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* Amino acids classification and
general properties of protein.

* Metabolism of amino acid and
Protein .

*Catabolism of amino acid.
* Ammonia formation.
* Urea Cycle.

* Conversion of amino acid in to
special products.
* Disorders of amino acid.



INTRODUCTION
Proteins are present in every eell of humans,
dnimails, Plant ussues.,

Proteins a large molecule compaosed of ane ar
more chains of amino adds.

They account for about 50% of tihe diry weiigihtt off
a cell.

All proteins are polymers of amino acids. Tine
amino acids in proteins are umited tihowgh
"Peptide” linkage. Sometimes proteins aire dso

called as polypeptides because tihey comitaim
many peptide bonds,



, COOH group, and

Amino Acid Structure

Side Chain
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Peptide bomnd forrmation

*Each pelypeptide chain starts on the left side by free amino group of the first
amine acid enter in chain formation, it is termed (N-ferminus).

*Each polypeptide chrain ends on the right side by free carboxylic group of the last amino acid
fermed (C-ferminus).




SUBCLASSIFICATION OF AMINO ACIDS:|

I- According to net charge on amino acid. A-NEUTRAL AMINO ACIDS:
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O6- Newntral aromalic dminoe dacids:

a- Phenyl alanine : I1t's alanine in which one hydrogen of CHs; is substituted with phenyl group. So
it's called phenyl alanine
b- - Tyrosinme: - it is P- hydroxy phenyl alanine

it is classified as phenolic amino acid

o- Tryplopfian: asit contains indole ring so it is classified as heterocyclicamino acid.

Finem Tanmnime

4= -_—




7- Neutral heterocyclic amino acids:

Proline: In proline, amino group enters in the ring formation being ¢ imino gp so proline is
an a-imino acid rather than & amino acid .

Proline
(Pro, P)




B- BASIC AMINO ACIDS:

Conrairn two or mmore NHZ2 groups or nitrogen atoms rthiatr act as base i.e. can bind protforn. Ar
pPhivsiological pH, basic amino acids will be positively charged.

a- I ysine
b-  Aroinine: contains guanido group
c- Hisiidineris an example on basic heterocycelic amino acids.

Lysirmne A rgsirsitee Histidinmne
(Lys, ¥ ) (_A.tg. =) (rass. =3)

e
<

-
'HSN——?—COO-
-

Histidinmne
(s, 1)




C- ACIDIC AMINO ACIDS : ar physiological pH will carry negative charge.
FE.G. Aspartic acid (aspartate) and Gluramic acid (gluramate). see structures irnn hand out.

Aspargine and Gluramine: They are amide forms of aspartate and gluramate irt1 which side chain
COOH groups are amidated. They are classified as neurral amino acids

Aspartatbe Glwutarm ate Asparagimne Gluta il ree
(Asp. D) (Glu, E) (Asm. N) (Glimn, )




Nutritional classification:

cids: These amino acids can't be formed in

the body and so, it is essenfial to be taken in diet. Their deficiency affects growth, health and protein synthesis.
Haulf of the amino acids listed cannot be made by human body. These eight ave called essential amino acids (Val,
Leu, Ilo, Phe, Trp, Thr, Lys,, Met). They are indicated by an asterisk in the Table

wds: These are formed in the body but not in sufficient amount for body requirements

especially m cluldren.

* Semi-essential amine acids (4rg, His). These amino acids must be obtained from the food we eat.
ids: These are the rest of amino acids

that are formed in the body in amount }uaugﬁt for adults and children. They are the remaining 10 amino acids.




Classification of Amino Acids

Nonessential Essential

Alanine Arginine*

Asparagine Histidine”*

Aspartate
Cysteine
Glutamate

Glutamine

Glycine

Proline

Serine

Tyrosine



Metabolic fate classification:

according to metabolic or degradation products of amino acids they may be:

[- Ketogenic amino acids: which give ketone bodies. Lysine and Leucine are the
only pure ketogenic amino acids.

2- Mixed ketogenic and glucogenic amino acids: which give both ketonbodies and
glucose. These are: 1soleucine, phenyl alanine, tyrosine and tryptophan.

3- Glucogenic amino acids: Which give glucose. They include the rest of amino
acids. These amino acids by catabolism yields products that enter i glycogen and

glucose formation.




