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Figure 23-1
Biochemistry, Sixth Edition
© 2007 W.H.Freeman and Company

B Oligopeptides = di-, tripeptide -- absorbable

B Co-transport of Na® and amino acids



Protein turnover

Tusawlusenrguazngluisas
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Protein turnover

Tissue Amount (g)
Muscle 75
Liver, gut, lung 130
White blood cells 20
Red blood cells 8
Albumin 12
Other tissues 8

“Calculated from the nitrogen in urea and ammonia which represents
primarily protein metabolism (the nitrogen in nucleic acid is released as
ammonia and converted to urea).

Data from Matthews (2006).



Msraelusewlwirag

Lysosome
Ubiquitin-proteasome

Autophagy n3¥anelds@aun organelle w38 &uilsznay

VAILTAR K1Y lysosome



¥ Proteasome SIfN

multisubunit protein %A
Iy vinvinfiges ubiquiti

tagged proteins

Peptide fragments Released ubiquitin
Peptide O Peptide Figure 23-7 part 1
bond bond Biochemistry, Sixth Edition
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Ubiquitin tag enzymes : E1, E2, E3
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B E3 each specific to substrate
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Amino acid catabolism

80% used for protein synthesis

20% used for energy production and more in case of excess

intake
Increase in starvation, DM, high protein diet
Contain 2 steps
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Transamination
Others

Oxidative deamination other than e.g.
D-, L-amino acid oxidase hinIuaNusE1AwY (D-

amino acid oxidase)

Non-oxidative deamination e.g. serine, threonine

dehydratase, cysteine desulfhydrase

Deamination of amide nitrogen of glutamine and

asparagine i.e. glutaminase, asparaginase
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glutamate lag glutamate DH
histidine lag histidase

serine & threonine lag serine dehydratase a1 vitamin
B6

asparagine lasg asparaginase

glutamine lag glutaminase
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Transaminase or aminotransferase

Specificity to
1. 50@ aa Nwaa % A-amino group

2. %@ Ol-keto acid NiIw@aITL

amino group (Ol-ketoglutarate)

Coenzyme: pyridoxal 5’-phosphate (B6)
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Lauvlsﬁ:ff: transaminase %38 aminotransferase

nabn: 818 Ol-amino group A1nnIaazi b b l# Ol-ketoacid—
usu. Ol-ketoglutarate, oxaloacetate, pyruvate

aspartate amino AST, GOT):

el o~
aspartate + a-ketoglutarate —— oxaloacetate + glutamate

alanine aminotransferase (ALT, GPT):

alanine + a-ketoglutarate —— pyruvate + glutamate
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Vitamin B6
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Figure 18-7
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H.Freeman and Company
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Transdeamination

transamination followed by oxidative deamination

transaminase glutamate dehydrogenase
0
a-Amino acid NAD
H,N

a-Ketoacid NAD* + H,0
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Ammonia
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NHI( )NH3+H+
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NITROGEN TRANSPORT TO LIVER
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Transport of ammonia

Ammonia in blood at the level of 10-20 pg/dL (very

low)

Transport of ammonia as glutamine (10 mg/dL)

Transport of ammonia as alanine
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Action of glutaminase

NH
3
%

N

H,N

glutaminase H>0
(liver C
mitochondria) NH; —

C—CH;—CH,—CH—COO0"

L-Glutamine

> Urea

= o
SN '|""' 3
C—CHy—CHp—CH—CO00"

-0

L-Glutamate

aAan

Unnsenlagannan

W) U o (W)
au: g8 sy
w 6 p= |
CA R BTy

1m:§1w%uauqa
NIAAY

26



Glucose-alanine cycle (Cori cycle)

® NaNLke I aa (esp. branched chain aa) yWLARY
WaI911LUT29 prolong exercise and fasting

B NAENNLILE VU nitrogen mlugﬂﬂla{l alanine (via
glucose—alanine cycle)

Skeletal
muscle

Figure 20-4 Concepts in Biochemistry, 3/e
©2006 John Wiley & Sons



THE UREA CYCLE
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1.carbamoyl phosphate synthetase |

