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An Intracellular Shuttle

• Molecules that turn chemical energy into 
mechanical energy for movement are called 
motor proteins. (1)

• Kinesin is a motor protein that acts as carrier

• Walks along microtubules with cargo attached

Kinesin pulling an organelle as it “walks” 
along a microtubule.(2)

Reality Check: Cellular Kinesin

• Most current 
studies explore 
kinesin under dilute 
conditions

• In reality, the cell up 
to 40% crowded by 
other proteins

• Crowders thought 
to increase kinesin-
microtubule affinity

Kinesin Research: Why it Matters

• Kinesin found to play poorly-understood role in 
higher brain function, tumor suppression, and 
developmental patterning. (1)

• Kinesin is a carrier, potentially invaluable to 
pharmacists 

• More accurate understanding of cellular 
mechanics crucial to medical field

• First step to understanding these phenomena is 
to understand mechanics of molecules involved

Kinesin Shows Increased Microtubule Affinity in the Presence of Crowders at 

a Specific Radius

• Created multiple 
computer models 
of kinesin and 
varied crowder 
concentration

• Used umbrella 
sampling method 
to measure the 
free energy profile 
of kinesin binding 
to microtubule

Kinesin
bound to
mictotubules

A look inside cells with microtubules 
highlighted.(3)

The crowded cellular environment. Actin 
filaments in red, ribosomes and other 
macromolecular complexes in green, 
membranes in blue. (4)

From the Cell to the Computer• Goal is to better 
understand this 
mechanic of kinesin 
binding

• Used GROMACS to 
simulate model of 
Kinesin and VMD to 
display. (5)(6)

• Simplified to structure-
based coarse-grain (Ca)
model. (7)

• Simulated 
crowders/volume 
exclusion

Free Energy: Why it Matters

• Run length (L) of kinesin medically 
relevant

• Run length is a function of velocity and 
detachment rate

• Detachment rate correlates with 
changes in free energy

Increase Crowder Radius, Decrease its Effect

• Repeated 
experiment 
while varying 
crowder radius

• Plots mostly 
overlapped 
and gave 
negligible 
differences in 
free energy

• Suggests 
insensitivity of 
Kinesin toward 
crowders of 
increasing 
radius

• Possibly 
explained by 
increased 
number of 
individual 
crowders 
necessary to 
achieve same 
concentration 
when each is 
smaller

• In reality: 
averaged 
crowder size in 
the cytoplasm 
of E.coli. ~ 3.5 
nm – falling 
into the range 
where 
crowding effect 
matters

Not much 
difference

Not much 
difference

All screenshots taken through VMD, molecules simulated using GROMACS.(5)
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Free Energy: Less is More
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PMF bootstrap results 
courtesy of GROMACS 
g_wham.(8)

PMF bootstrap results 
courtesy of GROMACS 
g_wham.(8)

Conclusion: Crowders of a Specific 

Radius Improve Kinesin-Microtubule 

Affinity

• The binding of kinesin is affected both by the 
concentration and size of nearby crowders

Crowder Radius (A)

Note: Models that 
take crowders into 
account typically use 
this radius (5.5); as 
this graph points out, 
such a radius is too 
big to be effective


