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Nitrogen metabolism

N2 Atmospheric nitrogen N2 is most abundant but is too
inert for use in most biochemical processes.

v

Dietary protei r]SAtmospheric nitrogen is acted upon by bacteria (nitrogen

fixation) and plants to nitrogen containing compounds. We
assimilate these compounds as proteins (amino acids) in

+ our diets.
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Porphyrin metabolism



Porphyrins are cyclic compounds that bind metal ions, usually Fe2* or Fe3*

The most common metalloporphyrin is heme
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A heme group consists of an iron (Fe) ion (charged atom) held in a
heterocyclic ring, known as a porphyrin

Protein

Hemoglobin
Myoglobin
Cytochrome ¢
Cytochrome P450
Catalase

Tryptophan pyrrolase

Function

Transport of oxygen in blood

Storage of oxygen in muscle
Involvement in electron transport chain
Hydroxylation of xenobiotics
Degradation of hydrogen peroxide

Oxidation of tryptophan

Example of some human and
animal heme proteins


http://en.wikipedia.org/wiki/Image:Heme.svg

Structure of porphyrins

Acetate (A) and
| propionate (P) are
g reversed in ring D
of uroporphyrin 1
compared with
urnpurphwin I. Only
Epg Il porphyrins are)
ysmlng;{,:ally
1mp-ur1ant in humans.

Porphyrins contain four pyrrole rin?s (A, B, C, |
and D) joined through methenyl bridges. I

Porphyrins contain side
chains attached to each
of the !nur pyrrole rln%B
In Type | porphyrins, t
side chains are arranged

symmetrically, that is, for

= A UWPﬂrPh?rlnl.h{anetaiej
alternates with propionate |
A P (P) around the tetrapyrrole |

ing.
Uroporphyrin | ring

Uroporphyrin HI

1)Porphyrins contain four pyrrole rings joined through methylene bridges

2) Side chains differs in different porphyrine.

Uroporphyrins contains acetate(-CH,-COQO-) and propionate (-CH,-CH,-COO") side chains
Coproporphyrins contains methyl and propionate groups.

Protoporphyrins IX (and heme) contains vinyl, methyl and propionate groups.

3) Side chains are ordered around porphyrine tetrapyrole nucleus in four different ways designated as roman
letters I-1V.

4) These side chains are either symmetrically or asymetrically ordered on pyrrole rings
e.g. Type | uroporphyrins I, A acetate alternates with P (propionate) around the
tetrapyrrole ring.

5) Type Il porphyrines (e.g. uroporphyrin Il) which contain an asymmetric substitution
on ring D are physiologically important in humans.

Porphyrinogens: porphyrin precursors, intermediate between porphobilinogen and the oxidized colored
protoporphyrins in heme biosyhthesis.




Boisynthesis of heme

Heme synthesis occurs in all cells due to the requirement for heme as a prosthetic
group on enzymes and electron transport chain proteins. By weight, the major
locations of heme synthesis are the liver (cytochrome p450) and the erythroid
progenitor cells (Hemoglobin) of the bone marrow.




Overview of Heme Synthesis

Heme

1

Protoporphyrin IX
A

Succinyl CoA + Glycine

ALA synthase l

: . _ Protoporphyrinogen IX
d-aminolevulinic acid A

Coproporphyrinogen il

o-aminolevulinic acid

v

Porphobilinogen —> Uroporphyrinogen lll —> Coproporphyrinogen Il
Uroporphyrinogen | —> Coproporphyrinogen |

Mature red blood cells lack mitochondria and are unable to synthesize heme



Biosynthesis of heme

1) Formation of 6-aminolevulinic acid (ALA) (In mitochondria)

All the carbon and nitrogen atoms of porphyrin molecules are provided by
Glycine (non essential aa) and Succinyl CoA (an intermediate in the citric acid
cycle).

Glycine and succinyl CoA condense to form ALA, a reaction catalyzed by
ALA synthatase. This reaction requires pyridoxal phosphate as a coenzyme.

