MBChB,BDS and B.PHARM LECTURE NOTES ON AMINO ACID OXIDATION BY PROF OMWANDHO & NJAU

Proteins are polymers of amino acids, joined bytidegond. All 20 of the common amino acids
area-amino acids. They have a carboxyl group and amaigioup bonded to the same carbon
atom (theo- carbon). They differ from each other in their sath@ins, oR groups, which vary

in structure, size, and electric charge, and whiflhence solubility of amino acids in water.

The fraction of metabolic energy obtained from amagids, whether they are derived from
dietary protein or from tissue protein, varies ggeaith the type of organism and with

metabolic conditions. Thus carnivores can obtaim{ediately following a meal) up to 90% of
their energy requirements from amino acid oxidgti@hereas herbivores may fill only a small
fraction of their energy needs by this route. Rahbwever, rarely if ever oxidize amino acids to
provide energy; the carbohydrate produced from &@ HO in photosynthesis is generally
their sole energy source. Amino acid concentratinngant tissues are carefully regulated to just
meet the requirements for biosynthesis of proteiosleic acids, and other molecules needed to

support growth.

Protein turnover is the balance between protein synthesis andiprdégradation. More
synthesis than breakdown indicates an anabolie 8tat builds lean tissues, more breakdown

than synthesis indicates a catabolic state thatsdean tissues.

Protein turnover is believed to decrease with agdlisenescence organisms including humans.

This results in an increase in the amount of dash@getein within the body. The damaged
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protein results in a slower protein turnover whtieén results in more damaged protein causing

an exponential increase in damage to all protethiwihe body and to aging.

Amino acids pool is the amount of free amino acids distributed tghmut the body, it tend to

increase in fed state and decrease in the postplvgostate.
Sour ces of Amino acid pool

1. Dietary proteins
2. Breakdown of tissue proteins.

3. Biosynthesis of nonessential amino acids
Fate of Amino Acid pool

Biosynthesis of structural proteins e.g Tissueginst

2. Biosynthesis of functional proteins e.g Haemoglpbigoglobin, protein hormones and
enzymes

3. Biosynthesis of small peptides of biological importe e.g glutathione, endorphins and
enkephalins.

4. Biosynthesis of non protein nitrogenous compouNRN) as urea, uric acid, creatine,
creatinine and ammonia.

5. Catabolism of amino acids to give ammonia a#eto acids.
In animals, amino acids undergo oxidative degradat three different metabolic

circumstances:

1. During normal synthesis and degradation of cellpfateins, some amino acids that are
released from protein breakdown and are not neftetew protein synthesis undergo oxidative

degradation.

2. When diet is rich in protein and the ingested anaicidls exceed the body’s needs for protein

synthesis, the surplus is catabolized; amino amaasot be stored.
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3. During starvation or in uncontrolled diabetes ntedlj when carbohydrates are either

unavailable or not properly utilized, cellular pivts are used as fuel.

In these metabolic conditions, amino acidItheir amino groups to formketo acids, the
“carbon skeletons” of amino acids. Tideto acids undergo oxidation to €&hd HO or, often
more importantly, provide three- and four-carboitauthat can be converted by gluconeogenesis
into glucose, the fuel for brain, skeletal museled other tissues.

One important feature distinguishes amind deigradation from other catabolic processes
described to this point: every amino acid contaim&mino group, and the pathways for amino
acid degradation therefore include a key step iithvthea-amino group is separated from the

carbon skeleton and shunted into the pathways ofagroup metabolism such as urea cycle.

Metabolic Fates of Amino Groups

Most amino acids are metabolized in the liver. Sofitae ammonia generated in this process is
recycled and used in a variety of biosynthetic patys; the excess is either excreted directly or
converted to urea or uric acid for excretion, dejoeg on the organism. Excess ammonia
generated in other (extrahepatic) tissues is tkatsg to the liver in the form of amino groups,
for conversion to the excretory form.

