
Dynamical	  Proper/es	  of	  the	  Solu/on	  
Environment	  near	  the	  Microtubule	  Surface	  and	  
their	  Implica/on	  to	  the	  Interac/on	  with	  Motor	  

Protein	  
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Importance	  and	  Func/onality:	  	  
	  
-‐  Segrega/on	  of	  gene/c	  material	  
-‐  Intracellular	  transport	  	  
-‐  Maintenance	  of	  cell	  shape	  	  
-‐  Posi/oning	  of	  cell	  organelles	  	  
-‐  Extracellular	  transport	  by	  means	  of	  cilia	  
-‐  movement	  of	  cells	  by	  means	  of	  flagella	  and	  
cilia	  
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-‐  Polarity,	  vesicle	  transport	  	  
-‐  11-‐18	  protofilaments	  ~13	  
-‐  ~	  50	  e	  nega/ve	  charges	  	  
-‐  150	  mM	  NaCl	  
-‐  10	  mM	  Ca2+	  and	  Mg2+	  

Structure	  of	  MT:	  



•  Radial	  Distribu/on	  Func/on	  (RDF):	  

•  The	  normal	  component,	  proximal	  RDF	  

	  
	  
Biophys.	  J.	  66	  (3),	  601-‐614,	  (1994),	  and	  Biophys	  J.	  75	  (1),	  150–158,	  (1998).	  
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	  Proximal	  Radial	  distribu/on	  Func/on	  (pRDF):	  	  
	   (b)Na�
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•  Ions	  Coordina/on	  Numbers:	  
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Average	  coordina/on	  numbers:	  Mg2+	  5.9,	  NaB+	  5.7,	  Ca2+	  3.7	  and	  Na+	  3.3.	  
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Transla/onal	  Diffusion:	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
Biophys.	  J.	  66	  (3),	  601-‐614,	  (1994)	  
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Transla/onal	  Diffusion	  Coefficient	  above	  the	  MT	  surface	  
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Transla/onal	  Diffusion	  Coefficient	  and	  its	  normal	  and	  tangen/al	  components:	  	  



Hydrogen	  Bonds	  Survival	  Probability:	  
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Intermibent	  	  

! I 4 = 7.15 ps( )
! I 6 = 5.85 ps( )
! I14 = 4.32 ps( )

!C4 = 0.72 ps( )
!C6 = 0.7 ps( )
!C14 = 0.63 ps( )

Molecular	  Physics,	  50	  (5),	  1151-‐1162,	  (1983).	  	  



H-‐bond	  Breaking	  and	  Reorienta/on;	  Jump:	  

Science,	  311	  (5762),	  832-‐835,	  (2006).	  	  
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Rota/onal	  Diffusion:	  
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Theory	  of	  electric	  polariza/on,	  Elsevier,	  (1973).	  



Rota/onal	  Diffusion	  Coefficient,	  Water	  Dipole	  Orienta/on:	  	  
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R	  4	   R6	   R14	  

A	   0.74	   0.54	   0.25	  

B	   0.15	   0.26	   0.39	  

C	   0.1	   0.2	   0.35	  

2791	   1378	   634	  

0.3	   1.8	   ~0.0	  

24.5	   40.7	   23.3	  

2095	   761	   170	  
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! 3 ps( )
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R	  4	   R6	   R14	  

A	   0.48	   0.32	   0.13	  

B	   0.37	   0.46	   0.4	  

C	   0.13	   0.21	   0.45	  

1855	   985	   522	  

0.17	   0.35	   ~0.0	  

22	   19.8	   5.3	  

910	   324	   75	  
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Dipole-‐Dipole	  Autocorrela/on:	  



Survival	  	  Time	  Correla/on:	  	  
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J.	  Phys.	  Chem.,	  87	  (25),	  	  5071–5083,	  (1983).	  



	  
	  

A	   B	  

R	  4	   0.53	   0.46	   705	   18.7	   386	  

R	  6	   0.6	   0.4	   827	   29	   511	  

R	  14	   0.77	   0.22	   1382	   42	   1076	  
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Water	  Survival	  probability:	  
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R	  3	   R	  6	   R	  14	  

A	   0.98	   0.93	   0.95	  

B	   0.01	   0.04	   0.03	  

3262	   3952	   4003	  

27	   31	   28	  

3215	   3709	   3833	  Na+	  

Cl-‐	  
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A	   0.5	   0.78	   0.81	  

B	   0.34	   0.16	   0.14	  
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55.5	   31	   37	  
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Ions	  Survival	  probability:	  



Electric	  Conduc/vity:	  
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Conduct.	  (S/m)	   DNa(	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  )	   DCl(	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  )	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  

Within	  3	   0.06	   0.033	   -‐-‐-‐-‐	  

All	   0.76	   0.072	   0.16	  

All	  not	  within	  3	   0.68	   0.10	   0.16	  

All	  not	  within	  5	   0.42	   0.11	   0.17	  
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Electric	  Conduc/vity	  of	  MT:	  

Biophys.	  J.,	  90	  (10),	  3739-‐48	  (2006)	  



Counterion	  Condensa/on;	  Poisson-‐Boltzmann:	  
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Intermolecular	  and	  Surface	  Forces,	  Academic	  Press,	  (2011).	  
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Concentra/on	  of	  Counterion	  and	  Coion:	  



	  
Biological	  Implica/on:	  
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Motor	  Proteins	  Biding	  Sites:	  
	  	  

Kinesin:	  yellow,	  Dynein:	  orange,	  Common:	  green	  
Counterions:	  red	  
	  

C-‐terminal	  

C-‐terminal	  

Counterions	  
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Kinesin	  and	  Tubulin	  contact	  residue	  map:	  	  

Residues	  within	  4	  Å	  distance	  on	  Kinesin	  head	  and	  α-‐β	  tubulin	  dimer.	  	  	  
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Dynein	  and	  Tubulin	  contact	  residue	  map:	  	  

Residues	  within	  4	  Å	  distance	  on	  Dynein	  head	  and	  α-‐β	  tubulin	  dimer.	  	  	  
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Conforma/on,	  counterions	  and	  distance	  (from	  MT)	  of	  the	  C-‐terminal	  tail	  



Possible	  scenarios	  for	  C-‐terminals	  interac/on:	  	  

Sodium:	  yellow,	  Calcium:	  magenta,	  Magnesium:	  Cyan,	  and	  Chloride:	  Green	  	  	  	  





Release	  and	  Adsorb	  of	  Sodium	  Ion	  :	  

Ion	  within	  3	  Å	  of	  Protein	  

Ion	  within	  7	  Å	  of	  Protein	  



	  Thank	  you	  


