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ABSTRACT 

The objective was to determine the effect of post-exercise protein-leucine coingestion with 

carbohydrate and fat on subsequent endurance performance and investigate whole-body and 

skeletal-muscle responses hypothesised to guide adaptive-regeneration. Methods. Study-JA 

Twelve trained-men ingested protein/leucine/carbohydrate/fat (20/7.5/89/22 g· h-1
) or 

carbohydrate/fat (control, 119/22 g· h-1
) supplements after intense cycling over six days. 

Glucose and leucine turnover, metabolomics, nitrogen balance and performance were 

examined. Study-] B Immune-function responses to supplementation were investigated via 

neutrophil 0 2- production, differential immune-cell count, hormones and cytokines. Study-2A 

Twelve trained-men ingested low-dose protein/leucine/carbohydrate/fat (23 .3/51180/30 g), 

high-dose (70115/180/30 g) or carbohydrate/fat control (274/30 g) beverages following 100-

min of intense cycling. Vastus lateralis biopsies were taken during recovery (30-min/4-h) to 

determine the effect of dose on myofibrillar protein synthesis (FSR), and mTOR-pathway 

activity infened by western blot. Study-2B The transcriptome was intenogated to determine 

acute-phase biology differentially affected by protein-leucine dose. Results. Protein-leucine 

increased day-1 recovery leucine oxidation and synthesis, plasma and urinary branch-chain 

amino acids (BCAAs), products of their metabolism, and neutrophil-priming plasma 

metabolites versus control. Protein-leucine lowered serum creatine kinase 21-25% (±90% 

confidence limits 14%) and day 2-5 nitrogen balance was positive for both conditions, yet the 

impact on sprint power was trivial. Protein-leucine reduced day-1 neutrophil 02- production 

(15-17 ±20 mmol·02-·celr1
) but on day-6 increased post-exercise production (33 ±20 

mmol·02-·celr1
) having lowered pre-exercise cortisol (21% ±15%). The increase in FSR with 

high-dose (0.103%· h-1 ± 0.027%· h-1
) versus low-dose (0.092%· h-1 ± 0.017%· h-1

) was likely 

equivalent. High-dose increased serum insulin (1.44-fold x/+90% confidence limits 1.18), 30-

min phosphorylation ofmTOR (2.21-fold x/+1.59) and p70S6K (3.51-fold x/+1.93), and 
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240-min phosphorylation of rpS6 ( 4.85-fold x/-d .37) and 4E-BP1-a (1.99-fold x/-d .63) 

versus low-dose. Bioinformatics revealed a biphasic dose-responsive inflammatory 

transcriptome centred on interleukin (IL)-1~ at 30-min (high-dose) and IL6 at 240-min (high

dose, low-dose) consistent with regulation of early-phase myeloid-cell associated muscle 

regeneration. Conclusions. Protein-leucine effects on performance during intense training 

may be inconsequential when in positive nitrogen balance, despite saturating BCAA 

metabolism, protein synthesis, and attenuating cell-membrane damage. 24 g of protein and 5 

g leucine near saturated post-exercise myofibrillar FSR and simulated an early inflammatory 

promyogenic transcriptome common to skeletal muscle regeneration that was accentuated 

with 3-fold higher protein-leucine dose. 
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CSRP3, cysteine and glycine-rich protein 3 

CTGF, connective tissue growth factor 

CTSG, cathepsin G 

CXCL2, chemokine (C-X-C motif) ligand 2 

CYR61, cysteine-rich angiogenic inducer 61 

DAB2, disabled homolog 2 

DACHJ , dachshund homolog 1 

DCN, decorin 

DDBJ, damage-specific DNA binding protein 1 

DDIT3, DNA-damage-inducible transcript 3 

DDIT4, DNA-damage-inducible transcript 4 

D/02, deiodinase iodothyronine type II 

DMD, dystrophin 

DNMT3L, DNA (cytosine-5-)-methyltransferase 3-like 
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DUSP I, dual specificity phosphatase 1 

