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Proteinas sao macromoléculas formadas por uma

cadela de aminoacidos




Proteinas sao longas cadeias de
aminoacidos

acido carboxilico

grupo amina @

estrutura de um C— H
aminoacido ‘

radical (cadeia lateral)




Aminoacidos essenciais Aminoacidos nao essenciais

histidina alanina
iIsoleucina arginina
leucina asparagina
lisina aspartato
metionina cisteina
fenilalanina glutamato
treonina glutamina
triptofano prolina
valina serina
glicina

tirosina




Valor bioldgico das proteinas (qualidade)

>> Classificacao referente a quantidade de nitrogénio retida

>> Depende da:
- guantidade de aminoacidos essenciais
- digestibilidade



Protein Digestibility-Corrected Amino Acid
Scores (PDCAAS) for Selected Foods

Casein 1.00
Egg white 1.00
Beef 0.92
Pea flour 0.69
Pinto beans, canned 0.57
Kidney beans, canned 0.68
Black beans, autoclaved 0.53

Fava beans, autoclaved 0.47

Lentils, canned 0.52
PDCI \/ \S Chickpeas, canned 0.71

Peas [Century), autoclaved 0.68

(protein digestibility-corrected amino acid score)

Soybean protein concentrate 0.99
Soybean protein isolate 0.92
Pea protein concentrate 0.73
Rapeseed protein concentrate 0.93
Sunflower protein isolate 0.37
Wheat gluten 0.25
Peanut meal 0.52
Whole wheat 0.40
Rolled oats 0.57
Rice-wheat gluten 0.26

— Source: Food and Agriculture Organization. Protein quality
evaluation. http://apps.who.int/iris/bitstream/10665/




Table 1: DIAAS (%) Scores for Various Food Sources

| owaspg | OQualityofProtein
Whole Milk Powder 143 High FAO (2013)
Milk protein concentrate 118 High FAO (2013)
(WholeMilk 114 High Philips (2017)
Egg — hard boiled 113 High Philips (2017)
111 High Ertl etal (2017)
Whey protein isolate 109 High FAO (2013)
Chicken breast 108 High Philips (2017)
Whey protein concentrate 98 3 Good Philips (2017)

DIAAS 915 Good Philips (2017)
91.5 Good Philips (2017)

- - T : (Wheat | 91.5 Good Philips (2017)
(digestible indispensable amino  Egrrrmrs %0 cood Soish sl
- Chickpeas | Pilps (2017

acid SCOre) : 83 Good !!ps( )
Mixed diet: Wheat, peas and FAO (2013)
whole milk powder 82 Good
58 Low Pitps (2017)
55 Low Pilps (2017
Rye | 47.6 Low Ertl etal (2017)
47. Low Erletal 2017
(Wheat =~ =00 40.2 Low Ertl et al (2017)
Almonds 40 Low Philips (2017)
Corn-based cereal 10 Low Philips (2017)

Copyright © MondoScience



Funcoes das proteinas:

Estrutural (ex.: colageno e matriz extracelular, citoesqueleto)
Locomocao (ex.: actina e miosina)

Metabolica e Energética (ex.: ATPase e outras enzimas)

Regulatoria e sinalizatoria (ex.: hormonios, fosforilases)
Sistema imune (ex.: anticorpos)
Transporte (ex.: GLUTs, albumina, hemoglobina)

Substrato energético



Fatos importantes sobre digestao e
absorcao

v’ a digest3o hidrolisa proteinas em seus AAs,

dipeptideos e tripeptideos




Fatos importantes sobre digestao e
absorcao

v’ a digest3o hidrolisa proteinas em seus AAs,

dipeptideos e tripeptideos

v AAs livres NAO s3o melhor absorvidos:
preferéncia para proteina intacta, hidrolisados

ou por comida



A degradacao proteica resulta na
formacao de amonia

amino acid

/ \ TOXICO!!!
carbon
skeleton
\ MENOS TOXICO!!!




