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Microtubule	
  (MT)	
  structure	
  and	
  
dynamics	
  Introduction: MT Structure

Figure : Structure of a single microtubule showing 13 protofilaments, each is
composed of ↵- and �-tubulin heterodimers, connected laterally forming a hollow
cylinder.
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Introduction: MT Dynamics

Figure : Dynamic instability and treadmilling in microtubules
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Typical	
  MT	
  structure	
   Typical	
  MT	
  dynamic	
  proper>es	
  



Microtubule	
  organiza>on	
  in	
  vivo	
  Introduction: MT organization in vivo

Fibroblast [1] Typical dividing
 cell [1]

Polarized epithelial
 cell [2]

+ - - +
- + -
- + - - -

+ +
 Aster Anti-parallel bundle Parallel bundle 

Figure : Example of microtubule organization in vivo.
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Abstract In this paper, we construct a novel nonlocal transport model that describes
the evolution of microtubules (MTs) as they interact with stationary distributions of
motor proteins. An advection term accounts for directed MT transport (sliding due to
motor protein action), and an integral term accounts for reorientation of MTs due to
their interactions with cross-linking motor proteins. Simulations of our model show
how MT patterns depend on boundary constraints, as well as model parameters that
represent motor speed, cross-linking capability (motor activity), and directionality.
In large domains, and using motor parameter values consistent with experimentally-
derived values, we find that patterns such as asters, vortices, and bundles are able to
persist. In vivo, MTs take on aster patterns during interphase and they form bundles
in neurons and polarized epithelial cells. Vortex patterns have not been observed in
vivo, however, are found in in vitro experiments. In constrained domains, we find that
similar patterns form (asters, bundles, and vortices). However, we also find that when
two opposing motors are present, anti-parallel bundles are able to form, resembling
the mitotic spindle during cell division. This model demonstrates how MT sliding and
MT reorientation are sufficient to produce experimentally observed patterns.
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∂mb(x, t)
∂t

+ vb ⋅∇x (mb(x, t)) = kon ( !p)mu(x, t)− koff mb(x, t)

∂mu(x, t)
∂t

−DuΔ xmu(x, t) = −kon ( !p)mu(x, t)+ koff mb(x, t)

∂p(x, t,θ )
∂t

+ SMTθ̂ ⋅∇x p(x, t,θ ) = −λ(mb )p(x, t,θ )+λ(mb ) k(θ, !θ,mb )
−π

π

∫ p(x, t,θ )d !θ
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Conclusions	
  and	
  future	
  work	
  
•  We	
  can	
  reproduce	
  pa.erns	
  found	
  in	
  in	
  vitro	
  experiments.	
  
	
  
•  We	
  can	
  produce	
  an>-­‐parallel	
  bundles	
  (like	
  in	
  the	
  mito>c	
  spindle!).	
  
	
  
•  We	
  have	
  developed	
  a	
  nice	
  E	
  and	
  U	
  result	
  (T	
  Hillen	
  et	
  al.	
  Submi.ed	
  

to	
  SIAP).	
  
	
  
•  Next,	
  we	
  include	
  dynamic	
  instability	
  and	
  look	
  at	
  ac>on	
  of	
  

chemotherapy	
  drugs	
  	
  on	
  MT	
  organiza>on	
  (in	
  par>cular,	
  the	
  an>-­‐
parallel	
  bundles).	
  


