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Metodikx a BostuBz mikrobialni ekotoxikologie

Spolecenstva mikroorganismu

= slozity systém vazeb mezi sebou 1 s okolnim prostfedim

Hlavni mechanismy mezi- a vnitrodruhovych procest:

* kooperace (u mikroorganismu néjcastéji substratova)

» kompetice (antibiotika) _ : _ . _

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

Hlavni hybatele:
* selekce

e diverzita

* sukcese

Strategie a selekce:
ra K stratégove - 1ze je vidét v rovnici ristu: dt X

r = rychlost riistu populace na jednotku kapacity prostredi
K = tinosna kapacita prostredi ' :

Béhem studia mikrobialnich spolecenstev bylo prokazano, Ze mikroorganismy praktikuji bud’ jednu, ¢i
druhou stategii.
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Selekce, strategie

r stratégoveé

» vysoka reprodukce

e strategie je rust, jinak ne piilis schopm kompetice

* vétSinou zymogenni org.

» zaCinaji kolonizaci novych prostiredi

» strategie maximalniho rlistu (umax)

* Iépe prezivaji v nizkych hustotach spolecenstva, v prostredich nelimitovanych substratem
 "growers"

K stratégové

* konzervativni

e vyuzivaji "peclive" zdroji

* vétSinou autochtonni

» Iépe prezivaji v diverzifikovaném spolecenstvu

» zavisi na svych specializacich (na daném prostiedi)
 "non growers"

Lze stanovit napr.: : :
- jejich podily na substratem indukované respiraci (SIR)
- Ize inhibovat r stratégy v pokusech s minimalnim ptidavkem substratu (napt. acetat)
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Biodiverzita -
- je funkci ekosystému (ekosystém ma mnoho/malo nik ===> biodiverzita je velka/mala )

Nerovnovaha: ekosysttm ma mnoho nik a ty nejsou zaplnény (naptf. ve zniCenych ¢i stresovanych
ekosystémech)

Stabilita: stabilni vztahy mezi popﬁlacemi, uvnitf popﬁlaci a mezi organiémy a prostiedim |

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

Diverzita = rovhomérnost rozlozeni jedinci do skupin = informace

Vétsi diverzita = vétsi ""pool' informaci (strategii, enzymu., genomiu ...) = mensi energie nutna na
9 9
udrZzeni celku = vyssi stability

Specifika mikroorganismii: ruzné druhy a rody mohou zastavat podobné funkce (v&étSi smysl ma tedy
funk¢ni nez taxonomicka diverzita)

Vysoka diverzita zajiSt’uje stabilitu ekosystému
Pokud je zasah, je tolerance vyssi u diverzifikovaného spolecenstva

Casto ma inverzni vztah s produktivitou
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Biodiverzita

- tihne byt nizka ve specializovanych ekosystémech, kde je jeden faktor urcujici (variant)

Ptirozeny stav pro mikrobialni spoleCenstva je vysoka diverzita - sniZovana je stresem a negativnimi zasahy.

=> biodiverzita mikroorganismil je idealni mirou biologické kvality systému

Table 6.1 o
Examples of diversity indices

Snecies richness (d)
5-1
log &N

d= where § = number of species

N = number of individuals

Shannon-Weaver index of diversity (H)
H= E(N]ng N-_nlog n,-)
N
where C =23

N = number of individuals

n, = number of individuals in the & species

Evenness (¢)

= H where 77 = Shannen-Weaver diversity index
log § _
S = number of species
Equitability (/)
= il where H = Shannon-Weaver diversity index
Hﬂlﬂ.}(

H__ = theoretical maximal Shannon-Weaver diversity index for
max

the popalation examined—assumes each species has only
one member.
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Biodiverzita -

v

strukturalni

mikrobialni ekotoxikologie

taxonomicka

funkéni

geneticka

?? interpretace ??

?? kvantitativni miry ??

?? vzajemné vztahy markeru ??




g
Metodikz a BostuBz mikrobialni ekotoxikologie

A. Genetické a molekularni techniky
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Genetické a molekularni techniky

- primarné pouzivany pro_identifikaci, ale sekundarné¢ vyuzitelné i pifi hodnoceni biodiverzity (proto
uvedeny v této Casti), jako biomarkery apod.

Priklady:

* proby DNA - identifikace typu bakterii : _ |

« RT-PCR (reverse transkriptase - polymerase chain reaction) - urc¢i, kter¢ geny jsou funk¢éni na
vyizolovanych bakteriich atd.

Ale i primé hodnoceni genetické diverzity - vyjadii heterogenitu DNA spoleCenstva:

Rychlost reannealingu:

extrakce DNA - Cisténi DNA - méfeni opétovného spojeni fetézeii po denaturaci (reannealing)
Co-ty)5 ... micialni koncentrace DNA x Cas, ktery je potfeba na reannealing poloviny
- rychlost je spojena s podobnosti fragmentii: rychly reannealing ==> mala diverzita

- napt. v pude C,.t,, = 4600 odpovida 4000 riznych genomu (cca 200% vySSi diverzita nez byla namétena u
stejné pudy izolacnimi technikami)
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Environmental sample

DNA

MNucleic acid probes
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¥

= Community rDNA
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Y

Fivyloganetic trees

Figure 7.7

Phylogenetic relationships of microorganisms in environmental samples can be deter-
mined without viable culturing based on nucleic acid analyses. In particular, analysis of
ribosomal RNA genes provides the tools for identifying specific microbial populations.
Reverse transcription (RT) and amplification of DNA using the polymerase chain reaction
(PCR} are useful in obtaining sufficient quantities of target nucleic acid sequences for
analyses. Based on specific diagnostic gene sequences, gane probes can be designed to
detect specific target organisms. In this manner complex microbial communities can be
analyzed. (Mote: DGGE = denaturing gradient gel electrophoresis, RFLP = restriction

fragment length polymorphism.) {Source: Pace 1293))
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Genetické a molekularni techniky

- zékladem vétSiny genetickych technik je klonovani fragmentu
DNA (neni nutnd kultivace), RNA se pouziva méné casto (jeji
extrakce a stabilita je horsi)

Kroky obecné:
1) extrakce DNA

a) promyvani a frakcionace bunék gradientovou centrifugaci, nasleduje lyze a
extrakce

b) Iyze bunék in situ, extrakce, separace DNA od Corg (chromatografie,
elektroforéza, sraZzeni, extrakce, centrifugace)

2) fragmentace <====> hybridizace

Fragmentace - vyuziti restrikénich enzymi; Denaturace - chemicka ¢i
teplotou

3) detekce, napr. separace na gelové elektroforéze

- agar6zova Ci polyakrylamidova

- na zakladé¢ velikosti fragmentil (kilobaze) dojde k separaci (malé jsou
nejrychle;si) ' ' :

- porovnani prouzkli s markery o znamé hmotnosti

3kb

1kb

S

300 4

| —1857

— 105K
— 029

— 383

Venification of PCR product on

ladder

agarose or separide gel

PCR fragments

11
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Genetické a molekularni
techniky - extrakce DNA z

pudy

Bacterial cell
extraction

Blend/vortex in
buffer to release
cells

Centrifuge at
1,000x g

e

e

Collect
supernatants

Centrifuge to
collect cells at
10,000 x g

{

Lyse cells
with lysozyme

!

Centrifuge at
1,000x g

In-situ direct
lysis

Physmai disruption
via freeze/thaw
or sonication of

soil and buffer

Chemical lysis
via SDS and
lysozyme

T

Centrifuge at
10,000 x g

~ Supematant

T

commercial gel
~ columns

' Purification via

 Phenol/chloroform

~ Ethanol
~ precipitation

~ to produce pure

-
e
e
L
L
e
i
-
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Genetické a molekularni techniky - extrakce DNA z pudy

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 1-5 ug/g 1-20 ug/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
£ase of methodology Slow, laborious Faster, less labor intensive
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mikrobialni ekotoxikologie

Genové proby

- slouzi k detekci specifické NA sekvence a ke
kvantifikaci jejiho mnoZzstvi

- DNA je po extrakci,” izolaci a purifikaci
fixovana na membrané, denaturovana a
hybridizovana s DNA prébami

- proby jsou znaCeny radioaktivné (32P),
digoxigeninem  (DIG), biotinem Ci
fluoresceinem

Step 1. Target DNA is isolated
> RGN

Step 2.Target DNA is denatured
to ssDNA using heat

or alkali
m ssDNA

ssDNA
Step 3.Target DNA is fixed
to nitrocellulose paper

Step 4. Hybridization
of probe to target 2
DNA P

Step 5. Unhybridized probe is washed

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

B \ = Negative

Radioactive or
chromogenic
label

——-DNA probe

Positive results are determined
by color change or darkening
of the photographic emulsion

B\ -
. = Positive
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Genové proby - pokracovani -

- detekce ptfima pomoci autoradiografie (fotograficky obraz) nebo nepifima navazanim protilatky ¢&i
straptavidin-fosfatoveho konjugatu a nasledné detekce fluorescence, chemiluminiscence ¢i kolorimetricky

Types of labeled DNA probes

5 DIG wtin I\Fluorescein

Binding of antibody Binding of streptavidin Binding of antibody
.| conjugate to DIG to biotin conjugate to fluorescein

+ + +
Colorimetric Chemiluminescent Fluorescent
substrate substrate substrate
Luminescence Fluorescence | Alkaline phosphatase AL’
+ + ' 4
'\ Pi Pi . Target DNA ™™
Antibody A
Streptavidin
Visual detection X-ray film detection Fluorometer =
detection

15

FIGURE 13.2 Gene probe detection of a DNA sequence.
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Genové proby - aplikace

Colony Hybridization

Colony hybridization

- aplikace pro celé kultury na agarovych

plotnach ' VIKING

CONTROL o NODULE

N : . - " ISOLATES
PI‘lIlClp: filtrani papir je otisknut na Petriho misce,
takZze dojde k adhezi bun€k z kolonii; nasleduje lyze
bun€k; oznaceni radioaktivnimi prébami a detekovany

CONTROL

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.)

