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Highlights:
e Low and high dose EPA:DHA result in unique incorporation and washout patterns

e High dose of EPA:DHA blunts the formation of DPA
e Only low dose EPA:DHA results in upregulation of MPS above insulin/leucine

trigger

e This upregulation of MPS does not increase phosphorylation of mMTORC1 proteins
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SUMMARY
We demonstrate divergent incorporation and washout patterns for EPA and DHA following

high and low-dose EPA+DHA incubation in C2C12 myotubes, with higher concentrations
favoring n-3 PUFA incorporation. Lower n-3 PUFA concentrations increased MPS without
further upregulating the mTORCL signaling pathway. Our study provides novel insights into
the temporal incorporation and washout dynamics of EPA and DHA and, specifically, their
combined effect on MPS, thereby advancing knowledge regarding dietary n-3 PUFA
prescription to promote skeletal muscle health in humans.
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1. INTRODUCTION
A key mechanism that underpins the pathophysiology of muscle atrophy in older adults

is anabolic resistance which describes the age associated impaired stimulation of muscle
protein synthesis (MPS) in response to anabolic stimuli, namely protein feeding and muscle
loading [1]. Emerging evidence exists to suggest a therapeutic role of long chain omega-3
polyunsaturated fatty acids (n-3 PUFA), eicosapentaenoic acid (EPA) and docosahexaenoic
acid (DHA), in modulating skeletal muscle protein turnover [2]-[5]. For instance, seminal in
vivo studies have reported chronic (8 weeks) fish oil-derived n-3 PUFA supplementation to
potentiate rates of MPS and molecular readouts of anabolic cell signaling in response to a
hyperinsulinemic / hyperaminoacidemic clamp in young and older adults [4], [5]. The
biological actions of n-3 PUFA in skeletal muscle are primarily mediated by the incorporation
of EPA and DHA into the cellular membranes of skeletal muscle cells, thus altering cell
membrane phospholipid composition [6], [7]. Additionally, the ingestion of n-3 PUFA leads to
the secretion of specialized pro-resolving mediators (SPM), which compete with pro-
inflammatory eicosanoids derived from n-6 PUFA arachidonic acid [8]. These SPM help
mitigate the upregulation of catabolic signaling pathways by resolving inflammation,
specifically in critical care settings [9]. However, the optimal dosing strategy for n-3 PUFA
ingestion to maximize EPA and DHA membrane phospholipid composition and upregulate the

stimulation of MPS and associated signaling proteins remains unclear.

The dynamics of EPA and DHA incorporation into blood, adipose tissue and skeletal
muscle is dose and time-course dependent, as evidenced by multiple human studies [10]-[12].
Accordingly, high dose (4.4g EPA + DHA) n-3 PUFA ingestion over a 4-week period induced
a similar increase in muscle EPA and DHA incorporation compared to low dose (3 — 3.369g
EPA + DHA) n-3 PUFA ingestion over extended time periods (8-12 weeks) in humans [5],

[11], [13]. In contrast, only 6 days of high dose (6% of total energy) n-3 PUFA ingestion led
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to an increased composition of n-3 PUFA in the phospholipid membrane composition of
muscle tissue [14]. Collectively, these data suggest that higher doses of ingested n-3 PUFA
lead to a more rapid and pronounced incorporation of EPA and DHA into skeletal muscle
tissue. In addition, several in vitro studies have assessed changes in n-3 PUFA membrane
composition in response to EPA or DHA incubation. For example, incubation with 20 uM EPA
or DHA modified membrane lipid composition during 2-4 days of differentiation in L6 skeletal
muscle cells [15]. Similarly, incubating C2C12 myotubes for 72 h with 50 uM EPA or 50 uM
DHA markedly altered membrane n-3 PUFA composition, while incubation with EPA also
increased docosapentaenoic acid (DPA) content and resulted in an increased protein accretion
[16]. However, the time-course of changes in n-3 PUFA compasition in an in vitro model in

response to different doses of combined EPA/DHA remains unclear.

The dose and duration of n-3 PUFA ingestion may impact the washout of EPA and
DHA from the skeletal muscle phospholipid membrane. The washout time course of EPA and
DHA after cessation of n-3 PUFA rich fish oil supplementation has been characterized in
several blood fractions, including erythrocytes [10], [17], [18], whole blood [18], and plasma
[17]-[20] in human studies. However, the washout dynamics of EPA and DHA following
cessation of n-3 PUFA supplementation has yet to be elucidated in any skeletal muscle model.
Given that distinct differences exist in the incorporation rates of EPA and DHA into
erythrocytes and skeletal muscle tissue [11], it is plausible that the washout profile of EPA and
DHA measured in blood does not translate to skeletal muscle tissue. Hence, it is crucial to

investigate washout profiles of EPA and DHA from skeletal muscle.

The incorporation of EPA and DHA into the phospholipid membrane of skeletal muscle
cells results in the modulation of muscle protein turnover, as evidenced by findings from in
vivo human studies [3]-[5] and in vitro cell models [16], [21], [22]. While some studies report

increased rates of MPS following n-3 PUFA supplementation is accompanied by the increased
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phosphorylation of associated signaling proteins [4], [5], this finding is not universal [23].
Preliminary evidence in human muscle suggests that changes in skeletal muscle phospholipid
membrane composition resulting from the incorporation of EPA and DHA may enhance

signaling efficiency [23].

Moreover, there is evidence that EPA and DHA exhibit differential effects on muscle
protein turnover. For instance, incubation of C2C12 myotubes with EPA resulted in a 25%
greater stimulation of MPS, with no effect of DHA incubation on MPS rates [21]. Nevertheless,
both EPA and DHA incubation increased the phosphorylation status of p70S6K1[T"38d],
However, Wang et al. [24] observed a more pronounced reduction in protein breakdown with
DHA compared to EPA incubation in C2C12 myotubes, as mediated by an upregulation of
signaling proteins involved in the PPARy/NF«B pathway. Hence, these studies indicate distinct
roles for EPA and DHA in regulating muscle protein turnover when administered
independently in cellular models. However, EPA and DHA are commonly co-administered in
commercially available products, which emphasizes the need to understand the dynamics of
EPA and DHA uptake into the phospholipid membrane and subsequent effects on muscle
protein metabolism when EPA and DHA are administered in combination at different doses.
To this end, no in vitro experiment has incubated cells with high and low doses of combined

EPA and DHA.

Despite accumulating evidence regarding the effects of n-3 PUFA ingestion in
modulating skeletal muscle protein turnover [2]-[5], the dose and time-course dependent rates
of EPA and DHA incorporation and washout in relation to skeletal muscle remain poorly
understood. Therefore, the aim of this study was to determine temporal changes in phospholipid
membrane incorporation and washout of EPA and DHA, in concert with measured MPS rates,
in response to incubation with combined EPA + DHA at high or low concentration in C2C12

myotubes. In addition, we assessed the impact of high and low concentrations of combined
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EPA and DHA incubation and washout on the phosphorylation status of associated mMTORC1

pathway signaling proteins after a 16 h incorporation period and a 24 h washout period.