DUSP I 0, dual specificity phosphatise 10 

DYRKIA, dual-specificity tyrosine-(Y)-phosphorylation regulated kinase 1A 

EFEMP I, EGF containing fibulin-like extracellular matrix protein 1 

EGRI, early growth response 1 

EIF4G2, eukaryotic translation initiation factor 4 gamma 2 

F2RLI, coagulation factor II receptor-like 1 

FBX032, F-box protein 32 

FMOD, fibromodulin 

FOS, FBJ murine osteosarcoma viral oncogene homolog 

FSTLI, follistatin-like 1 

GADD45A, growth arrest and DNA-damage-inducible alpha 

GADD45B, growth arrest and DNA-damage-inducible beta 

GADD45G, growth arrest and DNA-damage-inducible gamma 

GEM, GTP binding protein overexpressed in skeletal muscle 

GJAI, gap junction protein alpha 1 

HI9, imprinted maternally expressed transcript 

H6PD, hexose-6-phosphate dehydrogenase 

HBP I, high mobility group box transcription factor 1 

HK2, hexokinase 2 

HLA-DQAI, major histocompatibility complex, class II, DQ alpha 1 

HMGAI, high mobility group AT -hook 1 

ID2, inhibitor of DNA binding 2 
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IFIT3, interferon-induced protein with tetratricopeptide repeats 3 

IGFl, insulin-like growth factor 1 

IGFBP 1, insulin-like growth factor binding protein 1 

IGFBP3, insulin-like growth factor binding protein 3 

ILl ORB, interleukin 10 receptor beta 

ILl B, interleukin 1-beta 

IL6, interleukin-6 

ING5, inhibitor of growth family member 5 

IRAKl, interleukin-1 receptor-associated kinase 1 

IRF 1, interferon regulatory factor 1 

ITGBl, integrin beta 1 

JUN, jun proto-oncogene 

KLFlO, Kruppel-like factor 10 

KLF2, Kruppel-like factor 2 

KLF4, Kruppel-like factor 4 

LCP 1, lymphocyte cytosolic protein 1 

LDLR, low density lipoprotein receptor 

LUM, lumican 

LYVEl, lymphatic vessel endothelial hyaluronan receptor 1 

MAP2K2, mitogen-activated protein kinase kinase 2 

MAP4, microtubule-associated protein 4 

MB, myoglobin 

MGP, matrix Gla protein 
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MLYCD, malonyl-CoA decarboxylase 

MRAS, muscle RAS oncogene homolog 

MRVII, murine retrovirus integration site 1 homolog 

MT2A, metallothionein 2A 

MTPN, myotrophin; SMAD1, mothers against decapentaplegic homolog 1 

MYBP H, myosin binding protein H 

MYC, v-myc myelocytomatosis viral oncogene homolog 

MYCN, v-myc myelocytomatosis viral related oncogene, neuroblastoma derived 

MYHJ, myosin heavy chain 1 

MYHJJ, myosin heavy chain 11 

MYL4, myosin light chain 4 

MYODJ, myogenic differentiation 

MYOG, myogenin 

NAMPT, nicotinamide phosphoribosyltransferase 

NDRG2, N-myc downstream regulator 2 

NFIC, nuclear factor 1 C-type 

NFKBJ, nuclear factor of kappa light polypeptide gene enhancer in B-cells 1 

NFKBIA, nuclear factor of kappa light polypeptide gene enhancer in B-cells inhibitor alpha 

NR4A3, nuclear receptor subfamily 4 group A member 3 

OGT, 0-linked N-acetylglucosamine transferase 

PDE4D, phosphodiesterase 4D 

P EL/3, pellino 3 

PHGDH, phosphoglycerate dehydrogenase 
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PHLDA1, pleckstrin homology-like domain family A member 1 