In the cytosol of hepatocytes, amino groups fronstnamino acids are transferredoto
ketoglutarate to form glutamate, which enters nhitoria and gives up its amino group to

form NH,". Excess ammonia generated in most other tissuemigerted to the amide nitrogen

of glutamine, which is transported into the cytomod subsequently to liver mitochondria.
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Glutamine, glutamate or both are presentghéi concentrations than other amino acids in
most tissues due to their role in scavenging argmaps from all other amino acids. In skeletal
muscle, excess amino groups are generally traesféorpyruvate to form alanine, another

important molecule in the transport of amino grotgothe liver.
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Overview of Amino Acid Catabolism
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Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H.Freeman and Company
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Enzymatic Degradation of Dietary Protein to Amino Acids

Entry of dietary protein into the stomach stimusdtige gastric mucosa to secrete the hormone
gastrin, which in turn stimulates secretion of hydrochl@aad by the parietal cells and
pepsinogen by the chief cells of the gastric glaitie acidic gastric juice (pH 1.0 to 2.5) is both
an antiseptic, killing most bacteria and other iigmecells, and a denaturing agent, unfolding
globular proteins and rendering their internal ppbonds more accessible to enzymatic
hydrolysis.Pepsinogen, an inactive precursor, or zymogen, is converbeglctive pepsin

by the enzymatic action of pepsin itself. In thensach, pepsin hydrolyzes ingested proteins at
peptide bonds on the amino-terminal side of thenat@ amino acid residues Phe, Trp, and Tyr ,
cleaving long polypeptide chains into a mixturesofaller peptides.

As the acidic stomach contents pass intsthall intestine, the low pH triggers secretion of
the hormonesecr etin into blood. Secretin stimulates the pancreas teegedicarbonate into the
small intestine to neutralize the gastric HCI, aisuincreasing the pH to about 7. (All
pancreatic secretions pass into the small integtireeigh the pancreatic duct.). Digestion of
proteins now continues in the small intestine. vakiof amino acids in the upper part of the
intestine (duodenum) causes release into the bttt hormoneholecystokinin, which
stimulates secretion of several pancreatic enzymithsoptimal activity at pH 7 to 8.

Trypsinogen, chymotrypsinogen, andprocar boxypeptidases A andB, the zymogens of
trypsin, chymotrypsin, andcar boxypeptidases A andB, are synthesizednd secreted by the
exocrine cells of the pancreas. Trypsinogen is eded to its active forntyypsin, by
enteropeptidase, a proteolytic enzyme secretby intestinal cells. Free trypsin then catalyzes
conversion of additional trypsinogen to trypsinydsin also activates chymotrypsinogen, the

procarboxypeptidaseand proelastase.
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Why this elaborate mechanism for getting active digestive enzymesinto the
gastrointestinal tract?
Synthesis of enzymes as inactive precursors psotbetexocrine cells from destructive
proteolytic attack. The pancreas further protestsfiagainst self-digestion by making a specific
inhibitor, a protein callegancreatic trypsin inhibitor, that effectively prevents premature
production of active proteolytic enzymes within fhencreatic cells.

Trypsin and chymotrypsin further hydrolyze peptides that were produced by pepsin in the
stomach. This stage of protein digestion is acc@hetl efficiently, because pepsin, trypsin, and
chymotrypsin have different amino acid specifigti®egradation of the short peptides in the
small intestine is then completed by other intedtpeptidases. These include carboxypeptidases
A and B (both of which are zinc-containing enzymes)ich
remove successive carboxyl-terminal residues freptiges, and aaminopeptidase that
hydrolyzes successive amino-terminal residues sbart peptides. The resulting mixture of free
amino acids is transported into the epithelialsciiing the small intestine, through which the

amino acids enter blood capillaries in the villdaare transported to the liver.

Clinical Case

Acute pancreatitisis a disease caused by obstruction of the norntaiyag by which
pancreatic secretions enter the intestine. The ggm® of the proteolytic enzymes are converted
to their catalytically active forms prematurelyigesthe pancreatic cells, and attack pancreatic
tissue. This causes excruciating pain and damatjetorgan that can

prove fatal.
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Pyridoxal Phosphate as a coenzyme/prosthetic group in the Transfer of
a-Amino Groupsto a-K etoglutar ate.

The first step in catabolism of most L-amino acmisce they have reached the liver, is removal
of thea-amino groups, promoted layninotransfer ases or transaminases. In these
transamination reactions, the-amino group is transferred to

thea-carbon atom ofi-ketoglutarate, leaving behind the correspondsigto acid analog of the
amino acid. There is no net deamination (loss ahargroups) in these reactions, becauseithe
ketoglutarate becomes aminated asoHagnino acid is deaminated. The glutamate then fonst
as an amino group donor for biosynthetic pathwayferoexcretion pathways that lead to the
elimination of nitrogenous waste products.

