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Abstract

Molecular motors are cellular enzymes that convert chemical energy into mechanical 

energy and are vital to cellular organization and function. The focus of the following 

research is Myosin Va, a molecular motor whose activity contributes to melanosome 

distribution in melanocytes. A mutation within myosin Va leads to the dilute coat-color 

phenotype in mice and some cases of Griscelli’s syndrome in humans. The main goal of 

this research was to create a chimeric myosin V, with portions of both myosin Va and 

Vb. This chimeric myosin was then transfected into dilute melanocytes to see if the

normal distribution of melanosomes was restored. The results with this construct were

compared to an old construct of the chimeric myosin V. Distribution of the melanosomes 

within the cell was monitored via bright field of the expression from the construct by

immunofluorescence.

Introduction

Myosin is a molecule-sized muscle that uses chemical energy to perform a 

deliberate motion. Myosin captures a molecule of ATP, the molecule used to transfer 

energy in cells, and breaks it, using the energy to perform a power stroke. All of the

different movements that are made in the body are powered by myosin. Myosins are a 

class of molecular motor proteins found in eukaryotic tissues and are one of the key 

motor systems in cells that interact with actin filaments. Myosins are made up of heavy 

and light chains (Goodsell, 2001). The myosin molecular heavy chain composition is 

described as a head, neck, and tail domain. The head domain is a globular domain and 

contains the ATPase activity and there is a hinge region at the tail-head junction. The
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head domain forms cross-bridges that bind to actin when the muscle contracts. The light 

chains have the ability to bind the neck domain Ca++ with high affinity. They also have 

the ability to regulate the myosin’s ATPase activity and regulate the myosin’s assembly

into thick filaments. The tail domain forms the thick filament backbone in muscle. The

tail domain is an a helical coiled-coil long thin rod (Perstronk, 2005). There are 18 

known classes of myosin. The most common class of myosin is the muscle myosin, 

which is known as Myosin II.

Myosin II plays a major role in muscle contraction and cytokinesis. Myosin II is 

also found in non-muscle cells, such as stress fibers, and is associated with bundles of 

actin. Myosin II controls heartbeat, movement, and hearing (Diwan, 2005). The myosin II 

head domain interacts with actin filaments in a cyclic pattern. First ATP binding causes a 

conformational change that causes myosin to let go of the actin filament, causing closing 

of the active site and the ATP is hydrolysis. The conformational change causes the 

myosin to bind weakly to another portion of the actin. The release of the inorganic 

phosphate causes another conformational change leading to a stronger myosin binding, 

and creates the power stroke to move the myosin and its cargo. ADP dissociation leaves 

the myosin head tightly bound to actin.

Myosin V is an actin based motor molecule with ATPase activity (Provance and 

Mercer, 1999), meaning that it utilizes energy from ATP hydrolysis to generate 

mechanical force. A myosin V molecule consists of a head domain, a neck region, and a 

tail domain. Myosin V is involved in a wide range of functions in many different cells, 

which makes it more helpful when relating to human diseases (Provance and Mercer, 

1999), such as Griscelli’s syndrome. One function of myosin V is intracellular vesicle
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transport (Bahadoran et al., 2001). In melanocytes, myosin V binds to melanosomes and 

participates in their transport to dendrites. It seems that myosin V captures melanosomes 

in subcortical actin bundles at the periphery of dendritic processes. With the above 

observations, it suggests that the pigmentary dilution observed in Gricelli syndrome is 

due to a defective acto-myosin-dependent docking of melanosomes at dendrite tips of 

melanocytes, resulting in a biased distribution of these organelles (Bahadoran et al., 

2001).

Myosin V has three separate forms: Va, Vb, and Vc. Myosin Va has brain and 

melanocyte isoforms. Myosin Va has a large number of mutations, which range in 

severity in mice (per. comm. John Mercer). A specific mutation known as dilute causes a 

black mouse to become gray (per. comm. John Mercer). This phenotype indicates that Va 

is essential for transport of melanosomes to the growing hair, providing the growing hair 

with melanin to pigment the hair. Myosin Vb has several apparent roles in membrane 

transport, including recycling of transferrin and its receptor, recycling of the M4 

muscarinic acetylcholine receptor, and other potential functions, given its interactions 

with GTP-bound members of the Rabi 1 family (Provance et al., 2004). Myosin Vc is 

expressed abundantly in epithelial cells (Rodriguez and Cheney, 2002) but not much is

known of its function.

