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EXPERIMENTAL MODEL

EFFECTS OF EXERCISE ON EXPRESSION OF SKELETAL MUSCLE ACYL-COA SYNTHETASE 

ISOFORM GENE EXPRESSION IN OBESE AFRICAN-AMERICAN AND CAUCASIAN WOMEN

INTRODUCTION & HYPOTHESIS

Subjects, Experimental Design, and Assays RESULTS

CONCLUSIONS

1Tracey L. Woodlief, 1Melanie A. Sweazey, 1Courtney File, 1,2Robert C. Hickner, 1,2P. Darrell Neufer, and  1,2Ronald N. Cortright

Recently, we have identified that reduced skeletal muscle (SKM) mitochondrial fatty acid

oxidation (FAO) in African-American women (AAW) may be due to reduced activity of

Acyl-CoA Synthetase-long form (ACSL), the protein required for activation of fatty acids

prior to mitochondrial transport and oxidation. However, exercise training was shown to

increase SKM FAO in both AAW and CW. The purpose was to determine the metabolic

flexibility of SKM to expand the activity of ACSL in response to exercise training in obese

AAW and Caucasian (CW) women. Following a 12 hr fast, biopsies were obtained from

either the rectus abdominus (CW, BMI=36±0.6; AAW, BMI=37±0.6 kg/m2; no exercise

only) or vastus lateralis (CW, BMI=38±2; AAW, BMI=40±2) before and 4 h after acute

exercise in the sedentary and trained (10 d of cycle ergometry) condition. Assays for total

ACSL activity and protein content were performed and gene expression of ACSL 1, 3, 4,

5, and 6 isoforms were assessed by quantitative real-time PCR. In rectus abdominus,

Western blot analysis revealed lower (P<0.05) ACSL-5 protein content in obese AAW vs.

CW. Prior to training, total ACSL activity in vastus lateralis was lower in both obese

groups compared to leans, although activity was lower in obese AAW. 10 days of

endurance exercise did not result in elevated ACSL activity in either obese AAW or CW.

However, following 8 weeks of training, both groups demonstrated increased enzyme

activity. PCR demonstrated differential expression of ACSL-1 isoform which was elevated

in obese AAW pre-training. In response to acute exercise, ACSL-1 and -3 isoform gene

expression rose solely in CW. In the trained, rested state, ACSL-1 and -3 isoform

expression was elevated in obese CW only (P < 0.05). Results support ACSL as a

potential molecular mechanism to explain reduced SKM mitochondrial oxidative capacity

in AAW. Endurance exercise training elevates FAO in both AAW and CW, but the increase

in AAW can not be explained by ACSL isoform gene expression.
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RESULTS

Acyl-CoA Synthetase Gene Expression in vastus lateralis muscle from obese Caucasian (CW) and African-American (AAW) women before and after acute exercise in

the untrained and trained state. Fourteen subjects (n=7 obese CW; N=7 AAW) were recruited and assessed for body composition and aerobic capacity. Following a 3 day

diet recall, subjects reported to the laboratory in the fasted state and underwent the first biopsy procedure. A second biopsy was obtained after 4 hours of cycle ergometry

at 75% VO2 peak. Subjects then underwent exercise training for 10 days on a cycle ergometer at a workload equal to 75% VO2 peak. Real time RT-PCR was used to

assess human ACSL isoform gene expression.

Total acyl-CoA synthetase (ACS) activity in human rectus abdominus homogenate. ACS 

enzyme activities are expressed as umole activity/gram tissue/min.  Rectus homogenate was 

prepared from 100 mg of tissue from either open gastric bypass or total abdominal 

hysterectomy patients.  (BMI:  Lean CW=27, Lean AAW 26, Obese CW=36, Obese AAW=36). 
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Total ACS activity response to exercise in human vastus homogenate.  ACS enzyme 

activities are expressed as umole activity/gram tissue/min.  Training consisted of daily 

cycling at 75% VO2 peak for 60 minutes. Subjects were in the fasted state. Vastus 

lateralis  homogenate was prepared from 70 mg of vastus tissue from exercise study 

subjects.  (BMI:  Lean CW=21.7,  Lean AAW= 19.3,  Obese CW=32.1,  Obese AAW= 

36.6). UnTr =  untrained; Tr =  10 days or 8 weeks of training.   
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Mechanism of long chain fatty acid transport into the mitochondria. Fatty acids (FA) derived from extra- or

inta- cellular sources must first be activated to their thioester derivative (Long-chain acyl-CoA) by the enzyme long-

chain acyl-CoA synthetase (ACSL). Acyl-CoA can then act as substrate for the transport protein, carnitine-palmitoyl

transferase–1(CPT-I). The derived acyl-carnitine can transverse the inner membrane and later be converted back to

an acyl-CoA substrate for -oxidation by the inner membrane protein CPT-II. Note: CPT-I (more generally known as

CACT—carnitine/acylcarnitine translocase; a turnstile mechanism that imports acylcarnitine while exporting free

carnitine so the next LCFA can be converted) represents the rate-limiting step in fatty acid transport into the

mitochondrial matrix. *It is important to note that ACSL activity has been hypothesized to be reduced in obese

African-American women contributing to a greater prevalence of obesity and intramuscular lipid content, both which

are strongly associated with muscle insulin resistance and diabetes.

