
Introduction
This study investigates the role phospholipase D has when mechanically activated by muscle stretch, and if 
that effect is mediated by mTOR.

Amendments

Conclusions

There is an association with increased phosphatidic acid and increased mTOR downstream signaling -
implying, phosphatidic acid plays a key role in mTOR mediated cell growth. 

Phospholipase's production of phosphatidic acid is a specific mechanosensation mechanism that is 
independent of other cell stress signaling mechanisms. 

Study Design & Need to Know Information

Researchers used whole muscles removed from mice and 
mounted them to allow the muscles to be stretched (to 
induce a mechanical stretch). The muscles were also 
exposed to a variety of drugs/inhibitors (described in each 
figure notes) to block the activity of key enzymes to study 
the effect of muscle stretch on mTOR signaling. 

mTOR: Mammalian Target of Rapamycin; the master cell 
growth enzyme that phosphorylates (activates) the protein 
p70 to enhance muscle cell growth. 

PLD: Phospholipase D; this enzyme translates stretch 
(mechanosensation) on the muscle into a chemical signal 
by producing phosphatidic acid, which binds mTOR 
(supposedly), and activates mTOR signaling. 
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Figure 1: The researchers have put a whole muscle (taken from a mouse) and dipped it into a 

solution. That solution is different, depending what they are trying to accomplish. Propranolol 
increases phosphatidic acid production. Rapamycin inhibits mTOR. Then, they are measuring the 
amount of phosphorylated p70 (which is phosphorylated by mTOR). If you're confused, please read 
the "Study Design & Need to Know Information" I have provided above. 1A shows the amount of 
phosphatidic acid produced. 1B shows the amount of phospho -p70 protein (darker smudge/line is 
more).

Primary Results:
- With the addition of only propranolol, phosphatidic acid production increases, and so does the 
amount of phospho-p70. 
- With the addition of rapamycin, there is no phospho-p70 present. 

Take Away: p70 is phosphorylated (activated) with the increase in phosphatidic acid, but this effect is 
eliminated by rapamycin, implying this phosphatidic acid effect is mTOR dependent. 

Figure 2: The researchers have placed a full muscle of a mouse into an apparatus by which they can 

keep the muscle tethered at both ends and stretch the muscle and are then measuring the amount of 
phospholipase D (PLD) activity and the amount of phosphatidic acid production (the product created by 
PLD). Control = muscles that were not stretched, but went through the same procedure; Stretch = muscles 
that were stretched 15% for 15 minutes, 30 minutes, 60 minutes, or 90 minutes. 

Primary Results:
- Direct measure of PLD activity increases in the first 15 minutes, but not afterward. 
- Phosphatidic acid amount increases at all time point. 

Take Away: The PLD activity data is unconvincing due to a lack of overall activity, but the phosphatidic acid 
content increase does lend evidence to stretch inducing phosphatidic acid increase. 

Figure 3: The researchers are either not inducing or inducing a stretch (Stretch: - / +)  onto the muscles 

and/or adding neomycin (a drug that inhibits phospholipase D ((PLD)) - see notes in "Study Design") at varying 
concentrations (10mM being the highest), and then measuring the amount of phosphorylated (activated) of p70 
(see notes in "Study Design"), as well as p38 and JNK2, which are stress signalers (this was done to show the 
PLD inhibitor is specific to mechanosensation through p76 and not other stress signaling, as p38 and JNK2 are 
stress signalers, but not mechanostress signaling).

Primary Results
- Greater concentrations of neomycin elicit lower and lower phospho -p70.
- Stretch induces greater phospho-p70, but is inhibited by neomycin. 
- Neither stretch nor neomycin have an effect when measuring mechanosense independent pathway signalers 
(p38, JNK2).

Take Away: Phospho-p70 is affected by the inhibition of Phospholipase (decreasing its prevalence), and 
enhanced by stretch, and this effect is specific to mechanosensation/stress pathway. 
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Figure 5: The researchers are measuring phosphatidic acid levels (what phospholipase D produces) after no 

stretch (control) or stretching the muscle (stretch); then, they are measuring at without drug addition (vehicle) or with 
the addition of neomycin and 1-butanol (both are phospholipase D inhibitors) in 5C. In 5D, the researchers are 
measuring the amount of phospho-p70 in control muscle (no stretch) and stretched muscle (stretch) without 
rapamycin or with rapamycin at varying concentrations (50nM being the highest). This indicates the impact PLD has, 
through stretch, to produce phosphatidic acid and to stimulate phospho -p70, then how the inhibition of mTOR (the 
master growth stimulation molecule) by rapamycin affect phospho -p70 expression. 

Primary Results:
- Inhibition of PLD reduces phosphatidic acid amount. 
- Inhibiting mTOR reduces the amount of phosphorylated p70. 

Take Away: Stretch induces phospho-p70 activity through mTOR, and likely through phosphatidic acid production, 
but this is not confirmed by this data. 
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This is potential explanation for figures 2A&B.1.

1.
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