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molecular force transmission only when heavily loaded.)
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Introduction

Transport is necessary for life. Whether it’s us driving to the shops to buy food, or proteins
inside our cells carrying individual molecules from where they were made to where they are
needed, sometimes things just have to be carried.

The Strategy

Inside our cells, transport of molecules is carried out by a protein called dynein which walks
along a track called a microtubule. Dynein is a large protein that pairs up with a second copy of




itself to look very much like a pair of legs. At the end of each leg are “feet” that bind to the
microtubule track, while the cargo is tethered to the other end. Dynein uses adenosine
triphosphate (ATP), the energy currency of the cell, to power each step and staggers its way
along the track dragging the cargo behind it.

When carrying a small or intermediate cargo, dynein proceeds along the track somewhat
randomly. The molecule’s feet are lightly bound and they might step forwards or backwards, or
even let go entirely. Taken together, on average, dynein molecules are more likely to move
forwards than back, and so the cargo gets carried in the right direction. Transport via this
method is exceedingly slow, however this doesn’t matter as the distances traveled are
exceedingly small.

When carrying a large cargo, there is a heavier load on the stalk tethering the load. This might
be expected to make the dynein more likely to let go of the track, however, the tension on the
stalk causes the molecule to change shape, gripping the track more tightly. Because the protein
is holding on more tightly and is less likely to let go, the velocity of transport of the cargo
actually increases, on average, for heavier loads.
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Recent experiments have demonstrated that dynein motors exhibit catch bonding behavior, in
which the unbinding rate of a single dynein decreases with increasing force, for a certain range
of force. Motivated by these experiments, we study the effect of catch bonding on unidirectional
transport properties of cellular cargo carried by multiple dynein motors. We introduce a
threshold force bond deformation (TFBD) model, consistent with the experiments, wherein
catch bonding sets in beyond a critical applied load force. We find catch bonding can result in
dramatic changes in the transport properties, which are in sharp contrast to kinesin-driven
unidirectional transport, where catch bonding is absent. We predict that under certain
conditions, the average velocity of the cellular cargo can actually increase as applied load is
increased. We characterize the transport properties in terms of a velocity profile plot in the
parameter space of the catch bond strength and the stall force of the motor. This plot yields
predictions that may be experimentally accessed by suitable modifications of motor transport
and binding properties. (Anil Nair, Sameep Chandel, Mithun K. Mitra, Sudipto Muhuri, and
Abhishek Chaudhuri Phys. Rev. E 94, 032403 — Published 2 September 2016)
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