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The mairix-assisted laser desorption ionization
time-off -flight mass spectromeiry (MALDI-TOF-MS)

Type: fingerprint (PMF, Peptide Mass Fingerprint)

Type: Fingerprint (PMF)
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MALDI TOF-MS
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Matrix-Assisted Laser Desorption/lonization

‘ loviopOG eKpOPNONG HE TN Pondseia XNHIKOL
MALDI LITOCTPWHATOG - UATPAG

- Time Of Flight



Matrix-assisted laser desorption ionization
time-off -flight mass specirometry

= Organic polymers
= Large synthetic polymers
and biopolymers



Matrix-assisted laser desorption ionization
time-off -flight mass specirometry

= Organic polymers 1. lonization
= Large synthetic polymers

and biopolymers 2. Sorting of ions

3. Detections of ions

!

Forms gaseous ions . . o
Biomolecules Impossible to ionize

without . .
fragmatention or decomposition peptides and desorb into
lipids gas phase

nucleotides by other ionization

saccharides techniques
other organic
macromolecules




Matrix-assisted laser desorption ionization
time-off -flight mass spectrometry

= Organic polymers
= Large synthetic polymers
and biopolymers

1. lonization

2. Sorting of ions

3. Detections of ions

Biomolecules Impossible to ionize
peptides and desorb into
lipids gas phase
nucleotides by other ionization
saccharides techniques

MALDI is a “soft ionization” technique

lonizes analyte molecules whole

Advantages of MALDI

, 1. lonization of nonvolatile molecules
other organic 2. Softer ionization

macromolecules 3. Mixed samples

4. Sensitive samples




1. Apxn Asitovpyiag

1 = EOKOAG Kal YpNYopa TTPOETOINAlOUEVO SEiyud

Detector

_—

* |OVIOHOG HAKPOHOPIWV, KLPIWGS TTPWTEIVGV

3 I e = EmTaxovon T®V IOVIWV TTPOG TNV TTEQIOXN TOL
g AVIXVELTN KATW ATTO EAEYXOUEVEC CLVONKECS KAl
5 ¥ The sample is co- ' '
E % crystallized with the matrix o€ Tr£p|[5c1)\)\ov KEVOL
EZ on the sample target and ' ' '
3 fo be desorbed = Avixvevon Kal avaAuon TV TTOOKLTITOLO WY
% = and ionized by the MALDI
§, ;on sc))urce (e.g. ultraviolet (pgo'ud'rwv udégg — TquTo"oino-n TV

aser).

HAKPOMORPIWV UECW TOL TTPOTSIOPICHOL TOL

Aoyou pyalag mpog popeTio m/z (XpOvog 2 min)

Matrix + Analytes

P21 211e31504308|3

MALDI Target

R / ¥
Pulsed UV Laser

Electrostaticfield
l (Acceleration) |




MALDI-TOF MS: apxn AsiTovpyiag

detection
ion detector
Uncharged
se ion Drift region
Time of Flighf

ring elecirode

acceleration < \\ \

m: mass

Z: charge

U: acceleration voltage
L: path length

t: time

e: elementary charge

Which protein molecules?
Those that are easily desorbed,
Like ribosomal proteins

| About 50% of detected |
I proteins are ribosomal proteins |

acceleration
zone
ionization
desorption ) i
mafrtlx’/analyte
Crysrais
Absorbs e ' >
from LASER : target
Multiple LASER shots

alpha-cyano-4-hydroxycinnamic acid (CHCA)
sinapinic acid (SA)
2,5-dihydroxybenzoic acid (DHB).




- AXIMA

BIOMERIEUX

SE2Y

)

Adotio Auioﬁio

||||||||||||

Shimadzu
(Tokyo, Japan) VITEK® MS

MALDI Biotyper® (MBT)
Microbial identification
=0 system based on MALDI-
ToF mass spectrometry,

(.

Autof MS1000, Automated | o o
mass spectrometry microbial VITEK® MS PRIME
identification system

® The various MALDI-TOF MS instruments, currently commercialised, have similar
analytical properties as regards sample ionization, detection and recording of the signal



Autobio

Epunveia amoteAeouatwv

Bruker Biotyper ——

2.00-3.00

Reliable species identification

~ Autobio Autof MS1000
L
9.000-10.000 | Reliable species
identification
6.000-8.999 Reliable genus

identification

< 6.000

No reliable identification

1.70-1.99

Reliable genus identification

No peaks found




I Company

MALDI-TOF

VITEK® MSdatabase

v

-MALDI Biotypar RTC (for idemtificat ion)
-Flexcontrol (for spactral acquisition)

Dizpozable sEdas
(192 1isolates can ba tastad perrum)

. 2

Cozfidecce

9%

$9E-900

Colouecode

I8ecmdcare

Feuszsble sbde
Target .
VWih 06 wells
Pececam: Desaxgpeoa
- >565% WGood bemicatonn
IIdamﬁcmod &0 o 64% oddecdcatontodbecocfimmedn
< I9% oNo 3dac ufiza uoze

velow

] Idec=dfed

vace

Vot sied

v

. MBTdatsbase

v

Raussble zlids
With 06 wells

v

Raz= Decaptca

Probablespecies idesnificason
Proba blegegus demficatos

1900-3.000
1.700-1.599

0.000-1.699

@ differences are more associated with sample preparation, algorithms for spectra
generation and evaluation and software databases.




