (22)
c) Field data, Rénnskar smelter, Sweden (22)
d) Field data, naturally Pb-rich soil, Norway (Baath, Diaz-Ravifia, Bakken, unpubl. data)
(6) %E{;%Eize\:(yzkum Snimek 26 26
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Analyza lipidl: biomarkery a diverzita

Dalsi indikatorové latky - biomarkery
ergosterol - houby (HPLC)
muramova a diaminopimelova kyselina - prokaryota (HPLC)

lipopolysacharidovy lipid A mastné kyseliny a kyselina teichoova -
G- a G+ (GC/MS)

hydroxy FA, plasmalogeny a sfingolipidy - anaerobni populace
bakterii

Centrum pro vyzkum

toxickych litek Snimek 27
v prostiedi
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Funkcni diverzita -

system BIOLOG
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Funkcni diverzita — systém Biolog

- systém BIOLOG vyuziva jednoduchych uhlikatych substratl, které se vétSinou vyskytu;ji
pfirozené v pudnim prostfedi; tyto jsou v 96-jamkovych mikrodestickach spolu s barvivem a
na zakladé schopnosti, i neschopnosti mikroorganismu vyuZivat jednotlivé substraty vznika
specificky "fingerprint", ktery bud’ identifikuje mikroorganismus (identifika€ni pristup), nebo
fyziologicky potencial spoleCenstva (funkéni diverzita - ekologicky pristup)

- v prvnim pfipadé je pouzita monokultura, ktera je po izolaci identifikovana pomoci
mikrodesticek s 96 uhlikatymi substraty (barvivo je TTC ---> TPF; A=590 nm) - GN2
Microplate™ a GP2 Microplate™ - rutinni vyuziti k identifikacim mikroorganimu v celé
fadé oboru

- druhy zpusob vyuziti, méné Casty a pomérné novy, je pfistup hodnoceni diverzity
mikroorganismu technikou fyziologické profilace na urovni spoleéenstva (CLPP -
community level physiological profiles); pro tento ucel byly vyvinuty BIOLOG EcoPlates™ -
mikrodestiCky, které obsahuji 3 krat 31 vybranych uhlikatych substratl a jejichz schopnost
profilovat metabolicky "fingerprint" spoleCenstva je vyuzitelngjSi zejména pro statistické

hodnoceni (méné "proménnych")

Centrum pro vyzkum
toxickych latek
v prostiedi
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Funkcni diverzita — system Biolog

- systétmem BIOLOG je mozné rychle a Ilaboratorné nenaroCné ziskat
Sirokosubstratovy "fingerprint" izolovanych kultur, ktery umoznuje s pomoci v
soucasné dobé nejrozsahlejSich databazi (zahrnuji vice nez 1900 mikroorganismu)
jejich identifikaci

- identifikaci obstarava nékolik typu software od firmy BIOLOG, které na zakladé
metabolického "otisku" bakterie identifikuji o ktery druh se jedna

- systémy se li§i cenou a vybavenim - nejjednodussi verzi je MicroLog 1™ ktery
obsahuje pouze prohledavaé databazi "fingerprintd", které se objednavaji zvlast dle
potfeby (GP, GN bakterie, kvasinky apod.)

Srovnani:

databaze BIOLOG pro gram negativni bakterie obsahuje 501 aerobnich druht x
* Bio Mérieux API 20E® & NFT obsahuje asi 180 aerobnich druht

* Bio Mérieux API 20E® GNI+ obsahuje 104 aerobnich druht

databaze BIOLOG pro gram pozitivni bakterie obsahuje 318 aerobnich druht x

* Bio Mérieux Vitek® GPI obsahuje 49 aerobnich druhd
* Bio Mérieux API® Staph, 20 Strep, & coryne asi 106 aerobnich druh(

©)
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Funkcni diverzita — systém Biolog

1. KROK: Izolace ¢isté monokultury na mediu od firmy BIOLOG a riznd
e barveni a testy pro identifikaci testovaciho protokolu (Cas a teplota
i‘\ inkubace desticky).

2. KROK: Piiprava inokula o pozadované hustot¢.

ﬁ- 3. KROK: Inokulace mikrodesticky a kultivace pii dannych teplotnich

P podminkach.

E | 4. KROK: Identifikace "fingerprintu" na mikrodesticce pomoci softwaru a
q

o IR r_r
— i datbazi BIOLOG.
L= alom@al oo hoZon lan@nal
— BT
BIFSDCT
B4PSDAER
[%uhn;mﬁmc
8 7PS0PUT TWEE A2
84 PE0PUT TYPE Bl
B0 FEOPUT TYPE Al
I_EE: 10 PECLMEN
= 11 PECLOLE
e
I IIIIIIIII I IIIIIIIII I IIIIIIIIIIIIIIIIII I IIIIIIIII
Dendro gram Dizanoes
Centrum pro vyzkum i
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Funkcni diverzita — systém Biolog

GP2 MicroPlate™

Al AZ A3 L AS Al AT AR A AlQ All Al2
Walar w-Cychodaxtrin  |B-Cyeldantrin Daxirin Glycogan lnulin Mannan Tween 40 Tween B0 N-Agstyl-D- H-Acwlyl-D- Amvygcdakin
Glucossming  |Mannosaming
a B2 B3 B4 [-1] [T Br -1} as Bin B 12
|-Amsbinoss D-Arabitol Arbutin U-Calloblons D-Fructoss L-Fucose D-Calactosa D-Galaciuronic |Gsntobloss D-Okacank: a-D-Glucoka meinositol
Acld Acld
[] [+F] [+ [+ ] [+ [=] c7 ca (=] c10 c1i c12
w-O-Lacloss Lactulone Naltose Maliotricss D-Mannital p-Mannose D-Melsxiioas  |O-Meliblosa a-Mwihyl p-Mathyl 3-ttathyl oMalhyl
C-Geaclosids  |O-Galsctoside |Glucoss D-GRicoukds

[\]] [ ) in [+ [+ By UE -1 DU D1 1T
p-hbatinyl a-Mathyl Palstinose D-Palcoss D-Raffinass L-Ahsmnoss  [O-Aiboss Salkcin Sadohaptulosan | D-Sorbitol Stachyose Sucrose
D-Glucosids D-Munuiok ke
E1 [F] E3 Ed ES EE E7 (1] Ed E1D En E12
D-Tagaioss D-Trahaloss Turanoss Eylital O-Xylose Acatlc Acld o-Hydroxy P-Hydroxy Hydeoxy p-Hydroxy n-Keto Ghitarke |oc-Kalo Valerlc

Butyrko Acil Butyrlc Ackd Butyric Ackd I"mrjrh:| | Acetic | Acid Acid

Ac
[} F2 F3 Fid ] F& Fr [3] (3] Fi0 Fl1 FiZ
Laciamide D-Lacilc deld  |[L-Lmetic Ackd | O-Malic Asid L-Mallc Ackd Methyd Pyiuvate | Mone-methyd  JPrapionic Ackd Pyruvic Ackl Butcinamic Succinic Ackd | N-Acetyl
Mathyl Faler Succinate Ackl L-Gihutemds Ackd

Gl 7] Gl a4 [+T] Gs ar Gl [T G10 G a2
L-Aleninamide | D-Alanine L-Manina L-Alsoyl-glycine | L-Asparaging L~k Achd | Giycyl- L- L-Pyreguiamic |L-Sarne Putrascing 2.3-Hulanedicl |Glycerol

Glutamle Acid | Acid
H1 Hi H Hi H& H& H? HE H3 H1D H11 H12
Adsnokine 2-Deoxy Inoaine Thymkdine Uriching Adenouine-§- |Thymidine-5-  |Uridine-2" Fruttose-6- Glucane-1- Gilucoas-5- O-L-o-Glycsral

Adenosine Manophosphats | Monsphosphate Monophosphate | Phasphate Phosphals Phosphate Phosphate

