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Background. Full-genome expression profiles for different cell Reference flux distributions (modes) Data. Full genome RNA transcript profiles (Affymetrix
systems under many conditions are available and their interpre- | | ¢ 430.2) of primary mouse hepatocytes cultured on colla-
tation with respect to the metabolism is a major challenge in sys- (ﬂ/\ gen monolayer. Various time points, TGFf3, HGFa, IL6

stimulation.

tems biology. Current approaches are based on the classification
of the transcript values in on/off. It turns out that this distinction
is particularly difficult for metabolic genes as they may show a
relatively high basal RNA expression when not active. Oppositely, Network. HepatoNet1b, manually curated net-
several long-lived enzymes show low RNA expression levels al- | | . N N Y= work of the human hepatocyte [4], refined to cover
though undoubtedly active. . more functions, comprises 1500 localized metabolic
Results. An approach is presented to predict activity changes of species, 2702 reactions, 879 annotated genes [1].
metabolic functions by scoring reference flux distributions.
Rather than attempting to predict fluxes in a metabolic system

-

which is hard to validate, r.eference flux distribut!ons obtained = 2 Sha Function ranks by amplitude
with flux-balance computations are the scaffold to Interpret tran- Plethora of metabolic functions (992), three categories: Relative expression scores of the third time point (24h) with respect to
script changes for metabolic genes. Compared with the - Regeneration of important intemediates (72) the first (1h) for the control and TGFb series sorted by the sum of ampli-
annotation-based approach ModeScore relates transcript - Function of organismic duty (379) | tudes (inverse of scaling factor I). Only the most down-regulated shown.
changes directly to metabolic functions, thus, provides testable - ?:y”thei'st?”d di?]rizg;‘,'\j"a °5f cellular constituents (541) control 1h/24h | TGFS3/control 24h
hypotheses on the level of cellular function. The process of the al- - -omputation wi 5] Simulation rank ampl score | rank ampl score
. . . . A d 1 -4.7 0.32 23 -0.9 0.34
gorithm will be demonstrated in time-course study of the effects : Aiiiiﬁéﬁie dogs 2 46 038 |21 098 0.34
of the cytokines HGF, TGF, and IL6 on cultured primary mouse he- f ModeScore process I;roline dfegr . 2 389 gig ;2 (1)2(15 82
aurine from Cysteine -2. : -1. :
patocytes. Tyrosine 21  -151 065 |2 2.86  0.65
In conclusion, the novel method provides an enrichment for / Notwork /20y gtlﬁ;ﬁoie;fmm Alanine e B
the most promising functions together with the genes it is based reconslruc on Phenylalanine degr 5 323 041 |36  -0.76 043
. . . Gluconeogen from Glycerol 7 -2.98 047 47 -0.69  0.51
upon for further metabolic analysis solely based on transcript —— Gluconeogen from Lactate s or1 030 ez osr 051
pr0ﬁ|es. definition Arachidonate from Dihomo-gamma-linolenate | 11 -1.84  0.39 30 -0.85 0.6

|

Computation of

ModeScore computation. [2] Flux distributions com- flux distributions TGFB (transforming growth factor beta)
puted in the stoichiometric network of the hepatocyte’s metabolism
[2] for a plethora of metabolic functions are matched to transcript
changes with a novel method combining the scoring approach [3] to
complex functional flux distributions [4], implemented in [5].

leads to a down-regulation of many liver specific metabolic functions in-

o cluding the degradation of amino acids and ethanol as well as urea for-
mation. The down-regulation of phenylalanine degradation is particu-
larly strong. Only few genes are up-regulated e.g. collagens.

