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Applications of MALDI-TOF and TOF/TOF
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Mass Spectrometry: Components -&8-
Inlet Source Mass Analyzer
GC EI, CI, FAB Quadrupole
HPLC ESI, APCI TOF, Ion-trap
CE MALDI FTMS, Sector

Flow Injection
! Data System
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Modern Mass Spectrometry: &8

Terms
+m

.
J\

Tandem Mass Spectrometry (in Space and in Time)

Resolution: m/Am

MS1 —» MS2 —» MS3 MS/MS
select fragment analysis
MS1 —» MS2 —» MS3 —» MS4 —» MS5 MS/MS/MS

select fragment select fragment analysis
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Modern Mass Spectrometry: _ 2
Sources
Electrospray MALDI
Multiply Charged Singly Charged + Matrix
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Modern Mass Spectrometry: '&8"
Analyzers
e

Quadrupole
+ Cheap, Robust

- Low Resolution

l \
M

Quadrupole Ion Trap

+ Moderate, Robust TOF/TOF

+ MS" + Higher Resolution

+ MS/MS capability

+ Sensitivity Bruker Daltonics

Proteomics Analysis with MALDI-TOF/TOF

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

Protein
separation,
guantitation

Physiology,
staining

Gel

Mass
processing

spectrometry

| D MS/MS
‘ L.
Reference state ‘ ‘ |
i

m/z

MS
H L. pvF
‘|I |

m/z
Test state

1. Quantitation of protein spot
2. Pick and Digest

3. MS analysis of “relevant” proteins
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PROTEINEERT™}
2D Gel based Proteineer workflow

Proteomics workflow
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Tryptic digest peptide mass fingerprint of '&8"
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Database Search of Protein Mass -&8-
Fingerprint
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Sequence Indexing: Calculated Observed
Database In Silico Mass List Mass List

Digestion

Score
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Annotated MS spectrum of BSA tryptic
digest
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Probability Based Mowse Score

342 for Mixtore 1, AAN1T7G624 + BAE23748

Protein score is -10*Log(P), where P is the probability that the observed m
Protein scores greater than 78 are significant (p=<0.05).
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MS/MS Fragment Ions from Various _Eg_
Methods

LID, PSD

N-terminal ions a; by ¢

A) H2N-$H CcO +CO+NH CIH CO-+NH CIH-COOH
R R,

X, Y2 Z; Xy Y1 Z;4~C-terminal ions
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Recent Innovations in MALDI-TOF/TOF: .Eg.
In-source decay of intact proteins
Timed
Sample Target lon Selector lon Source 2
/ TIS) (LIFT)
/
CID
| —— LI
| :
ISD
Pulsed lon Extraction
MALDI Source
Collision
Cell
lon Source 1
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TOF/TOF spectrum of BSA m/z 1567.7 'Eg"
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Annotated MS/MS of BSA m/z 1567.7
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Protein Analysis: BSA standard, E@E@
B R
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In Source Decay

Sequencing of intact protein with MALDI-TOF

Bruker Daltonics

Protein Characterization with In- -EE(-
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_gg_
calibration, Matrix: SA
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Ref-ISD of RCM, matrix: Sinapinic D
acid 22
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Ref-ISD of RCM, matrix: Sinapinic 'Eg"
acid, Resolution
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Ref-ISD of RCM, matrix: Sinapinic acid. 'Eg"
DeNovo Sequencing and Blast search
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Ref-ISD of RCM, Blast search result

Summary: Getthe selected sequences | Reset
High Total
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Recent Innovations in MALDI-TOF/TOF:
In-source decay of intact proteins
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Sample Target lon Selector

/ (TIS)

/
CID
—— LD

lon Source 2
(LIFT)

|| —] -
ISD

Pulsed lon Extraction
MALDI Source

Collision
Cell

lon Source 1

17.04.07

Bruker Daltonics




RNAse B, oxidized BROKER

[ADS. TNt~ 1000]
¢ [ +—R——Q—+—H—+—M—+—D—+S—+S——T——S—+A+A+S—+S—+S—+—N—+—Y———|

c ‘11 ‘
1.51

c10 c1z °88

1.4

0.9

0.8

m/z

oruker Daltonics

RNAse B, ISD error distribution (avg. Ry ol
masses)
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Increasing the sequence coverage shGREn