16
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P s B & B @

Genové proby - aplikace

Southern and northern blotting

- southern blotting identifikuje DNA,
northern RNA '

Princip : NA jsou  separovany  gelovou
elektroforézou a nasledné premistény (= blotting) na
membranu, kde jsou hybridizovany s prébami

FIGURE 13.5 Southern blot of a DNA sequence associated with a
unique plasmid contained within the rhizobial strain KIM 5. The up-
per portion of the figure shows the original plasmid profiles of two
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 ef. al., “Strain identification of highly competitive bean
rhizobia isolated from root nodules: use of fluorescent antibodies,
plasmid profiles and gene probes, “ pp. 749-753, © 1989 with per-
mission from Elsevier Science.) 17
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Genové proby - aplikace

Dot blotting

- technika hodnotici pfitomnost dané
sekvence NA bez prechazejici separace
na gelu :

Princip: identickd mnozstvi NA jsou pfeneseny na
nitrocelulézovy 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.) |

18
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Genové proby - aplikace

In situ hybridization

- uziva proby, které ptimo hybridizuji s cilem uvnitt bunck, nejcastéji hybridizace na 16S rRNA, coz je
vyhoda nebot’ rRNA je v buiikich mnoho (10%) -> silny signal

- sila signalu je umérna poctu ribozoémi a tim padem idikuje ristovou rychlost mikroorganismi

- signal detekovan epifluorescencnim mikroskopem

Table 13-2 DNA Probes

Prabe

Sequence

Archaehacicrial probe

Eukaryatic probe

Eubacte-ial probe

Universal probe

Conlral probe

ALF1b, alpha 165 proteo bacteria®
BET42a, beta 235 proteabacteria
(iAM423, gamma 238 proteobacteria
EUR33E, cubacteria 165

Evcaryo.ic

TCCGGCRGGATCAACCGGHAA
GGGCATCACAGACCTG
ACCGCTITGT-SGCGGEGUCC
GWATTACCGCGGCKGCTG
GTGCCAGCMGOCGOGG
CGTTCG(C/ TITCTGAGCCAG
GCCTTCCCACTTCGTIT
GCCTTCCCACATCGTTT
GCTGCCTCCCGTAGGAGT
ACCAGACTTGCCCTCC

B=purite: W=AorT; K=GorT.M=Aor C.
“Also delects some non-aipha group bacteria,

Refercnce

17
17
17
17
17
27
27
27

2,

2

32




PCR - polymerase chain reaction

- dojde k naamplifikovani wurcitého
fragmentu NA .

- dnes jiz v podobé kit
- minimalni vybaveni (termocycler)

- uziti  pro detekci  specifickych
mikrobialnich skupin :

PI‘iIlCip: mame 2 primery, DNA polymerdzu, sm¢s
nukleosidfosfati; cykly inkubacnich podminek v
termocycleru (disociace, annealing, extenze); detekce na
gelové elektroforéze po barveni ethidium bromidem

Metodiky a postupy mikrobialni ekotoxikologie

Step 1. DNA containing the target sequence
is released from sample to provide
the template for the PCR.

Step 3. Microcentrifuge tube is placed in

a thermocycler and subjected to
25 - 50 cycles of denaturation,

annealing and elongation temperatures.

Step 4. Amplified product is analyzed
by molecular weight separation
on an agarose gel using
electrophoresis and detected

by staining with ethidium bromide.

/\_,/

Temperatuie

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

100°c|.Denature

o°C

Anneal

Template is combined with a PCR mixture
in a microcentrifuge tube.

Extend

0 T 2

Time (minutes)

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

3 4

20




DSBS
Metodikx a Bostugx mikrobialni ekotoxikologie

dth cvele
PCR - polymerase chain reaction wanted gene o ~== Exponential amplification
. ; <
= { Ind cycle

— <=

<
Isteyele e = 35h cvele
template DNA

’ ’ { —

PCR : Polymerase Chain Reaction -

<=

30 - 40 cycles of 3 steps : < .
2 copics 4 copies B copies 16 copies 2 =34 billion copics

{Andy Vierstraete 2001)

1 minut 94 “C

i ‘ﬂ"’*‘"" 'ﬂ’ DD ﬁb H. Step 1 : denaturation|

II ¥ Step 2 : annealing g
jl
45 seconds 54 °C

forward and reverse
5 primers !!!

) Il y
Step 3 : extension i
N IJLILHLLLI_LUJ_UJ.IMI.LLI i
NS | AN :
e O AT R 4 T | 2 minutes 72 °C
5. . - — | \ _. N rL
T3 | _ only dNTP's
Tfﬂwwnﬂlmmr | N

CAndy Viersirasie 19949)

21
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PCR - polymerase chain reaction - GENETIC FIGERPRINTING

PI‘iIlCip: pouzijeme nespecifické primery (napt 10 - 20 base pairs - bp), dojde k nespecifické amplifikaci genomu; nasleduje separace na gelové
elektroforéze, barveni a zisk fingerptintu

- n¢kolik metod, napt. AP-PCR (arbitrarily primed PCR)

N12345678M 910111213 1415 161718

- .- ; - ' . - . .

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 2
DNA size ladder in which the size of each successive band increases by 123 bp. (Photo courtesy I 1. Penner )




PCR - modifikace = RT PCR.

- zahrnuje enzym reverzni
transkriptazu . _

- vytvoii DNA kopii z RNA
(complementary DNA - cDNA)

- vyuzitelna je analyza mRNA, ktera
dovoluje odhadnout miru metabolické
aktivity ‘ '
PI‘iIlCip'Z pouzitim malych primerd dojde k
reverzni traskripci RNA; poté je pouzita PCR -

DD
Metodikx a Rostugx mikrobialni ekotoxikologie

Step 1. Target RNAis isolated
from the sample.

Viral RNA

Bacterial mMRNA Protozoan (eukaryotic) poly A mRNA

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
Primer

RNA——___ v J

5

l Extension

\ @ %;I  RNA/CDNA

l Denaturation

Step 3. Target primers or a downstream

primer is added to amplify the cDNA. Downstream primer anneals

to cDNA

DNA polymerase N
poly o\ 5

cDNA

Primer

Extension leading to
ds DNA

Complementary strand
to cDNA

= Step 4. Regular PCR amplification
of dsDNA.

cDNA

FIGURE 13.11 RT-PCR amplification of RNA. RNA is reverse transcribed to synthesize cDNA by randomz3
hexamers or a specific antisense primer. PCR can then be performed on the cDNA template.
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RFLP - restriction TABLE 13.3 Target Sites for Some Restriction Endonucleases”
fragment lenght Organism Restriction endonuclease Site
polymorphism analysis c_) 2
Anaboena pariabilis Ava | C L CGG) G
%) 5 s Bacillus amylofiquetaciens H Bam 111 G 4 GATCC
- zaloZeno na pusobeni Baciftus globigii Bgl Il A 1 GATCT
restrikCnich enzymi | _
Y Escherichin coft RY'13 Eco R1 Gl A;XTTC
7
- srovnava délku fragmentﬁ pro Faoherichia coli R245 Ecor RIT L CcC (T, GG
rizné dI'llhy, VYChéZi S Hugmophilus ncgyptis fae I GG L &C
b w7 7 24 ' Rl i 1 Honl GAL
predpokladu, ¢im Vzdalenejm Huemophilus gallinarun qn Gl
Jsou fylogeneUCk}’ organismy, Hugrmophilus haermolyticus Hha 1 C(*“(“ J, c
tim vice se 1151 jejich sekvence <)
1<) iTacmophilus influenzae Rd Hind 11 GT T._] il ( GJA(_‘.
DNA
yIpemophifus parainfliedzae Hivd 111 A | AGCTIT
% Y L ITpal GTT 4 AAC
- Ize vyborné pouZit pro fIpe I Cleaa
studium Spoleéenstva (Studium Klebsietln prnetimaoniae Kpr 11 GGTAC | C
5 h o= o Moraxella bowis M [ L GATC
genove eterogenlty) Providencia stuartii Pst 1 CIGCA | G
serratia marcescens St 1 oCC L GGG
Streptomyces stanford Sat T GACGCT L ©
Xonthomongs maltaceartm i | ¢} CCGCG

Data from Old and Primrose (1989).