Fate of Amino Acids (Metabolic pathways)

A. Anabolic pathways:

Protein syntlesis (tissie proteins, plasmda proteins, enzymes, some lormones,
milk, repair/maintenance, etc.).

B. Catabolic pathways:

(Transamination and Deamination), amino acids are catabolized i.e. amino
group is separated from the carbon skeleton (keto acid).

Carbon skeleton is used as a source of energy & Ammonia (NH3) for urea
synthesis or other synthetic




GENERAL CATABOLIC PATHWAYS OF AMINO ACIDS
Inhuman, the end products of protein and amino acids catabolism are ammonia and

urea. They are produced through the following catabolic pathways.
y Transamination.

r Deamination: Oxidative - Non oxidative - Hydrolytic.

y Transdeamination: .e. transamination followed by deamination.
7 Decarboxylation.




Biological Significance of Transamination

1. First step of catabolism

In this first step, aimmmonia is removed, and the carbon skeleton of the aininoe acid
enters into catabolic pathrway.

2. Synthesis of nonessential aminoe acids

By means of transamination, dall nonessential aminoe dacids can be synthesiZed Dy
the body firom keto acids available from otler sources. For example, pyritvate
can be transaminated to synthesize alanine. Similarly oxaloacetate prodiices
aspartic acid. Alpha keto glutarate is transammindted to form giutamic acid. TTose
aminoe acids, wihiclt cannot be synilresized in this manner, are therefore

essential: they should be made available in the food.

3. Interconversion of aimninoe acids

If amino acid no. 1 is righ and no.2 is low; the amino group fi-om no.1 may be
transferred to a keto acid to give amino acid nno. 2 to equalize the gquantity of
both. This is called equalization of gquantities of nonessential aminoe acids.




PROTEIN AND AMINO ACID METABOLISM

General Metabolism of Amino Acids

1. The anabolic reactions where proteins are synthesized.

2. Synthesis of specialized products such as heme, creatine, purines and pyrimidines.

3. The catabolic reqactions where dietary proteins and body protetns are broken down to amine acids.

4. Transamination: amino group is removed fo produce the carbon skeleton (Kete acid). The
amine group liberated as ammonia is detoxified and excreted as urea.

6. It is alse used for gliuconeogenesis or for complete exidation.

- Ammonia —e Urea (579%)
Plasma
Axrmrinmno acicd protaeins (796)

3 . Body proteins (1494)

Circulation (229)




Owverview of amino acid catabolism
Iintracellular protein
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Catabolic pathways of Amino acids
1. Transamination:

The transfer of an aminoe (NH2) group firom an amine acid, te an a- keto acid
(carbon skeleton of a.a) = reversible reaction. the original aminoe acid is
converted to the corresponding a-kete acid and vice versd.

It is Catalyzed by aminotransferases (transaininases):
1) Alanine aminotransferase (ALT).
2) Aspartate aminotransferase (AST).

* Enzymes/Co-enzymes involved are:

Vitamin B6 (pyridoxal phosphate, PLP) is an essential component of tie
fransamination redactions.




1. Transamination: it is the transfer of amino

NH," 0 | 0 NH,’
| I Aminotransferase I |

H=C=C00 + (C—=C00 p——t> (-—C00 + H—C—COO
I *&; PLP I I
R1 Rz E!'l@?_xﬂ pbosphac R1 Rz

a-Amino acd,  u-Keto acid, a-Keto acd, a-Amino acid,

ALT or GPT
L-Alanine + o-Ketoglutarate =g —- =  Pyruvate + L-Glutamate

L-Aspartate +a-Kelogiutarate 3 ol 2  Oxaloacetate + L-Glutamate

PLP




Biological importance and clinical significance of Transamination
*Synthesis of new non-essential amino acids.

Aspartate aminotransferase (AST) and alanine aminotransferase (ALT) are
important in the diagnosis of heart and liver damage caused by heart attack,
drug toxicity, or infection.

* AST increases in myocardial infarction, lung embolism, in liver disease.

*ALT increases in liver disease (liepatitis, tumor).

