Essential amino acids :
Lysine, Leucine, Isoleucine, Valine, Methionine, Phenylalanine,
Threonine, Tryptophan

serine, tyrosine, Alanine, glycine, aspartate , glutamate,
aspargineproline , glutamine, cysteine ,

)

(Histidine & arginine are semi essential. They are essential only
for infants growth, but not for old children or adults where

In adults histidine requirement is obtained by intestinal flora &

arginine by urea cycle)

Glucogenic Ketogenic Glucogenic&Ketogenic

Ala, Ser, Gly, Cys, Leu , Lys Phe, Tyr, Trp,lle, Thr
Arg, His, Pro, Glu,
Gln, Val, Met, Asp, Asn.




Nitrogen balance is a comparison between

Nitrogen intake (in the form of dietary protein)
and

Nitrogen loss (as undigested protein in feces ,
NPN as urea, ammonia, creatinine & uric acid in urine,
sweat & saliva & losses by hair, nail, skin).

—NB Is iImportant in defining
1.overall protein metabolism of an individual
2.nutritional nitrogen requirement.



lhree states are known for NB:
a)Normal adult: will be In nitrogen equilibrium,

Losses = Intake

b)Positive Nifrogen balance: =

Nitrogen intake more than losses (High
formation of tissue proteins) occurs In
growing children, pregnancy,

lactation and convulascence.
C)Negative Nitrogen balance: &=
Nitrogen losses more than intake

occursin:- (Low jntake of proteins) in starvation, malnutrition, GIT
diseases

- (High loss of tissue proteins) in wasting diseases like

burns, hemorrhage& kidney diseases with albuminurea
- (High breakdown of tissue proteins



Protein Catabolism

(a) Protein catabolism
Proteins are broken into amino acids by hydrolysis of their

peptide bonds.
\
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Peptide + Amino acid
(c) Ammonia is toxic and must be converted to urea.
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(b) Deamination
Removal of the amino group from an amino acid creates ammonia

and an organic acid.

NAD + H,O +
W, F .9 \2 )ADH +H Oy 0
N —(i‘,—C\ - NH; + C'_C\OH
" OH ‘ Deamination ‘ Ammonia L
R : R
Amino acid Organic acid

Glycolysis or ‘
citric acid cycle



Metabolism OF AMINO ACIDS:

R
1. Removal of amonia by : NH2+éH—COOH

- Deaminationg=> Oxidative deamination
1) glutamate dehydrogenase in mitochondria
2) amino acid oxidase in peroxisomes
Direct deamination (nonoxidative)
1) dea. by dehydration (-H:O)

2) dea. by desulhydration (-H.S)
- Transamination (GPT & GOT)
- and transdeamination.
2. Fate of carbon-skeletons of amino acids
3. Metabolism of ammonia
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Aminotransferases are active both in cytoplasm and mitochondria e.g.:
1. Aspartate aminotransferase (AST), Glutamate oxaloacetate transaminase (GOT)

2. Alanine aminotransferase (ALT), Glutamate pyruvate transaminase, (GPT)

In all transamination reactions, a-ketoglutarate (o —KG) actsas
amino group acceptor.
Most, but not all amino acids undergo transamination reaction with few
exceptions (lysine, threonine and imino acids)



Reactions
— It Is an exchange of aminonitrogen between
the molecules without a net loss

h holically | | _ _
1) There is no mechanism for storage of a protein
Oor amino acids.

2) In case of low energy (caloric shortage), the

organism depends on oxidation of the
ketoacids derived from transamination of amino

acids.
3) It Is Important for formation of the non-
essential amino acids



Amino acid a-ketoacid

Aminotransferase

o-ketoglutarate
keto®jlutarate

ehydrogenase

So... the most importantand rapid way to deamination of amino acids is first
transamination with o-ketoglutarate followed by deamination of glutamate.

Therefore glutamate through transdeamination servestoa ____
funnel ammonia from all amino acids. ?



The common metabolic intermediates that arised from_the

degradations of amino acids are: acetylCoA, pyruvate, one of the krebs
cycle intermediates (a-ketoglutarate, succinyl CoA, fumarate& oxaloacetate)

Alanine @ Nemorize et AA ae
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Tryptophan | | Isoleucine Phenylalanine
Glucose Leucine Tryptophan

\ ‘ Tryptophan T'I-"“'—'_5ir"'3 g

Phosphoenol- Pyruvate

pyruvate Acetyl CoA = Acetoacetyl CoA

L
l‘.}ulnl:etnt: \
Citrate

Aspartat

Pherrvlalmin& Fumarate | Citrate
Tyrosine A cycle
P
Isoleucine Succinyl a-Keto-
Methionine Cof . glutarate

Threonine
Valine

Fates of the Carbon Skeletons of Amino Acids. Glucogenic amino acids are shaded red. and ketogenic
amino acids are shaded vellow. Most amino acids are both glucogenic and ketogenic.



