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IN VITRO PURIFICATION OF CARDIOMYOPATHY-ASSOCIATED 

MUTATIONS IN HUMAN β -MYOSIN HEAVY CHAIN 

 
Dhanwant S. Hunjan 

 

Abstract 

 

 Hypertrophic cardiomyopathy (HCM) and Left Ventricular Non-compaction (LVNC) are 

two distinct forms of genetic cardiomyopathies that can arise from point mutations within the 

cardiac sarcomere. HCM is typically characterized by thick ventricular walls and stiffening of 

the ventricles, while LVNC is characterized by irregular trabeculation and sponge-like 

appearance of the ventricular wall; both lead to impaired heart function. Interestingly, similar 

point mutations in the enzymatic thick filament protein β-Myosin Heavy Chain (β-MyHC), have 

been implicated in both forms of cardiomyopathies. One such example is the HCM-associated 

I457T and LVNC-associated I467T, both of which are found in close proximity to the ATP-

binding pocket of the motor domain. We hypothesize the replacement of a hydrophobic 

isoleucine with a non-polar threonine in a known hydrophobic ATP-binding pocket induces a 

structural alteration that subsequently affects ATPase activity of the motor domain. To date, 

I457T and I467T mutants were made following site-directed mutagenesis via recombinant PCR 

of the MYH7 gene. Mutants were cloned into a plasmid containing a viral genome for 

amplification of cDNA in vitro. Subsequent infection of C2C12 myoblasts with virus containing 

MYH7 gene allowed for chaperone-mediated production of functional myosin protein. Column 

chromatography was used to purify the myosin protein. 

 
 

Introduction 

 

 Hypertrophic cardiomyopathy (HCM) and Left Ventricular Non-compaction (LVNC) are 

distinct forms of heart disease, both of which can arise from genetic abnormalities. HCM is 

reported to have an estimated prevalence of affecting 1 in 500 individuals [1]. Furthermore, the 

American Heart Association reports a total case incidence of about 500,000 individuals being 

affected by HCM within the United States and remains the most common genetic heart disease. 

HCM has been found to be the most common cause of sudden cardiac death healthy young 

individuals [2-3]. It is characterized by hypertrophy or enlarging of the ventricular myocardium 

by more than 1.5 cm and myofibrillar disarray [3]. Increased wall thickness of heart muscle leads 

to a decreased interventricular space which ultimately reduces cardiac output and functionality of 

the heart. Clinical manifestation of HCM can be characterized from benign to severe, implying a 

wide range of variability among patients who have the disease [3].  

  

 LVNC is a newly classified genetic cardiomyopathy by the American Heart Association 

[4]. Current epidemiology surrounding LVNC states an incidence of 0.81 in 100,000 infants and 

a prevalence of 0.014% amongst adults [4]. Changes in ventricular wall anatomy are thought to 

arise from developmental disruption and include: prominent left ventricular trabeculae, deep 

intertrabecular recesses, and a thin compacted layer [5]. LVNC can be presented in isolation but 

can also be presented in conjunction with other forms of cardiomyopathy, congenital heart 

disease, and syndromes associated with the heart [5]. Complications associated with LVNC 
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include heart failure, cardiac arrhythmia, sudden cardiac death, and systemic embolic events [4]. 

LVNC diagnoses have a 20-40% of having an underlying genetic cause to be identified [6]. 

  

 Cardiomyopathies, like HCM and LVNC, typically result when normal compensatory 

mechanisms employed by the heart are not able to sustain the underlying insult [7]. Potential 

compensatory mechanisms which occur at a cellular level include: hypertrophy, re-expression of 

developmental genes, fibrosis, and metabolic disturbances [7]. Changes in cardiac function are 

reflected within cardiomyocytes, and are typically initiated at the level of the cardiac sarcomere 

which is the basic intracellular functional unit of contraction of the heart. The cardiac sarcomere 

is comprised of numerous proteins, all of which are organized to interact amongst each other, 

within a synchronous dynamic between myocytes, and the extracellular matrix surrounding 

myocytes [7]. This gives rise to an intimate relationship between the structural arrangement of 

proteins within the cardiac sarcomere and its function.  

