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Introduction

Chemical space of biomolecules

sIntegrative analyses of metabolic regulation
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Mass Spectrometry for proteomics and metabolomics
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GC/MS based

Small molecules (including derivatisation)

Metabolomics

LC/MS based

Complex molecules
Nucleotides; ATP, ADP, AMP, NADPH, NADH, ...
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Metabolite analyses of BIMSB MO'‘s
Nematodes, Planaria, cell cultures

Analysis of HEK293 cell culture
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Analysing biological samples using GCxGC/MS

320 deconvoluted peaks 3200 deconvoluted peaks

number of identified
metabolites

GC-mode 1D 2D
200
number of identified metabolites 42 168 120 1 .
similarity 893 892 oL -
10D 2D

The Berlin Institute for Medical Systems Biology

at the Max Delbriick Center for Molecular Medicine (MDC) Berlin-Buch



BIMSB

calculation of 2D retention index

1. Adaptation of 2D separation

Compound x is defined by RI 1D ; Rl 2D > function of
*mass
epolarity

improved 2D separation > Ribose / Ribulose
Maltose / Trehalose

2. stability of relative retetention (various modulation times and column length)

relative retention time 2D
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Further development of GCxGC-MS

GCxGC metabolite matrix builder > MetMax

GCXGC—;I'OF—MS
eCalculation of 2D retention index postprocessing  CHROMATOF *

: ) - v
ePeak alignment — matrix building MetMax

(extraction of 1st and 2nd

. . . ¢— RI, mass spectra and —
eExport of retention information relative fragment
. . GMD intensities, sample versus

[ J . .

Export of |sotop-om.er r-natrlx ) metabolite identification variable alignment)
eExport of quantitative information via spectralhlibrary

(membosli?(::i (;‘(a:tabase)

eLibrary search based on GMD information
ePlatform to enter new compounds to GMD Data Matrix <

statistical analysis (PCAICA, ANOVA, etc.)

v

sample pattern recognition/marker identification/biological inte rpretation

Kempa et al. JBM 2009
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Metabolic draft network of HEK293 cells
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Analysis of salt stress response of Arabidopsis

metabolite profiling
identification of altered metabolites
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Transformed data

selected genes were tested
in both experiments

positive negative

z-transformed

to compare metabolites and transcripts
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Correlation matrix of metabolite and transcript data
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A B | 1 089 088 087 087 08 08 08 081 08 078 078 0,74 0,72 0,72 0,68 0,68 -0,01 -0,14

083 087 084 08 084 079 077 08 075 073 077 067 072 066 -002 -018
0,81 0,89 -0,77 079 08 075 073 08 081 069 077 061 068 -004 -021

o
©
N

RAB 18

ABI 2
Phenylalanine
GABA trans. 2
Maltose 08 083 083 081 08 076 077 080 0,70 080 0,78 0,76 0,63 067 064 069 050 000 -0,23
Se”ne 0,89 0,89 084 086 09 0,75 0,80 082 072 082 08 069 08 071 066 0,58 080 058 069 054 001 -021

PSCS 0,89 0,84 0,76 0,76 0,75 0,74 -0.59 0,60 -0.83 060 088 055 082 003 -015

Pr0|lne 082 086 0,86 0% o078 0,70 067 08 080 067 078 087 05 064 081 052 08 050 003 -019

084 o088 08 08 08 08 074 074 078 070 0,74 0,73 063 074 061 067 -0,07 -0,22
-0,76 0,82 -0,78 0,78 -0,68 0,63 -0,82 0,64 084 055 081 002 -015