" Recognition sequences are written from 5 to 37, only ome strand being given, and the point of
cleavage is indicated by an arrow. Bases wrilten in parentheses signify that either base may occupy
that position. Where known, bases modified by a specilic methvlase, are indicated by an asterisk.
Ay N-mcthyadenine, and Cis 5- -methylcytosine.

24




RFLP - restriction fragment lenght polymorphism analysis

ethidium bromidem; vysledek je tzv. GENETI_CKY FINGERPRINT - srovnani s databazemi

- velmi Casto se uziva pro rRNA mikroorganismi

Metodikz a BostuBz mikrobialni ekotoxikologie

Princip: fragmentace DNA na malé oligonukleotidy (4-6 bp); separace fragmenti na gelové elektroforéze; hybridizace s probami; barveni

=

TABLE 13.2 List of Computerized Databases with Information Relevant to
Bacterial Systematics

Binlogy Laboratory, tleidelberg, Germany
Li-mail: datalib@embl-heidelberg.de

DATABASE producer and e-mail address Scope and comments
DBIR, Directory of Bivtechnolegy Informatiom Resources Online dircctory of organizalions, databascey, networks, publications,
L-mail: requestifatce.nih.gov and nomenclature resources relevant to biotechnology
D153, IMNA Databank of Japan, National Instititte of Genetics, Yata, Collection and dissemination of nucleotide sequence data gencrated
Mishima, JTapan in Japan
H-mail: tgojobor@ddbjnih.acip
GenBank Database of reported nucleotide secuences,
E-mail: info@nibinim.gov
FMBL, FMBI -New, EMBL-Daily UEMBL: furopean Molecular Nucleotide sequence databanks and relaled imformation

Data trom Canhos ef al. (1993},

25
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DGGE - denaturating gradient gel electrophoresis or TGGE - temperature gradient gel
electrophoresis

PI’iIlCip: aplikace nespecifickych primerti z oblasti 16S rDNA (=DNA kodujici 16S rRNA) v PCR dé vznik amplifikované 16S rDNA; vznikaji
fragmenty témét stejné délky ale jiného slozeni; separace na gelové elektroforéze je pak zalozena na rizné migraci v zdvislosti na linearné se
zvySujicim gradientu DNA denaturanti (mocovina/formaldehyd ¢i teplota)

W

- ¢im vice je restrikénich prouzka, tim vyssi je diverzita - vznika charakteristicky fingerprint

A AABB

* Autofti srovnavali tf1 pudy rizn€ kontaminované rtuti:
A-Tug/g, B-28 ug/g, C-511 pg/g.

» Pocet DGGE prouzki se vyznamné 1iSil mezi ptidami,
nejvyssi byl v padé A a nejnizsi v puadée C.

» Vysoka koncentrace rtuti vyznamné ovlivnila slozeni
mikrobidlniho 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., 26
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B. Analyzy lipidu: biomarkery a diverzita

27
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Soil sample

Molecular Approach

Extraction
Direct Indirect

DNA/RNA  DNA/RNA
\ /

Amplification
PCR/RT-PCR

| | | } |
rep-PCR ARDRA T-RFLP RISA DGGE

\ \I //FGGE

Community fingerprint

P R RN

Diversity Structure Richness Evenness

that are discussed in this review.

Fatty Acid Analysis Approach

Extraction
Direct Indirect

PLFA FAME MIDI-FAME

T~

Acid methylation

Alkaline
methylation

GC analysis
/ \

Community profile  Species identification

~ O\ N

Structure Biomass  Diversity of isolates

Fig. 1. Current approaches available for microbial community fingerprinting in soil perturbed with chemicals. The plot presents techniques
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Analyzy lipidu: biomarkery a diverzita

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

- jsou velmi diverzifikované: n€kolik skupin a v ramci nich jsou lipidy s mnoha strukturnimi variacemi

- kazdy mikroofganismus ma charékteristick}'f "patterﬁ" slozeni lipidd, ktéry miuize byt uzit jéko diagnosticky
parametr

Priklady:

C57,C54,Chg M. luteus
rod Micrococcus dle vétvenych nenasycenych FA: < C55,C56,C5 M. varians
C;0.C51,C55 M. sedentarius
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Metodiky a postupy mikrobialni ekotoxikologie
Analyzy lipidu: PLFA - phospholipide fatty acids

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

- jsou velmi diverzifikované: n€kolik skupin a v ramci nich jsou lipidy s mnoha strukturnimi variacemt:

1) Jednu velkou skupinu tvofi mastné kyseliny vazané v pivodni 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 vdzané v pivodni makromolekule pies neesterovou vazbu
(NEL-PLFA):
a) UNSFA - nasycene¢ 1 nenasycené mastné kyseliny a hydroxy-substituované¢ (UNSOH)

Konkrétni slouceniny mastnych Kyselin jsou stanovovany stejné v obou frakcich, tedy EL-PLFA i
NEL-PLFA. Lisi se tedy pouze zpiisobem navazani v molekule fosfolipidu. UNSFA tedy zahrnuji stejné
molekuly jako SATFA+MUFA+PUFA, pouze misto karboxylového konce, maji jiné zakonc¢eni
pochazejici z hydrolyzy neesterové vazby. Analogicky totéz plati pro PLOH a UNSOH.
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Metodiky a postupy mikrobialni ekotoxikologie
Analyzy lipidu - nazvoslovi

- zékladni ¢ast vlastniho nazvoslovi tvofi pomér X:Y, kde X je pocet uhlikli v fetézci kyseliny a Y znaci
stupenl nenasycenosti, tedy pocet dvojnych vazeb v makromolekule

- pozice dvojnych vazeb je pak Cislo v zavorce s tim, Zze pokud je u n¢j ¢, respektive ¢, znamena-to cis,
respektive frans konfiguraci

- pismeno # znamena normalni nevétveny fetézec

- zkratka br znamena rozvétvenou molekulu o methylovou skupinu

- pismena i a a pak znamenaji iso a anteiso pozici methyloveé skupiny

- pismeno p ¢i p nasledovano ¢islem znamena pozici methylové skupiny od karboxylového konce molekuly
- cyklopropylové skupiny na PLFA maji v ndzvoslovi zkratku cy

- pozice hydroxy skupiny v fetézci je vyznacena jako O, B od karboxylového konce, ¢i od alifatického konce
fetézce symbolem wnasledovanym ¢islem, naptiklad -1

- pismeno d znamena dikarboxyloveé mastné kyseliny
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Metodikz a BostuBz mikrobialni ekotoxikologie

Analyzy lipidlol T analyza - : - SOIL SAMPLE

- slozita separace a extrakce; esterifikace na FAME Cone-phase extracti@

- analyticka koncovka je GC-MS: na zékladé¢ MS je lipids soil residue
identifikovana mastna kyselina a na zdklad¢ retenc¢niho |

Casu pak jiz muze byt rutinn¢ analyzovana _ | SPE-S! - column|

- existuji knithovny FA pro MS

neutral lipids glycolipids phospholipids

(mild alkaline methanolysi9

Pubuncdance|
34000 —

Fa00n

E 17 | SPE-NH, - column | j
30000 —f i
28000 —E l

: MS spektrum methyl.esteru trikosanové undisturbed
28000 —: kysellny

unsaponifiables
hydroxy l
5 substituted

22000 —f
20000 —E acidic hydro|y3|s
18000 —E l

16000 —

24000

: | SPE-SCX-column | | SPE-SCX - column |
14000 —|
1znun—; ‘ ‘ ‘ v ‘ +

| = SATFA MUFA PUFA  PLOH USFA UNSOH
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8000 —f
] 143 \

4000
a7
129 368
111 157 T - 325 GC-MS
| 121 171 | 713 2T 241 238 283 a7 311
M Mol Sl L L 1 ) | L

2000
0 3 g LW omms | 3BE396 415 429
- 1 T
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Metodiky a postupy mikrobialni ekotoxikologie
e

