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FTMS basics

Marshall et al., Mass Spectrom. Rev., 1998, 17, 1



FTMS basics

Excite Detect
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B
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E_> / Detection
Excitation b 4
Trapping l

Marshall et al., Mass Spectrom. Rev., 1998, 17, 1
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Ultrahigh resolution

C24H26010
Am = 36.4 mDa 475.15932 C H.O
|

023H22011 '||| 47%?19%%6 °

475.12314 |
C..H.O : | ( C..H.O
arsosrio . [le—p | 47523188 Am = 2.0157 Da

m‘ ,. b T \'_ ', P Am = 1.0034 Da

m/z  475.05 47510 475.15 475.20 475.25 475.15932 47747500

Am = 14.01566 Da

491.15448
477.17500 = 473.18034
- <—p 505.17028
449.14355 | i
473 47 475——476 477 miz
400 440 480 520 56




Ultrahigh resolution

Intens.
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Ultrahigh mass precision

Exact mass [Da]

Error [pDa]

4OAF

1.00782503214
2.01410177799
3.0160492675

3.01602930970
4.0026032497

13.0033548378
12.0000000000
14.0032419884

14.00307400524
15.00010889844

15.9949146221
16.999131501
17.999160419
19.9924401759
22.989769675
27.9769265327
30.973761512
31.972070690
33.967866831
38.963706861
39.9623831232

0.00035
0.00036
0.0011
0.00086
0.0010
0.0010
0.0010
0.0040
0.00086
0.00092
0.0015
0.22
0.9
0.0020
0.23
0.0020
0.20
0.12
0.11
0.3
0.0030

Audi, G. & Wapstra, A. H. Nucl. Phys. A,

1995, 595, 409




Ultrahigh mass precision

Only limited number of elemental
combinations fits into an exact
molecular mass

Ogmj\/\/\/\/\

C,,H,:NO; + H*

Generate Molecular Formula

Min |

Generate

Max Icsn HaaMsnDsnSsnlasn

Save Results...

i

|I: 0-50 H 0-50 W 0-50 Ma 0-50 0 0-50 5 0-50 Help

teazured mdz IEE.'IEIEITEE Tolerance [ppm] |2EI Charge 1 =

ttl rAF | rm"zl 27 [|:u|:um]| dbl eql M rulel e_l ik rankl I

1 C14HZ26W103 286190720 -0176 25 ok ewen 1

2 CIOHZ2BM1NaZ03 256185910 -18.954 3.5 ok ewen 1

3 CIl0H22M 701 286138035 10658 358 ok ewen 1

4 CI12HZ2FM1Mal103 25618835 -9.565 0.5 ok ewen 2

5 CO9HZ2EMI0E 286186637 15878 1.5 ok ewen 3

B CI0OH30MW3S 2 2RB.18786E  -12.489 2.5 ok ewen 3

7 CIMTH30M10351 286.134091 12981 2.5 ok ewen 4

a | i
[ Automatically locate monoizotopic peak.  basimumn number of formulas 200
[T Check double bond equivalences Finirmuni IEI S ER e

Apply nitrogen rule v

inirurn HAC ratio IEI

Electron configuration even v

A &simurn H/AC ratio

1]

j

Show Pattern
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Bias elemination by mass precision

* O & o o

H/C atomic ratio

>21 2210 formulae calculated

0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
O/C atomic ratio

o



Bias elemination by mass precision

olel diwole J/H

1012 formulae calculated
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Bias elemination by mass precision

PRI

o sggfadieie
203U 0o ®
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Fields of interest

new technologies (FT/MS, imaging MS)
miniaturization (chip, multiple cells)
optimized screening

limited chemical classes
< 100 components
multiresidue analysis

non targeted
Metabolomics

Metabolite profiling
Target analysis

Metabolite inventory Proteomics

classical technologies
preparative/analytical
effective sample preparation
low throughput

quantitative analysis
qualitative approach

mixtures of chemical classes
up to > 10000 components




Rhizosphere interactions

Systemic
responses?

Bacteria /)
AHLs @
.N“‘
SN ~ A A A o
" O .J\J—" ——
i Qj ?’/C) > @ o :N“A
w A
7 AHL Fungi Protozoa

M\ mimics

Bauer & Mathesius, Curr. Opin. Plant Biol., 2004, adapted




Quorum Sensing

-
"'_g':l;.-;.:r.

i e
e e

Fugua & Greenberg, Nat. Rev. Mol. Cell Biol., 2002, 3, 4111



Quorum Sensing

Finding: luminescent bacteria
from marine symbioses regulate
light production in dependance of
their cell density.

