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Metabolome

 The components of the metabolome can be viewed as the end 

products of gene expression and define the biochemical 

phenotype of a cell or tissue. 

 Quantitative and qualitative measurements of large numbers of 

cellular metabolites thus provide a broad view of the biochemical 

status of an organism that can be used to monitor and assess gene 

function. 

 Profiling of the transcriptome and proteome has received some 

criticism due to its inability always to predict gene function.

A metabolic intermediate or product, found in most 

living systems, essential to growth and life, and 

biosynthesized by a limited number of 

biochemical pathways

Plant Primary Metabolites Plant Secondary Metabolites

Compounds play a role in the interaction of the cell 

(organism) with its environment, ensuring the survival of 

the organism in its ecosystem

As chemical defense against herbivory, attacks by 
microbial pathogens and invertebrate pests

As chemical signals to attract beneficial animals for  
pollination and seed dispersal



 Classification of Natural Products
(Based on the compound biosynthesis)

 Classification of Natural Products
(Based on the compound biosynthesis)

Phenolics

Terpenoids

Alkaloids

Others
More than 100,000 phytocompounds have been identified
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Carbon number      Backbone               Type 

       6               C6            Benzoquinones    
    10              C6-C4             Naphthoquinones 
    14              C6-C2-C6            Stilbenes  
    15              C6-C3-C6            Flavonoids 
    17              C6-C3-C2-C6        Norlignans 
    18              (C6-C3)2           Lignans 
     n              (C6-C3-C6)n        Condensed tannins 
 

Phenolics Secondary Metabolites (> 12,000)

茶 Camellia sinensis

 Sheng Nung (神農氏) discovered the  

drink when C. sinensis leaves fell into a   

pot of boiling water.

 People began enjoying tea over 2,000 years. 

 Tea was originally valued for its medicinal 

qualities  in Pen T’sao (本草) . 
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Epicatechin (EC)                              H             H

Epicatechin gallate (ECG)             Gallate H

Epigallocatechin (EGC)                   H            OH

Epigallocatechin gallate (EGCG)  Gallate OH

Antioxidant activities/
Cancer chemoprevention
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C number 

 
Isoprene 
numbers 

 
Sources 

Hemiterpenoid 5 
 

1 volatile oil 

Monoterpenoid 10 
 

2 volatile oil, flowers 

Sesquiterpenoid 15 3 volatile oil, flowers 
resins 

Diterpenoid 20 4 volatile oil, flowers 
resins, heartwoods 

Sesterterpenoid 25 5 volatile oil, resins 
heartwoods 

Triterpenoid 30 6 resins, heartwoods 
wax 

Tetraterpenoid 40 8 green tissues, roots 
flowers 

Polyterpenoid >40 8 resins, wax 

(largest phytocompounds family)

Terpenes Secondary Metabolites (> 30,000)



Docetaxel

Paclitaxel (Taxol)         

Pacific Yew bark

Taxus brevifolia

 The history of paclitaxel begins with a 1958 
National Cancer Institute (NCI), USA study 

 Just one patient required the cutting down and processing 
of six 100-year old trees  (10 g/ 2~3 60 years aged trees)

 Semisynthesis of 10-deacetylbaccatin (10-DB) was developed

 Paclitaxel interferes (hyper-stabilizes) with the normal function 
of microtubule growth 

 Paclitaxel induces apoptosis in cancer cells and thus arresting  
its function

Gymnosperm; a conifer native to 
the Pacific Northwest of North America

Camptotheca acuminata (happy tree, 喜樹)

A genus of medium-sized deciduous trees growing to 20 m tall, 
native to central China 

Topotecan (Hycamtin, GlaxoSmithKline): for small cell lung cancer and metastatic 
carcinoma of the ovary

Irinotecan (Camptosar, also known as CPT-11, Pfizer): for colorectal cancers
and is usually taken with other drugs in chemotherapy. 

Camptothecin

 It was found that C. Acuminata extracts had potent anticancer 
activity against a mouse leukemia in 1963. 

 Camptothecin, was tried clinically on incurable patients in the 
early 1970's by physicians at the National Cancer Institute in 
Washington D.C. 

