IICEITEC

Stredoevropsky technologicky institut
BRNO | CESKA REPUBLIKA

Research programme 4: Genomics and Proteomics of Plant systems

Core Facility - Proteomics

MALDI-TOF MS profiling of bacteria:
how far can we go?

Ondrej Sedo

ECCO 2017
Brno, 13th September 2017




MALDI-TOF MS

EICEITEC

- MALDI MS = Matrix-Assisted Laser Desorption/Ionization
Mass Spectrometry
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MALDI-TOF MS profiling of bacteria

EICEITEC
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MALDI-TOF MS profiling of bacteria

EICEITEC
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MALDI-TOF MS profiling of bacteria
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MALDI-TOF MS profiling of bacteria

EICEITEC

Main advantages:

- few minutes required for identification

- identification on the species level for > 90% of clinical isolates

- low analysis costs




MALDI-TOF MS profiling of bacteria:

How far can we go? EHPCEITEC

1. Identification of lactobacilli from dairy products

2. ldentification of microbial contaminants of meat products

3. Identification of African wildlife microflora

4. Differentiation between Acinetobacter spp. (ACB complex)

5. Identification of Aeromonas spp.

6. Differentiation between strains within L. acidophilus group

7. Differentiation between S. aureus strains




1. Identification of lactobacilli from dairy products:

148 isolates from milk, fermented products and cheese

EICEITEC

Species identification
success rate:
PCR: 77%
MALDI MS: 93%

MALDI MS
genus identification: 5 %

MALDI MS
not identified: 2 %
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Pediococcus spp.
Lactobacillus paracasei

Lactobacillus sp. (close to L. rhamnosus)

% Lactobacillus rhamnosus

Lactobacillus sakei

Lactobacillus curvatus?

= Lactobacillus sp. (close to L. plantarum)
Lactobacillus plantarum

Lactobacillus fermentum®
Enterococcus spp.

Lactobacillus brevis

Weissella viridescens
Lactobacillus delbrueckii

Lactobacillus johnsonii

No ID
3 ~Streptococcus sp.
} Leuconostoc lactis

Leuconostoc mesenteroides
7 “Leuconostoc sp. (close fo L. pseudomesenteroides)
} Leuconostoc pseudomesenteroides

Duskova M., Sedo O., KSicova K., Zdrahal Z., Karpiskova R. /nt. J. Food Microbiol. 159 (2012) 107.



2. |dentification of microbial contaminants of meat products:

2035 isolates from meat products
and meat processing facilities

EICEITEC

MALDI MS species
identification: 64 % | ,

Lesuconostos citrsum

Bacillus spp.
Bacillus subtilis

| e A
Staphylococeus horminis
Bacillus czraus
snphyloeo:m epidermidis
Staphylococcus aureus
Pediococcus pentosaceus

MALDI MS genus ’* S —
identification: 21 % ———

MALDI MS not ——=
identified: 15 %

Pediococcus acidilactici
Pediococeus spp.
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Kamenik J., Duskova M., Salakova A., Sedo O. Acta Vet. Brno 82 (2013) 181.

Duskova M., Kamenik J., Sedo 0., Salakova A., Zdrahal Z., Karpiskova R., Laéanin 1. Food Control 50 (2015) 804.

Kamenik J., Duskova M., Sedo 0., Salakova A., Pavlik Z., Zdrahal Z., Karpiskova R. LWT Food Sci. Technol., 61 (2015) 492.



2. |dentification of microbial contaminants of meat products:

|dentification of unmatching isolates
by database extension of the reference database 3:;5 CEITEC
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3. ldentification of African wildlife microflora:

144 isolates from excrements of monkeys, g_’gj& CEITEC
elephants and other african animals

