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Summary

This thesis focuses on the use of simulations to study the behavior of colloidal par-
ticles that form multiple “bonds” via chain molecules with “sticky” ends. These
“telechelic” chains can either bind reversibly to the surface of the colloids or to the
complementary grafted polymers (in particular DNA) bound to other colloids. We
provide a general introduction on the topic in Chapter 1, and we introduce some of
the terms that we frequently use in the thesis.

In chapter 2, we describe a Grand-Canonical Monte-Carlo technique for lattice
polymers that is particularly efficient for simulations of “telechelic” polymers that
interact strongly with surfaces. The combination of high binding strength and ex-
cluded volume interactions between the polymers makes “brute force” calculations
difficult. For this situation, we propose an algorithm that combines the so-called
“moment-propagation (MP)” with the configuration bias method. The basic idea of
our method is to use the statistics of non-self-avoiding walks to grow self-avoiding
walks (SAW) on a lattice. We show that it is feasible to implement the MP scheme
in such a way that detailed balance is satisfied. In order to test the efficiency of the
MP method, we specifically apply it to two sets of problems. In the first part, we
compute the depletion interaction between two plates and compare results with ex-
isting data [25]. The results show that the MP scheme quantitatively reproduces the
known behavior of this model system. However, the MP approach is less efficient
than configurational bias Monte Carlo (CBMC) in this case. The situation is reversed
in the case of telechelic polymers between two plates. In the second part, we study
the telechelic chains and we show that, in particular in the case of highly heteroge-
neous surfaces, the MP method is more efficient than CBMC. Moreover, the relative
advantage of MP is more pronounced at high volume fractions.

The “moment-propagation (MP)” methodology developed in chapter 2 can be ap-
plied in a completely different part of biophysics: we shall argue that the moment-
propagation method offers a novel, and uniquely sensitive, method to identify un-
derlying steps in noisy experimental data on the motion of molecular motors along
linear “tracks” (e.g. kinesin on microtubules). This “detour” is the subject of Chapter
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3. The key observation that underlies the approach that we propose here is the fol-
lowing: what we aim to extract is not the precise trajectory of the molecular motor,
but the parameters (step-size(s) and step frequency) that are intrinsic properties of the
molecular motor under the experimental conditions. There may be many step histo-
ries that fit the experimental data to within the experimental error and we argue that
it is often better to extract the desired information from the set of possible stepping-
motor trajectories. We will exploit the analogy between stepping-motor trajectories
and realizations of a directed random walk. The algorithm that we propose in chapter
3 is based on the numerical estimate of the “free energy” of an ensemble of directed
random walks with different step sizes. We argue that this method allows us to detect
the underlying step size of a molecular motor under “noisy” conditions where exist-
ing methods fail. We show that the method is capable of detecting a single step size
at several times lower signal-to-noise ratio than the existing methods.

Chapters 4 and 5 contain a description of the coarse-grained model that we use to
simulate systems of colloidal particles coated with long DNA strands with “sticky”
ends. The sticky ends are “complementary” ssDNA strands that can selectively bind
to each other. In particular, chapter 4 describes a Grand Canonical MC simulation
technique to study the self-assembly of mixtures of colloids that are coated with
“sticky” DNA strands. Using a coarse-grained model to represent DNA strand as
“soft” spheres, we study the effective interactions between the colloids. We use lat-
tice Monte Carlo simulations as well as existing studies on colloid-polymer pair-
potentials to address the problem of effective interactions between a telechelic poly-
mer and a colloid at zero density. Moreover, We develop a method that allows us
to relate the binding properties of DNA-coated colloids to the (known) equilibrium
constants for dimerization in solutions of the isolated “sticky” ssDNA strands. Based
on this method, we build our binding - unbinding algorithm for the sticky strands.

In chapter 5 we use the GC method mentioned above to simulate an equimolar
mixture of hard colloids coated with “long” polymers with complementary ssDNA
strands ends. In the first part, we study the regime where the ends are strongly asso-
ciated. In this regime there are no “free” sticky ends in the system and we use Monte
Carlo “switch” moves that allow for rearrangement of bonds in pairs. Under these
conditions we observe a first order vapor-liquid transition from a dilute gas of col-
loidal dimers to a dense, liquid-like phase. This transition is driven exclusively by the
increase in entropy associated with bond disorder. In the second part of the chapter
we show qualitatively how a finite binding constant affects the phase behavior. Here
we use the GC method together with the binding - unbinding moves that has been
introduced in chapter 4. We show that the transition persists as we switch to low but



finite temperatures. We study how the critical point at which the first-order transition
disappears depends on the number ratio between polymers and colloids.