 A topoisomerase I inhibitor: blocking the ligation step of the 
cell cycle and interfere with the transcription and replication of 
DNA by upsetting proper DNA supercoiling

Alkaloids Secondary Metabolites (>16,000)

Classified based on the type of ring (pyrrolidine, piperidine, etc.) 
and their biosynthesis origin

Monocyclic alkaloids; Bicyclic alkaloids; Polycyclic alkaloids 

Pharmacological activities:
Analgesics, antimalarial, antispasmotics, anti-hypertension, 
anti-tumors, treatment of mental disorders

Camptotheca acuminata (happy tree, 喜樹)

A genus of medium-sized deciduous trees growing to 20 m tall, 
native to central China 

Topotecan (Hycamtin, GlaxoSmithKline): for small cell lung cancer and metastatic 
carcinoma of the ovary

Irinotecan (Camptosar, also known as CPT-11, Pfizer): for colorectal cancers
and is usually taken with other drugs in chemotherapy. 

Camptothecin

 It was found that C. Acuminata extracts had potent anticancer 
activity against a mouse leukemia in 1963. 

 Camptothecin, was tried clinically on incurable patients in the 
early 1970's by physicians at the National Cancer Institute in 
Washington D.C. 

 A topoisomerase I inhibitor: blocking the ligation step of the 
cell cycle and interfere with the transcription and replication of 
DNA by upsetting proper DNA supercoiling



“Biomics” in Medicinal Plant Research

Biomics

Genomics

Proteomics

Metabolomics

Gene

mRNA

Protein

Metabolites
Biological functions

Environmental 

defenses

Bioactivities

Plant metabolites: up to 200,000-300,000 (?) ~3,000 metabolites/tobacco leaves

Biomics in Life Sciences (Medicinal) Research

Genomics

Proteomics

Metabolomics

 Changes in transcriptome  Biochemical phenotypes
 Protein levels 

 Changes in proteome         Metabolites

Metabolomics –

the link between genotypes and phenotypes

Metabolome analysis

Metabolite 
target analysis

Metabolite 
profiling

Metabolite 
fingerprinting

Metabolomics

specific 
metabolites

group of related 
compounds or 

metabolites in specific 
metabolic pathways 

sample 
classification by 

rapid, global 
analysis

all metabolites 
present in the 

sample

Strategies of Metabolomics Analysis

Metabolite profile: to be defined empirically as the set of all metabolites
or derivative products (identified or unknown) detected by 
analyzing sample using a particular analytic technique, together 
with an estimate of quantity.

Metabolomics: can also include targeted analysis, in which a defined 
list of metabolites is analyzed, ignoring non-targeted compounds.



Metabolomics Technologies

Thin layer chromatography

Optical spectroscopic methods

Nuclear magnetic resonance: LC/NMR

Mass spectrometry: GC/MS, LC/MS, CE/MS

 Hyphenated technologies



UV/Vis spectroscopy 
Fourier Transform Infrared Absorption Spectroscopy 
(FTIR): near, middle, and far-infrared radiation (4000-670 wavenumbers)

Mass Spectroscopy: converting components into rapidly moving 

gaseous ions and resolving them based on mass-to-charge ratios

Nuclear Magnetic Resonance Spectroscopy (13C- and 
1H-NMR): measurement of absorption radiation in the radio frequency 
region (~800 MHz); exposed analyte in several
thousands gauss

Spectral analyses

Discovery metabolite profiling

Bioinformatics

Statistical approaches require careful experimental 

design including replicate sampling, replicate 

analyses and application of statistical tests 

 Bioinformatic tools
PCA (principal component analysis)

HCA (hierarchical clustering analysis)

K-means clustering, etc.



Difficult to comprehensively profile all of the metabolome

 Chemical complexity of plant metabolites

Chemical polarity, chemical behavior, stability, concentration

 The limitations of most instrumental approaches

Up to date, no single analytical technique provides the ability to  

profile all of the metabolome

Limitations/Issues of Metabolomics Research

 The biggest challenge of metabolomics for bioinformatics comes 
from the current lack of appropriate databases and data exchange 
formats 

 There is a need to clearly specify what each entity (metabolite) is 
and how it relates to others, and for databases that can store 
metabolomic data in a way to facilitate relevant queries 

 It is extremely important that such databases can interoperate with 
gene expression databases

Limitations/Issues of Metabolomics Research-con’t



Diabetic patient

Healthy volunteer

pp. 288-299

Barley seedlings were treated with 
various herbicides at sublethal doses

EtOH Extraction 
Filtration
Evaporation
Silylation with MSTFA

Capillary gas chromatography

373-378

 Metabolome was first suggested by this paper.