When porphyrin production exceeds the availability of globin, heme
accumulates and is converted to h?min by oxidation of Fe2+ to Fe3+.
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COO™ CH,
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Porphobilinogen

Hemin negatively regulates ALA by decreasing
synthesis of hepatic ALA synthase enzyme

Many drugs (e.g. antifungal, anticonvulsants) increase ALA synthesis. Because

these drugs are metabolized in liver by Cyt. P450, a heme containing enzyme.

This results in increase synthesis of Cyt. P450, leading to consumption of heme.
Heme l—» ALA T

In erythroid cells heme synthesis is under the control of erythropoietin
and the availability of iron

2) Formation of porphobilinogen (In cytosol)

Two molecules of ALA condenses to form porphobilinogens by ALA
dehydratase, the reaction sensitive to heavy metal ions.



Biosynthesis of heme
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3) Formation of uroporphyrinogen (In cytosol)

The condensation of four molecules of porphobillinogens results in the

formation of tetrapyrrrole, hydroxymethylbilane, a reaction catalyzed by
hydroxymethylbilane synthase

Isomerization and cyclization by uroporphyinogen Il synthase leads to
the formation of Uroporphyrinogen Il

Uropprphyrinogen Il undergoes decarboxylation at its acetate groups,

generating coproporphyrinogen lll, a reaction carried out by
uroporphyrinogen decarboxylase

Two propionate side chains are decarboxylated to vinyl groups generating
protoporphyrinogen IX, which is then oxidized to protoporphyrin 1X.




Biosynthesis of heme

H,C=CH; CHy
CHy< CH=CH,
CH CHy
“00C-CH,-CH, * CH,-CH,-CO0™
Protoporphyrin IX
FEE'I-
Ferrochelatase Q - Lead
(mitochondrial enzyme) 2 H*
H,C=CH CHy
CH< CH=CH;
CH3<,, CHs
“00C-CH,-CH, CH,-CH,-CO0™

Heme (Fe?* protoporphyrin 1X)

4) Formation of heme (In mitochondria)

Introduction of iron (as Fe2+) occurs spontaneously but the rate is

enhanced by ferrochelatase. This enzyme like ALA is also inhibited
by lead.



Heme Biosynthesis
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Overview of Heme Synthesis

Heme
A

Protoporphyrin IX

Succinyl CoA + Glycine A

ALA synthase l

: . _ Protoporphyrinogen IX
d-aminolevulinic acid T

Coproporphyrinogen il

o-aminolevulinic acid

v

Porphobilinogen —> Uroporphyrinogen lll —> Coproporphyrinogen Il
Uroporphyrinogen | —> Coproporphyrinogen |

Mature red blood cells lack mitochondria and are unable to synthesize heme



Porphyrias

Purple color caused by pigment-like porphyrins in the urine

Porphyrias is caused due to the inherited (or occasionally acquired) defects in heme
synthesis.

* Leads to the accumulation and increased excretion of porphyrins and porphyrins precurssors.

» Mutations that cause porphyria are heterogenous (not all the same DNA locus).

» Each porphyria leads to accumulation of a unique pattern of intermediates.

» Porphyrias are classified as erythropoeitic (enzyme deficiency is in the erythropoitic cell) or
hepatic (enzyme deficiency is in the liver).

Hepatic

Porphyrin accumulation leads to cutaneous

symptoms and urine that is red to brown in Chronic ) )
d pink to red in fluorescent light. Neulological, cardivascular, symptoms

