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Identification of biological targets for an understanding of their mode of action is crucial for advancing a
natural product to a modern medicine, which is effective and safe in treatment of human diseases. A
curated 3D-pharmacophore database of therapeutic protein targets of human diseases and pathogens
was generated for predicting pharmacological targets of natural products. The features of the
pharmacophore models of disease-related proteins were created based on critical contactable residues
participating in selectively binding to ligands. The usefulness of this database was demonstrated by a
variety of compounds to identify their potential biological counterparts, which could provide useful clues
for mode of action.
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• Any other targets, resulting to side effects or multiple indications ?

Metabolite

DNA/RNA

Target protein

Good or Bad  ?



arachidonic acid

tissue injury

release membrane phospholipid

• John Robert Vane (1982 Nobel Prize)

COX-1 mediates the synthesis of prostaglandins
responsible for protection of the stomach lining,
while COX-2 mediates the synthesis of
prostaglandins responsible for pain and
inflammation. By creating "selective" NSAIDs that
inhibit COX-2, but not COX-1, the same pain relief
as traditional NSAIDs is offered, but with greatly
reduced risk of fatal or debilitating peptic ulcers.

Pain Relief ?



Acetylsalicylic acid

Aspirin Aspirin

X X

Aspirin is one of the most widely used
medications in the world with an estimated
40K tones of it being consumed each year.



• Aspirin exerts activities at multiple points along carcinogenesis pathway.

Aspirin as adjuvant therapy for colorectal cancer—reinterpreting paradigms
Whay Kuang Chia, Raghib Ali & Han Chong Toh
Nature Reviews Clinical Oncology 9, 561-570 (October 2012)
doi:10.1038/nrclinonc.2012.137

Acetylsalicylic acid



Rofecoxib
• Rofecoxib is a selective COX-2 inhibitor, or "coxib“, which offers pain relief effect

but could reduced incidence of gastric ulceration.

• a nonsteroidal anti-inflammatory drug (NSAID) marketed under the brand name
Vioxx by Merck to treat osteoarthritis, acute pain conditions, and dysmenorrhea.

• Rofecoxib was approved by FDA in 1999 and market, but was then withdrew in
2004, because of concerns about increased risk of heart attack and stroke
associated with long-term, high-dosage use, resulting in between 88,000 and
140,000 cases of serious heart disease.

• In the year before withdrawal, Merck had sales revenue of US$2.5 billion from
Vioxx. Merck reserved $970 million to pay for its Vioxx-related legal expenses
through 2007, and has set aside $4.85bn for legal claims from US citizens.



Metabolite

DNA/RNA

Target protein

• How much do we know the effectors in the traditional remedy  ? 

• How do the active components work to cure diseases or “kill” invaders ?

Modern Medicine Aspect



conventional indication

modern indication

targets
computational approach

Active
components

disease codes

experimental approach
diseases

pathways

A Modern Medicine Prospect



Approaches for mapping drug-target relationship







• Map active ingredients of drugs with known human gene targets

Known Protein Target

Approved Drug other compounds

other targets



angiotensin-converting enzymeexact hit

Query a known drugExamples:

estrogen receptor 

Answer  to “What could be the targets of a drug?”

exact hit



Answer  to “What could be the targets of a new compound ?”

Query a new compoundExamples:



GEAPNQALLRILKETEFKKIKVLGSGAFGTVYKGLWIPEGEKVKIPVAIKELREATSPKANKEILDEAYVMASVDNPHVC
RLLGICLTSTVQLITQLMPFGCLLDYVREHKDNIGSQYLLNWCVQIAKGMNYLEDRRLVHRDLAARNVLVKTPQHVKITD
FGLAKLLGAEEKEYHAEGGKVPIKWMALESILHRIYTHQSDVWSYGVTVWELMTFGSKPYDGIPASEISSILEKGERLPQ
PPICTIDVYMIMVKCWMIDADSRPKFRELIIEFSKMARDPQRYLVIQGDERMHLPSPTDSNFYRALMDEEDMDDVVDADE

BLAST Search 

Search result 

Answer  to “Any existing drugs affect this protein ?”

