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ABSTRACT

‘OMIC’ technologies include proteomics, Genomics, transcriptomics and
metabonomics, were touted as having the potential to revolutionize our
approach to disease diagnosis, prognostication and development of novel
therapeutics, to understanding the normal cellular functions, to identify the
therapeutic points of intervention. Because it makes a conceptua frame-
work for disease understanding. As the omic approach developments, fur-
ther new fields will develop into branch of the biological glossary, with
increasing the volumes of molecular facts added to expanding databases
and by understanding the mechanism of prevention and protection against
toxicity, stress and on routine development. These represent a challenging
complexity for scienti?c analysis and will open new perspectives for ethno
botanical and phytomedical research purposes. Thus the applications of
the “Omic” technologies may lead to a change of paradigms towards the
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opening of other fields like toxicogenomics, phytogenomics etc.
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INTRODUCTION

Over thelast decade we have witnessed afunda-
mental changein how biomedical research duetothe
success of Human Genome Project by using the ad-
vances in ‘omic’ technologies™. There are several
emerged ‘omic’ disciplines such as proteomics (the
completeset of proteinsproduced inacell), Genomics
(thecompletestudy of genesinacell), transcriptomics
(thecompleteset of MRNA inacdl) and metabonomics
(thecomplete st of metabolitesinan organismor cdl)*
3. They weretouted as having the potential to revolu-
tionize our approach to disease diagnosi s, prognosti-

cation and devel opment of novel therapeutics, to un-
derstandingthenorma cdlular functions, toidentify the
therapeutic pointsof intervention becauseit makesa
conceptua framework for diseaseunderstanding!®. As
theomic strategy progresses, additiond new fid dswill
become part of thebiological lexicon, withincreasing
thevolumesof molecular dataadded to ballooning da-
tabases and by understanding the mechanism of pre-
vention and protection against toxicity, stressand on
performance devel opment(24,

Genomicsand transcryptomic
Thedefinition of genomicsisnot precise. Theterm
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wascoined by Tom Roderick and origindly meant andy-
sisof thewholegenome. Now it commonly refersto
large-sca e, high-throughput molecular analysisof mul-
tiple genes, gene products or regions of genes®.
Transcriptomicsa soinc uded under theterm genomics.
It explanstheregulaion of geneexpressionlevd inevery
geneor in an organismin agenomewide range®”. For
both the new toolsare microarrays.

Microarraysin ‘OMICS’

Thetermmicroarray itself, often called ‘biochip’,
simply describesthat ahigh number of molecules(oli-
gonucleotides) arearranged on anextremdy smal goace,
commonly on a glass surface (up to 200.000 spots/
cm?). Theinteractions of RNA or DNA extractswith
thesebiochipsareinvestigated and alow asimultaneous
analysisof pleiotropic aterations at the genome and
transcriptomelevel . Based on thetarget sequenceson
the glass surface, hundreds of genes can betargeted
and sgnificant changesof their MRNA can beestimated
smultaneoudy!®.

Useof microarraysin ‘Omic’ technologies®

¢ Pharmacogenomics- Thestudy of thegloba genetic
responseto drug therapies.

e Toxicogenomics- Identify profiles of geneexpres-
sion associated with particular compounds or tox-
icities.

e Ecogenetics- The study of genetic-environmental
interactionsandtheir influenceon theetiology of dis-
ease or toxic response.

e Diagnosis- Identification of malignant tissuevshbe-
nign

e Drugdiscovery.