Analyzy lipidu - PLFA jako biomarkery

- informuji o sloZeni mikrobialniho spolecenstva:

vétvené PLFA

typicky bakterialniho pavodu

PUFA, zejména 18:2

charakteristické pro Eukaryota

suma relativni abundance iso a anteiso
izomerl 15:0 vétvenych PLFA

reprezentuji bakterie

pomér mezi iso(anteiso) 15:0 vétvenymi
PLFA a 16:0 vétvenymi PLFA

= relativni zastoupeni bakterii

18:2 w FA

= houby

- poskytuji ale 1 dalsi informace:

pomér cis a trans izomerti MUFA

|pokud vysSi nez 1 mize znadit

stradani Ci env. stres

pomér nasycenych / nenasycenych

pomeér cykropropyl.FA / jejich monoenoic
prekursory

pomeér iso 15:0 / anteiso 15:0 aiso 17:0/
anteiso 17:0

indikace stresu
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Metodikz a BostuBz mikrobialni ekotoxikologie

Analyzy lipidu - PLFA jako biomarkery

Table 2

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

Microbial group
Gram-negative
bacteria

Gram-positive
bacteria
Actinomycetales

Cytophaga--
Flavobacterium—
Bacteroides
Pseudomonas

Arthrobacter
Fungi

Eukaryotic algae and
Protozoa

Fatty acids (FAs)

OH FAs (usvally 3 OH)
monounsaturated FAs

(e.g. 16:1w7t, 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)
16:1w3c

FAs with odd number of C

16:0 and 16:1w7c (equiv.
proportions), 18: 1w7¢/ wot/wil2t
FAs with even number of C
al5:0 and a17:0 (high proportions)
16:1wBc (in arbuscular fungi)

1 8:2w6,9¢

18:1w9¢, 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),
Kelly et al. (1999

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

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

Olsson (1999)

Frostegiird et al. (1993. 1996)
Lindahl et al. (1997)

Zelles (1999b)

Findlay (1996).

Frostegérd et al. ¢1997)
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Metodikz a BostuBz mikrobialni ekotoxikologie
Analyzy lipidu - PLFA jako biomarkery
Table 1. Common phospholipid biomarkers and their interpretations
Indicator Interpretation Origin of Sample Source Comments
A Polyunsaturates % Microeukaryotes Isolates (23, 32] Do not occur in bacteria
182w6c (13,70 D ) % Fungi Isolates [39]
10Mel8:0 Actinomycetes Isolates [21]
183, 20:3, 20:4, 16:1m5¢ "y Mycorrhizae Isolates [27]
Branched (i, a, Me) 4 Gram-positive bacteria Isolates [17] Also in Gram-negative bacteria
Cyclopropyl 17 & 19 Aerobic bacteria Sediment in microcosm {30]
Anaerobic bacteria Soil in microcosm f13]
Starvation Isolate f14]
Cyclo/precursor ratio 3 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¢ % 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] 35




Metodiky a postupy mikrobialni ekotoxikologie

Table 2. Ratios and sums of PLFA used in data analysis _L gﬂLi(AIMQ’W; { '?""’ v
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 (cy19/pre) 19:0cy/18:1w7c¢

Total monounsaturated/total saturated 14:1w5¢ + 15:1w6c + 16:1w7c + 16:1w5¢ + 17:1w9¢ +

(mono/sat) 18:1w9¢ + 18:07¢/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
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Priklad:

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 brig 204
Cd, Cu, Ni, Pb, or Zn 0.8-2.3 15-4.4 412-19 0.02-0.06
Mamiy Cu® 1.7 2.9 S 0
Cd Cu Pb, and Zn a.0.” ; B 4 2.2 2.3 038
Pb? 1.4 7.9 15.3 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 sali Norway (Baath, Diaz-Ravifa, Bakken, unpubi data)
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Metodikx a BostuBz mikrobialni ekotoxikologie

Dalsi indikatorové latky - biomarkery

ergosterol - houby (HPLC)

muramova a diaminopimelovz’t kyselina - prokaryoté (HPLC)

lipopoiysachari_dovjr lipi(i A mastné kyseliﬂy a kyselina teich(;ové -G-a G+ (GC/MS)

hydroxy FA, plasmalogeny a sfingolipidy - anaerobni populace bakterii
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C. Funk¢ni diverzita - systém BIOLOG
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Metodiky a postupy mikrobialni ekotoxikologie

Funk¢ni diverzita - systém BIOLOG

- systtm BIOLOG vyuziva jednoduchych uhlikatych substrat, které¢ se vétSinou vyskytuji pfirozené v
pldnim prostiedi; tyto jsou v 96-jamkovych mikrodestickach spolu s barvivem a na zakladé schopnosti, Ci
neschopnosti mikroorganismi vyuzivat jednotlivé substraty vznika specificky "fingerprint", ktery bud’
identifikuje mikroorganismus (identifikacni pristup), nebo fyziologicky potencial spolecenstva (funkéni
diverzita - ekologicky pfistup)

- 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 mikroorganimi v celé radé oboru ' '

- druhy zpiisob vyuzZiti, méné Casty a pomérné¢ novy, je pristup hodnoceni diverzity mikroorganismui
technikou fyziologické profilace na urovni spoleCenstva (CLPP - community level physiological profiles);
pro tento ucel byly vyvinuty BIOLOG EcoPlates™ - mikrodesticky, které obsahuji 3 krat 31 vybranych
uhlikatych substrati a jejichZ schopnost profilovat metabolicky "fingerprint" spoleCenstva je vyuzitelné;si
zejmena pro statistick€é hodnoceni (méné "proménnych')

a8
=2

TT— . Y
[ 7 = - — i,
B (e
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Metodiky a postupy mikrobialni ekotoxikologie

Systém. BIOLOG pro identifikaci mikroorganismu

- systtmem BIOLOG je moZné rychle a laboratorné nenarocné ziskat Sirokosubstratovy "fingerprint"
1zolovanych kultur, ktery umoziuje s pomoci v sou¢asné dob& nejrozsahlejSich databazi (zahrnuji vice nez
1900 mikroorganismil) jejich identifikaci

- 1dentifikaci obstarava nékolik typl software od firmy BIOLOG, které na zakladé metabolického "otisku"
bakterie identifikuji o ktery druh se jedna

- systémy se liS§i cenou a vybavenim - nejjednodussi verzi je MicroLog 1™, ktery obsahuje pouze
prohledavac databazi "fingerprinti", které se objednavaji zvlast' dle potieby (GP, GN bakterie, kvasinky
apod.)

Srovnani:

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

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

databaze BIOLOG pro gram pozitivni bakterie obsahuje 318 aerobnich druhii X
* Bio Mérieux Vitek® GPI obsahuje 49 aerobnich druh
* Bio Mérieux API® Staph, 20 Strep, & coryne asi 106 aerobnich druhii
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Metodiky a postu

Systém. BIOLOG pro identifikaci mikroorganismi

Postup:

mikrobialni ekotoxikologie

C A1 PEDAZE
AJPEDHIT

1. KROK: Izolace ¢ist¢ monokultury na mediu od firmy BIOLOG a rizn4
barveni a testy pro identifikaci testovaciho protokolu (Cas a teplota
inkubace desticky).

2. KROK: Ptiprava inokula o pozadované hustoté.

3. KROK: Inokulace mikrodesticky a kultivace pii dannych teplotnich
podminkach.

4. KROK: Identifikace "fingerprintu" na mikrodesti¢ce pomoci softwaru a
datbazi BIOLOG.

BAPEDCIT

B4 PE0AER

B5?

BEPEDFLUTYPEC

B 7 PEDFUT TWPE A2

B A PEOFUT TYPE B
| B2 PEDFUT TYPE &1
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Systém. BIOLOG pro identifikaci mikroorganismu

Metodikz a EostuBz mikrobialni ekotoxikologie

GP2 MicroPlate™

Al A2 A3 A AS [T AT Al Al Ald Al Ald
Walar o-Cyclodaxtrin  |p-Cyclodaxtrin Danirin Glycogen Inulln Marnan Twean 40 Tween 50 N-Acetyl-0- N-Acwlyl-B- Ay geakin
Glucosaming Naanosamin
ai B2 B3 Bd 1] [T’} [H] B& [T B10 Bt -3}
L-Amsblnose D-Arablicl Arbulin O-Calloblone D-Fructoss L-Fucoas D-Galactoss D-Galaciuronkc |Gsntdobloss D-Olucanie a-DHGhaco bl meinoaitcl
Acid Acid
[4] [+ i G (%] [+ ] 7 [+ (=] c10 (1] [+ ¥}
wD-Laciosn Lactulose Nalcse Kealiotriass D-4annital D-Mannose D-Melsxiions  |O-Mellbicse a-Meihyl p-hathyl J-stathyl o-Mathyl
D-Geaciosids  |O-Galacioside [Glucoss D-Glucoslda