 

The cardiac sarcomere is comprised of two main filaments of interest, namely the thin 

and thick filaments. The thin filament is comprised of integral cardiac proteins which include 

filamentous actin, tropomyosin, and the troponin complex [8]. The thick filament consists of 

myosin and regulatory myosin-binding proteins [8]. Filamentous actin is formed by G-actin 

monomers, and each monomer contains a domain for myosin binding [8]. Tropomyosin consists 

of two polypeptide chains, approximately 40 nm in length, and each tropomyosin molecule 

twists precisely around the groove of 7 G-actin molecules as diagramed in Figure 1 [8]. Cardiac 

troponin (cTn) is a complex which consists of three protein subunits, namely cTnT which binds 

the troponin complex to tropomyosin, cTnI which acts as a physical inhibitor of actin-myosin 

interaction, and cTnC which binds calcium integral to the metabolic function of the sarcomere 

[8]. Together these proteins regulate actin and myosin interactions, and thus cardiac contraction, 

in a calcium-dependent manner. 

 

 
Figure 1. Arrangement of proteins within the cardiac sarcomere. Adapted from Sarantitis et al. 

 

 Myosin, the primary protein of the thick filament, is a motor protein which is responsible 

for force generation within the cardiac sarcomere via its movement on actin [3]. The primary 

adult human isoform of myosin is β-Myosin Heavy Chain (β-MyHC) and it is encoded by the 

gene MYH7 [3]. Many missense mutations within conserved regions of MYH7 have been 

associated with both HCM and LVNC, and typically lead to distinct clinical pathology as seen in 

patients [7]. Moreover, mutations within MYH7 account for approximately 30% of reported 

familial HCM cases and over 70 mutations within the gene have been linked with sudden cardiac 

death [3].  
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 The three primary components of β-MyHC include a double-headed motor domain, a 

neck region also referred to as the lever arm, and a coiled coil domain [9]. The head domain of 

myosin is responsible for force generation by its cyclical interaction with actin. Moreover, the 

myosin head contains an actin-activated ATPase domain [9]. On a fundamental level, a dynamic 

between myosin, actin, and ATP is required in order for myosin to produce force. Myosin is 

considered to be in an unbound state following hydrolysis of ATP by the myosin head in the 

absence of actin, and this primes the myosin head for actin binding while retaining the bound 

ADP and Pi [10]. Interaction with actin is believed to be required for the release of Pi by the 

formation of weak electrostatic interactions between myosin and the actin-binding cleft, also 

known as a weak binding state [10]. Further interaction between the myosin head and the actin-

binding cleft allows for Pi to be released and a structural change in myosin, allowing for myosin 

to strongly bind actin [10]. With strong binding of myosin and actin, myosin is able to produce a 

power-stroke. Dissociation of myosin from actin requires introduction and binding of another 

ATP molecule to the myosin head. This cyclical interaction between actin and myosin, known as 

cross-bridge cycling, occurs on a beat-to-beat basis and is a fundamental mechanism by which 

cardiac contraction is regulated. 

 

 The integral role of myosin protein in both the structure and functionality of the cardiac 

sarcomere and a strong association of genetic mutations within MYH7 being linked with HCM 

and LVNC, allow for myosin to be an ideal candidate in exploring how genotype can potentially 

be linked to phenotype through in vitro systems. Myosin has historically been a difficult protein 

to study in vitro due to ineffective methods of functional protein collection and purification from 

living organisms. However due to recent advancements in identifying necessary chaperone 

proteins and necessary cell lines expressing these chaperones, a revised and more efficient 

methodology was utilized in the production of the functional motor domain of myosin for the 

purposes of this study [11]. 

