Identiikace a klasifikace
mikroorganismu
zaloZena na shlukové analyze

MALDI-MS
protein/peptidovych profilu

= s

B. thuringiensis




Hmotnostni

MALDI-TOF MS spektrometrie

= Matrix-Assisted Laser Desorption/lomization - s laserovou desorpci

- TlIne Of thht MaSS SDCCtrOmetrV a ionizaci 7a ﬁéastl
maltrice s pruletovym
* jednoduchai, rychla, spolehliva analyzitorem
chemotaxonomicka technika

vysoka cithvost a reprodukovatelnost

biomolekul |
a unikatmich biomarkeru iontyv nm/z
(peptidy a proteiny) | plynnéfazi . |molekul|




ProcC proteiny??

Vysoce informativni markery soucasneho
stavu kultury

Jprotein turnover® — zmeny za rtznych
podminek prostredi, stresu.. (technologie,
transport kultur, viiv latek...)

Systematické mapovani proteinu —
taxonomie, studium fce proteinu

Databaze proteomu (SWISSPROT)



Analyza MALDI-TOF MS

e Jednotny spolehlivy protokol pripravy MALDI-MS
profili u daného bakterialniho rodu

- OPTIMALIZACE
- podminky kultivace
- priprava vzorku
- MALDI-MS analyza ,intaktnich® bunék
e Vhodny software shlukové analyzy MALDI-MS profilu
a nasledné klasifikace a identifikace bakterii

- odliSeni rodu, jednothvych druhiu rodu Databize
- a7 individualnich kmeni daného druhu | MALDI-MS

profili




Pr: klasihikace Aeromonas

17 hybridiza¢nich sk.
(genospecies)
poddruhy

biovary

KOMPLE . . . . .
monas hydrophila (A. bestiarum, A. salmonicida, A. popoffir )



fylogenetické studie: geny gyrB, rpoD, 16S rDNA, dnaJ

Aeromonady: dzce pribuzné - 97,9-100 % shoda sekvenci 16S rDNA
- liSici se pouze v rozmezi 0 - 33 bp

* nepresna identifikace biochemickymi testy -
vysledky vysoce shodné pro vétSinu druhu

ags

e Identfikace: komplikovand vzhledem k vysokému % shody
sekvenci 16S rDNA a fenotypu

plati 1 pro fadu druht rodu Bacillus, Lactobacillus, Campylobacter......




Score Oriented Dendrogram for bruker_ukazky
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Staphylococcus saprophyticus CCM 3317
Staphylococcus epidermidis CCM 7221
Staphylococcus epidermidis CCM 2446
Staphylococcus epidermidis CCM 2124
Peptostreptococcus anaerobius CCM 3790
Serratia rubidaea CCM 3412
Streptococcus mitis CCM 7411

Finegoldia magna CCM 3785
Corynebacterium urealyticum CCM 4186
Corynebacterium urealyticum CCM 3976
Corynebacterium urealyticum CCM 3975
Corynebacterium pilosum CCM 6140
Campylobacter jejuni ssp jejuni CCM 7212
Campylobacter jejuni CCM 6214

Campylobacter jejuni ssp jejuni CCM 6191

~|Campylobacter jejuni ssp jejuni CCM 6189

Campylobacter coli CCM 6211
Campylobacter fetus subsp fetus CCM 568
Campylobacter fetus subsp fetus CCM 621

Campylobacter fetus subsp fetus CCM 568



Zaklady metodiky pFipravy a analyzy vzorku:

1. Kultivace:
kmeny pro databaz = typové kmeny (CCM, DSMZ, referen¢ni)
Nasledné€ neznamé 1zolaty

2. Optimalizace pripravy a analyzy vzorku

3. MALDI MS analyza
Kultivace na vhodném mediu

Mozné promyti buné€k od media
Suspenze buriky : rozpoustédlo
Kokrystalizace s matrici