Proteomics

Theterms ‘proteomics’ and ‘proteome’ werein-
troduced in 1995%. Proteomicsisthelarge scale study
of proteins, particularly their structuresand functions.
Theterm ‘proteomics’ was coined by Marc Wilkinsin
1997 to make an anal ogy with genomics®?. The Hu-
man Genome Project revea ed that there arefewer pro-
tein-coding genesin the human genomethan thereare
proteinsin the human proteome (22,000 genesversus
400,000 proteins). Thisdiscrepancy impliesthat pro-
teindiversity cannot befully characterized by gene ex-
pression anaysisalone, making proteomicsauseful tool
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for characterizing cellsand tissues of interest™. The
large-sizeglobular structures of proteinsdo not allow
themselvesfor chromatographi ¢ high-resol ution sepa-
rationsdueto theunfavorablediffusion coefficientsin
the separation mechanism. However, by making pro-
tein digests out of the protein samples, the task be-
comeseas e sincenow wearelooking at the separa
tion of peptide mixtures*?. Thistechnology ismainly
based on highly efficient methods of separationusing
two-dimengond polyacrylamidegd dectrophoress(2-
DE), multidimensiona HPLC, capillary electrophore-
sis, combinationsof 1-DE gel swith nano-flow micro
capillary liquid chromatography and modern tool s of
bi oinformaticsin conjunction with mass spectrometry
(MS)=17, Affinity chromatography, fluorescencereso-
nance energy transfer and surface plasmon resonance
areused toidentify protein—protein or protein-DNA
interactions. X-ray tomography isused to determine
thelocation of proteinsor protein complexesinlabe ed
cells. Further, fluorescent proteinslikegreen fluores-
cent protein (GFP), yellow FP, cyan FPor red FPare
frequently used to study cellular eventssuch aslocal -
ization of proteinsto membranes and to cellular or-
gandlles. They can mark homogenous popul ations of
specidized cellswhosegeneexpression profilesshould
be determined by DNA microarray analysis. Infact,
FPslike GFP are often used as direct transcriptiona
andtrandationa reportersinlivingcdlsinaway linking
transcri ptomicsand proteomicg ™.,

M etabolomics

M etabonomi cs (metabol omics) aimsat the com-
prehensive and quantitative analysisof thewidearrays
of metabolitesin biologica samples. Metabonomicshas
beenlabd ed asoneof thenew ‘omics’ joining genomics,
transcriptomics, and proteomicsasascience employed
toward theunderstanding of globa systemshbiology. It
has beenwidely applied in many research areasinclud-
ing drug toxicol ogy, biomarker discovery, functional
genomics, and molecular pathol ogy etc. The compre-
hensiveandys sof themetabonomeisparticularly cha-
lenging dueto thediversechemica naturesof metabo-
lites. Metabonomicsinvestigationsrequire special ap-
proachesfor sample preparation, data-rich analytical
chemica measurements, andinformation mining. The
outputsfromametabonomicsstudy dlow sampleclas-
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sfication, biomarker discovery, andinterpretation of the
reasonsfor classficationinformation. Thisreview fo-
cusesonthecurrently new advancesin varioustechni-
ca platformsof metabonomicsanditsapplicationsin
drug discovery and development, disease biomarker
identification, plant and microbe related fiel dg*9.

Metabolic analysiscan bedivided intofour aress:
(1) target compound analysis— thequantification of spe-
cificmetabalites, (2) themetabolic profiling—thequan-
titative and qualitative determination of agroup of re-
lated compounds or of specific metabolic pathways,
(3) metabolomics—thequditativeand quantitativeandy-
gsof dl metabolitesand (4) metabol omicsfingerprint-
ing—sampleclassification by rapid globd andysis. The
techniquesused are multidisciplinary: for target com-
pound analysisand metabolic profiling, themain tech-
niquesare gas chromatography, high-performancelig-
uid chromatography and nuclear magnetic resonance
(NMR). Further, metabolomics makes use of several
complementary andytic methods; inparticular, “hyphen-
ated” techniques of LC/MS, LC/MSand LC/NMR
arelikely to haveincreased impact. A more detailed
description of eech method isgivenin Metabolomicsnrp
(2006). These approaches rely on chromatographic
separations, often coupled with well-devel oped cali-
brationsfor specific andytes. Themetabolic fingerprint-
ing andysescrudeextractswithout any separationsstep,
using NMR, direct injection mass spectrometry (MS)
or Fourier transform infrared spectroscopy!™.

