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Linking transcription and
metabolism

Infer metabolic changes from RNA
expression

Andreas Hoppe, Charité Universtitdtsmedizin Berlin
Computational systems biochemistry group
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network

Integrative model

Restriction point = 3 'y
Decision to proliferate =

HepatoNet1
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Questions

a) Which metabolic functions are strongly
affected by HGF?

b) What are the key regulation points?

c) What is the metabolic basis for increased
lipid production?

Data: RNA profiles by time/treatment
Approach: ModeScore
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RNA-metabolism chain

RNA == Protein == S12/a0C e=> T
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RNA-metabolism chain
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RNA-metabolism chain

e Probability field

e Normal distribution

En matlc Flux
RNA  ==> Protein = a?tluvuty rate
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Representative flux modes

Plethora of metabolic

functions Reference flux modes

HepatoNetl ... , Gille et al., 2010, Mol Syst Biol
FASIMU ... Hoppe et al., 2011, BMC Bioinf
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a) Function
change prediction
e matches relative

RNA profile with
reference mode

e predicts amplitude
of regulation

| gives confidence
score
-> Ranking list (by
amplitude)

Data from llkavets, Dooley

control TGFS

Simulation rank ampl score | rank ampl score
Anasrobic rephosph of ATP 2 -B.74 0.3 1 -126 029
Gluconeogen. from Glycerol 4 638 042 3 416 035
Aprohic ATP rephosph (FA) 3 -6.75 0.2B 4 -E68 031
Galactose depgr 5 -549 026 5 213 024
Complate oxidation of oleate 7 -531  0.2B [ -7.2 0.33
Ethanol(s) degr min GE 0.2 024 2 -11.5 025
Aprohic reduction of NADP+ B -5.25 024 T 634 026
Triacylglyoerol(r) synt phys 1 106 023 G4 .97 029
Gly-CD-cholate(b) phys G -5.41 027 10 159 028
Lysine degr 10 -391 022 14 422 028
Urea from alanine 12 -3 025 11 452 028
Glycocholate(b) synt phys 20 -2 026 12 442 027
LDL(s) degr phys o -4.12 02 a7 -1.89 024
Alsnine{c) synt min 49 081 031 ! 461 031
Teurccholate{b) synt phys 17 225 027 16 316 028
ATP malvage from Adenosing 72 008 02 £ g 023
CTP(c) synt min 15 241 0 .5 262 024
Aratoacetate 149 219 035 19 279 036
[ AL }-3-Hydromorbutanoate 21 20 04 21 266 043
THF|c) synt min 7d i3 033 13 134 025
Aspartate degr 27 159 024 x 266 028
Gluconeogen. from Lectate 42 -1 026 18 293 033
Mathionine degr 13 286 025 5T -1.13 032
Stearate(c) synt min 38 123 035 20 269 037
ATP salvage from Hypoxanthine | BG (.36 .21 15 421 023
Bilirubin conjugation 11 -345 023 ER 15 026
UTP(c) synt min 30 151 02 %) 208 027
udpgleur(c) synt min 24 -1.74 022 ! -1.82 026
Gluconeopen. from Alanine 45 096 031 . -259 035
cmpneuN Ac(n) synt min 26 162 025 36 -1.9 0.25
udpgal(c) synt min 25 -1.7 023 40 -1.78 027
NH3 degr 40 117 025 35 2m 032
Pyridomeal-P(c) synt min 73 003 021 17 -3.13 023
Asparagine(c) synt min 16 237 0325 5 ALTé 032
UDP-glucosa(c) synt min a7 -1.27 022 41 -1.73 027
Creatine(c) synt min 32 -138 025 44 -1.56 034
Histidine degr 18 221 0325 7 .72 029
Arpinine({c) synt min 34 135 035 43 -1.57 04
Glutamate degr 14 275 02 BT 17 03
udpgalnac(c) synt min 31 -1.43 023 45 -1.47 025
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b) Regulation points

e Contribution of individual reactions
e Expression difference of individual genes
—>Prediction of regulation points