2. MATERIAL AND METHODS

2.1 Chemicals and reagents
Fetal bovine serum (FBS; Cat.No: 10270-106) was purchased from ThermoFisher Scientific.

Horse serum (HS-hi; Cat.No: VX16050122), phosphate buffered saline (PBS; Cat.No:
VX14190169) and Trypsin-EDTA (trypsin; Cat.No: VX25300096) were purchased from
Gibco. Penicillin-streptomycin (pen-strep; Cat.No: VX15140130) and Hanks' Balanced Salt
Solution (HBSS; Cat.No: VX14175) were purchased from invitrogen. EPA (>99%, cis-
5,8,11,14,17-Eicosapentaenoic acid, Cat.No: E2011-50MG) and DHA (>98%, cis-
4,7,10,13,16,19-Docohexaenoic acid, Cat.No: D2534-100MG) were purchased from Sigma-
Aldrich. Reagents for culture medium (DMEM powder; Cat.No: D5648, NaHCO3), Insulin
from bovine pancreas (Cat.No: 16634-100MG), L-Leucine BioUItra (Cat.No: 61819), were
purchased from Sigma-Aldrich. Puromycin (Cat.No: 540411-100) was purchased from Merck
and anti-puromycin (Cat.No: EQO001) was purchased from Kerafast. Anti-mouse Detection
Module (Cat.No: DM-002), Anti-rabbit Detection module (Cat.No: DM-001), and 12-230 kDa
Wes Separation Module (Cat.No: SM-W004) were purchased from Bio-Techne. Anti-4EBP1
(Cat.No: CST9452), anti-phospho-4EBP1 (Thr37/46) (Cat.No: CST2855), anti-p70S6K1
(Cat.No: CST34475), anti-phospho-p70S6K1 (Thr421/Ser424) (Cat.No: CST9204), Akt (pan)
(40D4) Mouse mADb (Cat.No: CST2920240), and Phospho-Akt (Ser473) (D9E) XP(R) Rabbit

mAb (Cat.No: CST4060P) were purchased from Cell Signaling Technology.

2.2 Cell lines, cell culture and treatment
For all experiments, 1.25x10° cells/mL C2C12 myoblasts (Maastricht University) were seeded

in 6-well plates in 3 mL DMEM containing 10% FBS and 1% pen-strep and incubated
overnight at 37°C and 5% CO.. Differentiation was induced by changing medium to DMEM

with 2% HS-Hi and 1% pen-strep and refreshed every other day. Experimental treatments were
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initiated on day 7 of differentiation. Solutions of 100 mM EPA and DHA were prepared by
dissolving EPA (>99%) and DHA (>98%) in 100% ethanol, and further diluted in PBS + 2.5
% fatty acid free BSA to a final concentration of 10-20 mM. Exact fatty acid concentration was
measured and aliquots were stored at -80°C until further use. Cells were treated with EPA:DHA
in a 3:2 ratio complexed with 2.5% albumin dissolved in PBS in the following concentrations:
high concentration (HC): 50 uM EPA + 33.3 uM DHA or low concentration (LC): 12.5 uM
EPA + 8.33 uM DHA. This ratio was chosen based on commercially available products, and
previous studies using concentrations of 50 UM EPA or DHA to study rates of muscle protein
synthesis [16], [21]. Differentiation medium was used as washout medium, and differentiation
medium containing 100% ethanol diluted to the same concentration as HC (1.28%) with PBS
+ 2.5% albumin was used as a vehicle control (VC). Treatments were freshly prepared on the
morning of the experiment by adding stock EPA, DHA, or ethanol-PBS-albumin to the

differentiation medium and heated at 37°C.

2.3 Experimental design
C2C12 myotubes were treated with 3 mL of HC, LC, or VC. The incorporation and washout

rate of EPA, DHA and DPA were determined in two separate experiments. A third experiment
was conducted to assess rates of MPS and the phosphorylation status of associated mMTORC1
proteins. To assess the incorporation of EPA, DHA and DPA (Figure 1A), myotubes were
incubated for 1, 2, 4, 8, 16 or 24 h before phospholipid membrane fractions were collected (as
described below). To determine the washout rate (Figure 1B), C2C12 myotubes were treated
with 3 mL of HC, LC, or VC and incubated 16 h (n=3) or 24 h (n=1). Treatments were then
switched to a washout medium, and cells were collected at 0, 2, 4, 8, 16 or 24 h. To assess rates
of MPS and the phosphorylation status of mMTORC1 associated cell signaling proteins (Figure
1C), C2C12 myotubes were incubated for 16 h with HC, LC, or VC, with the addition of an

insulin/leucine (I/L) trigger. Treatments were then switched to a washout medium for 24 h.
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Measurement of MPS and anabolic cell signaling were determined after the 16 h incorporation
period and after a 24 h washout period. A schematic overview of the experimental design is
displayed in Figure 1).

2.4 Cell collection and fatty acid analysis
Myotubes were washed twice with cold PBS and then lysed with 200 uL PBS + 1 % Triton X-

100 (VWR). Cells were detached and resuspended following 5 min of incubation at 4°C. In
total, 150 pL from suspended cell lysates were collected in glass tubes and analyzed by gas
chromatography with flame ionization detection (GC-FID). In brief, a known amount of 1,2-
dinonadecanoyl-sn-glycero-3-phosphocholine was added as an internal standard to 150 ul for
phospholipid analysis. The lipids were extracted according to a modified procedure of Bligh
and Dyer (2 mL dichloromethane, 2 mL methanol and 2 mL 1% EDTA solution) [25]. After
vortexing and centrifuging at 3000 RPM, the dichloromethane layer containing the lipids was
collected in a new glass tube. The phospholipid fraction was separated from the other lipid
classes by SPE (Solid Phase Extraction). To convert the fatty acids into fatty acid methyl esters
(FAME), 80 pl of concentrated sulphuric acid was added to the extracted phospholipids in 4
mL methanol to yield a 2% concentrated sulphuric acid in methanol solution and heated at 100
°C for 60 minutes [26]. Once cooled, the fatty acid methyl esters were extracted with 2 mL
hexane and 0.5 mL 2.5 mol/L sodium hydroxide solution. After vortexing, the upper layer,
hexane with FAME, was collected and dried using a SpeedVac®. Dried samples were
subsequently dissolved in 80 pl iso-octane and analyzed with an in-house validated analysis
method using GC-FID (Shimadzu Corporation, Kyoto, Japan) with a CP-SIL88 for FAME
column (60 m x 0.25 mm id. 0.20 pum film thickness; Agilent Technologies, Inc., Santa Clara,
CA, USA). Fatty acids were identified based on retention time using reference standard GLC-
569B (Nu-Chek Prep,Inc., Elysian, MN, USA). The relative concentration of the identified
FAME in the samples was calculated via the peak area and total concentration of fatty acids in

the sample was calculated via the internal standard.
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2.5 Muscle protein synthesis treatment
Cells were washed with 1 mL pre-warmed HBSS and incubated in DMEM without

insulin/leucine for 4 h at 37°C and 5% CO.. Thereafter, DMEM + 1 mM leucine and 100 nM
insulin or control was added and incubated at room temperature for 30 min. DMEM without
I/L trigger was employed as a basal control to confirm the trigger worked. Next, 10 pL
puromycin for a total concentration of 300 UM was added and incubated for another 30 min.
Cells were washed with PBS and homogenized with 250uL cell lysis buffer. Cell lysates were
collected and centrifuged at 2000 RPM for 5 min at 4°C. The supernatant was collected for

analysis on the Wes™ system.