Flux distribution
sound?
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Score( My, V) = . total score
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Detailed reaction list. Degradation of Phenylalanine g © ;
Rea ;(i:fl/igpih gg:fl/igp?h ;gtf/licxsfh Wght|Reaction Gene-ba_sed Cg) :
ID 0.34 |A 0. A 48 A
r0399 0.94 -0.1 Ofé -0.005 343 -2.97 ||14.3 |Tetrahydrobiopterin(c) + Phenyla lanine(c )+ 02(c) = Dhyd obiopterin(c) + Tyro ( )+ H20( ). analySIS 2
L—Phenylalanine,tetrahyd b opterin:oxygen oxidoreductase (4-hydro: yI ting) Phe yII e, tyro
and tryptophan biosynthes S EC114.161
Pah ENSMUSG00000020051 phenylalanine hydro N~
r0183[[0 -0.42 ||0.74 |-0.28 [[0.01 |-1.96 [|12.6 |Tyrosine(c) + AKG(c) — 4- Hyd yph yupy vate ( )+ GI tamate(c). L-Tyrosine:2-o gu tarate good
aminotransferase Tyrosine metabolism / Phe yI lanine, tyro: and tryptophan b osyn th
EC2615EC26157
T n mln 1
r05"ra:‘;E 0.002 |0.1 1 -0.19 ||0.49 |-1.21 T;SSMujfriz(;::(t)ioslf:(oc)ty+ 02(c) = 4t—Ma|gy|acetoacetate(c). ch:mogentisate:oxygen 1,2-oxidoreductase Fu nCtlon-related
decyclizing) Tyrosine metabolism tyrene degradation EC:1.13.11.
Hgd ENSMU(SGOTJOOOOi)282y1 homogentisate 1,/2—di)t;xygenasge pe gene pattern @ ]
r0069(|0.02 |0.06 0 0.98 ||0.01 |0.37 8.49 |CoA(c) + Acetoacetyl-CoA(c) = 2 Acetyl-CoA(c). Acetyl-CoA:acetyl-CoA C-acetyltransferase Synthe-
sis and degradation of ketone bodies EC:2.3.1.9 (2 genes, 5 sp.)
Acatl (3) |0.06 1.5 0.54 ENSMUSG00000032047 acetyl-Coenzyme A acetyltransferase 1
Acat2 (2) |0.05 0.2 0.11 ENSMUSG00000023832 acetyl-Coenzyme A acetyltransferase 2
r0544(|0.89 |-0.16 ||0.07 [0.03 ||0.98 |-0.69 |[|12.7 |4-Hydroxyphenylpyruvate(c) + O2l(c) = Homogentisate(c) + CO2(c). 4- . .
:g:llrolgquegglpyruvate:oxygen oxidoreductase (hydroxylating,decarboxylating) Tyrosine metabolism m ]
Hpd ENSMUSG00000029445 4-hydroxyphenylpyru cid dioxygen D D p p p<0 2
r0034(|0.57 |-0.06 ||0.39 |-0.06 ||0.21 |-1.43 ||7.02 |2 ATP(m) + CO2(m) + H20(m) + NH3(m) 2 ADP(m) + Pi(m) + Carba moyl P(m). Carbo S I t d . ' _ ' ) ' 0. ’ ' 0. ’ <0.79
amine roupe | Nitiogen met fb'I“'mgecé’s"‘ﬁmp" preniaing) e ol nd sl o eliecte genes' Expression values of two P <0037 PTpooozz T peo2t T pe00t7  © p<ooosz o p<0.094
Cpsl ENSMUSG00000025991 carbamoyl-phosphate synthetase 1 o o o o
05750 10.00 (0 1028 |[0.0003(077 (871 |Glutamate(e) + H+(PO)<)  Glutamate(m) -+ HE(PG)(m). Mitochondrial Carrer (M) treatment series dlSpIayed as d bar, blue indicates
Pah Tat Hpd  Hgd  Gstz1  Fah
Slc25a22 ENSMUSGO00000019082 solute carrier family 25 (mitochondrial carrier, glutamate), member 22 M ° ° ° p ® g ° ° F m
r0605(/0.1 0.01 |0.23 |-0.03 |1 -0.78 ||12.9 4—MaLey|Iacet/oaScetate((;) = :umarylEaé:etoacetate(c). 4-Maleylacetoacetate cis-trans-isomerase Tyrosine down_reg u Iatlon, red u p/reg u Iatlon. Sta nda rd deVIa_ f \ ( 4 \ /4 \ 14 \ u
| metabolism tyrene e.gra ation :5.2.1.2 . . AKG GIU 02 CO2 02
Gstzl ENSMUSGOOOOOO2Z(})1:):Y§2;:Z:IO"€ transferase zeta 1 (maleylacetoacetate isomerase) tlon a n d We I S h t_teSt based O n the re peats. Phe Tyr AC_aC
HGFa (hepatocellular growth factor alpha) IL6 (interleukin 6)
leads to a down-regulation of many liver specific metabolic functions. Genes of the synthesis of cel- generally shows a similar response as HGFa. Among the down-regulated liver functions, IL6 shows a
lular constituents, such as lipids, are up-regulated. Its role in hepatocellular proliferation is high- particularly strong down-regulation of urea synthesis. Among the up-regulated genes, the genes of
lighted by the consistent up-regulation of genes in the purine de novo synthesis. phospholipid synthesis are specifically up-regulated by IL6.
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