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Protein

Limiting factors in foods, such as amino acid content, requires a variety of foods to be consumed in order to provide adequate nutrition.   Subsequently, amino acids present in minimal amounts in foods, such as tryptophan, can be “out-competed” for absorption by branched chain amino acids.  Therefore, meal composition is a necessary factor to consider when the threat of malnutrition is apparent. Given the example, a low protein meal would need to be eaten at the time of consumption of the tryptophan containing food.

Recommended Allowances of Reference Protein and U.S. Dietary Protein
	Age (years) or
	

	
	Weight
	Derived Allowance of

Reference Protein 

	Recommended Dietary Allowance

	Category
	Age (years) or Condition
	(kg)
	(g/kg)
	(g/day)
	(g/kg)

	(g/day)


	Both sexes
	0-0.5
	6
	2.20

	
	2.2
	13

	
	0.5-1
	9
	1.56
	
	1.6
	14

	
	1-3
	13
	1.14
	
	1.2
	16

	
	4-6
	20
	1.03
	
	1.1
	24

	
	7-10
	28
	1.00
	
	1.0
	28

	Males
	11-14
	45
	0.98
	
	1.0
	45

	
	15-18
	66
	0.86
	
	0.9
	59

	
	19-24
	72
	0.75
	
	0.8
	58

	
	25-50
	79
	0.75
	
	0.8
	63

	
	51+
	77
	0.75
	
	0.8
	63

	Females
	11-14
	46
	0.94
	
	1.0
	46

	
	15-18
	55
	0.81
	
	0.8
	44

	
	19-24
	58
	0.75
	
	0.8
	46

	
	25-50
	63
	0.75
	
	0.8
	50.

	
	51+
	65
	0.75
	
	0.8
	50

	Pregnancy
	1 st trimester
	
	
	+ 1.3 

	
	+10 4

	
	2 nd trimester
	
	
	+ 6.14
	
	+10 4

	
	3rd trimester
	
	
	+ 10.7 4
	
	+10 4

	Lactation
	1 st 6 months
	
	
	+ 14.7 4
	
	+ 15 4

	
	2nd 6 months
	
	
	+ 11.8 4
	
	+12 4


Essential Amino Acids

	
	Food Sources

	Phenylalanine
	

	Valine
	

	Tyrosine
	

	Threonine
	

	Isoleucine
	

	Methionine
	

	Histidine 
	

	Arginine
	

	Leucine
	

	Lysine
	


Conditionally Essential Amino Acids

	
	Food Sources

	Cysteine
	

	Glutamine
	

	Glycine
	

	Proline
	

	Serine 
	

	Taurine
	

	Tyrosine
	


Other Amino Acids

	Alanine
	

	Asparagine
	

	Aspartic Acid
	

	Glutamate
	

	Serine
	


The amino acids most likely to be low in a diet are lysine, methionine, threonine, and tryptophan. If a diet is low in an amino acid, finding a good food source to supply it rather than an amino acid supplements. 

Limiting Amino Acids in Plant Foods

	Food
	Limiting Amino Acids.
	Good Plant Source of the Limiting Amino Acids.

Amino Acids
	Traditional Uses Where the Proteins Complement Each Other

	soybeans and legumes
	Methionine

	grains, nuts, seed
	tofu and rice

	grains
	Lysine, Threonine
	legumes
	rice/legume combinations

	nuts and seeds

	Lysine
	legumes
	miso

	vegetables
	Methonine
	grains, nuts, seeds
	green beans and almonds

	corn
	Tryptophan, Lysine
	legumes
	tortillas and beans


· Digestion of AA:  proelastase( elastase and collagenase:  hydrolyzee peptides into oligo/tripeptides

· procarboxypeptidase + trypsin ( carboxypeptidase A or B 

· Absorption order-  BCAA>MET>OTHER EAA>NEAA>GLU, ASP  

· Na dep. and indep.  transport and  specific carrier systems occur in brush border

· in the presence of Na( neutral AA competetively inhibit the y+ system (Na indep.:  dibasic AA, Lys, Arg) and participate in exchange reactions w/ dibasic AA)

· Branch chain amino acids (BCAA’s) are large neutral amino acids:  Leucine, Isoleucine, Lysine

· Transport into cells:  gamma glutamyl shuttle (glutathione as GSH: Glu + Cys + Gly)

	INTESTINAL VILLUS
	*new protein synth:  apoproteins, digestive enzymes, hormones

*N+ compoounds i.e. glutathione

*NEAA synth:

   -Glu(Pro

   -Glu or Asp ( ala 

*Orn + carbamoyl P(citrulline

*Arg(Orn + urea

*NH4 + CO2 (carbamoyl P 

	LIVER
	*Absorption Influence

  -hormones

  -cytokines i.e. IL-1

  -TNF-(
*Carrier Transport Systems

  -Na+ dep. N-system:  Glu, His

  -Sys. A (+)by glucagon(
       gluconeogenesis

 -(-glutamyl cycle

    1.Glut carrier (Gly, Cys,Glu)

    2.Glut +-(-glutamyl trans-

      peptidase

*Gluconeogenesis- Ala and Gln

*Transamination- Ala and Gln

(Gln- synth of nucleotide bases)

Catechol-O-methyltransferase- dopamine, Ne, Epi, serotonin

	SKELETAL MUSCLE
	After meals:  BCAA uptake( protein synth.  

Leu

-(ACoA + Acetoacetate yields ATP

-stim. insulin and GH secretion

Val ( succinyl CoA

Ile ( succinyl CoA + ACoA

Transamination- Ala and Gln

Biochemical markers for Catabolism:

-creatinine

-3-methylhistidine

	KIDNEY
	uptake: Gly, Ala, Gln, Glu, Asp

Gly catabolism; Gly(Ser

Carnosine(His

Asp+ Citurlline( Arg

Arg + Gly (guanidinoacetate (creatine synth.

gluconeogenesis

N+ excretion

	BRAIN
	transport for neutral, dibasic, dicarboxylic AA

neurotransmitter synth:

-Trp ( serotonin (5-HT)

-Tyr( dopamine(NE(Epi

(-) NT’s:  Gly and Tau, GABA

(+) NT’s:  Asp, Glu

 *Glu ( GABA

51

NT catabolism:

-MAO- removes NH2 group

Glu removes ammonia


� Data from WHO (1985)


� Amino acid score of typical U.S. diet is 100 for all age groups, except young infants.  Digestability is equal to refernce proteins.  Values have been rounded upward to the nearest 0.1 g/kg


� Usually not used but based on g/kg value


�For infants 0 to 3 months of age, breastfeeding that meets energy needs also meets protein needs.  Formula substitues should have the same amount of amino acid composition as human milk, corrected for digestibility if appropriate. 


� Additional to the appropriate amount for age and weight





