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e Changes in the world economy

e Changes in the environment

e Decreased availability of land and water

e Impact of the transportation of foods \|\
e Food security: Food chain safety and traceability -
e Food sufficiency: Efficiency of food production

e Demand for functional foods

e EU ban on AGPs

e Effective nutrient utilization
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g It is time to make quantum leaps
+ —Time to identify new resources

— Time to develop new production
technology

* New tools and more efficient systems

 Time for dramatic changes in management
styles

— Time to redefine nutritional
strategies




VVhatcan
molecular tools tell
us about nutrltlanal

programming
strategies?




Nutrigenomics opens the

gateway to a new par
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aigm

 How diet influences gene transcription,
protein expression and metabolism.

e Seeks to provide a molecular
understanding for how common dietary
chemicals affect health by altering
gene expression
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How can we best
assess the effect
of nutrition?




Traditional trial approach
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Nutrigenomics approach
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Biological
Function

PROTEIN

Altered Gene Expression = Altered Biological Function




Potential
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* Incomplete annotated genome sequences

* Gene transcription is only one step in the regulatory
pathway

* Not always possible to correlate changes in mRNA
levels with phenotypic or protein changes

* Transcriptomics still represents a major tool to
elucidate key processes in metabolic regulation



| Looking at practical
examples -

What can you learn?

N |« Different tissues respond differently to the
"y same nutrient

 Different forms of the same nutrient
differently alter gene expression patterns



1,304 transcripts were significantly
affected by at least one selenium
treatment in intestine (P < 0.05)

Sel-Plex supplementation strategy
altered 68%

Sodium selenite group altered 24%

Only (8%) were altered in the same way
by both selenium supplementation
strategies

Sodium
selenite

Gene expression In
Intestinal tissue

Sel-Plex



Gene expression In
uterine tissue

* 5,105 transcripts were significantly Sodium Sel-Plex
affected by at least one selenium selenite
treatment in oviduct (P < 0.01)

 57% were influenced by sodium
selenite supplementation

e 19% influenced by Sel-Plex
supplementation (19%)

 Both sodium selenite and Sel-Plex had
similar effects on 24% of these genes.
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Nutrient type dictated which
genes were altered

Different tissues were altered In
different ways with the same
supplementation strategy



Looking at practical
examples -

What can you learn?

o Different tissues respond differently to the
same nutrient

 Different forms of the same nutrient
differently alter gene expression patterns

* Biomarkers relating gene expression to
nutrition induced changes in physiology
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Fold change data:

Selenomethionine Sodium selenite Sel-Plex
cix int liw skm int liv skm cix int liv skm

i.24 1.02 =, B {.08 rls -2 42 -1.48 -1.39 258 -2.16

Transcript abundance:

Most Least
o ﬁ-
Growth arrestand DNA-damage- Cix Int Liv Skn T 2 S

inducible 45 beta N I [ T e

«GADDA45p expression significantly decreased across all
tissues tested by Sel-Plex® only

sIndicates lower endogenous oxidative stress and DNA
damage throughout the entire animal




Fold change data: Brain cortex

Young Middle-aged
SM SS SP SM SS SP SM SS SP
-1.22 1.01 | -1.48 -1.10 -1.44  -1.53 -1.18 -1.10 | -1.42

Mouse age: 3 months Mouse age: 15 months Mouse age: 25 months

Human equivalent: <10 years Human equivalent: 45 years Human equivalent: 75 years

« GADDA45f expression
significantly decreased across
all age groups by Sel-Plex®
only
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(Barger et al., 2009)




Effect of selenium supplementation on the
number of differentially-expressed genes in four
tissues of mice (Barger et al., 2009)

Cortex = 3,459 genes Intestine = 523 genes

Selenomethionine
can only elicit a
fraction of the
selenium-associated
gene responses

Gastrocnemius = 4,199 genes Liver = 2,389 genes

Forms of selenium
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Free- L-selenomethionine induces the p53 tumor suppressor
gene in intestine. Genotoxicity?