The prevalence of obesity is greater among African-American (AAW) than Caucasian (CW)

women in the United States. This racial, metabolic disparity is important as the presence of obesity

is strongly associated with skeletal muscle insulin resistance and supports the existing data

demonstrating that AAW have twice the incidence of type 2 diabetes compared with CW.

Recently, we have measured fatty acid oxidation in skeletal muscle from obese AAW and have

demonstrated that fatty acid oxidation is significantly lower than for obese CW. This is clinically

relevant as reductions in skeletal muscle oxidative capacity may lead to accumulation of bioactive

lipids which is strongly associated with insulin resistance and diabetes. Using combinations of

radiolabeled fatty acids, our research group has now identified that one such site of muscle fatty

acid oxidation dysfunction appears to exist at the activation step catalyzed by long-chain acyl-CoA

synthetase (ACSL).

However, endurance exercise training elevates the muscles capacity to oxidize long-chain fatty

acids. Most recently, we have observed that suppressed rates of fatty acid oxidation in skeletal

muscle are increased similarly in both obese AAW and CW after training.

We hypothesize that AAW possess skeletal muscle with a decreased capacity to oxidize fatty acids

and that the impairment is due to a defect in long-chain ACSL. However, obese AAW are similar

to CW in that skeletal muscle is responsive to endurance exercise training and can expand the

capacity to metabolize lipids. Therefore, we propose that the expansion of skeletal muscle fatty

acid oxidation in AAW will be due (at least in part) to restoration of ACSL activity.

Total ACSL Activity Assay:
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A

B

Obese Subjects   African-American  Caucasian 1 

 2 

 N     9    7 3 

 Age (yrs)    35.0 ± 1.8   35.1 ± 2.9 4 

 BMI (kg/m
2
)   36.6 ± 1.2   39.9 ± 1.3 5 

 Percent Fat    38.0 ± 1.3   42.3 ± 1.6
#
 6 

 VO2peak(L/min)     1.7 ± 0.4     1.9 ± 0.1 7 

    (mL/kg TBM/min) 17.1 ± 1.3   17.8 ± 1.1 8 

    (mL/kg FFM/min) 27.9 ± 2.0   33.0 ± 2.1 9 
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Muscle Biopsy Procedure:
The muscle biopsy was a modification of the percutaneous biopsy procedure (Bergstrom, 1962)

taken from the vastus lateralis, snap frozen within 1 minute of the biopsy with liquid nitrogen

cooled tongs, and stored in cryovials at -80° C until analysis for gene expression.

Quantitative Reverse Transcription Polymerase Chain Reaction (qRT-

PCR) 
Isolation of RNA from skeletal muscle and quantification of RNA transcripts by qRT-PCR was

performed as previously described [Hildebrandt, 2000; Pilegaard, 2000; Pilegaard, 2003]. With

the exception of the ACSL, all primers and probe sequences are derived from NCBI

information using Primer Select software (Applied Biosystems) and have been given in detail

elsewhere [Pilegaard, 2003]. ACSL primer/probe sets were designed from human nucleotide

sequence information available from the NCBI data base. Specificity for all new primer/probe

sets was be verified by Blast Search. All probes use MGB technology. Sufficient template is

typically available for the analysis of >50 genes per muscle sample. To account for potential

changes in total mRNA with training, data was normalized to GAPDH mRNA/total mRNA.
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Figure 2. Effects of Training on Rates of Fatty

Acid Oxidation in Vastus Lateralis from Obese

African-American (AAW) and Caucasian

Women (CW). Palmitate (unactivated by

ASCL) but not Pal-CoA or Pal-Carn

oxidation rates was significantly reduced in

obese AAW suggesting impaired ACSL

activity.
N= 7 per group. # = different from CW pre-training

(P=0.05). * Represents significant increases from pre-

to post- exercise (P<0.01). Values are means ± SEM.

Obesity is associated with reduced rates of skeletal muscle

(SKM) fatty acid oxidation. This metabolic impairment is

greater in obese African American women (AAW).

Results support Acyl-CoA Synthetase (ACSL) as a potential

molecular mechanism to explain reduced SKM mitochondrial

oxidative capacity in AAW. 

Endurance exercise can restore SKM rates of fatty acid

oxidation in both AAW and CW in as little of 10 consecutive

days, but the increase in AAW can not be explained by ACSL

isoform gene expression.

Total ACS Activity was measured as previously described [Coleman, 2006], from muscle 

homogenates.  The assay was performed in duplicate using 14C-Palmiate at 37 C for 5 minutes 

each.  The reactions were stopped by the addition of Dole’s reagent and the fatty acids were 

removed by heptane washes.  Then the labeled acyl-CoA formed was measured by scintillation 

counting.

Acyl-CoA Synthetase –isoform 5 (ACSL-5)  protein expression in rectus 

muscle from obese Caucasians (N=2 CW) and obese African Americans 

(N=3 AAW), taken during a abdominal surgery.  * P < 0.05. Values are 

Mean SEM
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