Explanation: changes in the
observed “physiological
behavior” are a consequence of
production, accumulation of, and
reaction to, specific signalling
molecules.

Conclusion: bacteria are able to
actively communicate, not only
to react to.

= First step to multicellularity?

Fugua & Greenberg, Nat. Rev. Mol. Cell Biol., 2002, 3, 4111



Signhalling molecules




N-Acylhomoserine Lactones

SN N SN
O H

O H
N-Butanoyl-D/L-Homoserinlacton 3-Hydroxy-N-Octanoyl-b/L.-Homoserinlacton
C4-HSL OH-C8-HSL

O;;\Nj)\/\/\/\/\/\/\ O/;\Nj)\/\/
O H

O H
N-Tetradecanoyl-D/L-Homoserinlacton N-Hexadecenoyl-D/L.-Homoserinlacton
C14-HSL C16:1-HSL
O O O OH
S R R N S
N N
O H O H
3-oxo-N-Octanoyl-D/L-Homoserinlacton 3-Hydroxy-N-Tetradecenoyl-b/L-Homoserinlacton

O-C8-HSL OH-C14:1-HSL



Environment and Health

O O OH
0 )J\/\ 0 )J\/l\/\/\/\/\/\
N N
O O

C4-HsSL

C6-HSL

C7-HSL

C8-HsSL

Aeromonas sp.
Pseudomonas sp.

Serratia liquefaciens

Vibrio harveyi

Aeromonas sp.
Burkholderia sp.
Chromobacterium violaceum
Escherichia coli
Pseudomonas sp.
Ralstonia solanacearum
Rhizobium leguminosarum
Serratia sp.

Vibrio sp.

Yersinia sp.

Rhizobium leguminosarum
Serratia marcescens
Burkholderia sp.
Pseudomonas chlororaphis
Ralstonia solanacearum

C8-HSL

C10-HSL

C12-HSL

C14-HsSL
C16-HSL
C18-HSL
0-C6-HSL

\A4

Rhizobium leguminosarum
Serratia marcescens
Sinorhizobium meliloti
Vibrio fischeri

Yersinia pseudotuberculosis
Burkholderia sp.
Pseudomonas fluorescens
Brucella melitensis
Burkholderia viethamensis
Burkholderia viethamensis
Rhodobacter capsulatus
Sinorhizobium meliloti
Aeromonas hydrophila
Aeromonas salmonicida
Enterobacter agglomerans
Erwinia sp.

Hafnia alvei

Nitrosomonas europaea
Pseudomonas sp.

0-C6-HSL

0-C8-HSL

0-C10-HSL

0-C12-HSL P>

0-C14-HSL
0-C16-HSL
OH-C6-HSL
OH-C8-HSL

OH-C10-HSL
OH-C14:1-HSL

C16:1-HSL

Rahnella aquatilis
Rhizobium leguminosarum
Serratia sp.

Vibrio fischeri

Yersinia sp.

Enterobacter agglomerans
Pseudomonas syringae
Vibrio anguillarum
Pseudomonas aeruginosa
Sinorhizobium meliloti
Sinorhizobium meliloti
Pseudomonas fluorescens
Vibrio anguillarum
Pseudomonas fluorescens
Rhizobium leguminosarum
Pseudomonas fluorescens
Pseudomonas fluorescens
Rhizobium leguminosarum
Sinorhizobium meliloti



Targeting rhizosphere bacteria

Nano-LC/Ion Trap MS

LA-5 N-35

0 5 10 15 0 5 10 15
Retention Time [min] Retention Time [min]

Frommberger et al., Anal. Bioanal. Chem., 2004, 378, 1014



1.20~
1.00
0.801
5 ]
< 0.60—
0.40-1

0.20 |

0.00-]

C7

Cé6 C8
C10
C4 Cil2
Cig
O.‘ZO 0.‘40 ‘O.‘60‘ | ‘0.‘80‘ | ‘1.‘00‘ | ‘1.‘20‘ | ‘1.‘40‘
Minutes

Fekete et al., Electrophoresis, submitted.