Reflex IV (Bruker), kalibrace: lysozym

4. Uprava a zpracovani spekter
5. Testy reprodukovatelnosti
6. Shlukova analyza spekter




Priprava vzorku pro analyzu

Bakteridlni kmen: sbirkovy kmen nebo divoky 1zolat; klinicky 1zolat

Zkumavka
Eppendorf
Centrifugace
% overmght 5,5 tis. ot/mm
Bakterialni kolonie pelet
Petriho miska Promyta cca v 1 ml + 300 pl sterilni
Kultivace dle katalogu sterini demineralizované
kultur demjneralizované vody
vody + 900 pnl
96% ethanol
g V. ethanolu
Pelet bunék+ MALDI matrix ‘

Pelet - v eppendorfce v

zaschnuti RT (moZno uchovat na desce) L. v, v
lednici vydrzi mésice




Priprava vzorku pro analyzu

jiny priklad: extrakce v acetonitrilu

Bakterialni kmen
94h 94h Bunkyz
— g — druhé pasaze
P¥: Pseudomonas Kultivace |
Trypton soya agar
30°C
Suspenze bunék + MALDI matrix sDHB voda : acetonitril
2,5-dihydroxybenzoova kyselina 1:1 (v/v)
(2096 acetonitril a 19 TFA) —]




MALDI-TOF MS analyza

e Kazdy kmen 384 moznych vzorku
- 3 spoty na MALDI desce
- vysuSeni pr1 RT

* MALDI-TOF MS analyza

AL DI desticka

/ N, laser, 337 nm
k g ® @ © o °
vzore urychlené, protonované ionty o O

matrix na étl, ‘ ‘ Y 7 v/
ionizace 511V lehéi = rychlejsi
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MALDI-MS protein/peptidovy profil je charakteristickym
otiskem analyzovaného bakterialniho kmene

A. hydrophila ssp. hydrophila 72327

4258 s101]
= characteristické markery s vysokou rozlisovaci silou

dostupné analyzou ,intaktmich® bakterialnich bunék

50% suSiny
200 - 6 000 typu molekul |.




 Podminky kultivace maji na vysledna spektra maly
vhiv -

Vychazi se z analyzy ,,bazalni® vybavy proteomu

konstantni vyskyt zakladnich char. signalt

(zakladni hladina protemnt syntetizovana stale

nezavisle na zmeéné podminek)
 Pomalu rostouci - prodlouzeni doby kultivace
e Chemikailie - (pro MS ¢1 HPLC)

e Pozor na z ,nekvalimich® plasti




A. hydrophila ssp.hydrophila
CCM 71467

NN A A b A ANt s A A el it i

Pseudomonas aeruginosa
CCM 1960 T

Stenotrophomonas




Porovnani spekter drul;go rodu Aeromonas

* * / * * y *A A. caviae 4491

|
|

“A. trota” 4368

A.allo-

saccharophila4363

A. schuberttii

I MM /‘ 356

w A. eucrenophila 4354
\

/ A. sobria 2807

A.encheleia 1909

/ A.encheleia 1769

A.popoffii 667

m/z
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Lactobacillus casei ssp casy
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Analyza spekter

e 1 spektrum - suma 100-150 zasahu laseru
A. media CCM 36537

e 1 spot —> 5 spekter

. SOFTWARE SHLUKOVE ANALYZY mZZ signdly
1) - Ing. Matej Lexa, Ph.I}. N i
- spektra prevedena na ASCII formét . | ‘ il T A
(mass range 3000 - 15 000 m/2 ... w LML T e

- transformovana do paru vektoru

- je vypocitana jejich cosinova vzdalenost a provedeno hierarchické
agglomerativni shlukovani zaloZené na vzajemné podobnosti spekter

2)
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Lactobacillus casei ssp. casei CCM 7088T




Main L. acidophilus groups...