Abdominal pain

Acute




Hepatic Porphyrias C:j Porphyrias

Accumulated

Name Deficient enzyme Intermediates Photosensitivity
Acute intermittent Hydroxymethylbiilane Protoporphyrin and i
porphria (Acute) synthtase ALA in the urine
Variegate porphyria Protoporphyrinogen Protoporphyrinogen IX and
(Acute) oxidase other intermedites +

prior to the block in the urine

Heriditary _ Co_proporphyrinogen Coproporphyrinogen Il other
Coproporphyria (Acute) oxidase intermedites prior to the block +
in the urine
Erythropoietic porphyria
Erythropoietic EerraEhelEiase Protoporphyrins accumulate in the +
protoporphyria Bone marrow, erythrocytes and
plasma
Congenlta_l . Uroporphyrinogen llI hVTi | and +
Erythropoietic that Uroporphyrinogen | an
porphyria Synthatase coporphyrinogen | urine
Hepatic and Erythropoietic Q T
porphyria Uroporphyrinogen | and "
Uroporphyrinogen coporphyrinogen lin urine

Porphyria Cutanea
Tarda (Chronic) decarboxylase



Summary of heme synthesis and porphyrias

LEAD POISONING
® Ferrochelatase and ALA dergdra!asa are

particularly sensitive to inhibition by lead.

® Protoporphyrin and ALA accumulate

in urine.

ACUTE INTERMITTENT
PORPHYRIA

® An acute disease caused by a deficiency
in hydrexymethylbilane synthase.

® Porphobilinogen and f~amino-
levulinic acid accumulate
in the urine.

® Urine darkens on exposure
to light and air.

® Patients are NOT photosensitive.

Protoporphyrin X

Succinyl CoA + Glycine

lg S <TUCLIILELLY

d-Aminolevulinic acid

Protoporphyrinogen X

1

Coproporphyrinogen Il

ERYTHROPOIETIC
PROTOPORPHYRIA

® The disease is due to a deficiency
in ferrochelatase.

® Protoporphyrin accumulates in
erythrocytes, bone marrow,
and plasma.

» Patients are photosensitive.

VARIEGATE PORPHYRIA

® An acute disease caused by a deficiency in
protoporphyrinogen oxidase,

® Protoporphyrinogen IX and other
intarmadrhna prior to the block
accumulate in the urine.

® Patients are photosensitive.

HEREDITARY
COPROPORPHYRIA

® An acute disease caused by a deficiency in
coproporphyrinogen oxidase.

® Copro hyrinogen Il and other
int:rmﬂlrstn: prior to the block
accumulate in the urine.

= Patients are photosensitive.

urrocl-lounnm )

d-Aminolevulinic acid

i

KEY: Porphobilinogen
Hepatic
porphyria Hy‘dm:qrmathylbimna _I_p
(enzyme bound)
l Spontaneocus
Uroporphyrinogen | ———3> Uroporphyrin |
Erythro- ‘|,
mer;c Spontanaous
porphyria Coproporphyrinogen | ——— > Coproporphyrin |

PORPHYRIA CUTANEA TARDA

® A chronic disease caused by a
deficiency in uroporphyrinogen
decarboxylase.

® Uroporphyrin accumulates in the
urine.

® |t is the most common porphyria.
® Patients are photosensitive,

Uroporphyrinogen Il —22l809958 o yyraporphyrin i

CONGENITAL ERYTHROPOIETIC
PORPHYRIA

® This disease is caused by a deficiency
in uroporphyrinogen Il synthase.

® Uroporphyrinogen | and
eoprcpurpmirrinogan 1
accumulate the urine.

* Patients are photosensitive.




Enzyme
Involved?

1. ALA synthase
(erythroid form)

2. ALA
dehydratase

3.
Uroporphyrinogen
| synthase*

4.
Uroporphyrinogen
lll synthase

5.
Uroporphyrinogen
decarboxylase

6.
Coproporphyrinog
en oxidase

7.
Protoporphyrinog
en oxidase

8. Ferrochelatase

Summary of Major Findings in the Porphyrias

Type, Class, and
MIM Number

X-linked sideroblastic anemia3
(erythropoietic) (MIM 301300)

ALA dehydratase deficiency
(hepatic) (MIM 125270)

Acute intermittent porphyria
(hepatic) (MIM 176000)

Congenital erythropoietic
(erythropoietic) (MIM 263700)

