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ABSTRACT

Recovery from prolonged endurance exercise requires fuel replenishment
and ultrastructure repair to restore cellular homeostasis; and improvement
requires adaptive remodelling. Timing nutrient intake to closely follow
exercise may be advantageous to recovery and subsequent performance by
facilitating the adaptive processes stimulated by exercise. The objective of
this research was to firstly determine if leucine-enriched protein feeding after
hard training improved subsequent performance, and secondly to explore the
candidate means by which protein-rich post-exercise nutrition mediates

recovery, primarily transcriptomic and signalling mechanisms.

Study 1 Ten male cyclists ingested leucine-enriched protein-carbohydrate
(0.1/0.4/1.2/0.2 g-kg™-h™" leucine/protein/carbohydrate/fat) or isocaloric high-
carbohydrate control (0.06/1.6/0.2 g-kg™"-h™) meals following 2-2.5 h high-
intensity interval training on 3 consecutive days. Cyclists performed a repeat-
sprint performance test 39 h after training, and markers of physiological
recovery and mood state were examined. Study 2 Eight male cyclists
ingested protein (0.4/1.2/0.2 g-kg™-h™ protein/carbohydrate/fat) or isocaloric
high-carbohydrate control (0.03/1.6/0.2 g-kg'-h™') beverages following a
single 1.75 h high-intensity interval cycling bout. Muscle tissue samples were
collected from the vastus lateralis before exercise, 3-h and 48-h post-
exercise. The transcriptome response was assessed by lllumina microarray,
candidate gene expression by real time RT-PCR; and phospho-protein

signalling by Western blot.

Leucine-enriched feeding increased mean sprint power by 2.5% (99%
confidence limits, £3.1%; P = 0.013) and reduced overall tiredness during
sprints by 13% (90% confidence limits, £9.2%). Serum creatine kinase was
19% (90% confidence limits, £18%) lower than control, but difference in
lactate dehydrogenase and muscle pain were trivial and unclear. In the
second study, protein-carbohydrate feeding led to moderate and very large
increases in cell signalling to translation; mTOR, 4E-BP1 and RPS6

phosphorylation by 3-h. Bioinformatics analysis indicates protein ingestion
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effects the transcriptome response involved in immune/inflammatory
processes, tissue development (extracellular matrix, cytoskeletal, and
scarcomere remodelling), and metabolism consistent with increased fatty

acid oxidation, compared to control.

Post-exercise protein and carbohydrate coingestion during a period of hard
training enhances subsequent high-intensity endurance performance and
may reduce membrane disruption in comparison to high-carbohydrate
feeding. Furthermore, the mechanism responsible for protein-nutrition
mediated adaptation may be through enhancing protein translation and fine-

tuning the gene expression profile induced by exercise.
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Retinoic acid receptor, alpha

Deoxyribonucleic acid-damage-inducible transcript 4
Ring finger and FYVE-like domain containing 1

Ras homolog enriched in brain

Ras homolog gene family, member A

Ras homolog gene family, member C

Ras homolog gene family, member J

Resting metabolic rate

Ribonucleic acid

Ribonuclease
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ROS
RPE
RPL27A
RPL7
RPLPO
RPLP1
RPS6
RPS6KA1
rRNA
RSP24
RSP3A
RT
RT-PCR
S100A8
S100A9
S6K

SAS

SCD

SD

SDC2
SDF1

SDS PAGE
SEMA3C

SEMA3F

SEMAGA

Ser
SERCA
SIRT5
SIRT6
SLC1A5
SLC25A20

Reactive oxygen species

Ratings of perceived exertion

Ribosomal protein L27a

Ribosomal protein L7

Ribosomal protein, large, PO

Ribosomal protein, large, P1

40S ribosomal protein S6

Ribosomal protein S6 kinase, 90 kDa, polypeptide 1
Ribosomal ribonucleic acid

Ribosomal protein S24

Ribosomal protein S3a

Reverse transcription

Real time reverse transcription polymerase chain reaction
S100 calcium binding protein A8