Cells contain different types of aminosfarases. Many are specific toketoglutarate as
the amino group acceptor but differ in their speitif for the L-amino acid. All
aminotransferases have the same prosthetic gralfharsame reaction mechanism. The
prosthetic group ipyridoxal phosphate (PLP), the coenzyme form of pyridoxine, or vitamin
B6.

Pyridoxal phosphate functions as an interatecarrier of amino groups at the active site of
aminotransferases. It undergoes reversible tramsfiions between its aldehyde form, pyridoxal
phosphate, which accepts an amino group, and itsa&ead form, pyridoxamine phosphate,
which donates its amino group to @keto acid. Pyridoxal phosphate is generally cavilye
bound to the enzyme’s active site through an aluniSchiff base) linkage to tlueamino group
of a Lys residue.

Aminotransferases are classic examples of eegyratalyzing bimolecular Ping-Pong
reactions, in which the first substrate reactsthedoroduct must leave the active site before the

second substrate can bind. Thus the incoming aatitbbinds to the active site, donates its



MBChB,BDS and B.PHARM LECTURE NOTES ON AMINO ACID OXIDATION BY PROF OMWANDHO & NJAU

amino group to pyridoxal phosphate, and departiserform of am-keto acid. The incoming-
keto acid then binds, accepts the amino group frigridoxamine phosphate, and departs

in the form of an amino acid.

Pyridoxal phosphate, the prosthetic group of aminotransfer ases.
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Enzyme-catalyzed transaminations by amino-transferase
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Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H.Freeman and Company
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Glutamate Releases Its Amino Group as Ammoniain the Liver

The amino groups from many of theamino acids are collected in the liver in the farhthe
amino group of L-glutamate molecules. These ammoms must then be removed from
glutamate to prepare them for excretion. In hepaés; glutamate is transported from the
cytosol into mitochondria, where it underg@2sdative deamination catalyzed by -glutamate
Dehydrogenase. The combined action of an aminotransferasegiudmate dehydrogenase is
referred to asransdeamination. Thea-ketoglutarate formed from glutamate deaminatan

be used in the citric acid cycle and for glucegethesis.

Glutamate dehydrogenase operates at an importanséction of carbon and nitrogen
metabolism. An allosteric enzyme with six identisabunits, its activity is influenced by a
complicated array of allosteric modulators. Thettstisdied of these are the positive modulator
ADP and the negative modulator GTP. The metabatiomale for this regulatory pattern has not
been elucidated in detail. Mutations that alterahesteric binding site for GTP or otherwise
cause permanent activation of glutamate dehydragelead to a human genetic disorder called
hyperinsulinism-hyperammonemia syndrome, charaedrby elevated levels of ammonia in the

bloodstream and hypoglycemia.

12
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Reaction catalyzed by glutamate dehydr ogenase
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Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W. H. Freeman and Company
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Glutamine Transports Ammoniain the Bloodstr eam

Ammonia is toxic to animal tissues, and the leyeésent in blood must be regulated. In many
tissues, including the brain, some processes ssion@eotide degradation generate free
ammoniaThe terminal stages of ammonia intoxication in hosnare characterized by onset of a
comatose state accompanied by cerebral edemadq@ase in the brain’s water content) and
increased cranial pressuBnth Glutamate dehydrogenase and Glutamine sysihetazymes
are present at high levels in the brain, altholighglutamine synthetase reaction is almost
certainly the more important pathway for removahofmonia.

In most animals much of the free ammonia is coreetd a nontoxic compound before export
from the extrahepatic tissues into the liver omkgs. The free ammonia produced in tissues is
combined with glutamate to yield glutamine by tlean of glutamine synthetase. This

reaction requires ATP and occurs in two stepst,Kitatamate and ATP react to form ADP and
ay-glutamyl phosphate intermediate, which then reatfs ammonia to produce glutamine and
inorganic phosphate.

In most terrestrial animals, glutamine ircess of that required for biosynthesis is
transported in blood to intestine, liver, and kigséor processing. In these tissues, the amide
nitrogen is released as ammonium ion in the mitodhia, where the enzyngtutaminase
converts glutamine to glutamate and NHThe NH," from intestine and kidney is transported in
blood to the live where ammonia from all sourcegisposed of by urea synthesis. Some of the
glutamate produced in the glutaminase reaction lmeayirther processed in the liver by
glutamate dehydrogenase, releasing more ammonipraddcing carbon skeletons for
metabolic fuel. However, most glutamate enterdridi@samination reactions required for amino

acid biosynthesis and other processes.