©)
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Funkcni diverzita — systém Biolog

Funkcni diverzita mikrobialnich spolecenstev

BIOLOG mikrodesticka EcoPlate™ byla vyvinuta specialné pro Ucel studia
funkéni diverzity mikroorganismu a ekologie mikroorganismu

Zaznamenava "fingerprint" metabolického potencialu spolecenstva,
zalozeny na principu utilizace vybranych zdroja uhliku

metabolicky potencial spolecenstva = funkcni diverzita = blizky vztah
k ekologické vyznamiim

Centrum pro vyzkum i
toxickych litek Snimek 33

v prostiedi
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Funkcni diverzita — systém Biolog

Funkcni diverzita mikrobialnich spolecenstev

Studie byly publikovany ve vSech oblastech enviromentalistiky, asi nejvice
je ovéem studium mikrobialni biodiverzity rozvinuto u pudnich
mikrobialnich spoleCenstev

BIOLOG systém byl uspésné vyuzit pro posouzeni vlivu zemédélskeho
managementu, degradace chemikalii, vlivu pH, vlivu zaplavovani pudy pro
pudni mikrobialni spoleCenstva

Preston-Mafham et al., 2002. FEMS Microb Ecol 42,1.

Application Number of papers
Terrestrial (soil) 102
Methodology {develop- 31
ment, cCcomparisons o
analysis)
Pollution 24
Management impacts (incl, 19
fertilisers)
Aquatic 10
Rhizosphere 10

(@) tomickjeh e Snimek 34
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EcoPlate

At A2 Al AL Al A2 A3 Ad Al A2 A3 A4
Water p-Methyi-D- D-Galactonlc |L-Arginine Water g-Methyl-D- D-Galactonlc |L-Arginine Water f-Mathyl-D- D-Galactonic |L-Arginine
Glucoside Acid Glucoside Acid Glucoside Acid
yLactone yLactone yLactone
B1 82 B3 B4 a1 B2 B3 B4 Bt 82 B3 B4
Pyruvic Acld D-Xyloss D- L-Asparagine Pyruvic Acld D-Xylose D- L-Asparagine Pyruvic Acid D-Xylose D- L-Asparagine
Methyl Ester Galacturonic Mathyl Ester Galacturonic Methyl Ester Galacturonic
Acld Acld Acld
1] c2 C3 C4 c1 c2 c3 ca ct c2 (o] [~ ]
Tween 40 {-Erythritol 2-Hydroxy L- Tween 40 i-Erythritol 2-Hydroxy L. Tween 40 {-Erythritol 2-Hydroxy L-
Benzoic Acid |Phenylalanine Benzolc Acld Phenylalanine Benzolc Acld |Phenylalanine
D1 D2 D3 D4 D1 D2 D3 D4 D1 D2 [+}] o4
Tween 80 D-Mannitol 4-Hydroxy L-Sarine Tween 30 D-Mannitol 4-Hydroxy L-Serine Tween 80 D-Mannitol 4-Hydroxy L-Serine
Banzolc Acld Benzolc Acld Benzolc Acid
(3] E2 E3 Et E2 E3 E4 Et E2 E3 Ed
o N-Acetyl-D- |y L-Threonine o= N-Acetyl-D- Iy L-Threonine |a- N-Acetyl-D- | L-Threonine
Cyclodextrin Glucosamine Hyﬁ‘ro:ybmym Cyclodextrin Glucosamine movautyrlc Cyclodextrin Glucosamine H‘:tlldroaybutyrh
At
F1 F2 3 F4 (4] F2 F3 F4 F1 F2 F3 F4
Glycogen D- aconic Acid |Giycyl-L- Glycogen D- Haconic Acld |Glycyl-L- Glycogen D- itaconlc Acid |Glycyt-L-
Gilucosaminic Glutamic Acid Glucosaminic Glutamic Acld Glucosaminic Giutamlic Acld
Acld Acid Acld
G1 [ 7] a3 G4 Gt [V Ga G4 G1 G2 (%] G4
D-Celiocbloss |Glucose-1- a-Ketobutyric Phenylethyl- D-Cslicblose |Glucose-1- a-Ketobutyric Phenylethyl- D-Celioblose |Glucose-1- a-Ketobutyric Phanylethyt-
Phosphats Acld amine Phosphats Acld amine Phosphate Acld amine
H1 H2 H3 H4 H1 H2 H3 H4 H1 ~ |H2 H3 H4
a-D-Lactose D,L-c-Glycerol D-Malic Acid |Putrescine a-D-Lactose D,L-o-Glycerol D-Mallc Acid |Putrescine a-D-Lactose D,L-a-Glycerol D-Mallc Acid |Putrescine
Phosphats Phosphate Phosphats

Centrum pro vyzkum

FIGURE 1. Carbon Sources in EcoPlate
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Funkcni diverzita — systém Biolog

) Table 1
" Carbon substrates in Biolog ECO microplates. Assignment tc R D O
' biochemical categories follows that of Insam (1997) T D AL,
Polymers Carboxylic acids e
a-cyclodextrin v-hydroxybutyric acid o ——
glycogen a-ketobutyric acid
Tween 40 ‘ p-galacturonic acid
Tween 80 p-glucosaminic acid
itaconic acid
Carbohydrates : . ja
. p-malic acid
p-cellobiose .
. i pyruvatic acid methyl ester
i-erythritol 1 ’

p-galactonic acid y-lactone . Amino acids
N-acetyl-p-glucosamine ' L-arginine”
glucose-1-phosphate L-asparagine
B-methyl-p-glucoside glycyl-L-glutamic acid
p,L-a-glycerol phosphate L-phenylalanine
wa-D-lactose L-serine
D-mannitol L-threonine
D-Xylose Amines
phenyl ethylamine
putrescine

Phenolic compounds
2-hydroxybenzoic acid®
4-hydroxybenzoic acid”

* Indicates substrates not present in GN plates.




Sieving ?
> Freezing ? ——>
Soil sampling How long to store ?
(=] = >
Laboratory test
Centrifugation ?
9 <

&

Funkcni diverzita — systém Biolog

To use sediment or
supernatant ?

Inoculation &

Cultivation: 5

EXTRACTION:

Optimal dilution:
105- 108 cells ?
1 pg C;,-SIR ?
10-2-1047?
What to use:
NaCl, Ringers, buffer ?

when to read ?

15 - 28 °C ? g

RECOMMENDATION:

AbS —_ Awae" = Abst=o

Parameters ?
Statistical

analysis ?

Snimek 37
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BIOLOG DATA = raw absorbances for N x 31 substrates
repeatedly measured in time

Parameters considering 31 solely substrates - multivariate

results:

« Raw absorbances - A
 Normalized absorbances (divided AWCD) - AN
 Trapezoid areas (TA)

- POS/NEG of substrates 'EAF%J%: -

» Kinetic parameters - LAG, 4, K

Parameters calculated from 31 substrates - univariate

results:
« AWCD - Average well color development
 ATA - Average TA
* Richness - number of POS substrates
* Diversity - Shannon-Weaver index H = -S pi (In pi)

©)

AWCD:Z(AJ-Ak)/31

Centrum pro vyzkum
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Funkcni diverzita — system Biolog

Systém BIOLOG - hodnoceni
AWCD (average well color development)

GN plates ECO plates
2.0 2.0
—@- BW
,O’///O @ - CB //O
—A— TC -~
15 - o 0 1.5 4| - op o
/ o e T 7 J
Y, A~ GW O ‘
3
1.0 —
2
0.5 4
0.0 | |
0 20 40 60 80 100 120 140 0O 20 40 60 80 100 120 140

Hours

Hours

Fig. 1. Variation in average well color development (AWCD) over time in Biolog's GN and ECO plates (BW=Ballast water,
CB=Chesapeake Bay, TC=Tidal creek, OP=0Oceanography Pond, TP=Tony’s Pond, GW=Groundwater; open symbols indicate
freshwater environments, filled symbols indicate saltwater environments). For GW, one of the four replicate ECO plates was lost in
processing; therefore, in this and subsequent figures, ECO plate data were generated by only three replicates.




