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Šta je MALDI-TOF (/TOF) masena spektrometrija?

ToF:
relatively simple and inexpensive design and their 
excellent sensitivity and high-mass capability

Tanaka Hillenkamp and Karas in the mid ´80s - Nobel prize 
awarded 2002



Šta je MALDI-TOF (/TOF) masena spektrometrija?

Osnovni princip

https://www.creative-proteomics.com/technology/maldi-tof-mass-spectrometry.htm

MALDI TOF-MS relies on the short laser pulse (typically 1-5 ns, depending on the laser) to produce discrete ion 
packets in the ion source, which are then continuously extracted from the ion source by the application of a large 
static electric potential (25-30 kv). 



MALDI – uloga matrice

• Analyte is embedded in a very large excess of a 
matrix compound deposited on a solid surface called 
a target, made of a conducting metal.

• After a very brief laser pulse, the irradiated spot is 
rapidly heated and becomes vibrationally excited. 

• The matrix molecules energetically ablated from the 
surface of the sample, absorb the laser energy and 
carry the analyte molecules into the gas phase. 

• During the ablation process, the analyte molecules 
are usually ionized by being protonated or 
deprotonated with the nearby matrix molecules. 



Kako MALDI radi?

The matrix/ analyte 
mixture is irradiated 
with a pulsed laser 
beam



MALDI matrice:



The matrix transfers the energy needed for ionization  from the laser light to the sample molecules. 

M   →   [M+H]+

Laser energy 

Formation of alternative adducts depends on the presence 
of respective cations (either being ubiquitary present or 
actively added – depending on type of sample): 
[M+Na]+; [M+K]+; [M+Cu]+; [M+Li]+; [M+Ag]+

MALDI- Pozitivan jonski mod



MALDI- Negativan jonski mod

The matrix transfers the energy needed for ionization  from the laser light to the sample molecules. 

M   →   [M-H]-

Laser energy 



MALDI- laseri

Modified Nd:YAG laser, wavelength 355nm 

N2: 337 nm
YAG 335 nm



MALDI ToF – Principi rada

to a fixed Ek



MALDI ToF – Principi rada



MALDI ToF – Principi rada

i

Pojedini molekulski joni
formirani u MALDI izvoru nisu
stabilni i tokom prolaska kroz
field-free region fragmentišu –
metastable fragmentation



LID vs. CID 

LID: Laser-Induced Dissociation 

Most straightforward way to peptide backbone fragmentation (b,y-type ions). 

Used for protein identification by means of peptide sequencing. 

CID: Collision-Induced Dissociation (high energy) 

Additional side chain cleavages in peptides. Higher relative intensity of internal fragments. Overall shift of 

average fragment size towards lower mass. 

Used as an option in special applications, e.g.: 

- de novo sequencing of peptides (enhanced immonium ions) 

- differentiation of isobaric amino acids L and I in peptides by respective side chain cleavages 

- detailed glycan analysis (cross ring cleavages occurring in heCID allow for linkage analysis) 



MALDI ToF – Principi rada



MALDI-Time of Flight: Razdvajanje



Principi ToF/ToF analize



Principi ToF/ToF analize



Principi ToF/ToF analize



Principi ToF/ToF analize

target

izvor

ToF tube 1
ToF tube 2

molekulska pumpa

napajanje
Azotlaserpomoćni 

laser



Rezolucija u MALDI-ToF analizi



[M+H]+

Rezolucija u MALDI-ToF analizi

m/z: 
1046 Da
1047 Da
1048 Da
1049 Da



Rezolucija u MALDI-ToF analizi

Rezolucija je ograničena prostornim i energetskim  širenjem



Rezolucija u MALDI-ToF analizi

Homogenost kristala matrice



Rezolucija u MALDI-ToF analizi

Pulsed ion Extraction for efficient ion focusing in the MALDI ion source

Veći napon / potencijalna E se 
primenjuje na sporiji jon kako bi se 
na IS2 –kapija 2 približili i na kraju 
oba jona sa istim m/z stižu zajedno 
do detektora.
PIE i IS2 se optimizuju za svaki jon



Rezolucija u MALDI-ToF analizi



Rezolucija u MALDI-ToF analizi



Linearni vs. reflektor mod

Ako reflektor mod daje mnogo bolju rezoluciju, zašto koristiti linearni uopšte

• Pojedini molekulski joni formirani u MALDI izvoru nisu stabilni i tokom prolaska kroz field-free
region fragmentišu. To se posebno odnosi na velike molekule, npr proteine koji prolaze kroz
prirodan gubitak H2O, NH3, CO2 čime postaju slabije pokretni što utiče na senzitivnost i rezoluciju
ako se analizira u refraktor modu.

• Linearne metode imaju manju masenu rezoluciju(nisu razdvojeni izotopski pikovi, ali mogu da
omoguće m/Δm FZ 500 ili manje, zavismo od m/z vrste), ali veću osetljivost i pogodni su za jone
većih masa (>200 000 Da).