L actobacillus

dophilus

A B~ |

group

E Lactobacillus

casel
group

—{

1000 900 800 7

\ | \
00 600 500

400 300 200 100 O

Distance Level

Lactobacillus animalis 663T

Lactobacillus jensenii 243T

Lactobacillus delbrueckii ssp delbrueckii 7191T
Lactobacillus delbrueckii ssp lactis 847T
Lactobacillus delbrueckii ssp indicus 845T
Lactobacillus delbrueckii ssp bulgaricus 7190T

Lactobacillus helveticus 3806

Lactobacillus acidophilus 4833T
Lactobacillus reuteri 777T

Lactobacillus fermentum 7192T
Lactobacillus coryniformis subsp torquens 646T
Lactobacillus sakei subsp sakei 7203T
Lactobacillus sakei ssp carnosus 776T
Lactobacillus salivarius 7274

Lactobacillus pontis 4540T

Lactobacillus amylophilus 7001

Lactobacillus paracasei ssp paracasei 1837
Lactobacillus casei ssp casei 7088T
Lactobacillus paracasei ssp paracasei 792T
Lactobacillus paracasei ssp paracasei P1630
Lactobacillus casei ssp casei 4798
Lactobacillus casei ssp casei 4791

23



Jeden rod - rozliSeni druhu a kmenu

Lactobacillus paracasei ssp paracasei P1630

Lactobacillus paracasei ssp paracasei 792T

Lactobacillus casei ssp casei 7088T

Lactobacillus fermentum 7192T

Lactobacillus parabrevis 778T

Lactobacillus brevis 3805T

Lactobacillus brevis 1815

Lactobacillus delbrueckii ssp lactis 847T

Lactobacillus delbrueckii ssp indicus 845T

1000 900 800 700 600 500 400 300 200 100 0
Distance Level

31
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MALDI-MS fingerprints‘ use in
species discrimination

o Which bacterial species are present in different
parts of technology process?

Reuteri group:
- at least 6 species isolated from sourdough
(L. frumenti, L. pontis, L. panis, L. reuter,
L. rossiae, L. siliginis, L. secaliphilus)

= species adapted to the particular niche
Interesting challenge for a proteomic study

to link ecological specification

to functional characteristics embedded in the

proteome of the strains.
20



MALDI-MS profiles of pure culturable cultures

through technology proces

« Species and strains identity confirmation

control of
microorganisms’ contamination

With the other methods*
undistinguishable
mutants or
related species

« Analysis without cultivation?
Limits: mixtures of strains

21



The use of MALDI-MS fingerprints
in comparing of strains with specific patterns
= characterization of the strain

« Strain-dependent properties:

probiotics: up (host mucin production) and down regulation

(virulence factor expression in pathogens), production of
specific antibiotics and antibiotic-like substances (reuterin...)

technology: proteolytic and lipolytic patterns: flavour, ripening,
gaps forming ...

-
outputs of comparable fingerprints of strains, that are

unidentified genotypically/phenotypically

* By novel or uncharacterized strain:

—> prediction of strain-specific properties
24



Optimalizace metody

o T'est typu a okyseleni matrice

(sDHB v 209% ACN s 19% TFA)
oMedium, hustota suspenze vzorku

(2 ul bunék + 500 ul voda : ACN 1:1)

oT'est reprodukovatelnosti
o Vliv délky zamrazeni, kultiv. teplota

P putida 7156T CBAS
P puida TL56T CBAH
P puridds 7156T TSA
2 putida T156T MPA 76
P putida 7156 TSAN

P moweilii 43447 TSA
P aleali 25T TEA
P veranii 13T TSA

3000
2500
20
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P. putida CCM 71567

sDHB

| M . h .
FA

CHCA

500
- IALJ\A‘_A 4. Ad .Jt i ‘)L i i i i i :
5000 7000 2000 11000 13000 mfz
Test vlivu matrice
1000 A.encheleia
] rodlouzena
890 l, j ult}valce (8 dni)
600 .
] A.encheleia
400
1 standardni
200 j *kultivace
. | L] o

