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SCHEME OF BIOGENIC AMINE METABOLISM
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PLP-DEPENDENT DECARBOXYLATION 

COMMON FEATURES OF BIOGENIC AMINE METABOLISM

ROS +ALDEHYDES DURING DEGRADATION 
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Rodríguez-Caso et al., 2006, J Biol Chem. 2006;281:21799-812

AMNE METABOLISM IS LINKED TO METHYL CYCLES BY SAM



Arg His Trp Phe/Tyr Glu

Orn

Agm Hia

5-HTP

Ser GABA

DOPA

Dopamine NE/EPutSpdSpm MEL

Aldehydes
NH3 + H2O2

AcCoA

Aldehydes
RNH2 + H2O2

SAMSAM

AcCoA

SAM

AcCoA

Ac-Spm Ac-Spm

Acetamidopropanal
+ H2O2

Met-Hia

AcPut

SYNTHESIS

DEGRADATION

1

2

3

4
56

7

8

9

10

11

12

13

14

15

16/17

15

16
18

19 19

19

18

18 18 18

18

13

20

Third International Conference on Polyamines: Biochemical, Physiological and Clinical Perspectives, Ubauba (31/8-5/9, 2014)

POLYAMNE METABOLISM IS LINKED TO ENERGY METABOLISM 
BY ACETYL-CoA (among other metabolites)

Rodríguez-Caso et al., 2006, J Biol Chem. 2006;281:21799-812



THE IMPORTANCE OF THE METABOLIC LINKS OF BIOGENIC AMINES IS REFLECTED ON
THEIR INVOLVEMENT IN THE MOST IMPORTANT PHYSIOLOGICAL FUNCTIONS

Development

Neurotransmision

Fertility

Gastric secretion

Tumor growth
Cardiovascular function

Allergy

Inflammation

Osteoporosis

Thus, imbalance of biogenic amine metabolism must be involved in many diseases.

However, there are many difficulties for characterization of the roles of biogenic amines in health.

Systems Biology techniques can help us to advance in this topic
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Barabasi New. Engl. J. Medicine (2007) 

SOCIAL NETWORK 
Social links

Symptoms

Prevalence

DISEASOME
Genetic relationships among 

diseases (genes shared among 

diseases)

BIOCHEMICAL NETWORKS
Disease genes and gene products 

distribution in functional pathways:

modulatory effects, metabolic and 

signaling  pathways, protein-protein 

interactions

LEVELS OF INFORMATION ON DISEASES
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DIFFERENT SYSTEMS BIOLOGY APPROACHES ARE NEEDED 
DEPENDING ON THE AIM

Third International Conference on Polyamines: Biochemical, Physiological and Clinical Perspectives, Ubauba (31/8-5/9, 2014)

www.phenuma.uma.es

Reyes-Palomares et al., Amino Acids. 2012 42:597-610

Castro-Oropeza et al., Amino Acids. 2014 46: 621-31

Sánchez-Jiménez et al., Curr Pharm Des. 2014;20:293-300



PhenUMA STRATEGY AND INFORMATION SOURCES

Integration provides emergent insights
for:
- Diagnosis
- Prognosis
- Terapeutic strategies

HPO

The tool integrates information from:
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PhenUMA 2.0 is an on-going Project that will be enriched in genetic variant data, 
metabolic information and drug-ligand information

PHENUMA: A TOOL TO LOOK FOR FUNCTIONAL AND PHENOTYPIC 
RELATIONSHIPS AMONG HUMAN GENES AND DISEASES

www.phenuma.uma.es



Polygenic/multiphenotypic diseases Monogenic diseases

AMINE-RELATED DISEASES ARE DISTRIBUTED IN DIFFERENT MODULES OF THE 
HUMAN DISEASOME BUT MAINLY IN THE “DARK SIDE”

Reyes-Palomares et al. 
Plos One. 2013;8:e56653
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POLYAMINE-RELATED ELEMENTS AND HUMAN DISEASOMES



PHENUMA (www.phenuma.uma.es)

An example: asking for polyamine related genes
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There is a lot of information on structural and functional relationships but scarce 
information on polyamine elements as genes involved in pathological conditions!!

http://www.phenuma.uma.es/


COMPARISON BETWEEN THE PHENOTYPIC SIMILARITY NETWORK OF 
POLYAMINE-RELATED GENES AND DOPAMINE-RELATED ELEMENTS

SMS 
Only!! 

It is not real but it is 
all we have annotated  

in databanks!

The opposite 
problem: a highly 

complex network, too 
many interactions!!