• Metode u reflektor modu omogućavaju najbolje masene rezolucije (razdvojeni su i izotopski pikovi)
ali se preporučuju za m/z < 6000.

• Reflektor mod nije preporučljiv za analite koji ne mogu dugo da prežive u električnom polju.



Linearni vs. reflektor mod

cyt c



MALDI-ToF: Izotopni pikovi



MALDI-ToF: Kalibracija



MALDI-ToF: Kalibracija



MALDI-ToF: Primena

•Oligonucleotides analysis



Primena MALDI ToF/ToF

MALDI Fragmentation of 

peptides:

MALDI-TOF Mass Spectrometry
•Intact Mass determination
•Peptide mass 
fingerprinting (PMF)
•Post source decay (PSD) 
MALDI-TOF analysis



Primena MALDI ToF/ToF

y- C terminus
b- N-terminus



MALDI Analysis of 

posttranslational 

modifications: 

Phosphorylation

Primena MALDI ToF/ToF



MALDI Analysis of 

posttranslational 

modifications: 

Phosphorylation

Primena MALDI ToF/ToF



MALDI Analysis of 

posttranslational 

modifications: 

Phosphorylation

Primena MALDI ToF/ToF



Primena MALDI ToF/ToF



Šta je MALDI MS  oslikavanje?



MALDI MSI -workflow

Nature Reviews Cancer 10, 639-646 (September 

2010) doi:10.1038/nrc2917

Seeley and Caprioli. Trends Biotechnol. 2011 March ; 29(3): 136–143. 

doi:10.1016/j.tibtech.2010.12.002

Tandem MS Single MS

Sample preparation
MALDI data acquisition

Data analysis and 

interpretation



MALDI –priprema uzoraka – sveže zamrznuto tkivo



Wet matrix deposition method

Nanošenje matrice



Nanošenje matrice



Metode vlažno za nanošenje matrice 



MALDI



MALDI- Wet matrix deposition method



Metode za suvo nanošenje matrice 



Prostorna rezolucija u  MALDI MSI



MALDI- Data analysis and interpretation



MALDI-MSI Obrada podataka



Tissue-specific accumulation of phenolics in crops and variegated plants 
as a part of adaptation processes to changing climate conditions



Fenolna jedinjenja

Physiological roles (solar irradiance):

1. UV/light screening - epidermal phenolics (flavonoids-Flav and hydroxycinnamic acids-HCAs). 

2. Antioxidants- flavonoids with ortho-dihydroxylated B-ring in the mesophyll cells → against 
oxidative damage induced by high light, UV-A and UV-B radiation, and cold stress.

3. Sink of reduced carbon (an energy escape valve).

Rice-Evans et al. 1996

The TEAC reflects the ability of hydrogen-donating antioxidants to scavenge the ABTS●+ radical cation
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“Sector-specific” leaf phenolics in P. zonale



Spatial distribution 
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Distribution of Flav, and

HCA in Phyllirea latifolia

leaves

Ad

Ab

Agati et al. 2013 Plant Physiol Biochem 72:35-45

Agati et al. 2017 New Phytologist 174:77–89

in the vacuole 
in the chloroplast 

*Naturstoff reagent 

Flavonoids*/full sun exposure:

Vidović et al. 2016 J.Plant Physiol. 206:25–39

Hydrogen peroxide/HL stress



Tissue-specific distribution 
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Korte et al., 2015

Ginkgo leaf cross section

Li et al., 2018

Maize leaf cross section
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Longitudinal and cross sections of barley grains.

211, 527, 653 and 980.

m/z = 211: JA.

m/z = 527: raffinose

m/z = 653; 980: not identified

Peukert 2013, Dissertation

Tissue-specific distribution 



A unified method for mass spectrometry (MS) imaging of polyphenols 

in the leaf cross- sections 

[K] +

[Q] +

MALDI MSI 

871.09 313.15

633.53873.10

Arabidopsis                                                                                       barley

Marija Vidovic, 

Hans-Peter Mock



Experimental set-up-barley twist
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21°C/18°C

12 h photoperiod 

200 µmol m–2 s–1

PAR

10 days 

HL

LL

Hege                Ant_287             Morex                 Barke

Erected                                                                        Bent

5 days 



Experimental set-up
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20°C/18°C

12 h photoperiod 

300 µmol m–2 s–1 PAR

10 days 

LL                         HL

Growth conditions:

LL: 300-340           HL: 500-550 

µmol m–2 s–1 µmol m–2 s–1

5 days              

Plants were watered daily
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A. t.wist

21°C/18°C

12 h photoperiod 

200 µmol m–2 s–1

PAR

10 days 

2, 3, 4, 6 days 
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fls x ldox

wt

fls

ldox

dfr

A. thaliana: cold



What do we need:
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What do we need:
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What do we need:



Workflow
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Complications:
- decoration pattern
- isobaric isomers
- matrix-influence
- interferes/chl
- ion suppression

Luteolin
Q-3-O-Rut
K-3-O-Rut
Isovitexin
Saponarin

Complications:
- physico-chem. prop.
- spectral complex.
- ionization prop.