RNAse B without reduction
KETAAAKFECRJ q—_l,\{BE‘jB_[T EHA_, %BHN{FINQVM KSRNLTKDRC KPVNTFVHES

LADVQAVCSQ KNVACKNGQT NGYGSYSTMS | TDCRETGSS: KYPNCAYKTT

QANKHI | VAC EGNPYVPVHF DASV 129 seq. cov.

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

KETAAAKFER GHVESSTISAN SSENYONGVM KRN TKERG KAVRTRVHES
LAEMG VO KNVACKNGGIT NAYGSIVETTVE 1 TECREIGSS KIvPNCANTT
QANKH 1 Mad WIZDVHF DASV 84% seq. cov.
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Increasing the sequence coverage shGREn

RNAse B without reduction
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Cytochrome C (12.5 kDa), ISD,
yt flex TOF/TOF iy
[ABS: Tt ¥ 1000]
¢ | FIVEHCKFKT-N-CLECRK (Q CFTYTL/NKNGITWKEETLNEYLE —KKY (T —F
Yy FRETKKKHAH-KHHYK—N—Y T MFZ H
Il ot
%"32 c 50
60-1 30
y25(?/31
50+ y 22
29
(LI I
37
i ZﬂH‘ Vit || yaz
40+ y 20 c 24 y35 I
y I e gs
y 19 c23 34 I I
|| En T ] el L
c22|||lc30 ¢
il SRR b L i yes
y c21| | |c28 c 63
11 AT 639 fean ||| LTI TIEEE (1S BRSPS LIS 1
20 yH16 C\ﬁo €273 | e \CHSG c62 |c67| |c73 c82
¢ [I T I
y15 c19) e 20 CM L °H47 ¢4 et cgo|| c72| c78
i
o ‘1“‘ 1811623 llc 31 ‘3J c 46 Cﬁ c59| 64| |c69 ‘c74 c8l
c Il ||
y13 || |c17 l w H c55| c60||cps Lcn Jc76 H
o bbbl il L Ll / [N n N N B
el S
2000 4000 6000 8000 10000
m/z "
orawer Daltonics

Cytochrome C (12.5 kDa), ISD, -EE("
autoflex TOF/TOF
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Cholera enterotoxin [-chain, -EE(-
MALDI-ISD
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Cholera enterotoxin B-chain, MALDI-ISD  sitGisn

i8 28 38 48 58
TPQNI TDLCA EYHNT QIHTL NDKIF SYTES LAGKR EMAII TFKNG ATFQU

68 78 8@ 78 1868
EUPGS QHIDS QKKAI ERMKD TLRIA YLTEA KUEKL CUWNN KIPHA IAAIS
MAN

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

eSingle nucleotide polymorphism, Genotyping
*QC of primer production

Bruker Daltonics

MASS of BASES =G

16 Da
G > A
- »
9 Da
25 Da 24 Da
40 Da
T » C
- >
15 Da
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Why MALDI-TOF MS based Genotyping ? -EE(-

Measureintrinsic
property

Automation No Labeling

No Hybridization

Multiplex Ability

Platform

Bruker Daltonics

Gene vs Proteins shGREn

Functional Genomics

J

MALDI-TOF Mass Spectrometry

Proteomics

I

Differential Protein Patterns Underlying Genetic Polymorphisms
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DNA Preparation
PCR

Purification

Robotic
Purification
MALDI Target Preparation
MALDI-TOF M Data Acquisition

Data Interpretation

Workflow of the SNP Genotyping Procedure’i@gﬂ

Allele-specific Primer Extension Reactions

Bruker Daltonics

genopure: Magnetic Bead Purification
System

=G
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Allele-specific Primer Extension:
PAI 1 4G/5G Polymorphism