P marpinalis J969T TS4

Pomientalis 17485T T54
P eloreraphis 1975T TSA
Prsodesize 47347 TSA

— Bd 25T CBAS
4‘—E P fugreseens 21157 CBAH
P flugrescens 2 15T TSA
Pyinidiflavs 402T TSA
Pl J043TTSA
P aerommess 1060T TSA N
3 1660T CBAS
"I: Paerginosa 1860T CBAH
Paeruginosa 18507 TSA
P omitsary 4357T TSA
P doeina 3500T TSA
P prendoalcaligenss 3467T TSA
Puramovensis TX70T TSA
P fhisrescers 2115T MPA Z132
P fhuoeescers 21137 TSA 201

Test vlivu medii:
CBAH, CBAS,
MPA, TSA

A schubertn 4336 T

& molluseonim 7245 T

A encheleia CCM 4382 T (8 dnd prodlovZend kultiv)

VF-

A encheleia CCM 4582 T (vzorek 1)
A encheleia CCM 4582 T (vzorek 2)
A encheleia CCM 7407
A encheleia P 1753

A encheleia P 1209
A encheleia CCI 7406
A encheleia P 1763

A eucreno

phila CCM 4354 T
A popoffii CCM 4708 T

& popoffi P 660
. salmomcid

[——* popoffi P 7330

eprodukovatelnostl prcdlouzené kultivace

A popoffii P 660 (vzore]

S5p. MAasouct

k1)
2)

da CCM 4124 T
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Lactobacillus casei ssp. casei CCM 7088T

Influence of cultivating me

MRS+cys

| | | | | | | | | |
1000 900 800 700 600 500 400 300 200

Small variations in spectra do not irffhirence
the certain sume of protein/peptide markers

that remain constant (Valentine et al. 2005).

100 0

dium

Lactobacillus casei subsp
casei 7088T Ill MRS+cys

Lactobacillus casei subsp
casei 7088T Il MRS+cys

Lactobacillus casei subsp
casei 7088T 20h Ill MRS

Lactobacillus casei subsp
casei 7088T 20h Il MRS

Lactobacillus casei subsp
casei 7088T | MRS+cys

Lactobacillus casei subsp
casei 7088T 20h | MRS
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Vyuziti techniky MALDI-TOF MS

Citliva analyticka ioniza€ni technika MS (UV laser)
Proteomika: Setrna ionizace peptidl a proteinu

Vyuziti MALDI-TOF MS v mikrobiologii: T

MALDI-MS profil - identifikace rodu a druh ,
- autentizace kmene L Il

- analyza biomarkert MALDI-MS profil A. hydrop

@ Klinicka diagnostika: Baciilus (i spory), Campylobacter, Clostridium, Corynebacterium,

Escherichia, Haemophilus (screening nemocni¢nich kmenu), Helicobacter, Legionella, Mycobacterium,
Salmonella, Streptococcus, Staphylococcus (MRSA a MSSA)

@ Rychla chemotaxonomie - i druhy fenotypicky a genotypicky nerozliSitelné
@ Enviromentalni studie, potravinarstvi — kontrola Cistoty, pg MO

@ Analyza specifickych proteint bakterii, hub a vira: rekombinantni
proteiny, faktory virulence, enzymy, metabolity, proteiny sporovych stén a S-vrstvy,
vyznamne je studium bakteriocinu, peptidové mapovani

@ Sekvenovani bakterialnich nukleovych kyselin
Referencni spektra: je mozno identifikovat neznamy vzorek

|‘1ila
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« 26 Lactobacillus CCDM strains
were all clustered together to the sub-branche
with Lactobacillus salivarius CCM 7274
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* very similar spectra of CCDM strains to each other
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Adjusted Mormalized Peaklists
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Green signals — identical to reference signals
— identical to reference signals with abberation m/z
Red signals — distant signals
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Streptococcus salivarius 4046T
Staphylococcus scuiri ssp carnaticus 4835T
Staphylococcus sciuri ssp sciuri 7040
staphylococcus sciuri ssp. sciuri 3473T
Staphylococcus sciuri ssp rodentium 4657T
Klebsiella pneumoniae 4985