P 11, glutathione S-transferase pi 1 

PIM1, pim-1 oncogene 

P KM2, pyruvate kinase muscle 2 

PLA2G7, phospholipase A2 group VII 

PLEC, plectin 

PLEKH01, pleckstrin homology domain containing, family 0 member 1 

PLIN2, perilipin 2 

PLTP, phospholipid transfer protein 

PMP22, peripheral myelin protein 22 

POSTN, periostin 

PPARD, peroxisome proliferator-activated receptor delta 

P P ARG, peroxisome proliferator-activated receptor gamma 

P P P 1 R15A, protein phosphatase 1 regulatory (inhibitor) subunit 15A 

P RDX2, peroxiredoxin 

PRLR, prolactin receptor; cytoplasm 

PTGER4, prostaglandin-endoperoxide synthase 2 

PTGS2, prostaglandin-endoperoxide synthase 2 

PTP4A3, protein tyrosine phosphatase type IVA member 3 

RASA 1, RAS p21 protein activator 

RELA, v-rel reticuloendotheliosis viral oncogene homolog A 

RGS2, regulator of G-protein signaling 2 

RORA, RAR-related orphan receptor A 
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RP LP I, ribosomal protein large P 1 

RRM2B, ribonucleotide reductase M2 B 

RRSJ, ribosome biogenesis regulator homolog 

RTN4, reticulon 4 

Sl OOA6, S 100 calcium binding protein A6 

SJ OOA8, S 100 calcium binding protein A8 

SJOOA9, SIOO calcium binding protein A9 

SJOOAIO, S100 calcium binding protein A10 

SCD, stearoyl-CoA desaturase 

SCN4A, sodium channel voltage-gated type IV alpha subunit 

SETD3, SET domain containing 3 

SGCA, sarcoglycan alpha 

SGKI, serum/glucocorticoid regulated kinase 1 

SLC37A4, solute carrier family 37 (glucose-6-phosphate transporter), member 4 

SMAD3, mothers against decapentaplegic homolog 3 

SMAD4, mothers against decapentaplegic homolog 4 

SMAD7, mothers against decapentaplegic homolog 7 

SOCS3, suppressor of cytokine signaling 3 

SP4, Sp4 transcription factor 

SP ARC, secreted protein acidic cysteine-rich 

SP II, spleen focus forming virus (SFFV) proviral integration oncogene 

SP RR2A, small proline-rich protein 2A; 

SREBFI, sterol regulatory element binding transcription factor 1 
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ST AT3, signal transducer and activator of transcription 3 

TAGLN, transgelin 

TAP 1, transporter associated with antigen processing 1 

TFRC, transferrin receptor 

TGFBI, transforming growth factor, beta-induced 

TGFBR2, transforming growth factor beta receptor 2 

THBD, thrombomodulin 

THBS2, thrombospondin 2 

THBS4, thrombospondin 4 

THRB, thyroid hormone receptor, beta 

TIMP2, tissue inhibitor ofmetalloproteinase 2 

TNC, tenascin C 

TNF AIP6, tumor necrosis factor alpha-induced protein 6 

TNFRSF12A , tumor necrosis factor receptor superfamily member 12A 

TNRC6A, trinucleotide repeat containing 6A 

TOMJ, target of myb 1 

TP63, tumor protein p63 

TPM3, tropomyosin 3 

TRDN, triadin 

TRIM29, tripartite motif containing 29 

TXN2, thioredoxin 2 

TXNIP, thioredoxin interacting protein 

TYROBP, TYRO protein tyrosine kinase binding protein 
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UBC, ubiquitin C 

UCP2, uncoupling protein 2 

UCP 3, uncoupling protein 3 

USF2, upstream transcription factor 2 c-fos interacting 

VCAMJ, vascular cell adhesion molecule 1 

VCAN, versican 

VEGFA, vascular endothelial growth factor alpha 

VIM, vimentin; ACTG2, actin gamma 2 

WASF2, WAS protein family, member 2 

WISP2, WNTl inducible signaling pathway protein 2 

ZBTB16, zinc finger and BTB domain containing 16 

ZFAND6, zinc finger ANI-type domain 6 

ZFHX3, zinc finger homeobox 3 
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