MALDI MS species
identification: 75 %

MALDI MS genus
identification: 8 %

MALDI MS not
identified: 17 %

pnt




4. Differentiation between Acinetobacter spp.

(A. baumannii — A. calcoaceticus complex) @ CEITEC

standard sample preparation protocol

gctgr p
r
aeter
acter

a

| NN N O N N N N A A |

t
t
i
t
t
£

TUUUUUUUUUUTU

acter calcoaceticus
acter calcoacet
acter calcoace
acter calcoacet
acter calcoacet
acter calcoace
acter calcoacet
acter calcoace
acter calcoacet
acter calcoaceticus N
acter nosocomia
acter nosocomia
acter baumannii
acter baumannit
1
I
I

cs-homr\xq-bwh

OOUIN-R—UTT

@]

c

)
U UUUUUUUUU
TITITITTITIT

—- 4NVGNWGABMwuv

By
&
c
0

TU
TT

000 LN RUTDY | OYOO=—NINUWINNNNI I O U0

W
—
—

acter baumannii
acter baumann

acter baumann

acter nosocomia
acter nosocomia
acter nosocomia
acter nosocomia
acter nosocomia
acter nosocomia
acter nosocomia
acter nosocomia
atc:_‘t_er osocon'Ha

—— -
—

——i—l——

= =
VUUUUUUU U0 O U0 U222222222 00 U TUUu=22

OUIRN)

—

BTG
o

ONN—O0—NIH00

(o))

TUUUUUUUUU
LUU1-hUT
‘IQFEJIEJIIJIUDO

‘
N nhnnnnnh<s=<nn

[y

»

7]
[¢]
=
Q
c
3
Q
3
3
=z,

g

| I I N O I O O O O O O (o o e e P I O O

O

D> 3 2>
00000000000
33333333333
gmmmmgmmmmg
00000000000
[S)S 16,010 0 0 S 10 10 010 1610 0 0 101010 8 10 181010 18 JS S SA0 S0 10 0 0 S 0 0 0 0 S 0,0 0 8 0 0,0 9,8, 0 0 )
o Q)
alalatstalat
oOOOOOO
kbl

@
Q
o
=
@
c
3
@
3
3

222,

=EUTN—UTOONOINOIN-
SONONINOCONNINO

. f acter baumannir

| | | 1 1 1 1 1 1
1000 900 800 700 600 500 400 300 200 100 0
15 Distance Level




4. Differentiation between Acinetobacter spp.
(A. baumannii — A. calcoaceticus complex)

EICEITEC

= x104 ] 5748
2 x10% - standard protocol
g 207 a-kyano-4-hydroxycinnamic acid,
£ ] saturated in H,O:AcN:TFA, 47.5:50:2,5, v/v
15 1
1.0 1
0.5 7 5175
12873
15 3718 4661 6327 7433 g4g0 9317
] _ T _l_ - —
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g c000 BIES) alternative protocol
4 ] 3906 ferulic acid
£ 12,5 mg/ml in H,O:AcN:FA, 50:33:17, v/v
= 4000 1
1 2591
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1000 1 17015
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Sedo 0., Nemec A., Kiizova L., Kaéalova M., Zdrahal Z. Syst. Appl. Microbiol. 36 (2013) 572.



4. Differentiation between Acinetobacter spp.
(A. baumannii — A. calcoaceticus complex)

EICEITEC

alternative sample preparation protocol

Acinetobacter calcoaceticus NIPH 2245
Acinetobacter calcoaceticus NIPH 2155
Acinetobacter calcoaceticus NIPH 3804
Acinetobacter calcoaceticus NIPH 3680
Acinetobacter calcoaceticus NIPH 2262
Acinetobacter calcoaceticus NIPH 2814
Acinetobacter calcoaceticus NIPH 2706
Acinetobacter calcoaceticus NIPH 2254
Acinetobacter calcoaceticus NIPH 2253
Acinetobacter calcoaceticus NIPH 13
Acinetobacter baumannii NIPH
Acinetobacter baumannii NIPH
Acinetobacter baumannii NIPH
Acinetobacter baumannii NIPH
Acinetobacter baumannii NIPH
Acinetobacter baumannii NIPH
Acinetobacter baumannii NIPH
Acinetobacter baumannii NIPH
Acinetobacter baumannii NIPH
Acinetobacter baumannii NIPH 2264
Acinetobacter baumannii NIPH 70
Acinetobacter baumannii NIPH 1669
— Acinetobacter baumannii NIPH 67
Acinetobacter baumannii NIPH 190
Acinetobacter baumannii NIPH 80
Acinetobacter baumannii NIPH 601
Acinetobacter baumannii NIPH 146
Acinetobacter baumannii NIPH 501T III
Acinetobacter baumannii_ NIPH 501T II
Acinetobacter pitii NIPH 789
Acinetobacter pitii NIPH 2258
Acinetobacter pitii NIPH 2133
Acinetobacter pitii NIPH 3870
Acinetobacter pitii NIPH 3678
Acinetobacter pitii NIPH 76
Acinetobacter pitii NIPH 519T
Acinetobacter pitii NIPH 2256
Acinetobacter pitil NIPH 336
Acinetobacter pitii NIPH 95
Acinetobacter pitii NIPH 14
Acinetobacter nosocomialis NIPH 2249
Acinetobacter nosocomialis NIPH 523
Acinetobacter nosocomialis NIPH 2119T
Acinetobacter nosocomialis NIPH 12
Acinetobacter nosocomialis NIPH 2120
Acinetobacter nosocomialis NIPH 2265
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Acinetobacter nosocomialis NIPH 38
Acinetobacter nosocomialis NIPH 2812
Acinetobacter nosocomialis NIPH 2134
Acinetobacter nosocomialis NIPH 96

