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Pathways in nutrition. Glycolysis

W

Alcoholic fermentation without
yeast cells

1897 « Eduard Buchner

Buchner, Eduard. 1897. Alkoholische Gihrung
ohne Hefezellen. Bericbte der Deutschen Chemniis-
chen Gesellschaft, Vol. 30, pages 117-124.

A SEPARATION OF THE FERMENTING 1000 g. of pure brewer's yeast cells,
power from living yeast cells has until taken before the addition of potato
now never been done. In the following  starch, is mixed carefully with 1000 g.
a method is described which can be of quartz sand and 250 g. of Kiesel-
used to this end. guhr, and ground until the mass has
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Stll... liltfe seemeda quite simpie In the

pre-genomics era...
ritish Journal of Nutiio, (1947) 1, 245-253

Typical 15 months old heifers from groups on heavy (C), normal (A),

- 48
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N ...Mmechanism o1 azo-aye Induced liver
NuG» tumours...

British Journal of Nutrition, (1947) 1, 2’5-253

Mechanism of production of liver tumours by azo-compounds

It has been generally assumed that the production of liver tumours by feeding or
mjecting azo-compounds is due to their transformation in the liver into other com-
pounds which are the true carcinogenic agents. This assumption is largely based on
the specific action which these azo-compounds have on the liver. It is true that the
production of sarcomas at the site of injection of oily solutions of azo-dyes has been
reported by several workers, but this cannot be dissociated from the influence of fatty
solvents which are themselves known to produce similar effects. In the case of 2:2'-
azonaphthalene, it was suggested (Cook et al. 1940) that the true carcinogen, formed
in the liver, is 3:4:5:6-dibenzcarbazole, which might be formed in vivo by the following
stages, which are readily brought about in the laboratory:

) ——== % /@ —_—
NH—NH
- (

xvi)
%Wg - M
NH, N, NH
(xvii) _ . (xviii)

In support of this view it was shown that the postulated intermediate diamine
(xvii) produced liver tumours of cholangiomatous type rapidly and in abundance when
administered to mice. This di-amine is readily de-aminated to 3:4:5:6-dibenzcarbazole,
which had previously been shown by Boyland & Brues (1937) to produce liver tumours
in mice and also local tumours at the site of application. Further support was given to
this view of the mechanism of carcinogenesis by 2:2’-azonaphthalene by some eyneri.
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- ...worldwide...
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Japanese Journal of Nutrition (1950-1952)
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NuGo --more complex...

Mannose metabolism: Am. J. Clin. Nut. (1971), 24, 488-498

MANNOSE METABOLISM 489
MANNOSE CONTAINING GLYCOPROTEINS
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FiG. 1. Outline of the mannose metabolic pathway.
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lnugo ---modeling CYP gene expression

CYP1A1/CYP1A2
mANA

Induced

T +cyripz «+—" mRNAS

; ¥ A J Degradation
o

Other Proieiné

Degradation
Pleiotropic Responses

2 Liver only

1. Proposed AhR-mediated mechanism of the biologically.lmscd
odynamic (BBPD) model for cytochrome P450 gene expression by
This proposed mechanism of TCDD-induced cytochrome Pt}ﬁ(l gene
on has been extensively reviewed (Safe, 1986; Whitlock, 1993; Birn-
994a; Hankinson, 1995). Ethoxyresorufin 0O-deethylase (EROD) and

resorufin O-demethylase (MROD) activities are markers for CYP1A1
-— Al A Ol annlea st al 1995) gene expression,

PHARMACODYNAMIC ANALYSIS OF CYTOCHROME P450:

Assuming that the noise (both residual error and inter-individual variability)
in the experimental data follows normal distribution, the lower and upper
bound of the experimental results at each dose can be obtained. as shown
below, when choosing a 95% confidence level:

lower bound = mean value — 45 * SD/(number of animals)'”

upper bound = mean value + ;45 * SD/(number of animals)"”,

where fygos = 3.2 n = 4 1005 = 28 if n = 5.

The judgment can also be made based on whether the hypothesis, the
experimental data is close to model predictions at each dose, is acceptable or
not, Based on the same assumption of normal distribution of experimental
samples, the observed value of the test statistic is

observed value of the test = (mean value-model pred.)/SD/(no. of animals)'”.

The rejection region, with 5% level, is given by 3.2 for a group of 4 animals
and 2.8 for a group of 5 animals. If the observed value <<3.2 (n = 4) or <2.8
(n = 5), the hypothesis is acceptable.