Signal intensity from microarray

300 -

20041

500+
375+
2501

1259

e

Cortex

*

t

Gastrocnemius

t

t

400 +
300 4
200 4
100 4

300 4

200 4

100 4

—

Intestine

Liver

SD
SM
S5
YS

BN BEEN

(Barger et al., 2009)

Not all selenium
sources are the same

«Care must be taken
in selecting the form
of specific nutrients

Forms of selenium
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Antioxidant Systems

he cooperative interaction between
antioxidants in the cell is vital for
maximum protection from the

deleterious effects of free radicals”
(Sural, 2001)
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The challenge: measuring
antioxidant effects

Antioxidants are required for optimal growth,
immunity, and reproduction

Historically added vitamin E at 5 to 10 times NRC

requirements to meet a perceived need to maintain
product quality

e Alternative approaches have been proposed, but
have been difficult to evaluate

 Gene expression to evaluate alternative strategies




ierarchy clustering of regulated intestinal genes
in diets containing two levels of vitamin E and
EconomasE

Genes included were
significantly changed by
EcoE and E100 (134
transcripts in total).

Expression level
represented as higher
(Red) or lower (Blue) than
normalized median value
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genes.

Results indicate that
majority of genes are
similarly changed by E100
and EcoE.

Control
E50
E100
EcoE




Genes changed unidirectionally

N
by EconomaskE and Vitamin

M
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* Genes included are those changed by both EcoE and E100



rtPCR Relative quantification of SCP
transcripts

HEPATOMA CELLS"®
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Intracellular Dissemination of Peroxidative Stress

INTERNALIZATION, TRANSPORT, AND LETHAL TARGETING OF A CHOLESTEROL
HYDROPEROXIDE SPECIES BY STEROL CARRIER PROTEIN-2-OVEREXPRESSING
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Tamas Kriska', Vladislav V. Levchenko®, Witold Korytowski'", Barbara P. Atshaves', Friedhelm Schroeder”,

TSR

Effects of Vitamin E and EconomasE on
ression of sterol carrier protein 2: Controll

From the *Department of Biochemistry, Medical College of Wisconsin, Milwaukee, Wisconsin 53226, *Institute of Molecular
Biology, Jagiellonian University, 31-120 Krakow, Poland, and * Department of Physiology and Pharmacology, Texas A&M



Effects of EconomasE on gene expression
of proteins associated meat color
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Potential of Peroxynitrite To Alter the Color of Myoglobin in
Muscle Foods

Brian I. ConNoLLy, RoBerRT G. BRaNNAN, aND Eric A. DECKER*

Department of Food Science, University of Massachusetts, Amherst, Massachusetts 01003




EconomasE and Vitamin E°
affect gene expression

Influences on gene expression

ed from Brennan et al., 2010; Xiao et al., 2010



Individual
compounds will
give a unique

gene expression
fingerprint
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Strategic nutritional

the quality of beef

e Meat at the butcher

— Lower pH ve
— Lighter Color | / J ;-*ﬂ-‘:*
— Improved mineral status P>\ AttechANGUS /<

— Greater moisture content
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Programming for improving

_/ OProgrammed

@ Standard beef

Antioxidant status at retail

performance of feedlot beef

Bonus:
-Average daily gain
improved

-Time to market weight
decreased by 30 days
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. Strateglc use of nutrlents

-« Developing programs to
take advantage of our new
understanding of
physiological regulation

We have never had the
tools to evaluate these
approaches in the past
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= The Key Points:

= Rapid and effective evaluation of nutritional strategies is
becoming a reality through molecular based technologies

» Thousands of data observations generated per
experiment

» Provides a valuable and novel approach for improving
the efficiency of animal production

» Programming strategies can be used to enhance
performance, health and product quality

» It is the strategy that will drive advances in nutritional
efficiency and not individual ingredients or supplements



Nutrigenomics

Provides a molecular
understanding for how common
dietary chemicals (i.e., nutrition)
affect health and performance by
altering the gene expression
patterns

It will be used to
Redefine Nutrition
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Mutrition, health, performance ...naturally
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n A T Nutrigenomics is the interaction batween diet and health as gene expression it directly
"’“Tt"r,‘_i.-_ 5 Innovation

influenced by nutrition.

Alitach Algas Alltech has invested in this exciting domain, culminating in the creation of a dedicated Centre
Biossiance Canires for Animal Nutrigenomics and Applied Animal Nutrition at its corporate headquarters in

Hutrigenomics Centre Kentucky.







