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• Web‐based Database
LAMP: Linux OS, Apache web server, MySQL relational 

database, PHP
Dynamic HTML, JAVA scripts 

JAVA applets are used for structure drawing and

http://tpd.mc.ntu.edu.tw/

Taiwan Pharmaceutical Databank (TPD)

JAVA applets are used for structure drawing and 
presentation

JME and Marvin from ChemAxon
• User interface in Chinese and/or in English
• Currently TPD contains entries for

• 3600+ compounds which are classified into 130 classes
• 200+ natural sources which are from 84 families
• 540+ references which are published in 57 journals

Taiwan Pharmaceutical Databank

Comparison with Beilstein database

• Chinese information also included
• Compounds studied by Taiwanese scholarCompounds studied by Taiwanese scholar
• Classification for compounds included
• Natural sources specified and the collected time and 
location documented.
• Capability of displaying spectrum images
• Annotated PDF files available for TPD manager and/or 
user

• Browse compound entries
• Search compound entries

• by text: 
compound’s name, compound’s class p , p
family name or scientific name of natural sources
title, author, or journal name of references

• by structure: 
substructure or structural similarity

• List
non‐redundant list for quick search

• User registration and administration
guest, user, advanced user, manager

• Deposit and edit compound entries
edit data and entry status
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The information for each compound entry 
may include:
Structure and Nomenclature

structure (still image and interactive 
presentation), compound’s class
chemical name, IUPAC name, synonym, 
CAS Registry Number

• Physical and Chemical Properties
molecular formula, molecular weight, 
melting point, solubility, store condition

• Biological Activity and Toxicity
t t d/ i

Taiwan Pharmaceutical Databank

text and/or image
• Spectrum Analysis

text and/or image
• Natural Sources

family name, scientific name, part used, 
collected time and location

• Amount in the lab
• References

reference information and links to 
PubMed and/or DOI if available

• External links
Chemical Structure Lookup Service, 
ChemSpider

Finding Good Drug Targets in 
Druggable Genomes

Not all proteins are druggable:  not essential in 
signaling pathways, not easily accessible to 
drugs, no suitable binding pocket, etc.

Too hydrophobic pockets will lead to too 
hydrophobic ligands, causing solubility or even 
permeability problems.

No protein cavity or crevices available for 
binding ligands tightly .

The Flexible Docking Problem
Prediction of binding pose could be challenging:  
the case of P‐glycoprotein with Paclitaxel ( Taxol )

Characteristics of Biological Complex 
Problems

• The potential energy function is extremely rugged.
• The potential energy surface is usually highly asymmetric.
• The true global minimum is often surrounded by many 

deceptive local minima. 
• The biological complex problems are mostly in the space of high 

dimensionality. 

Genetic Algorithm
1. [Start] Generate random population of n chromosomes (suitable solutions 

for the problem)
2. [Fitness] Evaluate the fitness f(x) of each chromosome x in the population 
3. [New population] Create a new population by repeating following steps 

until the new population is complete 
a. [Selection] Select two parent chromosomes from a population 

according to their fitness (the better fitness, the bigger chance to be 
selected)selected) 

b. [Crossover]With a crossover probability cross over the parents to 
form new offspring (children). If no crossover was performed, offspring 
is the exact copy of parents. 

c. [Mutation]With a mutation probability mutate new offspring at each 
locus (position in chromosome). 

d. [Accepting] Place new offspring in the new population 
4. [Replace] Use new generated population for a further run of the algorithm 
5. [Test] If the end condition is satisfied, stop, and return the best solution in 

current population 
6. [Loop] Go to step 2
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Chromosomes for Flexible Docking

Crossover operation

Leach, 2001.

The Evolutionary Gaussians Algorithm

n individuals, denoted by s1, s2, …, sn, are generated.  Each si is a 
vector corresponding to a point in the domain of the objective 
function  f .  In order to achieve a scale-free representation, each 
component of si is linearly mapped to the numerical range of [0,1]. 
The individuals in each generation of population are then sorted in 
the ascending order based on the values of the energy function on 

l t d th i di id l L t t t t d t th d d

Nucleic Acids Research 33:W233‐W238 (2005)

evaluated on  these individuals.  Let t1, t2, … tn denote the ordered 
individuals and we have f(t1)＜f(t2)＜f(tn).
n Gaussian distributions, denoted by G1, G2, … Gn, are generated 
before the new generation of population is created.  The center of 
each Gaussian distribution is selected randomly and independently 
from t1, t2, … tn, where the probability is not uniform but instead 
follows a discrete diminishing distribution, n : n-1 : … : 1. 
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Other global optimization algorithms 
for molecular docking

• Simulated Annealing

• Biased Probability Monte Carlo (ICM)

• Differential Evolution (GEMDOCK, MolDock)

• Particle Swarm Optimization (Tribe‐PSO, 
SODOCK)

The Relaxed Complex Scheme

• Accommodating receptor flexibility by molecular 
dynamics

• Assigning compound molecular properties using rigorous 
quantum chemical approaches 
R id d ki i L ki G ti Al ith (• Rapid docking using Lamarckian Genetic Algorithm (or 
now the Evolutionary Gaussian Algorithm)

• Ranking compounds by binding free energy spectra, 
instead of single binding free energy.