NMpwTOKOAAQ eme€epyaoiag

1. ApEoN TOTTOBETNON OTNY TTAGKA TNG
atToikiac pe matrix - pakrnpia

2. TPWTOKOANO TaXEIAG TTPWTEIVIKNG
e€aywyng e 70% @popuiko ofL >
BakTApia, (UMES, UPOMUKNTEG

3. TPpWTOKOANO KAACGOTIKNG TTPWTEIVIKNG
e€AYwWYNG ue aiBavoin = BakTApIa,
{UMEG, UPOMUKNTEG

4. Yypn KaAAigpyela oe Sabouraud
AKOAOLOOLEVN ATTO KAQOOIKN
TTOWTEIVIKN €€AYWYN = UPOMUKNTES



MukoBakTnpeidia

BSL3
Activities

Incubate room -
temp 10 min ﬁ :

1Qul loop - Beads+500pl Beaq Beat
containing organism 70% Ethanol 2 minutes

Decant R
supernatant

Centrifuge 5 min
10 min

1

—

MALDI-TOF MS

A

Spot 1ul Salpplek
2ul of W&t




2. MALDI-TOF MS: iIcTOopIKN avadpoun

o 1975 ' Méoa dek. 1990 ’ Mepitrou 2010 @ 2017

. NpddTn Mepiypagn
Tavrommoinong Anhalt JP, Fenselau C. Identification of
BN CEIEEAUR LB CL L bacteria using mass-spectrometry. Anal

MS Chem 1975; 47: 219-225.

@ ®
Availvon Ambicv

. (menaquinones) otnv
| TavTomoinon

S1aPpopwV Yevedv

i
O AskaeTia 1980 ‘ 2004 @ 2012-13

Meplopiopévn XpRon AOY® KLPIWGS TNG avixvevong HIKPNG
palag popiwv (Kupiwg BakrTnpiakaov Aimsdicov) (<1500 Da)



Developed in 1980s by Karas and Hillenkamp > | = amino acid alanine could be ionized easily

Detection of large molecules using TOF by Tanaka and Yoshida

Introduction of matrix compounds to analyze large molecules T s s s s s e e =

Anal. Chern. 1888, 60, 2301-2303

Laser Desorption lonization of Proteins with Molecular Masses
Exceeding 10 000 Daltons Michael Karas*

Franz Hillenkamp

RECEIVED for review May 16, 1988, Accepted July 5, 1988.

e First commercial instrument developed by Shimadzu

e First commercial database developed by Anagnostec (1998)

E loviopog ekpodnong He tn BonOesta xnuLkoL
I UTIOOTPWHATOG - uNTPag (MALDI-MS)

i if it was mixed with amino acid tryptophan &

I irradiated with pulsed 266nm laser :

Protein and Polymer Analyses up to m/z 100 000
by Laser Ionization Time-of-flight Mass
Spectrometry

Koichi Tanaka', Hiroaki Waki, Yutaka Ido, Satoshi Akita, Yoshikazu Yoshida
and Tamio Yoshida
Shimadzu Corporation, Nishinokyo-Kuwabaracho, Nakagyo-ku, Kyoto 604, Japan

RAPID COMMUNICATIONS IN MASS SPECTROMETRY, VOL. 2, NO. 8, 1988 151

Received 6 June 1988, accepted 6 June 1988,




2. MALDI-TOF MS: IcTOpIKR avadpoun bl

Méoa Sek. 1990 O Nepitrou 2010 @ 2017

Eico80¢ TeXvoloyiag VITEK MS v. 3.0 FDA cleared
OTA KAIVIKG for bacteria, yeasts, mold,

£EPYAOTRPIa poLTIVAG and mycobacteria

Avanroén
HNXavNHAT®V
MALDI-TOF & EPI MS
yla Xpnon ota HIKp.
gpyaoTtnplia

4

. MpTn Tepiypagn

. TaQuTotoinong

. Baktnpicv pe TN Xpnon
. MS

\

@--——-—————————

. o o >
i : 2013: MALDI BioTyper
: Avaivon Aimbiwv : Avagopa mTAnPoLS (Bruker) FDA cleared for
. (menaquinones) otnv . paong yia Tnv bacteria and yeast
| Tavrormoinon . TavTomoinon 2012: database for mold
. S1apOP®V YEVAV . Baktnpicv identification (RUO).
‘ AgkaeTia 1980 O 2004 O 2012-13

Keys CJ, et al. Infect Genet
Evol 2004; 4: 221-242.




E loviopog ekpodnong He tn BonOesta xnuLkoL
I UTIOOTPWHATOG - uNTPag (MALDI-MS)

i = amino acid alanine could be ionized easily
i if it was mixed with amino acid tryptophan &
I irradiated with pulsed 266nm laser

Developed in 1980s by Karas and Hillenkamp )

Detection of large molecules using TOF by Tanaka and Yoshida
|

Introduction of matrix compounds to analyze large molecules e =
Protein and Polymer Analyses up to m/z 100 000
Anal. Chemn. 1988, 60, 2301-2303 by Laser Ionization Time-of-flight Mass
Laser Desorption lonization of Proteins with Molecular Masses Spectrometry
Exceeding 10000 Daltons Michael Karas* Koichi Tanaka', Hiroaki Waki, Yutaka Ido, Satoshi Akita, Yoshikazu Yoshida
Franz Hillenkamp and Tamio Yoshida

Shimadzu Corporation, Nishinokyo-Kuwabaracho, Nakagyo-ku, Kyoto 604, Japan

RAPID COMMUNICATIONS IN MASS SPECTROMETRY, VOL. 2, NO. 8, 1988 151

Received 6 June 1988, accepted 6 June 1988,

RECEIVED for review May 16, 1988, Accepted July 5, 1988.

e Shimadzu scientist receives Nobel Prize in Chemistry -
Kiochi Tanaka (2002)

e Technology in use in Europe for >20 years.
e Acquired in thousands labs worldwide



http://www.nobel.se/chemistry/laureates/2002/index.html

Biochemistry, Genetics and Molecular Biology

Other (7.9%)

Engineering (2.5%) \ k
Pharmacology, T... (2.7%)

Physics and Ast... (3.0%)

4136 documents in Scopus

Biochemistry, ... (22.6%)