51 Dz 7] o oS ) oy b ow o D11 D12
prikartivyl a-Mathyl Palalinose D-Pslcoss D-Aaffincas L-Ahsmnose  [O-RAlboss Sakcin Sadohaptidosan | D-Sorbitol Stachyose Sucrows
D-Gilucosics D-Munnoskie
E1 €2 E3 4 (3 EE E7 Ea E9 E1D En €12
B-Taghtons D-Trehsiosa Turanoss Eylital O-Xylose Acatic Ackd o-Hydroxy B-Hydroxy +Hydeoxy p-Hydroxy o=Kato Glutare |oKala Valerlc

Butyrke Acid Batyrhe Ackd Butyric Ackd Phll:)'ln Acstic | Acid Acld

Ac
F1 F2 F3 F4 F4 F& ¥ Fa (5] Fi0 Fl1 [3F]
Lactamide O-Lactc Aeld  |L-lucte Ackd | O-Malic Acid L-Mallc Acid Methyd Pyruvate | Mono-methyl Prapionkc Ackl | Pyruvic Ackd Succinamic Succinic Ackd | N-Acatyl
Mathyl Ealer Sutcinate Ackl L-Gibutnnbs Ackd

@1 Gz Gl a4 [+T] Gt a7 eT | ag G0 =1} 012
L-Alaninamide | D-Alanmne L-Maninm L-Alsovt-glycine | L-Asparagins ] L-Glalwmic Actd yi- L- L-Pyroguiamb: | L-Sarine Putreascimna 2.3-Butanednl |Glycercl

Glutamic Acid | Ackd
H1 Hi H Hi H& Hi H? HE H3 HAD Hi1 H12
Adsnosine 2-Deoxy ncalne Thymidine Uricing Adenonlne-S- | Thymidine-5  |Uridine-2* Fructose-&- Glucope-1- Glucoes-6- O-L-o-Ghyceral

Adenosing Manophosphate | Monophosphate | onophosphate Phosphate Phosphale Phosphate Phosphate
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Systém. BIOLOG - funk¢ni diverzita mikrobialnich spolecenstev

- BIOLOG mikrodestiCka EcoPlate™ byla vyvinuta specidlné pro 0¢el studia funkéni diverzity
mikroorganismi a ekologie mikroorganismii

- zaznamenava "'fingerprint" metabolického potencialu spolecenstva, zaloZeny na principu utilizace
vybranych zdroju uhliku

metabolicky potencial spoleCenstva = funk¢ni diverzita = blizky vztah k ekologické vyznamim

- studie byly publikovany ve vSech oblastech enviromentalistiky, asi nejvice je ovSem studium mikrobialni
biodiverzity rozvinuto u pidnich mikrobialnich spolecenstev

- BIOLOG systétm byl uUspésné vyuzit pro posouzeni vlivu zemédélského managementu, degradace
chemikalii, vlivu pH, vlivu zaplavovani ptidy pro ptidni mikrobidlni spolecenstva
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Systém. BIOLOG - funk¢ni diverzita mikrobialnich spolecCenstev

EcoPlate™

Al A2 A3 A Al A2 A3 A Al A2 A3 Ad
Water B-Methyl-D- D-Galactonic |L-Arginine Water @-Methyl-D- D-Gatactonic |L-Arginine Water p-Mathyt-D- D-Galactonic |L-Arginine
Glucoside Acid Glucoside Acid Glucoside Acid
yLactone yLactons yLactone
B1 B2 B3 84 ] B2 B3 B4 1 B2 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 Methyl Ester Galacturonic Methyl Ester Galacturonlc
Acid Acld Acld
(] c2 c3 C4 c1 c2 Cc3 c4 C1 c2 (o] [oT]
Tween 40 i-Erythritol 2-Hydroxy L- Tween 40 -Erythritol 2-Hydroxy L- Tween 40 |-Erythiitol 2-Hydroxy L-
Benzoic Acld Phenylalanine Banzolc Acid Phenylalanine Benzolc Acld Phenylalanine
D1 D2 D3 DA D1 D2 D3 D4 D1 D2 D3 D4
Tween 80 D-Mannitol 4-Hydroxy L-Serine Tween 80 D-Mannitol 4-Hydroxy L-Serine Tween 80 D-Mannitol 4-Hydroxy L-Serine
Banzolc Acid Benzolc Acld Benzolc Acid
El E2 E3 Ed [3] E2 E3 E4 Et E2 E3 Ed
a- N-Acetyl-D- |+ L-Threonine |o- N-Acetyl-D- 1 L-Threonine |- N-Acstyl-D- v L-Threonine
Cyclodextrin Glucosamine Hyﬂ‘rowbutyﬂc Cyclodextrin Glucosamine monybutwlc Cyclodextrin Glucosaming HA:d'droxybutyﬂc
At
F1 F2 3 Fa F1 F2 F3 F4 F1 F2 F3 F4
Glycogen itaconic Acld |Glycyt-L- Glycogen D- taconic Acld |Glycyt-L- Glycogen D- itaconic Acld |Glycyl-L-
Glucosaminic Glutamic Acid Giucossnminic Glutamic Acld Glucosaminic Giutamlic Acid
Acid Acld Acid
[c}] G2 G3 GA []] G2 G3 a4 Gt G2 G3 G4
D-Celioblose |Glucose-1- a-Ketobutyric Phenylethyl- D-Celioblose |Glucose-1- a-Ketobutyric Phanylethyl- D-Cellobioss |Glucose-1- a-Ketobutyric Phenylethyl-
Phosphats Acld amine Phosphate Acld amine Phosphate Acld amine
H1 H2 H3 H4 H1 H2 H3 H4 H1 W2 H3 H4
a-D-Lactose  |D,L-a-Glycerol D-Malic Acid |Putrescine a-D-Lactoss |D,L-a-Glycerol D-Malic Acld [Putrescine a-D-Lactose  |D,L-a-Glycerol D-Malic Acid |Putrescine
Phosphate Phosphate Phosphate

FIGURE 1. Carbon Sources in EcoPlate
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Systém. BIOLOG - funk¢ni diverzita mikrobialnich spolecCenstev - ECO Plates

Table 1

Carbon substrates in Biolog ECO microplates. Assignment tc

biochemical categories follows that of Insam (1997)

Polymers
a-~cyclodextrin
glycogen
Tween 40
Tween 80

Carbohydrates
p-cellobiose®
i-erythritol
p-galactonic acid y-lactone
N-acetyl-p-glucosamine
glucose-1-phosphate
3-methyl-p-glucoside
p,L-a-glycerol phosphate
a-D-lactose
D-mannitol
p-xylose®

Carboxylic actds
v-hydroxybutyric acid
a-ketobutyric acid
p-galacturonic acid
p-glucosaminic acid
itaconic acid
p-malic acid”
pyruvatic acid methvl ester

Amino acids
L-arginine®
L-asparagine
glycyl-L-glutamic acid
t-phenylalanine
L-serine
L-threonine

Amines
phenyl ethylamine
putrescine

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

* Indicates substrates not present in GN plates.
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Systém. BIOLOG - hodnoceni

Hodnoceni:
Sledovani AWCD (average well colour development) Ci integrace plochy pod kiivkami (CI)

Ziskané parametry:

1) AWCD pro celou desticku ¢i AWCI pro celou desticku

2) (C-R), kde C produkce barvy (napt. po 120 h) v jamce substratu, R produkce barvy v jamce Al
3) (C-R)/AWCD - standardlzovano (napt. pro PCA)

4) CI pro kazdy substrat

5) CIVAWCI
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Systém. BIOLOG - hodnoceni

AWCD (average well color development)

GN plates
2.0

15 - -

AWCD

0.5

40 60 80 100 120 140

Hours

ECO plates
2.0
@ BW
— - CB /O
—A- TC P
195 5| o-op jog
O TP i -
- GW o e
. -~
, R
1.0 - /
/
Q/ O
/
0.5 4
0.0 SR I | | |

0

|
20 4

0 60

80
Hours

100. 120 140

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 creck, OP =Oceanography 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.
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Metodiky a postupy mikrobialni ekotoxikologie

Systém. BIOLOG - hodnoceni

Pri vyhodnoceni se ¢asto vytvari tzv. CLPP
- community level physiological profile:

- kazda jamka mikrodesti¢ky predstavuje
potencionalni mikrobialni funkei s vystupem
ano/ne (reagovalo/nereagovalo) - tento vystup
vSak nema pravdépodobnostni charakter a
pro jakékoliv statistické metody
predstavuje problém :

- proto se pi1 nékolikaterém zopakovani
vytvati hodnota ekologické abundance (pro
kazdou jamku) - tedy napt. pozitivni reakce 9
krat z 10 = 90%

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

log (relative abundance)