Conversao de NH3 em ureia é feita no
ciclo da ureia

COs + NH3 L-Aspartate
@ —DATP Citrulline

%P, + ADP -~ ATP
Carbamoyl : .
phosphate A tth

L-Ornithine Argininosuccinate

Urea @ @

] Fumarate

- L-Arginine

KEY TO ENZYMES (Circled Numbers)
1. Carbamoyl-phosphate synthase (ammonia)
2. Ornithine carbamoyltransferase
3. Argininosuccinate synthase
4. Argininosuccinate lyase
5. Arginase




O esqueleto de carbono de alguns AAs
pode ser convertido em glicose

Ala, Ser —> pyruvate
Gy, Cys \ / Leu, Lys, Trp

v prOteOIise Thr acetyl-S-CoA - ketone bhodies
produzira glucose M Phe, Ty Te
. glucose « « oxaloacetate citrate
a partir de AAs S N
: Asp, Asn A
<« malate isocitrate

— ( Glu, Gln )\"302

> fumarate |His, Pro, Arg [ ketoglutarate

el \ /\ co,

. invl-CloA l]e, Val
succinate Succnyl-L.o Met

propionyl-CoA <«




Aminoacidos de

cadeia ramificada
(BCAAS)

Essential Amino Acids

COOH
H,N—C —H
ity
CH
“7 NCH,
Leucine
C|OOH (|ZOOH
H,N —cI —H HoN —C| —H
i )
C=CH CH,
\ I
NH ﬁHz
"
NH,
Tryptophan Lysine
CIOOH COOH
H,N —c| —H HN—C—H
i 1"
C—NH CH,
H \ |
//CH S
HC —N |
CH3
Histidine Methionine

\ectorStock®

Isoleucine

?OOH
HoN —cI —H

CH,

Phenylalanine

COOH
| %
HZN—C|—H
i
I
iy
ll\ﬁH
s
HN SNH
Arginine
?OOH
HzN—(IZ—H
CH
HO” “CHs
Threonine

VectorStock.com/8551884




Leucine

I BCAT

2-Oxoisocaproic acid

BCKDH
A 4
Isovaleryl-CoA

VD

v
2-Methylcrotonyl-CoA

I IMCC

2-Methylglutaconyl-CoA
I IMGA

3- Hydroxy-3-methylglutaryl-CoA

HMG lyase

: lAC
L 7

Acetoacetate Acetyl-CoA
Mevalonic acid Malonyl-CoA
1 MA

Acetyl-CoA
Translational Science of Rare Diseases 1 (2016) 91-110

DOI 10.3233/TRD-160009

Isoleucine

I BCAT

2-Oxo-3-methyl-N-valeric acid

BCKDH

v
2-Methylbutyryl-CoA

SBCAD
v
Tiglyl-CoA
I Hydratase

2-Methyl-3-hydroxybutyryl-CoA

I MHBD

2-Methylacetoacetyl-CoA

rd

Propionyl-CoA

PCC

Methylmalonyl-CoA

MUT
Succinyl-CoA

SUCLA

Valine

I BCAT

2-Oxo-valeric acid

BCKDH

p.
Isobutyryl-CoA

IBDH

A 4

Methylacrylyl-CoA

I Hydratase

3-Hydroxyisobutyryl-CoA IVI eta b O I i S m O d e
| e BCAAs ocorre no

3-Hydroxyisobutyric acid

musculo, e ndo
no figado

MMSDH




O

HEC\(\‘)‘\QH Papel importante no

CHs NH; estimulo da sintese

leucine proteica muscular



Relembrando a morfologia do m. esquelético
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Nucleo
(transcricao génica)

'\f \,-

@ N
A T NUCLEUS

translation 8 R < . 425 12 34 L 2

Ribossomo
(traducao proteica)

mi"';'oﬁlg:"“ S MITOCHONDRION S

holeenzyme assembly o




Fosforilacao controla a
atividade de p70S6K, que
controla atividade da

proteina ribossomal S6, que
sintetiza proteinas no
ribossomo

I Translation Initiation ‘




Leucina sinaliza para o inicio da traducao proteica
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Wilkinson et al. J Physiol.
591(11) (2013) pp 2911-2923



60

50

AAE (% PTN total)

Dissertacao de mestrado de
Victoria Hevia-Larrain

Fonte proteica vegetal

Fonte proteica animal

151

104

Leucina (% PTN total)




Turnover proteico

<X ()

Gene Functional =2 1ITS
protein
The cycle of protein turnover
Make new
protsin Old damaged

protein
-



Si

Balanco proteico

acao



Balanco proteico positivo (longo prazo):
hipertrofia muscular

Balanco proteico neutro (longo prazo):
manutencao da massa muscular

Balanco proteico negativo (longo prazo):
perda de massa muscular



Consumo de alimentos ricos em proteina de boa qualidade
aumenta a sintese proteica muscular
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Isso leva a hipertrofia muscular?



