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17.04.071

Applications of MALDI-TOF and TOF/TOF

Mass Spectrometry: Components

Source Mass AnalyzerInlet

Data System

GC

HPLC

CE

Flow Injection

EI, CI, FAB

ESI, APCI

MALDI

Quadrupole

TOF, Ion-trap

FTMS, Sector
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Modern Mass Spectrometry: 
Terms

Resolution: m/∆m

Tandem Mass Spectrometry (in Space and in Time)

m

∆m

MS1 MS2 MS3

select fragment analysis

MS1 MS2 MS3

select fragment select

MS4 MS5

fragment analysis

MS/MS

MS/MS/MS

Modern Mass Spectrometry: 

Sources

500 1000 1500 2000 2500 3000

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

[Abs. Int. *10  ̂3]

970.4 970.6 970.8 971.0 971.2 971.4 m/z

Electrospray MALDI

Multiply Charged Singly Charged + Matrix
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Modern Mass Spectrometry: 

Analyzers

Quadrupole TOF

+ Higher Resolution

+ MS/MS capability

Quadrupole
+ Cheap, Robust

- Low Resolution

+ + +
+

Quadrupole Ion Trap

+ Moderate, Robust

+ MS
n

TOF/TOF

+ Higher Resolution

+ MS/MS capability

+ Sensitivity

Proteomics Analysis with MALDI-TOF/TOF

Most Sensitive, versatile, accurate means
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Gel Based Quantitation and ID

Physiology, 
staining

Protein
separation,
quantitation

Gel
processing

Mass 
spectrometry

m/zm/z

m/zm/z

MS

MS/MS

PMF

Reference state

Test state

1. Quantitation of protein spot
2. Pick and Digest
3. MS analysis of “relevant” proteins

1. Quantitation of protein spot
2. Pick and Digest
3. MS analysis of “relevant” proteins

QQ IDID

2D DIGE

2D Gel based Proteineer workflow

1D-nanoLC-MS(n)
Data Interpretation 
+ Management

THTM_HUMAN

FIBB_HUMAN
ENOA_HUMAN

MALDI-TOF
(MALD F)I-TOF/TO

Cell sample
2D Gel 

Electrophoresis
Spot Picking 

THTM_HUMAN

FIBB_HUMAN
ENOA_HUMAN

Result 
feedback

PROTEINEER workflow using WARP result feedback

PROTEINEER™PROTEINEER™

Proteomics workflow

HCT
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17.04.07

Tryptic digest peptide mass fingerprint of 

BSA
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17.04.07

Database Search of Protein Mass 

Fingerprint

Sequence
Database

Indexing:
In Silico

Digestion

Calculated
Mass List

Observed
Mass List

Compare

Score
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17.04.07

Annotated MS spectrum of BSA tryptic

digest

17.04.07

Annotated MS spectrum of BSA tryptic

digest

m/z
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45-65
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17.04.07

Annotated MS spectrum of BSA tryptic

digest
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17.04.07

MS/MS Fragment Ions from Various 

Methods

H2N-CH-CO-NH-CH-CO-NH-CH-CO-NH-CH-COOH

R1 R2 R3 R4

a1 b1 c1        a2 b2 c2        a3 b3 c3

x3 y3 z3        x2 y2 z2        x1 y1 z1

A)

B)

C)

i3 (y3 b3)

LID, PSDLID, PSD ISDISD low energy CIDlow energy CID high energy CIDhigh energy CID

C-terminal ions

N-terminal ions

Fohlmann et al. (1988) IJMSIP 86, 137
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17.04.07

Ion Source 1

Sample Target
Timed

Ion Selector
(TIS)

Ion Source 2 

(LIFT)

Collision
Cell

Pulsed Ion Extraction 
MALDI Source

LID
CID

ISD

LID: Laser Induced Dissociation

CID: Collision Induced 

Dissociation

ISD: In Source Decay

reISD: ISD in reflectron mode

Recent Innovations in MALDI-TOF/TOF:

In-source decay of intact proteins

17.04.07

TOF/TOF spectrum of BSA m/z 1567.7
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m/z
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b D A F L G S F L Y E
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b 1

y 1

a 2

b 2

y 2

a 3

b 3

y 3

a 4

b 4

y 4

a 5

b 5

b-17 5

y 5

a 6

b 6

b-17 6

y 6

a 7

b 7

b-17 7

y 7

a 8

b 8

b-17 8

y 8

a 9

b 9

b-17 9

y 9

b 10

y 10

b-17 11

y 12

y 13

Annotated MS/MS of BSA m/z 1567.7

Protein Analysis: BSA standard, 

MCP detector

0 50000 100000 150000 200000 250000 m/z
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130000 180000 230000 280000m/z
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In Source Decay