Porphyria cutanea tarda
(hepatic) (MIM 176100)

Hereditary coproporphyria
(hepatic) (MIM 121300)

Variegate porphyria (hepatic)
(MIM 176200)

Protoporphyria (erythropoietic)
(MIM 177000)

Major Signs and
Symptoms

Anemia

Abdominal pain,
neuropsychiatric symptoms

Abdominal pain,
neuropsychiatric symptoms

No photosensitivity
Photosensitivity

Photosensitivity, abdominal
pain, neuropsychiatric
symptoms

Photosensitivity, abdominal
pain, neuropsychiatric
symptoms

Photosensitivity

Results of Laboratory
Tests

Red cell counts and hemoglobin
decreased

Urinary ALA and coproporphyrin 11l
increased

Urinary ALA and PBG increased

Urinary, fecal, and red cell
uroporphyrin | increased

Urinary uroporphyrin | increased

Urinary ALA, PBG, and
coproporphyrin 11l and fecal
coproporphyrin 1l increased

Urinary ALA, PBG, and
coproporphyrin Il and fecal
protoporphyrin IX increased

Fecal and red cell protoporphyrin IX
increased



Porphyrias Contd-----

Lead poisoning

*Ferrochelatase and ALA synthase are
inhibited

*Protoporphyrin and ALA accumulate in
urine

Photosensitivity

It is due to the porphyrin-mediated formation of superoxide radicals from oxygen. These reactive
species can oxidatively damage membranes, and cause the release of lysosomal enzymes.
Destruction of cellular components cause photosensitivity.



One common feature of porphyria is decrease synthesis of heme causing
increase in ALA synthatase activity

Succinyl CoA + Glycine
ALA synthatase |

o-aminolevulinic acid

!

porphobilinogen

—_ !

Uroporphyrinogen Il
|

Couroporphyrinogen Il Major pathophysiology of
Porphyrias

Hemel—>ALA synthataseT—>IntermediatesT

Protoporphyrin X

Heme

Treatment:
Intravenous injection of hemin to decrease the synthesis of ALA synthatase.



Degradation of heme
RBCs last for 120 days and are degraded by reticuloendothelial (RE) system [liver and spleen].

About 85% of heme destined for degradation comes from RBCs and 15% from cytochromes, and immature
NEIEE: 1) Formation of bilirubin

“'& - L ./ ) a) Microsomal heme oxygenase hydroxylates methenyl bridge between
T\ two pyrrole rings with concomitant oxidation of Fe?* to Fe3*

Heme e
22 NADPH + HY

Hem::% = b) A second oxidation by the same enzyme results in the cleavage of
the porphyrin ring resulting in biliverdin (green color).

co

M M P P M M
. e W W
H H H H Hi H

Biliverdin

c) Biliverdin is then reduced by biliverdin reductase, forming the
ﬁ naoer bt | Dilirubin (red-orange).

Biliverdir

reductase MNADPT

w. v w e = w w v »2)Uptake of bilirubin by liver
S AL AL L. Bilirubin then binds to serum albumin and is transported to the liver.

' 3) Formation of bilirubin diglucuronide
Bilirubin is then conjugated to two molecules of glucuronic acid by the

— =
T

BLOOD  Bilinibin-abumin enzyme bilirubin glucuronyl-transferase using UDP-glucuronic acid as

complex

a glucuronate donor (to increase the solubility of bilirubin)

Bilirukin

o= o ~|4) Secretion of bilirubin into bile
e, ol Conjugated form of bilirubin is the secreted into the bile.

2 UDP

Bilirubin diglucuronide

5) Formation of urobilins
Bilirubin diglucuronide is hydrolyzed and reduced by bacteria in the gut to yield
Urobilinogen------ oxidized to stercobilin.




Catabolisim of heme

Seneascent red cells are a
major saurce al hemeprateins,

‘ . Breakdown of heme to bilirubin
cocurs in macrophages of the reticulo-
endothelial aystem (tisaue macro-

phages, splean, and liver).

