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Homework I

Problem 1
Read the handout from Essential Cell Biology on microtubule structure and dy-
namic instability. As you will see, the polymerization kinetics of microtubules
are in many ways similar to those of F-actin (for example, the polymerization ki-
netics of actin depends on whether the actin molecule is bound to ATP or ADP,
whereas in microtubules it depends on whether the tubulin molecule is bound to
GTP or GDP). However, there are also differences (for example, the catastrophic
depolymerization that occurs during dynamic instability is thought to be due to
the ”peeling away” of the protofilaments, which does not occur in actin). Answer
questions 16-3A, C, and D on page 523 of the handout (they are also listed below
for convenience).

• What must happen at the end of microtubules in order for it to stop shrink-
ing and to start growing?

• What would happen if only GDP, but no GTP, were present in the solution?

• What would happen if the solution consisted entirely of an analogue of GTP
that acts exactly like GTP, except it cannot be hydrolyzed?

Problem 2
In class, we have assumed microtubules to be solid cylinders with a Young’s
modulus of E=1.9·109N/m2 and a radius of apporximately rsolid =12.5nm. We
have calculated their cross section area Asolid = πrsolid 2 to Asolid = π 12.52nm2 =
491nm2 and their moment of inertia Isolid = 1 / 4 π r4 to Isolid = 1 / 4 π 12.54nm4 =
19, 175nm4. Actually this was an oversimplification! In the handout, you saw
that microtubules are hollow cylinders. The inner and outer radii have been
quantified; the outer radius has been found to be approximately router =14.0nm
and the inner radius has been found to be approximately rinner =11.0nm.

• Calculate the cross section area Ahollow = π [ router 2− rinner 2 ] of microtubules
when considered as a hollow cylinder.

• Calculate the moment of inertia Ihollow = 1 / 4 π [ router 4 − rinner 4 ] of micro-
tubules when considered as a hollow cylinder.

• Calculate the radius rsolid of an imaginary solid cylinder which would have
the same cross section area as microtubules, i.e., Asolid=Ahollow.
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• Calculate the moment of inertia of Isolid of this imaginary solid cylinder of
equal cross section area.

To gain a better understanding of the bending stiffness of microtubules, consider
microtubules as a cantiliver beam of length L = 10µm, clamped on one side and
loaded by a point load F on the other. We are interested in the transverse force F
that creates a beam deflection of w = 1µn on the free end.

• Compare the forces needed to deform microtubulues when considered as
hollow cylinder (use the moment of inertia Ihollow calculated in the previ-
ous problem) with the forces needed to deform an imaginary solid cylinder
of equal volume (use the value Isolid calculated at the end of the previous
problem).

• Discuss the results! Why, do you think, nature prefers hollow structures
over solid strucutres?

To solve this problem, you might need the equation for the Euler Bernoulli beam
EI w,xx − M = 0 as derived in class. In addition, you need to know that the
bending moment for a cantiliver beam is M = [ L− x ] F. Combine this equation
with the beam equation. You then need to integrate the beam equation twice. To
determine the integration constants, you need to use the boundary conditions of
a cantiliver w(0) = 0 and w′(0) = 0. Solve the final equation for the force F for
the different moments of inertia Ihollow and Isolid!
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