“Iie AST and ALT tests are also important in occupational medicine, to
determine wiether people exposed to carbon tetrachloride, chloroform, or otler
industrial solvents ave suffered firom liver damage.
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Any amino acid Alpha keto glutarate

Transamination] in all tissues

Corresponding Glutamate

keto acid :
Transport from tissues to liver

Oxidative
Deamination in liver

COO™ Glutamate
' dehydrogenase

+*
(;.,H--NH3 +H,0

20 T

NAD" NADH+H

COO
Glutamate Alpha keto glutarate




PROTEIN AND AMINOACID METABOLISM

A. Transamination

1. Transamination is the exchange of the alpha amino group between one alpha
amino acid and another alpha keto acid, forming a new alpha amino acid.
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2. As an example, amino group is interchanged between alanine and gintamic
acid . In almost all cases, the amino group is dccepted by alpha ketoghitaric acid
so that glutamic acid is formed.

3. The enzymes catalysing the redaction as a group dre Kinowi ds dmiino
fransferases.

B
OO
CSlostasassTiaatea A dp»ires e taor cinagtaomsr = e

\ o e

———
e —

/.;iyn.doxa v phosph.aus\

Transaminafion reaction. In this example, enzyme is Alanine aminotransyerase
(ALT) and pyridoxal phosphate is tle coenzyme.




2. Oxidative deamination;

= The removal of an amino (NHZ2) group from an
amino acid, producing an a- keto acid (carbon
skeleton of a.a) and ammonia.

= It is Catalyzed by L-amino acid oxidase and L-
glutamate dehydrogenase (deaminases).

Q. 2°

NADH + H° O —

H)
glutamate
dehydrogenase H,

(=
o/ \o

Glutamate a-ketoglutarate




2. Oxidative deamination:(Glutamate Dehydrogenase)

*In the liver, once the amino groups are transferred to a- ketoglutarate to make L-Glutamate.

¥[-glutamate is transported to the mitochondria for oxidative deamination as follows:

*EEl-Glutamoate- dehydrogenase uses NAD™ or NADP™ (cofactor) to
accept reducing equivalents.

***The a-ketoglutarate formed is fed into the citric acid cycle or glucose

synthesis (gluconeogenesis).




3. Nonoxidative deamination

requires dehydratase & vitamin B6 (PLP), deaminates the OH
containing-amino acids:

Serine = pyruvate + NH4'

Threonine - a-ketobutyrate + NH4’




B. Trans-deanination

L. The amino group of most of the amiiio acids 15 released by a coupled reaction,
transdeamination, that is transamination followed by oxidative deammation.

2. Transamination takes place m the cytoplasm of all the cells of the body; the
amino group is transported to liver as glitamic acid which s finally oxidatively
deamuated m the mitochondria of hepatocytes.




DECARBOXYLATION REACTION AND BIOGENIC AMINES

Decarboxylation
Decarboxylation is the reaction by which CO2 is removed from the COOH group of

an amino acid as a result an amine is formed. The reaction is catalysed by the
enzyme decarboxylase, which requires pyridoxal-P (B6-PO4) as coenzyme. Tissues
like liver, kidney, brain possess the enzyme decarboxylase and also by
microorganisms of intestinal tract. The enzyme removes CO2 from COOH and
converts the amino acid to corresponding amine.

Co,

R - CH —COOH f R.CHz "NHZ

Decarboxylase

NH
2 Bg—P

Amino acid

Amine
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Hy
H;—CH—COO0™
Tyrosine
Tetrahydrobiopterin

Dehydroascorbate

?H—CH,
s Norepinephrine

phenylethanolamine j— adoMet
N -methyltransferase adoHcy

-
0'”"3
“T00C—CH;—CH;—CH—COO0 ™

TO00C—CH;—CH,;—CH;
+v-Amin
(GABA)




The mai role of amino acids s in the synthesis of structural and funchional proteins, Unlike
carbohydrates and futs, there is no storage form of proteins in the body. The non-gssential
amtino acids are exther derived from the diet or synthestzed in the body. The essential amino

ncids are obtained from the diet. Even if one is deficient, protein synthesis cannot tuke place,
The body amino acid ool s always in a dynamic Steady state, In an adul, the rafe of synthesis
0f proteins balances the rate of dezradation, So that nitrogen balance is mainfuind




1. A 70 kg human adult body contains about 12 kg of protein.

2. Body proteins have life times. They undergo degradation and re-synthesis.
About 400 gin of body protein is synthesized and degraded per day i.e., about 6
om of protein is synthesized and broken down per kg body weight per day.

