BUDAPESTI MUSZAKI ES GAZDASAGTUDOMANYI EGYETEM
Alkalmazott Biotechnoldgia és Elelmiszertudomanyi Tanszék

Valogatott fejezetek
mikrobiologiabol

Dr. Tardy Gabor, Dr. Sveiczer Akos



Tantargyprogram

A bakteriumok filogenetikai moédszeren nyugvo taxonomiaja a
Bergey's Manual of Systematic Bacteriology alapjan.

Elektron transzport lanc mikodése oxigén és nitrat terminalis
elektron akceptorokkal

Exoelektrogén baktériumok metabolizmusa és felhasznalasuk
elektromos energia termelésére

Mikrobapopulaciok és -sejtek novekedése
Soripari mikrobiolodgia — sorrontok és kimutatasuk

A Kklér dioxod titka (Chlorine Dioxide is a Size-Selective Antimicrobial Agent)



[ - - Figure 1-10 Microbiology, 7/e
Figure 1-6 Microbiology, 7/e National Library of Medicinea/SPL/Photo Researchers, Inc.
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Figure 9-23 Microbiology, 7/e
Courtesy American Society for Microbiology Archives
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Escherichia coli
small subunit ribosomal RNA




DNS hasonlésag magasabbrendii ¢l6lényekben

98,4% 78%

Az emberhez (Homo sapiens) viszonyitva



Polifazikus taxonémia

GENOTYPIC INFORMATION

TOTA A:
E-SN « ANA SEQUENCING
e MOL% G +C o LMW RNA PROFILES

+ RESTRICTION PATTERNS (RFLP, PFGE)
« GENOME SIZE
e DNA:DNA HYBRIDIZATION

DNA SEGMENTS:

« PCR BASED DNA FINGERPRINTING
(RIBOTYPING, ARDRA,
RAPD, AFLP, AP-PCR, rep-PCR)
* DNA PROBES
» DNA SEQUENCING

/

o« ELECTROPHORETIC PATTERNS OF TOTAL CELLULAR
OR CELL ENVELOPE PROTEINS (1D OR 2D)

e ENZYME PATTERNS
(MULTILOCUS ENZYME ELECTROPHORESIS)

[CHEMOTAXONOMIC MARKERS | | EXPRESSED FEATURES |

o MORPHOLOGY

e CELLUL 'ATTY ACIDS (FAMEsS]

° MYcoué’;gms ( ) e« PHYSIOLOGY (Biolog, API, ...)
*POLAR LIPIDS o ENZYMOLOGY (APIZYM, ...)

® QUINONES o SEROLOGY (monoclonal, polyclonal)

® POLYAMINES
©CELL WALL COMPOUNDS
* EXOPOLYSACCHARIDES

PHENOTYPIC INFORMATION
FIGURE 1. Schematic overview of various cellular components and techniques used in polyphasic bacterial
taxonomy (adapted from Vandamme et al.,, 1996a). Abbreviations: AFLP, amplified fragment length polymorphism;
AP-PCR, arbitrarily primed PCR; ARDRA, amplified rDNA restriction analysis; FAMEs, fatty acid methyl esters;
LMW, low molecular weight; PFGE, pulsed-field gel electrophoresis; RAPD, randomly amplified polymorphic DNA;
rep-PCR, repetitive element sequence-based PCR; RFLP, restriction fragment length polymorphism; 1D, 2D, one-
and two-dimensional, respectively.




Polifazikus taxonomia

Technique

Restriction fragment length polymorphism (RFLP)
Low frequency restriction fragment analysis (PFGE)
Phage and bacteriocin typing

Serological (monoclonal, polyclonal) techniques
Ribotyping

DNA amplification (AFLP, AP-PCR, rep-PCR, RAPD, ...)
Zymograms (multilocus enzyme polymorphism)
Total cellular protein electrophoretic patterns
DNA-DNA hybridization

Mol% G+C

DNA amplification (ARDRA)

tDNA-PCR

Chemotaxonomic markers (polyamines, quinones, ...)
Cellular fatty acid fingerprinting (FAME)

Cell wall structure

Phenotype (classical, API, Biolog, ...)

rRNA sequencing

DNA probes

DNA sequencing




Filogenetikai torzsfa

Bacteria Archaea Eucaryota
Green
Filamentous Slime
Spirochetes bacteria Entamoebae molds Animals
Gram Methanosarcina Fungi
_\ Positives | pathanobacterium |  Halophiles
Proteobacteria | Plants
Cyanobacteri Methanococcus Ciliat
anopacteria lilates
T. celer
Planctomyces Thermoproteus Flagellates
Pyrodicticum
Bacteroides Trichomonads
Cytophaga
Microsporidia
Thermotoga