14
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Ammoniatransport in the form of glutamine
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Clinical use of SGPT and SGOT In Diagnoses of Tissue Damage

Analyses of certain enzyme activities in blood segive valuable diagnostic information for a
number of disease conditions. Alanine aminotraasi(ALT; also called glutamate-pyruvate
transaminase, GPT) and aspartate aminotransfex&3e élso called glutamate oxaloacetate
transaminase, GOT) are important in diagnosis aftrend liver damage caused by heart
attack, drug toxicity, or infection. After a heattack, a variety of enzymes, including
aminotransferases, leak from the injured hears eetb the bloodstream. Measurements of the
blood serum concentrations of the two aminotraasts by the SGPT and SGOT tests (S for
serum)—and of another enzynoegatine kinase, by the Serum Creatine Kinase test(SCK test)
can provide information about severity of damagea@ine kinase is the first heart enzyme to
appear in the blood after a heart attack; it alsappears quickly from blood. GOT is the next to
appear, and GPT follows later. Lactate dehydrogeabs® leaks from injured or anaerobic heart
muscle.

The SGOT and SGPT tests are also important in @@l medicine, to determine whether
people exposed to carbon tetrachloride, chlorofamather industrial solvents have suffered
liver damage. Liver degeneration caused by thelsersts is accompanied by leakage of various
enzymes from injured hepatocytes into blood. Aminasferases are most useful in monitoring
people exposed to these chemicals, because thegaeactivities are high in liver and can be

detected in very small amounts.
Alanine Transports Ammonia from Skeletal Musclesto the Liver

Alanine also plays a special role in transportimgrep groups to the liver in a nontoxic form, via
a pathway called thglucose-alanine cycle. In muscle and certain other tissues that degrade

amino acids for fuel, amino groups are collectethenform of glutamate by transamination.

16
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Glutamate can be converted to glutamine for traridpdhe liver, or it can transfer itsamino
group to pyruvate, a readily available product ofsoie glycolysis, by action @lanine
aminotransferase. The alanine so formed passes into blood an@dmsported to the liver. In the
cytosol of hepatocytes, alanine aminotransferasesters the amino group from alanine to
a-ketoglutarate, forming pyruvate and glutamate t&hate can then enter mitochondria, where
the glutamate dehydrogenase reaction release$ BiHcan undergo transamination with
oxaloacetate to form aspartate, another nitrog@odio urea synthesis. Vigorously contracting
skeletal muscles operate anaerobically, producymgvate and lactate from glycolysis as well as
ammonia from protein breakdown. These products fimndtheir way to the liver, where
pyruvate and lactate are incorporated into gluces&ch is returned to the muscles, and
ammonia is converted to urea for excretion.

The glucose-alanine cycle, in concert witl @ori cycle, accomplishes this transaction. The
energetic burden of gluconeogenesis is thus imposete liver rather than the muscle, and all

available ATP in muscle is devoted to muscle catima.

17
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Glutamate can Donate Ammoniato Pyruvate to Make Alanine.
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Nitrogen Excretion and the Urea Cycle
If not reused for the synthesis of new amino aoidsther nitrogenous products, amino groups
are channeled into a single excretory end proddiost aquatic species, such as bony fishes, are
ammonotelic, excreting amino nitrogen as ammonia. Toxic ammangmply diluted in the
surrounding water. Terrestrial animals require patys for nitrogen excretion that minimize
toxicity and water loss. Most terrestrial animais ar eotelic, excreting amino nitrogen in form
of urea; birds and reptiles aneicotelic, excreting amino nitrogen as uric acid. In ureotelic
organisms, the ammonia deposited in the mitocharafrhepatocytes is converted to urea in the

ureacycle

19
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Amino Acid Oxidation and the Production of Urea

The urea cycle begins inside liver mitochondrid,thtee of the subsequent steps take place
in the cytosol; the cycle thus spans two cellu@npartments. The first amino group to enter the
urea cycle is derived from ammonia in the mitochi@adnatrix—NH4" arising by the pathways
described above. The liver also receives some amamwamthe portal vein from the intestine,
from the bacterial oxidation of amino acids. Whateits source, the NH4generated in liver
mitochondria is immediately used, together with,C3 HCQ’) produced by mitochondrial
respiration, to form carbamoyl phosphate in thermathis ATP-dependent reaction is

catalyzed byar bamoyl phosphate synthetase I, a regulatory enzyme.