3. Aged proteins damaged or modified proteins and non-functional proteins of
the body underge degradation. Further degradation is one way of controlling

enzyme activity. Hence, continious re-synthesis and degradation of proteins is a
quality control mechanism.

4. Protein degradation may play important role in shaping tissies and organs
during pregnancy and development. |




3. In starvation, diabetes and tissue injury, protein degradation is more.
6. Protein synthesis and degradation is an integral part of cellular adaptation to changed environment,

7. Plasma free amino acid concentration ranges from 40 to 60 mg7. Excess amino acids cannot be

stored in the body, First amino group s extracted as ammonia and then carbon skeleton is oxidized to

produce energy. In starvation carbon skeletons are used for glucose formation, Carbon skeletons of

some amino acids produce acetyl-CoA as end product,




8. Ammonia, which is toxic to cells is converted to urea in the liver. Conversion of ammonia fo
urea is impaired in some inherited diseases and liver disease.

9. Amino acids are needed for the formation of specialized products like hormones, purines,
pyrimidines, porphyrins, vitumins, amines, creatine and glutathione.

10. Amino acid degradation is impaired in several inherited diseases due fo lack of engymes.

11. Amino acid degradation is more in starvation, diabetes and high protein diet.

12, Some cancer cells have high amino acid (aspargine) requirement.




Fate of the carbon skeletons of amino acids

Amino acids can be classified as glucogenic or ketogenic or Glucogenic and Ketogenic
according to the nature of their metabolic end products.

A- Glucogenic amino acids: Which give glucose. They include the rest of amino acids.
These amino acids by catabolism yields products that enter in glycogen and glucose
formation. And the amino acids results (after catabolism) pyruvate or one of the intermediate
of citric acid cycle.These intermediates are substrates for gluconeogenesis and therefore can
give rise to the formation of glycogen or glucose in liver and muscle.

B. Ketogenic amino acids: which give ketone bodies. Lysine and Leucine are
the only pure ketogenic amino acids and the amino acids gives (after

catabolism) either acetoacetate, acetoacetyl CoA or acetyl CoA.

C. Glucogenic and Ketogenic amino acids: which give ketone bodies.

Lysine and Leucine are the only pure ketogenic amino acids.And the amino acids

gives (after catabolism) gives either glucose or lipid intermediates.




Glucogenic

N Glucogenic =1ale Ketogenic
Ketogenic

Alanine Tyrosine
Arginine

Asparagine

Aspartate

Cysteine

Glutamate

Glutamine

Glycine

Proline

Serine

Histidine Isolcucine Leucines

Methionine Phenyil-

Threonine sianine
Valine Tryptophan




Glucogenic and ketogenic amino acids




Acetyl-CoA




Phosphoenolpyruvate Alanine Glycine Threonine
N A | | Cysteine Serine Tryptophan

T l = Pyrijvate

Tryptophan
Glucose Acetyl-CoA < LyTasine

Phenylalanine
Aspartate ¥ ;—\_ Threonine

Asparagine —>QOxaloacetate Citrate Isoleucine

Lysine
/// Leucine
Legend: \\\

Malate | Glucogenic : Arginine Proline
K Ketogenic lSOC'trjate Histidine Glutamine

Both glucogenic l
and ketogenic
Fumarate a-Ketoglutarate <——|Glutamate

Tyrosine \ / Threonine Methionine

Phenylalanine | Succinate_  Succinyl-CoA <—1 . .0 icine Valine
Aspartate




A- Synthesis of non-essential amino acids from compounds Intermediate
metabolism:

1- Synthesis of glutamic acid and clotamine from a-ketoglutarate

The methods of biosynthesis of these amino acids are simple where Glutamic
acid consists of ammonia and alpha-ketochloric acid, which is one of the

intermediate compounds In the cycle of TCA tricarboxylic acia and with the help
of Glutamic enzyme dehydrogenos

a-Ketoglutorate L-gluatamate (glutamic acid)

Mg+

— H20
glutamic dehydrogenase

NADPH+H"




This reaction is of paramount importance in the biosynthesis of all amino
acids and in all living organisms because it is the main way in the formation of
the group Alpha amino directly from ammonia and consists of glutamic acid
formed by that donates the group Amino in the synthesis of most other amino

acids, where the derivative of glutamic acid is formed A component called

glutamine with the help of the enzyme glutamine synthetase

glutamic acid glutamine

ADP+Pi




B- Synthesis of non-essential amino acids from acids Other Amini:

- Synthesis of Proline from glutamate

In mammals and some other forms of life proline creates glutamate through a
number of reversible biocatering reactions:

»-glutamyl
_ kinase CHo- —CH
H2 ?Hz nk O = 2 NADPH
HOOC (pr.aB 1 CH
CH oy .
i ~COOH B i COOE glutamic-r
MNH 5 ATP ADP 2 semialdehwyde
L-glutamic acid L-glutamyl--phosphate dehydrogenase
*
NADP
+Pj

(I:Hz —CH2
OHC (|3H

I ~COOH
NH >

spontaneous glutamic—r-
semialdehyde

GSA

P5C
reductase

CH2 —(I:Hz

CH _CH
NADPH ~Ng

~COOH

L-proline d -pwyrroline-5-carboxwylate

P5C




O\ |
/C— CH,—CH>,—CH —COO0O"™

L-Glutamine

glutaminase
(liver
mitochondria)

°%
/C— CH,—CH,—CH—COO™
e L-Glutamate




Tyrosine

Tyrosine is a non essential Amino Acid
synthesized from hydroxylation of phenylalanine
by the phenylalanine hydroxylase

%/ffﬁﬁ“\QADH+H+ OH
NAD

tetra dihydro

hydro

\/ .

I pa-hydroxylase ?Hz
CH—NH> 02 CH—NH;
(‘l_:oo|-| COOH

Tyrosine

phenvylalanine




The end result of tyrosine metabolism are

1.Fumarate............. Citric Acid cycle

2.Acetoacetate& Acetate................. Fatty Acid Synthesis

Tyrosineis both glucogenic & Ketogenic

Fumarate Glucogenic

Acetoacetate —— Ketogenic




Formation of Ammonia

Ammonia is highly toxic especially to the nervous system. Detoxification of ammonia is by conversion

to urea and excretion through urine.

w-Amino acid w-Keto acid

| TRANSAMINATION |

- Ketoglutarate L-Glutarmate
[ Ammonia absorbed from the Gur__ | OXIDATIVE
DEAMINATION
rosme ning co.,
 Catabolism of Purines and | UREA CcYCLE |

o . Pyramidines _——
Urea

Sonercaes saimagl Fate oFf saaynrenasan iz



Formation of ammonia

Ammonia is formed from amino acids by a combination of two reactions:

Transamination and Deamination.




Transport of ammonia to the liver fand kidney):

This ammonia is excreted into the wurine as armumonium jion (NHA+), an important mechamnism

for maintaining whole-body acid-base balance.

Hepatic giutaminase lewvels rise in response to high protein intake while renal glutaminase

increases in metabolic acidosis.

# (Glucose - alanine cycle ):

***The second mechanism involves the glucose-alanine cycle.

FFEFAmino acids derived from skeletal muscle protein breakdown, in the post absorptive state,
are converted to alanine, which is transported to liver where it is deaminated to form
pvruvate.

FEFWaste NH2 groups enter the urea cycle, while pyruwvate is used for gluconeogenesis.
Alanine is synthesized in muscle by transamination of glucose-derived pyruvate, refleased into

the blfoodstream, and taken up by the liver. In the liver, the carbon skeleton of alanine is
reconwverted to gfucose and refeased into the blfoodstream, where it is available for uptake by

muscle and resynthesis of afanine.




Urea Cycle

*nitrogen excreted peidﬂ',r. However, blood also contains some urea.




Significance of urea cycle

**The toxic ammonia is converted into the harmless nontoxic urea.

*It disposes of two waste products, ammonia and (0,




The urea cycle:

-Detoxifies ammonium ion from amino acid degradation.







Urea is synthesized in five steps:

1 Synthesis of carbamoyl phosphate in the mitochondrial matrix

TP 2 ADP +P,
\ |-|,N-<)o P
H:‘ | 0-P-0O-
O
Carbamoyl phosphate

(a mixed anhydride,
a high-energy compound)

The reaction is catalysed by carbamoyl phosphate synthetase | which requires
essentially the allosteric activator — N-acetylglutamate.

The cytosolic form of the enzyme — carbamoyl phosphate synthetase Il — utilizes glutamine
instead of ammonia and catalyses the first step of the pyrimidine base synthesis.