Chemical Engine... (54%) —

Materials Scien... (7.6%)

Agricultural an... (7.9%) -

Chemistry (19.6%) | .
%
QA -

Immunology and ... (8.8%) -.“
" Medicine (11.9%)

B &
Medicine 800
2179 documents in Scopus 700

600

500

400

Documents

Anpoaoigvosig yia MALDI-TOF
(1995-2022) (mrnyn: Scopus)

200 1995 - 04/2022:
100 9.819 Snuooicvoeig
0

1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015 2017 2019 2021 2023



AAAG €I6N PACHATOYPAP WV (£pELVNTIKA EPYAOTHPIA)

‘MALDI-resequencing (MALDI-RE)

*DNA amodiatacoeTal > Avaykn
LETATOOTING 0€ RNA

* PCR- electrospray ionization -MS$S
(PCR-ESI-MS)

|

*AvaAvon VOLKAEIK®DYV 0LV VIO
*YOVOTOTTION PAKTNEIWV
*TALTOTTOINON TTABOYOVWYV

T7 tagged primer

“
...
“

PCR

i l In vitro

transcription

AJCGUAJICGAUAICGAdICU

RNAse
AdCGU . cleavage
AdCGAU
AdCGACUY
{ MALDI-TOF MS

m/z
spectrum

AdCGACU




Eqpappoyeg ot
MIKPORBIOAOYIKN
Siayveon

TavTommoinon Ao KAAANIEQVEIEC

~

TABLE 3 | Fungi which have been identified using MALDI-TOF MS.

< KAIVIKknl MiIkpoPioAoyia
% MIKp/Yia TOOPIUWY & VEPV
< MikpoRIoAoyia TTEQIRAANOVTOG

< AViXvVELON KAl TALTOTTOINON

Organisms Refarence

Fusanum spp. Dong et al. (2009), Kemptner ot al. 2009)

Asporgiius spp. Li et al. (2000}, Hettick et al. (2008b), Alanio at al.
(2011), Pan et al. (2011)

Panicillium spp. Chan and Chen (2005)

Fusanum profiferatum Seyiarth et al. (2008)

Lichihaimia spp. =chrid et al. (2012)

Darmatophyte species

Cryplococcus

Erhard ot al. (2008), Theol at al. (3
(2013)

Mc Taggart et al. (2011)

011), Manoff et al.

naoformans, C. gatti

HiTHHHT

Add matrix to

sample and
analyze

' . Meoscytalidiuwm spp. Alshawa et al. (2012)
MIKOOOPLYAVIOUWYV EOKEMUHUEVNG Candida spp. Spanu et al. (2012)
S1a0TTOPAC KAl TOEIVROV T S e
Yeasts 1. Culture 24 to 72 hours 3. Spot target 3. Full extraction
e depending upon fungal organism, overlay with Ethanol and
7 t__" ) = ;ge‘;(i:s(;'nod:cdia type with Tul Formic Acid = Formic Acid/Acetonitrile
= o =<1 g
Clark A E et al. Clin. Microbiol. Rev. 2013;26:547-603; > 4 @ - N— -
Singhal N, et al. Front. Microbiol. 2015;6:791; W o

Tsung-Yun Hou, et al. J Food Drug Anal. 2019; 27:404




Removal of epithelial

EqpappoyEg o Soemtce  PasdCiue = | T
HIKPOPRIOAOYIKN 2 —_ e R J

dlayveon N i B B I
. ' ' . k = I.Lrat'\'mpmmt
Apeon avixvevon o€ KAIVIKO = D ::g."::.tﬁ corivgaonto
OElyUATA " | 2. Resuspensionof | ) 3. Resuspension of
$ = W et T
< KAIvikry MikpoPioAoyia ) ,
% MIKP/YIO TOOPIUWY & VEPLV U — S - —
Blood
% MikpoRIoAoyia TTEQIRAANNOVTOG |
(U
< AviXvevon Kal TaLTOTTOINCN 1. Ovpa !Ill[m Iﬁﬂ
UIKOOOPYAVIOUWY EOKEPUUEVNG 2. ENY . MAD-TOENS
S100TTOPAC KAl TOEIVWV 7 3. OeTIKN algoKaAAIiEpyEla

Clark A E et al. Clin. Microbiol. Rev. 2013;26:547-603;
Singhal N, et al. Front. Microbiol. 2015;6:791;
Tsung-Yun Hou, et al. J Food Drug Anal. 2019; 27:404;
Tsuchida S, et al. Molecules. 2020; 25:4775



To KUPIO TTAEOVEKTNHA — AKPIPEIa KAl TAXLTNTA

Npo MALDI-TOF emmoxn Mera MALDI-TOF eroxn
} "x: “..‘_*1; e .
., Gram + cocci o akvoideg E. feacium
S 92.5-95.5% Ot YEVOG
0 < o 91.7-92.8% o¢ €idog
' 4'("‘ | Gram + cocci o¢ opadeg 5
R a. ‘ S. aureus
2 ’ - - - - - -
=1
T
Gram - Bakrtnpeidia E. coli

92.5-99.8% o€ YévOG
91.7-98.2% o¢ €ibog

Overnight incubation [ . » MALDI-TOF MS — akpipf Tavtomoinon

rj T — o TovAdyxioTov 24 h vepitepa TV

," 4 : — =W L} L} 1

( .: ) TR | 2 (PAIVOTLTTIK®V HEBOSOAOYI®YV, aKOUN
: /9 '

KAl TV ALTOUATOTTOINUEVV.

S. aureus E. coli

A true revolution related to the CLINICAL IMPACT



Table 1 — References of the evaluation of MALDI-TOF MS identification in clinical microorganism isolates.