The carbamoyl phosphate, which functions aactivated carbamoyl group donor, now enters
the urea cycle. The cycle has four enzymatic stéipst, carbamoyl phosphate donates its
carbamoyl group to ornithine to form citrulline,ttvithe release of Pi. Ornithine plays a role
resembling that of oxaloacetate in the citric awidle, accepting material at each turn of the
cycle. The reaction is catalyzed tynithine transcar bamoylase, and the citrulline passes from
the mitochondrion to the cytosol. The second angimap now enters from aspartate (generated
in mitochondria by transamination and transported the cytosol) by a condensation reaction
between the amino group of aspartate and the ueadbonyl) group of citrulline, forming
argininosuccinate. This cytosolic reaction, catatybyar gininosuccinate synthetase, requires
ATP and proceeds through a citrullyl-AMP intermeedial he argininosuccinate is then cleaved
by ar gininosuccinase to form free arginine and fumarate, the latteegng mitochondria to join
the pool of citric acid cycle intermediates. Thaghe only reversible step in the urea cycle. é th

last reaction of the urea cycle, the cytosolic emegr ginase cleaves arginine to yieldrea and
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ornithine. Ornithine is transported into the mitonbdrion to initiate another round of the urea

cycle.

Genetic Defectsin the Urea Cycle Can Be Life-Threatening

People with genetic defects in any enzyme invoinaegarea formation cannot tolerate protein
rich diets. Amino acids ingested in excess of th@mum daily requirements for protein
synthesis are deaminated in the liver, produciag &ammonia that cannot be converted to urea
and exported into the bloodstream, yet ammonigisiytoxic. Absence of a urea cycle enzyme
can result in hyperammonemia or in the build-upreé or more urea cycle intermediates,
depending on the enzyme that is missing. Givenrtitat urea cycle steps are irreversible, the
absent enzyme activity can often be identified btednining which cycle intermediate is
present in elevated concentration in blood andimeuAlthough the breakdown of amino acids
can have serious health consequences in individvitlisurea cycle deficiencies, a protein-free
diet is not a treatment option. Humans are incapabsynthesizing half of the 20 common
amino acids, and thesssential amino acids must be provided in the diet. Careful
administration of the aromatic acids benzoate @nglbutyrate in diet can help lower the level
of ammonia in the blood. Other therapies are mpeeific to a particular enzyme deficiency eg
Carefull administration of carbamoyl glutamate amalog ofN-acetylglutamate is effective in

activating carbamoyl phosphate synthetase I.
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Conditionally
Nonessential essential* Essential
Alanine Arginine Histidine
Asparagine Cysteine Isoleucine
Aspartate Glutamine Leucine
Glutamate Glycine Lysine
Serine Praline Methionine
Tyrosine Phenylalanine
Threonine
Tryptophan
Valine

Pathways of Amino Acid Degradation

The 20 catabolic pathways converge to form aitymajor products, all of which enter the
citric acid cycle. The carbon skeletons of amindgsare diverted to gluconeogenesis or
ketogenesis or are completely oxidized to,@ad HO.

All or part of the carbon skeletons of sevenranacids are ultimately broken down to acetyl-
CoA. Five amino acids are convertect&etoglutarate, four to succinyl-CoA, two to fumtaa
and two to oxaloacetate. Parts or all of six anaicids are converted to pyruvate, which can be
converted to either acetyl-CoA or oxaloacetate.

Some Amino Acids Are Converted to Glucose, Othersto Ketone Bodies

The seven amino acids that are degraded gntireh part to acetoacetyl-CoA and/or acetyl
CoA—phenylalanine, tyrosine, isoleucine, leucimgptophan, threonine, and lysine—can vyield
ketone bodies in the liver, where acetoacetyl-CoAadnverted to acetoacetate and then to
acetone an@-hydroxybutyrate. These are thetogenic amino acids.

Their ability to form ketone bodies is pautarly evident in uncontrolled diabetes mellitus,
in which the liver produces large amounts of ketbodies from both fatty acids and the
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ketogenic amino acids. The amino acids that areadiegl to pyruvatey-ketoglutarate, succinyl-

CoA, fumarate, and/or oxaloacetate can be convéstgtiicose and glycogen, They are the

glucogenic amino acids. Five amino acids—tryptophan, phenglaky tyrosine, threonine,

and isoleucine—are both ketogenic and glucogemty @vo amino acids, leucine and lysine,

are exclusively ketogenic.