Sequencing of intact protein with MALDI-TOF

Protein Characterization with In-

source decay

Pro

- Simple

- Accurate

- Fast

- Sequencing of N-terminal blocked proteins

- No digestion required

Con

- Requires high concentration of samples (5-20pmol)

- Pure Protein
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RCM, intact protein, linear mode, external 
calibration, Matrix: SA

[M2+H]+

[M1+H]+
[M1+SAfrag]+

[M2+SAfrag]+

[M+H]+

[M+2H]2+

[2M+H]+ [3M+H]+

Ref-ISD of RCM, matrix: Sinapinic
acid
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Ref-ISD of RCM, matrix: Sinapinic
acid, Resolution

4342 4771 5137 4912 4558

Ref-ISD of RCM, matrix: Sinapinic acid.
DeNovo Sequencing and Blast search
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Ref-ISD of RCM, Blast search result

17.04.07

Ion Source 1

Sample Target
Timed

Ion Selector
(TIS)

Ion Source 2 

(LIFT)

Collision
Cell

Pulsed Ion Extraction 
MALDI Source

LID
CID

ISD

LID: Laser Induced Dissociation

CID: Collision Induced 

Dissociation

ISD: In Source Decay

reISD: ISD in reflectron mode

Recent Innovations in MALDI-TOF/TOF:

In-source decay of intact proteins
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RNAse B, oxidized

m/z
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c R Q H M D S S T S A A S S S N Y

c 9

c 10

c 11

c 12 c 13

c 14

c 15

c 16

c 17

c 18

c 19

c 20

c 21

c 22

c 23

c 24 c 25

autoflex

RNAse B, ISD error distribution (avg. 
masses)

autoflex
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Increasing the sequence coverage

KETAAAKFER QHMDSSTSAA SSSNYCNQMM KSRNLTKDRC KPVNTFVHES

LADVQAVCSQ KNVACKNGQT NCYQSYSTMS ITDCRETGSS KYPNCAYKTT

QANKHIIVAC EGNPYVPVHF DASV

c

KETAAAKFER QHMDSSTSAA SSSNYCNQMM KSRNLTKDRC KPVNTFVHES

LADVQAVCSQ KNVACKNGQT NCYQSYSTMS ITDCRETGSS KYPNCAYKTT

QANKHIIVAC EGNPYVPVHF DASV

c

y
z+2

RNAse B after reduction (DTT, pH 8, 57°C 10’)

RNAse B without reduction

84% seq. cov.

12% seq. cov.

Increasing the sequence coverage

RNAse B after reduction (DTT, pH 8, 57°C 10’)

RNAse B without reduction
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Cytochrome C (12.5 kDa), ISD, 
autoflex TOF/TOF

m/z
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y 85

autoflex

Cytochrome C (12.5 kDa), ISD, 
autoflex TOF/TOF
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Cholera enterotoxin ?-chain, 
MALDI-ISD

MALDI-ISD on autoflex 
TOF/TOF after reduction and
ZipTip-C4 cleanup
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Cholera enterotoxin β-chain, MALDI-ISD

Information from MALDI-ISD:
1. Signal peptide [1-21] is missing
2. The N-terminus is correct and intact
3. The sequence contains at least two mutations in comparison to SP P01556:

Y18H and I47T, both in agreement with the there mentioned literature [7] and [8] (both JBC 
1977)
Further mentioned mutation can neither be confirmed nor excluded from the data (e.g. Q49E und 
D70N) 
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Analysis of Oligonucleotides

•Single nucleotide polymorphism, Genotyping

•QC of primer production

G A

T C

Simply measure the molecular weight!

24 Da25 Da

16 Da

15 Da

40 Da

9 Da

MASS of BASES
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Measure intrinsic
property

No Labeling

No Hybridization

Speed

Functional Genomics
Platform

Multiplex Ability

Accuracy

Automation

MALDI-TOF

MS

Why MALDI-TOF MS based Genotyping ?

MALDI-TOF Mass Spectrometry

Proteomics

Functional Genomics

Differential Protein Patterns

Genomics

Underlying Genetic Polymorphisms

“The Missing Link“

Gene vs Proteins
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● DNA Preparation

● PCR

● Purification 

● Allele-specific Primer Extension Reactions

● Purification

● MALDI Target Preparation

• Data Acquisition

• Data Interpretation

Robotic

MALDI-TOF MS

Workflow of the SNP Genotyping Procedure

reaction mix addition of mag. beads binding to mag. beads

magnetic
separation

+
wash

separation:
eluate -

mag. beads

transfer to
MALDI 
target

elution

genopure: Magnetic Bead Purification 

System
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Template: 5´́́́ agagtcgggacacgtgggg a 3´́́́
5´́́́ agagtcgggacacgtggggga 3´́́́