Funkcni diverzita — systém Biolog

Systém BIOLOG - hodnoceni

Pfi vyvhodnoceni se ¢asto vytvafri tzv.
CLPP - community level
physiological profile:

- kazda jamka mikrodestiCky
predstavuje potencionalni mikrobialni
funkci s vystupem ano/ne
(reagovalo/nereagovalo) - tento vystup
vSak nema pravdépodobnostni
charakter a pro jakékoliv statistické Biolog substrate
metody predstavuje problém

log (relative abundance)

- M W M~ D e MWL~
Lol R i

- M W M~ O -
N N N N N ™

_ L : = Lt Example of a community-level physiological profile (CLPP) obtained
proto se pri nekolikaterem zopakovanl from Biolog multiwell plate incubations (31 substrates; 1 blank) with a

vytvari hodnota ekologické abundance terrestrial microbial community. The bars indicate relative abundancy
(pro kazdou jamku) = tedy napr. (RA) values for different Biolog substrate conversions. The log RA values

TR 2 — 0 range typically from -2 to +2 (4 orders of magnitude difference in
pozitivni reakce 9 krat 2 10 = 90 /o abundancy value). Inoculum standardisation was applied according to a

not yet published method.

- vznikaji pseudo spoijita Cisla,
se kterymi se pak vstupuje do
vicerozmérnych analyz

©)
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Organic Potential

Inoculum matter functions

density

Measures
K/r

: of potential
strategists

diversity

Represents Synergistic or
all community antagonistics

NENDERS effects

Centrum pro vyzkum
toxickych latek
v prostiedi

©)

Actual in situ

activities

Measures
of overall
activity
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Overall biomass

Overall activity
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= o)

TPF TPF
ﬂF e 1) K/ r proportion |H /_‘

— ° ? — °
J time 2) growth/maintenance / time

R L) <

A Can be distinguished A
. ” :
+ Timing of action ? /\ 1
Monod Michaelis - Menten
40
35 b 08 F Residuals
—.; w0k 00 _.""'.I""f.?".T—
= 05 L* . . A
o g: B s 10 15
3) enzyme g, BT _ 5) different enzyme
- & 10 |- = oC
concentration | affinity
O 7| Basal respiration
changes 2 o}

o 0 10 ; = 6) stress inhibition
4) different q and Y Stenstrom et al., 1998. Ambio 27, 35. 11mE (*10“5) (aCtivation)



Funkcni diverzita — systém Biolog

1. Methodical standardization = inoculum of the same
density (activity ?)

2. Normalization of the data - dividing by AWCD

3. Reading the data when AWCD reach e.g. 0,5 or 50% of
the wells are positive

4. Use of kinetic parameters like 4, lag or K

Centrum pro vyzkum o
(6) toxickych ltek Snimek 44
v prostiedi
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Jizni okraj arealu CVM

2 e s L - 7 Liag T ~ - AT T
oo 5 "f A/ | \.}_h‘ \ ¢ '*;\\\1 R v

Cislo Nazev: Charakter: Lat Long Alt

1 Hosténice (kota 454) LP 49,24866719 16,77218548 439

2 Cihalky TTP 49,23493856 16,77169045 427

3 U vodojemu (kéta 332) TTP 49,20625133 16,80214425 323

4 Velka Baba TTP 49,21125591 16,78425349 374

5 Velka Baba OP 4921118818 16,7844223 375

6 Prostiedni kopec LP 49,22815181 16,80622984 450

7 Velka Baba (kota 420) LP 49,22027048 16,78557306 368

8 Chlumek TTP 49,207547 16,74674431 299

9 Chlumek OP 49,20758388 16,74712216 292

10 Horakovska myslivna LP 49,21189025 16,73123075 362

11 Nové pole TTP 49,20565428 16,77621424 315

12 TTP 49,20834638 16,77753733 304
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1‘. -‘!' & .
e ..J .‘:. . i ’_.)\- _" i -I'i_.{-_.
; = -3 :/__ - .' -"',__-: =1 T
A o i T DN e L -
ré ' 4L - 5 i % b
| o d : e "
¥ ~—r . FeE
2 8,9
*irrq.ﬂ.n M ..*
;= by = \
\'r
oo A
= 3



http://upload.wikimedia.org/wikipedia/commons/f/f4/Lupa.na.encyklopedii.jpg

Funkcni diverzita — systém Biolog

Experimental design
1. Methodical standardization = 1 ug Cbio-SIR per well

2. cca 102in 0,85% NaCl agitated and centrifuged at 3000 g

3. 150 pl inoculated to EcoPlates; 27°C; readed for 5 days cca
every 12 hours (590 nm)

4. Raw absorbances back corrected against time =0
5. AWCD, AN, TA, ATA, S-W index computed
6. Statistical analysis

/. Comparison with soil characteristics

“ Centrum pro vyzkum i
( toxickych litek Snimek 46
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ATA - Average Trapezoid Area AWCD in the 2nd day
90 1,0
80 I:itl 0.9 E—@
@ 2 || o8}
70 | @ 8 8
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60 { @ @ £ £ H|| o6t 3 @ @ H
? ?
50 i @ B 0’5 I @ +H
== @ 01| 04l 0 HE: 0
40 i g 0’3 L %
| |
30 e 0,2 ——
1 2 3 4 5 6 7 8 9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12
Soil Soil
Richness of substrates with S-W index for TA
A>0.25 in the 2nd day 3,34
26 332t
330t
247 S| 328t 3
22t 1] 326} @ 8
2| 3,24 H
20 t - :
@ @ L3 Ol 322 = |H
18| ] | 320! g
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Funkcni diverzita — systém Biolog

ATA AWCD 48 S-W TA Rich 48
ATA
. . AWCD 48 0,96
Corg IS dl_'lvmg factor WA 003 002
responsible for overall color :
Rich 48 0,55 0,61 0,71
development
Cbio 0,87 0,83
Relationship with pollutants in PR 0,90 0.88
soil is probably mediated by
Corg Corg 0,95 0,89
Independency of richness and
evenness = show new Cd 0,99 0,95
information (what ?) Pb 0,93 0,90
PAHs 0,59
PCBs 0,90 0,82
DDT -0,54 -0,58
(6) Centrum pro vyzkum |

toxickych latek OTTIIMTTTICK O
v prostiedi
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Funkcni diverzita — system Biolog

Abs 72 0,87

AN 48 0,93 0,83

AN 72 0,81 0,95 0,87

TA 0,92 0,99 0,87 0,93

TAN 0,85 0,94 0,91 0,99 0,95
Abs 0,5 0,96 0,82 0,96 0,82 0,87 0,87

Abs 1 0,85 0,94 0,86 0,96 0,94 0,97 0,84
Abs 16 0,78 0,77 0,83 0,83 0,78
Abs 24 0,90 0,88 0,86 0,82

Abs 48 Abs 72 AN 48 AN 72 TA TAN Abs 0,5 Abs 1 Abs 16

several parameters show very similar information - effect of inoculum
standardization ?

time of reading is most important factor giving different results

every parameter can be used in MV statistics and very distinct results are
M

Cent yzk o
(6) toxickych tatek Snimek 49
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Factor2:10,65%
Factor 2: 10,65%

_0,5 L

-1,0

_1I,o _oI’5 0:0 0:5 1:0 -12 -‘iO -I8 -I6 -I4 -I2 0 2 4 6 8 10
Factor 1: 32,40% Factor 1: 32,40%

it seems that the main component binds main part of variance, caused
especially overall activity differences

-other components shows differences based on other patterns (diversity ?)
*nearly half of the substrates on EcoPlates are redundant - to exclude them ?