0,83

Raffinose 087 083 085 090 -0.81 0,80 0,67 -0.88 068 077 088 057 056 085 051 090 056 017 -0,05
Invertase oss os7 0,84 - 0,83 0,75 084 0,81 079 065 088 089 077 0,76 - 050 069 081 090 065 08 064 076 -001 -0,10
GOL S2 o088 089 08 088 076 085 08 076 090 -0,79 073 073 061 -0.82 059 074 090 055 055 067 052 08 051 009 -002
Glutamate os7 08 o081 o087 o0s2 o081 078 081 065 073 073 066 073 073 061 08 057 056 052 073 057 055 051 -012 -0,29
Starch synt h. os7 o087 o8 o1 083 082 070 080 088 073 073 0,78 078 0,55 0,58 077 061 084 057 085 014 -0,02
BMY 7 oss o0ss - 0,81 076 072 067 067 089 061 0,66 0,63 0,65 046 047 0,53 037 090 -001 -0,10
Galactinol oss oss o077 08 o078 077 082 075 o089 - 0,77 - 073 078 0,63 089 066 070 087 053 050 078 047 059 028 0,10
Na oss o08s 079 074 078 08 08 074 080 08 076 082 073 078 065 089 069 079 085 060 051 076 046 08 053 029 025
BMYS8 o081 079 o085 o074 -0,70 0,69 -0,67 0,68 - 059 0,61 -o.es 0,69 039 047 088 -o,eo 087 044 -0,07 0,02
Threonine oso o077 o075 o7 o06s 080 088 050 078 077 050 074 083 055 046 070 079 039 076 045 030 065 030 065 022 008 -0,08
AGPase o7 o082 073 070 063 078 071 060 087 088 069 090 057 058 047 087 085 047 076 041 041 072 026 028 020 008 -044 -036 -041 -

Raffinose Syl’lth. 0,78 075 086 0,74 -0,76 0,66 -0,56 057 08L 055 0,56 053 060 088 045 041 082 0,36 030 083 007 -005 -070 -0,69 -0,61 -0,63
G6P DH o074 073 081 073 082 063 058 08 064 056 09 055 052 077 050 051 -0.30 041 082 049 086 029 080 -019 -0,17 --0.58

TyI’OSIne 072 077 069 063 064 067 08 060 081 08 065 067 073 061 053 078 07 060 065 072 036 049 032 0,78 037 011 -012 -041 -044

GABA tranS 1 0,72 067 0,77 0,74 084 064 058 088 052 051 080 052 057 084 -EOAG 087 030 0,26 086 0,32 0,21 090 003 -006 --0.63
0,37

INOSitol oes 072 o061 o061 055 069 069 055 083 090 064 084 055 057 083 044 065 030 029 078 021 029 040 017 -034 -022
Nitrate reductase oes oss o068 067 081 050 054 08 050 056 076 051 051 085 080 059 053 -0.22 028 083 080 037 090 0729 019 015 -052 -0,47 -069 -0,57
Glucose 001 002 -004 -007 002 000 001 003 003 017 -00L 009 -012 014 -001 028 020 007 008 079 023 022 025 -005

K 014 2021 -0,22 -015 -0,23 0,15 20,02 -029 -002 -010 010 025 002 -008 0,79 043 045 022 022

Shikimic acid 62 -0,61 0,70 -0,47 0,62 023 043 081 061 071
Galactonate -0,54 -0,52 -0,68 0,54 058 -044 -063 -0,22 022 045 081 059 057
GAD2 -0,64 -0,62 025 022 061 059 0,68

Starch

-0,05 0,22 0,71 057 0,68
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Correlation of glucose-6-phosphate and galactinol synthase

GolS1vs G6P
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saltat the roots.
|

signal to the leaves
(ABA)

|

stomata closure

exp.1 12h ‘
exp.2  2h energy depletion

|

gene expression,
metabolic reaction
(G6P, Asc, ...)

time shift: exp. 1 big pots

exp. 2 small pots
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Data integration

3 data sets from Arabidopsis thaliana in a time course manner
analysed using GC/MS based metabolomics
analyses were performed on metabolite and transcript level

8.000 800 m———————————————— — 12 4
104
6.000 - 600 ——————————————————— — — — — — — — — ——
8,
4.000 4 400 —H————————— 64 —m— Raffinose
—e— Maltose
2.000 - 2,00 4 —0— Glucose-6-phosphate
2 —0— Glucose
0.000 - 0,00 - —a— Galactindl
0,
-2.000 4 -2,00 - 24
-4.000 T T : : : , -4,00 T T r T I r T T . T . . . -4 T T T T T T
Ooh 6h 12h 24h 72h 120 h oh 4h 8h 12h 16h 20h 24h Oh 1h 4h 12h 24h 48 h % h
salt stress diurnal rythm cold stress
Kempa et al. 2008 Gibon et al. 2006 Kaplan et al. 2004

the data sets were aligned and pairwise metabolite metabolite correlations calculated
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Data integration