Normal wild-type melanocytes have the melanosomes spread out uniformly in the 

cytoplasm of primary murine melanocytes. The absence of myosin Va causes a striking

difference in the distribution of melanosomes. The abnormal distribution of the

melanosomes in the dilute phenotype causes a coat color dilution attributed to a clumping 

of melanin granules in the hair and an abnormal concentration of melanosomes in the cell
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body of melanocytes (Bahadoran et al., 2001). Melanosomes are concentrated in the 

perinuclear region with clumps of melanosomes found sporadically in dendrites 

(Provance and Mercer, 1999).This suggests that myosin Va is required during 

melanosome transport, either directly as the transporter or in cooperation with another 

motor, possibly as a tether or dock after transport (Provance and Mercer, 1999).

The tail domain of a myosin uniquely describes a particular myosin within a 

family and is generally believed to interact with a specific cellular structure, its cargo.

The force required to move the cargo is generated in the head domain (Provance and 

Mercer, 1999). While the tail domain appears to mediate the binding to cargo, sequences 

that are known to interact directly with phospholipids are not present in the tail domains 

of members of the myosin V family. This suggests that the tail of myosin V interacts with 

its cargo through an intermediary protein (or protein complex) present on the cytoplasmic 

face of the cargo (Provance and Mercer, 1999).

Two possible candidates for the intermediary protein are Rab27a and 

melanophilin (Mlph). Hume et al. (2001) showed that myosin Va co-immunoprecipitated 

with Rab27a in melanocyte extracts. Hume et al. (2001) found that myosin Va can be 

precipitated from detergent extracts of cultured murine melanocytes or murine tissues 

using affinity-purified anti-Rab27a antibodies. To test the possible functional interaction 

of melanosome-associated Rab27a and myosin Va, Hume et al. (2001) investigated 

whether the two proteins exhibit similar patterns of intracellular distribution. There were 

high levels of colocalization between myosin Va and Rab27a. However, they were not 

able to determine whether the interaction between myosin Va and Rab27a was direct but
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they were able to determine through genetic evidence that at least one more gene product 

is involved in this process (Hume et al., 2001).

Wu et al. (2002) sought to obtain additional support for the idea that myosin Va 

and Rab27a function as a motor-receptor pair by seeking definitive evidence of a physical 

interaction between them. The researchers looked to identify the regions in myosin Va 

that was required for it to colocalize with melanosomes and to influence their distribution 

in vivo. They focused on exons D and F, two alternatively spliced exons, that are present 

in the tail domain of the melanocyte-spliced isoforms of myosin Va but not the brain- 

spliced isoforms. Wu et al. (2002) found that exon F is absolutely required for myosin Va 

to colocalize with and to influence the position of melanosomes. They tested the ability 

of beads coated with full-length myosin Va with and without exon F to bind Rab27a 

present in detergent lysates of melanocytes. It was found that only beads coated with a 

version of myosin Va that contain exon F bound Rab27a. Further studies by Wu et al., 

indicated that purified Rab27a and myosin Va did not interact in a yeast-two hybrid 

screen leading them to conclude that Rab27a does not function alone as the melanosomes 

receptor for myosin Va, but rather as an essential component of a multi-protein complex

that serves as the receptor.

Rab27a colocalizes with myosin Va in end-stage melanosomes from wild-type 

cells. It can also be coimmunoprecipitated with myosin Va from wild-type melanosome 

extracts. However, myosin Va does not colocalize with melanosomes in Rab27a-deficient 

melanocytes, implying that Rab27a is only part of the melanosome receptor that recruits 

myosin Va onto melanosomes. Matesic et al. (2001) suggested that Mlph plays an 

important role in melanosomes transport in melanocytes. Although the function of Mlph
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in melanosome transport needs to be firmly established, one likely possibility is that 

Mlph is a Rab27a effector that is recruited onto melanosomes by Rab27a. This was 

supported by observations by Matesic et al. (2001) that Rab27a and Mlph mutants have 

identical melanocyte defects. This lead researchers to start investigating the role of all 

three proteins (myosin Va, Rab27a, and Mlph) in melanosome distribution.