• Multivalent drug design in a building‐block fashion
• Computational analogue of “SAR by NMR”

Lin et al. J. Am. Chem. Soc., 124, 5632 (2002)  
Lin et al. Biopolymers, 68, 47 (2003) 

Multivalent Drug Design in 
the ‘‘SAR by NMR’’ Method
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http://molprobity.biochem.duke.edu/

Dynamical Changes of the Solvent Accessible 
Surface Area of the FKBP Active Site

• Global breathing motion
• ~200Å2 variation 

(comparable with small 
compounds)

The Relaxed Complex Method can Reproduce 
the SAR‐by‐NMR Results

• Using a building‐block approach 
to design a more specific and 
more potent drug

• A crucial test for the race 
between  costly experimental 
approaches and computationalapproaches and computational 
methods.
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Demierre et al., Nature Rev. Cancer 5: 930-942 (2005) Demierre et al., J. Clin. Onco. 22: 2388-2394 (2004)
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Can statins inhibit HDAC? 

Professor Ching‐Chow Chen,
Department of Pharmacology,
College of Medicine,
National Taiwan University

Reproducing the X‐ray crystallographic results

Structure: HDLP

Lin et al. Cancer Res. 68: 2375-2383 (2008)

CPK: Experimental pose
Yellow:  Docked pose

Lovastatin and TSA both can bind 
competitively at the catalytic site

Lin et al. Cancer Res. 68: 2375-2383 

Cyan: TSA
Yellow:  Lovastatin

Lineweaver‐Burk plot of enzymatic assay confirms 
nearly competitive inhibition of lovastatin

Lin et al. Cancer Res. 68: 2375-2383 

Statins reduced tumor growth rate in the 
xenograft nude mice

Lin et al. Cancer Res. 68: 2375-2383 

Lovastatin reduced the tumor size and 
weight after 45 days

Lin et al. Cancer Res. 68: 2375-2383 
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The antifolate drug methotrexate is 
also an HDAC inhibitor

Biochem. Biophys. Res. Comm. 391 1396‐1399 (2010)

SLITHER: a web server for prediction of multiple binding 
site prediction and substrate translocation pathways

Nucleic Acids Research 37:W559‐W564 (2009)

http://slither.rcas.sinica.edu.tw; http://bioinfo.mc.ntu.edu.tw/slither/

rg
y

Schematic illustration of SLITHER’s 
methodology
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Prediction of the transport pathway using SLITHER

A t G idAutoGrid map  
visualized by 
VMD

Prediction of the transport pathway using SLITHER
Prediction of the glucose transport pathway of 

D‐glucose in the GLUT1 using SLITHER

HOLE

Biophys.J. 65:2455-2460 (1993)

SLITHER

Nucleic Acids Research 37:W559‐W564 (2009)
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HOLE: Geometrical Characterization 
of Channel Structures

SLITHER: Binding Free Energy Profile 
of the Substrate in the Channel 

SLITHER: Extension of Docking

• The adjacent binding poses of two identical 
compounds of two different compounds can be used 
for fragment‐based drug design.

• SLITHER performs more comprehensive global search, p p g ,
and therefore can be considered as extended version 
of docking.

• In principle, the docked free energies should follow 
the ascending order of the SLITHER iterations.  This 
provides a basic assessment for the docking protocols 
and parameters.

Acetylcholinesterase has 20 Å‐ long gorge 

Science 253: 872‐879 (1991)

HDAC‐like proteins have long internal cavity

Nature 401: 188‐193 (1999)

Another binding mode of lovastatin?

Lin, et al. Cancer Res. 68: 2375‐2383 (2008)

Cyan: TSA
Yellow:  Lovastatin
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Multivalent Drug Design in 
the ‘‘SAR by NMR’’
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Designing new therapeutic agents for 
treating Huntington’s disease 
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Dual Functional Adenosine Analogues and use Therefore in Treating Neurodegenerative 
Diseases. USPTO Serial No. 61/260,932 (November 13, 2009).

Keys for successfully applying the relaxed 
complex scheme

• The sampled conformations should cover the most 
relevant phase space.relevant phase space.  

• The scoring function should include important 
physical energetic factors. 

• The ligand efficiency should be taken into account in 
the fragment‐based drug design.

Lin, Curr. Top. Med. Chem. (2010)

Least square (LS) regression
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Outlier in the y-direction

The problem of least square (LS) 
regression

Outlier in the x-direction

Leverage 
point
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Leverage points in two dimension

Leverage points are not easy to detect by checking the ranges of variables

Regression diagnostics versus 
robust regression 

Regression outliers pose a serious threat to 
standard least square analysis.

Regression diagnostics: Use some quantity to 
pinpoint the influential points, remove the 
outliers, and then LS. 

Robust regression: Devise estimators not so 
strongly affected by outliers.  Fit to the majority 
of data.

Robust regression
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Evolutionary regression procedure
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(b)HMScore HPScore
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Conclusion

• Robust regression analysis indeed has beneficial effect on 
the construction of free energy models for protein‐ligand 
interactions.

• With an evolutionary regression procedure, we showed y g p
that the root‐mean‐square of error will be substantially 
reduced when the outliers detected by the robust 
regression analysis were removed.  

• The structures of protein‐ligand complexes determined by 
X‐ray crystallography or NMR need to be refined to obtain 
high quality energy terms for regression analysis. 
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