Study Percentage (No.) organisms Description of isolates of study
correctly detected by MALDI-TOF MS
Genus level Species Level
Gram negative bacteria
Faron et al., 2015 [29] 99 8% (2258/2263) 98.2% (2222/2203) 2963 clinical isolates of asrobic Gram-negative bacteria.

Gamer et al., 2013 [30]
Gram positive bacteria
Eychert et al., 2013 [31]

Camer ot al - Mi19 ['J'J;
Anaerobic bacteria

Gamer et al., 2013 [30]
Yeast and mold
Wang et al., 2016 [45]
Chao et al., 2014 [47]
Chen et al, 2013 [45]
Becker ot al., 2014 [49]

Gautier et al., 2004 [50]

Mycobacterium

Wilen et al, 2015 [21]

Rodrigues-5anchez et al, 2015 [44]

Chen et al., 2013 [45]
Blood culture positive bottles
Chien et al., 2016 [36]

Arroyo et al., 2017 [13]

Chen et al., 2013 [11]
Kok et al., 2011 [35]

* Mot applicable.

92 5% (357/386)

95.5% (1094/1146)

92.5% (245/265)

92.5% (602/651)

n.a.®

94,9% (93/98)
f.a.

n.a.

n.a.
87.3% (89/102)

89.6% (327/365)
92.5% (37/40)
94 (% (188/200)

97.8% (177/181)
100% (358/358)
100% (195/195)
100% (163/163)

91.7% (351/386)

92.8% (1063/1146)
91.7% (243/265)

91.2% (591/651)

98.8% (2651/2683)
92 5% (185/200)
74.5% (73/98)
95.4% (372/390)

98 8% (1094/1107)

89.2% (140/157)

88.8% (111/125)
62.8% (64/102)

72.1% (263/365)
82.5% (33/40)
91.5% (181/200)

81.8% (148/181)
78.5% (281/358)
67.7% (132/195)
91.4% (149/163)

386 isolates of anaerobic Gram-negative bacterna.

1146 isolates of aerobic Gram-positive from multicenter.
265 1solates of anaerobic gram Positive bactera.

651 isolates anaerobic bacteria.

2683 clinical isolates of yeast.

200 clinical isolates of yeast.

498 Clinical isolates of yeast.

350 chinical mold isolates.

760 customized reference spectra.

1107 clinical mold isolates (107 distinct species).
2832 customized reference spectra.

157 mycobacterial isolates (including 16 isolates of M.
fu ber culosis).

125 non-toberculosis mycobacterial (NTHM) isolates.
10 mycobacterial isolates.

405 blood culture (BC) positive samples.

365/405 monomicrobial growth BC samples.
40/405 polymicrobial growth BC positive samples.
200 isolates of Gram-negative bacilli from
monomicrobial growth of BC positive samples.
181 monomicrabial growth BC positive samples.
358 monomicrobial growth BC positive samples.
1595 Gram-positive isolates

163 Gram-negative isolates

Tsung-Yun Hou, et al. J Food Drug Anal. 2019; 27:404



MALDI-TOF-MS: eqpappoyn oe BeTIKN AINOKAAAIEPYEID

VITEK® MS Blood Culture Kit (RUO)
MBT Sepsityper® IVD Kit

Armrouakpovon
aipyarog yiari
peLdw¢ OeTikKa
onuara Aoyw
aigyoo®aipivng

av Oenkn

] ‘

o___,,—-—Ll—u.l‘__L.l " JLJ_[ Jl\__
4000 8000 2000 1

. 12000 14000 1€ 000

IOYKpPION HE Paon Sedopivav

el Tommo®éTnon Tov PAKTNEIAKOL
ICAMATOG OTNV

v - Znuarog om

MALDI pikpomrAaka

ARYN TPWTEIVIKOD TTPOPIA



http://images.google.ch/imgres?imgurl=http://www.medscape.com/content/1999/00/41/75/417500/art-m6006.sand.fig6.jpg&imgrefurl=http://www.medscape.com/viewarticle/417500_4&h=494&w=309&sz=30&hl=fr&start=0&tbnid=0hawAhnCUBwoyM:&tbnh=130&tbnw=81&prev=/images?q=Bact/alert&gbv=2&svnum=10&hl=fr&sa=G

Review Article

Rapid Identification of Pathogens in Positive Blood
Culture of Patients with Sepsis: Review and Meta-Analysis of
the Performance of the Sepsityper Kit

International Journal of Microbiology, 2015

Nils G. Morgenthaler'” and Markus Kostrzewa®

« 21 peAéTeg

* Y(OTN TALTOTTOINCN O¢€ €TTITTESO €i60LC 0€ 80% TV 3320 OETIKWYV AIUOKAANEQYEIWV.
v Gram (-) Bakrtnpia: 90%
v Gram (+) Baktnpia: 76%
v ZOHOULKNTEG: 66%

« AEN vt pxe AaGog Tavromoinon oc emimedo yévoug (score 1.6)



Direct bacterial identification from positive blood cultures using
matrix-assisted laser desorption/ionization time-of-flight
(MALDI-TOF) mass spectrometry: A systematic review

and meta-analysis Enferm Infecc Microbiol Clin (Engl Ed). 2018

Jests Ruiz-Aragén?, Moénica Ballestero-Téllez®*, Belén Gutiérrez-Gutiérrez?®, Marina de Cueto®:?,
Jestis Rodriguez-Bano®°¢, Alvaro Pascual®°

e 32 HENETEG

 [1a Gram-0¢TIKa BAKTAPIA: CWOTA TALTOTTOINON O¢ £TTiITTESO €idovg ammd 0.17 £wg 0.98,
OLVOAIKO TTOO'OO'T95% Cl: 0.64-0.80).

« [1a Gram-apvnTika BakTnpela, cwoTh TALTOoTToINON o€ £TTiTTES0 €idovg ato 0.66 £wg 1.00,

OLVOAIKO rrocooTc')%% Cl: 0.88-0.995).