METAROQLISM OF AMMONIA

a) From amino acids: 1.Transdeamination in liver
2. amino acid oxidases and amino acid deaminases in liver and kidney.

b) Deamination of physiological amines: by monoamine oxidase
(histamine, adrenaline, dopamine and serotonine)

C) Deamination of purine nucleotides: especially adenine
nucleotides

deaminase
AMP — IMP + NH,
d) Pyrimidine catabolism.

e) From bacterial action in the intestine on dietary protein&
on urea in the gut.
NHS3 isalso produced by glutaminase on glutamine.



bolic Di | of .

Ammoniaistoxic to CNS, It is fixed into nontoxic metabolite for reuse or

excretion accordingto the body needs:
a) Formation of Glutamate:
a-KG + NH, S

» Glutamate

Keto acid

b) Glutamine Formation: Muscle, brain

NH

NH, NH 0,

\ GlIn synthase ~ -
HOOC-CH,-CH, CHCOOH Za H N- C CH,-CH,-CH-COOH
Mg2+ D

Glutamate ATP ADP+Pi Glutamine

Glutamineis storehouse of ammonia & transporter form of ammonia.
1o brain, glutamine is the major mechanism for removal of ammonia

while i ljver is urea formation.

Circulating glutamine is removed by kidney, liver and intestine where it is
deamidated by glutaminase .

¢) Urea formation




(Q)

c) Urea Formation

Urea Is the principal end-product of
protein metabolism in humans.
It Is iImportant route for detoxication of NH.,.

It Is operated In liver, released into blood and
cleared by kidney.

Urea is highly soluble, nontoxic and has a high
nitrogen content (46%), so ...It represents about 80-
90% of the nitrogen excreted In urine per day In man
Biosynthesis of urea in man Is an energy- requiring
process.

It takes place partially in mitochondria and
partially in cytoplasm.



The Urea Cycle
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Fumarate

Argininosuccinate Ornithine
——F——
Aspartate Citrulline st
R—NH, R NH,
CYTOSOL MITO&I:%::)I()RIAL \o(
/
9 CO, + NH;" 3

Figure 23.16. The Urea Cycle.

w-Keto-
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A N . 12
Arginine Fumarate
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Figure 23.17. Metabolic Integration of Nitrogen Metabolism. The urea cycle. the citric acid cycle. and the
transamination of oxaloacetate are linked by fumarate and aspartate.



A) Energy Cost:. Three ATP molecules and four high-energy

phosphate bonds are utilized in the reactions..
B)ureacycle js related to TCA cycle:
1. C@s
2.Aspartate arises via transamination of oxaloacetate with

glutamate. Thus, depletion of oxaloacetate will decrease urea
formation

3.Fumarate enters TCAcycle

C) Sources of Nitrogen in Urea :free NH3 and aspartate.

N.B. glutamate is the immediate source of both NH, (via oxidative
deamination by Glu. Dehyd.) and aspartate nitrogen (through
transamination of oxaloacetate by AST).



e

Importance of Urea Cycle

1. Formation of arginine (iIn organisms
synthesizing arginine) & formation of urea (in
ureotelic organisms, man) due to presence of
arginase.

2. Liver shows much higher activity of arginase
than brain or kidney for formation of urea while iIn
brain or kidney Is the synthesis of arginine.

3. Synthesis of non-protein amino acids (ornithine
and citrulline) in body.



METABOLISM OF INDIVIDUAL AMINO
ACIDS

1. Metabolism of Glycine: nonessential, glucogenic.
Biosynthesis of glycine:

?H NH,
1 | Hydroxymethyl transferase
CH,CH-COOH —= ™ NH,-C H,-COOH

Tl PLI;\

Serine
THF NS,N1CH, THF

Glycine

(Mit.Enz)
Glycine synthase complex.

CO, + NH, + N°N'°CH,THF = > + Glycine + THF
NAD"

NADH+H*




Special Functions of Glycine:

a-Protein, Hormones & enzymes. " e
b- Heme c- Purines (C,C_N.) d- Creatine
e- Glutathione
f- Conjugating reactions:
e Glycine + Cholic acid — glycocholate.
e Glycine + Benzoic acid — Hippuric acid

“lo

1.Formation of Glutathione (GSH)/D}est.FR & Peroxides

¥-Glu - Cys synthase
Glutamate + Cysteine / \ >y - glutamyl Cysteine + Glycine

ATP ADP + Pi e ATP
GSH

synthase \ ADP+Pi

y -glutamyl cysteinyl glycine
(GSH)
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2. Formation of crea%e (Methyl guanidoacetate)

GUANIDOACETATE
METHYLFERASE

@ Creoxnne & Ye mekobdic QY\S‘?W&“d °‘P rhe ® Molet creolivine is s\ieg\ér\g hioher han
Mascle and tven & exceded Wo ¥ urine. Temale YRcauce of- Pre bigger MuscR g |

_its ameridey for k-‘&v\cg funcrion b M7, de f‘"( ) L)




CPK |

» Creatine ﬁCreatine phosphate
ADP!