Applicationsof ‘OMIC’ technologies
I n systemsbiology

The combined information from genomics,
proteomi csand metabolomicswill helpusto obtainan
integrated understanding of acell or organism. How-
ever, thesenew andytic platformsare high-throughput
technol ogieswhich substantialy increasethedynamic
range and number of metabolitesand genesthat canbe
detected??U, Thishas created an increasing need for
informaticstoolsto transform parald informationinto
real biological dataand knowledge®. One outcome
of thedevel opment of informaticstoolsisthe advance-
ment of systemshbiology. In systemsbiology, especidly
metabol omic dataare presently organized withtheaim
to create computer model ssimulating biologica sys-
tem. Sincethemetabolic control andysisand functiond

——> M i freview

genomicssharethe sameagendd®, systemshiology is
expected on thelong term to predict both genomic ac-
tivationsand metaboliteflowsin complex systems. Ther
joint applicationisalready now judged to bethe ulti-
mate phenotyping of acell or plant and considered to
havethe potential to revolutionize natural product re-
search and to advance the devel opment of scientific
based herbal medicing?>?4, For exampl ethese tech-
nologiesarelikely to change and expedite thetoxico-
logical profilingof plantsor drugs. Inaddition, theinte-
gration of these datainto systemshbiology isexpected
to enablethe study and understanding of living systems
from aholistic perspectiveand to becomethe adequate
tool to analyze complex traditional systemsof medi-
cine

Phytomedical applications

Microarray technology has so far not been used
extendvely in phytomedicineandispresently inthestage
of ‘proof of principle’.

Deter mination of phar macological activity

Wang et d. examined theeffect of so-caled “herba
glycoside recipes” on the ability of spatial learning
memory in mice suffering from cerebral ischemia/
reperfusion. The herbal preparationswere obviously
derived from theroots of Scutellariabaicalensisand
Dioscorea spp. and contained baicalein (5, 6, 7-
trihydroxyflavone) and dioscin (ratio 1:1). Using a
cDNA microarray system containing 1176 known genes,
he showed a reproducible dose dependent effect of
theseherba preparationsand suggested the usefulness
of thismethodol ogy for € ucidating the mechanism of
pharmacological functionsof herbal preparationg?,

Tostandardizetheherbal extracts

A very recent report describes the analysis of
two soya bean extracts. The gene expression pro-
filesof the herbal extractswere compared with those
of the single phytoestrogens. The profiles of the ex-
tracts correl ated with those of the phytoestrogens,
but gave quite different R-values for each
phytoestrogen. Interestingly, the gene expression pro-
filesinduced by 10 mM of the phytoestrogen daidzein
correlated with those derived from thetotal extracts
(R-values: 0.73 and 0.75), but the estimated con-
centrations of daidzein in the extracts were much
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lower. They were roughly 1/100 of 10 mM 28,

I nter action of plant componentsin combination

Mur et d. investigated theinteraction of plant com-
ponents. Salicylic acid has been proposed to antago-
nizejasmonic acid biosynthes sand signdinginplants.
Microarray anaysisdemonstrated that the combina-
tion of both acted transiently synergisticon certain gene
expressions (defensin and thionin, betaglucuronidase)
in tobacco plantswhen both were applied at low con-
centrations, but antagonism was observed a morepro-
longed trestment durationsor a higher concentrations.
Theauthors concluded that there seemsto beagreater
sophigticationininteractionsthan “smple” antagonism
or synergism. Instead, Synergistic/antagonistic mecha:
nisms may represent positive and negative feedback
loops of the same molecule combination alowing the
tailoring of the plant responseto aparticular Stuation?”.