Target analysis

Intens. _|
«° | Confirmation by FTICR-MS
) 294.16765 O OH
294.14667
Z 2 W
QN
0 H
1.5+
[C44H;5NO,+Na]?
Theory: 294,16757 amu
Exp.: 297,16766 amu
Error: -0,291 ppm
1.0 Intens
+
e,
Ai 3 O
| C,HgNO,
o8- 1 A1.230 ppm
O_O‘W M

T T 1 T T T T T T T T T T

294.10 294.12 294.14 294.16 294.18 294.20 294.22 m/z 07102.00 102.01 102.02 102.03 102.04 102.05 102.06 102.07 102.08 miz



Competition in the rhizosphere Q

Mechanisms of
PGPR activity

Plant pathogen (P)

Actinobacterium (A)

211R+4
2054 ZR-44
21} R-6

Cooperation at GSF: M. Schloter, F. Hasler
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Analytical approach

Cultivation of Actinomycete in synthetic medium
(reduces complexity)




Chromatographic fractionation

Elution with 30% MeOH

Elution with 40% MeOH

Elution with 50% MeOH

Cooperation at GSF: M. Schloter, F. Hasler
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Identification by FTMS

Intens. x108_§
C;sH,NO,
2 2 (error 0.213 ppm)
o:g ¢ o H3C//
1] 282.16992 40% £ H o

H O
N N
SR

: NH
0 k HaC
4 4 o
Cycloheximide
2 2
03 ¥

T T T T T T T T T T T f T T T T
282.0 2822 2824 2826 2828 283.0 2832 m/z

Cooperation at GSF: M. Schloter, F. Hasler
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Tobacco metabolites
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Much more (... and still not complete ...)

Peptide biomarkers for cancer and kidney diseases
H. Mischak, P. Zurbig, Mosaiques AG, Hannover

Chemical Taxonomy of bacteria ecotypes
R. Rossello-Mora, IMEDEA, Mallorca

Arabidopsis mutant analysis
T. Schaffner, B. Messner, BIOP, GSF

Tobacco metabolomics
K. Wieland, U. Schurr, FZ Jiilich

Chemical Ecology of caterpillars
W. Boland H. Meischak, MPI of Chemical Ecology, Jena

UV/ozone induced metabolites of different plants
W. Heller, BIOP, GSF

Different questions in groundwater ecology
U. Kunapuli, R. Meckenstock, IGOE, GSF

Geochemistry, NOM, DOM, DOC, Aerosols, Wine ...
= Philippe Schmitt-Kopplin



Much more here ...

From molecular understanding to knowledge-based design and Innovative
uses of humic materals In bletschnoleygy (DESIGNER-EICHUMICS)
Molecular-level analysis of natural organic matter and humic substances
Ph. Schmitt-Kopplin®, N. Hertkorn®, 1.V, Perminova®, M. Frommberger®, A, Kettrup®

*EEF Rasoawh Cantarfor Envranmant and bHaalh, institds of Smbgleal Chamisty, ingesia sdier Landsirassy 1, D0 5764 Nouhosbarg, Gamang:
*Copatment of Chamistry, Lamonasay Maosoow State Uinka ity Laninside Gary 1-3, Mosmow 119882, Russia

significance of MOM and humic subsfanceas rpies matedals
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| an aiytical ch ferization of HOM establishes quantitative qualily criterla, leading to prognosis
ofpmpanlaaandmm! meiationahipe; WOM materials can be deslgned according to desired properties

NMR characterizalion of NOM and humic subsfances

unsurpassed, isotope-specific and nearly quantitative information about short range melecular order
relative insensitivity with regard to other inalytll:al methods
well OV fractises (M. $a Nobdl, Y. Chan, GSF) T

B ey v

1D MMR for classification and quantlﬂc.atlon of coarse WOM chemical environments; higher dimenaionsl HMR for
reliable NMR resonance assignment; mathema@ical analyals for assessment and In-clepth molscuiardevel anakyals

FIICR mass speciral analysis of NOM and humic subsfances

unsurpassed combination of (ultrahigh) resclution and sensitivity
moleculardevel information of icnizable molecules ONLY; differentiation of isomers is not trivial
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In-depth molscular level analyals of m:nntrlbutes tnthEMEstabllﬁhmento‘fﬂi_yMDf HOM and
will ultimately lead to a quanSadve de: of their Mon and rdes
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