2 The transfer of carbamoyl to ornithine

FH—NH,
COOH COOH
Ornithine Citrulline

Carbamoyl phosphate Hydrogenphosphate

The reaction is catalysed by ornithine transcarbamoylase to form
citrulline.

Both ornithine and citrulline are amino acids, but they are not used as building
blocks of proteins.

The next three reaction of the cycle také place in the cytoplasma.




3 The transport of citrulline to the cytoplasma

and condensation with aspartate

HN ATP  AMP + 2H,0+2P,

=0

CH,~NH \
CH, COOH

CH, H.N—CH
H,

CH-NH,

COOH COOH
Citrulline Aspartate Argininosuccinate

The reversible reaction is catalysed by argininosuccinate synthetase and

is driven by the cleavage of ATP into AMP and diphosphate and by the
subsequent hydrolysis of diphosphate.




4 The cleavage of argininosuccinate into arginine and fumarate

AN | cooH HN
[C=N-CH C=NH,
CH,~NH

> FHz
CH

t'r:H-NH,

COOH Fumarate
Argininosuccinate Arginine

Argininosuccinase cleaves argininosuccinate into arginine and fumarate.
The carbon skeleton of aspartate is preserved in the form of fumarate.

The synthesis of fumarate by the urea cycle is important because
it links the urea cycle and the citric acid cycle: Fumarate after hydratation to
malate may enter mitochondrion and be oxidized to oxaloacetate, which can

undergo transamination to aspartate. .




5 The hydrolysis of arginine generates urea and ornithine

NHx_

c=0
NH;~

Urea

CH,~NH,

oH,
oH,
FH4W%
COOH

Ornithine




NH;*+ CO, carbamoyl-phosphate
5 ATP synthase |

Cviosol P

urea L-ornithine carbamoyl

phosphate

arginase amithine
e = .~ \transcarbamoylase

L-arginine i

mitochondrial
Snedii

L-citrulline







Proteolytic enzymes (also called proteases)
break down dietary proteins into amino acids.

Proteases are produced by three different
organs:



‘ protein

~
N\
%
{

polypeptide chain

I\

r

dipeptide

tnpepn

!

amino acids

I|

 Trypsin, chymotrypsin,
aminopeptidase, carboxypeptidase

El -




Digestion in 1o

There 1s no protein digestion

In the
The digestion of proteins



Digestion In Stornacn
When protein enters the stomach, iit stimulkzites

the secretion of the harmane JJasirin.
*Gastrin then stimulates the release of gasiric juice
*@Gastric juice contains:

1, HYdrocniorc acid.

2. Pepsinegeni(zymogen):
3. Rennin (Infinfants):



denatures
Protein activates

PEPSIn
polypeptide chain
Smaller polypeptides
~p S

Denatured protein

FPolypeptide chain



Pepsinogen
(Inactive)

HCl (pH 1.5 - 2.5)

Pepsin
(Active)

Long polypeptide Pepsin cleaves
chains of proteins

Activation of
pepsinogen

v Smaller peptides

+

Free amino acids

\

}

|

Action of pepsin




Digzsiion in) srnzll inissig2

Digestion of proteins in the small
intestine occurs in two phases:

1, The first phase (1st phase) is
digestion by orlsleerz|tle SpraYnles,

/., The second phase (2nd phase) is
digestion by [nt=Stipll a4y,



Digestionin
smallintestine

|

1

1** phase
Digestion by
pancreaticenzymes

'
2" phase

Digestion by
intestinal enzymes

|
| |

Aminopeptidase Dipeptidase




PEpPLide honds
CIPEPLIEES single
adMmInNo acids

g C)

 _—

W erigpreagp»ticlarss aaw
sty lea arvsirwc» .

(Irypsin — CAyMoth/pSsing



hripeptidases and dipeptidases

finishthe digestion toyield

Singlile amino acids
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In the , amino acids are:
Used to
to ’ , or fat

Released to the bloodstream and
transported to cells throughout the body.



Metabolism of amino

**Liver metabolizes amino acids, depending
on ovodlly rigads,

##-#Most amino acids are sent into the blood
to be used by the cells.

##-Amino acid pool is limited but has mzmny uses.