* [1a EvrepoPakTnpiaka, cLVOAIKO TTocooTO 0.96 (95% CI:0.94-0.97).




REVIEW

Mass spectrometry-based microbiological ==

Open Access

m

testing for blood stream infection [EEPIIIRIAr

Fumio Nomura'"®, Sachio Tsuchida', Syota Murata?, Mamoru Satoh' and Kazuyuki Matsushita?

| [hours]

80

70

60

50

40

30

20

io

Before MALDI-TOF MS (N=45)

II.II

After MALDI-TOF MS (N=36)

CMFT mmpwTOKOAAO 0170 HOVOMIKP. QIHOK/EG
KaAbTepa amoteAéoparta 16ie oe Gram (+)

MALDI-TOF MS o¢ TOALUIKPOPIAKES AINOK/EG:
SLOoKOAIa oTNV avixvevon > avaykn Yia Avak/a

Meicoon Tou TAT péxpl TNV TALTOTTOINON:
* 34.3 h av o€ OAEG TIC QILOK/EC
« 26.5 h av o€ KAMoIEG TTPOoNyoLTAV

avakaAAiEpyela kal epappuoyn MALDI-TO

Hepppavng (CMFT).



RESEARCH Open Access
m

Evaluation of Rapid Sepsityper® protocol ] e —p—
and specific MBT-Sepsityper module (Bruker Ann Clin Microbiol Antimicrob
Daltonics) for the rapid diagnosis of bacteremia | [2020:19:60

and fungemia by MALDI-TOF-MS

a
1mL Blood culture Removed supernatant Removed supernatant
+ 200uL Lysis Buffer + 1 mL Wash Bulffer
Spot Pellet
Vortex 10-15sec - 1without FA
Centrifugation Centrifugation - 1withFA
Zmin 13000rpm Zmin 13000rpm

| | Rapid Sepsityper®
%Tf' \Lﬁ T protocol * FA:

\J
TavToroinon He akpipeia
2/3 TV deiyyarwv

(=

b Standard Sepsityper® Protocol [30min}:

Spot 1 pL supernatant

+ 300pL Sterile water Removed supernatant 5 min drying +25uL FA 70%
+900pL Ethanol +25uL ACN
Centrifugation ! Centrifugation Centrifugation

Zmin 13000rpm Zmin 13000rpm Zmin 13000rpm



l MALDI-ToF MS kai 10Aoyia

MALDLToF MS ko Bacripis

EvOOKLTTOPIEC TTOWTEIVES (KLPIWC
PIROCWUIKEG)
MéeyeBog: 2,000 - 20,000 Th (m/z)

MnN YALKOCLAIWUEVEC — TOOTTOTTOINGN
LUETA TN HETAPPAON (KLEIWC
PWOPOPLAIWON)

H kataAAnAOTEPN uNTEA (Matrix) yia
TOV I0VIOUO: alpha-cyano-4-
hydroxycinnamic acid (CHCA)

ATTOLOIa evOOKLTTAPIWY “housekeeping”
TTOWTEIVWV

MéeyeBOC IIkawV TTpwTEIVAV: 10,000 -
300,000 Th (m/z) — TTOAL peyaAvTepn (o€

LEYAAO BABPO YALKOLLAIDUEVES KAl
TOOTTOTTOINUEVEC PETA TN PETAPOACN

CHCA ox1 kataAAnAn uNTEA IOVIOUOL

KataAANAEC OAAEC OLOIEC OTTWC Sinapinic acid
(SA) (3-(4-hydroxy-3,5-dimethoxyphenyl)prop-
2-enoic acid)



' MALDI-ToF MS kai 1oAoyia

Eqpapuoyég

Alayveoon
AVATIVELOTIKOI 10i

HSV (kal o€ apxelaKko LAIKO)
EvTepO0IOi
HPV (high-risk)
Aviwign usra)\)\d'gaoov Kali
TOTTOTTOINCT YOVOTUTI®V
HBV

Table 12.1 Summary of the main applications of MALDI-TOF MS to clinical virology
Applications

Identification of viruses from clinical samples
Diagnosis of mutations for viruses
Screening of viral subtypes
Identification of antiviral resistance
Epidemiology of viral infections

HCV

Avixvevon avroxng ora avriika
Ganciclovir

Em&nuioAoyia

The Use of Mass Spectrometry Technology (MALDI-TOF) in Clinical Microbie logy. © 2018 Elsevier Inc.

DOI: heeps://dot.org/10.1016/B%78-0-12-814451-0.00012-5

All rights reserved.



@ low resolution MALDI-TOF LC-ESI-MS/MS with PRM @
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@ MALDI-TOF detection of PCR amplicons
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extract RNA for RT

Ray K lles et al.
medRxiv 2020
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@ low resolution MALDI-TOF LC-ESI-MS/MS with PRM @

unidentified biomarker detection araciitation o endch
5 protein + fragments
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Ray K lles et al.
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' MALDI-ToF MS kai 1o0Aoyia

[MAeovekTnpaTa - MeloveKTAHATA

Table 1

Companson of RT-PCR versus amplicon and viral peptide detection for SARS-CoV2 diagnosis”.

