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A drug has to bind to its target with a 
suitable affinity

The drug must stimulate or inhibit the 
activity of the target

However, a good fit and high affinity may 
not always be the best scenario.  
Modification of key interactions may also 
be sufficient for increased drug activity

Drug SpecificityDrug Specificity
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How can computers help 
design better cancer drugs?
How can computers help 

design better cancer drugs?
Enables us to visualize proteins in 3+1 dimensions

Manipulation of these systems in silico including 
diffusion calculations

Docking fits drug molecules into binding sites and 
determines the energy of multiple conformations

Statistical Mechanics permits molecular motion and 
solvent effects to be incorporated

Searching through chemical and structural 
databases to uncover novel correlations



Quantitative Structure 
Activity Relationship (QSAR)

Quantitative Structure 
Activity Relationship (QSAR)

Structure Activity Relationship that is 
applied with a degree of predictive ability

Structural and chemical elements, such 
as size, hydrophobicity and the 
electrostatics of a drug are quantitatively 
scored and used to predict the activity of 
similar compounds



Spatial FittingSpatial Fitting

Visual inspection of binding sites in a 
target

Modification of the drug to provide 
better binding to target

Involves manual or automated docking 
of a drug into binding site



MicrotubulesMicrotubules
Microtubules are 

composed of 
tubulin

Assembly and 
disassembly rates 
are critical for cell 
function

Disruption of 
these rates with 
drugs like 
colchicine and taxol
results in cell death
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•Catastrophes
•Rescues
•Growth phase
•Shrinking phase

Simulation using
a recursive map

Shown in the next 
slide



Modeling of Individual MT Assembly Processes:

States:
•Attachment
•Detachment
•Pause
•Catastrophe



Microtubules and CancerMicrotubules and Cancer
Cancer is related to 

a failure of multiple 
cellular checkpoints 
that results in 
uncontrolled division

we are selectively 
targeting mitosis 
during cell division

a critical component 
of mitosis are the 
microtubules



MICROTUBULES AND TUBULIN
• Microns-long cylindrical organelles 25 nm in  

diameter
• Associated with MAPs and motor proteins
• Formed from 110 kD tubulin α/βα/βα/βα/β heterodimer
• Tubulin dimers bind end to end to form  

a protofilament; 13 protofilaments arranged        
side to side to form microtubule
• Both αααα and ββββ tubulins exist as numerous 
isotypes each  encoded by different genes 
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C-terminus 
not resolved

PDB entries for tubulin: 1TUB, 1JFF, 1FFX, 1SAO
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GTP/GDP M Loop H3 Helix T3 Loop T7 Loop Taxol
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Outside of MT

MT body

Inside of MT

Approx. 25 e per monomer or 50 per dimer, 40% on C-termini

Blue=negative
Red=positive
White=neutral
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Created with VMD [Humphrey et 
al., 1996]
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Model protein-protein association using 
BD methods

• Electrostatic interactions
• Solvent interactions

SF
Tk
tD

R
B

+∆=∆

Displacement
of Protein
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• Start at 120 A separation (b)

• End upon escape > 500 A (q) 
or binding

• From fraction of successful 
trajectories (β) we can calculate 
a rate constant:

)(
)()1(1

)(

qk
bk

D

D

D

bk
k

β
β
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A Lattice B Lattice

����5α ��!����
8��5b ��!����
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D.Sept et al, PNAS 2001

-end                            +end            asymmetry
may explain different kinetics

Counter ions
partially
neutralize  net charges



Mammalian ββββ-Tubulin Isotypes

Isotype Distribution
ββββI Most cells
ββββII Neurons, glia, inner ear, skeletal 

muscle, smooth muscle
ββββIII Neurons, Sertoli cells, colon
ββββIVa Neurons and glia
ββββIVb Most tissues 
ββββV 3T3 and CHO cells
ββββVI Platelets, marrow, spleen
ββββVII Brain



ββββ-Tubulin Isotypes in Mammals

% Sequence         % Conservation
Identity to ββββI in Evolution

ββββI 100.0   99.5
ββββII 94.6 98.9
ββββIII 90.2 99.6
ββββIVa 96.0 N/A
ββββIVb 97.3 96.6
ββββV 91.4 98.3
ββββVI 76.7 80.9
ββββVII 85.5 ND



Dynamics of Isotypically Pure Microtubules

Panda et al. (1994) 
Proc. Nat. Acad. 
Sci. USA 91, 
11358-11362

αβαβαβαβII

αβαβαβαβIII

αβαβαβαβIV
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4.62 4.63 4.64 4.65 4.66 4.67
log10 Volume 

log Volume vs log Area

α (0.94663 x + 0.27267)
β (0.96696 x + 0.17968)