= 7Protein turnover - the contiimuail
degradation and synthesizing of jpiroiteiin



Catabolism of Alanine to Pyruvate

Glucose-Alanine Cycle
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- Amphibolic intermediates formed from the carbon skeleton:
of AAs:
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SOME OF THE IMPORTANT BIOGENIC AMINES

1. Tyramine
Decarboxylation of tyrosine forms tyramine. This occurs in the gut as a result of

bacterial action. Also this reaction takes place in kidney. The reaction is favoured
by O2-deficiency. In the presence of sufficient O2, tissue deaminates tyrosine.
Tyramine elevates blood pressure.

CH, — CH — COOH CH, — CH, — NH,
| | ©02 l

NH, Y, i

Decarboxylase
Bg-PO4

OH
Tyrosine




2. Tryptamine
Mammalian kidney, liver and bacteria of gut can decarboxylate the amino acid,

tryptophan to form the amine fryptamine. Tryptamine also elevates blood pressure.
Hydroxylation at 5-position produces 5-OHtryptamine- 5-HT (Serotonin).

co,

O CH; = CH coo;l/’ CH, - CH, - NH,

| Decarboxylase |
Bg-PO,4
Tryptophan Tryptamlne




Histamine
Histamine is formed by decarboxylation of amino acid “Histidine” by the enzyme

Histidine decarboxylase or aromatic L-amino acid decarboxylase in presence of B6-

POA4.

cO,

CH j , CcH

CH— NH, Histidine CH, — NH,
1 decarboxylase

COOH Histamine

Histidine




A-Metabolism of Aromatic amino acids

Phenyl alanine

Points to remember
= Phenyl alanine is nutritionally an essential amino acid. It cannot be synthesized 1in
humans. hence must be provided in diet.

=Tyrosine 1s not essential, as it can be formed in the body from phenyl alanine.

= Tyrosine possesses an additional —OH group at para position of benzene ring

= Phenyl alanine is readily converted to tyrosine, but the reaction is NOT reversible.
= The feeding of tyvrosine decreases the need of phenyl alanine in the diet ("sparing
action™).

= In phenyl ketonuria patient, where phenyl alanine cannot be converted to tyrosine
in the body duc to mmherited deficiency of the enzyme, tyrosine becomes cessental
amino acid to the patient.

= Both amino acids are 'glucogenic’ and 'ketogenic’.

= Both can participate in transamination recaction.

Note:

-Amino acids which give rise to pyruvic acid or once of the imtermediates of Krebs
cycle are glucogenic.

~Amino acids which give acetyl CoA are Ketogenic amino acids. [Leucine and lysine
are the only pure ketogenic amino acids.




A- Metabolic Fate:

(1) Conversion of phenyl alanine to tyrosine.

The reaction involves hydroxylation of phenyl alanine at p-position in benzene ring
by pheny! alanine hydroxylase which present in the liver. The enzyme requires
coenzymes and cofactors for its activity: Molecular oxygen, NADPH, Fe'" and
Ptreidine (folic acid) coenzyme: Tetrahydrobiopterin- FH,]




(2) Metabolic Fate of Tyrosine.
1-Tyrosine is degraded to produce as end products Fumarate and acetoacetate.
2-Fumarate is glucogenic, whereas acetoacetate is ketogenic.

3-Phenyl alanine is catabolized via tyrosine. Hence both phenyl alanine and
tyrosine are glucogenic and ketogenic.

B-Metabolic Role of Tyrosine:
Tyrosine though it is non- essential, but it is of great importance in human body.
Many biological compounds of importance are synthesized from tyrosine like:

1 -Synthesis of thyroid hormones: Thyroxine (T4) and tri-iodo thyroxine (T3)

2 -Synthesis of catecholamine’s: epinephrine (adrenaline), nor epinephrine

(nor-adrenaline) and dopamine. All three are synthesized from tyrosine and acts as
"neurotransmitters"

Steps of synthesis:
a- Conversion of tyrosine to DOPA (3.4-di-hydroxy phenyl alanine)( in mitochondrion ).
b- Conversion of DOPA to dopamine ( in cytoplasm ).
¢- Conversion of dopamine to nor-epinephrine ( in granules / vesicles ).
d- Conversion of nor-epinephrine to epinephrine (in cytosol).