Aquifex

Diplomonads




A tavolsagmatrix

TABLE 1. Transformation of measured distances (lower triangle) into phylogenetic distances (upper triangle): applying the Jukes Cantor (Jukes
and Cantor, 1969) transformation®

Escherichia Kiebsiella Proteus Pseudomonas Bacillus Thermus Geotoga

coli prewmoniae vulgaris aeruginosa subtilis thermophilus subterranea
Escherichia coli 3.2 7 15.6 26 28.5 35.8
Klebsiella pneumoniae 3.1 7 15.1 25.8 28.2 36.4
Proteus vulgaris 6.7 6.7 17.6 26.6 29.9 37.8
Pseudomonas aeruginosa 14.1 13.7 15.7 23.5 29.2 34.3
Bacillus subtilis 22 21.8 224 20.2 27 30.4
Thermus thermophilus 23.7 23.5 24.7 24.2 22.6 32.4
Geotoga subterranea 28.5 28.8 29.7 27.6 25

B12

B12

B12 B12 B13

B2




orzsfa és dendrogram

Proteus vulgaris
A Escherichia coli .

1.7/26

Klebsiella pneumoniae ¢ ;3 Pseudomonas aeruginosa

28158 6.6/102
49/75
Bacillus subtilis
12718 106/ 163

Lz

13.0/200
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Geotoga subterranea Thermus thermophilus

10%
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‘Neighbor-joining




‘ Fokomponens analizis




'Fékomponens analizis - 16SrDN'S
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2 Map of all the Procaryotic 16S sequences 0.73
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Fenotipusos csoportok vs. Phylumok
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‘ Fenotipusos csoportok vs. Phylumok

FIGURE 2. Occurrence of major phenotypic groups within the 25 pro-
caryotic phyla. The group number refers to the phenotypic group used
in the Ninth Edition of Bergey’s Manual of Determinative Bacteriology (Holt
et al., 1994). Phylum Al-Crenarchaeota, A2-Euryarchaeota, Bl-Aquificae, B2-
Thermotogae, B3-Thermodesulfobacteria, B4-"Deinococcus-Thermus”, B5-Chrysi-
ogenetes, B6-Chloroflexi, B7-Thermomicrobia, B8-Nitrospirae, B9-Deferribacteres,
B10-Cyanobacteria, B11-Chlorobi, B12-Proteobacteria, B13-Firmicutes, B14-Acti-
nobacteria, B15-Planctomycetes, B16-Chlamydiae, B17-Spirochaeies, B18-Fibro-
bacteres, B19-Acidobacteria, B20-Bacteroidetes, B21-Fusobaciteria, B22-Verruco-
microbia, B23-Dictyoglomi. Phenotypic Group 1-Spirochetes, Group 2-Aer-
obic/microaerophilic, motile, helical/vibrioid Gram-negative Bacteria,
Group 3-Nonmotile or rarely motile, curved Gram-negative Bacieria,
Group 4-Gram-negative aerobic/microaerophilic rods and cocci, Group
5-Facultatively anaerobic Gram-negative rods, Group 6-Anaerobic, straight,
curved, and helical Gram-negative rods, Group 7-Dissimilatory sulfate- or
sulfite-reducing Bacleria, Group 8-Anaerobic Gram-negative cocci, Group
9-Symbiotic and parasitic Bacteria of vertebrate and invertebrate species,
Group 10-Anoxygenic phototrophic Bacteria, Group 11-Oxygenic photo-