 

 In order to better understand how particular mutations associated within MYH7 can lead 

to distinct phenotypes as observed in a clinical setting, HCM-associated I457T and LVNC-

associated I467T were selected for evaluation. Both mutants replace a hydrophobic isoleucine 

residue with a nonpolar threonine in close proximity to the ATPase binding domain of the 

myosin head, as diagrammed in Figure 2 below. 
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Figure 2. Location of I457T and I467T mutations within the myosin motor domain. I457T is 

shown in green and I467T is shown in red. The ATP molecule is shown in magenta. Model 

adapted from Klenchin et. al. 

 

The HCM-associated I457T mutation has been identified in 3 separate families from clinical data 

[12]. While LVNC-associated I467T has been found within a multigenerational family and is 

observed to be highly penetrant [13]. We hypothesize that the hydrophobic to nonpolar residue 

change in either mutant induces a structural alteration within the myosin head which 

subsequently affects ATPase activity.  

 

To study this, I have generated I457T mutant human β-MyHC DNA and have access to 

I467T mutant human β-MyHC DNA. With expression of these mutants via an adenovirus and 

production of mutant human β-MyHC protein, we hope to utilize in vitro assays such as 

differential scanning calorimetry to understand the thermal stability of myosin at different points 

during the cross-bridge cycle and isothermal titration calorimetry to determine if there are 

changes in binding kinetics of myosin and actin. Understanding the characteristics I457T and 

I467T human β-MyHC protein will hopefully provide insight as to how similar missense 

mutations lead can lead to distinct clinical phenotypes. 

 

Methods 

 

Site Directed Mutagenesis 

Site directed mutagenesis via recombinant PCR of full length human -myosin sS1 was 

completed following the Quikchange II XL Site-Directed Mutagenesis kit in order to incorporate 

desired base pair mutation (I457T). PfuUltra High-fidelity DNA Polymerase was utilized in 

order to reduce potential error during PCR reactions. Site directed mutagenesis was done 

following a two-step process as outlined by the figure below. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Diagram of two-step site direct mutagenesis process via recombinant PCR 

 

The first step utilized two separate reactions, each of which contained mutagenic and restriction 

enzyme primers. Mutagenic primers are responsible for incorporating the appropriate nucleotide 
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switch within each daughter strand. The sequences of the forward and reverse mutagenic primers 

are provided below: 

 

I457T Forward Primer 

5’ – CAG CCA CGC CAG TAC TTC ACG GGA GTC CTG – 3’ 

 

I457T Reverse Primer 

5’ – CAG GAC TCC CGT GAA GTA CTG GCG TGG CTG – 3’ 

 

The second step of site directed mutagenesis combined both mutagenic half fragments created 

prior into one reaction vessel.  The mutagenic half fragments serve as a backbone in the creation 

of the full-length human -myosin sS1 I457T mutant. 

 

Gel Purification of Site Directed Mutagenesis Products 

Gel purification of PCR products following site directed mutagenesis was completed after each 

step following the Qiaquick Gel Extraction Kit. Mutagenic half fragments were purified 

following gel electrophoresis of PCR product(s) with a 0.9% w/v agarose gel. Gel purification is 

essential to remove KPN1/HINDIII primer sequences, mutagenic primer sequences, excess 

dNTPS, PfuUltra, and template human -myosin sS1 from the first step reaction mixture. Gel 

purification was completed again following the second step of site directed mutagenesis in order 

to remove KPN1/HINDIII primer sequences, excess dNTPS, and PfuUltra; this allowed for 

isolation of the I457T mutant for subsequent cloning. 

 

Restriction Enzyme Digest of I457T and PUC19 

Enzymatic digest of created I457T mutant and PUC19 vector was carried out with KPN1 and 

HINDIII Thermo Scientific™ FastDigest Restriction Enzymes at 37°C for approximately 1 hour 

and followed by heat inactivation at 80°C for 10 minutes. Digestion of both I457T and PUC19 

with these enzymes allowed for ease of cloning as they introduced ‘sticky’ ends within each 

strand of DNA. 