Primer: 5´́́́ agagtcgggacacgtgggg   3´́́́ 5933.8 Da

Extension: + ddATP
+ dGTP

Product A: 5´́́́ agagtcgggacacgtgggg a 3´́́́ 6231.0 Da
Product B: 5´́́́ agagtcgggacacgtgggg ga 3´́́́ 6560.2 Da

A B BA

Allele-specific Primer Extension: 

PAI 1 4G/5G Polymorphism

Single Nucleotide Polymorphism 

with MALDI-TOF: CETP
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SNP test summary results: CETP

CCTAATC = 2409.55
CCTAATCC = 2682.73
CCTAATCT = 2697.74

5000 5200 5400 5600 5800 6000 6200 6400m/z

r.i.

5000 5200 5400 5600 5800 6000 6200 6400m/z

r.i.

5000 5200 5400 5600 5800 6000 6200 6400m/z

r.i.

+ddC

+dT+ddG

+dT+ddG

+ddC

*

Arg/Arg

Gln/Gln

Arg/Gln

... ctacc g/a gggcac ...

Template (sense)

cccgtg ... Primer (antisense)

cccgtg ...

cccgtg ...

c

g t

Extension (Arg)

Extension (Gln)

*

*

Thrombosis risk factor

Factor 7-Polymorphism 
Arg353Gln



23

analysis from both directions with 
primers * +ddA/ddC and * +ddG/ddT
internal calibration with primer *

G-T Polymorphism (Osteoporosis risk)

5200 5400 5600 5800 6000 6200 m/z

r.i.

5300 5500 5700 5900 6100 6300 m/z

r.i.

*

*

*

* 5576

6073

5560

6071

6047

5576

G/G homozygous

G/T heterozygous

ColA1A double analysis

5500 6000 6500 7000 m/z

r.i.

5500 6000 6500 7000 m/z

r.i.

5500 6000 6500 7000 m/z

r.i.

4G/4G homozygous

5G/5G homozygous

4G/5G heterozygous

+ddA

+dG+ddA

+ddA
+dG+ddA

PAI 4G/5G Polymorphism
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Microbiology

Direct MALDI-TOF-MS analysis of
microorganisms (bacteria) 

MALDI-TOF-MS analysis of microorganisms

linear MALDI- TOF MS of E. coli

culture 1

culture 2

Bacterial Typing

⇒⇒⇒⇒ same species result in comparable spectra
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MALDI-TOF-MS analysis of microorganisms (cont.)

E. coli

S. mutans

Bacterial Typing

⇒⇒⇒⇒ different species result in different spectra

MALDI-TOF-MS analysis of microorganisms (cont.)

Bacterial Typing

Lactobacillus - patient 1

Lactobacillus - patient 2

Lactobacillus - patient 3

(dark blue cell colonies of 
ca. 1 mm diameter)

(dark blue cell colonies of 
ca. 1 mm diameter)

(light blue cell colonies of 
ca. 3 mm diameter)

different spectra mean different species⇓
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Applications of MALDI-TOF and TOF/TOF

•Various matrices are used.Soluble proteins from
microorganisms

40 kDa, using 3-HPA + Ammonium CitrateOlignucleotide

•In general 20 kDa, up to 100 kDa will 
require skills

•PD ~ 1.5 max

•Various matrices depending on solubility 
and structure of analytes

Polymers

<1000 Da, must contain chromophoreSmall molecules

2-3 kDa using DHBOligosaccharides

Up to 100 kDa using Sinapinic acid or DHBProteins

1-4 kDa using CHCA or DHBPeptide MW measurement

Detergents and their effect on MALDI

3polyethylene glycol (PEG 2000) 

4sodium dodecylsulfate (SDS) 3octylphenolpoly(ethyleneglycole
ther)7 (Triton X-114) 

43-ammonio-1-
propanesulfonate 

3octylphenolpoly(ethyleneglycole
ther)10 (Triton X-100)

n-dodecyl-N,N-dimethyl-2n-dodecyl-beta-D-maltoside 

4CHAPSO 1decanoyl-n-methylglucamide 

4CHAPS 1octanoyl-N-methylglucamide 

4isotridecylpoly(ethyleneglycol
ether)8

1n-dodecyl-glucoside 

4dodecylpoly(ethyleneglycoleth
er)9 (Thesit) 

1n-octyl-glucoside 

ClassDetergent ClassDetergent 

1. no bad effect: may improve results in mixtures

2. little effect 

3. spectrum quality & signal intensity reduced

4. spectrum supressed: detergent must be removed 

http://prowl.rockefeller.edu/contam/deterg.htm