2.6 Protein Simple Western™ Analysis
Incorporation of puromycin into proteins was measured using Simple Western™ analysis on

the Wes™ system (ProteinSimple, a Bio-Techne brand, San Jose, USA). Samples were diluted
in 0.1x sample buffer to 0.5 g/L cell lysate and combined with Fluorescent Master Mix in a
ratio of 4:1. Samples were vortexed, heated for 5 min at 100 °C and subsequently centrifuged
at room temperature for 5 min at 10,000 RPM. Next, 4 pL of sample was loaded onto the WES
plate and centrifuged for 5 min at 2500 RPM. The assay was run using the 12-230 kDa
Separation Module (ProteinSimple). Anti-puromycin was diluted 5x and loaded on the WES
plate and Anti-mouse Detection Module for Wes™ (ProteinSimple) was used as secondary
antibody and detection. The run was performed using 30 min separation time, 375 V separation
voltage, 30 min antibody diluent time, 30 min primary antibody time and 30 min secondary
antibody time. Total area under the curve of puromycin was calculated by the Compass for SW
software (ProteinSimple), with ratios to the basal control group calculated as a measure of

puromycin incorporation.

2.7 Measurement of mMTORC1 pathway proteins 4EBP1, p70S6k, Akt
The phosphorylation status of mMTORC1 pathway proteins 4EBP1, p70S6k, and Akt was

determined with the Wes™ using the same settings as for MPS (see above). Anti-4EBP1 (10x
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diluted) and anti-phospho-4EBP1 (Thr37/46) (10x diluted) antibodies were used for 4EBP1,
anti-p70S6k (10x diluted) and anti-phospho-p70S6k (Thr421/Ser424) (10x diluted) antibodies
were used for p70S6K1; Akt (pan) (40D4) Mouse mAb and Phospho-Akt (Ser473) (D9E)
XP(R) Rabbit mAb were used for Akt. A concentration of 0.313 g/L protein for 4EBP1[T"37/46]
and 0.625 g/L protein for Akt!Se473l and p70S6K 1[T"421/5er424] \were Joaded onto the Wes™. The
total peak area was calculated by the Compass for SW software (ProteinSimple), with ratios to
the basal control group calculated for each antibody. Signaling data were expressed as the ratio
of phosphorylated proteins to unphosphorylated proteins. The 12—230 kDa Separation Module
(ProteinSimple) was used for all signaling pathway proteins. The Anti-rabbit Detection Module
or Anti-mouse Detection Module (ProteinSimple) was used for detection. The total peak area

was calculated by the Compass for SW Software.

2.8 Statistical analysis
All statistical analyses were conducted in R (version 4.3.1). An independent samples Student’s

t-test was used to analyze differences in EPA, DHA and DPA uptake at each timepoint between
concentrations. Temporal changes in EPA, DHA and DPA incorporation into C2C12
myotubes, MPS rates and the phosphorylation status of mMTORC1 pathway proteins were
analyzed using linear mixed-effect models followed by Tukey’s post-hoc analysis. Statistical

significance was set at P < 0.05.

3. RESULTS

3.1 Dose-response of EPA and DHA incorporation into the phospholipid membrane
The proportion of EPA incorporated into the phospholipid membrane was higher in HC

compared to LC (P < 0.05) at all time points except for 16 h (P = 0.06). No changes in EPA
incorporation were detected from 8 h onwards after incubation with HC and LC (P > 0.05;
Figure 2A). EPA incorporation increased from 10.3 + 0.2% of total FA profileat 1 hto 18.1 +

1.9% at 24 h after incubation with HC, while after incubation with LC, EPA incorporation
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increased from 8.3 + 0.8% of total FA profile at 1 h to 13.0 + 2.0% at 24 h. The proportion of
DHA incorporated into the phospholipid membrane was similar between HC and LC at all
timepoints (P > 0.05, Figure 2B). In contrast to EPA, the incorporation of DHA increased
moderately during the 24 h period after incubation with HC and LC and did not reach a plateau.
DHA incorporation increased from 3.4 £+ 0.6% of total FA profileat 1 hto 14.8 + 2.8% at 24 h
after incubation with HC, and from 2.8 + 0.6% of total FA profile at 1 h to 10.7 + 2.6% at 24

h after incubation with LC.

3.2 Dose-response of DPA incorporation into the phospholipid membrane
We assessed temporal changes in DPA expressed as %DPA of total fatty acid profile (Figure

3), given that previous research indicated the formation of DPA due to EPA supplementation
[16]. We observed no detectable incorporation of DPA after incubation with HC. However, we
detected a significant incorporation of DPA into the phospholipid membrane after 24 h
incubation with LC (P = 0.01) whereby DPA levels increased from 2.5 + 0.5% of total FA

profile at 1 hto 4.3 £ 0.4% at 24 h.

3.3 Washout of EPA and DHA from the phospholipid membrane
After the overnight incubation period, incorporation of EPA was 16.0 + 0.3% of total FA profile

in HC and 11.8 £+ 0.3% of total FA profile in LC at the onset of the washout period (t0).
Similarly, DHA incorporation was 13.6 £ 0.9% of total FA profile in HC and 8.5 £ 0.6% of
total FA profile in LC at the onset of the washout period following overnight incubation.
Incubation with HC and LC led to sustained EPA and DHA levels above the vehicle control
throughout the 24 h washout period (P < 0.05; Figure 4). Additionally, HC resulted in
consistently higher EPA and DHA incorporation into the phospholipid membrane compared to
LC during the 24 h washout period (P < 0.05). After 24 h of washout, EPA levels in the
phospholipid membrane were 19.0 £ 0.4% greater with HC than LC (Figure 4A).Following

overnight incubation with HC, EPA levels in the phospholipid membrane decreased after 2 h
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when switching to the washout medium (P = 0.02) and continued to decrease at 16 h (P <
0.001). Likewise, EPA levels after overnight incubation with LC decreased 2 h after switching
to washout medium (P = 0.01), but with no further decline thereafter (P > 0.05). No decline in
EPA level was observed between 0-8 h in either condition. The overall decline in EPA over 24
h was 2.8 + 0.6% after treatment with HC and 0.6 = 0.3% after treatment with LC. DHA
incorporation into the phospholipid membrane was 136.9 + 0.5% greater with HC than LC after
a 24 h washout (Figure 4B). Conversely, an increase in DHA incorporation was observed after
8 h when switching to washout medium after overnight incubation with HC (P < 0.001), and
further increased between 8-16 h (P < 0.001). After incubation with LC, no differences in DHA
incorporation in the phospholipid membrane were detected fromi the start of the washout period

(P >0.05).