Summary of amino acid catabolism.

Leucine
Ly=ine
Phenylalanine Ketone
Trvptophan bodies
Tyrosine i
Izacitrate
v
|A|:Etcracetyl-EDA Citric
Citrate acid
cycle
W

Acetvl-CoA

Arpinine
Glutamine

Cotamai] e Gl

| a-Ketoglutarate |

\

Saceiny ot [

Succinate

| Fumarate |-(—

Proline

Izoleucine
Methionine
Threonine
Valine

Phenylalanine
Tyrosine

F
] COxaloacetate |
=1 Malate

Alanine

Cysteine
Izoleucine Glycine
Leucine Serine
Threonine Threonine Agparagine
Tryptophan Tryptophan Aspartate

[ Glucogenic
[ 1 Ketogenic

Six Amino Acids Are Degraded to Pyruvate

The carbon skeletons of six amino acids are coegiert whole or in part to pyruvate. The

pyruvate can then be converted to either acetyl-Goketone body precursor) or oxaloacetate (a

precursor for gluconeogenesis). Thus amino acitégolzed to pyruvate are both ketogenic
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and glucogenic. The six are alanine, tryptophasteige, serine, glycine, and threoniAéanine
yields pyruvate directly on transamination wiketoglutarate, and the side chairtigfptophan

is cleaved to yield alanine and thus pyruv&gsteine is converted to pyruvate in two steps; one
removes the sulfur atom, the other is a transamimg®erine is converted to pyruvate by serine
dehydratase. Both tifehydroxyl and thex-amino groups of serine are removed in this single
pyridoxal phosphate—dependent reacti@tycine is degraded via three pathways, only one of
which leads to pyruvate. Glycine is converted tngeby enzymatic addition of a
hydroxymethyl group. This reaction is catalyzeds&nyne hydroxymethyl transfer ase.

The second pathway, which predominates in asing#ycine undergoes oxidative cleavage to
CO,, NH;" and a methylene group (-CH2-). This readily reilde reaction is catalyzed by
glycine cleavage enzyme. Humans with serious defects in glycine cleavagemezactivity
suffer from a condition known as nonketotic hypgcgiemia. The condition is characterized by
elevated serum levels of glycine, leading to sewaeatal deficiencies and death in very early
childhood.

The third and final pathway of glycine degradatitirg achiral glycine molecule is a substrate for

the enzyme D-amino acid oxidase and glycine is eded to glyoxylate.

+
NH; o)

| O, H,0 NH; | NAD* NADH

cH, ~~—2 5> cH —<Z - coo

| p-amino acid | |

COO" oxidase COO" COO"
Glycine Glyoxylate Oxalate

Unnumbered 18 p695
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W. H.Freeman and Company
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NH,
CH,—C H—{!'fH— CO0
['!}H Threoning
Hireanine - NAD
NH,

|
CH,—C—CH—C00
0 2-Amino-3-ketobutyrate

Soyming- CoA

NAD' NADH

00 + NH;

CH;—C00

Ng, Njg-methylens
H, folate
PLP

trans{orase H, folate

" +
NH; NH,

f(JI-Ig—E‘.H—[I'OD' HU—CHE—J:H—('OD-
ge -
N
0

SETIN = Hio
dehydratase | H.D
j‘! steps NH;
4
0 SH NH;

: | |
S g CH—C00"

NH, ! e e e |
R L e e Bl 00
LHa—éH—c_ 00 R N :

Alanine u-Ketoglutarate Glutamate Fyruvate
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Seven Amino Acids Are Degraded to Acetyl-CoA

Portions of the carbon skeletons of seven amindsadiryptophan, lysine, phenylalanine,
tyrosine, leucinejisoleucine, and threonine—yield acetyl-CoA and/or acetoacetyl-CoA, the
latter being converted to acetyl-CoA. Some of timalfsteps in the degradative pathways for
leucine, lysine, and tryptophan resemble step$iénoixidation of fatty acids. Threonine yields
some acetyl-CoA. Some of the intermediates in tppan catabolism are precursors for the
synthesis of other biomolecules, including nicaina precursor of NAD and NADP in animals;
serotonin, a neurotransmitter in vertebrates; addleacetate, a growth factor in plants.