According to Strom et al. (2002) an association of myosin Va with melanosomes 

is greatly reduced in cultured melanocytes in the absence of either Rab27a or Mlph. In 

contrast, Rab27a is correctly localized to melanosomes in culture melanocytes in the 

absence of either Mlph or Myosin Va. These observations indicate that binding of 

Rab27a is independent of myosin Va and Mlph, and that Rab27a may act together with 

Mlph to allow the recruitment of myosin Va to melanosomes. Strom et al. (2002) further 

investigated the role of Mlph by studying its interaction with its partners, Rab27a and 

myosin Va. Their results showed a positive interaction between full-length Mlph and the

carboxyl-terminal 621-amino acid fragment of myosin Va. This myosin Va fragment 

included melanocyte-specific exons D and F and the globular tail. The results from Strom 

et al. (2002) investigation strongly support the possibility that Mlph acts as a linker 

bridging Rab27a and the carboxyl terminus of myosin Va via non-overlapping regions. 

They concluded Rab27a and myosin Va interact indirectly via Mlph. It was found that 

Mlph interacts with Rab27a via a conserved amino-terminal domain on the Mlph. Myosin 

Va, through its carboxyl-terminal domain, connects to Mlph through its central region 

distinct from the Rab27a-binding domain.

Melanophilin functions as a linker protein that bridges between Rab27a on 

melanosomes and myosin Va, and that the formation of the tripartite protein complex
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(Rab27a-myosin Va-Mlph) is essential for melanosomes transport (Fukuda and Kuroda, 

2003). The researchers determined the sequence where myosin Va binds to Mlph and 

searched libraries of protein sequences to find any other proteins that might be a possible 

match. It was found that Mlph is the only protein that contained the binding sequences for 

myosin Va. They also found that Rab27a binds at the N-terminal of Mlph, indicating that 

Mlph is an excellent candidate for the linker protein between myosin Va and Rab27a.

Nagashima et al. (2002) found that Rab27a and myosin Va are colocalized on 

melanosomes and form a complex in melanocytes and that melanophilin directly binds to 

myosin Va at one of its C-terminal coiled-coil domains that are unique to melanophilin. 

The N-terminal a-helical region of melanophilin is essential for the binding of Rab27a 

(Nagashima et al., 2002). This provides strong evidence that there is a protein complex 

construct of melanophilin, Rab27a, and myosin Va.

Melanosomes interact with the actin cytoskeleton via a tripartite complex formed 

by the small GTPase Rab27a, melanophilin, and myosin Va (Barral and Seabra, 2004). In 

melanocytes, Rab27a associates with the melanosome membrane and appears to be the 

key melanosome-associated protein of this tethering complex. Rab27a binding does not 

depend on the other components of the complex, melanophilin and myosin Va, but 

melanophilin and myosin Va require Rab27a to associate with melanosomes (Barral and 

Seabra, 2004).

Provance et al. (2002) showed that leaden gene function (which produces 

melanophilin (Mlph)) is required for the interaction of myosin Va with melanosomes. If 

myosin Va and melanophilin act independently in the targeting of myosin Va to 

melanosomes, it is predicted that myosin Va would be associated with melanosomes in
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leaden mutant melanocytes. Conversely, if delivery of myosin Va to melanosomes 

depends on leaden function, either to form a complex prior to or coincident with 

melanosome association, then myosin Va would be expected to display an altered 

distribution in leaden melanocytes. The results supported the second hypothesis showing 

that delivery of myosin Va depends on the leaden function. Melanosomes had a clustered 

appearance around the nucleus, while the myosin Va is spread throughout the cell. There 

is little or no co-localization with the myosin Va and melanosomes in the cell that is 

melanophilin deficient. Provance et al. (2002) also found that independent pathways 

deliver melanophilin, Rab27a, and myosin Va. Thus the delivery of Rab27a to 

melanosomes did not depend on myosin Va function. It was also found that Rab27a 

partially eolocalized with melanosomes in leaden mutant melanocytes, indicating that it 

is not necessary for Rab27a to interact with either myosin Va or melanophilin for its 

targeting to melanosomes. Reciprocal experiments showed that myosin Va binding to 

melanosomes is dependent on both melanophilin and Rab27a, as also seen in Wu et al’s 

study in 2002. Provance et al (2002) results suggest that if such a complex exists,

Rab27a and melanophilin, either simultaneously or sequentially, provide a foundation for 

the interaction of myosin Va with melanosomes.