3.4 Formation of DPA during washout in response to EPA:DHA supplementation

We observed an increase in DPA levels between 1-8 h of washout (P < 0.001; Figure 5) in
both concentrations, and an increase in DPA in the vehicle control from 16 h onwards compared
to start of washout (P < 0.001). DPA incorporation differed at all timepoints between HC and
LC (P <0.05). Compared to VC, DPA levels were lower following treatment with HC after 0,
2 and 4 h after washout (P < 0.05), with no differences after 8 h (P > 0.05). No additional DPA

formation compared to VC was observed at any timepoint after incubation with LC (P > 0.05).

3.5 Protein synthesis rates in response to an insulin/leucine stimulus
The insulin/leucine stimulated condition significantly upregulated protein synthesis rates and

the phosphorylation status of mMTORC1 pathway proteins compared to the basal control after
the 16 h incorporation and 24 h washout period (P < 0.05), with the exception of 4EBP1[T"37/46]
phosphorylation after the 24 h washout period, whereby no difference was detected between
conditions (Supplemental Figure 1). We report no further increase in MPS after 16 h of

incubation with HC or LC compared to VC (P > 0.05; Figure 6A). Moreover, there were no
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differences in the phosphorylation status of 4EBP1IT37/461 n70SEK 1[Thr421/Sera24] g AklSer47s]
after 16 h of incubation with HC or LC (Figure 6C, E, G). The LC condition exhibited a 19.7
* 1.2% higher MPS rate compared to VVC after the 24 h washout period (P = 0.01; Figure 6B).
However, there were no differences in the phosphorylation status of 4EBP1LTM37/46]

p70S6K 1[Thr421/5erd24] "o AktlSer473] after 24 h washout (Figure 6D, 6F, 6H).

4. DISCUSSION

This in vitro study examined the incorporation and washout profiles of EPA and DHA
in the phospholipid membrane of C2C12 myotubes during incubation with a low or high
concentration EPA:DHA mixture, in combination with measurements of stimulated rates of
MPS and mTORC1 signaling. The study revealed four main findings. First, the higher
concentration EPA:DHA mixture resulted in a greater incorporation of EPA into the
phospholipid membrane over the 24 h incubation period in C2C12 myotubes, with no
differences in DHA incorporation between HC and LC treatments. Second, EPA and DHA
exhibited a distinct temporal pattern of uptake and washout, whereby a plateau in EPA uptake
was observed after 8 h of incubation and exhibited a partial washout, whereas DHA uptake
increased over the entire 24 h ircubation period in both conditions, and during washout in HC.
Third, DPA formation was observed after 24 h of incubation in LC, whereas pre-incubation
with HC inhibited DPA formation during the washout phase. Finally, incubation with LC
followed by a 24 h washout resulted in increased insulin/leucine stimulated MPS rates above
VC, albeit independently of changes in the phosphorylation status of 4EBP1[Thr37/46]
p70S6K 1[Thra21/serd24] ang AktlSe™73], Taken together, these in vitro data indicate a finite effect
of EPA:DHA incorporation into the phospholipid membrane in upregulating the stimulation of
MPS in C2C12 myotubes.

Our cell culture model revealed a dose-dependent, n-3 PUFA-specific, pattern of n-3

PUFA uptake into the phospholipid membrane of C2C12 myotubes and indicate that provision
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of a high dose EPA:DHA mixture elicits a greater uptake of EPA into the muscle phospholipid
membrane, with no apparent dose effect of n-3 PUFA provision on DHA uptake into the
phospholipid membrane fraction. The differential incorporation and washout profile of n-3
PUFA with EPA + DHA incubated was likely mediated, at least in part, by the distinct lipid
structures of EPA and DHA and variable distributions within the phospholipid membrane.
Consistent with this notion, EPA is preferentially incorporated into phosphatidylcholine
species of erythrocytes that are primarily located on the outer segment of the membrane [27].
In contrast, DHA is preferentially incorporated into phosphatidylethanolamine species located
on the inner segment of the phospholipid membrane and requires the transport of DHA across
the cellular membrane for incorporation [28], [29]. These divergent physical properties of n-3
PUFA species may explain the slower incorporation of DHA into the cellular membranes of
skeletal muscle cells [29]. Moreover, it is plausible that the distinct structural characteristics of
EPA and DHA also play a role in modulating the washout profile of n-3 PUFA. Accordingly,
multiple human studies have investigated the washout profile of n-3 PUFA in erythrocytes
[10], [17], [18], whole blood [18], and plasma [17]-[20] and revealed a more rapid washout of
EPA compared to DHA. In humans, the skeletal muscle washout profile of EPA and DHA in
response to different doses of n-3 PUFA are yet to be characterized. However, in the present
in vitro study we observed a similar washout pattern for EPA between dose conditions. Despite
a more pronounced decline in absolute EPA levels, the incorporation of EPA into the
phospholipid membrane remained higher in HC compared to LC, indicating that a higher n-3
PUFA concentration is required to preserve the EPA content of the skeletal muscle

phospholipid membrane.

In contrast to EPA, no decline in DHA was observed during the washout period in the
present experiment. In fact, we observed an increase in the muscle phospholipid membrane

content of DHA during the washout period in HC. One plausible explanation for this increase
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in DHA content during the washout period relates to the observation that EPA undergoes
metabolic conversion to DHA [30]. While several studies in humans have reported a limited
conversion rate of EPA to DHA in plasma and erythrocyte phospholipids following EPA
supplementation [31], [32], a recent tracer study demonstrated an increase in plasma DHA level
that was primarily attributed to exogenous EPA supplementation [33]. Moreover, an in vitro
study demonstrated that incubation of C2C12 myotubes with 50 uM EPA for 72 h failed to
elevate DHA levels in the phospholipid membrane [16]. However, it is plausible that the
EPA:DHA mixture administered in the present study facilitated an increased DHA content
during the washout period by converting a proportion of EPA to DHA. Interestingly, the
amount of DHA formed during the washout is not linear to the loss of EPA from the
phospholipid membrane observed during the washout period. Hence, it is plausible that the
EPA loss from other cellular fractions, rather than the phospholipid membrane, are elongated,
desaturated and B-oxidized to DHA, leading to increased DHA being observed in the
phospholipid membrane during the washout phase in our study. However, since we did not use
compound specific isotope analysis in our experiment, we cannot confirm this hypothesis.
Future tracer studies in muscle tissue and C2C12 myotubes are warranted to confirm this
notion. Nevertheless, our data indicate that the metabolic interplay between EPA and DHA
modulates their incorporation and washout profiles, and this process appears to be influenced

by the administered dose of n-3 PUFA.