Template:

Primer:

Extension:

Product A:
Product B:

57 agagt cgggacacgt gggg
57 agagt cgggacacgt gggg

57 agagt cgggacacgt gggg

+ddATP
+dGTP

57 agagt cgggacacgt gggg
57 agagt cgggacacgt gggg

3" 5933.8Da

37 6231.0 Da
37 6560.2 Da

Bruker Daltonics

Single Nucleotide Polymorphism
with MALDI-TOF: CETP

ens. [a.u]ens. [a.u.]ens. [a.u]ens. [a.u.]ens. [a.u.]ens. [a.u]ens. [a.u]ens. [a.u]ens. [a.u]2ns. [a.u.]
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SNP test summary results: CETP
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Primer (antisense)
Extension (Arg)
Extension (GIn)

Bruker Daltonics

ccegtg ...
c ccegg ...
gt cceglg ...

Template (sense)
... ctacc g/a gggcac ...

Arg/Arg
GIn/GIn
Arg/GIn

6400m/z
6400m/z
6400m/z

6200

+dT+ddG
6200

+dT+ddG
6200

6000
6000
6000

2409.55
2682.73
2697.74

+ddC

5600
5600
5600

5400
5400
5400

CCTAATC

00
00

TAATCT

5000

CCTAATCC
Factor 7-Polymorphism

Arg353GIn




ColA1A double analysis

5560 5576

=G

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

GI/T heterozygous

5200

5400 5600 5800 6000

6073

5576

6200

miz

G/G homozygous

5300 5500 5700 5900 6100

6300 miz
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PAI 4G/5G Polymorphism

+ddA

6000 6500 7000 miz

+dG+ddA

6000 6500 7000 miz

+ddA
+dG+ddA

5500 6000 6500 7000 miz

=G

4G/4G homozygous

5G/5G homozygous

4G/5G heterozygous
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Microbiology shGREn

Direct MALDI-TOF-MS analysis of

Bruker Daltonics

MALDI-TOF-MS analysis of microorganisms -gggn

linear MALDI- TOF MS of E. coli

culture 1

3
?—-12195

- 10375

culture 2

33

-8

= same species result in comparable spectra Bruker Daltonics




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

=

S. mutans

- 1101

aceo Fon s 1ot 1=t e

= different species result in different spectra el DG

MALDI-TOF-MS analysis of microorganisms (cont.) -Eggn
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Lactobacillus - patient 3

(light blue cell colonies of
ca. 3 mm diameter)
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Applications of MALDI-TOF and TOF/TOF  si¢sen

Peptide MW measurement | 1-4 kDa using CHCA or DHB

Proteins Up to 100 kDa using Sinapinic acid or DHB
Oligosaccharides 2-3 kDa using DHB

Small molecules <1000 Da, must contain chromophore
Olignucleotide 40 kDa, using 3-HPA + Ammonium Citrate
Soluble proteins from eVarious matrices are used.

microorganisms

Polymers eIn general 20 kDa, up to 100 kDa will
require skills

ePD ~ 1.5 max

eVarious matrices depending on solubility
and structure of analytes
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Detergents and their effect on MALDI _Eg_
http://prowl.rockefeller.edu/contam/deterg.htm
Detergent Class Detergent Class
n-octyl-glucoside 1 dodecylpoly(ethyleneglycoleth 4
er), (Thesit)
n-dodecyl-glucoside 1 isotridecylpoly(ethyleneglycol 4
ether)g
octanoyl-N-methylglucamide 1 CHAPS 4
decanoyl-n-methylglucamide 1 CHAPSO 4
n-dodecyl-beta-D-maltoside 2 n-dodecyl-N,N-dimethyl-
octylphenolpoly(ethyleneglycole 3 3-ammonio-1- 4
ther),, (Triton X-100) propanesulfonate
octylphenolpoly(ethyleneglycole 3 sodium dodecylsulfate (SDS) 4

ther), (Triton X-114)
polyethylene glycol (PEG 2000) 3

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 )
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