Phar macokineticsand bioavailability of plant ex-
tractsand their combinations

Pharmacokinetic and bicavailability sudiesarean
essentia need to determinethe exact pharmacologica
action of phytopharmaceuticas, but ill unsufficient deta
doexist. Duetothehigh number of componentsinherbd
drugs, their variable absorption and their complex
bi otransformation, assessmentswith com- plete cover-
age havebeen practicaly impossibleto achieve by con-
ventiona methods. The new high- through put tech-
nologiesfacilitatesthese kinds of assessmentsand will
improvethe speed and yield. But again, even after the
identification of theavailable plant componentsand their
metabolitesin plasma, functional studiesare essentia
for determining themode of action. Thisincludestoxi-
cology testing—thelatter being thebest developedfidd
inthe context of ‘Omic’-technologiessofar.

Assesment of thetoxicity and safety of plant ex-
tracts

Each phytopharmaceutical needsto be assessed
for safety andtoxicity. Searfosset d. identified thefol -
lowing genera goals for the new field of Toxico-
genomicsequaly gpplicableto thedevel opment of syn-
thetic drugsand phytopharmaceuticas. a) under- stand
mechanismsof toxicity 2) predict toxicity 3) developin
vivo andinvitro surrogate model sand screens, and 4)
develop toxicity biomarkers. Theseshould leadto an
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improvement of safety, to the shortening of the drug
devel opment and acost reductioniz%,

In themetabonictechnology

FHrst dinicd studiesinthegpplication of ametabonic
strategy, utilizing high-resolution*H NMR in conjunc-
tionwith chemometric methods showed that aclear dif-
ferentiation of metabolite profilesbeforeand after Cha-
momileteadrinking can be obtained although strong
extringcphysiologica variationswereobserved. About
14 volunteers had ingested chamomileteafor aperiod
of 2weeks. Urine samplesbefore, during and after cha
momileingestion wereanayzed. Chamomileteainges-
tion was shownto lead to anincreased urinary excre-
tion of hippurate and glycinewith depleted creatinine
concentrations. Thisstudy highlightsthe potential for
the metabonic technology inthe assessment of ‘small’
interventions despite ahigh degree of variation from
genetic and environmental sources®Y,

In microbial bioremediation

Microbid mediated bioremediation hasagreat po-
tentia to effectively restore contaminated environment,
but thelack of information about factorsregulating the
growth and metabolism of variousmicrobia communi-
tiesin polluted environment often limitsitsimplementa-
tion. The newly seeded omic techniques such as
transcriptomics, proteomicsandinteractomicsoffer re-
markable promiseastool sto address|ongstanding ques-
tionsregarding themolecular mechanismsinvolvedin
the control of minerdization pathways. During minerd-
ization, transcript structuresand their expression have
been studied using high-throughput transcriptomictech-
niqueswith microarrays. Generaly however, transcripts
have no ability to operate any physiological response;
rather, they must betrand ated into proteinswith sgnifi-
cant functiona impact. These proteinscan beidentified
by proteomi c techniques using powerful two-dimen-
siond polyacrylamidegel eectrophoresis(2-DE). To-
wardsthe establishment of functional proteomics, the
current advancesin mass spectrometry (MS) and pro-
tein microarraysplay acentral rolein the proteomics
aoproach. Exploringthedifferentid expressionof awide
variety of proteinsand screening of the entiregenome
for proteinsthat interact with particular mineralization
regulatory factorswould help usto gaininsightsinto
bioremediation’®.
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Inthemolecular toxicology

Inthefield of molecular toxicology, thehigh-qudity
genearayscommercidly availablehavedready dlowed
thistechnol ogy to becomeastandard tool. Severa na-
tiona and international initiativesprovided the proof-of
principletestsfor theapplication of geneexpression for
the study of toxicity and new existing chemical com-
pounds®. Inthe United States, the nationd institute of
environmental heal th science has created the national
center for toxicogenomicsto provide areferencesys-
tem of genome-wide gene expression dataand to de-
vel op aknowledge base of chemical effectsin biologi-
cal systems. Studieshereshowed that itispossibleto
identify asignature of expressed gene patterns after
exposureto agiven toxicant(*34,