The formation of DPA following EPA administration has previously been demonstrated
in C2C12 myotubes [16] and the skeletal muscle tissue of tumor-bearing mice [34]. Consistent
with these observations, we observed an increase in DPA formation after 24 h of incubation
with LC whereas DPA formation was negligible in HC. Although speculative, we suggest that
competition between EPA and DHA in HC could explain this observation, suggesting that the

accumulation of DHA impairs the conversion of EPA to DPA [29]. Accordingly, findings from
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tracer studies in rodents [35] and humans [33] suggest that DHA accumulation mediates a
reduced conversion of EPA to DPA. Moreover, a recent comprehensive study from the same
group confirmed that increasing DHA levels impaired elongation of EPA to DPA, as mediated
by a negative feedback system via the elongation enzyme ELOVL2 [36]. Taken together, these
findings suggest that the higher n-3 PUFA concentration provided in our study may have led
to competition between EPA and DHA, slowing down the conversion of EPA to DPA and
DHA. Moreover, in the present study DPA accumulation was blunted during the initial 4 h
period in HC which further supports the hypothesis that higher DHA levels impair the

conversion of EPA to DPA.

The greater incorporation of EPA and DHA into the muscle phospholipid membrane
with HC did not translate to a further increase in stimulation of MPS beyond VC. Instead, we
observed an increased stimulation of MPS after 16 h of incorporation followed by a 24 h
washout in the LC condition only. A potential explanation for this observation relates to the
observation that the total concentration of EPA + DHA in HC induced cellular stress, as
evidenced by visual inspection of protein content. Consequently, this increased stress response
may have negated any increased stimulation of MPS. In the present study, we administered a
combination of EPA + DHA to simulate the n-3 PUFA content of common fish oil supplements
administered in human studies [37]. Conversely, previous in vitro studies reported an increase
in MPS and suppression of muscle protein breakdown [21] or increased protein accretion [16]
after incubation with 50 uM EPA, whereas DHA had no effect. Hence, we postulate that the
higher dose of DHA in addition to EPA in HC in our study attenuated the independent effect
of EPA on muscle protein metabolism and that there may be interplay and/or competition
between EPA and DHA in terms of regulating muscle protein metabolism. Moreover, we
observed an increased stimulation of MPS after the 24 h washout phase, albeit not in response

to the 16 h incorporation phase. Further analysis of our incorporation data revealed that the
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compositional profile of EPA + DHA in LC after the 24 h washout period was similar to the
16 h incorporation period, but with a marked rise in DPA levels. Although EPA is commonly
regarded as the most bioactive n-3 PUFA species in terms of stimulating MPS [37], our data
suggest that the presence of DPA in the skeletal muscle membrane in addition to EPA could
modulate the stimulation of MPS. Taken together, the greater MPS response compared with
VC following the 24 h washout phase with LC incubation may be attributed to factors such as
the cumulative quantity of n-3 PUFA administered, the potential interaction between EPA and
DHA that are likely less pronounced in LC, or the increased formation of DPA, which was

markedly higher after LC compared to HC.

The mTORC1 pathway consists of cell signaling proteins known to regulate the
stimulation of MPS [38]. Despite observing an increased stimulation of MPS after the 24 h
washout period in LC, we failed to detect any changes in the phosphorylation status of
AEBP1ITN37/46]  n70SEK1[Thra2L/Serd24] “gr AKtlSe473] This disassociation between molecular
signals that regulate MPS has also been observed in previous in vitro studies [16], [21]. In the
present study, a possible explanation for the increased stimulation of MPS in the absence of an
upregulation of mMTORCL signaling relates to the notion that incorporation of EPA and DHA
after incubation with LC may have accelerated or optimized signaling. Accordingly, we
previously demonstrated that a lower and more efficient kinase activity was required to
maximize MPS following an 8-week period of fish oil supplementation [23]. These findings
indicate that fish oil supplementation results in a shift in kinase signaling and MPS, suggesting
that a reduced kinase activity is required to maximize MPS. This observation could explain, at
least partially, the disconnect between the phosphorylation status of signaling proteins and
MPS rates observed in our C2C12 myotubes, however this hypothesis warrants further

investigation.
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We acknowledge that static measurements of kinase activity at a single time-point
likely resulted in missing some peak readouts of the kinase activity. We measured MPS and
associated kinase phosphorylation 30 minutes after exposure to an insulin/leucine trigger,
following a 16 h incorporation + 24 h washout period with EPA and DHA. While the time-
course of elevated MPS post anabolic trigger has been investigated in humans [39], our reliance
on a single time point within our vitro model may have limited our potential to capture the

optimal kinase signaling window in response to EPA and DHA.

It is important to acknowledge that the observed incorporation and washout profile of
EPA and DHA, and subsequent stimulation of MPS and molecular signaling, are confined to a
mouse muscle cell model, and may not directly translate to human skeletal muscle. The
concentrations of EPA and DHA utilized in in vitro studies range between 1-750 uM [40], and
the shift in relative fatty acid profile observed in our C2C12 myotubes exceeded those
observed in a human population [37]. Moreover, given the current recommendation to consume
at least one portion of oily n-3 PUFA rich fish per week [41], it is noteworthy that intermittent
eating patterns deviate significantly from the practice of constant daily consumption [42],
emphasizing the importance of studying the washout profile of n-3 PUFA species in human
skeletal muscle. Furthermore, the focus of the present study was on MPS rather than muscle
protein breakdown. Previous cell-based investigations in C2C12 myotubes have revealed a
metabolic action of EPA [16], [21], [24] and DHA [24] in attenuating muscle protein
breakdown rates. Taken together in combination with findings from other animal [43], [44] and
cell [45] studies, this observation emphasizes a potential role for n-3 PUFA in regulating
muscle protein breakdown. Future investigations are warranted to investigate the time-
dependent uptake and washout dynamics of EPA, DHA, DPA, and related lipid classes in

human skeletal muscle. Additionally, it is important to examine the influence of different EPA
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+ DHA concentrations on subsequent measurements of MPS and anabolic cell signaling

pathways.

In conclusion, our data demonstrate that treatment with higher concentrations of EPA
and DHA resulted in a greater incorporation of n-3 PUFA into the muscle phospholipid
membrane and led to a greater preservation of n-3 PUFA following washout, with divergent
patterns for EPA and DHA. However, only treatment with the low concentration of EPA and
DHA stimulated increased rates of MPS without modulating the phosphorylation status of
MTORC1 signaling proteins. The distinct dynamics of EPA and DHA in altering muscle cell
lipid composition has the potential to impact physiological outcomes related to muscle protein
turnover, with possible clinical implications for the prescription of omega-3 polyunsaturated

fatty acid supplementation protocols to promote human health.



Journal Pre-proof

ACKNOWLEDGEMENTS
We thank Martin Balvers for analyzing fatty acid composition.

AUTHOR CONTRIBUTIONS

M. Banic: Conceptualization, Validation, Formal analysis, Investigation, Writing — Original
Draft, Visualization, Project administration. M. van Dijk: Conceptualization, Resources,
Writing — Review & Editing, Supervision, Project administration. F. J. Dijk: Methodology,
Validation, Investigation, Writing — Review & Editing. M. J. W. Furber: Conceptualization,
Resources, Writing — Review & Editing, Funding acquisition. O. C. Witard:
Conceptualization, Writing — Review & Editing, Supervision, Funding acquisition. N. Donker:
Validation, Investigation, Writing — Review & Editing. M. J. A. Becker: Validation,
Investigation, Writing — Review & Editing. S. D. Galloway: Conceptualization, Writing —
Review & Editing, Supervision, Funding acquisition. N. Rodriguez-Sanchez:

Conceptualization, Writing — Review & Editing, Supervision, Funding acquisition.