Step/parameter

RT-PCR detection | 5]

DNA amplicon detection by

Viral peptide detection by

Viral peptide sequencing by

MS[3031] MALDI-MS [16] LC-ESI-MS/MS [21]
Viral component recovery RNA RNA protein protein
Recovery time minutes minutes 1-2 h 1-2 h

Steps pre-analysis

reverse transcription,
denaturation, annealing,

reverse transcription,
denaturation, annealing,

protealytic digestion with/
without reduction/

proteolytic digestion with/
without reduction/

amplification” amplification” alkylation alkylation
Pre-analysis time 30 min 30 min 4—-14h" 4-14 K"
Detection time 2—4 h few minutes few minutes 30min—1h
Detection limit (copies) ~10 =10—10° [30] = 1074 10°-10°
Reliability/confidence up to 95% high (with multiple high (with multiple high {with multiple

amplicons detected) peptides detected) peptides sequenced )

Analysis cost/sample (USD) 510 $£10-50 $100 $250
Instrument cost (USD) 520 K+ 5100 K+ $100-1000 K+ $250-500 K+

Trends in Analytical Chemistry 142 (2021) 116328

The Use of Mass Spectrometry Technology (MALDI-TOF) in Clinical Microbie logy.
DOI: heeps://dot.org/10.1016/B%78-0-12-814451-0.00012-5

© 2018 Elsevier Inc.
All rights reserved.




Sample Preparation
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2021;39:192-200




'MALDI-TOF MS: avixvevon HIKPORIAKNS avTioXnS

Report of the literature accessed from PubMed on Apr. 9, 2022

Why is this increased interest in the detection of resistance by MS?

200 “typing” (blue ba
180
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SanguinettiM & Posteraro B Expert Review of Proteomics Sept 2016

DOI: 10.1080/14789450.2016.1231578




IOYKPION HEOOSOAOYIRV TAXEIAG AVIXVELONG AVTOXNG

5 main approaches have been infroduced as rapid means of
detecting antimicrobial resistance

Technology LOD (CFU/mly®  Sensitivity (%) Specificity (%) TAT® Price/sample ()
Molecular genetics 102-2 = 104 S6-95 S6-95 1-3 h 5—504
Biochemical methods 6 = 10¢ S0-9% S6—-100 30 min-2 h  1-5°
Immunoassays 104-10¢ 96—-100 97-100 20 min 7-15f
Electrochemical assays 10°-10° 95-96 100 5-30 min 1 (plus $100 for

the homemade reader)d
MALDI-TOF M5 105-10° 98-100 92-100 I0min-3h 110

The MALDI-TOF MS method is a rapid and simple procedure that combines

the universal advantages of phenotypic assays with the rapidity and
accuracy of molecular assays.

Oviapo M, Bou G. 2019; Clin Microbiol Rev 32:e00037-18



Texvikeég eAeyxou evaioOnoiag Ppaoioueveg otnv MALDI-TOF

Bakrtnpia

H MALDI-TOF o€ avaAoyia pe YOVOTUTTIKEG AVAADOEIG

EISIKO TPOTLTTO AVTOXNS

DACUATOPETPIKN avaAvon pe MALDI-
TOF 606£VTOC HIKPOOPYPAVICUOUL, PE
OKOTTO TNV Avixvevon
«XAPAKTNEIOTIKOL TTOOTOTTOL KOPLPWV
QAVTOXNGH

MRSA, MSSA, VRE

Porins alteration in Klebsiella
Carbapenem resistant Bacteroides
fragilis

H MALDI-TOF o¢ avaloyia pe TIG KAAOOTIKEG, PIOXNHIKES HEOOSOLG evalocOnoiag

MALDI Biotyper-Selective Testing
of Antibiotic Resistance-Beta-
Lactamase Assay (MBT-STAR-BL
Assay)

MALDI Biotyper-Resistance Test
with Stable Isotopes Assay, (MBT-
RESIST Assay)

MALDI Biotyper-Antibiotic
Susceptibility Test Rapid Assay
(MBT-ASTRA).

AvaAvon TNG LEPOALONG TRV PB-
AQKTQUIKGV TTOL TTOOKAAEITAI ATTO TA
BakThpla

Avixvevon oTaBepwV (uUn-
PASIEVEQYWV) IXVNOETNUEVV E
I0COTOTTA AUIVOEEWY, TTOL TTAiPVOLY
UEPLOC OTN SO VEO-CLVTIDEUEVV
TOWTEIVWV

AvAOALON TNG PAKTNEIOKNG AvVATITLENG
KATA TNV TTAPOLCIA KAl TNV ATToLoia
AVTIBIOTIKWYV UE TNV XPNON OTOIXEIOL
E0WTEPIKOL EAEYXOL

Vrioni G., et al. Ann Transl Med 2018:6:240

E. coli, K. pneumoniae, P.
aeruginosa, A. baumannii, E. cloacae

Methicillin-resistant S. aureus (MRSA),
P. aeruginosa

E. coli, K. pneumoniae, P. aeruginosa,
A. baumannii, S. aureus
Mycobacteria: M. tuberculosis,

NTM

Anaerobic bacteria (B. fragilis)

‘OAa Ta avTIfIoTIKG

B-AQKTAUES

‘OAa Ta avTIRIOTIKA AAAG KLPIWGS

yIa Ta avTIRIOTIKA TTOL
Tapeutmodilovy TNV
TowWTEivooLVOEON

‘OAa 1a avTIBIoTIKG

M. tuberculosis: rifampin, isoniazid,
linezolid, ethambutol. NTM:
clarithromycin, RIF, CM, MER,
metronidazole



TpeIg KLUPIEG HEBOSOAOYIEC aviXvevLong HMIKPORIAKNAG
avroxng ue MALDI-TOF MS

Avixvevon HIKPOBIAOKNS AVTOXNG ME: AT T/ '.3.3 rha
. [ J o
\/  MéTpnon Tpommommoinong Hopiov avrifIOTIKOL AOY® TNG
@ evQLHIKNG §pAong ToL PAKTNEIOL | MBT-STAR-BL
’ Eqpappoyég]
\ & 2 oe xpnon
v e AvaAuon TV KOPLP GV TV SIAPOPWV BAKTNPIAKDV d ammo MALDI
@ OTEAEXDV Y‘ Biotyper
7 (Bruker)
™
v e HuI-mToooTIKN HETPNON BAKTNPIAKNAS avanTuéng mapovaoia
@ CIVTI[SIOTIKOl') MBT-ASTRA )