Intheareaof combination ther apy

Thedevd oping ‘Omic’-technol ogiesprovideusnow
withthepossibility to detect theinteraction of adrugwith
several targetsand haveindeed already demonstrated
multi-target effectsof singlecomponents. For example,
the gene-expression profiling of a-tocopherol showed
thetargeting of genesrelated to theimmunesystem, as
well asthe activation of genesrelated to thelipid me-
tabolismandtoinflammationinterestingly withno sgnifi-
cant changeinthe expression of classical antioxidant
genes®™. Smilarly methotrexate (M TX) or mecaptopurin
targeted amultitude of genesinvolvedingpoptosis, mis-
matchrepair, cdll cydecontrol and the stressresponse™®.
Thisdemongtratesconvinangly that both anglesynthetic
drugsand singlenatura substancescan haveamultitude
of targetson thegeneticleve . S multaneousproteomic
analysisdemonstratesthat at |east part of thegenomic
regulationistrandatedintothefunctiond levd. Thus, the
‘Omic’ technol ogieslead usaway fromthe paradigm of
‘onedrug, onetarget and onedisease’.

Thereports are promising for the application of
microarraysin phytoresearch and phytomedicineand
they arelikely to change or devel op our understanding
of synergy. However, the standardi zation of herbal ex-
tractsremainscrucid. It may besmplified using those
plant ingredientswhich show themaximum overlapin
geneexpression with therefined extract asshownin
the exampleof the sojaextract and daidzeini.

Verpoorte has already hypothesized that by mea-
suring theactivity inaliving organismfor extractswith
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different compaosition, onemay poss bly identify acom-
pound or acombination of compoundsthat correlate
with theactivity. Thismeansthat activity dueto syner-
gismandaso activity of pro-drugscan berecognized®!.
It further showsthat drug combinationscan lead to
theactivation of entirdy different genesthan thosegenes
activated by theindividud sngleagents. Thus, themode
of action of the combinationis, based onthe geneex-
presson, entirdy different from themode of action of the
single agents. Although one may question whether the
discriminating genesfor thetrestmentsarethesamewhich
arerespong blefor themain action of thesingleagent or
not, the authors concludethat themethodishighly suit-
ablefor thediscrimination of different trestmentg*.
Similarly Schulteet d., demongtrated that the com-
bined treatment of neuroblastomacelIswith cisplatin
and hyperthermialead to the up-regulation of 131 new
geneswhich werenot expressed under treatment with
elther cisplatin or hyperthermiaa one, confirming that
multimoda treatment gpproachescan apparently ledto
different effectsontheleve of geneexpression’®”.

Inthecancer research

The development of high-resolution microarray-
based comparative genomic hybridization (aCGH), us-
ing cDNA, bacterid artificial chromosome (BAC) and
oligonucleotide probes, is providing tremendous op-
portunitiesfor trand ational research by facilitating de-
tailed analysisof entire cancer genomesinasingle ex-
periment. However, thistechnology will only fulfil its
promiseif studiesincorporating aCGH are designed
with afull understanding of itscurrent limitationsand
thedtrategiesavailaoleto circumvent them. Whilethere
have been severa excdllent reviewsonthecurrent sta-
tusof thistechnology, thereiscurrently very littleguid-
anceavailableregarding the appropriate design of ex-
perimentsincorporating aCGH (including the strengths
and weaknesses of each platform), and how best to
combinetheresults obtained from aCGH with other
‘omic’ technol ogies, including geneexpression. David
SPTanet al. present thekey designissuesthat need to
be considered in order to optimizeaCGH studies, in-
cluding sample selection, the definition of appropriate
experimenta objectives, argumentsfor and against the
various microarray platformsthat are currently avail-
able, and methodsfor datavaidation and integration™.
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CONCL USION

Theadvancesin ‘omics’ technol ogiesweretouted as
having thepotentid torevolutioniseour gpproachtodis-
easediagnod's, prognodti cation and deve opment of nove
therapeutics. Indeed it appearsthat thetrand ational gp-
plicationsof genomic-based research have preceded the
development of both conceptud framework for disease
understanding and effectivetool sthat canexploit thevast
amountsof dataderived from theseefforts.
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