Query a protein sequenceExamples:



DB00281 (Lidocaine) DB00317, DB07998 (Gefitinib) DB00530 (Erlotinib)

DB01259 (Lapatinib) DB03496 (Flavopiridol)
DB07602

DB07662 Ligand of  2JIU, 2ITP, 2J6M Ligand of 3IKA

• drugs (or known bioactives)  resulted from the previous query

GEAPNQALLRILKETEFKKIKVLGSGAFGTVYKGLWIPEGEK
VKIPVAIKELREATSPKANKEILDEAYVMASVDNPHVC
RLLGICLTSTVQLITQLMPFGCLLDYVREHKDNIGSQYLLNW
CVQIAKGMNYLEDRRLVHRDLAARNVLVKTPQHVKITD
FGLAKLLGAEEKEYHAEGGKVPIKWMALESILHRIYTHQSD
VWSYGVTVWELMTFGSKPYDGIPASEISSILEKGERLPQ
PPICTIDVYMIMVKCWMIDADSRPKFRELIIEFSKMARDPQ
RYLVIQGDERMHLPSPTDSNFYRALMDEEDMDDVVDADE



And more …

Known Protein Target

Approved Drug other compounds

other targets



Computational Approach, beside experimental approach



• Procedure

Establish Pharmacophore Database



• enzyme
• receptor
• Factors/regulators/hormones
• binding proteins
• transport proteins
• nuclear receptor
• signaling protein
• Lipid binding proteins
• drug binding proteins 
• transcriptional factors
• DNA binding
• Cell cycles, DNA repair
• nucleoside metabolism 
• transcriptional regulation 

θ

HD
HA

Z

• The Pharmacophore Database

• Progress



Answer  to “What could be the targets of a hit compound ?”

Query  hit compoundsExamples:

phamacophore
DB

query 
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Query  RofecoxibExamples: Drug target group Protein Clinical effect Ref.
Drug targets Cyclooxygenase-2 (COX2) Reduce pain  and 

inflammation
42,43

Matrix Metalloproteinase 13  (MMP13) Osteoarthritis treatment 44

Drug targets2 Caspase 3 Alzheimer's disease and 
neuronal effects

49,50
Fibroblast growth factor receptor 1 (EGFR1) 56,57
Transthyretin 51,53
Peroxisome proliferator-activated receptor 
gamma (PPARg)

55

Drug side effect targets1 Matrix metalloproteinase 9 (MMP9) Cardiovascular  
problem

59,60

Leukotriene A4 hydrolase   (LTA4H) 62,63,64

Dipeptidyl peptidase 4 (DPP4) 67,68
Drug side effect targets2 Dipeptidyl peptidase 4 (DPP4) Abnormal of energy 

glucose metabolism and 
some abnormal in 
immune regulation.

65,66
Peroxisome proliferator-activated receptor
gamma

73

Aldose Reductase (ALR) 76,77

Drug transporter Human serum albumin Drug transport 78
Drug metabolize protein Cytochrome P450 3A4 Drug metabolize 79

Cytochrome P450 2C9 80
Other proteins Trypanothione reductase, Acidic chitinase,

Androgen receptor, Hepatocyte growth 
factor receptor c-Met, Enoyl-ACP  
Reductase, Retinoic X Receptor Alpha, 
Topoisomerase  

Other clinical effects



Query  AspirinExamples:

Comparison
search results from  PharmMapper and GOSTAR databases



Query  Cistanche tubulosaExamples:

● Cistanche deserticola Y.C. Ma is widely distributed in the northwest part of China. 
The whole dried parasitic plant (excluding the flower) is known as Cistanchis Herba. 

● Cistanche deserticola has been traditionally used in the Chinese medicine 
as a tonic, vasodilator and neuroprotective agent. 
The  plant extract was found to improves the age-related behavioral decline, 
which makes it an attractive candidate for treatment of various 
neurodegenerative disorders and age-related eye diseases 

● Pharmacology studies have been demonstrated that Cistanche deserticola possesses 
broad medicinal functions, especially for use in hormone regulation, aperient, immunomodulatory, 
neuroprotective, antioxidative, anti-apoptotic, anti-nociceptive, anti-inflammatory, 
anti-fatigue activities and the promotion of bone formation.



• Work parallel track for 
natural therapeutics 







Many target linkages await prediction

MIM
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