Glyconeogenesis from Glycerol

Rea | Scre lmpct|Expr |Expr/Expr|Expr ||Ref |Wght Reaction

ID 0.42 C1D |C3D |#-1. 16| |value

r0256|1 051 |[-5.07 [8.86|3.79 |0.8 0.77 |0.88 |DHAP(c) + GAP{<) = Fructose-1,6PP(c)

r0243)|0.94 046 |-5.77 (185|127 |0.91 ||0.77 |0.88 |DHAP(c) = GAP(c)

r2473(|0.9 042 |-3.77 (472|095 (059 ||0.77 |0.88 |Glucese-6P(c) + Pi{r) = Glucose-6P(r) + Pi(c)

r0017((0.12 |-0.37 |0.19 |[7.35|7.53 |-0.03 ||0.77 |1.24 |02(m) + 4 H+(PG)(m) + 4 Ferrocytochrome C(m) —+ 4 Ferricytochrome
C{m) + 2 H2O0(m) + 4 H+{FG)(c)

r0507)|0.13 |-0.36 (013 |7.93 |B.06 -0.02 ||1.54 |1.24 |Ubiquincl{m) + 2 Ferricytochrome C{m) + 4 H+({PG){m) — Ubiquinone{m)
+ 4 H+(PG)(c) + 2 Ferrocytochrome C{m)

r0102(0.82 035 |[-6.49 |17 (105 |1.02 ||0.77 [0.88 |Fructese-6P(c) = Glucose-6P(c)

10205(0.14 |-0.35 |-0.003/1.75 |1.74 [0.001 ||1.54 [1.24 |Ubiquinone(m) + sn-Glycerol-3P(c) = DHAP(c) + Ubiquinol(m)

r0019|(0.14 |-0.34 |-0.05 (0.69 |0.64 0.01 ||1.54 |1.24 |ADP{m) + Pi{m) + 3 H+(PG){c) — ATP{m) + H20{m) + 3 H+(PG){m)

r0203(/0.14 |-0.34 |-0.14 (0.69 [0.55 (0.02 ||1.54 [1.24 |ATP(c) + Glycerol(c) == ADP(c) 4+ sn-Glycerol-3P(c)

r0487(0.75 (029 |-3.06 (499|193 |0.48 (|0.77 |0.88 |Fructose-1,6PP(c) + H20(c) — Fructose-6P(c) 4 Pi(c)

r0396(0.2 |-0.19 |-0.53 |0.89 [0.36 (0.08 ||0.77 [0.868 |H2O(r) + Glucose-6P(r) — Glucose(r) + Pi(r)

rl047||0.09 [-0.18 (1.08 |16.7 |17.8 |-0.17 ||1.54 |0.56 |Pi(c) + H+{PG){c) — Pi{m) + H+{PG)(m)

r1031|0.47 (004 |-1.88 |2.86|097 |0.3 0.77 |0.88 |Glucose(r) — Glucose(c)

rl032,|0.47 (004 |-1.88 2.86|097 0.3 0.77 |0.88 |Glucose(c) = Glucose(s)




-
”irtual liver

nelwerk o () (0 () ) oo (G | -oveino

Glyconeogenesis
from Glycerol

e ] o (o) e 6 i

Mitochondrial membrane
X'w Respiration chain

Expression change:

up / unchanoged / down S

O
O
Fructose-1,6PP(c) H20(c) S
£ |5
10487 —
W
Fuclose 6Py 0O
lm“ a2
Pilc) PM
H20(r) Clucose-ER(r) i, \r:m/ Gluense-SP{c)
i ™
| Cytosol |
v O oucosets)
2o
10!

Score:
high / medium / low

Mitochondrial membrane
X rrrrr Respiration chain

Pife)

Pilr)
= E— \mn/

1!’0!32
Glucose-6P(c)

sssss

rrrrr

Cytosol

rrrrr

Sinusoid




B

V7 virtual liver

c) Lipid metabolism

e Increased lipid formation (confirmed)

e Focused analysis of lipid-related functions
e Alternative flux scenarios

e Wet lab analysis: Gebhardt, Schiller,

Shevchenko

Effect of insulin and high glucose on lipid
synthesis
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Summary/QOutlook

e ModeScore: Quantitative assessment of
metabolic regulation by RNA profiles

e Allows comparative analysis of HGF effect
e |n silico predictions

e Focus on lipid metabolism: testing flux
scenarios with RNA profiles
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