γ, δ, ε (0.89009 x + 0.52263)
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LIGAND BINDING SITES ON TUBULIN
1) Exchangeable GTP site (ββββ) regulates assembly 

and dynamic instability.  
2) Non-exchangeable GTP site (αααα). Function 
unknown.
3) Colchicine site (αααα/ββββ interface).  Ligands inhibit 
MT assembly (colchicine, podophyllotoxin, 
TN16).
4)Vinca area (ββββ). Ligands inhibit MT assembly.
5) Taxol site (ββββ).  Ligands promote MT 
assembly, inhibit dynamics.
6) Other sites: FHIT, Mg++,
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docetaxel

paclitaxel

colchicine



Colchicine from Autumn Crocus



Structure 
Activity 

Relationship

Structure 
Activity 

Relationship
A means by which drugs can 

be related to their molecular 
structure

Assessed by considering a 
series of modifications to a drug

The effect upon biological 
activity is then determined for 
each modification



����������!�����%�������� ��$������
��������!���� ��$�����!���



Tubulin residues involved in 
interactions with Colchicine
Tubulin residues involved in 
interactions with Colchicine
class I         EPYNATLSVHQLVENTDETYCIDNEALYDICFRTLKLTTPTYGDLNHLVSATMSGVTTCL 240
class II        EPYNATLSVHHLVENTDETYSIDNEALYDICFRTLKLTTPTYGDLNHLVSATMSGVTTCL 240
class III       EPYNATLSIHQLVENTDETYCIDNEALYDICFRTLKLATPTYGDLNHLVSATMSGVTTSL 240
class VI        EPYNAVLSIHQLIENADACFCIDNEALYDICFRTLKLTTPTYGDLNHLVSLTMSGITTSL 240

*****.**:*:*:**:*  :.********** *****.************ *:**:**.*

class I         RFPGQLNADLRKLAVNMVPFPRLHFFMPGFAPLTSRGSQQYRALTVPELTQQVFDAKNM M 300
class II        RFPGQLNADLRKLAVNMVPFPRLHFFMPGFAPLTSRGSQQYRALTVPELTQQ MFDSKNM M 300
class III       RFPGQLNADLRKLAVNMVPFPRLHFFMPGFAPLTARGSQQYRALTVPELTQQ MFDAKNM M 300
class VI        RFPGQLNADLRKLAVNMVPFPRLHFFMPGFAPLTAQGSQQYRALSVAELTQQ MFDARNTM 300

****************************.*****::******.*:*.*****:**::* *

class I         AACDPRHGRYLTVAAVFRGR MS MKEVDEQ M LNVQNKNSSYFVEWIPNNVKTAVCDIPPRG 360
class II        AACDPRHGRYLTVAAIFRGRMSMKEVDEQ MLNVQNKNSSYFVE WIPNNVKTAVCDIPPRG 360
class III       AACDPRHGRYLTVATVFRGR MS MKEVDEQ M LAIQSKNSSYFVE W IPNNVKVAVCDIPPRG 360
class VI        AACDLRRGRYLTVACIFRGK MSTKEVDQQLLSVQTRNSSCFVE WIPNNVKVAVCDIPPRG 360

** * *:* ***.* :*** *. :***:*:: :* :*** *.:*:*****.******* *



The colchicine binding site   
�II and �III Tubulin

The colchicine binding site   
�II and �III Tubulin

�II �III

Thr 353 Val 353
Cys 239 Ser 239

Tyr 200
Arg 200

���*�����."#�G���*��.
�
� *�����."#/���*�����.����������������
�*�����."#
�%*2����%��.



Colchicine bound to  
�II and �III Tubulin
Colchicine bound to  
�II and �III Tubulin

Void

�II �III



Colchicine derivatives that 
may differentiate isotypes
Colchicine derivatives that 
may differentiate isotypes

6 membered
aromatic ring

5 membered
oxygen

substituted

5 membered
ring

extended
methyl

extended
hydroxyl

phosphate



Colchicine derivatives bound 
to Tubulin isotypes

Colchicine derivatives bound 
to Tubulin isotypes

Void

5 membered
ring

�II �III



Paclitaxel from the Pacific Yew



Structure-activity relationship of taxol



Drug binding example: 
Taxol bound to Tubulin
Drug binding example: 
Taxol bound to Tubulin
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top view and at a 45 deg angle (bottom). 
The white bump in the centre of the 
pocket is the ring of His 227 viewed 
edge-on; 
the taxoid is wrapped around it. 
The oxygen in serine (green in the 
bottom pic) is about 4 A from taxol
which is replaced in TBB4_HUMAN 
by alanine. That means that OH is 
striped off. 



Taxol Binding Site
Acidic residues (red); basic residues (blue)

ββββI ββββIII
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start 300 K, than heat to 500 K for 50 ps and then cool down to 300 K for 240 ps
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start 300 K, then heat to 500 K for 50 ps then keep at 500 K for 50 ps
and finally cool down to 300 K for 240 ps. 
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Alberta/Texas/New York collaboration:
OUR GENERAL STRATEGY:

1. Model the isotype-drug binding sites
2. Design isotype-specific drugs 
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5. Test the drugs for isotype specificity in vitro ������
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6. Test the drugs on normal and transformed cells (e.g., 
breast and prostate). #��
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7. Test the drugs in animal models. ���
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8. Iterate the process.