T irre

A ingestao de
proteinas
aumenta a sintese

Muscle Protein Balance >

[

proteica no
musculo, mas nao
o suficiente para
causar hipertrofia



http://www.jacn.org/content/vol24/issue2/images/large/zcq0020529690001.jpeg

E se a pessoa treinar forca?
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A ingestao de
proteinas
aumenta a sintese
proteica no
musculo, mas nao
o suficiente para
causar hipertrofia

Muscle Protein Balance >

a menos que exista estimulo para

tal (via exercicio de forca)



http://www.jacn.org/content/vol24/issue2/images/large/zcq0020529690001.jpeg

Exercise training and protein metabolism: influences
of contraction, protein intake, and sex-based

differences

Nicholas A. Burd, Jason E. Tang, Daniel R. Moore and Stuart M. Phillips
J Appl Physiol 106:1692-1701, 2009. First published 26 November 2008:
doi:10.1152/japplphysiol.91351.2008
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1. “Dose” otima de proteina



Quanto mais proteina, melhor?

 estudo “dose-resposta”

0, 5, 10, 20, 40 g ovalbumina apos TF
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nao “oxide” seu
dinheiro...

Witard et al., AJCN, 2014)

Phenylalanine oxidation rate
(AUC, pumol phenylalanine x 4 h)
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Dose of whey protein (g)



Ingestao ideal de proteina por refeicao

em jovens

0.075-

Maior massa muscular
treinada = maior
necessidade proteica?

o
o
(&)
T

0.025+

My ofibrillar FSR (%-h™")

0.000

I
209 40 g

Dose of whey protein
McNaughton et al. (2016)



Ingestao ideal de proteina por refeicao

em jovens

C. Dados retrospectivos N=65

__0.12-

=
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14 -

E 0.08 . 00 o . gﬂo o

= 0.06- 098 o0 o __0©

= H%’ o ° ©

§ 0.04- - o ©

S 0.02- 5

E ' i 0.24g/kg (0.18-0.30)
0.00-
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Protein (g/kg)

Para dar conta da variabilidade individual, os

autores adicionarm 2 SDs = 0.4g/kg/refeigao Moore et al., 2015



20 g =~0,25 mg/kg de peso

h ‘+2DP

0,4 mg/kg de peso corporal




12 conclusao

“Dose” otima de proteina é
~0,4 g/kg de peso corporal

EM JOVENS!



Resisténcia anabolica em idosos

—— MPS in young
_____ MPB in young and elderly
— MPS in elderly

MPS and MPB

I I I

Arjabﬂli:: Anabolic Anabolic
Stimulus Stimulus Stimulus




Resisténcia anabolica em idosos

Amino Acids
DOT 10.1007 /007 26-013-1506-0

0.15

—&8— Elderly
—5— Young

0.00 -

|
10

T
20

Protein dose (g)

Role of protein and amino acids in promoting lean mass accretion
with resistance exercise and attenuating lean mass loss
during energy deficit in humans

Tyler A. Churchward-Venne - Caoileann H. Murphy -
Thomas M. Longland - Stuart M. Phillips



2. Timing ideal de ingestao
proteica



Janela de Oportunidade
1




Treinamento de forca e janela de oportunidade —um “portal”?”

2 Bl Fed
®
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Rest 3 h 24 h 48 h



Schoenfeld et al Journal of the international Society of Sparts Nutrition 2013, 10:53 .
hittp/ e jissn.comd/content/10/1/53 ]ISSH

jeurmal of the
[F1F IlulhﬂlI:'-.f & apoos nRInEn

REVIEW Open Access

The effect of protein timing on muscle strength
and hypertrophy: a meta-analysis

Brad Jon Schoenfeld", Alan Albert Aragon? and James W Krieger®



guando a ingestao proteica € adequada, sem efeito do timing

Andersen et al, 20085
Ancnio el al. 2000

Bird 2t al, 2006

Candow, Burke, at al. 2006
Candow, Chilibeck 1 al. 2006 -
Cobum et al. 2006 .
Crbb ot al. 2006
Eliot &1 al. 2008
Erskineg &t al. 2012
Godard et al. 2002
Harman et all 2007
Hoffmian 2t al. 2007
Heflman et al. 2009
Hulmi et al. 2009
Josse et al 2010 .
Mialke et al. 2008 .
Fankin &t al, 2004 .
Verdygk et al. 2009
Vigillevoye at al. 2010
Walker et al, 2010
Waisgarbar e al 2012
Willoughby at al. 2007
Wcherly et al, 2010
Crverall
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Figure 3 Impact of protein timing on hypertrophy by study, adjusted for total protein intake.