Myosin Va encoded by the dilute gene has been genetically shown to be essential 

for the transport of melanosomes (Provance et al., 1996). All mutant alleles of the dilute 

locus cause a dilution in the coat color of homozygotes. Physiologically the dilute mice 

have normal levels of melanin but show a lightening of their coat color due to the 

clumping and irregular distribution of melanin in the hair shaft. Melanocytes produce 

melanin within melanosomes, which are transported into the hair shaft. Provance et al.
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(1996) believed that dilute function is required for transport of melanosomes through out 

the cell. Through immunofluorescence, it was shown that dilute myosin are localized to 

regions containing melanosomes. To transport melanosomes, myosin Va must interact

with melanosomes and be a functional motor.

In the present study, chimeric myosin Va and their effects within melanocyte cells 

were studied. I hypothesized that the chimeric myosin V gene, which would be created by 

using the tail domain from the myosin Va melanocyte form and the head domain of the 

myosin Vb, could be expressed and be able to restore normal distribution of the 

melanosomes in dilute melanocytes. This is important because a major assumption in the 

field is that the uniqueness of the tail domain dictates function.

Materials and Methods

Restriction Enzyme Digests

The restriction enzymes Xho I, Sfi, and Pvu II were stored at -20°C. The lOx reaction 

buffer used with Xho I, Sfi, and Pvu II was IX NEBuffer 2 (10 mM Tris-HCl pH 7.9, 50 

mM NaCl, 10 mM MgCl2, and 1 mM dithiothreitol) and the lOx reaction buffer with Nsi 

was NEBuffer 3 (50 mM Tris-HCl pH 7.9, 100 mM NaCl, 10 mM MgCl2, and 1 mM 

dithiothreitol). A 10 pL reaction contained the following: 6.5 pL of H20, 1 pL of lOx 

buffer, 0.5 pL of the enzyme (10,000 units/mL), and 2 pL of DNA. The mixture was 

placed at 37°C for three hours and then placed at 65°C for 20 minutes to inactivate the 

enzymes. The digests were then run on a 0.7% agarose gel to visualize the DNA 

products.
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DNA Isolation

The DNA was cut from an agarose gel with a sterilized razor blade. The band was then 

placed in Ultrafree-MC Centrifugal Filter Unit with Microporous Membrane (Millipore 

Corporation, Billerica, MA, USA) and placed in a 1.5 mL test tube. The test tube was 

placed in a fixed angle rotor and spun at 5 rpm for 5 minutes. The test tubes were rotated 

180° and spun at high speed (14,000 g) for 10 minutes. DNA was then precipitated with 

1/20 volume 5 M NaCl and 2.5 times the volume 100% EtOH by placing at -20°C for 2 

hours then centrifuged for 30 minutes at 14,000 g. The pellet was washed two times with 

70% EtOH and resuspended in 10 pL 10 mM Tris pH 8.0.

PCR Amplification

The PCR reaction was prepared by mixing 14.6 pL of deionized water with 2 pL Pfu 

Ultra lOx buffer. Pfu Ultra, a high fidelity DNA polymerase (Stratagene, La Jolla, CA, 

USA) was vortexed for 1 minute and then 0.2 pL (2.5 Units/pL) was added. After the 

addition of the polymerase, 0.2 pL (200-250 pM) dNTP’s was added. The primer set was 

the CMV Promoter Span (5’ CGCAAATGGGCGGTAGGCGTG 3’) at a concentration 

of 200 ng/pL and SSR primer (compliments and designed by Dr. Bill Provance) also at a 

concentration of 200 ng/pL. The primers were diluted 1:10 before adding 1 pL of each 

primer. The template for the PCR was the Pvu II digest of the Vb Full Length DNA and 1 

pL of the template was added. The test tubes were vortexed to mix. Mineral oil was 

placed on top of the reaction to prevent evaporation. The test tubes were placed in the 

robocycler. The first setting was at 95°C for five minutes. The next setting cycled 

through 35 times: 95°C for 30 seconds, then to 55°C for 30 seconds, and 72°C for 2
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minutes. For the final cycle, the test tubes were placed at 72°C for 5 minutes. 0.5 pL of 

Taq Polymerase was added to the final PCR and incubated at 72°C for 10 minutes to add 

an overhang for cloning into pCR2.1.

