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Narrative,�continued:�
positions to nm-resolution. The system includes acousto-optic deflectors that allow us to create multiple optical traps. 
Using this system, we are able to conduct three-bead assays, which allow us to observe individual steps of motors. We 
will use the method described by Purcell et al. [6] to observe effects of forces applied to motors both in the direction of 
motion and in the direction opposing motion. 
Specific Aim 2: Investigate the effect of the H246R mutation on the force-sensitivity and gating of myosin VI.  
Background and relationship of proposed research to previous work by others: Similar to the myosin I motors 
discussed above, myosin VI exhibits dramatic changes in its chemomechanical cycle in response to forces [7,8]. This 
sensitivity to force is thought to regulate the motor’s function, causing it to behave as a trafficking motor in the absence 
of external force or a structural linker in the presence of external force [9]. Unlike myosin I, myosin VI self-associates 
to form a dimer capable of taking numerous steps along actin in a hand-over-hand fashion, a capability referred to as 
processivity. Myosin VI processivity is enhanced by communication between the motor domains of the two myosins 
that comprise the dimer. While the motor steps along actin, the lead motor is prevented from releasing from actin until 
the rear head has released [10], a behavior referred to as gating. A mutation in myosin VI (H246R) is associated with a 
cardio-auditory phenotype in humans consisting of sensorineural hearing loss and familial hypertrophic 
cardiomyopathy [11], but how this mutation affects the function of the motor is not known. We seek to determine how 
this mutation alters the chemomechanical cycle of the motor. H246 is in close proximity to insert-1 of myosin VI 
(Figure 2). The arrangement of insert-1 
affects the position of the nearby L310, 
which itself affects the ability of ATP 
to bind to the motor [12]. In addition, 
replacing L310 with a glycine abolishes 
gating, suggesting that the effect of 
L310 on nucleotide binding is also 
essential to gating [12]. Based on these 
results, a model of myosin VI gating 
has been proposed in which strain 
within the dimer repositions L310 of 
the lead myosin VI molecule to block 
ATP-binding, which prevents release of 
the lead head from actin [13]. Because 
of the close proximity of H246 to both 
insert-1 and L310 (Figure 2), we posit 
that replacing histidine 246 with the 
much larger arginine interferes with 
regulation of ATP-binding and/or 
gating. We will test the hypothesis that the H246R mutation results in altered ATPase kinetics and loss of gating. 
Experiment #1: To establish baseline data, we will first study an engineered myosin VI monomer truncated at amino 
acid 839 (M6S1). From single-molecule optical trap data collected in the presence of varying force and nucleotide 
concentrations, we will develop a model of the chemomechanical cycle of the motor. If intramolecular strain results in 
gating, a force-sensitivity of M6S1 is expected. Experiment #2: We will conduct similar single-molecule optical trap 
studies of M6S1 in which H246 has been mutated to arginine (M6S1-H246R). According to our hypothesis, we expect 
that ATPase kinetics of M6S1-H246R will differ from M6S1, likely due to a change in the rate of ATP binding. 
Experiment #3: We will next test whether the mutation results in loss of gating in the dimer. These studies will 
employ a myosin VI dimer that contains the H246R mutation and that is truncated at Arg 992 (M6HMM-H246R) [7]. 
Because myosin VI dimerization occurs in vivo, a leucine zipper is inserted by molecular methods at the C-terminus of 
the motor to ensure dimerization in vitro. We will conduct NADH-coupled steady-state ATPase assays [14] of both 
M6HMM-H246R and M6S1-H246R. If gating is unperturbed by the mutation, then the ATP-turnover per myosin head 
for the dimer will be half that of the monomer; if gating has been abolished, the rate of ATP turnover per head will be 
identical for both. Experiment #4: Finally, we will use single-molecule optical trap assays to study the stepping of 
M6HMM-H246R. If a loss of gating is observed in Experiment #3, it is uncertain whether this will also quash the 
motor’s processivity.  Engineered myosin VI motors with major alterations that should abolish gating still maintain 
processivity [15]. However, studies of the D197T myosin VI mutation in mice indicated that loss of gating is associated 
with both loss of mobility and force sensitivity [16], suggesting that gating is required for both of these behaviors in 
situ. We will thus test M6HMM-H246R both for processive motion and force-sensitivity. Preliminary Results and 
Feasibility: As described in Specific Aim #1, we have built an optical trap with resolution sufficient to conduct the 
experiments described above. In addition, we have the M6S1 and M6HMM expression plasmids for use in our SF9 
protein expression system and will employ SeqWright DNA Technology Services to generate the H246R mutant 
versions of these motors.  

Figure 2: Crystal structure of the myosin VI motor domain and insert-2 in the 
pre-powerstroke state.  Insert-1 and insert-2 are shown in yellow and pink, 
respectively, and L310 and H246 are shown as spheres that are blue and green, 
respectively.  In addition, bound MG-ADP-AlF4 is shown as a stick model.  
This structure is PDB: 4ANJ [14].