Bilirubin is taken
up by the liver and
conjugated with
glucurenic acid.
—

Uneonjugated bilirubin
iz ransporied through
the blood (complexed fo
albumin} to the liver,

E Bile is secreted from
the liver mio the
intesting.

I the intestine,

LY L - e 3 Ty W e

BLOOD VESSEL

L= | - -

Tha remainder of tha wrobilinogen

is transported by the blood to the
kidmey, whare it is converted to yallow
urabilin and excreted, giving urine its
characterstic color,

7

A portion of this urcbhilinogen
participates in the enterohepatic
urchilinogen cycle.

K“

Enrna al the urabllinagen
ll: reabsorbed from the gut
and enters the portal blood,

To urine

glucuranic acid %
removed by bacteria,
The resulting bilirukxin
is converted to

Urobkilinogen is oxidized
by intestinal bacteria to

urcbilinegen.

the brown stercobilin.




Yellow color of the skin, nailbeds, and sclerae
(whites of the eyes) caused due to deposition of

Bilirubin.

Jaundice




Types of Jaundice

Hemolytic jaundice

Obstructive jJaundice

Hepatocellar jaundice

Neonatal jaundice

Lysed erythrocytes

Hemoglobin
Arming

acids
Hemea

Biliverdin, C0O, FeZ+

¥

Bilirubin ]

Bilirubin glucuronide

Bilirubin
Urobilimogen

Stercobilin
Urobilin

Erythrocytes, hepltocylas

Ernythracytes, heplocytes

Hamélgl-:ntun. Hemoglobin,
Cytochromes Cytochromes
!»__,,LAm_nm::- Arnino
Hame acids e acids
v v
Biliverdin, CO, Fed+ E:’IivcrdiE, CO, Fest
snitul;.m Bilirubin ]
i e
_E_'_'_'_!'_':'_!?_'_'_‘__E.'_H_‘?-_':![E!?.'_‘_‘.’E.J ﬂ-E‘.!!I!f.‘?‘.'.!’Z‘..E!E‘E!.‘.‘IE‘E!EE
+ - Gallstone T

i

Erythrocytes, heplocytes
¥

Hamoglobin,
Cytochromes

Armineg

acids
Hearma

¥

Biliverdin, CO, Fe<+
Bilirubin ]
-@G enzyme
|
L
}

INTESTIMNE

*Liver can handle 3000 mg
bilirubin/day — normal
production is 300 mg/day in
liver.

*Massive hemolysis leads to
increase degradation of
heme, and therefore
production of bilirubin
*Bilirubin therefore cannot be
conjugated.

* Increased bilirubin is
excreted into bile,
urobilinogen is increased in
blood, urine. Unconjugated
bilirubin in blood increases =
jaundice

Obstruction of the bile duct
(due to the hepatic tumor, or
bile stones) prevents passage
of bilrubin into intestine.

Prolonged obstruction of the
bile duct can lead to liver
damage and a subsequent
increase in unconjugated
Bilirubin

Damage to liver cells leads

to decrease in glucuronidin

Conjugation and increase in
unconjugated bilirubin.

Premature babies often
accumulate bilirubin due to late
onset of expression of hepatic
bilirubin Glucuronyltransferase
(BG). This enzyme is normally
low at birth and reaches adult
levels in about four weeks.

Newborns are treated with blue
Fluorescent light, which
converts bilirubin to water
soluble isomers.These
photoisomers can be excreted
into the bile without conjugation
to gllucuronic acid.




Determination of Bilirubin concentration

Van der Bargh reaction

Diazotized sulfanilic acid + Bilirubin —— Diazopyrroles (red color)

v
Measured Calorimetrically



Other nitrogen containing compounds

Catecholamines

Dopamine, norepinephrine (noradrenaline)and epinephrin (adrenaline) are
biologically active amines and are collectively called as Catecholeamines.

* Dopamine and norepinephrine functions as a neurotransmitters.