 

Ligation of I457T and PUC19 

Ligation of I457T and PUC19 was accomplished at a 5:1 insert to vector ratio utilizing T4 DNA 

Ligase with a 12 hour reaction held at 15°C. Following ligation, a small amount of sample was 

digested with KPN1 to evaluate presence of correct ligation product. 

 

Transformation of BL21 Ultra Competent Cells with PUC19-I457T Plasmid 

Approximately 2L of PUC19-I457T plasmid DNA was utilized in the transformation of BL21 

Ultra Competent Cells for amplification of the plasmid. Plasmid DNA was mixed with 50L of 

BL21 cells and incubated on ice for 20 minutes, followed by heat shock for 45 seconds at 42°C 

in order to transform plasmid DNA within cells. Addition of 50L of SOC media and incubation 

at 37°C in a shaker set to 250 RPM for 30 minutes was necessary for initial growth of cell 

culture. Cells were then plated onto LB-Agar Ampicillin plates for incubation at 37°C for 12 

hours. 
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Miniprep of BL21 Cell Culture 

Individual colonies were selected from plates to be amplified in cell suspension with LB Broth 

Ampicillin while being incubated at 37°C in a shaker set to 250 RPM. Miniprep of cell culture 

was carried out utilizing the Thermo Scientific™  GeneJet Plasmid Miniprep Kit. The bacterial 

cell culture was pelleted at 8800 RPM for 2 minutes. Followed by resuspension with 250L of 

Resuspension Solution, lysis with 250 L of Lysis Solution, and neutralization with 350L of 

Neutralization Solution. Subsequent centrifugation at 11300 RPM for 5 minutes pelleted cell 

debris and chromosomal DNA, allowing for supernatant containing plasmid DNA to be 

transferred to a spin column. Centrifugation again at 11300 RPM with addition of 500L of 

wash solution ensured for DNA binding to spin column membrane. Plasmid DNA was eluted 

from column following a final centrifugation step at 11300 RPM with addition of 50L of 

molecular-grade water. 

 

Sequencing of PUC19-I457T Plasmid 

In order to confirm proper incorporation of the I457T mutation the PUC19-I457T plasmid was 

utilized for sequencing. Low volume sequencing services were provided in thanks to the 

University of Arizona Genomics Core Facility. Four pairs of sequencing primers were utilized in 

order to gain the proper information regarding the sequence of I457T within the plasmid. 

Sequencing primers with the highest fidelity and success were designed to flank the I457T 

mutation site and had the following oligonucleotide sequence: 

 

I457T Forward Sequencing Primer 

5’ – GGC TGA ACT CAG CCG ACC TGC TCA A – 3’ 

 

I457T Reverse Sequencing Primer 

5’ – CGA TGA GGT CAA TGC AGG CCT GCA – 3’ 

 

Diagnostic Digest of PUC19-I457T Plasmid with unique restriction enzymes 

In order to diagnostically confirm the presence of the human -myosin sS1 gene within the 

PUC19-I457T plasmid, a series of restriction enzyme digests were done based upon evaluating 

unique restriction site present within either the gene or vector. A sequence map of the plasmid 

was visualized utilizing SnapGene Viewer software. It was determined that I457T contains a 

restriction site XhoI, while PUC19 contains a restriction site SspI. Use of either XhoI or SspI 

restriction enzymes in conjunction with the plasmid helped to determine either the presence of 

I457T or PUC19, respectively, within plasmid following gel electrophoresis. Use of both XhoI 

and SspI restriction enzymes in conjunction with the plasmid helped to determine the presence of 

both the gene and vector, therefore confirming the correct ligation event. 