The breakdown of phenylalanine is noteworthyalose genetic defects in the enzymes of this
pathway lead to several inheritable human dise&emnylalanine, after its hydroxylation to
tyrosine, is also the precursor of dopamine, agteamsmitter, and of norepinephrine and
epinephrine, hormones secreted by the adrenal laetdeglanin, the black pigment of skin and

hair, is also derived from tyrosine.
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"
NH;
CH,—CH—C00" £=¢ NH;
CI/ I c\\ /C—CHZ—CH—COO'
Cy__Cw - -
X~ H Tryptophan i c—c Phenylalanine
NHs
+
NH L H3N—CH,—CH;—CH;—CH,—CH—C00"
| ;
CH3;—CH—CO00~ 9 steps c=c ﬁHg
Alanine 4 steps /T A\ I
l 2C0, HO—C\\ //C—CHz—CH—COO'
| 8
I “00C—CH;—CH,—CH;—C—C00" NH3
CH3;—C—C00"~ a-Ketoadipate [cs }
Pyruvate SstepsH H—CHZ—CH—COO
CoA-SH NAD+ 3 [ Leucine|
N - 00C—CH=CH—C00" «/ -c
| — CoA-SH
o, / — Fumarate (
6 steps co,
ﬁ o - CO,
- 00C— CHy—CH;—CHy—C—S-CoA [dH;—{cHdH,—coo- —
Glutaryl-CoA Acetoacetate
4 steps 1, co, o CoA-SH
I Il
\ CH3—C—CH,—C—5-CoA

Acetoacetyl-CoA

Figure 18-21 part 1
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W. H. Freeman and Company

Phenylalanine Catabolism |'s Genetically Defective in Some People

Given that many amino acids are either neurotraesrgior precursors or antagonists of
neutrotransmitters, genetic defects of amino a@thbolism can cause defective neural
development and mental retardation. In most susiadies specific intermediates accumulate.
For example, a genetic defectghenylalanine hydroxylase, the first enzyme in the catabolic
pathway for phenylalanine , is responsible fordis2asghenylketonuria (PKU), the most
common cause of elevated levels of phenylalanigpdiphenylalaninemia).

Accumulation of phenylalanine or its metabolitegarly life impairs normal development of
the brain, causing severe mental retardation. flaig be caused by excess phenylalanine

competing with other amino acids for transport asrhe blood-brain barrier, resulting in a
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deficit of required metabolites. When this conditie recognized early in infancy, mental
retardation can largely be prevented by rigid dietantrol. The diet must supply only enough

phenylalanine and tyrosine to meet the needs fuejr synthesis.

Catabalic pathwaysfor phenylalanine and Tyrosine.

g
NH, OH
CH,—CH—CO00™ #C—CHZ—COO'
C Homogentisate
Phenylalanme HO
PKU Phenvlalamne N:D: :H+ T — /“02
K | tetrahydrobiopterin =
pekgialaa NAD* 1,2-dioxygenase ®'_' Alkaptonuria
N H
“00C—C=C—C—CH,—C—CH,—C00"
N|-|3 H H (II) I
HO CH; —CH—COO Maleylacetoacetate
maleylacetoacetate
Tyrosme isomerase

T fyrosine a-Ketoglutarate H

yrosinemia Gb = e C—C—C— C— 4 =

n aminotransferase 00c |(.:| o ﬁ Ho ﬁ SH—E0
lutamate o o

Fumarylacetoacetate
H20
—C CO0™ fumarylacetoacetase 8 Tyrosinemia
c=cC |

H
-Hvdroxvphe“vlpvfuvate ~00C—C=C—C00 ~ + cua—ﬁ—cuz—coo-
H

Tyrosinemia cb p-hydroxyphenylpyruvate O Acetoacetate
m dioxygenase Sisnmeate Succinyl-CoA
3-ketoacyl-CoA
transferase Succinate
—CH,—C00"~ —ﬁ CHz—ﬁ—S-CoA
o
Homogentisate Acetoacetyl-CoA

Figure 18-23
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W. H. Freeman and Company

29



MBChB,BDS and B.PHARM LECTURE NOTES ON AMINO ACID OXIDATION BY PROF OMWANDHO & NJAU

Five Amino Acids Are Converted to a-K etoglutar ate

The carbon skeletons of five amino acids (pmligiutamate, glutamine, arginine, and

histidine) enter the citric acid cycle aketoglutarate.