Outside the nervous system, norepinephrine and its methylated derivative, epinephrine
regulates carbohydrate and lipid metabolism.

They are released from storage vehicles in the adrenal medulla in response to stress
(fright, exercise, cold, and low levels of blood glucose).

They increase the degradation of glycogen,
and triglycerides, as well as increase blood pressure and the output of heart.



Synthesis of catecholamine

Catecholamines are synthesized from Tyrosine

CH,CHCOO™ hyu:ﬂaxﬂm CHZCHCDD'
NH, NH3
HO HO S

dﬂﬂ'ﬂwﬂﬁﬂ " @CHEGHzNHz
o
HO

Dopaming
B-hydroxylase

Teirnhydm I:Imj.rdm Cﬂz OH
Tyrosine blng;n hff';“;n 3 4-Dihyﬂmxjr Dopamine
henylalanine
(dopa)
OHH  cn, Phanylethanclaming- OHH
c. c N N-methyl- C C MNH,
rransfarase
HCI
S- Mamﬂ S-Adonosyl-
Epmephrme e R athionios Nnrepmephrme

Ascorbale

Dahydro-
ascorbate
- H?O

*Tyrosine is hydroxylated by tyrosine hydroxylase (rate limiting step in the pathway) to

form DOPA.

*DOPA is decarboxylated by DOPA decarboxylase (pyridoxal phosphate requiring enzyme)

to form dopamine.

*Dopamine is then hydroxylated by Dopamine B-hydroxylase to give norepinephrine.

*Epinephrine is formed by N-methylation reaction using S-adenosylmethionine as

a methyl donor.

Parkinson’s disease is caused due to the production of insufficient

dopamine synthesis in brain




Degradation of catecholamines

The catecholamines are inactivated by oxidative deamination by monoamine
Oxiadase (MAO) and by O-methylation carried out by catechol-O-methyl-

transferase (COMT) as the one-carbon donor.
-two reactions can occur in either direction
-The aldehyde products of the MAO reaction are oxidized to the corresponding acids

Epinephrine MNorepinephrine
|ﬂ E' MAO: inactivates catecholamines by oxidative deamination to
|:som COMT | yield the corresponding aldehyde

Dihydroxymandelic acid

comr COMT: inactivates catecholamines by methylation

Metowephirine o antaine using S-adenosylmethionine (SAM)
N /o | MAO inhibitors:
|_Vanillyimandelic acid | -found in neural tissue, gut and liver
-Antidepressant
Ll -Act by inhibiting MAOs
MAO COMT . . . . .
/ \ -Resulting in increase availability of

Dihydroxyphenyl-

aceticacid | 3Methoxyyramine | neyrotransmitters allowing their accumulation in the
som\ /.Mo presynaptic neuron and subsequent leakage into
circulation, providing an antidepressant action.

Homowvanillic
acid

-metabolic products of the reaction are excreted in the urine.



Histamines

-A chemical messenger that mediates a wide range of cellular responses, including
allergic and inflammatory reactions, gastric acid secretion, and possibly
neurotransmission in the brain.

CH,
H,N—C— COOH
H

Histidine

Decarboxylase

Pyridoxal

e phosphate

M N
CH,
H,N— CH,

Histamine

They are secreted by mast cells as a result of allergic reactions or trauma
Antihistamines are used to block histamine production during allergic reactions



Serotonin (5-hydroxytrptamine)

-mostly found in the cells of intestinal mucosa

-smaller amounts occurs in CNS were it functions as a neurotransmitter

-also found in platelet

-has roles in pain perception, affective disorders, regulation of sleep, temperature,

and blood pressure.

CHECIIHCOD_
]
M
H
Tryptophan
Tetrahydro- O,
biopterin
Dihydro- Hydroxylase
biopterin
4 HED
Al CHEL:.HCDD_
| MH4
N *
H
5-Hydroxy-
tryptophan
COy 45&(:&!110”{&5&
s CH-CHsMNH5

4

Serotonin

> Also degraded by MAO.