Journal Pre-proof

REFERENCES

[1] D. Cuthbertson et al., “Anabolic signaling deficits underlie amino acid resistance of
wasting, aging muscle,” FASEB J., vol. 19, no. 3, pp. 1-22, 2005, doi: 10.1096/fj.04-

2640fje.

[2] M. S. Brook et al., “Omega-3 supplementation during unilateral resistance exercise
training in older women: A within subject and double-blind placebo-controlled trial,”

Clin. Nutr. ESPEN, vol. 46, pp. 394-404, 2021, doi: 10.1016/j.clnesp.2021.09.729.

[3] C. Mcglory et al., “Omega-3 fatty acid supplementation attenuates skeletal muscle
disuse atrophy during two weeks of unilateral leg immobilization in healthy young
women,” FASEB J., vol. 33, no. 3, pp. 4586-4597, 2019, doi:

10.1096/f].201801857RRR.

[4] G. I Smith et al., “Omega-3 polyunsaturated fatty acids augment the muscle protein
anabolic response to hyperinsulinaemia—hyperaminoacidaemia in healthy young and
middle-aged men and women,” Clin. Sci., vol. 121, no. 6, pp. 267-278, Sep. 2011, doi:

10.1042/CS20100597.

[5] G. I Smith et al., “Dietary omega-3 fatty acid supplementation increases the rate of

muscle protein synthesis in older adults: a randomized controlled trial,” Am. J. Clin.

Nutr., vol. 93, no. 2, pp. 402-412, Feb. 2011, doi: 10.3945/ajcn.110.005611.

[6] P.C. Calder, “Mechanisms of action of (n-3) fatty acids,” J. Nutr., vol. 142, no. 3, pp.

1-8, 2012, doi: 10.3945/jn.111.155259.

[7] C.N. Serhan et al., “Expert consensus report on lipid mediators: Role in resolution of
inflammation and muscle preservation,” FASEB J., vol. 38, no. 10, May 2024, doi:

10.1096/f].202400619R.



Journal Pre-proof

[8] P.C. Calder, “Eicosapentaenoic and docosahexaenoic acid derived specialised pro-
resolving mediators: Concentrations in humans and the effects of age, sex, disease and
increased omega-3 fatty acid intake,” Biochimie, vol. 178, pp. 105-123, 2020, doi:

10.1016/j.biochi.2020.08.015.

[9] R. Blaauw, P. C. Calder, R. G. Martindale, and M. M. Berger, “Combining proteins
with n-3 PUFAs (EPA + DHA) and their inflammation pro-resolution mediators for
preservation of skeletal muscle mass,” Crit. Care, vol. 28, no. 1, p. 38, Feb. 2024, doi:

10.1186/s13054-024-04803-8.

[10] M. B. Katan, J. P. Deslypere, A. P. J. M. Van Birgelen, M. Penders, and M. Zegwaard,
“Kinetics of the incorporation of dietary fatty acids into serum cholesteryl esters,
erythrocyte membranes, and adipose tissue: An 18-month controlled study,” J. Lipid

Res., vol. 38, no. 10, pp. 2012-2022, 1997, doi: 10.1016/s0022-2275(20)37132-7.

[11] C. McGlory et al., “Temporal changes in human skeletal muscle and blood lipid
composition with fish oil supplementation,” Prostaglandins Leukot. Essent. Fat. Acids,

vol. 90, no. 6, pp. 199-206, 2014, doi: 10.1016/j.plefa.2014.03.001.

[12] L. M. Arterburn, E. B. Hall, and H. Oken, “Distribution, interconversion, and dose
response of n-3 fatty acids in humans,” Am. J. Clin. Nutr., vol. 83, no. 6, 2006, doi:

10.1093/ajcn/83.6.1467s.

[13] E. A.F.Herbst et al., “Omega-3 supplementation alters mitochondrial membrane

composition and respiration kinetics in human skeletal muscle,” J. Physiol., vol. 592,

no. 6, pp. 1341-1352, 2014, doi: 10.1113/jphysiol.2013.267336.

[14] S. L. Wardle et al., “Human skeletal muscle metabolic responses to 6 days of high-fat
overfeeding are associated with dietary n-3PUFA content and muscle oxidative

capacity,” Physiol. Rep., vol. 8, no. 16, Aug. 2020, doi: 10.14814/phy2.14529.



Journal Pre-proof

[15] A. Briolay, R. Jaafar, G. Nemoz, and L. Bessueille, “Myogenic differentiation and
lipid-raft composition of L6 skeletal muscle cells are modulated by PUFAs,” Biochim.
Biophys. Acta - Biomembr., vol. 1828, no. 2, pp. 602-613, 2013, doi:

10.1016/j.bbamem.2012.10.006.

[16] S. Jeromson et al., “Lipid remodeling and an altered membrane-associated proteome
may drive the differential effects of EPA and DHA treatment on skeletal muscle
glucose uptake and protein accretion,” Am. J. Physiol. Metab., vol. 314, no. 6, pp.

E605-E619, Jun. 2018, doi: 10.1152/ajpendo.00438.2015.

[17] F. Marangoni et al., “Changes of n — 3 and n — 6 fatty acids in plasma and circulating
cells of normal subjects, after prolonged administration of 20:5 (EPA) and 22:6 (DHA)
ethyl esters and prolonged washout,” Biochim. Biophys. Acta - Lipids Lipid Metab.,

vol. 1210, no. 1, pp. 55-62, Dec. 1993, doi: 10.1016/0005-2760(93)90049-F.

[18] A. H. Metherel, J. M. Armstrong, A. C. Patterson, and K. D. Stark, “Assessment of
blood measures of n-3 polyunsaturated fatty acids with acute fish oil supplementation
and washout in men and women,” Prostaglandins, Leukot. Essent. Fat. Acids, vol. 81,

no. 1, pp. 23-29, Jul. 2009, doi: 10.1016/J.PLEFA.2009.05.018.

[19] J. Cao, K. A. Schwichtenberg, N. Q. Hanson, and M. Y. Tsai, “Incorporation and
cleararice of omega-3 fatty acids in erythrocyte membranes and plasma
phospholipids,” Clin. Chem., vol. 52, no. 12, pp. 2265-2272, 2006, doi:

10.1373/clinchem.2006.072322.

[20] S. D. Zuijdgeest-Van Leeuwen, P. C. Dagnelie, T. Rietveld, J. W. O. Van Den Berg,
and J. H. P. Wilson, “Incorporation and washout of orally administered n-3 fatty acid
ethyl esters in different plasma lipid fractions,” Br. J. Nutr., vol. 82, no. 6, pp. 481—

488, 1999, doi: 10.1017/S0007114599001737.