- ™M W M e MW M~ O
Lo = o

M~ O
N N

- o N —
N N N o

Biolog substrate

Example of a community-level physiclogical profile (CLPP) obtained
from Biolog multiwell plate tncubations (31 substrates; 1 blank) with a
terrestrial microbial community. The bars indicate relative abundancy
(RA) values for different Biolog substrate conversions. The log RA values
range typically from -2 to +2 (4 orders of magnitude difference in
abundancy value). Inoculum standardisation was applied according to a
not yet published method.
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Metodikz a EostuBz mikrobialni ekotoxikologie

Systém BIOLOG - ekotoxikologicky systém

BIOLOG mikrodesticka piedstavuje idealni zminimalizovany systém, kde miiZeme paralelné sledovat
prubéh 31 az 95 biochemickych reakci:

» jednoduchy kolorimetricky vystup

» moznost vyneseni kiivek davka odpovéd’

1.2

1.1 -

Kontaminace zinkem narusta

AVERAGE WELL COLOR

o
=0
1 T ! T
25 30 s 40 45 50
HOURS
Fig, 1. Comparisua of rate of coler development on BIOLOG plates for soil semples collected in the Fall of 1995 from four sites in the vicinity

of 2 Zn smelbter. Average well color is the meam of the net optical density for all 95 suhstrate wells on & plate. Each data point represents
the meam AWCD valoe for three BIOLOG extractions from each site (Site A W, Site B @, Site C <, Site D (),

20
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Metodiky a postupy mikrobialni ekotoxikologie

Systém BIOLOG - vyuziti pro hodnoceni PICT (Pollution induced community tolerance)

- je zalozeno na ptirozen¢ schopnosti mikroorganismii tolerovat do urcité miry kontaminanty v prostiedi

- pi1 pasobeni kontaminantu na mikroorganismy se projevuje jejich mechanicka, geneticka a fyziologicka
adaptace na nove podminky a dochazi k odumtenti citlivéjSich spolecenstev

Vlastnimu méfeni musi predchdzet chemicka
analyza, ktera ma za ukol zjistit, v jaké koncentraci
a o jaky kontaminant se jedna. Poté se udéla
extrakt z pudy a mikroorganismy se ockuji do
nékolika mikrodesti¢ek s rostouci koncentraci
kontaminantu v jednotlivych destickdch. Hodnoti
se vyvoj] barvy. Hodnota EC50 se odvozuje
z typické reakce 85 — 90 riznych pozitivnich
mikrobialnich reakci v mikrodesticce, tedy
koncentrace =~ kontaminantu = versus  aktivita
mikroorganismii. Hodnoti se posun kiivek
v jednotlivych fedénich a jejich rozlozeni. PICT
tedy ukazuje miru toxického  posSkozeni
spolecenstva v ekosystému. Pfed vlastnim métenim
musi byt tedy prokazan toxicky efekt kontaminantu
na strukturu a funkci ekosystému.

g Colluted

ference
ra 31 . |
sampiing g .
Organisms (B
dose @ 1 @  — 7
effect = c
sdies | £ g
2 <
5 L]
a 2
concentration concentration
field | — community
contaminant toleranas
concentraton 2
YarsLUs ')
sensitivity w L — NOECper e
{e.g. EC2C} " 3
- sita pailution

Figure 1. Schematic
induced community to

representation of the experiment for determination of pollution-
lerance (PICT) (redrawn from Posthuma 1997},
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Metodikz a BostuBz mikrobialni ekotoxikologie

Systém BIOLOG - hodnoceni PICT (Pollution induced community tolerance)-

Priklad: 1

0.8

" e 20 km (16 mg/kg)!
© + 14 km (35 mg/kg)
|46 km (83 mg/kg)
. x 2 xm (104 mg/kg)

4 1 km (360 maykg)

04 +

Q.2

frequency of sensitivities (cumulative)

o %
.01 1 100 10000
Biclog ECS50 value of fieid cammurity {(magfl Zn}

. . oMz . . Lo I IHC
Figure 3. Cumulasive frequency of ECs of microbial activities arotnd a

simelrer near Budel. The figure shows EC3y " values for each posinive Biclog substrate

(78 - 89) and 5 different field communities (® % A X+) with various levels of
exposure. The distarce to the zinc smelter (in km) and the contamination level are given
(berveen brackets: total zinc concentration in mg zinc per kg DW sotl).
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Metodiky a postupy mikrobialni ekotoxikologie

Diskutovanym tématem je zpusob hodnoceni diverzity mikroorganismi. Klasické indexy abundance,
rozloZeni a diverzity nejsou vhodné.

Biodiverzita mikrobialnich spoleCenstev: v 99% piipadi je vvhodnoceni pomoci

vicerozmeérnvych statistickych metod

ZjednoduSeny princip - I:

- mame 1,2,3 .... n objekti (vzorkl vody, lokalit piid, mikrobidlnich kultur, variant laboratorniho experimentu apod.) a

oznaujeme je X
- mame 1,2,3 .... y parametrii (proménnych, napt. koncentraci jednotlivych mastnych kyselin, ¢etnost pozitivnich reakci na
substrat v ECO mikrodesti¢ce apod.) a oznacujeme je p ' ' '
- maticova podoba vicerozmérnych dat:

objekty

parametry
Vzorek ¢.| Cbio [ BR| PR | EX-C| qCO2| As | Cd| Cr | pH(H20) | Ntot| Corg | Jil | Benzo(a)pyren | Suma PAHs | Suma PCB | Suma DDT | HCB

229 9285 | 25| 19.2| 865 [ 27 ['91]02]289 6,3 02| 23 [199 35,4 419,2 5,187 5,402 0,544
230 8449 | 36| 92| 2587 42 [108]|05] 135 45 03| 50 [182 13,5 229,3 8,398 8,041 0,823
231 14522 [ 28] 227 684 | 20 [194]04]372 6,3 03| 36 [267 199,3 2734,4 6,462 5,216 0,87

232 3409 | 1,0] 76 | 740 [ 30 [164]1,9] 291 7.3 02| 18 [127 75,8 853,9 7,841 57,887 10,797
233 3655 | 07| 56 | 612 [ 18 [180]04]31,2 7,8 02| 17 [335 32,9 513 5,202 216,801 11,696
234 4368 | 14| 70 | 1057 | 31 |11,2]20] 269 7,9 01| 15 [135 33,3 471,4 6,867 25,975 5,924
"235 3851 | 07| 52| 813 | 19 [11,8]13]240 8,1 02 | 16 |218 62,4 839,4 5,843 131,471 10295,12
236 3880 | 13| 56 | 627 | 34 [ 97]03]940 7,3 01| 15 [3138 6,6 139,4 4,543 3,951 9,582
237 1285,0 | 26| 156 | 1048 | 20 [ 91]05]708 7,0 03| 31 [156 27,6 546 4,362 2,188 2,542
238 7875 | 36| 125| 1954 46 [186]07]927 7,2 03| 38 [204 37,7 566,3 7,752 6,339 1,883
239 964,0 | 1,9] 17,8| 1107 | 20 [105]08] 584 7,7 03| 36 [100 704,2 6778,4 29,21 24,531 6,282
240 6716 | 1,9] 63 | 2027 29 [153]1,1]617 7,9 02| 57 |69 41,1 704,4 8,731 14,696 3,402
241 621,4 | 20| 6,0 ] 1138 33 [123]05] 406 7,8 02| 16 [153 13,4 234,7 5,529 3,559 4,619
242 5296 | 11| 72 850 [ 22 [4115]|08]277 7.9 02| 19 [126 56,8 694,6 8,846 13,133 1,017
243 10484 | 43204 | 1814 41 [110]05] 101 6,0 03| 47 [57 21,6 400,2 9,69 13,289 1,793
244 10523 | 23] 14,8 | 1144| 22 [ 8004|159 6,4 03 | 41 [115 17,9 371,2 5,484 2,538 0,593
245 527,0 | 20| 91 [ 1276 38 [ 74 ]04] 106 6,4 02| 28 [95 17,9 371,2 14,282 2,585 1,11

246 12403 | 41] 159[ 2089 | 33 |114]06] 855 6,9 03 | 43 [196 10,5 289,6 7,737 8,316 1,264
247 10776 | 15| 150 1300| 14 [143]06]537 7.4 03| 29 [57 61 782,2 6,559 22,4 1,313
248 3964 | 1,1] 60 [ 1105| 27 [ 96 ]08]450 7,7 02| 18 [156 94,5 1061,9 11,498 117,746 5,287
.249 19081 | 24| 176 [ 1940 . 1,3 [137]08] 466 7,5 05 | 61 |234 22,5 523,9 7,597 8,497 1,302
250 11484 [ 24| 148 | 1612 21 [111]05]337 7,7 03| 33 [187 7 123,1 5,907 8,799 6,085
251 6428 | 14| 79| 994 | 22 [105]05] 399 8,0 02 | 19 [234 25,3 394,5 6,886 94,754 13,645
252 11480 [ 30| 144 | 1626 | 26 [108]06] 21,6 7,5 05| 47 [97 39,6 700,5 6,052 9,339 3,553
253 13155 3,1 | 17,2| 1865 | 24 [139]05] 161 7,5 04 | 42 [100 38 623,3 5,737 3,148 1,021
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Metodiky a postupy mikrobialni ekotoxikologie

Zjednoduseny princip - II:
- chceme veédét, jak jsou si objekty podobné
- chceme védét, zda maji nékteré parametry podobny pritbéh mezi objekty
- ve dvourozmérném prostoru by tyto véci fesily korelace, regrese apod.
- ve vicerozmé&rném prostoru se pouZziji specidlni algoritmy, vétSinou jde o:
1) shlukova analyza (cluster analysis - CA)
2) analyza hlavnich komponent (principal component analysis - PCA)
- tém¢f vzdy se pracuje se standardizovanymi daty (odeCet pruméru a vydé€leni S.D.)

