
This study attempts to investigate what impact the enzyme, phospholipase D, 
has on muscle cell growth.

Conclusion

Phospholipase D is a major mechanism of muscle growth and inhibits atrophy related 
gene expression. 

Phospholipase D and its product, phosphatidic acid, are both pro-muscle growth, with 
more present being overwhelmingly more potent for muscle growth, even independent 
of exercise. 

Phospholipase D is mTOR dependent. 

Amendments

Study Design

The researchers cultured (put cells on a plate) muscle cells (myotubes) and then 
added a series of different treatments to affect phospholipase D signaling/activity to 
see how it impacts these cell's growth. 

They also briefly injected and overexpressed treatments in mice and measured 
muscle growth in tissue, as well. 

Phospholipase D (PLD) converts a molecule  known as phosphatidylcholine into phosphatidic 
acid (PA). 
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Phosphatidic Acid (created by PLD) binds the master protein synthesis molecule known as 
mTOR.
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Figure 1: The researchers are adding 1-Butanol (1-BuOH) or 2-Butanol (2-BuOH) to the muscle cells 
and measuring a variety of different effects. 1-Butanol is a phospholipase D (PLD) inhibitor while 2-
Butanol is similar, but does not inhibit PLD. In B, creatine kinase is the enzyme that adds phosphates to 
creatine to create phosphocreatine in the metabolism pathway. MHC is myosin heavy chain and is an 
indication of contractile proteins within the muscle cell. 

A. Poorly shown, but could be showing decreased size with the addition of 1 -BuOH compared to 
Control (no butanol added) and 2-BuOH (the negative control explained above). The bar graph confirms 
the quantification of the muscle cells shown in the microscopy images. 

B. Creatine Kinase activity is dampened by 1-Butanol, but not in either control condition. 

C. MHC amount is decreased with both butanols. 

Take Away: This implies phospholipase D inhibition leads to decrease in muscle size, creatine kinase 
activity, and contractile proteins. Also, 2-butanol has no negative effects except on contractile proteins 
(likely due to off target effects).
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Figure 3: The researchers are using a variety of silencing RNAs (these molecules inhibit their target gene). 
Si-PLD1 inhibits phospholipase D isoform (version) 1 while Si-PLD2 inhibits PLD isoform (version/type) 2. 
They also use an adenovirus that overexpresses (leads to more gene expression) the two different PLD 
isoforms (versions) - labeled Ad-PLD1 and Ad-PLD2, while Ad-GFP is a control that should do nothing. 

A. Silencing PLD1 knocks down myotube (muscle cell) size, but knocking down PLD2 does not. 

B. Silencing PLD1 reduces creatine kinase activity (see figure 1 for explanation), but knocking down PLD2 
does not. 

C. Overexpressing PLD1 allows muscle cells to grow more, but overexpression of PLD2 does not. 

D. Overexpressing PLD1 increases Creatine Kinase activity, but overexpression of PLD2 does not. 

E. Overexpressing and then inhibiting after the fact leads to decreases in muscle cell size. 

Take Away: This is further evidence the PLD1, but not PLD2, is a regulator of muscle size. 
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Figure 4: Here, the researchers have injected a virus holding the DNA for PLD1 (overexpression) into mouse leg 
muscles compared to GFP (control, no PLD1). 10 days later, they took out the muscle and tested for growth. 

A. Confirmation that PLD1 is expressed in PLD1 injected muscle. 

B. Increases in cross sectional area of PLD1 injected whole muscle. 

D. At the muscle cell level, increased muscle fiber/cell growth with PLD1 injection. 

Take Away: Having more PLD1 increases muscle mass, even without exercise. 
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Figure 5: The researchers are overexpressing phospholipase 1 (PLD1) & 2 (PLD2) independently in 
muscle cells  and then adding a glucocorticoid (Dexa), which would typically induce muscle atrophy 
(muscle wasting). They also add, in one condition, the product of the phospholipase D reaction known as 
phosphatidic acid. The outcomes being measured are muscle cell size, as well creatine kinase.

A. Muscle cell size decreases with the addition of glucocorticoid, but not when PLD1 is overexpressed. 

C. Muscle cell size decreases with the addition of glucocorticoid, but not when PLD1 is overexpressed, 
unless PLD1 is inhibited by a PLD1 specific inhibitor (FIPI).

D. Muscle cell size decreases with the addition of glucocorticoid, but not when phosphatidic acid (PLD 
product) is added to the cells. 

Take Away: Glucocorticoids are atrophy (muscle shrinking) inducing, but more PLD1 present preserves 
muscle cell size - not only that, simply adding the product of phospholipase D, phosphatidic acid, has the 
same effect. 
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Figure 7: Researchers are testing the gene expression of a variety of pro-atrophy (genes that are blue 
prints for muscle degrading/shrinking molecules). Atrophy promoting genes are Atrogin-1, Murf1, and 
FoxO3 (if they are elevated, the muscle typically shrinks). The researchers are testing these gene 
expressions by mRNA (the first read of a gene) by a variety of conditions - Ad-GFP, a control (it does 
nothing); Ad-PLD1, overexpression of phospholipase D isoform/type 1; Ad-PLD2, overexpression of 
phospholipase D isoform/type 2. 

A. There is less overall atrophic gene expression (in all three genes tested) with the overexpression of 
PLD1, but not PLD2 or GFP (control). 

Take Away: PLD1 suppresses muscle atrophy (muscle degrading) related genes.
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Figure 8: Researchers are adding an mTOR inhibitor (mTOR is the master protein synthesis/growth 
molecule in cells) known as pp242 and then overexpressed GFP (control, does nothing) or PLD1 
(phospholipase D isoform/type 1). They are measuring muscle cell size and creatine kinase with these 
conditions applied. 

A. Muscle cell size increased when mTOR was not inhibited and PLD1 was overexpressed, but decreased 
equally with or without PLD1 overexpression in the presence of the mTOR inhibitor. 

Take Away: PLD1 is mediated by an mTOR dependent pathway. 
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