Journal Pre-proof

[21] T. Kamolrat and S. R. Gray, “The effect of eicosapentaenoic and docosahexaenoic acid

on protein synthesis and breakdown in murine C2C12 myotubes,” Biochem. Biophys.

Res. Commun., vol. 432, no. 4, pp. 593-598, 2013, doi: 10.1016/j.bbrc.2013.02.041.

[22] J. Zhang et al., “EPA and DHA inhibit myogenesis and downregulate the expression of
muscle-related genes in C2C12 myoblasts,” Genes (Basel)., vol. 10, no. 1, pp. 1-13,

2019, doi: 10.3390/genes10010064.

[23] C. McGlory et al., “Fish oil supplementation suppresses resistance exercise and
feeding-induced increases in anabolic signaling without affecting myofibrillar protein
synthesis in young men,” Physiol. Rep., vol. 4, no. 6, pp. 1-11, 2016, doi:

10.14814/phy2.12715.

[24] Y.Wang, Q. Lin, P. Zheng, J. Zhang, and F. Huang, “DHA Inhibits Protein
Degradation More Efficiently than EPA by Regulating the PPARY/NF«B Pathway in
C2C12 Myotubes,” Biomed Res:. Int., vol. 2013, pp. 1-9, 2013, doi:

10.1155/2013/318981.

[25] W.J. Bligh, E.G. and Dyer, “Canadian Journal of Biochemistry and Physiology,” Can.

J. Biochem. Physiol., vol. 37, no. 8, 1959.

[26] W. W. Christie, “Preparation of Ester Derivatives of Fatty Acids for Chromatographic

Analysis,” Adv. Lipid Methodol., pp. 69-111, 1993.

[27] 1. J. Cartwright, A. G. Pockley, J. H. Galloway, M. Greaves, and F. E. Preston, “The
effects of dietary ®-3 polyunsaturated fatty acids on erythrocyte membrane
phospholipids, erythrocyte deformability and blood viscosity in healthy volunteers,”
Atherosclerosis, vol. 55, no. 3, pp. 267-281, Jun. 1985, doi: 10.1016/0021-

9150(85)90106-6.



Journal Pre-proof

[28] J. Connor, C. H. Pak, R. F. Zwaal, and A. J. Schroit, “Bidirectional transbilayer
movement of phospholipid analogs in human red blood cells. Evidence for an ATP-
dependent and protein-mediated process.,” J. Biol. Chem., vol. 267, no. 27, pp. 19412—

19417, Sep. 1992, doi: 10.1016/S0021-9258(18)41791-7.

[29] A. Pal, A. H. Metherel, L. Fiabane, N. Buddenbaum, R. P. Bazinet, and S. R. Shaikh,
“Do Eicosapentaenoic Acid and Docosahexaenoic Acid Have the Potential to Compete
against Each Other?,” Nutrients, vol. 12, no. 12, p. 3718, Dec. 2020, doi:

10.3390/nu12123718.

[30] P.C. Calder, “Omega-3 fatty acids and inflammatory processes: From molecules to
man,” Biochem. Soc. Trans., vol. 45, no. 5, pp. 1105-1115, 2017, doi:

10.1042/BST20160474.

[31] X. fei Guo, W. feng Tong, Y. Ruan, A. J. Sinclair, and D. Li, “Different metabolism of
EPA, DPA and DHA in humans: A double-blind cross-over study,” Prostaglandins
Leukot. Essent. Fat. Acids, vol. 158, no. November 2019, 2020, doi:

10.1016/j.plefa.2019.102033.

[32] C. M. Ballantyne et al., “Icosapent Ethyl Effects on Fatty Acid Profiles in Statin-
Treated Patients With High Triglycerides: The Randomized, Placebo-controlled
ANCHOR Study,” Cardiol. Ther., vol. 8, no. 1, pp. 79-90, 2019, doi: 10.1007/s40119-

019-0131-8.

[33] A. H. Metherel, M. Irfan, S. L. Klingel, D. M. Mutch, and R. P. Bazinet, “Compound-
specific isotope analysis reveals no retroconversion of DHA to EPA but substantial
conversion of EPA to DHA following supplementation: A randomized control trial,”

Am. J. Clin. Nutr., vol. 110, no. 4, pp. 823-831, 2019, doi: 10.1093/ajcn/nqz097.

[34] F.J. Dijk, M. Van Dijk, B. Dorresteijn, and K. Van Norren, “DPA shows comparable



Journal Pre-proof

chemotherapy sensitizing effects as EPA upon cellular incorporation in tumor cells,”

Oncotarget, vol. 10, no. 57, pp. 5983-5992, 2019, doi: 10.18632/oncotarget.27236.

[35] A. H. Metherel, R. Chouinard-Watkins, M. O. Trépanier, R. J. S. Lacombe, and R. P.
Bazinet, “Retroconversion is a minor contributor to increases in eicosapentaenoic acid
following docosahexaenoic acid feeding as determined by compound specific isotope
analysis in rat liver,” Nutr. Metab., vol. 14, no. 1, pp. 1-8, 2017, doi: 10.1186/s12986-

017-0230-2.

[36] A. H. Metherel et al., “Dietary docosahexaenoic acid (DHA) downregulates liver DHA
synthesis by inhibiting eicosapentaenoic acid elongation,” J. Lipid Res., vol. 65, no. 6,

p. 100548, Jun. 2024, doi: 10.1016/j.jIr.2024.100548.

[37] O.C. Witard, M. Banic, N. Rodriguez-Sanchez, M. van Dijk, and S. D. R. Galloway,
“Long-chain n -3 PUFA ingestion for the stimulation of muscle protein synthesis in
healthy older adults,” Proc. Nutr. Soc., pp. 1-11, Nov. 2023, doi:

10.1017/S0029665123004834.

[38] H. Zhou and S. Huang, “The Complexes of Mammalian Target of Rapamycin,” Curr.
Protein Pept. Sci., vol. 11, no. 6, pp. 409-424, 2010, doi:

10.2174/138920310791824093.

[39] J. D. MacDougall, M. J. Gibala, M. A. Tarnopolsky, J. R. MacDonald, S. A.
Interisano, and K. E. Yarasheski, “The Time Course for Elevated Muscle Protein
Synthesis Following Heavy Resistance Exercise,” Can. J. Appl. Physiol., vol. 20, no.

4, pp. 480-486, Dec. 1995, doi: 10.1139/h95-038.

[40] B. Tachtsis, D. Camera, and O. Lacham-Kaplan, “Potential roles of n-3 PUFAs during
skeletal muscle growth and regeneration,” Nutrients, vol. 10, no. 3, pp. 1-20, 2018,

doi: 10.3390/nu100303009.



Journal Pre-proof

[41] NHS, “Fish and shellfish,” 14-11-2022, 2022. https://www.nhs.uk/live-well/eat-

well/food-types/fish-and-shellfish-nutrition/.

[42] L. M. Browning et al., “Compared with daily, weekly n-3 PUFA intake affects the
incorporation of eicosapentaenoic acid and docosahexaenoic acid into platelets and
mononuclear cells in humans,” J. Nutr., vol. 144, no. 5, pp. 667-672, 2014, doi:

10.3945/jn.113.186346.