 

Digest of PUC19-I457T plasmid and P-Shuttle CMV vector with KPN1 and XBA1 restriction 

enzymes 

PUC19-I457T plasmid and P-Shuttle CMV vector were digested with KPN1 and XBA1 Thermo 

Scientific™ Fast Digest Restriction enzymes at 15°C for approximately 12 hours. An overnight 

digest was utilized in effort to reduce star activity and increase enzyme fidelity. The reaction 

mixture was heat inactivated at 80°C for 20 minutes. 
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Gel purification PUC19-I457T and P-Shuttle CMV following enzymatic digest 

Gel purification of I457T and P-Shuttle CMV following enzymatic digest with KPN1 and XBA1 

was done following gel electrophoresis with a 1.5% w/v agarose gel, this was accomplished 

utilizing GE Healthcare GFX™ PCR DNA and Gel Band Purification Kit. Gel purification 

effectively isolated I457T gene from PUC19 to allow for subsequent cloning into P-Shuttle 

CMV. 

 

Ligation of I457T and P-Shuttle CMV 

Ligation of digested I457T and P-Shuttle CMV was attempted utilizing T4 DNA Ligase with a 

12 hour reaction held at 15°C. 

 

Transformation of P-Shuttle CMV-I457T with DH5- cells 

Approximately 2L of ligation product containing P-Shuttle CMV-I457T was mixed with 50L 

of DH5- cells and incubated on ice for 30 minutes. The cells were heat shocked for 45 seconds 

at 42°C. Cells were incubated in a 37°C shaker at 250 RPM to allow for initial growth and 

followed by plating onto LB-Agar Kanamycin plates at 37°C for approximately 12 hours. 

 

Transformation of BJ5183 pAdEasy-1 Competent Cells with P-Shuttle CMV-I467T 

Linearized P-Shuttle CMV-I467T construct was transformed into BJ5183 pAdeasy-1 competent 

cells. BJ5183 pAdEasy-1 cells contain most components of viral genome to allow for 

homologous recombination of P-Shuttle CMV-I467T and adenovirus production. BJ5183 

pAdEasy-1 cells were plated onto LB-Agar Ampicillin plates and incubated at 37°C for 

approximately 12 hours. Following colony selection and the cells were screened using a Pac1 

digest of the construct and gel electrophoresis of the sample. 

 

Transfection of HEK293-Princenton Cells with I467T Adenovirus 

Human embryonic kidney (HEK293-Princeton) cells were transfected utilizing CaCl 

precipitation. HEK293-Princeton cells allowed for amplification of GFP-frameshifted I467T 

adenovirus and subsequent visualization of virus. Cells were plated onto 60cm cell culture dishes 

and grown with 10% Fetal Bovine Serum Media (900 mL DMEM, 100 mL FBS, 2 mM 

glutamine, 100 U penicillin). Cells were split regularly at 80-90% confluency following a 

decreasing split pattern to increase concentration of virus. Amplification of virus was completed 

in order to produce multiple 20x stocks. Virus was banded prior to subsequent transfection. 

 

Infection of HEK293-Cre Cells with I467T Adenovirus 

HEK293-Cre cells were infected with concentrated I467T adenovirus and further amplified. 

HEK293-Cre cells removed frameshift-GFP tag from I467T adenoviral genome and allowed 

active virus amplification. Cell culture protocol used with HEK293-Cre cells is the same 

protocol outlined for HEK293-Princeton Cells. 

 

Infection of C2C12 Cells with WT human -myosin sS1 Virus 

Murine C2C12 myoblasts were infected with wild-type human -myosin sS1 virus to allow for 

expression and production of WT Human -myosin sS1 protein. Cells were grown with growth 

media (950 mL DMEM, 50 mL FBS, 2mM glutamine, 100 U penicillin) and split at 80% 

confluency.  
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Results 

 

A sample 0.9% w/v agarose gel was ran containing a small volume of the KPN1 forward 

and HINDIII reverse half fragments following the first step of site directed mutagenesis via 

recombinant PCR to confirm presence of DNA fragments of the expected molecular weight. 

 

 

 

 

Figure 4. Gel electrophoresis of DNA fragments after step one 

of site directed mutagenesis via recombinant PCR. KPN1 

forward and HINDIII reverse fragments are shown to be near 1-

1.5kB with reference to the ladder. 

 

After purification of mutagenic half fragments and completion of the second step of site 

directed mutagenesis via recombinant PCR, a 0.9% w/v agarose gel was ran on a small volume 

of reaction product in order to verify the presence of single DNA fragment at the correct 

molecular weight. 