©)
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1,0 1
N
(o))
-
N
<
8 1.0
10
1 °
([ ]
-1,0 1
-1,0 -0,5 0,0 0,5 1,0
= PCA 1 :30%
toxickych latek
v prostiedi



http://upload.wikimedia.org/wikipedia/commons/f/f4/Lupa.na.encyklopedii.jpg

Funkcni diverzita — systém Biolog

1. Inoculum standardization helped to solve inoculum
density effect but not totally

2. ATA, AWCD described overall activity and S-W index
and richness revealed another information

3. Organic matter was driving factor for the resulits

4. Use of BIOLOG in routine monitoring could be suitable
only if the results would be properly evaluated

5. Evaluating at least one not-normalized (e.g. TA) and one
normalized parameter (e.g. TAN) is recommended

keeEing in mind that thex reveal different information
© ‘ oy Snimek 52
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Real uncontaminated agricultural soil (cambisol) with
indigenous microflora:

Corg = 1.5% BR=0.5-0.7 uyg CO,-C.h"".g4,,"
sand = 70%

* incubation of the soil samples (10g per replicate) in aerobic
conditions; 60% WHC; 22°C
» tested substance is added dissolved in water or volatile
solvent to get dose range in soil samples
= controls are water and used solvents
—affer14.and 28 days BIOLOG is measureq. e
(@I Snimek 53
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ATA AWCD in the 48th hour
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Funkcni diverzita — systém Biolog

BIOLOG mikrodestiCcka pFedstavuje idealni zminimalizovany systém, kde muizeme
paralelné sledovat pribéh 31 az 95 biochemickych reakci:

* jednoduchy kolorimetricky vystup

* moznost vyneseni kfivek davka odpovéd

1.2+
1.0m
(14
Q
]
8 0.6~
-~ . . [e] r
i Kontaminace zinkem narusta
= 0.6
w
:
i
3 0.4 )
0.2
e i
¢- 1 T T ~J T
20 25 K 35 40 45 50
HOURS
Fig, 1. Compurison of rate of coler development on BIOLOG plates for sol semples collected in the Falf of 1995 from four sites in the vicinity
of a2 Zn smelter. Average well color is the meam of the net optical density for all 95 substrate wells on @ plate. Each data poini represents
thie meam AWCD valoe for three BIOLOG extractions from each site (Site A W, Site B @, Site C O, Site B O,
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stém BIOLOG - vyuziti pro hodnoceni PICT (Pollution induced community

- je zaloZeno na pfirozené schopnosti mikroorganismua tolerovat do urcité miry kontaminanty

v prostredi

- pfi pusobeni kontaminantu na mikroorganismy se projevuje jejich mechanicka, geneticka a
fyziologicka adaptace na nové podminky a dochazi k odumreni citlivejSich spoleCenstev

Vlastnimu méfeni musi pfedchdzet chemicka
analyza, kterd ma za ukol zjistit, v jaké koncentraci
1 0 jaky kontaminant se jednd. Poté se ud¢la
extrakt z pudy a mikroorganismy se ockuji do
n¢kolika mikrodesticek s rostouci koncentraci
kontaminantu v jednotlivych desti¢kach. Hodnoti
se  vyvoj barvy. Hodnota EC50 se odvozuje
z typické reakce 85 — 90 rlGznych pozitivnich
mikrobiadlnich reakci v = mikrodesticce, tedy
koncentrace  kontaminantu  versus  aktivita
mikroorganismi. Hodnoti se posun kiivek
v jednotlivych fedénich a jejich rozloZeni. PICT
tedy ukazuje miru  toxického  posSkozeni
spolecenstva v ekosystému. Pied vlastnim méfenim
musi byt tedy prokazan toxicky efekt kontaminantu
na strukturu a funkci ekosystému.

©)
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Figure 1. Schematic representation of the experiment for determination of pollufiof:
induced community tolerance (PICT) { redrawn from Posthuma 1997},
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e 20 km (16 mg/kg)l
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Figure 3. Cumulative frequercy of ECEPY  of microbial activities around a zinc

sinelter near Budel. The figure shows ECE0 yalues for each positive Biolog substrate

(78 - 89) and 5 different field communities (9.9 A X+) with various levels of
exposure. The distance to the zinc smelter (in km) and the contamination level are given
(berween brackets: total zinc concentration in mg zinc per kg DW soil).
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Funkcni diverzita — system Biolog

* nejnovejsim produktem jsou tzv. Phenotype

Microarrays™

.
- .
.

BiOLOG Phenotype MicroArrays™

PM1 MicroPlate™ Carbon Sources
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Molekularne biologicke

techniky
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INVESTICE DO ROZVOJE VZDELAVANI

Inovace tohoto predmétu je spolufinancovana Evropskym socialnim fondem a statnim rozpoétem Ceské republiky
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Molekularné biologické techniky

Diky rozvoji genetiky a molekularni biologie obrovsky boom v minulych 20 letech

Diky témto metodam se zjistilo, jak obrovska je diverzita mikroorganismu v
prostfedi, napf. v pudé — v gramu puady je 10'° bunék a az 10 druht !!!

Primarné pouzivany pro:

- identifikaci preddefinovanych mikroorganismui,

ale sekundarne vyuzitelné i pri:

- hodnoceni biodiverzity

- jako biomarkery skupin mikroorganismu zastavajicich urcitou funkci
- jako indikace existence néjaké metabolické funkce Ci drahy

Nejvétsi vyhoda = odpada nutnost kultivaci a izolaci mikroorganismui:

- ziskavame nezkreslenou, nelimitovanou predstavu o celé diverzité — tzv.
(meta)genomu celého spoleCenstva

- nejen aktualne realizované funkce, ale i potencialni (ulozené v genech, ale nyni
,Spici‘) — dnesni techniky je dokazi rozlisit (sledovani exprese, sledovani mRNA
...)

- dnesni techniky dokazi sledovat s minimalni mirou zkresleni ,miru® aktivit
mikroorganismu bez nutnosti kultivace MO ¢&i env. vzorku v laboratofi

Centrum pro vyzkum i
toxickych litek Snimek 60
v prostiedi
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Molekularné biologické techniky

« zakladem vétSiny genetickych technik je klonovani fragmentu DNA (neni nutna
kultivace), RNA se pouziva méné Casto (jeji extrakce a stabilita je horsi)

* na druhou stranu pro studium diverzity a taxonomického zarazeni
mikroorganismu (bakterii) je v souc¢asné dobé nejoblibenéjsi 16S rRNA
respektive ji koddujici usek DNA - 16S rDNA

« Sekvence 16S (18S) rRNA jsou povazovany za ukazatele diverzity MO

Dilvody pro 16S (18S) rRNA:
 univerzalné rozSirena

« obsahuje vysoce konzervativni useky potfebné k taxonomickému zarazeni = je
typicka pro kazdy druh

« obsahuje naopak i variabilni useky k fylogenetickému srovnavani
« pfirozené existuje v mnoha kopiich
« dobre prozkoumana a databazovana

 Nevypovida ale o metabolickych aktivitach daneho kmene ...

