CYTOSKELETON:

Taxol – inhibits cell division by slowing microtubule disassembly

Cytoskeleton absolutely necessary for cell shape

Made of microfilaments, intermediate filaments, and microtubules

Intracellular Mechanical Environment:


Newtonian irrelevant b/c of extreme viscosity/elasticity

Viscosity:  F=(v   (  v = F/(  (applying constant force results in constant speed)



diffusion:  
larger proteins, organelles CANNOT diffuse due to random 

thermal motion

due to presence of cytoskeleton

sol’n:  to use motor proteins to use cytoskeletal network!

MICROTUBULES: 

A/B tubulin dimers





long distance transport





GTPase for polymerization

MICROFILAMENTS: 
actin monomers






support myosin-based motility/contractility





ATPase





structural/mechanical support

INTERMEDIATE FILS:
dimers





non-polar ( not used as tracks





structural/mechanical function only





most flexible

PRINCIPLES OF POLYMERIZATION

1. NUCLEATION – RDS


energetically unfavorable step

2. ELONGATION


monomeric units are in tri-phospho form


after addition, they are hydrolyzed to diphospho

3. TREADMILLING

different critical concentrations (CC) at each end ( 

allows depol. at one end, pol at other at intermediate concentration

MICROTUBULES:


protofilaments (linear) form rings


brittle


B always towards (+) end; A to (-) end


B has GTPase activity


GTP-binding will promote polymerization


GDP binding:  depol. (causes end of protofilament to “bow”) ( splaying


DYNAMIC INSTABILITY:  alternating between GTP and GDP at plus end



results in alternate growth (rescue) and shrinkage (catasprophe)



rapid growth ( 

A/B dimers used up ( 

concentration dips below CC (
slowed growth (
(+) caps have enough time to hydrolyze GTP (
CATASTROPHE (depol)(
concentration eventually regains above CC (
RESCUE (pol.) (new cap forms)

GDP-GTP exchange is necessary for readdition to filament



TAXOL:  keeps all microtubules in polymer form (prevents catastrophe)

MICROTUBULE MOTORS:  Kinesin (micotubule track), Dynein (actin track)


2 parts:  motor domain and tail domain (assembly, specific binding)


ATPase activity for movement; found in conformational changes of neck linker


Kinesin - 


walks in plus-end direction

processive movement (prevents diffusion)

ACTIN:


assembles from actin monomers


polar (barbed grows and pointed splays)


lazy right-hand helix or sharp left-hand


x-ray crystallization possible because of regular repeating nature


1. slow nucleation


2. rapid elongation


3. steady state



sigmoidal polymerization curve




initial flat:  lag b/c slow nucleation




final flat:  steady state



nucleation can be stimulated by ARP’s (actin-related protein) ( no lag on curve



can also cause branching (mimics an actin trimer)



regulable

FUNCTION:


branched actin networks at leading edge drive cell motility


pol at front end; depol towards cell interior


BROWNIAN RATCHET MODEL:


due to random Brownian motion at surface between actin filmanet, monomers, 

and cell membrane

allows for polymerization at the leading edge and preventing the membrane from 

receding

Cross Linking increases viscoelastic properties of actin meshwork and make unique structures

MYOSIN II:  assembles into thick filaments


interacts w/ actin filaments for skeletal muscle contraction


ATP:bound ( off the actin polymer


hydrolyze ATP ( can associate as ADP:P


kick off inorganic phosphate ( powerstroke

**RDS for actin cycle**


exchange ATP for ADP ( off the actin polymer


DUTY RATIO:



time bound (ts)/ total time for ATPase cycle (tc)



two heads:  if ratio is greater than 0.5 ( processive motion (walkers)









more efficient






less than 0.5 ( rower motion (nonprocessive)


VELOCITY:



distance the motor steps / bound time (ts)

