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concentrations of free Mg++. The results from this research may allow us to better mimic the 
biological process in an in vitro setting.
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One aspect not completely understood regarding microtubule based transport is how motor 
proteins are able to move cargo through the cytoplasm when only a few are available to move 
each cargo and the force generated by each motor protein is small, 7 pN or less. This is 
surprising considering the high concentration of macromolecules and other proteins present in 
the cytoplasm through which cargo must move. To study the forces required to move organelle-
sized particles through the cytoplasm, we have performed a series of measurements using 
magnetic tweezers. In these experiments, forces greater than 100 pN were required to move 0.3 
μm magnetic beads in the cytoplasm. However, these experiments were performed on particles 
that had been injected into the cytoplasm and were not moving along microtubules. Transport of 
organelles at lower forces could be explained by spatial variation in the physical properties of 
the cytoplasm near microtubules. We have used fluorescent correlation spectroscopy (FCS) to 
compare the physical properties of the cytoplasm surrounding microtubules and elsewhere in 
the cell as a comparison. In PtK2 cells expressing GFP-tubulin, fluorescently labeled 10 kD 
dextran was observed to have diffusion coefficients up to eight times higher near microtubules 
than elsewhere in the cell, demonstrating that microtubules are surrounded by a “high diffusion” 
zone. This spatial variation in the physical properties of the cytoplasm may facilitate transport of 
large cargo along microtubules. 
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Protein-DNA interactions are essential to cellular processes, many of which require proteins to 
recognize a specific DNA target-site. This search process is well-documented for monomeric 
proteins, but not as well understood for systems that require dimerization or oligomerization at 
the target site for activity. We present a single-molecule study of the target-search mechanism 
of Protelomerase TelK, a recombinase-like protein that is only active as a dimer. Interestingly, 
we observe that TelK undergoes 1D diffusion on non-target DNA as a monomer, as expected, 
but becomes immobile on DNA as a dimer or oligomer despite the absence of its target site. We 
further show that TelK condenses non-target DNA upon dimerization, forming a tightly bound 
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