Bacillus subtilis 2217

Bacillus subtilis 2216T
Corynabacterium pilosum 6140T
Streptococcus mutans 7409T

Bacillus cereus 2010T

Bacillus cereus 1992

Salmonella enterica ssp enterica 4419
Aeromonas popoffii 4961

Aeromonas popoffii 4708T

Kilebsiella raoultella 3722

Klebsiella raoultella 3721

Klebsiella pneumoniae 4415
Escherichia coli 5172T A

Serratia grimesii 4735T

Serratia grimesii 2718

Serratia liquefaciens 2716

Serratia liquefaciens 2715

Serratia liquefaciens 2715 B



Zavedeni a optimalizace stanoveni MALDI-MS profilia bakterii
Ovéreni diferencia¢ni schopnostt MALDI-MS
Snaha ziskat :

reprodukovatelni charakteristicka spektra roda a druhu
- autentizace, identifikace kmenu
Interpretace a statistické zpracovani vyslednych

P fragi 3704 25C
—:ngismsoc
P fragi 1974T 30C
4‘ Emmms 3503T 25¢
P lundensis 3503T 30C
P aeruginosa 1960T 37C
A. media 3653T P aeruginosa 1960T 30C
P is 7279T 30C
signal = hodnota m/z

—|: P fluorescens 2115T 30C
P taetrolens 19827 30C

Puiridiflava 4962T 30C

spekter - vhodny software

P putida 1977 25C

— P putida 1977 30C

P chlororaphis 1975T 30C
P oriemtalis 174897 30C

P mendocina 3580T 37C

P mendocina 3550T 30C

P stutzeni 4557T 30C

P putida 7136T 30C

Charakteristické spektrum = MALDI MS profil
kmene A. media 3653 Vysledny dendrogram




Soucasné cile a vyuZziti techniky
Pro shodnoceni hladiny spolehlivosti odliSeni:
identifikace (spec1es) + ggplzace (kmeny)

porovnani riznych typu software:

Databaze: jen typové a referen¢ni kmeny
» |

—— "

Vyvoj software Biotyper Software | .

I Shlukové anab’,-zy J (BRUKER, Daltonics) |-

| * Analyza spekter e Komeréné pro

e Studie hladiny identifikaci . Typizace P2
signal-to-noise

22 /24




MALDI-TOF MS
Moderni technika pro mikrobiologn

e Kapacita v odliSeni a klasifikaci kmenu na druhové
a poddruhové trovni (pi:MRSA, MSSA!l!)

e Prima identifikace mikroorganismu
* rychly screening €1 selektivni monitoring patogentii
¢1 metabolickych produktu MO

* Detekce a analyza unikdtnich proteint a
biomarkeru

e Sledovani dané kultury v Case!!!




Vyhody MALDI-MS

Vysoka rychlost a jednoducha priprava vzorku

e Maly objem vzorku; Setfeni chemikaliemi
e Vysoka cithvost a nizky detek¢ni Iimit
e Vysoce reprodukovatelny vystup
- taxonomue, klin. diagnostika, charakterizace pramysl. kment
e Rychle vyvijejici se metodika tvorby databazi
a statistického hodnoceni vysledku

e Moznost srovnani s informacemi sekvenovani
genomu, protemnu

e Moznost kombinace s dalsim1 metodami
(off-line separace - ELLFO, HPLC)




Vyhody MALDI-MS

* Vysoce reprodukovatelny vystup bez predchozi
separace, filtrovani ¢1 osetfeni bunék

* Vysoka rozlisovaci schopnost

* screening zaloZeny na rozsirujici se databazi
referen¢nich spekter mikroorganismu




Deékup

Za pozornost