POLYAMINE RELATED DISEASES

Monogenic disease: Snyder-Robinson syndrome (Spermine synthase) OMIM: 309583

Other diseases:

Gene Code Diseases/Symptoms

Agmatinase AGMAT,79814 Mood disorders

Ornithine DC ODC, 4953 Colorectal cancer

SAM-DC AMD1,262 Mood disorders, obesity, suicide 

behavior, psychosis, 

angiogenesis

The polyamine paradox: 
Polyamines are essential for cell  

life/death equilibrium;
however, only a few diseases are 
clearly annotated as related to 

polyamine metabolism elements

Why?
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PUTATIVE CAUSES CONTRIBUTING FOR KEEPING 
POLYAMINES ALMOST OUT OF DISEASOMES

• Inherited diseases: PA homeostasis is 
so essential for cell survival that 
embryogenesis is not posible in case of 
PA-gene abnormalities.

• The robustness of polyamine 
metabolism makes difficult to alter PA 
metabolism homeostasis.

• Cancer: The lack of specific PA targets 
makes difficult to correlate PA-related 
elements to specific types of cancer in 
databases.

• Not much interest for visualization of 
our biomedical results in databases. Ignatenko et al., JU. Carcinog. 2011, 10:10 
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HISTAMINE: THE MOST PLEITROPIC AMINE BUT 
ALMOST IGNORED BY HUMAN DISEASOMES



H4R

H3R
H4R

TISSUE-DEPENDENT EXPRESSION OF HISTAMINE RECEPTORS

BM0806
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HISTAMINE AND RARE INFLAMMATORY DISEASES

Pino-Ángeles et al.
J. Cell. Mol. Med. 2012, 

16: 1947-60
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SciMiner

An on-line literature mining tool

for target identification

and functional enrichment
analysis

http://jdrf.neurology.med.umic
h.edu/SciMiner/



HISTAMINE-RELATED ELEMENTS INTERACT WITH OTHER BIOGENIC 
AMINE-RELATED ELEMENTS AND GROWTH FACTORS IN NERVOUS SYSTEM

Pino-Ángeles et al.
J. Cell. Mol. Med. 2012, 

16: 1947-60
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NEUROLOGICAL HISTAMINE RELATED DISEASES

Third International Conference on Polyamines: Biochemical, Physiological and Clinical Perspectives, Ubauba (31/8-5/9, 2014)

DISEASE MUTATED GENE/ORIGIN ORPHANET ID OMIM ID
Narcolepsy with 

cataplexy
HCRT 2073 161400

Tourette’s syndrome HDC, SLITRK2 856 137580

Hereditary essential 
tremor

DRD3, ETM2, ETM3 862 190300

Myoclonic dystonia DRD2, SGCE 36899 159900

Moreno et al., J Biol Chem.
2011 Feb 18;286(7):5846-54

Wallace et al.
Pharmacol. Biochem. Behav. 

2011, 99: 130-45.

Ercan-Sencicek et al., 
2010 N Engl. J. Med. 362: 1901-8

Receptor mosaic events adds unsolved complexity!

http://www.ncbi.nlm.nih.gov/pubmed/21173143


HUMAN DISEASES FOR WHICH HISTAMINE METABOLISM-RELATED 
ELEMENTS HAS A RELEVANT ROLE INCLUDE RARE NEOPLASIAS

NEUROINFLAMMATORY DISEASES MUTATED GENE(S)/ORIGIN

RARE NEOPLASIAS

OTHER DISEASES

ORPHANET ID OMIM ID
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Pino-Ángeles et al. J. Cell. Mol. Med. 2012, 16: 1947-60
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OTHER BIOGENIC AMINES:
ESSENTIAL ELEMENTS FOR OUR BEHAVIOR 



NEUROLOGICAL DISORDERS ASSOCIATED TO OTHER 
BIOGENIC AMINE: Dopamine, Serotonin and GABA

(It is not a full list) 
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An important part of our behavior depends on these elements
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In this cases there are much more information in data bases 
and more interest by pharma companies

NEUROLOGICAL DISORDERS ASSOCIATED TO OTHER 
BIOGENIC AMINE: Dopamine, Serotonin and GABA

(It is not a full list) 
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METABOLIC CROSSTALK & FUNCTIONAL CROSTALK BUT…

DATABASE VISIBILITY AND PHARMA INDUSTRY INTEREST

It do not make much sense in terms of Biomedicine!!!



CHANGELLES FOR SYSTEMS MEDINE IN THE BIOGENIC 
AMINE FIELD

• Enrichment of databases in funcional and phenotypic data concerning
BA-related elements.

• Enrichment of databases in genetic variants of BA-related genes and
metabolic data coming from HTP projects and their correlations with
patient phenotypes.

• Enrichment of basic knowledge on specific amine-target and amine
analog-target interactions.

• Of couse, systematic organization of BA-related information.

A PROPOSAL FOR A CONSENSUS 
AND INTERACTIVE 

AMINE METABOLISM DATABASE
Kuopio, June 26-30, 2008
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TEAM AND SUPPORT
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44th EHRS Annual  Meeting
Hotel Amaragua

Torremolinos (Málaga)
May 6-9 2015