Centrum pro vyzkum i
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v prostiedi
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Molekularné biologické techniky

Hodnoceni genetické diverzity je zalozeno na hodnoceni heterogenity
DNA spoleCenstva

Obecné schéma:

» extrakce DNA Ci RNA spoleCenstva ze vzorku

* purifikace NA

« pokud se jedna o RNA, tak zpétné vytvoreni DNA (je stabilngjSi) reverzni
trankripci (RT)

« namnozeni NA (amplifikace) pro zisk dostate€ného mnozstvi (celého
genomu, Ci jen vybrané casti)

* pfipadné: separace na elektroforéze

 dale nasleduiji jednotlivé techniky s cilem:

a) detekce specifickych organismu/funkci (pomoci genovych préb apod.)

b) kvantifikace urcCitych skupin MO, Ci funkci

c) informace o diverzite celého genomu Ci diverziteé urCité skupiny

d) sekvenace

Centrum pro vyzkum i
toxickych litek Snimek 62
v prostiedi
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Molekularne biologicke techniky

* Vztah s taxonomickou diverzitou, fylogenetikou

* Vyuziva se izolace DNA ze vzorku, amplifikaci useku
kodujiciho 16S rRNA (u prokaryot) Ci 18S RNA (u eukaryot)
pomoci PCR, sekvenaci tohoto useku a srovnani s
databazemi, kladogramy

Colored ranges
|:| Archaea
I:l Bacleria
|:| Eukaryota B
1,
.-.»’(2/:-';
) /
“, R
i S
Ly, R
Ff orfr ddarddlipiaglin \
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Molekularné biologickeé techniky — obecné schema

Environmental sample

Extraction

]

Community nucheic acids

DNA rRMNA

PCH\ / RT-PCR
¥

Mucleic acid probes

= Community (DNA

Shotgun clon ng
Cloning

¥
rODNA clones

Screening
Sequencing

L

rbMA sequences and database

Comparative analysis

¥
Fivwloganslic trees

-

Community lingerprints
(DGGE. AFLP)

&2

o
\}QJ

)

©
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Extrakce NA ze vzorku

a)

b)

©)

extrakce, promyvani

a frakcionace bunék
gradientovou
centrifugaci,
nasleduje
homogenizace
bunék, lyze a
extrakce NA

lyze bunek in situ,
extrakce, separace
NAod C,,
(chromatografie,
elektroforéza,
srazeni, extrakce,
centrifugace)

Centrum pro vyzkum
toxickych latek
v prostiedi

' Soil sample

ethT0ghs o

Bacterial cell
extraction

Blend/vortex in
buffer to release
cells

Centrifuge at

****************

[ 1,000x g
SraEstarEaRw
;‘;iiwsgu:umn Collect
= §9§E§3f§$ ﬂﬂﬂﬂﬂﬂ supernatants

Centrifuge to
collect cells at
10,000x g
|
Lyse cells
with lysozyme
|
Centrifuge at
1,000 x g
{i #& Q ,, St
num Mi

In-situ direct
lysis

Physical disruption
via freeze/thaw
or sonication of
soil apd buffer

Chemical lysis
via SDS and
lysozyme

Centrifuge at
10,000 x g

Supernatant

containing DNA

Purification via
commercial gel
columns

Phenol/chloroform
extraction

Ethanol
precipitation
to produce pure
DNA

Pozn.

u RNA, ktera je
mnohem méné
stabilni je potfeba
cilené inaktivovat
vSudypfitomné

RNAzy



Extrakce NA ze vzorku

Metody lyze:

« chemicka: napf. SDS (sodium-dodecyl-sulfate)
* enzymaticka: napr. lysozym

 fyzikalni: napr. zahrati, rozbiti bunek

« kombinace: viz priklad

Table 1
Treatments for cell lysis in different methods
Method Cell lysis treatment
Chemical Enzymatic Mechanical
1 SDS (0.5%) Proteinase K (100 jLg/ml) -
2 SDS (1%) Lysozyme (5 mg /ml) -
Proteinase K (200 jLg/ml)
3 SDS (1%) Lysozyme (5 mg /ml) -
Guanidine isothiocyanate Proteinase K (200 p.g/ml)
4 SDS (1%) Lysozyme (5 mg /ml) Bead beating
Guanidine isothiocyanate Proteinase K (200 j.g/ml) Freezing and thawing
5 Detergent (Mo Bio Laboratories) - Bead beating (Mo Bio Laboratories)
Centrum pro vyzkum i
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Extrakce NA ze vzorku

TABLE 8.3 Comparison of Bacterial Fractionation and In Situ Lysis Methodologies for the
Recovery of DNA from Soil

Issue Bacterial fractionation In situ lysis
Yield of DNA 1-5ug/g = nizsi Vy'téiek 1-20 ng/g
Representative of community Less representative because of cell sorption More representative, unaffected by cell sorption
Source of DNA recovered Only bacteria Mostly bacteria
Degree of DNA shearing Less shearing More shearing
Average size of DNA fragments 50 kb 25 kb
Degree of humic contamination Less contaminated More contaminated
Zase of methodology Slow, laborious Faster, less labor intensive

rusi jily, huminové latky,
tézké kovy

Centrum pro vyzkum i
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Re-annealing

Rychlost annealingu — odhad diverzity DNA:

sextrakce DNA

«Cisténi DNA

*denaturace

*méfeni ¢asu opétovného spojeni fetézcl (annealing)

Co-ty» -... inicidlni koncentrace nukleotidu v jednofetézcové DNA x Cas, ktery je potfeba na
reannealing poloviny

Rychlost je spojena s podobnosti fragmentu:
rychly reannealing ==> mala diverzita

Napf. v pudé C,.t;, = 4600 odpovida 4000 ruznych genomu (cca 200x vysSi diverzita nez
byla naméfena u stejné pudy izolacnimi technikami)

Centrum pro vyzkum i
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Re-annealing

Rychlost annealingu — odhad

diverzity DNA:

Tahle 1

Bacterial diversity in soils and marine envircnments ag deter-
mined by reassociation kinetics { Oy, moles = 171 x5 at 5084
reassociation ). and number of ‘genomes’

DMNA source L Mo, of genomes®
E. colf 0.7 1
Forest sail 45004700 G000
Forest soil, plate count 28 35
COmmunitys
Pristine sediment S0 11 400
Fish farm sediment 10 13
Fish farm sediment 5 f

amended with 100 ppm
oxolinie acid

Abandoned fish farm sedi- 1300 1700
ment

Sewage sludge amended Fan0 10000
acil; uncontaminated

Sewage sludge amended AT0 4700
acil; low metal contami-
nated

Sewage shudge amended 1200 1500
aoil; high metal contam-
inated

Model experiment; contral 5700 2000
agnoultural soil

Model experiment; 270 380

methane amendsd agri-
cultural soil

Where nothing else is mentioned DINA were extracted from
the bacterial fraction of environmental samples.

*n 6 S8C, 300G DIMS0.

* Equivalent to E. colf genome; 4.1 = 10° bp,

“ DMA from a micture of 206 isolates.

ide]

liclo

o

Journal of Biotechnology 64 (1998) 53-62
Review article

Novel techniques for analysing microbial diversity in natural
and perturbed environments

Vigdis Torsvik *, Frida Lise Daae, Ruth-Anne Sandaa, Lise @vreds

Department of Microbiology, University of Bergen. Jahnebakken 5, N-5020 Bergen. Norway
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Fig. 2. Reassociation (Cy plot) of DNA from the bacterial fraction of a pristine marine sediment (- - —), mesocosm with fish farm

sediment (— [ —), mesocosm with fishfarm sediment given 100 ppm oxolinic acid (- A —), and E. coli (— x —). Reassociations
were performed in 6 x SSC and 30% DMSO. The DNA was shared to about 420000 dalton and reassociated at 50°C. Abscissa: Log
initial concentration of single stranded DNA (C, in moles nucleotides 1~!) multiplied by time in seconds. Ordinate: Percent

E— (cssociated DNA.
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PCR

Amplifikace DNA
PCR - polymerase chain reaction

« dojde k amplifikovani urciteho fragmentu NA (nebo celé
NA)

 minimalni nutné vybaveni - termocycler

« uziti pro detekci specifickych mikrobialnich skupin Ci pfi
tvorbé ,community fingerprintu®

Princip:
2 primery
*DNA polymeraza
*smeés nukleosidfosfatu
«cykly inkubacnich podminek v termocycleru (disociace, annealing, extenze)
*detekce na gelové elektroforéze po barveni ethidium bromidem

Centrum pro vyzkum

toxickych litek Snimek 70
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PCR

Amplifikace DNA

PCR : Polymerase Chain Reaction

30 - 40 cycles of 3 steps :

A

J.L ‘ ‘ﬂ"‘m % . Step 1 : denaturation|

: 1 minut 94 °C
T

y m T E
; 3 L LI s

f% 45 seconds 54 °C
.'I T J‘],

forward and reverse
5 primers !!!