 To designate the set of all low-molecule-mass compounds 
synthesized by an organism 

/http://www.man.ac.uk/



FTIR analysis of yeast colonies grown 
with glucose or glycerol as main carbon source

Yeast wild-type and single gene deleted clones

1st dimension
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0.2% glucose0.02% 
glucose

0.02% glucose
14C-glucose labeled culture       2-D TLC

E. coli growing on glucose in minimal medium controls
its metabolite pools in response to environmental conditions

 To complement existing functional genomics methodologies

 To offer direct link between a gene sequence and the function of 
the metabolic network in plants

 To address public concerns about the safety and value of plant  
genetically modified organisms
(Comparison of wild-type vs. transgenic plants )

Metabolomics –

the link between genotypes and phenotypes

Metabolite profiling of wild-type/ mutant  extracts

Fiehn, et al. (2000) Nature Biotechnology, 18,1157-1161.

Alterations in mean metabolite levels

wt vs. mutant

Metabolites clustering



Integrated Biomics Studies



http://www.hmdb.ca

On January 23rd, 2007, the Human 
Metabolome Project, led by Dr. David 
Wishart of the University of Alberta, 
Canada, completed the first draft of the 
human metabolome, consisting of 2500 
metabolites, 1200 drugs and 3500 food 
components.



2010

Web of Science/topic search

PubMed/title & abstract



MO: to integrate the cross references of endogenous 
metabolites in public databases by synonym and 
identity (ID)

Plant species: 
270,000 (human knowledge)                       
400,000 (researchers believe)

Plant metabolites:
200,000 to 1,000,000

Arabidopsis thaliana: 
~5,000 metabolites

 In situ tissue surface metabolites 
determination by laser 
desorption/ionization (LDI)-MS 
analysis

 Standardization of meta-information 
of metabolome data in standard format
Platform for RIKEN Metabolomics

(PRIMe) website
(http://prime.psc.riken.jp/)
□ Plant context
□ Chemical analysis
□ Data processing

 Gene-to-metabolite connection
Gene coexpression and metabolic 
profiling

In an NMR spectrum, signals are proportional to their molar concentration, 
reflecting the real molar ratio of metabolite.

Structural elucidation

Not most adequate method for volatiles and lipids



Prospect of Plant Metabolomics Studies

 To provide a global and comparative display of the end products 

of specific gene/enzyme functions

 To define the biochemical phenotype of a cell or tissue

 To link plant metabolite profiling and signaling for cellular activity
This may provide a clearer insight into the ultimate functions of gene expression. 

 To link plant metabolite profiling with the observed bioactivities in 
medicinal herb research

 To address public concerns about the safety and value of plant  
genetically modified organisms 





Rat studies

controlGinkgo treated

Ginkgo treated
mildly stressed



Scutellaria baicalensis, 黃芩
Paeonia lactiflora, 白芍
Glycyrrhiza uralensis, 甘草
Ziziphus jujuba, 冬棗

冬棗

黃芩

白芍

甘草



Research design challenges on botanicals/natural products:

product characterization, standardization, and dosage



Immuno-modulator

Anti-inflammatory
(mouth and pharynx inflammation)

Common cold, coughs, bronchitis

Anti-oxidant

Skin diseases

Echinacea spp. (Compositae)
-- > 100 years used by American Indians

451 publications in PubMed

/http: www.hermed.org/herbs/

Top Herbal Medicines and Other NVNMDSTop Herbal Medicines and Other NVNMDS
NVNMDSNVNMDS＝＝nonnon--vitamin/nonvitamin/non--mineral dietary supplementsmineral dietary supplements

20022002

% of US adults using NVNMDS
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Soy Supplements

Ginger Supplements

Fish Oil Omega-3 

Peppermint

St. John's Wort 

Glucosamine

Garlic Supplements

Ginkgo biloba 

Ginseng

Echinacea 
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Coenzyme Q-10 

Garlic Supplements 

Chondroitin

Ginkgo biloba

Combo Herb Pills 

Ginseng 

Flaxseed Oil Pills

Echinacea 

Glucosamine

Fish Oil Omega-3 

Dr. Josephine P. Biggs
Director of NCCAM

Echinacea and Truth in Labeling
Gilroy CM, Steiner JF, Byers T, Shapiro H, and Georgian W. 

University of Colorado Health Sciences Center, USA
Archives of Internal Medicine, 2003;163(6):699-704

6 of 59 (10%) preparations contained no measurable Echinacea

Only 31 of 59 (52%) was consistent with label species

Only 9/21 (43%) standardized preparations met the quality standard
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Cichoric acid Echinacoside
E. pallida
E. angustifolia

E. purpurea
E. pallida
E. angustifolia