EXCESS ATP

. — (DURING EXERCISE

o Cr-P isthe storage form of high energy phosphate in muscle

e Creatinine is excreted in urine & increases on kidney failure
due to its filteration is decreased.
Its level is constant per 24 hrs
& is proportional to muscle mass in human.




3. Metabolism of Sulfur-Containing amino acids

(Methionine, cyteine & Cystine):

a) Metabolism of methionine: (essential)

Met, =——p Cysteine (diet.pr.)
« 2 principal metabolic pathways:
Transmethylation and transsulfuration

« Transmethylation COOH
[ '

H N?H
?H
ATP Pi + PPi

N‘Hz \ j

CH,-SCH,CH,CH COOH -f “cn2

Methionine CH O. Adenine
Methionine Adenosyl Transferase 3

S-denosyl-methionine
(SAM)




Homocystintria
Lack of
Cystathionine
synthase

L—skeleton of Cysteine'
From serine &
S from methionine

Transmethylation Pi+PPi cof doxb

S-adenosylmethionine Me-acceptor A
—_— "
SAM -\TZA:ﬁ
Methyl ferase
ATP— /SAM synthase Me-product
( E S-adenosyl Homocysteine
e
Methyitransferase adens H,O
Homuocysteine
COOH —
1 I
—_— H,N-CH ﬂ,ool{

+  CHNH, P

synthase

Cystathionase

PL N




{7
In transmethylation there are: @

Methylaccepiors Methyl Compounds
1 Guanidoacetic acid Creatine
2 Norepinephrine SAM Epinephrine
3 Ethanolamine } — Choline
4 Uracll Thymine
i
SAH

(S-Adenosyl Homocysteine)




Metabolism of Cysteine& Cystine:

- They are interconvertable &They are not essential

- can be synthesized from Met & Ser

O, + Fe2+ orCu?+

SH > DT
| (Oxidation)
CH2 éHz H2
2 moles of é:HNHz HZN(J:H CHNH,
| 2 GSH | |
COOH -=<- COOH COOH
Cystine

Cysteine =< \
y@uctase

NAD+* NADH+H*
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1 PAPS Formation: (3'-phosphoadenosine,5'-phosphosulphate)active
sulphate used in formation of sulfate esters of steroids, alcohol, phenol,some lipids, proteins
and mucopolysaccharides

2 Sulfur of COASH, GSH, vasopressin, insulin

3 Detoxication reaction of bromo, chloro, iodobenzene, naphthalene and anthracene

& of phenol, cresol, indol and skatol that is formed by the action of
intestinal bacteria on some amino a cids in large intestine with formation of ethereal
sulfates which is water soluble and rapidly removed by the kidney

4 Taurine Formation ( with bile acids form taurocholate)

éSH Cys-di I co, 572"
- SRR e
I_|2N|C|_| NADPH + H- TR NADP* CI NH, C|H2
COOH Ay NH,
Cysteine Cys-sulfinate Hypotaurine

.

NH, - CH, -CH,

(Taurine)
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a) Metabolism of Phenylalanine ketogenic)&(glucogenic

NH2
NH,
_CHCOOH Phenylalanine H20 |
© hydroxylase s CH,-CH COOH
Phenylalanine H, biopterine H2 biopterine
OH
Tyrosine
aKG
NADP+ NADPH(H*) TA
PLP
Glu
(on) i
\\\FHFQ;COOH
1 OH Homogentis co, PHPP 0,
4 2 ha monooxygenase
HC — Oxidase CH,COOH y
g C'CH,COOH __ i
HC \C/CHZ Fe 5, Vit C, Cu2+
Cl)I oH @ OH
Maleylacetoacetate Homogentisate g;_'HPdeFOXyphenylpyruvate

GS Hl isomerase

Hydrolase @EV\ t('\Afi GBSQV\C&@Q

Fumlrate + Acetoacetate . “QM%E\QSQ Would
cause  ol¥apouria

Fumaryl acetoacetate
H,O

glucose Ketone
body
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-2Thyroid hormones:

Thyroxine Formation:

| NH, | NH,
|
HO @ CH,CHCOO H HO@ CH,CHCOOH

I
3,5 Diiodotyrosine (DIT)

' i/ DIT

| l| NH, N N— NH,

HOO Q_Q,CHQ&HCOOH S HO—</_\>7 O_GCHZ&HCOOH
| 7 i

3,5,3/-Triiodothyronine (T, 3,5,3",5"-Tetraiodothyronine (T,

3-Monoiodotyrosine (MIT)




Amino acids as precursors of
neurotransmitters L7

1. Serine Choline --- Acetyl choline.

2. Argining -----=-------- NO
3.Tryptophan----------- Serotonin
4. Histidine-------------- Histamine

5. Phenyl alanine------ dopa,dopamine, NE&E

6.Glutamic acid-------- GABA
‘”ijw&@cm

May cause @‘hileptg.