Mathematical Expressions of the Model

The mathematical expressions of the PBPK model were given previously
(Wang et al., 1997a). The mathematical expressions for CYPIAT and CYP1A2
induction, as well as EROD and MROD activity, are given below.

CYPIAT and EROD induction. The change of CYP1AL with time in the
liver was described by the model for a stimulation process proposed by
Dayneka ef al. (1993) and Andersen ef al. (1993), as shown in Eq. 1.

2 / Val At A

Toxicol. Appl. Pharmacol. (1998)
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= BROD,/Coe,,, where, subs
sues, The induction of EROD ac
Eq. 4.

dEROD,
dr

= K.um( I+ Ingy,

where Kyppy = KapERODgg,, K
first order degradation rate, and |
[n addition, without TCDD,

therefore, Koppe = KprERODy,
Hepatic CYPIA2 and MROI
tion was presented previously (1

dWiC s

of = Koaz ( I+ Ing:

att = 0, Cas, = Cazps:

Since the concentration of C
dW, C a5 /dt = 0.Therefore, K,
total and basal CYPIA2 conc
zero-order basal rate for CYP1A
constant for CYP1A?2 degradatic
CYP1A2 protein expression, i
C srvemme. Which equals Ahy ;€
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Q‘;i‘” Now, examples from the omics era

Establishing pathways in nutrition and toxicology
from transcriptome, proteome and metabolome
datasets &

Several approaches:
*‘manual’ : use your brain; current knowledge
tools: pathway mapping and biological network
tools

estatistical networks = biological inference

h
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NuGOCase | ‘use your brain’ + tool
w

Discovery of functional genomics-derived
new biomarkers to assess the hepatotoxic
effects at the mechanistic level of
combined exposure to food additives.

I,
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N
X Administration of additives through the diet for 28 days,

male Sprague-Dawley rats (n=6) r————- e
NuG» Pres yrats (n=6) T ontrol | thiabendazole (TB)

W l T ' (102-5077 ppm)

_——— e — -

Clinical signs, clinical chemistry and liver histopathology

\

v
cDNA array

v

Total RNA isolation from liver

Data analysis

Criteria for selecting genes:
‘maximum of one missing value per dose response curve,
‘maximum CV of difference between the dye swap of 0.5 (dye swaps
should behave in similar direction
-at least 1.5 fold difference between any of the doses/compound

¥

Confirmation of microarray data findings for selected genes at the biochemical level:

*BHT and TB: RT PCR for CYP2B1 and CYP2B1/2; 7-ethoxyresorufin O-deethylase (CYP1A) and 7-
pentoxyresorufin O-depentylase (CYP2B) activity.

E *CC: palmitoyl-CoA oxidation as marker for peroxisome proliferation

*TB: cellular tumor antigen p53 ELISA
*All additives: western blotting for CYP1A2 and CYP2B1/2
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‘Manual’ network creation, concordance with
a bioinformatics approach performed two
years after

Applied bioinformatics versus manual

Network building around p53 protein, using
Metacore™ software from GeneGO,
comparison with manually created network
from array results from thiabendazole

E experiment

I,
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Nug SYystems Reconstruction™ Technolog

Systems Biology for Drug Discovery

Gene@Go, Inc

WW.genegO.com
A
the European Nutriaenomics Oraanisation = = =
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Agilent — Affymetrix — Proteomic SAGE
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Ny Build new network from Metacore ™

* Around pS53 protein

» Making us of biological dB

 Filtered to reduce complexity:
—for ‘rat ortholog’
—for ‘transcriptional regulation’
—for ‘liver’
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-xpand an object 'i‘.:’:'\ Rebuild network \ Filter Drthulugs\ Filter Objects @\ Filter Interactions \ Filter Experiment
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f edies while dragging 7|Highlight on rolling over ] Drag neighbours w|Show hints
Foot Ohjects v|Show effects ¥ | Shiow eXpression
 Ohjects Ol Lack non-traced Trace selected Reset |

Glutathio




-xpand an object 'i‘.:’}\ Rebuild network \ Filter Drthulugs\ Filter Objects @\ Filter Interactions \ Filter Experiment
+ &IQAIS/ 8| A] A Boogan = d /BIAl oHF 0T 591

f edies while dragging _IHighIight an rolling over ] Dran neighbours | IShow hints
Foot Ohjects | Show effects ¥ | Shiow eXpression

 Ohjects Ol Lack non-traced Trace selected Reset |




-xpand an object 'i'-:’}\ Rebuild network \ Filter Drthulugs\ Filter Objects ""'\ Filter Interactions \ Filter Experiment