. | | | | . . | | | Acinetobacter nosocomialis NIPH 106
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5. Identification of Aeromonas spp.

EICEITEC

11 novel species absent from the database

Aeromonas spp. CCM No. Identification against database Biotyper log(score)
. A. jandaei 2.369
A. 76957
aquariorum 695 A. hydrophila 2.337
. . A. jandaei 2.376
A. [ 4847
australiensis 848 A. hydrophila 2.357
A. bivalvium 74677 A. veronii 2.216
A. media 2.144
A. cavernicola 76417 )
A. hydrophila 2.123
A. diversa 73257 A. schuberti 2.388
A. veronii 2.389
A. fluvialis 84377 )
A. hydrophila 2.381
A. bestiarum 1.954
A. piscicola 77157 o o
piscl A. salmonicida ssp. salmonicida 1.870
A. rivuli 84387 A. molluscorum 2.362
A. caviae 2.441
A. sanarellii 78867 )
A. hydrophila 2.406
A. caviae 2.381
A. taiwanensis 78857 )
A. hydrophila 2.378
A. tecta 76057 A. eucrenophila 2.425

Vavrova A., Balazova T., Sedlaéek l., Tvrzova L., Sedo O. Folia Microbiologica 60 (2015) 375.



6. Differentiation between strains

within L. acidophilus group @ CEITEC

Lactobacillus jensenii CCM 7778

Lactobacillus jensenii CCM 7563

Lactobacillus jensenii CCM 7560

H Lactobacillus delbrueckii CCM 7190
Lactobacillus delbrueckii CCM 4290
Lactobacillus delbrueckii CCM 4289
Lactobacillus amylovorus CCM 4382

Lactobacillus amylovorus CCM 4381
—|: Lactobacillus amylovorus CCM 4380
Lactobacillus acidophilus CCM 4833
Lactobacillus acidophilus BCCM 8151
Lactobacillus helveticus CCM 4287
Lactobacillus helveticus CCM 7193
_|: Lactobacillus helveticus CCM 3806
Lactobacillus crispatus CCM 7010
Lactobacillus crispatus CCM 7777
_[ Lactobacillus crispatus CCM 7776

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




6. Differentiation between strains

within L. acidophilus group @ CEITEC

Lactobacillus helveticus CCM 7193 Il

( Lactobacillus helveticus CCM 7193 I

Lactobacillus helveticus CCM 7193 |

Lactobacillus helveticus CCM 3806 Il

[ Lactobacillus helveticus CCM 3806 I

Lactobacillus helveticus CCM 3806 |

Lactobacillus helveticus CCM 4287 Il
} Lactobacillus helveticus CCM 4287 Il
Lactobacillus helveticus CCM 4287 |

1000 900 800 700 600 500 400 300 200 100 O
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6. Differentiation between strains

within L. acidophilus group @ CEITEC

Lactobacillus crispatus CCM 7777 Il
Lactobacillus crispatus CCM 7777 lll

Lactobacillus crispatus CCM 7777 |

Lactobacillus crispatus CCM 7776 Ili
Lactobacillus crispatus CCM 7776 Il

Lactobacillus crispatus CCM 7776 |

Lactobacillus crispatus CCM 7010 Il

[ Lactobacillus crispatus CCM 7010 Il
Lactobacillus crispatus CCM 7010 |
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7. Differentiation between S. aureus strains