22 conclusao

Pouco importa o timing de
Ingestao

(desde que outros aspectos estejam satisfatorios: ex.:
distribuicao, doses e consumo total diario)



3. Distribuicao otima das
“doses”



Rapid aminoacidemia enhances myofibrillar protein synthesis and
anabolic intramuscular signaling responses after resistance exercise'”

4

Daniel WD West, Nicholas A Burd, Vernon G Coffey, Steven K Baker, Louise M Burke, John A Hawley, Daniel R Moore,
Trent Stellingwerff, and Stuart M Phillips

Bl BOLUS
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Rapida elevacao da
aminoacidemia é
importante para o

estimulo da sintese

proteica
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Distribuicao da ingestao

Bolus
Intermediate

Pul — N
REX | |

e . | ! ! . ! ! >
2 -0 +0 1.30 3 4.30 6 7.30 9 10.30 12 h

Areta et al., 2013



Distribuicao da ingestao

Myofibrillar FSR (% ® h™)

0.104

0.08+

0.06+

0.04-

0.02+

Im +H *

0.00-

Bolus
Intermediate

Pulse

1-12 h

Areta et al., 2013



(b)

Blood [leucine])

Distribuicao da ingestao

Breakfast Lunch Dinner

S ao de leuci
L. S A - e

—~— Concentracao minima

necessaria de leucina p/

estimular sintese proteica

Time

Phillips et al., 2014



32 conclusao

~0,4 g/kg distribuidos ao longo
de 4-5 refeicoes ao dia

(p/ maximizar hipertrofia muscular)



4. Fonte de proteina e
estimulo a sintese proteica



proteinas aumentam mais a sintese
proteica do que aminoacidos isolados

130 -
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Change in the leg phenylalanine balance
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Whey Essential Non-essential
Protein Amino Acids Amino Acids



= 20 g whey protein ~10 g aminoacidos essenciais
= 20 galbumina (ovo ~9 g aminoacidos essenciais

= 20 g caseina (~8 g de aminoacidos essenciais)

» 20 gsoja(~7-8 g de aminoacidos essenciais)

¥

todas essas proteinas, exceto caseina,

promovem aumento rapido na
concentracao de AAE




Influencia da fonte na leucinemia
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Perfil de leucina melhor para ativar a sintese
proteica

0.20- Rest
Bl Ex

Proteinas ricas em Leucina sao
mais eficientes




Hipotese da leucinemia como gatilho

Whey - _

Soy
. Leucine

Casein —_— . -

Trigger =

? IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII EEER S .g
c L 9
— a 9o
3 <
o Q0 +
Q) - <
| 9 X
3 =)
S =

| ' I
o) 30 120

Ti i
me (min) Breen & Phillips. (2011)



Mas apenas leucina isolada, sem

4

outros aminoacidos essenciais,
nao aumenta a sintese proteica

Churchward-Venne et al. (2014)



“Quanto mais melhor”

¥

nao se aplica ao
caso da leucinal!l




“Muscle full effect”

(a) Protein
intake

No further stimulatory effect on
muscle protein synthesis

May impact subsequent food
intake

Blood [leucine]

Insufficient magnitude to
elicit maximum muscle
protein synthesis

Milward et al., 1995



Portanto:

>> adicionar leucina ao Whey

>> tomar leucina junto com Whey
>> tomar leucina junto as refeicoes
>> tomar whey junto as refeicoes

>> eXxagerar no consumo de proteina

favor nao insistir...

NAO TRARAO GANHOS ADICIONAIS!!!



Leucine Supplementation Has No Further
Effect on Training-induced Muscle Adaptations

ISABEL THOMAZI DE ANDRADE'?, BRUNO GUALANO', VICTORIA HEVIA-LARRAIN', JUAREZ NEVES-JUNIOR,
MONIQUE CAJUEIRO', FELIPE JARDIM', RODRIGO LEITE GOMES', GUILHERME GIANNINI ARTIOLI',
STUART M. PHILLIPS®, PATRICIA CAMPOS-FERRAZ?, and HAMILTON ROSCHEL'

! Applied Physiology and Nutrition Research Group, University of Sao Paulo, Sao Paulo, BRAZIL; *Faculty of Applied Sciences,
University of Campinas, Limeira, Sao Paulo, BRAZIL; and *Department of Kinesiology, McMaster University, Hamilton, CANADA

Subjects assessed for eligibility (n = 113)