Cloning of PCR Product

The purified PCR product consisting of the CMV promoter and head domain of Myosin 

Vb was cloned into the vector pCR 2.1. The preparation for the ligation was done on ice. 

For a 10 pL reaction, 6.5 pL of H2O and 1 pL of the lOx DNA ligase buffer (250 mM 

Tris-HCl pH 7.6, 50 mM MgCh, 5 mM ATP, 5 mM DTT, 25% (w/v) polyethylene 

glycol-8000) were added to the reaction. The T4 DNA ligase (400,000 units/mL, 

Invitrogen, Carlsbad, CA, USA) was added next (0.5 pL). The mixture was mixed and 1 

pL of the vector pCR 2.1 and 1 pL of the CMV promoter were added to the reaction 

mixture. The reaction was placed at 16°C overnight and the ligase was inactivated at

65°C for 20 minutes to end the reaction.

Transformation

The electroporator was set at 25 mFD, 200 W, and 1.8 kV and the time constant should 

be between 3-4 milliseconds. The Top 10 cells (E.coli strain) were taken from the -80°C 

and placed in an ice bucket to thaw. The 0.2 cm cuvette (BioRad, Hercules, CA, USA) 

was placed on ice to chill. For each transformation reaction, 40 pL of Top 10 cells and 1 

pL of the ligation reaction was added to a tube. The mixture was pipetted into the cuvette 

and placed into the electroporator and electroporated. The cuvette was removed and 

placed on ice and 350 pL of SOC media (1 L: 20 g Bacto-tryptone, 5 g Bacto Yeast
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Extract 0.01 M NaCl, 0.025 M KC1, 0.01 M MgCl2, 0.01 M MgSO4,0.02 M glucose) was 

added to the cuvette. The liquid was placed into a 15-mL Falcon tube and placed in the 

shaking 37°C incubator for 60 minutes. After placing the tube into the incubator, 

Kanamycin plates were placed into the incubator and allowed to dry. Prior to incubation, 

40 pL of X-galactose was placed on the plate to allow for color screening. After 60 

minutes, the transformation solution was taken out of the 37°C incubator and 150 pL of 

the mixture was plated onto the Kanamycin plates and placed in the 37°C incubator 

overnight. From the plates, colonies were picked and placed into 2 mL of LB broth with a 

1:1000 dilution of Kanamycin (2 pL) and shaken overnight at 37°C.

Plasmid Preparations

From the overnight cultures 2 mL of sample were removed and placed into test tubes.

The tubes were centrifuged for 5 minutes at 5 rpm. The supernatant was removed and the 

pellet was resuspended with 250 pL of Cell Resuspension Solution (2.5 mL 1 M Tris pH 

8,0.05 M EDTA) and vortexed to mix. Each sample received 250 pL of lysis buffer (0.2 

M NaOH, 5 mL of 20% SDS) and the samples were inverted 4-6 times to mix. The 

samples then received 350 pL of Neutralization Buffer (3 M KOAc, 2.06 M glacial acetic 

acid, then pH to 4.8 using glacial acetic acid) and the samples were inverted 4-6 times. 

The test tubes were spun at 14,000 g for 10 minutes. The supernatant was transferred to a 

1.5 mL test tube. 750 pL iso-propanol was added to the supernatant. The test tubes were 

spun at 14,000 g for 10 minutes. After 10 minutes, the tubes were examined to see if a 

pellet formed. The supernatant was discarded and the pellet was rinsed with 1 mL 70% 

EtOH. The ethanol was drawn off and the pellets were centrifuged for 2-3 minutes at
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14,000 g to solidify. The remaining solution in the tubes was removed and the pellets 

were once again rinsed with 175 pL of 70% EtOH and again drawn off. The pellets were 

air dried then resuspended in 50 pL deionized water.

