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Relating RNA/metabolic functions

raw

cataiytic

activity

enzyme

transcription

— reaction flux

A

metabolite

factor
\ cellular | == .=
flux
external ., intake
substance excretion .
metabolic
) network
function offect

* Many intermediate

levels

* many modifying
factors

* direct quantitative
predictivity low

Gygi et al., 1999, Mol. Cell Biol.

.= -~ additional information

necessary
Hoppe, 2012, Metabolites 2(3).
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What is this?
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Similarity score
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Prediction method

We know

- the way enzymes cooperatively work
* the cell’'s metabolic functions

- reference flux distributions

[FASIMU T
Metabolic function definition =N R
Reference flux mode

HepatoNet1 ..., Gille et al., 2010, Mol Syst Biol

FASIMU ... Hoppe et al., 2011, BMC Bioinf 4 .
virtual liver
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Prediction method

Assumptions: —
- Gene up = flux value up (& vice versa)
- Normal distribution
- Probability maximum: flux/scaling factor A
Pattern match
Abundance change — Flux mode
Result
Estimation of function’s amplitude of change

%tual liver
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Network
reconstruction

|
ModeScore process —— & 2
|

Computation of

Sem |'aUtomat|C flux distributions

- refinement of
sound?

network, functions,

annotations / Gene /
annotation
- scoring/ranking e

Computation

1o impreve Function —lanEd
analysis

good

— manual selection

Selection of changed
genes

Testable hypothesis

o improve

Gene-based
analysis

Functlcn relatec/
gene pattern
‘ rtual liver

Intro — ModeScore — TGFf} — HGFo — PXR — Statins




ModeScore’s role

Screening exp.
GeneArray

Functional

/ hypotheses

Refined exp.

gPCR, proteome

Functional

characterization

pd

Factoring exp.
KO, inhibition
Factor elucidation

Mechanism

~

mllemre

General
mode set

mﬂﬂscﬂl‘e Focused

mode set

Kinetic

response exp

ODE modelling

Kinetic model
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Hepatocyte culture/TGFf treatment

Iryna llkavets Hoppe et al. 2012, Metabolites 2(4).
HEAAELR Dooley, 2008, Gastroenterology 135(2).

1 2 3
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log2 expression

12

10

Ethanol degradation

cwz-m C1h/2ah C1h/24h Cihf24h C1h/24h C1hi24h C1h/2ah C1h/24h
24h C/T24h C/T24h C/T24h CIT24h C/T24h CIT24h CIT 24h
Pe0.047 p<9e=08 p<0.19 p<0.025 p<0.046  p<05  p<0. nuu? ps0.0087
p<0.02 p<063 p<0.0098 p<0.0008 p=<0.0003 p<0.24 0.013 p<0.0038
Adh Cyp2el Aldhla1 Aldh3a2 Aldh7al Aldh9al AcssZ Cesid
s 'S A4 At
EtOH HAc Ac Ac-Coh

TGF[3 down-
regulates main

Isoforms Adh1
Aldh1a1

Isoform
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log2 expression

11

10

Phenylalanine/Tyrosine degradation

C1hi24h C1hf24h C1hi24h C1hi24h C1hi24h C1h/24h
CIT 24h CIT 24h CIT 24h CIT 24h CIT 24h CIT 24h

ok

p=0.0097 p=0.0003 p<8e-05 p=0.0016 p=0.014 p<0.0012
p=0.037 p<0.0022 p=0.21 p=0.017 p=0.0082 p=0.094

Pah Tat Hpd Had Gstz1 Fah
 YWio & o & < AR : :
Phe  Tyr e e Acac virtual liver
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Down-regulation in
time

TGF[3 enhances
Very consistent
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Hepatocyte culture/HGFa/IL6 treatment

Stephanie Mdiller
Heidelberg

[

l E i ‘-.

Culture/

Extraction ‘

SN
YIS TN
(* W f f“ L | !

. A =, [ i .
..iﬁtﬁj{zﬁ}.- %'—f"jﬁ'}- ot

A B

Treatment IL6 (1)

Treatment HGFo. & IL6 (HI)

”_irt_ual liver

Intro — ModeScore — TGF — HGFa — PXR — Statins



leg2 expression

Beta oxidation down by HGFo and IL6
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log2 expression
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PXR/CAR/PPAR«

cell cultures E
6 donors
abcdef
Benjamin Kandel, D (DMSO empty)
Stuttgart control
R (Rifampicin,
C (CITCO) ,targets antibiotics) W (WY14643)

CAR (constituitive androstane gets PXR PPARca inducer

ta r ‘
receptor) :
] N /_'}l SVCWH
: cl

eeeeeeee
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H
O

Kandel, Zanger
(Stuttgart)
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ModeScore amplitude

ModeScore noticeable functions
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Glucuronization, PxR up
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log2 expression

Fatty acid activation, PPARo up
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log2 expression

Beta oxidation, PPAR up
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Statin exp.
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3 donors, lobectomy, liver cancer
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ModeScore analy5|s areas of Iarge changes

§=H ' i ’i §g-
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Patterns of gene changes
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Statins:

1d strong up
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log2 expression

Cholesterol synthesis pattern
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Link of sterol and lipid regulation

Genes of aminotransferase pattengt ti R tati
atin osuvastatin

CAR/PXR { \
actlvatlon H'\iF a?
Scap Cholesterol
expr. Genes of Atorva/Rosuva
InS|g1 J- \ difference pattern

SREB1 —-
expression Scap activation SREB2

\ / \ expressmn

SREB1 activation SREB2 actlvatlon

Genes of lipid pattern > ‘ Genes of chol. synth.
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Take-home messages
Gene arrays suitable as hypothesis-finding
source

ModeScore: hypotheses on metabolic
functions

Hypotheses just based on tramscripts:

TGF, tyrosine degradation down 3
HGFa, IL6, beta oxidation down &
PPARGa, beta oxidation up

PXR, glucuronization capacity up
Statins, wide-range regulation effects

uewny
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Mode set scoring

7 w;score; (Mg, vs
Score(My,V) = 2ier, Wiscorei(mi, vi)

Zieh. Wi

Iy = {i|m; # 0}
Wi
score; (m;, v;) = e_%(2ﬁl:ﬂ"*&_a_ml_ﬁ)2
M, = (my);
V = ('Uz')t'

A chosen such that

m/A
total score
indices of nonzero values
weights

welght adjustment

score component
k-th reference mode
relative expression profile

Score(My,V) is maximal

virtual liver



ModeScore amplitude (1/1)

« Measures strength of regulation for the function
- Compatible to log, fold change
 Cluster point (not average) of gene changes

Contribution scores (score)

* Measures how good a gene change represents the
function’s amplitude

Hoppe & Holzhutter, 2012, OASIcs, 26.
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Implementation

» Reference flux mode computation
- www.bioinformatics.org/fasimu

* ModeScore computation
- data handling: bash/gawk
- scaling factor optimization: octave
- table generation: LaTeX
- bargraphs, t-test: R
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HepatoNet gene annotation
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Optimization of scaling factor

Score
02 ’ I ' [ ‘ 1 ' 1 : |
* Optimization
- Explicit 0.15 - E
derivation
- Maxima of | |
components
* Local
. 005 —
Maxima.
alternative
matches e e R R T

l 3e+05 k
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Glucose-6-phosphatase (cat. subunit)
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