Number of associations between metabolites

salt diurnal cold

treshold 0.65; -0.65 stress rythm stress
salt or cold Butyric acid, 4-amino 7 I o L1
specific Sinapic acid trans 1 | 1 s
Serine o 12 [ 13
Proline 12 - [ TP
common Phenylalanine 9 i 7 [P
Raffinose 8 l l 13
Threonine 7 B B o1
Glycine s 12 Wi
Phosphoric acid 8 i 6 [ TP
Glucose 0 s I
Glutamine 1 E o [P
Malic acid 2 I s
non salt Aspartic acid 1 L s )
Sucrose 1 l 10 | 7
Glucose-6-phosphate 4 E oo I 10
Inositol, myo 4 l 11 | 8
Tyrosine 4 s s
Glutamic acid ! 7 | 0 | EF)
stress Shikimic acid s [ 1 By
specific Fructose 4 I 0 I| 9
Fumaric acid 2 1 2
non Succinic acid 1 | 2 i 3
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Data integration

Number of associations between metabolites

cold
stress

salt diurnal

treshold 0.65; -0.65 stress rythm

salt or cold Butyric acid, 4-amino 7 I o L1
Specific Sinapic acid trans 1 | 1 s
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yd
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1 I 10 I DbG(aEIalcturonate-lP Dha GDP-L-Galactdse
- t t — -
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Correlation matrix of metabolite and transcri

o 0
0 . = “ 3
c . N > - o i)
z 9 2 z e 3 g 7
S s [ A S e o a 3 ©
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A B | 1 0,89 087 087 086 08 08 081 080 078 078 0,74 0,72 0,72 068 068 -001 -014

RAB 18
ABI 2
Phenylalanine
GABA trans. 2
Maltose
Serine 0,89
PSCS 089 0,84

08 087 084 08 08 079 077 08 075 073 077 067 072 066 -002 -0,18

N
n
0
o
0,88
0,89
080 0,81 0,89 - ,77 0,79 085 075 073 086 081 069 077 061 068 -004 -0,21
0,88

i 087 081 081 081 074 0,78 0,70 0,74 0,73 063 074 061 067 -0,07 -0,22

0,82 -0.78 0,78 -0,68 0,63 -0.82 064 084 055 081 002 -015

081 08 07 077 08 070 080 078 076 063 067 064 069 050 0,00 -0,23

08 072 08 08 069 08 071 066 058 080 058 069 054 001 -021
0,76 0,75 0,74 -0,59 0,60 -0.83 060 088 055 082 003 -015

Proline 086 086 09 078 070 067 08 08 067 078 087 056 064 08 052 08 050 003 -0,19 -0,63
Raffinose 83 085 0,90 -0,81 080 067 -0.88 068 077 08 057 056 085 051 090 056 017 -005 -058 -056
Invertase os o8 -0.33 0,75 0,84 079 065 088 089 077 076 -0‘50 069 081 09 065 080 064 076 -001 -0,10 --0,54

GOL S2 088 o089 o080 o088 076 083 076 090 073 073 061 -o.sz 059 074 090 055 055 067 052 084 051 009 -002 -062 -0,52

Glutamate os7 o083 os1 o087 0s2 os 076 078 081 065 073 073 066 073 073 061 08 057 056 052 073 057 055 051 -012 -029 -061

Starch synth. 0,87 083 082 070 080 088 073 073 078 0,78 055 058 077 061 084 057 085 014 -002 -0,62

BMY 7 oss 076 072 067 067 08 061 066 063 065 046 047 053 037 090 -001 -010 -0,70

Galactinol ogs ogs 077 o0s1 o078 077 o 075 089 -0.77 -0,73 078 063 089 066 070 087 053 050 078 047 028 010 -047

Na oss oss 079 074 078 080 085 074 080 088 076 082 073 078 065 089 069 079 08 060 051 076 046 083 053 029 025 -040

BMY8 o081 o079 o085 074 -0,70 0,69 -0,57 0,68 -0,59 0,61 -o,es 0,69 039 047 088 -o,eo 087 044 -0,07 002 -062

Threonine oso o077 075 o078 068 080 088 050 078 077 050 074 083 055 046 070 079 039 076 045 030 065 030 065 022 008 -008 -052
AGPase o7 o 073 070 063 078 071 060 087 088 069 090 057 058 047 087 085 047 076 041 041 072 026 020 008 -044 -036

Raffinose synth. 0,78 075 086 074 -0,76 0,66 -0,56 057 081 055 056 053 060 088 045 041 082 036 030 083 007 -005 -070 -0,69 -0,63
G6P DH 074 073 o081 073 082 063 058 08 064 056 090 055 052 077 050 0,51 -0,30 041 082 049 086 029 080 -0,19 -017 --o,ss
Tyrosme 072 077 069 063 064 067 08 060 081 085 065 067 073 061 0 078 076 060 065 072 036 049 032 078 037 011 -012 -041 -044