Tissue Culture for the transfection

Primary melanocytes were cultured from 1- to 3-day-old Myo5a26J/Myo50^ mice by the 

basic method of Boissy et al. Mice were euthanized and rinsed in 70% ethanol and sterile 

phosphate-buffered saline (PBS).The dorsal skin was removed aseptically, rinsed in 

sterile PBS, and placed in 3 ml of 0.05% trypsin-EDTA (GIBCO/BRL, Carlsbad, CA, 

USA). The skin was shaken in an incubator at 37°C at 400 rpm for 4 hr. The epidermis 

was peeled away from the dermis and the dermis was shredded with a scalpel followed by 

vortexing for 3-5 min. Isolated cells were cultured in F-10 media (including, bovine 

pituitary extract, phoryl ester, penicillin-streptomycin, isobutyl methyl xanthine, and 10% 

fetal bovine serum). Cell cultures were maintained at 37°C in a humidified 5% CO2/95% 

air atmosphere.

Transfection (On cover slip)

Cover slips were treated with 100 pL of poly-L lysine (0.1% solution, Sigma-Aldrich, St. 

Louis, MO, USA) and allowed to dry or Nupherin (3 mg/mL, Biomol, Plymouth 

Meeting, PA, USA) was added to the transfection. After removing the Lipfectamine 

(Invitrogen, Carlsbad, CA, USA) from the 4°C, 1 pL of Lipofectamine 2000 was mixed 

with 25 pL Optimem (Invitrogen, Carlsbad, CA, USA) and incubated at room 

temperature for 5 minutes. To get the proper DNA concentration, 0.5 pg of DNA, either
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alone or with 1 pL of Nupherin, was mixed with 25 pL of Optimem or also allowed to

incubate for 5 minutes at room temperature. The Lipofectamine 2000/0ptimem mixture 

was mixed with the DNA/Optimem solution and incubated at room temperature for 20 

minutes. During the incubation, the cell dishes were taken out of the incubator and the 

media was suctioned off. The plates were rinsed with 3-5 mL PBS without Ca++/Mg++ and 

suctioned off. Trypsin (Sigma-Aldrich, St. Louis, MO, USA) was added (0.8 mL) to lift 

the cells off the plate and the plates were placed in the 37°C incubator for 10 minutes. 

Complete media (5-10 mL) was added and then cells were counted. 1 x 105 cells were 

pelleted by spinning at 100 g for 3 minutes. The supernatant was suctioned off and then 

the pellet was resuspended in a necessary volume for a density of 1 x 106 cells/mL. The 

cells were added to the transfection mixture and 50 pL was spotted on a cover slip, 

placed in a cell dish, and incubated at 37°C. After one hour the cells attached and the 

dishes were flooded with 1 mL F-10 media. After 4 hours, the media was changed.

Immunofluorescence

Primary melanocytes grown on glass cover slips were rinsed with PBS and fixed for 5 

minutes in 4% paraformaldehyde. The fixed cells were rinsed with PBS through three 5- 

minute incubations and were then exposed, for 90 seconds, to a permeabilzation solution 

made up of 0.1% Triton X-100 and PBS with lOmg/mL BSA, followed by three 5-minute 

incubations in PBS with 10 mg/mL BSA. The cells were exposed to a primary antibody 

against Va (mouse polyclonal serum lmg/mL diluted 1:1000 in PBS-BSA, donated by 

Walkonis RS) and Hoechst (16.2 pM) to stain the DNA in the cell. The cells were 

incubated at room temperature for 60 minutes. Cells were rinsed 3 times, 5 minutes each
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in PBS with 10 mg/mL BSA before being exposed to the secondary antibody. The 

secondary antibody was Alexa Fluor 546-labeled goat anti-mouse IgG (H & L 2mg/mL 

1:2000 dilution, Molecular Probes, Eugene, OR, USA) and the cells were exposed for 30 

minutes at room temperature.. Finally, the cells were rinsed 5 times with PBS for 5 

minutes and mounted on a slide using Aquamont (Polysciences, Inc., Warrington, PA, 

USA). The slides were image on a Nikon TE2000E equipped with either a 60x Plan Apo 

lens (NA 1.4, Nikon) or 20x Fluorlens (NA 0.75, Nikon) and a MicroRadiance confocal 

scanning system (BioRad, Hercules, CA, USA).