S100 calcium binding protein A9

Ribosomal protein S6 kinase, 70 kDa (formerly known as
p70S6K)

Statistical Analysis Software

Stearoyl-CoA desaturase (delta-9-desaturase)

Standard deviation

Syndecan 2

Chemokine (C-X-C motif) ligand 12 (CXCL12)

Sodium dodecyl sulphate polyacrylamide gel electrophoresis
Sema domain, immunoglobulin domain, short basic domain,
secreted, (semaphorin) 3C

Sema domain, immunoglobulin domain, short basic domain,
secreted, (semaphorin) 3F

Sema domain, transmembrane domain, and cytoplasmic domain,
(semaphorin) 6A

Serine rich binding motif

Sarco/endoplasmic reticulum calcium transporting ATPase
Sirtuin 5

Sirtuin 6

Neutral amino acid transporter solute carrier family 1

Solute carrier family 25 (carnitine/acylcarnitine translocase),
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SLC2A4

SLC7A11

SLC7A5

SLC7A5/SLC3A2
SLC7A8
SLCO1B1
SLCO2A1

SLIT2

SMAD3
SMARCA3

SNP sites

SOCS3
SOD
SPSS
SR
SREBP
SULT1A1

SYK
TBK1
TBS-T
TGFB1
Thr
TIMP1
TIMP2
TLR3
TNC
TNF
TNFRSF19
TNFSF11

member 20

Solute carrier family 2 (facilitated glucose transporter), member 4
(GLUT4)

Solute carrier family 7, (cationic amino acid transporter, y+
system) member 11

Solute carrier family 7 (cationic amino acid transporter, y+
system), member 5

Bi-directional antiporter

Solute carrier family 7 (amino acid transporter, L-type), member 8
Solute carrier organic anion transporter family, member 1B1
Solute carrier organic anion transporter family, member 2A1

Slit homolog 2

SMAD family member 3

Helicase-like transcription factor (HLTF)

Single nucleotide polymorphism or single nucleotide (A, T, C, or
G) difference

Suppressor of cytokine signalling 3

Superoxide dismutase

Statistical Package for the Social Sciences

Sarcoplasmic reticulum

Sterol response element binding protein

Sulfotransferase family, cytosolic, 1A, phenol-preferring, member
1

Spleen tyrosine kinase

TANK-binding kinase 1

Tris buffered saline solution with the detergent Tween-20
Transforming growth factor, beta 1

Threonine rich binding motif

TIMP metallopeptidase inhibitor 1

TIMP metallopeptidase inhibitor 2

Toll-like receptor 3

Tenascin C

Tumour necrosis factor

Tumour necrosis factor receptor super family, member 19

Tumour necrosis factor (ligand) super family, member 11
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TNN
TNNT2
TNXB
tr:T
TRIM46
TRIM5
TRIM9
Tris
TSC1
TSC1-TSC2
TSC2
TUBA1
Tween
Tyr
UBE2
UBE2J2
UCP3
VEGF
VEGFA
VIM
VO2max
Vsp15
Winax
WNT5A
YY1
ZNRF2

Tenascin N

Troponin T type 2 (cardiac)

Tenascin XB

Tracer to tracee ratio

Tripartite motif-containing 46

Tripartite motif-containing 5

Tripartite motif-containing 9
Tris(hydroxymethyl)aminomethane buffer
Tuberous sclerosis protein 1, (hamartin)
Hamartin-tuberin complex

Tuberous sclerosis protein 2 (tuberin)
Tubulin alpha-1A chain

Polysorbate detergent

Tyrosine rich binding motif
Ubiquitin-conjugating enzyme E2
Ubiquitin-conjugating enzyme E2, J2
Uncoupling protein 3 (mitochondrial, proton carrier)
Vascular endothelial growth factor
Vascular endothelial growth factor A
Vimentin

Maximal volume of oxygen consumed
Vacuole sorting protein 15

Peak power output

Wingless-type MMTYV integration site family, member 5A
YY1 transcription factor

Zinc and ring finger 2
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