Step 2 : annealing E

¥ ,
L 3 Step 3 : extension i

L AR Ao A A R
<7 N L = i s
TSN R I EN /

\ 7

~

| 2 minutes 72 °C
N only dNTP's

/"\l\ /||

~ : - |
: ”T”ﬂwﬂpn-m-f Hf"“3 R
' | | 1 JILILLL 5
i Andy Viersiracie 1999}

4th cycle

wanted gene —
: \/=<?v|h c;«lr< = Exponential amplification
=<

= { Ind cycle

|
A

Ist eyele

—( lsteycle e P 35th cycle
template DMA —— <

Step 4. Amplified product is analyzed

i
A A

5
2 copics 4eopies B copies 16 copics 2 = M4 billion copies

>

SE——

i \,
Step 1. DNA containing the target sequence .~~~ g8 = e
is released from sample to provide P, o Q
\-\‘-;s‘—/ .

e

the template for the PCR.

Step 2. Template is combined with a PCR mixture

in a microcentrifuge tube.

A. PCR buffer

B. Mg”

C. Nucleotides (ATP, GTP, CTP, TTP)

D. Thermostable polymerase

E. Forward and reverse oligonucleotide
primers specific for the target sequence

Step 3. Microcentrifuge tube is placed in
a thermocycler and subjected to
25 - 50 cycles of denaturation,
annealing and elongation temperatures.

Themocycjer

o~ Denature
% LT Extend
g 4
& Annedal
e 0 T 2 3 — 4

Time (minutes)

by molecular weight separation

on an agarose gel using
electrophoresis and detected
by staining with ethidium bromide.

Lane 1. 100bp DNA ladder
2. Negative control
3-6.Target PCR products




Separace NA

Gelova elektroforéza (ELFO)
« agarozova Ci polyakrylamidova, gradient teploty (TGGE) Ci chemicky (DGGE)

« na zakladé velikosti fragmentu (kilobaze) dojde k separaci (malé jsou
nejrychlejsi) — prouzek (band) ma stejnou velikost, ale riznou sekvenci

« porovnani prouzkt s markery o znamé hmotnosti
« urcity usek Ize eluovat a podrobit dal§im postupim, napf sekvenaci

NEGATIVE ELECTRODE
-  Electric

=i =

Plasmid

i
Vector
DNA Jt{:%_‘

Figure S-2: Gel Electrophoresis ST S
Add DNA Sample onto
A Gel Lane #2
Restriction lD‘N::::::I isin Ir:na #1) ' POSIIVE ELECTRODE
) o\ Enzymes 4] 5] sty
= 1kb d =
S & _'- 500 bp s ===l
:j') 1 Restrict I w_—y : u'::f;:ﬁ, Electrode &
DNAe_s trlctlon ﬁﬂzymes cl ?:Ve Copyright 2008 MolecularStation.com Visible
inta smaller segmen Well
of various sizes.
2. DNA segments are Larger < Buffer
loaded into wells in a fragmer}“\ - g U J
porous gel. The gel floats in
a buffer solution within a chamber g
between two electrodes.
3. When an electric current is Smaller £ Electrode
m 0 passed through the chamber, fragments
DMA fragments move toward
| i the positively-charged cathode. Plastic
e @ frame

me —__ 4. Smaller DNA segments |

move faster and farther
than larger DNA segments.




Molekularné biologickeé

techniky

RT-PCR

©)

reverse transcriptase -

polymerase chain
reaction)

zahrnuje enzym reverzni
transkriptazu

vytvori DNA kopii z RNA
(complementary DNA -
cDNA)

vyuzitelna i pfi analyze
MRNA, ktera dovoluje
odhadnout miru
metabolické aktivity —
analyza exprese, {j.
realizovaneé genetické
informace

pouzitim malych primeru
dojde k reverzni
traskripci RNA a pote je
pouzita PCR

Centrum pro vyzkum
toxickych latek
v prostiedi

Step 1. Target RNAis isolated
from the sample

Viral RNA Bacterial mMRNA Protozoan (eukaryotic) poly AmRNA

\/

Step 2. Oligonucleotide anti-sense primer
or random hexamers anneal to RNA.
Reverse transcriptase enzyme drives
the reaction to make a cDNA copy of
the RNA

Primer annealing

Reverse transcriptase

RNA Primer

v
5ﬁ}\\\/ R0
L 3.

l Extension

W I RNA/CDNA
o
2y

)
l Denaturation
3 I .
. £

Step 3. Target primers or a downstream

primer is added to amplify the cDNA. Downstream primer anneals

to cDNA

Extension leading to
ds DNA

DNA polymerase

Primer

Complementary strand
to cDNA

5

T
\ —P»  Step 4. Regular PCR amplification
? of dsDNA
cDNA
FIGURE 13.11 RT-PCR amplification of RNA. RNA is reverse transcribed to synthesize cDNA by random

hexamers or a specific antisense primer. PCR can then be pvrmrnwd on the cDNA template.



Genove proby

proby DNA — identifikuji druh
bakterie v extraktu ¢i u
izolovaného druhu

slouzi k detekci specifické NA
sekvence a ke kvantifikaci jejiho
mnozstvi

DNA je po extrakci, izolaci a
purifikaci a denaturaci fixovana
na membrane a hybridizovana s
DNA probami

proby jsou znaceny radioaktivhe
(32P), digoxigeninem (DIG),
biotinem ¢i fluoresceinem apod.

Centrum pro vyzkum
toxickych latek
v prostiedi

©)

Step 1.Target DNA is isolated
- » dsDNA

Step 2.Target DNA is denatured
to ssDNA using heat

or alkali
M ssDNA

ssDNA
Step 3.Target DNA is fixed
to nitrocellulose paper

Radicactive or
Step 4. Hybridization chromogenic

of probe to target ; label

DNA @
0 .. <

DNA probe

Step 5. Unhybridized probe is washed

off and chromogenic substrate B e
or photographic film is used to
detect the remaining probe

M = Negative
. : - id Positive results are determined
pe by color change or darkening
W-‘ of the photographic emulsion

hi A = Positive



Genové proby

detekce prima pomoci autoradiografie (fotograficky obraz) nebo nepfima navazanim
protilatky €i konjugatu a nasledné detekce fluorescence, chemiluminiscence Ci

kolorimetricky

Centrum pro vyzkum
toxickych latek
v prostiedi
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Types of labeled DNA probes

> DIG J\Biotin I\Fluorescein
Binding of antibody Binding of streptavidin Binding of antibody
.| conjugate to DIG to biotin conjugate to fluorescein

y JE

+

Chemiluminescent Fluorescent
substrate substrate

3t
Colorimetric
substrate

l l l

Pl.'l'rple"_"*"b_l"' 'e'i.‘.‘élt_')f? Luminescence Fluorescence
| AR v + +
' Pi Pi Target DNA ™™

Antibody J!@
Streptavidin ]

Fluorometer
detection

Alkaline phosphatase »
phosp "

Visual detection X-ray film detection

FIGURE 13.2 Gene probe detection of a DNA sequence.