4 RIRQID| 8] Al Al Balegenog%d /B # S5 00 501

f edies while dragging _IHighIight an rolling over ] Dran neighbours | IShow hints
Foot Ohjects | Show effects ¥ | Shiow eXpression

 Ohjects Ol Lack non-traced Trace selected Reset |




hY

Nug> Case ll ‘use your brain’

* Transcriptome, proteome and
metabolome changes in rats exposed
to bromobenzene

. Based on work by Wilbert Heijne:

—  Wilbert H.M. Heijne, Rob H. Stierum, Monique Slijper, Peter J. van Bladeren and Ben van Ommen (2003)
Toxicogenomics of bromobenzene hepatotoxicity: a combined transcriptomics and proteomics approach. Biochemical
Pharmacology, 2003 Mar 1;65(5):857-75.

—  Heijne WH, Slitt AL, Van Bladeren PJ, Groten JP, Klaassen CD, Stierum RH, Van Ommen B. (2004) Bromobenzene-
induced hepatotoxicity at the transcriptome level. Toxicol Sci. 2004 Jun;79(2):411-422.

—  Wilbert H.M. Heijne et al. Metabolome changes in bromobenzene treated rat liver, accepted

the Euronean Nutriaenomics Oraanisation
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© . \. blotranstormation or bromobenzene In

Ae
_NuG© rat liver

** Br Br

P450
O —»
2-Bromophenol

BB 2,3 oxide
CYP450 |
l
@\ - other bromophenols
and bromoquinones

3-Bromophenol

~ 7

B\3,4 oxide

2 GSH

CYP450 ‘;;;";gsi:;t::
CYP450 Jf GST

CYP450 T
‘ 4-Bromophenol <; \ P450 I GSH/+&ST
Epoxide Hydrolase
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N Bromobenzene Rat studies:

W

|. Intraperitoneal dosing of rats

 Liver isolation at 24 hrs.
 Transcriptomics and proteomics

ll. Oral dosing of rats n=3

 Low (0.5 mmol/kg)

* Mid (2 mmol/kg)

* High (5 mmol/kg)

Untreated and solvent controls
Liver isolation at 6, 24 and 48 hrs.
H Transcriptomics and metabolomics

the Euronean Nutriaenomics Oraanisation

* High (5 mmol/kg), untreated and solvent controls
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6 hours ~ 24 hours

BB upregulated (oral)
uGo

48 hours

0-NWAND {

0000000

GSTA
Gamma-GCS
Ferritin

Heme oxygenase
Peroxiredoxin1

ARG1947Z
AARG1E3339
AARGY3Z245
AARSO03TL
[alatatrl ataley
AARSZ3966
ARG 34
AINZI1GZ
AIN3EEZ0
AI143442
AINISSTE
ARGLY 0L
AARG17E93
[alatatrl ataley
ARSS7E93
ARSY3Z245
ARS1E339
AIOYZ634

@ Electrophile response element (EpRe; ARE)
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Change in the expression of individual rat liver proteins
upon exposure to bromobenzene--> additional
explanation of bromobenzene-mediated hepatoxicity

112:
__ATP synthase beta subunit.

687:
aldehyde dehydrogenase 2,
mitochondrial

157:
HSP60 protein

262:
glutathione synthase

bromobenzene

Reactive intermediates,
e.d. quinones

y

Lipid peroxidation

\ 4

4-hydroxy-2-nonenal

\ 4

Detoxified by aldehyde
dehydrogenases

The mitochondrial, class 2,
aldehyde dehydrogenase
has the highest affinity
for aldehydes




N
Y Metabolomics (oral)
N ="
' PCA Score plot PC1 vs PC2 urine 6 hours ;

o271 Control

Medium Dose

bbud60b

ud60c

-0.2 -0.1 0.1 0.2
PC1(22.67%)
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NuG Case 3 ‘mapping tool

Time- and dose-dependent effects of
curcumin on gene expression in human
colon cancer cells.

Van Erk MJ, Teuling E, Staal YC, Huybers S, Van Bladeren PJ, Aarts JM, Van Ommen . Time- and
dose-dependent effects of curcumin on gene expression in human colon cancer cells. J Carcinog.
2004 May 12;3(1):8.