Squared Euclidian distance
0.0 2.5 5.0

7.5

1) Shlukova analyza - dendrogram - diuron-+hinuron

diuron+Hinuron }—_
Spojuje "nejpodobnéjsi" objekty a udava : fimron l

' diuron+linuron
"vzdalenost" na niZ jsou spojeny, ktera :
diuron
je mirou této podobnosti.

diuron
chlorotoluron :_
chlorotoluron —
chloroteluron
non-treated

non-treated
non-treated
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Metodiky a postupy mikrobialni ekotoxikologie

ZjednodusSeny princip - I11:
2) PCA

Slozitéjsi algoritmus. V podstaté jde o pferovnani rozptylu (pri¢emz
filosofie je takova, ze rozptyl = informace) na nové osy tak, aby
maximum bylo na prvni ose (PC 1), maximum ze zbyvajiciho
rozptylu na druh¢ ose (PC 2) a tak dale. Vznika tedy novy souradny
ktiz. Ziskame tedy stejny pocCet PCs jako bylo plivodnich
proménnych, ale rozdilem je, Ze pomoci pouze napt. prvnich tfi
vidime napt. 90% informace. V zakladu se matematicky jedna o
linedrni kombinace. Existuji ovSem dals$i komplikované postupy -
rizné rotace ktize, kiiveni prostoru apod.

Dva typy graft:

a) Scores plot

- noveé hodnoty pro objekty na novych osach vypocitané z linearnich
kombinaci ptivodnich proménnych

- zobrazuje tedy objekty

- umoznuje vidét podobnost objekti

b) Loadings plot

- vynasi koeficienty pro jednotlivé proménné do nového kiize

- zobrazuje tedy proménné

- umoznuje srovnat podobnost proménnych a take jejich
"zodpovédnost" za jednotlivé PCs, tj. jejich "zodpovédnost" na
celkové informaci (podobnosti, odliSnosti apod.) objektii
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Metodiky a -

Priklad: B J e_lko vstupni data pouzity hodnoty (C-R)/AWCD
« Blizkost objektti (vzorki) uréuje jejich podobnost

GN plates ECO plates
4 4
QD 2 — A
. A
2 0 © ..A _ A
QA A (]
® ®)
m 07 A
N ]
g 0+ B, o
| A ' -2 B
A ® BW
2 m CB u
= AN 4 _|| & TC
A O ©oF "
0 TP
A A GW
-4 I | | | | | -6 | l ! I I
8 6 -4 2 0 2 4 6 B 4 2 0 2 4 6
PC1 PC1

Fig. 2. Multivariate classification of six aquatic heterotrophic communities, based on carbon substrate utilization in Biolog’s GN and EC
plates. Analyses represent principal component analysis of average well color development at 120 h. See explanation of symbols in Fig. 1.
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Metodiky a

Priklad:

ie

» Jako vstupni data pouzity hodnoty (C-R)/AWCD
* Blizkost objekta (vzorkil) urcuje jejich podobnost

W TR PSR TURNNY NUPRY PRI SN PR SN PRSP PR SR
————— Sits
Site B
g
v Site B

Site A
Site A
Shte A

— Site D

[ JAPURN WU FEVSY TSRy UEORUDRY NEREURSY PRPRUN VRN DR S DU PR
Dandrogran Distance

Fig. 2. Cluster analysis of BIOLOG readings for soil samples collected
in the Fall of 1995 from four sites in the vicimity of a Zn sorelter.
Three BIOLOG extractions were conducted per site. Each data
point is an average of triplicate plates from each BIOLOG extrac-
tion. Scts of triplicate plates with AWCD values dosest to 0.25
were compared in this anatysis. Each unit of distance on the dendro-
gram is equivalent to a difference of 100% on 2 single substrate well,

Principal Component 2

d
1
3 o
C
1 0
c D

o=
- - A

A AR D
2 Y T T T Y T '

-1 i 2 a

1
Principal Component 1

Fig. 3. Poncipal component analysis of BIOLOG readings for soi

samples collected jin the Fall of 1995 from four sites in the vicinity
of & Zn smelter. Three BIOLOG exiractions were conducted per
site. Each data point is an average of triplicate plates firom ezch
BIOLOG extraction. Seis of triplicate plates with AWCD values
closest to (.25 were compared in this analysis. PC 1 accounted for
31.0% of the variance in the data, smd PC 2 accounted for 26.5%
of the variznce in the dyta.
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Metodiky a postupy mikrobialni ekotoxikologie

Impact of CArbon and Flooding on Soil Microbial
Communities: Phospholipid Fatty Acid Profiles and’ <———180m ——e SOil sampiing ) gransect
Substrate Utilization Patterns 4§m s
' incorporated +
* Phospholipid fatty acid (PLFA) profiles provide a robust measure that can be _ removed
used to fingerprint the structure of soil microbial communities, and measure & bumed =
their biomass.
£=
2 rolled
* A replicated field trial, with gradients in substrate and O, availability created
by straw incorporation and flooding was used to test the ability of PLFA to
discriminate soil mtcrobial communities in different management regimes. =
&
o
 Another objective was to test the usefulness, on a large scale, of some of the
proposed interpretations of PLFA biomarkers.
» Using a direct gradient statistical analysis method, PLFA profiles were found
to be very sensitive to flooding and straw treatments.
Table 4. Effect of flooding and straw treatments on common PLFA biomarkers E
[=4
PLFA biomarker Interpretation Effect of experimental treatments
18:2w6c , Fungal indicator Decreased 15%* with flooding (P < 0.01)®
. R Increased 19% with straw incorporation (P < 0.01)
Wrobic indicator Decreased 10% with flooding (P < 0.01)
" High substrate indicator Increased 8% with straw incorporation (P < 0.01)
Branched (i, a, Me) ram-positive Increased 5% with flooding (P < 0.01) >
Decreased 6% with straw incorporation (P < 0.01) &
Cyclopropyl 17 & 19  Stress indicator Did not respond to flooding o=
Associated with slow growth Decreased 9% with straw incorporation (P < 0.01)
trans/cis 18 & 16 Stress indicator, No effect of flooding or straw
associated with starvation treatments, Detection limits hinder use * Straw bumed and :
18:1m8¢ Type II methanotrophs Not detected in any plots All plots g"&ed!:m?ted plots sampled in 1994.
10Me18:0 Actinomycetes No effect of fiooding )
Decreased 10% with straw incorporation (P < 0.01)
17:1w6, 17:1wS8, Sulfate reducers Not detected in any plots i i i i :
17 L7 Yy plo Fig. 1. Field experiment design and sampling pattern.
* Flood comparison based on 8 flooded and 8 non-flooded treatment plots from the 4 sample dates for which the effects
of flooding were significant, for a total of 32 samples per treatment. Straw comparison based on 16 straw added and 16 straw
removed and burned treatment plots from the two sample dates in 1995 when effects of straw were significant, for a total
of 32 samples per treatment
b Mean comparisons based on a t-test S8




Metodiky a postup

Priklad - pokracovani:

mikrobialni ekotoxikologie

T 1.0
16:1m7¢*
-
18:1w7c" » 4 15:106c”
fung/bact* * 140 .
L - - -
t82agcts 20508 17108 . " 120 . 150°
18:109c* « . 105G . :
i17:105¢ e . 1180 water
10 T L} : - ] = 1 4 L] L) L) b‘
o 17:0" 10

Fig. 3. Redundancy analysis ordination biplot of PLFA and soil
water axis for January 3, February 2, and March 7, 1994 samples
combined. Fatty acids, which are important in separating treatment
plots based on soil water content (correlations of =0.20), ar= la-
beled. *Fatty acids, which responded in the same way to winter

flooding in 1995, based on a separate RDA of the February 27 PLFA
data.