Structure of Catecholamines

H

|
HO—Q(':-CH—NH,
n |
= COOH
Ho=_)
HO
|
et

Tyrosine
Tyrosine
hydroxylase

DOPA

;
G- Gra=toi

Amino Acid
Decarboxylase

Dopamine

| s

Norepinephrine

Phenylenthanol-
amine N-methyl
transferase

CH,— 6 Epinephrine

&
<

Catechol
OH Structure

Note benzene ring
with two OH groups

Synthesis of norepinephrine
from tyrosine occurs in four
steps:

1) Hydroxylation

2) Decarboxylation

3) Hydroxylation

4) Methylation

Substitution mutations of th
core molecules are the basis f
numerous therapeutic drugs.

‘You do need to know these
structures




Clinical aspect: Inherited Disorders

Following disorders are associated with phenylalanine and tyrosine metabolism.
|-Phenyl Ketonuria

2- Albinism

3- Tyrosinaemia Type |
4-Tyrosinaemia Type Il
5- Neonatal Tyrosimaemia

0-Hereditary Tyrosinaemia
7- Alkaptonuria




Phenylalanine —1. Tyrosine -B—v Hydroxy phenyl pyruvic aCi(s—— Homogentisic acid
DOPA DOPA Thyroxine Maleyl acetoacetate

l l

Dopaming Dopaquinone Fumaryl acetoacetate

l

Norepinephrine l

|

1 = Phenylketonuria; absence of phenylalanine hydroxylase

2 = Alkaptonuria; absence of homogentisic acid oxidase

3 = Hypertyrosinemia (Tyrosinemia type 1), absence of fumaryl acetoacetate hydroxylase
4 = Albinism; absence of tyrosinase

5 = Tyrosine hydroxylase, key enzyme of epinephrine synthesis

6 = Tyrosinemia type |I; absence of tyrosine transaminase




Albimism

Albimism refers to a group of conditions in which a defect i tyrosie metabolism




3- Synthesis of melanin pigment:

Melanins are synthesized from tyrosine in " melanosomes", membrane bound
particles within melanocytes in skin which are cells of neural crest origin.
Melanins function is to protect underlying cells from the harmful effects of
sunlight.

rar.

>

-

oy smvorsantion - -
Niclannin Figmonts . >
o

Albinisrm.

#HDeficiency of tyrosinase enzyme of melanocytes.
HFailure of melanocyte to form mielanin pigments.
#HWhitish skin, Whitish eyve lashes, whitish hair
Hintolerance to sunlight.




2-Allkaptonuria;

A rare mborn error or hereditary defect m metabolism of phenyl alanine and tyrosine. This is based on the
observation that the urine becomes black on standimg when it becomes alkaline. Enzyme deficiency: lack of the

enzyme llomogentisate oxidase resulting m the accumulation of homogentisic acid (one of many derivatives of
trosine).

Diagnosis of Alkaptonuria

1. Urine becomes black on standing when it becomes alkaline. Blackening is accelerated on exposure to sunlight
and oxygen. The urine when kept in a test tube will start to blacken from the top layer.

2. Ferric chloride test will be positive for urine.

3. Benedict's test is strongly positive. Therefore, alkaptonuria comes under the differential diagnosis of reducing
substances in urine




Alkaptonuria

#Autosomal recessive.

#Deficiency of homogentisic acid oxidase.

#Iincrease homogentisic acid in blood and urine.

#Homogentisic acid on standing become black pigment. .(Alkapotonuria)
#It may be precipitate in the cartilage specially in the ear.

#Harmless.

#Diagnosis: Black color urine.

#Ferric chloride test is positive.
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Phenyl Retonuria;

Clossical type of phenyl Ketonuria (PKU);

An inherited disorder with incidence of 1in 10,000 e hirths. Enzyme deficiency: phenyl alonine: hydroxyluse is absent,
Metabolic changes: pheny! alanine cannat be converted to tyrosine, os aresult akternative catabolites are produced, phenyl
alonine accumulates in the blood; phenyl alonine underqoes transamination to form phenyl pyruvic acid and ts products as
phenyl loctic acid and pheny! acetic acid are produced. Phenyl acetic acid is conjugated with glutaming and excreted as
phenyl acetyl glutaming in uring (responsible for “mousy odour “of urine),




Phenylketonuria

Deficiency of Ph. Hydroxylase enzyme

-;autosomal recessive .1/10000

*Treatable disease with early diagnosis.

i ate diagnosis lead to mental retardation.
if diagnose after 2 weeks

Phenylalanine




* For your Attention ‘