trophic Bacieria, Group 12-Aerobic chemolithotropic Bacteria and associ-
ated genera, Group 13-Budding and/or appendaged Bacteria, Group 14-
Sheathed Bacteria, Group 15-Nonphotosynthetic, nonfruiting, gliding Bac-
teria, Group 16-Fruiting gliding Bacleria: The myxobacteria, Group 17-
Gram-positive cocci, Group 18-Endospore-forming Gram-positive rods and
coccl, Group 19-Regular, nonsporulating, Gram-positive rods, Group 20-
Irregular, nonsporulating, Gram-positive rods, Group 21-Mycobacteria,
Group 22-Nocardioform actinomycetes, Group 23-Actinomycetes with
multilocular sporangia, Group 24-Actinoplanetes, Group 25-Streptomyces
and related genera, Group 26-Maduromycetes, Group 27-Thermomenospora
and related genera, Group 28-Thermoactinomyces, Group 29-Other acti-
nomycete genera, Group 30-Mycoplasmas, Group 31-The methanogens,
Group 32-Archaeal sulfate reducers, Group 33-Extremely halophilic Ar-
chaea, Group 34-Archaea lacking a cell wall, Group 35-Extremely ther-
mophilic and hyper thermophilic S®-metabolizers, Group 36-Hyperther-
mophilic non-S° metabolizing Archaea, Group 37-Thermophilic and hy-
perthermophilic Bacteria.




rokariotak f6bb csoportjai

BACTERIA

DEEP-ROOTED
BACTERIAL GROUPS

» ARCHAEA

Thermomicrobia

EURYARCHAEOTA
Methanobacteria .
i i Halobacteria
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GRAM-NEGATIVE _
BACTERIA Fibrobacters
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 Glostrigia BACTERIA

g Mycoplasmas

FIGURE 1. The major groups of procaryotes and their relatedness to one another. The relative size of the oval discs is an approximate indicator of

the number of species in each group. The deeper origin of these groups, i.e., their evolution from more primitive forms, is. still debatable and
therefore is represented only by dashed lines. (Courtesy of Peter FHL.A. Sneath.)




rokariotak ftobb csoportjai

BACTERIA
Aquifices
Deep-Rooted Chloroflexi Deinococci  Thermodesulfobacters
Groups Thermi
Geotogas and Thermotogas
Thermomicrobia
Cyanobacteria Cyanobacteria
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Alternativ filogenetikai markerek

Kovetelmények:
Minden vizsgalt fajban el6forduljon
Funkcidja konstans maradjon
Megfelel6 mennyisegl informaciot szolgaltasson
Legyen rola adatbazis

COGs (Clusters of Orthologous Groups)

16SrRNS, 23SrRNS, DNS fuggd RNS polimeraz,
elongacios faktor, protonpumpa



'16StRNS vs. 23StRNS - térzsfa
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‘ Protonpumpa - torzsfa

Pirellula
""Bacteroidetes'' P Cyanobacteria
ropioni-
genium
"Chlorobi” % ""Actinobacteria
Wolinella .
"Gammaproteobacteria' "
., ' "Bacilli"
Desulfovibrio
Stigmatella \/ Mollicutes
"Clostridia"
"Alphaproteobacteria / \ e ik
Herpetosiphon
"Thermotogae''

Aquifex T




Al. Crenarchaeota (1o3r)

Jellemz6en termofil, hipertermofil acidofil ken
oxidalok

Morfologiailag valtozatosak

Sulfolobus (nemzetség)

obligat aerob

kemolitotrof — elemi kén oxidalas
kemoorganotrof anyagcsere is
termofil, acidofil



‘ Al. Crenarchaeota (1o3r)

Crenarchaeota

Principal component 2

-0.8

3 i r i
Q 1 2 3 4
Principal component 1

FIGURE 3. Location of Phylum Crenarchaeota within the map of the
procaryotes.




A2. Euryarchaeota (70)

5 nagyobb fiziologiai csoport

o Metanogén Osbakteriumok
o Szulfatreduald 6sbaktériumok
o Halofil ésbaktériumok

o Sejtfal nélkuli 6sbaktéeriumok

o Termoacidofil 6sbaktériumok



‘ A2. Euryarchaeota (70)

Euryarchaeota

Principal component 2

T | T
0 1 2 3 4

08

Principal component 1

FIGURE 4. Location of Phylum Furyarchaeota within the map of the
procaryotes. Region a contains the Halobacteriales, Thermoplasmatales, and
Methanomicrobiales. Region b contains the Methanosarcinales. Region ¢ con-
tains the Thermococci, Archaeoglobi, Methanopyri, and Methanothermaceae. Re-
gion d contains the Methanobacteriaceae and some members of the Meth-
anococeaceae, which appears to be polyphyletic.




B1. Aquificae (lolr)

A valodi baktériumok legkorabban elagazo
(deeply branching csoportja)

G- sporatlan palca

Hydrogenobacter ,durrancgaz bakteriumok”



'B1. Aquificae (lolr)

Aquificae

Principal component 2

i | T I
o 1 2

-0.8
w
n

Principal component 1

FIGURE 5. Location of Phylum Aquificae within the map of the procar-
yotes.