-
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-\, Effects of curcumin on gene expression in
NuG(_® human colon cancer cells

« Curcumin incubation of colorectal cancer cell line HT29
* Time course experiment: 3h, 6h, 12h, 24h, 48h
 Two datasets: low dose and high dose

« Select genes from expression data set present in at least 3 or
more time points

« Use GenBank accession numbers to find up-to-date Unigene
Clusters

» Final dataset: ~2600 genes for both low-dose and high-dose
dataset

h
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™. Effect of curcumin in colon cancer cells:
NuG( effect on cell cycle parameters B convol
|:| lower concentration
B higher concentratio
3h 6h
c 70.0 - c 70.0 -
[e] * o
% 60.0 - £ 60.0 -
2 500 - 2 500 -
o % * o
S 400 - S 400 -
8 30,0 - * 8 300 -
g 200 § 200
S 10.0 e 10.0
2 g0 * 00
sub-G1 G1 S G2/M sub-G1 G1 S G2/M
24h [ [ [ [ [
Changes in cell cycle distribution in
50 response to curcumin:
3 500 G2/M phase arrest
%‘ 40.0 - » decrease in % of cells in G1 phase,
= 3007 * increase in % of cells in G2/M phase
£ 20.0
":3' 10.0 -
= 00"

sub-G1 G1 s G2M Van Erk et al., 2004 —~
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Microarray data: Effect on cell cycle genes

p16-INK4 (CDKN2A) PCNA
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Q Q.
$ 000 [ | 5

3h 6h 12h 24h 48h
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0.10 1
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S S
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Van Erk et al., 2004
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0lologica

inference: Nutritional systems biology on
ApoE3 Leiden Model

[ Triglycerides
\ ApoB-100, C, E

LDLR LRP

Circulation

Lipoprotein Metabolism

ApoE3 Transgenic Mouse Model

Over-expressed human mutant apolipoprotein gene

Apolipoprotein changes prevent binding to liver receptors
Clearance of plasma lipoproteins inhibited _
Mice are pre-atherosclerotic at 9 weeks... Atherosclerotic Chang




Methodology

Specimens: 10 male ApoE3 Leiden /10 male wild type controls
(WT)

Normal chow diets/environmentally similar

Sacrificed at 9 weeks

Genomic Proteomic Metabolomic

Analysis Analysis Analysis

Liver Complete Complete Complete

Plasma Complete Complete

Urine Complete




Metabolite Analysis
= ApoE3 vs. WT: LC-MS Plasma Lipid Profiles

Mouse Plasma

Metabolite (lipid)
LC-MS —
IMPRESS™ algorithm » Mass Chromatograms of Plasma Lipids

. - triglycerides| =

] c

o - £

ApoE3 ] =
: =z

Wildtype 2
. - =
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- ApoE3 vs. WT: Plasma Lipid
Difference Factor Spectrum
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Mouse Plasma
Metabolite (lipid)
LC-MS

IMPRESS™ algorithm .
PARC™ pattern recognition [*



Proteomic Analysis
- ApoE3 vs. WT: Principal Component and

Discriminant Analysis
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Apoft

T T

0 0.1
D1(100.00%)

M Relative Variance
ouse Plasma ] . .
Protein » Unsupervised clustering reveals segregation

IEN?I';l';E"SEMaI:Igomhm « Hundreds of components contribute to observed differences
DARC™ nattarn re = can be used as powerful. selective and specific biomarkers




“roteomic Analysis
- ApoE3 vs. WT: Difference Factor Spectrum
Peptldes Exhibiting Significant Differences

Factor Spectrum

Regression
S
o
o

04 —

. Identify
using
MS-MS

* Mouse Plasma

* Protein

* ESl-lon Trap

* IMPRESS™ algorithm
« PARC™ pattern recognition ||
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More abundant

Proteomic, Genomic, Metabolomic Data:

Identifying / Mining Differences
- ApoE3 vs. WT': Difference Spectrum

air = U Degrees Winlin V1.10

peptides

Each bar represents a measured component
and up/down-regulation

* Mouse Plasma and Liver

* Protein + Metabolite + mMRNA

- IMPRESS " algorithm

« PARC""/Winlin"" pattern recognition
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BioSystematics ™

- Mapping Known Relations onto Non-Linear PCA Correlations

poptosis Inhibitory
6 Gene
Apoptosis . 25

[ o

RNP H1 Gene
Transcription Splicing <

G-8147: Apolipoprotein A1

P-1059: Fatty Acid Binding Prot

Translation Init Factor
Protein Synthesis ]

G-693:
Fatty Acid Binding Ge

Ubiquitin Conj E3A Gene  \
> Proteosome \
Protein Kinase C
epsilon
> cell Signaling

PCA Correlation
mmmm Fatty Acid Metabolism

Text / PubMed Mining
e Reaulatorv Eactors el

M-7: Diacylglycerol (DAG)
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