Bacterial
Suspension
in the presence
of antibiotic

/

Incubation Centrifugation MALDI-TOF MS analysis
37°C
" with
shaking
I

Blood Culture

Workflow for the application of MALDI-TOF to the detection of
antibiotic resistance mechanisms

Enferm Infecc Microbiol Clin.
2021:39:192-200




MBT-STAR® IVD assays

‘Eroipa kit yia xpnon povrivag
Detection of carbapenemases by MBT STAR Carba kit

Analysis of bacterially induced hydrolysis of B-lactam
antibiotics

Samples are analyzed using imipenem to detect carbapenemase
enzymes

Ratio between the area under the peak of the internal standard and
intact imipenem

P

Advantages Disadvantages

v’ sensitivities ranging from 95% to 100% and = No identification of the pB-lactamase type

specificities ranging from 98.2% to 100%, = Does not provide information regarding the
v the turnaround time: <1 h MIC

v automated interpretation of results
v'microorganisms from plate cultures or
from positive blood cultures

-

Non-hydrolyzed®




AvaAvon TOV KOPLP®DYV TV SIAPOP®V PAKTNPIAK®V
OTEAEXDV

The pKpQIL plasmid-related
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AvaAvon TOV KOPLP®DYV TV SIAPOP®V PAKTNPIAK®V

OTEAEXDV
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AvaAvon TG PakTnelakng avamrtuéng Kara tnv

TTapovaia Kai Tnv amovoia avrifioTikev (MBT-ASTRA)

= B

=9

added -

e

W Incubate with & without AB Inactivation and cell disruption Protein extraction

Relative Growth

00

..... ——[____}(—,—
H L
e
t | t t t t
day 1 day 2 day 3 day 4 day 5 day 8

Incubation time

< MBT-ASTRA data processing

Normalized spectrum intensity

+ Internal protein standard

Augon ocvoxETioNn
avixveoong
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Growth values are
shown for M.
tuberculosis H37Ryv,
incubated for 8 days in
the presence and
absence of rifampicin.
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MALDI-TOF spectra acquisition

Ceyssens P-J, et al. 2016; J
Clin Microbiol 55:624 — 634




Atdopeva amo Epyaoctnpio Mikpopioloyiag

MALDI Biotyper® IVD System based on microflex® LT/SH
ATTO 2020
> 3000 tavtotroinoelg: 70% MoknTeS (COUES & LPOPLKNTEC)

-BipAioOnkeg IVD & RUO (Baktnpia, JOHES, LPOULKNTEG,
HLUKOPBAKTNPEISIa, eoKePHEVNGS SiIaoTTOPAG)

-AvvartoTnta avixveoong SIMMA@V MANOLOUGV
- Avixveoon amo OgTIKn aigoK/a Kai
- Avixvevon avroxov (STAR kits)



Avvarornta

< Rank Score T Y |
(Quality) Matched Pattern Value NCBI Identifier
o 1 Trichophyton tonsurans 28 VML 34387
[presumptive nuxture with Trachophyton interdigitale 120227 03
g ) 101480
( ETL]
_ ( 4—?—3. Trichophyton tonsurans 28 VML 34387
(
(f_) Trichophyton tonsurans RV491 Sep09 C LBK ) \ 34387
(_
- (j} Trichophyton tonsurans VML 177 34
Escherichia coli ATCC 25922 closely related to Shigella / Escherichia fergusonii and not definitely
THL distinguishable at the moment
— —

o - Klebsiella oxytoca and species ornithinolytica / planticola / terrigena of the genus
Raggl{;eé}egggg;hggm{%ca Raoultella have very similar patten(llsia f f:ll;l:ﬁiefm‘e distinguishing their species 1s

[ |

Species benhamae / equinum / interdigitale and tonsurans of the genus
I'mchophyton have very similar patterns: Therefore distinguishung their species 1s
difficult.

avixvevong Kai
MIKT®V
KAAAIEQYEIDV

AvokoAia oTn
Siagpoporoinon
OLYYEVQRV
HIKPOOPYAVIOH®V
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Avutobio ZEEI

Autobio
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Autof MS1000, Automated mass
spectrometry microbial
identification system

MALDI Biotyper® (MBT)

Microbial identification system X VA
based on MALDI-ToF mass ‘I:L* ~
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Bacteria

Bruker Biotyper

Autof ms1000

No reliable No reliable

Group of organisms N Species Genus ID Species | Genus ID
Gram-positive cocci
(Staphylococcus,
Streptococcus, Enterococcus,
Micrococcus, Aerococcus,
Kocuria) 42 38 4 0 33 6 3
Gram-positive bacteria
(Bacillus, Lactobacillus) 9 4 5 0 7/ 2 0
Enterobacterales 2] 20 | 0 19 2 o)
Nonfermenters
(Acinetobacter,
Pseudomonas) 11 8 3 0 8 3 0
Gram-negative bacteria
(Achromobacter, Alcaligens,
Cardiobacterium,
Elisabethkingia, Moraxella) 11 / 4 0 10 1 0
Anaerobes 8 6 2 o) 6 | 1
Total 102 83 19 0 83 15 4

102/102 98/102




Fungi

Group of organisms Bruker Biotyper Autof ms1000
N | Species | Genus |Noreliable ID| Species | Genus | No reliable ID
Yeasts (Candida,
Saccharomyces) | 43 24 18 ] 57 14
Hyalohyphomyce
tes (Aspergillus,
Fusarium,
Trichoderma,
Dermatophytes) 12 3 3 6 1
Letiel 55| 27 21 7 38
48/55 53/55




Application of MALDI-TOF MS for the identification of clinical
yeast isolates: comparison of the Autof ms1000 and Bruker
Biotyper platforms

Both systems were able to identify all 87 yeast strains at the species level and
the results obtained were identical (100% concordance). The only differences
observed were in the score values (Table).

