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Chapter 1

Introduction

Figure 1.1: Graphical depiction of a gliding
motility assay. The yellow blobs are casein,
the green figures are kinesin and the orange
cylinder is a microtubule. The drawing is not
to scale.

Kinesin-1, hereafter called kinesin, and

microtubules are cellular components

that are vital for life. Kinesin is a motor

protein that shuttles cargo from one area

of a cell to another. It does so by trav-

eling along microtubules. Microtubules

can be thought of as roads designed to

allow motor proteins to undergo active

transport in a cell.

In this chapter, I will discuss what a kinesin molecule is and why we study it. I

will also introduce what microtubules are, and what they are made up of. In Chapter

2, I will discuss how to design and implement a gliding motility assay in order to in-

vestigate the kinesin and microtubule system. Gliding motility assays can be thought

of as microtubule crowd surfing on a layer of kinesin, see Figure 1.1. Figure 1.1 also

depicts generally how kinesin is supported by the passivation layer of casein. Chap-

ter 3 discusses observations that indicate that the kinesin and microtubule system is

affected by the type of passivation used. Chapter 3 also discusses the importance of
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temperature stabilization and how without it, obtaining stable gliding speeds are not

achievable.

Figure 1.1 does not show the water molecules that are in the system when in-

vestigating the gliding motility assay. If I was to depict the water molecules in this

picture, then you would not be able to see any of the proteins since there would be

a lot of water molecule obscuring the proteins. Water is an important component

in biomolecular interactions and plays a significant role in the microtubule and ki-

nesin system. Chapter 4 discusses the results of some experiments I did that involved

changing the isotope of water and measuring gliding motility speeds. It also discusses

future experimental work that will allow further investigation to the importance of

water interactions in the kinesin and microtubule experiment.

Finally, Chapter 5 discusses open science. This dissertation and all the notebook

entries associated with its research was done openly and in the public domain. I

discuss my experiences with open science and some success stories from participating

in open science.

1.1 Kinesin

Kinesin is a dimeric motor protein that can be thought of as having four distinct

areas to the molecule, see Figure 1.2. Figure 1.2 is a cartoon of a kinesin molecule

and is also Koch Lab’s kinesin mascot called Kiney. The first major component to

the kinesin molecule are the motor domains also known as the “heads”. The motor

domains are depicted as Kiney’s feet. They are where chemical energy (in the form of

ATP) is converted to mechanical work through hydrolysis. This statement is a very

interesting one which is not fully understood and is a major area of study with the

kinesin molecule ([Cross 2000], [Coppin 1997], [Kikkawa 2001]).
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Figure 1.2: Cartoon of a kinesin molecule.
This is our mascot known as Kiney. The
motor domains are depicted as Kiney’s feet.
The motor linker links the motor domains
together. The stalk or coiled coil is depicted
as Kiney’s torso and the cargo binding
domains are depicted as Kiney’s eyebrows.

Kinesin walks along a microtubule

([Carter 2006], [Vale 2000]) in much the

same way humans walk: we place one

foot in front of the other in order to take

a step. The difference between how we

walk and how kinesin manages to walk

along a microtubule is that we have a

brain that sends signals to our legs in

order for them to take a step. Kinesin

does not have a central processing cen-

ter and thus needs a different method for

communication between the two motor

domains to signal steps. This commu-

nication comes from the linkage of the

two motor domains via the motor linker

which is also known in the literature as

the “neck linker”. The motor linker can be thought of as a stretchy polymer of amino

acids that connects the two motor domains together. The stretchiness of the poly-

mer is a key component to how kinesin sends signals to each of the motor domains

([Guydosh 2006], [Yildiz 2008]). The trailing motor domain of a kinesin takes a step

by first docking the motor linker, see Figure 1.3. This docking results in strain along

the motor linker that is a signal for the leading motor domain that the trailing motor

is going to take a step. These steps are gated by nucleotide presence and nucleotide

states within the motor [Herskowitz 2010]. Along with each step is the exclusion of

water between the motor domain and the microtubule. I will discuss this in greater

detail in Chapter 4.

Figure 1.2 shows the stalk or coiled coil region of kinesin as Kiney’s torso. This is
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Figure 1.3: Cartoon of Kiney taking a step. When a motor domain takes a step, the
motor linker docks to the motor domain. Steps are governed by nucleotide states in the
motor domain and are depicted as a different coloring in Kiney’s shoes. For a thorough
discussion of how kinesin steps, please see [Herskowitz 2010].

where the two protein chains of kinesin coil around each other and terminate in the

cargo binding domain depicted as Kiney’s eyebrows. Kinesin is a motor protein that

transports cellular cargo ([Duncan 2006], [Muresan 2000], [Nakata 2003]). It travels

along microtubules in one direction taking 8 nm steps [Svoboda 1993] using one ATP

molecule per step [Coy 1999]. Kinesin actively transports cargo from one area of the

cell to another and can do so by traveling along the microtubule at about 1 µm/s

[Herskowitz 2010]. This is essential for cellular function. For instance, sciatic nerves

can be nearly a meter long. All components generated in cells are done in their

nucleus. If diffusion was the only form of transportation for these items, it would

take thousands of years for proteins made in the nucleus to be transported to the end

of the nerve a meter away. If kinesin were to transport the same items, it would take

about 2 weeks.