Excluded before randomization (n = 53) TABLE 2. Dietary intake.
PRE POST
Subjects randomized (n = 60)
LEU PLA LEU PLA P
rumasiiadprropdeapargl Energy, keal 2562+ 455 2438+481 2846:768 23442552 0.11
Protein, g 129+ 26 142 £+ 33 136 £ 30 14332 060
Subjects randomized (n = 52) Protein, gkg'd"’ 1722043 1812047 176+036 181:042 0.77
Leucine, g 102 113 1122 113 042
Carbohydrates, g 330 + 82 279 =+ 101 341123 255:83 041
Fat, g 82:18 85:28 106 = 37 84+27 0.06
Leucine (n = 26) Placebo (n = 26)
= » P value for group-time interaction. Values are expressed as mean = SD.
Lost to follow up (n = 14) Lost to follow up (n = 13)
Personal reasons (n = 14) Personal reasons (n = 13)

Completed the trial (n = 12) ‘ [ Completed the trial (n = 13)



T1 = 2-3 semanas 12 semanas T2= 1-2 semanas

< > <€ > < >
PRE Inicio do TF e I'érmino do TF e POS
Suplementagio Suplementagdo .
- Teste de |1 Repeti¢ao - Tcstg_‘ de |1 Repetigdo
Maxima (1-RM) Maxima (1-RM)
- Teste de Resisténcia . - Teste de Resisténcia
de Forga (RF) 10 g/d Id de Forga (RF)
- Avaliagio - Avahagdo
Nutricional Nutricional
- AST (via US) - AST (via US)

Figura 1- Desenho Experimental, ilustrando procedimento de testes ¢ periodo de treinamento
suplementagdo
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Leite vs. proteina de soja

FSR {%/h)
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Entao dietas vegetariana/veganas sao piores
para hipertrofia?



> Sports Med. 2021 Feb 18. doi: 10.1007/s40279-021-01434-9. Online ahead of print.

High-Protein Plant-Based Diet Versus a Protein-
Matched Omnivorous Diet to Support Resistance
Training Adaptations: A Comparison Between
Habitual Vegans and Omnivores

Victoria Hevia-Larrain 1, Bruno Gualano ! 2, Igor Longobardi T Saulo Gil 1, Alan L Fernandes ',
Luiz AR Costa ', Rosa M R Pereira 3, Guilherme G Artioli T, Stuart M Phillips 4 Hamilton Roschel ? VEGANS (VEG)

OMNIVORES (OMN)

1.6 g- kg'- day-'protein

(Whole foods + supplemental soy or whey protein)

2wk -1wk Owk 4wk 8 wk 12 wk

Blood samples 1‘

miee i t t t
DXA t t
mcsA) t t

Muscle biopsy 1 1
(FCSA)
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42 conclusao

Proteinas ricas em leucina e de alto valor bioldgico parecem ser
melhores

Proteinas de rapida absorcao parecem ser melhores

Ajuste de dose facilmente tornaria proteinas com menos leucina
igualmente efetivas

Em longo prazo, essas diferencas nao parecem ser importantes,
desde que haja consumo total adequado e bem distribuido



5. Carboidrato (insulina)
potencializa o efeito
anabolico da proteina?



Papel da insulina na sinalizacao sustenta essa hipotese
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Mas parece haver um descompasso entre
sinalizacao e sintese proteicas
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CHO, INDEPENDENTE DA DOSE, E ESTIMULO SUB-OTIMO!
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Combinacao de proteina e CHO maximiza

sintese proteica?

Aumento da insulinemia (?)
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Insulina pode reduzir o “catabolismo”
apos o exercicio?

Especula-se que CHO aumenta insulina, um hormonio

que bloguearia o catabolismo proteico muscular



Afinal, devo mesmo me

preocupar com “catabolismo”
em condicoes normais?

CHO, INDEPENDENTE DA DOSE, NAO E SUFICIENTE!



Qual a melhor estratégia para potencializar
o0 anabolismo apos o exercicio?

Resposta: proteina (ja secreta insulina)

mas carboidratos podem desempenhar

outros papeis: restauracao do glicogénio,
controle da glicemia, etc...

Resposta mais correta: refeicao
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CHO (e insulina) nao
potencializam anabolismo,
tampouco atenuam catabolismo

insulina tem efeito permissivo e ha limite. Leucina € secretora de insulina
NAO QUER DIZER QUE NAO SE DEVA INGERIR CARBOIDRATOS!



7. O que fazer!?






Fazer o que ja se sabe ha décadas...
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Muscle Protein Synthetic Rate (arbitrary units)
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