 

Figure 5. Gel electrophoresis of reaction product following second step of site direct mutagenesis 

via recombinant PCR. I457T band is seen to be near 2.5-3kB with reference to the ladder. 

 Growth of colonies following transformation of BL21 ultra competent cells and plating 

onto LB-Agar plates containing ampicillin suggested that ligation of PUC19 and I457T was 

successful. PUC19 confers ampicillin resistance when ligated with I457T to form a plasmid. 

After miniprep of selected colonies, low volume sequencing of the PUC19-I457T plasmid with 

I457T forward and I457T reverse sequencing primers confirmed the incorporation of the correct 

nucleotide switch when aligned with the wild-type MYH7 sequence. Obtaining accurate 

sequencing results was initially difficult, as a total of four pairs of sequencing primers were 

submitted in conjunction with the PUC19-I457T plasmid. 

In conjunction with confirming the introduction of the I457T mutation within MYH7 by 

sequencing, a series of restriction enzyme digests were conducted utilizing unique restriction 
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sites within either the vector or gene to diagnostically determine whether the ligation of PUC19 

and MYH7 was successful. Restriction enzyme XhoI was used as a unique restriction site within 

MYH7 to linearize the plasmid, and restriction enzyme SspI was used as a unique restriction site 

for digestion within the PUC19 vector. 

 

Figure 6. Aligned sequences of WT and I457T DNA, indicating I457T contains nucleotide 

discrepancy at bases 1375 and 1376. Codon switch from ATA to ACG accounts for the 

missense residue of threonine instead of isoleucine at position 457. 

 

Figure 7. PUC19-I467T plasmid, which was created prior to this study, was utilized as a control 

for this diagnostic digest. This gel confirmed the correct ligation product of PUC19 and I457T 

following site directed mutagenesis. 

Diagnostic restriction enzyme digests of PUC19-I457T plasmid samples with KPN1 and 

XBA1 were conducted in order to verify ligation of plasmid and potential for downstream 

cloning. Gel electrophoresis with a 0.9% w/v agarose gel was done in order visualize the 

molecular weight of the linearized plasmids. 
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Figure 8. Single restriction site enzyme digests of two PUC19-I457T plasmids reveals PUC19-

I457T(1) is at an increased molecular weight compared to PUC19-I457T(2). The exact 

molecular weight of each sample is difficult to interpret from this gel. 

In order to determine which PUC19-I457T plasmid to proceed with, another diagnostic 

digest of both samples with KPN1 and XBA1 was conducted, including both single and double 

restriction enzyme digests of the plasmids. Gel electrophoresis with a 0.9% w/v agarose gel was 

done in order to visualize the molecular weight of the linearized plasmids and fragmented DNA. 

 

Figure 9. Visualization by gel electrophoresis of both PUC19-I457T samples indicates that sample 

1 is the correct ligation product to use for downstream cloning, as its linearized molecular weight 

is close to the expected weight of 5.1 kB with reference to the ladder. PUC19-I457T(1) was 

selected and utilized for downstream applications. PUC19-I457T(2) is likely a failed ligation 

product of PUC19, as its molecular weight is consistent across both single and double restriction 

enzyme digests when visualized on the gel.  

The previous gel also provided information regarding potential experimental changes 

needed to be made in order to ensure complete digestion of the PUC19-I457T plasmid when 

exposed to both KPN1 and XBA1. This is reflected in the following diagnostic digest of the 

PUC19-I457T plasmid, which was carried out for approximately 12 hours at 15°C to increase 

fidelity of enzymes with respect to their interaction with DNA. Gel electrophoresis was also 

conducted utilizing a 1.5% w/v agarose gel in order determine how to increase separation of 

bands for ease of gel purification.  
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Figure 9. Diagnostic digest of PUC19-I457T with KPN1 and XBA1 in conjunction with the 

aforementioned conditions produced a complete digestion of the sample as visualized here. 