Genové proby

Colony hybridization

C(J}Oﬂ__y_ _Hyb_ridigqfi()f

aplikace pro celé kultury na
agarovych plotnach

CONTRG
L ROL DU
Princip: JS{\JOOLM%ES
filtraéni papir je otisknut na Petriho
misce, takze dojde k adhezi bunék z
kolonii KIMS —

CONTROL

nasleduje lyze bunék

oznaceni radioaktivnimi probami a

detekce FIGURE 13.4 A colony lift from a petri plate containing a mixed

population of the nitrogen-fixing bacteria rhizobia isolated from
root nodules. The gene probe was constructed from a unique plas-
mid associated with the isolate known as KIM 5. (Reprinted from
Soil Biol. Chem., 21, 1. L. Pepper et. al., “Strain identification of highly
competitive bean rhizobia isolated from root nodules: use of fluo-
rescent antibodies, plasmid profiles and gene probes, “ pp. 749-753,
© 1989 with permission from Elsevier Science.)
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Genové proby

Southern blotting

identifikuje DNA

northern blotting

identifikuje RNA

Princip:

NA jsou separovany gelovou
elektroforézou

po separaci jsou premistény FIGURE 13.5 Southern blot of a DNA sequence associated with a

_ : bra unique plasmid contained within the rhizobial strain KIM 5. The up-
(= bI_Ot_tmg) na m,em r_anu per portion of the figure shows the original plasmid profiles of two
hybridizace s probami different rhizobial isolates. The gene probe was constructed from the
smallest plasmid associated with this strain. Isolates that do not con-
tain the small plasmid are not detected. The bottom portion of this
figure shows the Southern blot. (Reprinted from Soil Biol. Chem., 21,
L. L. Pepper et. al., “Strain identification of highly competitive bean
rhizobia isolated from root nodules: use of fluorescent antibodies,
Centrum pro wzkum plasmid profiles and gene probes, “ pp. 749-753, © 1989 with per-

toxickych latek mission from Elsevier Science.)
v prostiedi
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Genové proby

Southern blotting

Salt zolution 'blats' DM,

onto filker by-capillary action  Satt
5 L] [K] []=E]

R o ﬁ““q:&, Migral
" il 1._5_1 __,a-“'- Tl Faperionek . _:_}‘:'FH“'-».: -
el H‘:}] e P .5 T .qu_u;..;c
- o ""\-\._\_I = 'ﬂ.._g + _ e .H;.

DM appliedta gel

e
Electrophornes e

Frobe hybridizes with

complementary DMA sequence Filter in
g "Seal-a-Meal" ta filker
_.._ hag .

GE| o

——————=| -

F|I_IEr

e = &
"'.1""", % b IH::M'“‘-‘-_
Expoze -ray film \\":-:‘__.-""/ [EMMOe | \:‘
b filter \L unbound probe | Hybridize with urique
L — ui riuclelc acid probe

7 Southern Blot analysis of DNA
| [after Griffiths et al. 1996)
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Genové proby

Dot blotting A

technika hodnotici pritomnost
dané sekvence NA Dbez
prechazejici separace na gelu

Princip:

identicka mnozstvi NA jsou
preneseny na nitrocelul6zovy
filtracni papir a nasledné
probovany

FIGURE 13.6 Dot blot hybridization showing detection of two
bacterial isolates. Arthrobacter isolates that degraded toluene, ethyl-
benzene, and xylene (TEX) and Sphingomonas isolates that degraded
xylene (X) were detected by the use of two individual gene probes.
(Photos courtesy E. M. Jutras.)
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Genové proby

In situ hybridization

- uziva proby, které pfimo hybridizuji s cilem uvnitf bunék, nejCastéji hybridizace na 16S rRNA,
coz je vyhoda nebot rRNA je v bunkach mnoho (10%) -> silny signal

- sila signalu je umérna poctu ribozému a tim padem idikuje rastovou rychlost mikroorganismd
-signal detekovan epifluorescenénim mikroskopem

- FISH (fluorescent in situ hybridization) — fluorescencni in situ hybridizace

- FISH-MAR(FISH-microautoradiography)—FISH-mikroautoradiografie

Table 13-2 DNA Probes

Prabe Sequence Refcrence
Archaebaclerial probe TCCGGCRGGATCAACCGGAA 17
Eukaryotic probe GUGCATCACAGACCTG 17
Eubacterial probe ACCGCTTGT-GCGGEGCOC 17
Universal probe GWATTACCGUGGCKGUTG 17
Conlrol probe GTGCCAGCMGCCGOGG 17
ALF1b, alpha 16s proteo bacteria® CGTTCG(C/ T TCTCAGCCAG 27
BET42a, beta 235 protecbacteria GUCCTTCCCACTTCGTIT 27
(1AM423, gamma 238 proteobacteria GCCTTCCCACATCGTTT 27
EUTR3358, cubacteria 168 GUTGCCTCCCGTAGGAGT 2,82
Encaryo ic ACCAGACTTGCCCTCC vl
R=purire: W=Aor T, K=GarT, M = A or C.

“Also detects some non-gipha group bacteria.
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Molekularné biologické techniky

FISH

-
-
samnple

Fixation

w. = e . Epiflucrescence

Fixed cells are '. ey .:-:-. R -
. @R T

L

Flow I:}"rc:metry

Flucrescently labelled
- > T _,_._*ﬂ aligonuclestides (probes)
Hyhridization gk Quantuﬁcal:uon

Washing
5 Q a Il’“‘
slalatdal BT ' Hybridized cells
Mature Reviews | Microbiology
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Geneticka diverzita MO

Nejcastéejsi metody pro zisk ,,genetickeho fingerprintu spolecenstva“

ARDRA - amplifikovana ribosomalni DNA restrikéni analyza

RFLP - restrikéni analyza mnohotvarnosti délky fragmentu

T-RFLP - koncova restrikéni analyza mnohotvarnosti délky fragmentu
DGGE - denaturujici gradientova gelova elektroforeza

TGGE - teplotni gradientova gelova elektroforéeza

ARISA — automated ribosomal intergenic spacer analysis - rGznorodost
delek mezi geny malé a velké ribozomalni podjednotky

Microarrays - mikroCipy

SIP (stable isotope probing) — znaceni stabilnimi izotopy
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ARDRA

« extrakce, izolace a purifikace DNA o
« PCR amplifikace o
« fragmentace pomoci nespecifickych e &

restrikénich enzymu 3

4

* rozdéleni fragmenti pomoci ELFO //l\\.

Restriction digestion with five enzymes

= b= b= b= =
3

ﬁ..

E El E|
IR

Cfal Alul Mbol Real Mz

2 T A

Gel electrophoresis

e R e o R e
LEE———

S0 bp4 e f

—
= S [=———=1

=
—_—— —

100 bp~

Centrum pro vyzkum . :
toxickych latek Comparison of patterns with library of
v prostredi profiles of reference strains for all species
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Detection of shifts in microbial community structure and diversity
in soil caused by copper contamination using amplified ribosomal
FEMS Microbiology Ecology 23 (1997) 249-261 DNA restriction anal)fﬂs

Eric Smit*, Paula Leeflang, Karel Wernars

National Institute of Public Health and the Environment (RIVM), P.O. Box 1, NL-3720 BA Bilthoven, The Netherlands

environmental sample

A B DMA extraction plating
1234567 8910 12 14 1 2 3

= :
- -» PCR amplification with isolation of colonies
- ...". 165 rDNA primers

- _ ==

-8‘-..' I

® _.-.. cloning of PCR product PCR amplification with

g —— 165 rtDNA primers

restriction enzyme
digestion

gel electrophoresis

Fig. 3. Whole community ARDRA patterns of Wildekamp (W), Flevo (F) and Lovinkhoeve (L) soil. A: Whole community ARDRA pat-
terns generated with primers for cubacteria digested with Tagl. Lane 1, F 2 February 1995; lane 2, I 6 August 1995; lane 3, L 29 Sep-

tember 1995; lane 4, L 31 January 1996; lane 5, L 1 May 1996; lane 6, W with copper contamination; lane 7, W without copper con- l

tamination; lane 8, marker. B: Whole community ARDRA patterns of Wildekamp soil samples, with and without copper contamination,

generated with primers for eubacteria: lane 1, marker; lanes 2, 3, 4, control soil samples digested with Alul; lanes 5, 6, 7, soil with 750 & N a .