3010
STRAW
p=004
- ’ .
3 L J
incorporate
L 2
" WATER
1 p=0.001
roll
A
10
3.0

3.0+ 10

Fig. 4. Redundancy analysis ordination biplot of PLFA profiles |

and significant environmental variables from February 27, 1995.
Flooded treatment plots have symbols: straw burned (M); straw
removed (@); straw rolled (A); and straw incorporated ( 4 ); non-
flooded treatment plots are represented by the corresponding open
symbols. The 1.0 scale refers to the environmental variables, and
the 3.0 scale refers to treatment plot scores. Significance levels (P
values), for environmental variables explaining variation in the
PLFA profile data, are included on the biplot.
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Priklad - pokracovani:

FEB 27

404 1.0

Fig. 7. Redundancy analysis ordination biplot of substrate utili-
zation patterns for February 27, ) 1995 samples.
Flooded treatment plots have symbols: Ml = straw burned; @ =
straw removed; A = straw rolled; and ¢ = straw incorporated;
non-flooded treatment plots are represented by the corresponding
open symbols. Straw management treatment labels are placed on
their centroid position on the biplots. The 1.0 scale refers to the
environmental variables, and the 3.0 scale refers to treatment plot
scores. Significant levels (P values) for environmental variables ex-

plaining variation in the PLFA profile data, are included on the
biplots.

mikrobialni ekotoxikologie
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Fig. 8. Redundancy analysis ordination biplot of substrate utili-
zation patterns for all sample dates during the winter flooded pe-
riod, 1994 and 1995. Flooded treatment plots have symbols: B =
January 1994; ¢ = February 1994; A = March 1994; @ = February
1995; non-flooded treatment plots are represented by the corre-
sponding open symbols.
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Metodiky a postupy mikrobialni ekotoxikologie

Priklad - pokracovani:

 Relative abundances of monounsaturated fatty acids were reduced with flooding and increased with added carbon,
consistent with their proposed interpretations as indicators of aerobic conditions and high substrate availability.

» The cyclopropyl fatty acids were not useful as taxonomic indicators of respiratory type, although their responses were
consistent with their proposed use as growth condition indicators.

* Branched fatty acids decreased, as a group, in response to high substrate conditions.

* A specific biomarker for Type II methanotrophs was not found in this rice soil, even under high carbon, low O, conditions,
which resulted in methane exposure in the soil.

* Direct comparison of PLFA and substrate utilization patterns indicated that BIOLOG patterns are highly selective, and do
not reflect compositional changes in soil communities.
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Priklad: Effect of Phenylurea Herbicides on Soil Microbial Communities Estimated by Analys1s of 16S rRNA
Gene Fingerprints and Community-Level Physiological Profiles

* The effect of three phenyl urea herbicides (diuron, linuron, and chlorotoluron) on soil microbial communities was studied by using soil samples
with a 10-year history of treatment.

* Denaturing gradient gel electrophoresis (DGGE) was used for the analysis of 16S rRNA genes (16S rDNA). The degree of s1m11ar1ty between
the 16S rDNA profiles of the communities was quantified by numerically analysing the DGGE band patterns.

» Similarity: dendrograms showed that the microbial community structures of the herbicide-treated and nontreated soils were significantly
different. Moreover, the bacterial diversity seemed to decrease in soils treated with urea herbicides, and sequence determination of several DGGE
fragments showed that the most affected species in the soils treated with diuron and linuron belonged to an uncultivated bacterial group.

FIG. 3. DGGE analysis of 16S rDNA fragments of different soil samples treated or not treated with urea herbicides. The 16S rDNA genes were
amplified with the primer set P338f plus P518r. For the dendrograms of community relatedness, the percent similarity was calculated on the basis
of two band-based coefficients, the Jaccard and area-sensitive coefficients.

20 40 60 80 100 20 40 60 80 100

Lonabien bbbl ol Leweboabiben bbbl
] Non-treated
L Diuron
Diuron + linuron
Chlortoluron
Jaccard _ __Area

» As well as the 16S rDNA fingerprints, the substrate utilization patterns of the microbial communities were compared.

* Principal-component analysis performed on BIOLOG data showed that the functional abilities of the soil microbial communities were altered by
the application of the herbicides.

* In conclusion, this study showed that both the structure and metabolic potential of 5011 microbial commumtles were clearly affected by a long-
term application of urea herbicides. 62
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Priklad: Structure and function of the soil m1cr0b1al communlty in m1cr0hab1tats of a heavy metal polluted
soil '

» Particle-size fractionation of a heavy metal polluted soil was performed to study the influence of environmental pollution on microbial
community structure, microbial biomass, microbial residues and enzyme activities in microhabitats of a Calcaric Phacocem.

* In 1987, the soil was experimentally contaminated with four heavy metal loads: (1) uncontaminated controls; (2) light (300 ppm Zn, 100 ppm
Cu, 50 ppm Ni, 50 ppm V and 3 ppm Cd); (3) medium; and (4) heavy pollution (two- and threefold the light load, respectively).

» The phospholipid fatty acid analyses (PLFA) and denaturing gradient gel electrophoresis (DGGE) separation of 16S rRNA gene fragments
revealed that the microbial biomass within the clay fraction was predominantly due to soil bacteria. In contrast, a high percentage of fungal-
derived PLFA 18:2 v6 was found in the coarse sand fraction. Bacterial residues such as muramic acid accumulated in the finer fractions in
relation to fungal residues.

» Heavy metal pollution did not markedly change the similarity pattern of the DGGE profiles and amino sugar concentrations. Therefore,
microbial biomass and enzyme activities seem to be more sensitive than 16S rRNA gene fragments and microbial amino-sugar-N to heavy metal

treatment. . . soil fractiomn treatment
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Fig. 2 The DGGE profiles of 165 rENA gene fragments amplif-
el from DNA extracted from different particle-size fractions of
the control and medium polluled soil. Larse § Bulk soil, control.
Lanes 2 and 3 Bulk =soil, pollution. Lane 4 Coarse sand control.
Larie 3 Coarse sand pollution. Lanes 6 and 7 Fine sand, control. || Fig.3 The UPGMA dendrogram generated from gel image data
Lare & Fine sand, pollution. Lanes @ and T0SilL, control, Lanes 11 using DGGE profiles of 165 TRNA gene Lmnmunh amplified
aned 12 8ill, pollution. Lanes 13 and 14 Clay. control. Lanes 15 and from DNA extracted from different particle-size fractions of the

6 Clay, pollution. PCR Srmluc‘lﬁ slained using SYBR green | ﬁ]l-?LglﬂclllEll||1“1¢|l!_i=uull1-ll-|: llrllllll;li:l1:.:|r3;!ll_:l_u-l.l|11:tl=l'll1fiﬂ1r|:Eul:nll_::l?rlwwl_&
. — L . o i cdld « s g I g = i : -
and scanned using Storm Bl Sewle indicates the similarity level (scale 0-1) %3

-

070 075 0.80 0BS 090 085 1.00




Metodikz a BostuBz mikrobialni ekotoxikologie

Hodnoceni biodiverzity mikroorganismu - vvhody a nevvhody jednotlivych pristupii

TABLE |

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

Analysis

Advantages

Disadvantages

Information Provided

Culturable species

Plate counts

Substrate Unhization

Gias chromatography
whole-soill FAME

Phospholipid FAME

rapid proc edure
inexpensive

isolates individual species

rapid procedure
inexpensive
reliable fingerprints of

microbial communities

rapid procedure
reliable fingerprints of

lipid profice
identification of biomarkers

reliable fingerprints of live
microbial community

identitication of biomarkers

indicator of biomass

MOSt species are not
culturable at this ume
limited mtormation

plates are not designed
for soil analvses

refativity of relationships

detects hive and dead
microbes

detects plant and humic
materials

fong procedure

toxic chemicals generated

L

diversity measures of culturable
specles

provide similarity indices for
communities
metabolic potential

provides similarity indices for
communities

individual peaks have been
identitied as biomarkers

can be used for 1solates or
whole so1l

provides similarity indices for
COMNIUNties

individual peaks have been
identified as biomarkers

can be used for isolates or

whole soti 64
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Nucleic acid
PCR

RT

DGGE

selective amplification of
16S rRINA gene frag-
ments trom mixed DINA

taster process

more rigorous nucleic acid
extraction techniques
can be apphed

selective retrieval of rRINA
sequence intormation

rapid evaluation of distribu-
tion of ampilifiable
sequence tvpes

allows separation of PCR
products from different
Organisms

separation of PCR products

from complex mixtures
may not be possible

production of chimeric

products when
extracting DNA
sequences mav be

preferentially selected

not detecting all populations
limited sequence data
separation reduced for
fragments longer
than 300 bp

provides information used in
further analyses

can amplitv specific genes

used to inter phylogenetic
atfiliations ot community
members

discover populations that can’t be
identified by cloning
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