If the kinesin microtubule system is affected by mutations in kinesin, then this

can lead to a variety of diseases ([Goldstein 2001], [Hurd 1996], [Goshima 2003]).

One such disease causes loss of motor function due to accumulation of cellular cargo

transported by kinesin which is lethal. Other mutations that affect humans in-

clude Alzheimer’s disease [Stokin 2005]. Also, the kinesin and microtubule sys-

tem has been suggested to be used as components in microdevices. Some work

has been done to incorporate kinesin and microtubules in devices ([Moorjani 2003],

[van den Heuvel 2005], [Korten 2008]).

There are several types of kinesin molecules as well as many different types of

motor proteins [Sack 1999]. This thesis attempts to illuminate experimental proce-
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dures necessary in order to obtain good signal to noise data in order to investigate

the kinesin and microtubule system.

1.2 Microtubules

Figure 1.4: Cartoon of a microtubule.
α-tubulin and β-tubulin form the tubulin
subunit of a microtubule (red+green balls).
Tubulin will oligomerize into a microtubule
creating protofilaments, the orange section of
balls. Microtubules are made up of 13
protofilaments, are hollow and are about 25
nm in diameter.

Microtubules are one type of road pro-

duced in cells that kinesin and other mo-

tor proteins walk on [Kis 2002]. They

are polymers made up of subunits called

tubulin. Tubulin in turn is made up

of two different proteins called α-tubulin

and β-tubulin. α-tubulin and β-tubulin

combine together to form a single tubulin

subunit via a GTP molecule. The bond

between α-tubulin and β-tubulin is fairly

robust [Desai 1997].

A very interesting thing about microtubules is that they are ”polarized” with a

”plus” and a ”minus” end. These definitions do not refer to the charge of the mi-

crotubule. What this terminology is referring to is how a microtubule polymerizes.

Free tubulin heterodimers will oligomerize into small segments of a protofilament such

that the subunits of tubulin line up in a regular fashion, i.e. (α-β)-(α-β)-(α-β)- etc.

This is done through GTP hydrolysis. These oligomers will then polymerize into a

microtubule [Mozziconacci 2008]. The regularity of how tubulin stacks together “po-

larizes” the microtubule with an end that polymerizes quickly (the plus end, beta

tubulin end) and an end that polymerizes more slowly (the minus end, the alpha

tubulin end). This polarization definition is important because kinesin “walks” along

the microtubule from the minus to plus end and takes steps on the β-tubulin subunit.
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The bond between tubulin subunits is not as strong as the bond between the α and

β-tubulin subunits. This allows the microtubule to undergo depolymerization when

the cell needs to reduce the length of a microtubule. In order to prevent depoly-

merization, I use a chemical called Taxol to stabilize the tubulin-tubulin interactions

([Nogales 1995], [Salmon 1984]). A brief description of Taxol is given in Chapter 2.

Microtubules are hollow and have an outer diameter of about 25 nm and an inner

diameter of 15 nm [Mozziconacci 2008]. One thing to note about Figure 1.4 is that

all the protofilaments in the microtubule are lined up in nice neat rows. This is not

the case in nature nor is it the case when I polymerize microtubules in a thermal

cycler. There does exist some helicity to the protofilaments and it turns out that

one can change the number of protofilaments, and thus the helicity, by changing the

chemicals that the tubulin is polymerized in. When cells polymerize microtubules,

they predominantly have 13 protofilaments. A protein produced in the cells called

doublecortin is used to regulate microtubules protofilaments [Moores 2004]. When I

polymerize microtubules in glycerol, studies have shown that the predominant number

of protofilaments is 14 [Ray 1993]. I have not measured the number of microtubule

protofilaments from the microtubules that I have polymerized. In my experiments, I

have seen microtubules vary in length from 2 µm to 40 µm.

Without microtubules, kinesin would have no structure on which to perform active

transport. They are essential to cellular structure as well as for cellular replication

[Hyman 1987].

1.3 Gliding motility assay

The experimental procedure used in this dissertation is the gliding motility assay.

Figure 1.1 shows a basic depiction of what the gliding motility assay is. A glass

substrate is first passivated with a protein called casein. I will discuss in depth what
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casein is and its importance in Chapter 3. For now, it is a layer of protein on the

glass that is necessary in order to make a gliding motility assay work. Kinesin, the

green entities, are then added to the assay. Kinesin orients itself on the casein such

that its motor domains are pointing into solution. The motor domains then attach

to a microtubule in solution and walk along it. This propels the microtubule in

solution and is similar to how crowd surfing looks. I then visualize the motion of the

microtubules through fluorescence.

In the above description, I did not explicitly mention the water that both the

kinesin and microtubules are in. Water plays an important role in biomolecular

interactions and I will discuss some of the experiments conducted to understand how

these interactions occur in this system in Chapter 4.

1.4 Conclusion

Kinesin and microtubules are essential for biological functions. Understanding the

mechanochemistry of how kinesin hydrolyzes ATP in order to do work is a broad

question. It requires the reproduction of consistent experimental tools in order to

obtain data that is of sufficient quality. In Chapter 2, I discuss in great detail the

experimental procedures required to produce consistent samples of kinesin and mi-

crotubules. Producing consistent tools should be the most important thing to an

experimentalist.
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