2.ornithine transcarbamoylase

3.argininosuccinate synthetase

4.argininosuccinase

S.arginase

a3 luLikesINAL bicarbonate
ornithine 334N carbamoyl
phosphate e citrulline

mﬁam"‘mao citrulline LLRE
aspartate
N1IR[NEY argininosuccinate 1w

arginine Lk fumarate

arginine 0N hydrolyzed 1% urea
LA ornithine
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mitochondrion

(| urea
_C. NH
HoN NH, |
HC——NH,

2ATP I )

, H,C—NH HC—COO0
2ADP+Pi | |

CH, O0OC—CH

?Hz Fumarate
H_(.-]_NH3-H
carbamoy! COO
phosphate arginine
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NH, COoO
H o
HC\:—N—C—H
H,C—NH CH,
|
|
c|:H2 C|3Hz
I ® e
H—clt—NH?,+ CO0
citrulline  coo / AMP+PPi
B ATP argininosuccinate
co0
HQ,N—C|:1—H
CHy

ele]e) aspartate



Connection:urea cycle and Krebs cycle

Fumarate Arginine Urea

Malate
Arginino- Urea I8
Aspartate-argininosuccinate  gyccinate cycle Ornithine
shunt of citric acid cycle
Aspartate Citrulline Cytosol

w

Aspartate Citrulline Ornithine
a-Ketoglutarate
Glutamate Carbamoyl
phosphate
NADH
NAD*
Malate  Citric
acid
cycle Mitochondrial
Fumarate matrix

Figure 18-12
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W, H. Freerman and Company
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Regulation of urea cycle

Availability of substrate
Activity of carbamoyl phosphate synthetase |

Allosteric activator : N-acetylglutamate (protein rich diet ¥

I sssaTeRandw)
Defect:

Citrullinemia

Argininosuccinic aciduria

Hyperargininemia

N-acetylglutamate synthetase deficiency
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N-acetylglutamate

o COoO~
/ . |
CH3;—C + HsN—C—H
N I
Acetyl-CoA | Glutamate
"
COo0O™

N-acetylglutamate
e @ Arginine

synthase

0O
|

\-» CoA-SH

(i:OO'

CH3—C—NH—(|:—H

N-Acetylglutamate

2ATP !}

%

CH,

I
COo0"

2ADP + P; C") (l.'l)

HCO% + NH; L HZN—C—O—I'i'—O'
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Figure 18-13

Carbamoyl phosphate

Lehninger Principles of Biochemistry, Fifth Edition

© 2008 W.H.Freeman and Company
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Ammonia is toxic (271N17)

Hyperammonemia (>60 UM) Un& < 30 UM

Symptoms: lethargy, tremor, slurred speech, blurred

vision, protein-induced vomiting, coma, death
Common cause: cirrhosis

Inherited form: urea cycle defect



Ammonia(n avl,ﬂ)

B Ammonia is toxic
M Brain swelling (increase in the brain’s water content)
B Increase in intracranial pressure
B Potential depletion of ATP
= Tammonia—)
(OL-ketoqutarate\L —> qutamateT) —> qutamineT
TTosmonte In brain astrocyte

35



36



Sources of ammonia generation

Glutamate DH\/\/

L-amino acid oxidase #agaIn ¢
Serine and threonine dehydratases

Bacterial urease (major source of ammonia in

Iiver)\/\/\/\/



CARBON SKELETAL BREAKDOWN
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Catabolism

accounted for 20% of human energy production
20 pathways converge to 6 major products
6 aa are broken down to acetyl-CoA
leucine, phenylalanine, tyrosine, lysine, tryptophan, isoleucine
5 aa to pyruvate
alanine, glycine, serine, cysteine, tryptophan
5 aa to Ol-ketoglutarate
arginine, histidine, proline, glutamine, glutamate
4 to succinyl-CoA
valine, isoleucine, methionine, threonine
2 to fumarate
phenylalanine, tyrosine
2 to oxaloacetate

Asparagine, aspartate
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Catabolism

Leucine Arginine
Lysine Glutamine
Phenylalanine Ketone Glutamate [€——— ;. .. 0i o
Tryptophan bodies Proline
Tyrosine A
Isocitrate a-Ketoglutarate
Acetoacetyl-CoA f Citric :;oiel_‘l.'dqe
: i r ethionine
Citrate acl;:l Succinyl-CoA Thsoning
cyde Valine
Acetyl-CoA
A A
— | Oxaloacetat Fumarate ?:'ir;)irfilaelanme
it A
==l Malate
P t
yr*a B Glucose
Alanine
Cysteine
Isoleucine Glycine [1 Glucogenic
Leucine Serine .
Threonine Threonine Asparagine [_1 Ketogenic
Tryptophan  Tryptophan  Aspartate
Figure 18-15

Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H.Freeman and Company



Metabolism of methionine
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Figure 18-18
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H.Freeman and Company
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CH3—S—CH2—CH2—(IZH—COO' atherosclerosis
Methionine and neural tube
3 steps
defect
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Glycine metabolism

N°.N'°-CH,-H, folate  H, folate Methylene-H, folate H, folate

f ; i
. o \ /A C-0
CO, + NH; + NADH+H" _ -

C-O

| . H_Cl:_NH3
glycine synthase complex H-?_NH3 . CHy
serine HO
glycine hydroxymethyltransferase serine
02
NHS(/ H20
i
_g glyoxalate
NADH.H*
NAD+ _ o
High levels in kidney
I
Ca2+t ¢ 75% kidney stones—calcium
>
O oxalate oxalate
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Disorder of aa catabolism

Alcaptonuria
Albinism
Phenylketonuria

Maple syrup urine disease
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Phenylalanine hydroxylase

H +
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NAD* 2 ¥ 8 I }
| H CH,—CH—CO0O0
HN s S
N~ 1>CH—CH—CH, _
o H HT | Phenylalanine
OH OH 02
dihydrobiopterin 5,6,7,8-Tetrahydrobiopterin phenylalanine
reductase hydroxylase
H,O
H 2 +
HN. N_. _N_| H NH;
T i
HO CH,—CH—COO0"~
NAD!;! HN \N CH—CH—CH
* S Hi1 > H Tyrosine
OH OH

7,8-Dihydrobiopterin
(quinoid form)

Figure 18-24
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H. Freeman and Company
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Branched-chain amino acids

Isoleucine

COo0~
H;;f&—é—H

CH,
CH, CH

CH,

Leucine

¥

branched-chain
aminotransferase

in tissues other
than liver

CH3—(‘3H
CH,
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derivatives
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glutamine
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Asn, Asp

COO COO COO
| HO  NHS Pyr  Ala |
H—(|:——NH3 H—(|3—NH3,+ U (|;:o
C—NH, asparaginase C—O transaminase C—O
\\ \\ \\
O @) O
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AMINO ACID BIOSYNTHESIS
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n1s€9LtAs1Z3 amino acids

Nonessential Essential
Nonessential amino
acids Alanine Arginine
Asparagine Histidine
11 aa can be Aspartate Isoleucine
Synthesized Cysteine Leucine
Glutamate Lysine
Essential amino acids 6Glutamine Methionine
Glycine Phenylalanine
Proline Threonine
Serine Tryptophan
Tyrosine Valine
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Glucose

Glucose 6-phosphate

4 steps

Ribose 5-
4 steps phosphate

|

Histidine

Y
E;:::‘:'::t:'—‘-‘_ 3-Phosphoglycerate % Serine

phenylalanine

Glycine

phenylalanir% hydroxylase Phosphoenolpyruvate | Cysteine
tyrosine l Py—

Tryptophan .

Phenylalanine Pyruvate e> Valine

T Yosi Leucine
yroome Isoleucine

Figure 22-9 part 1
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H. Freeman and Company
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c3 Alanine
Pyruvate m—p Vahf'e
Leucine
Isoleucin
Citrate
Oxaloacetate Qa-Ketoglutarate
C4 Aspartate Glutamate
Asparagine Gl .
Methionine utal:nme
Threonine Proline
Lysine Arglnll‘le

Figure 22-9 part 2
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H. Freeman and Company



BIOSYNTHESIS OF BIOLOGICAL
ACTIVE AMINES
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glutathione

cysteine glycine
P+Pi ADP+Pi
glutamate > v-Glu-Cys / =  y-Glu-Cys-Gly
-glutamyl cysteine synthetase glutathione synthetase
! glutathione (GSH)
reduced
v-Glu-Cys-Gly
|
v-Glu-Cys-Gly

glutathione (GSSG)

oxidized

95



+
NH3

|
HO—Q—CH;—CH—COO'
Tetrahydrobiopterin
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Ny NH
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N NH H
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Biosynthesis of some
neurotransmitters
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