EICEITEC

standard sample preparation protocol

Staphylococcus aureus CCM 2107 1

Staphylococcus aureus CCM 1484 1

— Staphylococcus aureus CCM 1484 11

Staphylococcus aureus CCM 1484 111

Staphylococcus aureus CCM 2107 11

Staphylococcus aureus CCM 2107 111

Staphylococcus aureus CCM 2351 1

Staphylococcus aureus CCM 2351 11

Staphylococcus aureus CCM 2351 III

Staphylococcus aureus CCM 2022 1

Staphylococcus aureus CCM 2022 11
Staphylococcus aureus CCM 2022 III

Staphylococcus aureus CCM 2352 1I

Staphylococcus aureus CCM 2352 1

Staphylococcus aureus CCM 2352 III

Staphylococcus aureus CCM 8857 1
Staphylococcus aureus CCM 8857 11

ﬂStaphylococcus aureus CCM 885T III
\ \

\ \ \ \ \ \ \ \

1000900 800 700 600 500 400 300 200 100 O



7. Differentiation between S. aureus strains

IICEITEC

%104
7% 1 6888 standard protocol
g a-cyano-4-hydroxycinnamic acid
E 5] saturated in H,O:AcN:TFA, 47.5:50:2,5, v/v
2625

4]

3 -

2 -

11 800 8890

0 fo L A A
%105 - .
40 2915 alternative protocol ||
g 3513 2 min microwave assisted proteolysis by trypsin
£ a-cyano-4-hydroxycinnamic acid

157 saturated in H,O:AcN:TFA, 47.5:50:2,5, v\
1.0 A
2345 3283 6597
6795
i £ B2 e (|sh0 7638
L N o A A
20(I)0 40(IJO 60(I)0 80(IJO 100IOO
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7. Differentiation between S. aureus strains

EICEITEC

alternative protocol Il

‘Staphylococcus aureus CCM 2022 TRY 2 min II
iStaphylococcus aureus CCM 2022 TRY 2 min 1
1Staphylococcus aureus CCM 2351 TRY 2 min III
1Staphylococcus aureus CCM 2351 TRY 2 min II
1Staphylococcus aureus CCM 2351 TRY 2 min I

{Staphylococcus aureus CCM 2022 TRY 2 min III

1Staphylococcus aureus CCM 2107 TRY 2 min I
{Staphylococcus aureus CCM 2107 TRY 2 min II
iStaphylococcus aureus CCM 2107 TRY 2 min III
1Staphylococcus aureus CCM 2352 TRY 2 min III
Il Staphylococcus aureus CCM 2352 TRY 2 min II
Staphylococcus aureus CCM 2352 TRY 2 min 1
Staphylococcus aureus CCM 1484 TRY 2 min III
Staphylococcus aureus CCM 1484 TRY 2 min II
Staphylococcus aureus CCM 1484 TRY 2 min I
1Staphylococcus aureus CCM 885T TRY 2 min II
1{Staphylococcus aureus CCM 885™ TRY 2 min III
Staphylococcus aureus CCM 8857 TRY 2 min 1

24 | | | | | | | | | |
- 1000900 800 700 600 500 400 300 200 100 O

[ —

Balazova T., Sedo 0., Stefanié¢ P., Mandié-Mulec I., Vos M., Zdrahal Z. Rapid Commun. Mass Spectrom. 28 (2014) 1855.



MALDI-TOF MS profiling of bacteria:

How far can we go? EHPCEITEC




8. Beer fingerprinting by MALDI-TOF MS

EICEITEC
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8. Beer fingerprinting by MALDI-TOF MS

EICEITEC

Five bottles from three breweries

Brewery 3 bottle 5
[ Brewery 3 bottle 4
Brewery 3 bottle 3

Brewery 3 bottle 2

Brewery 3 bottle 1

Brewery 2 bottle 2

Brewery 2 bottle 1

Brewery 2 bottle 5

Brewery 2 bottle 4

Brewery 2 bottle 3

Brewery 1 bottle 2

Brewery 1 bottle 1

Brewery 1 bottle 5

{ Brewery 1 bottle 4

Brewery 1 bottle 3
| | | | | | | | | |
27 1000 900 800 700 600 500 400 300 200 100

Distance Level
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