Results and Discussion

There were two main goals for this research: 1) To create a chimeric myosin V that when 

transfected into a dilute melanocyte will restore the melanosome to a wild type 

distribution and 2) To test a previously created chimeric myosin V construct. For the first 

goal, a three part procedure was used that when all three parts were completed would be a 

chimeric myosin V (Figure 1). To accomplish the second goal the chimeric myosin Va 

gene would first be transfected into melanocyte cells. Then the presence of the myosin 

protein would be assessed by immunofluorescence.

Creating the chimeric myosin

The first part of the procedure was to isolate the DNA sequence from Vb Y-> G 

119 mutant strain of the Vb Full Length Wild Type DNA. This specific DNA construct 

has a mutation in its sequence that changes amino acid 119 from tyrosine to glycine. This 

mutation causes the protein to be sensitized to an analog ADP. This DNA was prepared
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in the lab prior to my arrival. Through sequencing analysis, it was shown that this portion 

of the chimeric myosin was correct.

The Vb Y->G 119 DNA strand was cut with the restriction enzymes Xho I and 

Sfi (New England BioLabs, Ipswich, MA, USA). This was necessary to be able to 

incorporate this fragment of DNA into the pCCl vector (Figure 1). The pCCl vector was 

also cut with Sfi. The pCCl vector and the Vb Y->G 119 were ligated together using 

ligase (Invitrogen, Carlsbad, CA, USA) and incubated at 16°C overnight. After the 

ligation was complete, the DNA was stored at 4°C.

The next step was to isolate the CMV promoter. The Vb full length pcDNA was 

cut using the restriction enzyme Pvu II (New England BioLabs, Ipswich, MA, USA, 

Figure 2, Lane 2).
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Figure 2. Pvu II digests of Vb Wild type Full length pcDNA (Vb Wt FI pcDNA). Lane 1 Kb Ladder, 

Lane 2 Vb Wt FI pcDNA containing the CMV promoter.

Polymerase chain reaction (PCR) was done to amplify the Pvu II digests using the 

primer sets that amplify the CMV promoter span. The PCR products were run on a 0.7% 

agarose gel and a 1.4 kb band was expected to contain the isolated promoter. The band 

was cut out and isolated by centrifugation. A small amount of this gel purified material 

was run on a gel and the rest of the sample was buffer exchanged using micro bio-spin 6 

columns (BioRad, Hercules, CA, USA).The buffer exchange caused the sample to be 

placed in a new buffer containing lOmM Tris pH 7.4 and SSC buffer (150 mM NaCl, 

17.5 mM sodium citrate, pH 7.0) A restriction enzyme digest with Xho I was performed 

to remove excess sequence from the DNA and run on a 0.8% agarose gel (Figure 3).

Figure 3.CMV Promoter span DNA purification. Lane 1 Kb Ladder, Lane 2 CMV Promoter cut with 

Xho. The band in the box was removed and purified.
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The gel-purified material was ethanol precipitated by using 1/20 the volume of 5 M 

NaCl, 3pL linear polyacrylamide at a concentration 5 mg/mL (Ambion, Houston, Texas, 

USA) and 2.5 times the volume of 100% EtOH. This material was ligated with the vector 

pCR 2.1 (Figure 4) using ligase and incubated at 16°C overnight.

Figure 4. pCR 2.1 Vector

To end the ligation, the enzymes were inactivated by incubating the samples at 65°C for

20 minutes.

The ligation product was transformed into E. coli bacterial cells (Top 10) using an 

electrical pulse. The transformations were plated on Kanamycin plates that were coated 

with X-Galactose and incubated at 37°C overnight. Clones were screened for color using 

a blue/white screen. The blue colonies contained cells that had received the plasmid 

without the insert. White colonies were those that received the plasmid with the insert. 

The white colonies were picked using sterilized toothpicks. Each individual white colony 

was grown in 2 mL of LB broth and a 1:1000 dilution of Kanamycin (2 pL) and placed in
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a shaking incubator at 37°C overnight. Plasmids were isolated by centrifugation. The 

plasmids were cut with either Nsi and Sal I or Nsi and Xho I to isolate the promoter DNA 

sequence. The Nsi restriction digest leaves a 5’ single strand overhang and a reaction 

using dNTP’s was done to make a complimentary strand so that a blunt end can be 

obtained. A blunt end is necessary to be able to insert the DNA into the pCCl vector.