[43] E. Castillero, A. I. Martin, M. Lépez-Menduifia, M. A. Villanla, and A. Lopez-
Calderon, “Eicosapentaenoic acid attenuates arthritis-induced muscle wasting acting
on atrogin-1 and on myogenic regulatory factors,” Am. J. Physiol. - Regul. Integr.
Comp. Physiol., vol. 297, no. 5, pp. 1322-1331, 2009, doi:

10.1152/ajpregu.00388.2009.

[44] G. N. Marzuca-Nassr et al., “Effects of high EPA and high DHA fish oils on changes
in signaling associated with protein metabolism induced by hindlimb suspension in

rats,” Physiol. Rep., vol. 4, no. 18, pp. 1-16, 2016, doi: 10.14814/phy2.12958.

[45] F.Huang, H. Wei, H. Luo, S. Jiang, and J. Peng, “EPA inhibits the inhibitor of kba
(IxkBa)/NF- «B/muscle RING finger 1 pathway in C2C12 myotubes in a PPARYy-
dependent manner,” Br. J. Nutr., vol. 105, no. 3, pp. 348-356, 2011, doi:

10.1017/50007114510003703.



Journal Pre-proof

FIGURE LEGENDS

A Incorporation

Incubate Debermine Fatty Acids:
HC or LC EPA:DHA
1,2, 4,8, 16, 24 h

B Washaut

Washoul
Tncubate .
medim Determimne Fatty Acids:
HC ar LC EPA:DHA
@ 0,2 4,8 16, 24 h

C Muscle protein synthesis

Washout

Inculbate 16 h MES mediurm Incubate 24 h MPS
HC or LC EPA:DHA B mTOR B mTOR
@ proteins proteins

Figure 1). Schematic overview of incorporation (A), washout (B), and muscle protein synthesis

experiments (C). HC = high concentration (50 uM EPA + 33.3 uM DHA), LC = low
concentration (12.5 uM EPA + 8.33 uM DHA). EPA = Eicosapentaenoic acid, DHA =

Docosahexaenoic acid. MPS = muscle protein synthesis. mMTORC1 = mammalian target of

rapamycin complex 1.
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Figure 2). Temporal (24 h) changes in incorporation of EPA (A) and DHA (B) into the
phospholipid membrane of C2C12 myotubes following incubation with HC (50 uM EPA +
33.3 uM DHA) or LC (12.5 uM EPA + 8.33 uM DHA) treatments. Values are means £ SD

(n=3). Dashed line represents vehicle control (VC) over time. Mean values that do not share a
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common letter within HC or LC are statistically different from one another (P < 0.05).
Significant differences between HC and LC at each timepoint are denoted by an asterisk (*; P

< 0.05). EPA = Eicosapentaenoic acid, DHA = Docosahexaenoic acid, HC = high

concentration, LC = low concentration.
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Figure 3). Temporal (24 h) changes in incorporation of DPA into the phospholipid membrane
of C2C12 myotubes following incubation with HC (50 uM EPA + 33.33 uM DHA) or LC
(12.5 uM EPA + 8.33 uM DHA\) treatments. Values are means + SD (n=3). Differences from
vehicle control (VC; represented by a dashed line) are denoted by ‘+ (P < 0.05). Mean values
that do not share a common letter within HC or LC are statistically different from one another
(P <0.05). Levels of DPA did not differ between HC and LC at any timepoint (P > 0.05). DPA

= docosapentaenoic acid, HC = high concentration, LC = low concentration, FA = fatty acids.
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Figure 4). Temporal (24 h) changes in washout of EPA (A) and DHA (B) from the
phospholipid membrane of C2C12 myotubes following avernight incubation with HC (50 uM
EPA + 33.33 uM DHA) or LC (12.5 uM EPA + 8.33 uM DHA). Values are means + SD (n=4,
except t16 HC, where n=3). Dashed line represents vehicle control (VC) over time. Mean
values that do not share a common letter within HC or LC are statistically different from one
another (P < 0.05). EPA and DHA levels differed significantly between HC and LC treatments
and from VC at all timepoints (P < 0.05). EPA = Eicosapentaenoic acid, DHA =

Docosahexaenoic acid, HC = high concentration, LC = low concentration, FA = fatty acids.
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Figure 5). Temporal (24 h) changes in incorporation of DPA during the washout period in the
phospholipid membrane of C2C12 myotubes following overnight incubation with HC (50 pM
EPA +33.33 uM DHA) or LC (12.5 uM EPA + 8.33 M DHA). Values are means + SD (n=4,
except t16 HC, where n=3). Differences from vehicle control (VC; represented by a dashed
line) are denoted by +’ (P < 0.05). Mean values that do not share a common letter within HC
or LC are statistically different from one another (P < 0.05). Levels of DPA differed at all
timepoints between HC and LC (P < 0.05). DPA = docosapentaenoic acid, HC = high

concentration, LC = low concentration, FA = fatty acids.
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Figure 6). Protein synthesis following 16 h incorporation (A) or 24 h washout (B) and
phosphorylation status of signaling pathway proteins following 16 h incorporation (C, E, G) or
24 h washout (D, F, H) in C2C12 myotubes after incubation with VVC (vehicle control), HC (50

UM EPA + 33.33 uM DHA) or LC (12.5 uM EPA + 8.33 uM DHA). Data represents protein
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synthesis relative to basal control (A, B) and phosphorylated/total 4EBP1ITMS7/46]
p70S6K1Thr421/Serd24] - and AktlSe473] (C, D, E, F, G, H). Values are means + SD (n=4 in
duplicate). Mean values that do not share a common letter are statistically different from one
another (P < 0.05). MPS = Muscle Protein Synthesis. EPA = Eicosapentaenoic acid, DHA =
Docosahexaenoic acid, HC = high concentration, LC = low concentration. 4EBP1 = eukaryotic
translation initiation factor 4E-binding protein 1. Akt = Protein Kinase B. p70S6K1 =

ribosomal protein S6 kinase beta-1.

Supplementary figure 1). Protein synthesis following 16 h incorporation (A) or 24 h washout
(B) and phosphorylation status of signaling pathway proteins following 16 h incorporation (C,
E, G) or 24 h washout (D, F, H) in C2C12 myotubes after incubation with CON (basal control),
IL (1 mM leucine + 100 nM insulin trigger) or VC (vehicle control; IL + 100% ethanol diluted
to 1.28% with PBS + 2.5% albumin). Data represents protein synthesis relative to basal control
(A, B) and phosphorylated/total 4EBP1LT"37/461 n70SEK 1[Thr42L/Ser424] and AktS471 (C, D, E,
F, G, H). Values are means + SD (n=4 in duplicate). Mean values that do not share a common
letter are statistically different from one another (P < 0.05). MPS = Muscle Protein Synthesis.
4EBP1 = eukaryotic translation initiation factor 4E-binding protein 1. Akt = Protein Kinase B.

p70S6K1 = ribosomal protein S6 kinase beta-1.
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