kg Cu ha ' digested with A/ul; lanes 9, 10, 11, control soil samples digested with Hinfl; lanes 12, 13, 14, soil samples with copper di- Cak}l..] |EltIDIl Df blﬂdﬂ'ﬁf'&ﬂ}’ or

gested with Hinfl gﬂﬂﬂﬂl: ldfntit-}"

comparing ARDRA patterns

Fig. 1. Schematic representation of the experimental set-up; (1)

Centrum pro vyzkum ARDRA analysis of 16S rDNA clones, (2) whole community
(6) voroel ARDRA patterns, (3) ARDRA analysis of isolates.
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Molekularné biologické techniky

GENETIC FIGERPRINTING - AP-PCR (arbitrarily primed PCR)

Princip:

nespecifické primery (10 - 20 base pairs - bp)
nespecificka amplifikaci genomu
Separace na ge|ové e|ektrofore’ze N 3 2 3 4 5 6 /{ 8 M 9 101112 13 1415 1617 18
barveni a zisk fingerptintu : N :

FIGURE 13.14 Illustration of AP-PCR. Here a single arbitrary primer (682) generates unique DNA fin-
gerprints from 18 different bacterial genomes (lanes 1-18). Lane N is a negative control. Lane M is a 123- bp
DNA size ladder in which the size of each successive band increases bv 123 bp. (Photo courtesv 1. I.. Pepper.)
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RFLP analysis

RFLP /;E
EEEEEEsESsssEEsssssseeeeeeeeeeeeemsmssss DNA from nuclei
- fragmentace pomoci restrikCnich (Rest loous b
enzymu
N
- srovnava délku fragmentu pro Digest with restriction }_’\—’_’\,
rizné druhy; vychazi s enzyme
predpokladu, ¢im vzdalengjsi jsou \ N
fylogeneticky organismy, tim vice — "ﬂ
se liSi jejich sekvence DNA , —
‘ / N~
-lze vyborné pouzit pro studium Polymorphic restriction R
spoleCenstva (studium genove site T
heterogenity) Electrophorese j,
Frera —
Princip: fragmentace DNA na rize-sorted fragments L)) \‘\La \\\

malé oligonukleotidy (4-6 bp); Blot and probe

’ radiclabelled

separace fragmentu na ELFO; + 4y ¥ "oun probo
hybridizace s probami; barveni <
ethidium bromidem LD \L\* \\
hybridises to
Autoradiograph ; fest doous

T-RFLP — vyuziva jen koncovych
s o v ’ O ° allele "bands™ A
useku a znacenxch Erlmeru based on fragment size 3 g

0 10 20
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Molekularné biologické techniky

DGGE - denaturating gradient gel electrophoresis
TGGE - temperature gradient gel electrophoresis

Princip:

« aplikace nespecifickych primertd z oblasti 16S rDNA v PCR da vznik
amplifikované 16S rDNA

* vznikaji fragmenty témér stejneé delky (cca 500 bp) ale jiného slozeni

« separace na gelové elektroforéze je pak zaloZzena na ruzné migraci v
zavislosti na linearné se zvySujicim gradientu DNA denaturantu
(mocovina/formaldehyd Ci teplota)

« Cim vice je restrikCnich prouzku, tim vySSi je diverzita - vznika

L] L] V' 4 L] L DNA
charakteristicky fingerprint Cols mytetior - PCR products
ﬂ |
. T — e
Total DNA - ’/Checking the yield

!-——- of PFCR products
= using agarase gel

Gradient gel = electrophoresis

Gradient gel
electropharesis
(DGGE or TGGE)

Furification and
sequencing of
the fragments

W —— cresatcem

Cutting the fragments out

of the gel, eluting the DMA,

c . and amplification with
entrum pro vyzkum

toxickych ltek FCR (without GC-clamp)
v prostiedi
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Molekularné biologické techniky

« Autofi  srovnavali tfi  pady rdzné
kontaminované rtuti: A - 7 ug/g, B - 28 pg/qg,

C - 511 pg/g. i 1 OB

« PoCet DGGE prouzki se vyznamné lisil
mezi pudami, nejvysSi byl v pudé A a
nejnizsi v pudé C.

* Vlysoka koncentrace rtuti vyznamné
ovlivnila slozeni mikrobialniho spoleCenstva.

Fig. 3. DGGE profiles of amplified 16S rDNA fragments from soil A
(lanes labelled A), soil B (lanes labelled B) and soil C (lanes labelled C).
The band with the highest intensity in soil C is indicated by an arrow.
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Znaceni stabilnimi izotopy (SIP)

Dlouho se védci snazili najit zpusob jak sledovat aktivity mikroorganismu
bez nutnosti jejich kultivace v laboratori

Molekularneé — biologicke techniky, zda se, maji reseni jak popsat aktivity
mikroorganismu tak, jak probihaji pfimo v prostfedi

Klasické hodnoceni sekvenci (napr. 16S, 18S rRNA) nedava odpoved
na metabolickou aktivitu MO

SIP umoznuje detekovat MO aktivhé se ucCastnici metabolického
pochodu

SIP identifikuje MO, které jsou schopny vyuzivat dany substrat (polutant
...) a nasledné geny, které jsou do vyuziti zapojeny

Vyuziva se 3C &i °N
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SIP

rovnovazna
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inkubace extrakce DNA
- i
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Srovnani vsech pristupu

= U NERS7,
it * Wn o .°$ .
. * * 0 g o
evropsky * * % z
ialni *xx : . K &
SCeE ] - MINISTERSTVO SKOLSTVI OP VzdSlavani A
U fondvCR EVROPSKA UNIE VILADEZE A TELOVYCHOVY pro konkurenceschopnost ZANA ®

INVESTICE DO ROZVOJE VZDELAVANI

Inovace tohoto predmétu je spolufinancovana Evropskym socialnim fondem a statnim rozpoétem Ceské republiky
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Srovnani vSech pristupt

TABLE |

Advantages. disadvantages, and pertinent information provided by current soil microbiological analyses

Analvsis

Advantages

Disadvantages

Information Provided

Culturable species

Plate counts

Substrate Unlization

rapid procedure
mexpensive

1solates individual species

most species are not
cutturable ar this unie
ltmited information

diversity measures of culturable
species

rapid procedure plates are not designed * provide similanty indices for
inexpensive for soil analyses communities
reliable fingerprints of refativity of relationships ¢ metabolic potenual
microbial communities
Gas chromatography
whole-soil FAME rapid procedure detects hive and dead provides similarity indices for
reliable fingerprints of microbes communities
lipid profice detects plant and hunc individual peaks have been
identfication of biomarkers materials identitied as biomarkers
can be used tor 1solates or
whole so1l
Phospholipid FAME reliable fingerprints of live  long procedure & provides similarity mdices for
microbial commumnity toxic chemicals generated COMMUNities
identitication of biomarkers ¢ individual peaks have been
indicator of biomass identified as biomarkers
@ can be used for isolates or

whole soil




Srovnani vSech pristupt

Nucleic acid

PCR selective amplification of production of chimeric provides information used in
16S rRNA gene frag- products when further analyses
ments trom mixed DNA extracting DNA can amplity specitic genes
faster process sequences may be

preferentially selected

RT more rigorous nucleic acid
extraction techniques
can be applied

selective retrieval of rRINA
sequence intormation

DGGE rapid evaluation of distribu-  not detecting all populations  used to infer phylogenetic
tion of ampilifiable limited sequence data atfiliations ot community
sequence types separation reduced for members
allows separation of PCR fragments longer discover populations that can’t be
products from different than 300 bp identified by cloning
Organisms

separation of PCR. products
from complex mixtures
mav not be possible

Centrum pro vyzkum
toxickych latek i
v prostredi Snimek 93

©)