The final portion of the chimeric myosin creation was to attach the Va portion of 

the brain or melanocyte tail domain isoform. Myosin Va is another isoform of the myosin 

V family so incorporating this into the construct would allow for a chimeric myosin V to 

be formed. This step was not completed.

After I left the lab, this work was continued and confirmation of my results was 

observed. Through restriction digests, the CMV promoter constructed in the lab did not 

show the correct banding pattern when ran on an agarose gel. After following the steps 

outline by the lab the CMV promoter should have been correctly added to the Vb 119 

Y-> G DNA. The continuing work showed that they were never able to obtain a construct 

that had the CMV promoter and the Vb 119 Y -> G DNA that were ligated together. This 

was determined by agarose gel analysis. The gel showed two bands, which indicated that 

the two portions of the DNA had remained intact and they in fact had not ligated. Had 

they ligated together, there would have only been one band on the gel. A reasonable 

explanation for the lack of ligation is that there may have been a problem with the 

reaction to create the blunt end on the CMV promoter. This step in the construction of the 

chimeric myosin was critical. Without the CMV promoter, the protein would not be 

transcribed and no myosin V protein would be produced. The cell phenotype would 

remain dilute with the pigments clustered around the nucleus.
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Testing the Old Construct

A previously constructed chimeric myosin Va was studied to see if it was being properly 

expressed. The dilute melanocyte cells lack myosin Va and thus the melanosomes are 

clustered around the nucleus. With the addition of myosin Va, the melanosomes should 

return to a uniform distribution within the cells. The goal of this portion of the 

experiment was to determine if the chimeric myosin V did restore normal distribution of

the melanosomes in the dilute cells. The DNA construct was transfected into dilute 

melanocyte cells using Lipofectamine 2000. Lipofectamine 2000 is a transfection reagent 

that allows for higher transfection efficiency. After mixing the DNA and the reagent, 

mammalian cells were added to the test tubes. The transfection mixture (50pL) was 

spotted onto cover slips and placed in the 37°C incubator. The cover slips were first 

treated with poly-L Lysine to increase the number of the melanocytes recovered on the 

cover slips at the end of the procedure. After 1 hour, the cell dishes were flooded with 1 

mL of F-10 medium. The next day the cells were fixed by placing the cover slips in 4% 

para-formaldehyde and immunofluorescence was performed to see if myosin Va was 

being correctly expressed. Fluorescence would be observed if the chimeric myosin was 

expressed. The cover slips were rinsed with PBS and permeabilized with a solution of 

0.1% Triton and PBS. The cover slips were incubated with a primary antibody, Anti-Va, 

which would bind to the myosin Va. A secondary antibody was added which binds to the 

primary antibody. The secondary antibody hud a fluorescent tag attached to ft that would 

fluoresce when exposed to light of the wavelength 546 X. Green fluorescent protein 

(eGFP) was co-transfected with the construct. eGFP was used as a control to see if the



21

transfection had actually occurred. Under a certain wavelength of light (488 X), the 

protein should fluoresce a green color. When the cover slips were examined under the 

fluorescent light, there was no fluorescence with any of the wavelengths that were 

examined suggesting that no transfection occurred. Because it was not successful I was 

unable to characterize the expression and function of the construct myosin Va.

Ideally the cells transfected with the construct should have shown 

immunofluorescence. Neither the control (eGFP) nor the Va/Vb chimera showed 

successful transfection due to lack of fluorescence at both wavelengths observed. The 

lack of fluorescence may have resulted from a problem with the transfection process and 

not related to the construct. This may be due to the treatment of the cover slips. The cover 

slip treatment was supposed to increase attachment of the melanocytes and therefore 

promote higher transfection efficiency. In actuality, the cover slips were examined by 

another individual in the lab and significant cell death was observed, which would lead to 

no transfection. Therefore, the transfection should be repeated on cover slips without 

treatment prior to transfection. In the future after successful transfections, the 

immunofluorescence process should be repeated to test the old chimeric construct was 

actually being expressed in the melanocyte cells. If being correctly expressed, the

immunofluorescence of the Va should show a uniform distribution within the

melanocyte. If not correctly expressed, the immunofluorescence of the Va would be

clustered around the nucleus.
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