Creatine (phosphocreatine)

-Found in muscle

-High energy compound that can donate phosphate group to ADP to form ATP

-Creatine is reversibly phosphorylated to creatine phosphate by creatine kinase.
-Creatine phosphate serves as a reserve of high-energy phosphates that can be used to

maintain ATP levels

-Levels of creatine kinase in plasma is an indicator of tissue damage and is used in the
diagnosis of myocardial infarction

MMHL

I -

(Ij =rNH5o

I‘:JH

i

Gl

CH= H
HCMNHS + HCMNH™Y

COoOOT COoOoT
Arginine Glycine

Arrrviaino-
Ornithine ==

Hs

C=NHy

I"I-I H

Bl

COO
Guanidinoacetate

S-Adenosylmethionine
AMethylfransferase

S-Adenosylhomocysteine
itz
C=RNHS
ﬁac Ha
GH2
OO
Creatine

Ho0 ATHF ATP
Creatine
kinase
/'?’=NH ADP ADP & HY
MNCHS

(@]

N CH, —Oo-F-O

CO PHo*
Creatininea CII =MH
L MCHS

GH>
[ela ey
Creatine phosphate

Synthesis

-Synthesized from glycine, and the guanidino group of arginine,
plus a methyl group from S-adenosylmethionine.

-reversibly phosphorylated to creatine phosphate by

creatine kinase using ATP as a phosphate donor.

Degradation

Both creatine and creatine phosphate cyclize to form
creatinine which is then excreted in the urine



Melanin

-Pigment that occurs in several tissues, e.g. in eye, skin, and hair.
-Synthesized from tyrosine in the epidermis by melaocytes

-Function is to protect tissues from sun-light

-Defect in melanin formation occurs in albinism due to the defective copper-
containing enzyme tyrosinase.
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Amino Acids pool | ecture |

Supplied Depleted
a) Degradation a) Synthesis of body proteins
(Lysosomal and proteasome) b) Precurssors for essential
b) Dietary protein N-containing molecules

c) Do novo synthesis

|l Digestion of dietary proteins

a) Gastric enzymes

b) Pancreatic enzymes

c) Small Intestinal enzymes (proteases cascade)
d) Amino acid specificity for proteolytic enzymes

lIl) How amino acids are transported in to cells
Transport systems

IVV) Removal of nitrogen from amino acids
a) Transamination (aminotransferases)
b) Oxidative deamination (Glutamine dehyrogenase)

V) Urea cycle
Reactions of urea cycle: a) locations b) sequence b) enzymes for each reaction c) end products for each reactions
d) ATP requirements e) sources of nitrogens in urea

V1) Metabolism of ammonia
a) Sources of ammonia,

b) transport of ammonia,

c) Urea cycle defects in humans



|) Essential and non essential amino acids
Names of the essential and non essential aa

II) Glucogenic and ketogenic amino acids

a) Why amino acids are classified as glucogenic and ketogenic or both?
b) Seven intermediates of carbon skeleton
c) Amino acids that form those intermediates

[II) Catabolism of the branched-chain amino acids

I\VV) Biosynthesis of nhonessential amino acids
a) Syhthesis from a-keto acids

b) Synthesis by amidation

c) Synthesis of proline, serine, glycine, cysteine, tyrosine

V) Metabolic defects in amino acid metabolism
a) Phenylketourea

b) Maple Syrup urine disease

c) Albinism

d) Homocystinuria

e) Alkaptouria

Defective enzyme

Amino acid involved
Accumulated intermediate
Characteristics

Lecture |l



Lecture Il

) Amino acids as a precursors for:

Porphyrines

Heme:

a) Synthesis

b) Degradation

c) Diseases caused due to the defective heme synthesis & degradation (Jaundice)

Catecholamines (Dopamine, epinephrine, Norepinephrine)
a) Synthesis
b) Degradation

Histamine

Serotonine

Melanine