 Digestion of PUC19-I457T with KPN1 and XBA1 in order to isolate I457T from the 

plasmid by gel purification for cloning into P-Shuttle CMV proved to be a difficult process. 

 

 

 

 

Figure 10. The following gels represent a couple of incomplete digestions of PUC19-I457T with 

KPN1 and XBA1 which were meant to be utilized for gel purification and ligation with P-Shuttle 

CMV. Incomplete digestion or close grouping of bands served to be futile for use in downstream 

applications. 

 Despite the difficulty which was encountered surrounding digestion of PUC19-I457T 

with the aforementioned enzymes, gel purification of properly digested I457T fragment was 

accomplished twice. Ligation of the purified I457T fragment with digested P-Shuttle CMV was 

attempted twice with T4 DNA ligase and the ligation products were subsequently transformed 

into DH5- cells. Unfortunately, no growth of colonies was observed when plated onto LB-Agar 

Kanamycin plates, this suggests the ligation failed both times as P-Shuttle CMV confers 

kanamycin resistance within the plasmid. This marked the end of work with the PUC19-I457T 

mutant. Future work will be completed to continue the generation of the I457T cDNA for 

adenoviral production and protein purification. 

Other work which was conducted over the course of this study included observation and 

help in the construction of the I467T adenovirus by similar cloning steps outlined above, 

production WT MYH7 protein, and maintenance of cell culture to help produce all adenoviruses 

and cell culture. The figure below represents measures taken in order to produce WT MYH7 

adenovirus. 
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Figure 11. Plasmid cloning of WT MyH7 gene within: (a) pUC19 for ligation selection, (b) P-

Shuttle/CMV for partial viral genome and introduction of frameshift GFP, and (c) BJAdeasy1 for 

complete viral genome. 

 Transfection of HEK293-Princeton cells with WT MYH7 adenovirus was completed. 

This allowed for amplification of the adenovirus and was qualitatively visualized via the GFP 

fluorescent tag present within the human -myosin sS1 construct. Maintenance of HEK293-

Princeton cells was integral in order to concentrate the adenovirus for infection into downstream 

cell lines. 

 

Figure 12. GFP fluorescence of WT Human β-MyHC virus within HEK293-Princeton cells 

 Subsequent banding of virus from concentrated stocks of HEK293-Princeton cells, 

infection of HEK293-Cre cells to remove frameshift GFP tag, and infection of C2C12 cells 

allowed for expression of WT Human β-MyHC protein within the myoblasts. 

 

Figure 13. Bulging of differentiated C2C12 myotubes indicates expression and production of 

Human β-MyHC protein. White arrows indicate examples of bulge representing protein 

production. 
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Discussion 

 The production of the HCM-associated I457T mutant, LVNC-associated I467T mutant, 

and WT Human β-MyHC protein is an integral accomplishment towards understanding and 

characterizing how similar missense mutations within the same gene are able to lead to distinct 

phenotypes. Production of functional WT human β-MyHC protein as diagrammed with the C2C12 

myoblasts is essential for providing a control and reference for future in vitro assays we hope to 

accomplish. The PUC19-I457T and P-Shuttle CMV-I467T mutants will be utilized for their 

intended applications within cell culture and adenovirus production to eventually produce mutant 

human β-MyHC protein. 

 HCM-associated I457T, LVNC-associated I467T, and WT human β-MyHC protein will 

be utilized in conjunction with other sarcomeric proteins to conduct various in vitro assays 

including differential scanning calorimetry and isothermal calorimetry. Differential scanning 

calorimetry of the mutants will help determine whether there is a change in thermal stability of 

myosin’s ability to bind actin during its transition from weak to strong binding. Isothermal 

calorimetry will help determine whether there is a change in affinity between the mutant forms of 

myosin and actin. Through the use of in vitro characterization of these myosin mutants, it is our 

goal to gain a molecular-based understanding of how simple missense mutations within the MYH7 

gene are strongly related to such severe clinical phenotypes. 
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