,53
GABA tranS. 1 0,72 067 077 074 084 064 058 088 052 051 080 052 057 084 -EOAG 0,87 0,30 0,26 086 032 021 090 0,03 -0,06 --0,63
0,37

INOSitol oes 072 061 061 055 069 069 055 083 090 064 084 055 057 083 044 065 030 029 078 021 029 040 017 -034 -022
Nitrate reductase oss oss oss 067 081 050 054 082 050 056 076 051 051 085 090 059 053 -0,22 028 083 08 037 090 029 019 015 -052 -047 -069 -057
GlucoSse 001 002 004 007 002 000 001 003 003 017 001 009 012 014 001 028 020 007 008 020 007 019 011 003 040 0,19 079 023 022 025 -005
K 014 018 -021 022 015 023 021 015 019 -005 010 -002 029 -002 010 010 025 002 008 008 -005 017 012 -006 017 015 079 043 045 022 022
Shikimic acid -0,58 --o,sz 061 -062 -0,70 -047 062 -052 -044 -0,70 --0,41 --0,34 052 023 043 081 061 071

Galactonate 0,54 -052 0,63 -0,68 -044
GAD?2 -0,64 -0,59
Starch

-0,54 -069 -058 -044 -063 -0,22 -0,47 022 045 081 059 0,57

-0,41 -0,61 -0,62 -0,36 025 0,22 061 059 0,68

-005 022 0,71 057 0,68
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Comparative view on metabolite transcript correlations

G1P ™% ADP-Glc™> starch =P Maltose """ % G6P """"® Galactinol

s [vew | | |
salt stress Raffinose

G1P =% ADP-GIc ¥ starch =P  Maltose """ P G6P """"® Galactinol

Raffinose
diurnal rythm

Genes involved in carbohydrate metabolism negatively co-regulated to G6P upon salt
stress display a different behavior during extended night.
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conditional metabolite transcript associations

AREB active

salt stress
o] :

AREB inactive

diurnal rythm

AGPasel; BMY7 and GolS contain multiple copies of the promotor element (ARE), the activity of
the ABA responsive element binding factor (AREB) over-writes the normal (diurnal) transcript
behaviour upon salt stress (ABA induction).
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ICA of metabolite data from salt and ABA treated plants
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Overview
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Gene activation

euchromatin active heterochromatin inactive
AREB
)
DNA level
transcription
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Transcript level
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e
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—
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Salt specific signal

Metabolite level starch

OPP / carbon flux
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Organisms

olom

Metabolites

VIRN

Proteins = Transcripts

integrative analyses - bioinformatics core @ BIMSB
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computational biology @ BIMSB
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Data integration — BIMSB database

Experiment Experiment deseription Experiment ID (vesr_crpanism_number)
Experimentasor, orpanism, growth conditions, Experiment
CrEaTErs, SAMpling SChewmne, Sam pling method
| book
Sample Sample description Sample ID [Experiment I0_rumber]
rechrichal deroription, SAmple pREpITNTIon
Measurement Measurement description Measurement ID
1rawl’i|e] CPETUTON, e EChine G0, TEChAECM JETTINGS, (incernal sneagurement 1D [ Sam ple 1D_Technigus_nummber] L'“'E book
program details, storape kocation +file name from irgSnament]
Processed data Processing description Processed file 10
operator, program used, mode of analysis, - ) o
sronge Ioestion [Eeemal mesdoremen ID_DP rouging) Fesult
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workflow BIMSB
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| Experimental design |
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analysis analysis analysis
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multilevel data integration and analysis

multi-experiment comparison / modeling
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Current research in the integrative metabolomics and proteomics group at BIMSB:

*We are running integrative analyses on proteomic and metabolomic (transcriptomic) level to
understand metabolic regulation in cancer cells, during development and differentiation.

*We are running these projects in a cooperative way including several groups at BIMSB and MDC.
Furthermore we are supporting projects of BIMSB and MDC groups with the cutting edge
technologies which were established in our group.

Scientific members of the group:

Guido Mastrobouni
Gerd Anders
Matthias Pietzke
Christin Hess
Susann Mudrich
Markus Wenzel
Julia Diesbach
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