Autof ms1000 Bruker Biotyper
(%) (%)

Score
(n=87)
High 48/87 (55.2) at species level 64/87 (73.6) at species level
37/87 (42.5) at genus level only 23/87 (42.5) at genus level only

Non EIELIENN 2/87 (both C. auris) 0

[»] compared 17/21 (80.9) 17/21 (80.9)
with VITEK

(n=21)

10" Trends in Medical Mycology

8-110ctober 2021

Trends in Medical Mycology Aberdeen, United Kingdom




' Performance of MALDI-TOF MS for routine identification of
Fusarium clinical isolates: comparison of the Autof ms1000
and Bruker Biotyper platforms

ldentification results were obtained for 36 of the 37 (97.3%) Fusarium strains by both
systems (Table).

28/36 strains gave identical results by both systems, at least at the species complex
(SC) level (77.8% concordance).

Autof ms1000 (%) Bruker Biotyper (%)

16/36 (44.4) 25/36 (69.4)

Non-reliable 5/36 (13.9) 1/36 (2.8)

Correct ID 16/25 (64) 20/25 (80)

(n=25 with » 14 at species level > 17 at species level
el ENEI@ D) > 2 at SC level » 3 at SC level

4 ; 10" Trends in Medical Mycology

8-110ctober 2021

Trends in Medical Mycology Aberdeen, United Kingdom




| 1. KoéoTog - 6¢elog

KOoTog ayopdcg pnxavnuatog: $160 000 - $250 000

Service / €10¢: $10.000 - $35 000

AvTiSpaocTtnpela - avaAwoiua: $0.10-$ 0.50 / éeiyua vs
kKAaoikn yebBodoloyia ~ $2.50-$5.00 / Seiyua
+ KEOSOC XpOVoL (~ 1 minute / TavTomroinon) — cLVoAika 20 min

Analyze
supernatant

i

~ 1 h for 96 samples

Mass range:
2000-20000 Da

v ¥

C—

Ethanol-FA extraction Acetonitrile

Caliendo AM et al. Clin Infect Dis 2013,;57(53):5139—-70; Tan KE et al. J Clin Microbiol 2012; 50:3301-8.
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Symptoms biological sample : —  spectral database — COVID-19
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Costa, J.. Et al COVID-19, Chikungunya, Dengue and Zika Diseases: An
Analytical Platform Based on MALDI-TOF MS, IR Spectroscopy and RT-gPCR for Accurate Diagnosis and Accelerate Epidemics Control.
Microorganisms 2021, 9, 708
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Zapparo 12 Noepfpiou 2022

1210-12.30 Awddeippa - kagég

12.30 -14.00 @aopatoperpia Madac: Bewpia / op-
08.45-09.15 MpootAeuon yavodoyia, epappoyh otov £Aeyxo
TpoQipwy
09.15 - 09.30 Ewoaywyn OXETKA pE TV opydvwaon N. Bwpaidng

ToU ppovuoTnpiou
I. Bpuwvn 14.00 - 15.00 Awdheppa - eAappu yeopa

09.30 - 10.00 Ewpappoyéc tou Paopatoypdpou Malag
Maldi-ToF atnv kAwvikni pikpofioAoyia
I. Bpuwvn

15.00 - 17.00 Mpakukod pépog
Tautonowiosig (a) pe aneuBeiag

texvikn, (B) pe poppko ofy, (y) pe
xpiion alBavéing:

10.00 - 11.30 Ewpappoyéc e Qaopatopetpiac Madag - Baknplov, . ; : -
omv KAvixii Xnpeia (npooSiopiopég - ZUpOpUKATWY, Kupiaxn 13 Noepfpiouv 2022 13.00 - 13.30 Brul:;rsﬂl;‘laldl Ili;lz;yper;ﬁ Ef.FIl:I.FIl.Il‘.:‘!fEl;
otepoEIbwv oppovay, Prrapivng D, pe- - UPOPUKATLV ) oto KAwKG pikpoPloAoyikd epyactiplo
TAVEPPIVOV, PapHAKwY) . Bpucovn Kai GUVEPYATES 09.00 - 09.30 flpooéAeuon A. EvotaBiou
fl. Moutodrooy 09.30 - 11.00 E@appoyéq Paopatopetpias Malag 13.30-14.00  Taxeia tautonoinon pikpoPiwy pe o
i . OE KAnpovopikd, petafolikd voonpata _ .
11.30 - 12.10 MeAétec pappakokivnukng kar fio- kal avixveuon BIOSEIKTOV KAWIKAC on- ?IUt:F MS 1000 - vedrepeg egeAiteig
BiaBeoipdrntag Plodpaotikwy ouowwy i, Kaneususe SeoomavEe [Hets- - KaparZéxZog
AT 6 ’ L
oappnénouAog bolomics, proteomics, lipidomics) 14.00 - 15.00 AidAeipa - edappi yedpa
. Mapénoulog 15.00- 16.00 Mpaktiké Mépoc |
11.00- 11.30 Awdherppa - kapég MNpoetowpacia KAVIKWY oTeAExwY En-
] terobacterales yia éAeyxo evaioBnoiac,
11.30 - 12.00 H xphon tng Maldi-ToF ®aopatope- Eppnveta peBodooyiag oto alotnpa
tpiag Mafag otn digpedvnon pnxavi- Bruker's Maldi-ToF
OHWV avIoXng JiKpoopyaviopwy. Avi- . Bpuchvn Kai GUVEpYATEC
XVeEuon kapPanevepaowv
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ot nepifardovukd belypata kat otnv ofnalac o€ kepahoonopivec kai Kap-
TUNONOINON PIKPOOPYAVIoUWY: TO Na- Banevépec
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kat Brucella spp.
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