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Science that sizzles.

Kinesin-1 Kinetics and Stochastic Simulation Overview
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This diagram shows the currently believed core stepping cycle in thicker
arrows as well as two theoretically possible branches. These aren't the
only possible branches just two of them selected to exemplify how
complicated the stepping process may be. A stepping mechanism with
many branches may be more realistic than simulating kinesin’s

movement with only the core cycle. For the kinesin motor to detach from
the microtubule it must enter a state that is not found on the core cycle.
Not all branches lead to detachment as seen above some can just give
an alternate route to another state on the core cycle. Also allowing the
Kinesin to enter a previous state shown here with the double headed
arrows may be an important concept that can affect kinesin properties

such as stall force and ATP consumption.

This Is a simplified diagram of the software used in this
simulation. This was programmed in Labview 7.1. The
sub.vi's (which are functions in Labview programming)
labeled “k’'s next states” finds the rate constants for the
head to tranistion to another state. This .vi allows for the
heads to interact through their rate constants. The sub.vi
labeled “Choose New State” is the Monte Carlo portion of
the program that finds random times for each transition and
then chooses the transition that occurs in the shortest timel.

The code for each head is identical. Theyareinstances
or'agents.' Noticethat each head knows the other

head's state. Thisisimportant for calculating strain, for
example.
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The state shown at the top—empty head bound to the microtuble
behind an unbound ADP head—can transition to seven different
states. The current state, an empty head bound to the microtubule
behind a head unbound to the microtubule with ADP attached to
the head has seven possible states it can become. The green line
shows the most probable transition which is ATP binding to the
empty head. The simulation allows for all of these transitions
though the probability can be low for some of them. In our agent-
based simulation, we use a diffusive search as opposed to a lever
arm model. The diffusion of the head from front/back has a rate
constant of 10002,

Automated Microtubule Gliding Speed Analysis Software

This Is an image taken from a gliding
motility assay.

The original image is segmented
through thresholding and filter options

such as “remove small objects” using
functions from NI Vision 7.1.

Gliding assays performed by Andy Maloney. He is presenting his poster, Speed Effects on Gliding Motility Assays Due to Surface
Passivation and Osmotic Stress, during this section.

A mask of the desired microtubule is
created using IMAQ Magic Wand.

Using the mask the
microtubule is cut out of
the original image.

A template Is
matched to both ends
of the microtubule
using IMAQ Match
Pattern 2

N

The template is created
through the convolution of
a line with an airy disk?.

The ends points and
projection angle of
the microtubule are
then extracted from
the pattern matching

algorithm.
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Experiments and Results
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- Default Parameters
2 times Default on rate; 1/2 times Default off rate
- 3 times Default on rate; 1/3 times Default off rate
- 5 times Default on rate; 1/5 times Default off rate
— 10 times Default on rate; 1/10 times Default off rate
1/2 times Default on rate; 2 times Default off rate
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These histograms show the consequences of
varying on and off rates of kinesin heads binding
and unbinding from the microtubule. We ran
these experiments to get a qualitative idea of
how osmotic stress or chemical denaturants may
modify kinesin behavior. The red plots in this
figure represents kinesin under normal
conditions. The gray plot may indicate what
might happen with the use of chemical
denaturants. (A) Velocity of the kinesin
decreases as the head unbinding rate
decreases. This velocity is decreasing because
the kinesin is staying on the microtubule for a
longer time. This is seen in (B) as the head
unbinding rate decreases the time also
Increases. (C) With the exception of the grey
plot, head unbinding rate does not affect the
distance the kinesin travels. (D) The ATP
hydrolyzed by the kinesin is not affected by the
head unbinding rate. (E) The processivity of the
kinesin is also unaffected by the head unbinding
rate. The kinesin also maintains a 1:1 ratio of
ATP hydrolyzed to kinesin steps.
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This figure is comprised of graphs that show the
effect of decreasing the ATP and increasing the
ADP and P concentrations. The blue plots have
the same concentration level as the red plots
however there is a small force applied pulling the
kinesin stalk away from its directed motion. (A)
This graph shows that the velocity is much slower
than the default parameter shown above. With a
small force pulling backward in this set up, the
kinesin does walk backward however not with a
high velocity. (B) The time it takes the kinesin to
fall off the microtubule is not effected by the force.
However, decreasing the ATP concentration and
Increasing the product concentration enough will
Increase the time the kinesin is attached to the
microtubule. This accounts for the lower velocity
results compared to the other plots. (C) With a
small force, the kinesin will walk backwards. This
IS shown as a negative run length. (D) With a low
ATP and a high product concentration it might be
possible for kinesin to synthesize ATP while
walking forward. This is shown with negative ATP
consumption values. (E) This graph shows again
that the kinesin with a back pulling force on it can
step backwards; though with far less processivity.

Extracting Gliding Speed from XY Tracking Data
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Using the end’s coordinates, a path of
the microtubule is created.
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The speed data is created next using

time data.

Concatenated Speed vs Time Data Sets
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Analyzing the tracking data is an automated
process. The velocity data is concatenated from
all the microtubules tracked.

The probability density function of the

speed is approximated using a Kernel
Density Estimation (KDE) with a
Gaussian Kernel of width 40 nm/s.
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The peak of the PDF is used to measure the
velocity of sets of microtubules. These peaks are
used to chart the speed change over time.

See Andy Maloney’s poster, Speed Effects on Gliding Maotility Assays Due to Surface Passivation and Osmotic Stress, for more
discussion of the speed increase with time.

For a list of the references used to create the rate constants and for the rate constants used in the simulation see http://openwetware.org/wiki/User:ThelLarry/Rate Constants
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Testing Tracking Software with Simulated Images

To best test the tracking
software, images were
created mimicking gliding
motility assay images
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This speed data is generated from tracking a
simulated microtubule with a changing step
size, but with a mean speed of 833.5 nm/s.

The speed data is generated from tracking a
simulated microtubule with a uniform speed of
833.5 nm/s. The spread in the data is from noise in
the tracking algorithm.
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The peak velocity shown here is 831.5

and 830.4 nm/s for the front and back
ends of the microtubule respectively.
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The peak values reported here are 838.2 and
838.0 nm/s for the front and back ends of the

microtubule respectively.

All of this software is open source, and we are willing to help other scientists install and run the programs shown here.
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