B4. Deinococcus-Thermus (102r)

Aquifica-hez hasonloan koran divergalo csoport
Thermus — G- aerob palca

Deinococcus — G+ kokkusz



B6. Chloroflexi (1o2r)

G- fonalképzo baktériumok
Nincs lipopoliszacharid dus kulsO membran
Csusz6 mozgas

Chloroflexales — zold nemkén
(van bakterioklorofill és karotenoid is)

Herpetosiphonales
(csak karotenoid van)



B10. Cyanobacteria (1lo5asz)

A nomenklatura inkabb a botanikaban szokasos
modszert koveti, mint a bakterioldgiait

G- egysejtes, telepes, fonalas fajok komplex
morfologiaval es éeletciklussal

Minden faj kepes fotoautotrofiara



Principal component 2

‘ B10. Cyanobacteria (1lo5asz)
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B11. Chlorobi (lolr)

Tipikusan anaerob, fotoautotrof
,20ld kénbaktériumok™ (Gram negativok)

Sejten kivulre valasztjak ki az elemi kent



B12. Proteobacteria (60>30r)

Tobb, mint 1300 faj, kozel 400 nemzetseg
Legnagyobb filogenetikusan koherens csoport
G- baktériumok

Az 0sszes metabolizmus tipus megtalalhato
benne



'B12. Proteobacteria (60>30r)

a

Proteobacteria

Principal component 2

08

Principal component 1




B12.1 Alphaproteobactetria

b

Alphaprotecbacteria

Fontosabb rendek:
= Rhodospirillales

= Rhizobiales

= Rickettsiales

Principal component 2

= Caulobacterales

Principal component 1




B12.2 Betaproteobacteria

Fontosabb rendek:

Neisseriales

Nitrosomonadales

C Betaproteobacteria

Principal component 2

erardmrraepnrn

..............................

0.8

Principal component 1

- —




B12.3 Gammaproteobacteria

d

Gammaproteobacteria

Fontosabb rendek:
= Pseudomonadales
= Xanthomonadales

= Legionellales

Principal component 2

= Chromatiales

= Enterobacteriales

Principal component 1




B12.4 Deltaproteobacteria

e

Deltaprotecbacteria

Fontosabb rendek:

= Desulfovibrionales

= Bdellovibrionales
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Principal component 1




‘ B12.5 Epsilonproteobacteria

Fontosabb rendek:

Campylobacterales

f

Principal component 2

0.8

Epsilonprotecbacteria

| | 1 1 1
] 1 2 3 4

Principal component 1




B13. Firmicutes (308t)

Korabbi divizié nevet kapta
Alacsony G+C aranyu G+ bakteriumok

Fenotipusosan igen valtozatos nemzetsegek
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'B13. Firmicutes (3081)

Principal component 2
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B14. Actinobacteria (2014a0)

Magas G+C aranyu G+ baktériumok
JelentOs részuk micelium/hifa kepzo
Talajbakteriumok

Antibiotikum termelésben jelentosek



'B14. Actinobacteria (2014a0)

Actinobacteria
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Principal component 1
FIGURE 17. Location of Phylum Actinobacteria within the map of the
procaryotes. Qutliers are members of the orders Rubrobacterales (a), Cor-
iobacteriales (b), Acidimicrobiales (c), and Bifidobacteriales (d). Those at po-
sition (e) are atypical members of the genus Actinomyces.




B16. Chlamidiae (lolr)

Obligat intracellularis parazitak

EmIOsok és madarak sejtjeinek membran
hatarolt vakuolumaiban szaporodnak

Sejtfaluk nem tartalmaz muraminsavat



'B16. Chlamidiae (1olr)
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FIGURE 19. Location of Phylum Chlamydiae within the map of the pro-
caryotes. Members of the family Simkaniaceae lie outside the main cluster.




B17. Spirochaetes (1o1r)

Gram negativ, kemoheterotrof
Helikalis

Flexibilis sejtek, endoflagellummal



‘ B17. Spirochaetes (lolr)

Spirochaetes
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FIGURE 20. Location of Phylum Spirochactes within the map of the ==
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caryotes. The upper cluster at position (a) consists of the family Lesis
spiraceae.



B20. Bacteroidetes (303t)

Chlorobi phylummal kozos gyoker

Fenotipusosan igen valtozatos



Bacteroidetes
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B20. Bacteroidetes (lolr)
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