HC—CH,
—— HZC\E/CH—COO'
H;N Cl—H H [Protine ]
T €00" coo- g
CH; i ltl C—i + | pr_oime 2Y2
| T a-Keto- HaN—C—H (uncatalyzed) oXidaseN, o
?Hz H.O Urea CH, glutarate Glutamate (lle H,0 g g
26—
cHz ;.L) CIH — > | _L 2
| arginase 2 ornithine (l:Hz \ HC&*_/CH—COO'
hllH CH, d-aminotransferase C0 H,0 N
C=NH +NH | 1 -
| 3 H A’-Pyrroline-
*NH; Ornithine Glutamate 5-carboxylate
T'semialdehyde
glutamate NAD(P)*
semialdehyde
- dehydrogenase [ NAD(P)H + H* (I:oo—
- +
. | Spo oo HsN—C—H
HsN—C—H + Mg Tl o LOTHININD,, & o n
I NH; H0 H30 4 H 4 folate 2 NH} H,0 CH,
e L N A CH, gis
C glutaminase | 2
e Sy O @ 6 O, CH, -
N=CH _mcoo NH;
glutamate NADP*
dehydrogenase NADPH + H*
NH;
fiiOO_
i
CH,
CI H, a-Ketoglutarate
C00-

Figure 18-26
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H.Freeman and Company
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Four Amino Acids Are Converted to Succinyl-CoA

Carbon skeletons of methionine, isoleucine, thre@nand valine are degraded by pathways that
yield succinyl- CoAM ethionine donates its methyl group to one of several possibbeptors
throughS-adenosylmethionine, and three of its four remgrdarbon atoms are converted to the
propionate of propionyl-CoA, a precursor of sucti@pA. | soleucine undergoes

transamination, followed by oxidative decarboxylatof the resulting-keto acid. The

remaining five-carbon skeleton is further oxidizedacetyl-CoA and propionyl-CoA/aline
undergoes transamination and decarboxylation, dhearies of oxidation reactions that convert
the remaining four carbons to propionyl-CoA. Sorag$of the valine and isoleucine
degradative pathways closely parallel steps iy fattd degradation. In human tissues,
threonineis also converted in two steps to propionyl- CoAisTis the primary pathway for
threonine degradation in humans for the alteregtiathway). The mechanism of the first step is
analogous to that catalyzed by serine dehydragaskthe serine and threonine dehydratases may
actually be the same enzyme. The propionyl-CoAveerirom these three amino acids is

converted to succinyl-CoA.

Asparagine and Aspartate Are Degraded to Oxal oacetate.

The carbon skeletons a$par agine andaspar tate ultimately enter the citric acid cycle as
oxaloacetateThe enzymespar aginase catalyzes the hydrolysis aSparagine to aspartate,

which undergoes transaminatiamth o-ketoglutarate to yield glutamate and oxaloacetate.
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Figure 18-27
Lehninger Principles of Biochemistry, Fifth Edition

© 2008 W.H.Freeman and Company
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NH
3
O\ |
/C—CHZ —CH—CO0O0"
H2N Asparagine
H,O0
asparaginase C
NHZ
3
NH
3
0\ |
/C—CH >—CH—CO0O0"~
-0

Aspartate

a-Ketoglutarate

aspartate
aminotransferase PLP

Glutamate
(@)
% I
_C—CH,—C—Co0"
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Figure 18-29

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

Catabolic pathway for asparagine and aspartate.
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Some Human Genetic Disorders Affecting Amino Acat&bolism

Approximate
Incidence
(per 100,000
Medical condition births) Defective process Defective enzyme Symptoms and effects
Albinism <3 Melanin synthesis Tyrosine 3- Lack of pigmentation:
from tyrosine monooxygenase white hair, pink skin
(tyrosinase)
Alkaptonuria <0.4 Tyrosine degradation Homogentisate Dark pigment in uring;
1,2-dioxygenase late-developing
arthritis
Argininemia <0.5 Urea synthesis Arginase Mental retardation
Argininosuccinic <1.5 Urea synthesis Argininosuccinase Vomiting; convulsions
acidemia
Carbamoyl phosphate  <0.5 Urea synthesis Carbamoyl phosphate Lethargy; convulsions;
synthetase | synthetase | early death
deficiency
Homocystinuria <05 Methionine degradation Cystathionine B-synthase  Faulty bone develop-
ment; mental
retardation
Maple syrup uring <0.4 Isoleucine, leucine, and Branched-chain a-keto Vomiting; convulsions;
disease (branched- valine degradation acid dehydrogenase mental retardation;
chain Ketoaciduria) complex early death
Methylmalonic <05 Conversion of propionyl- Methylmalonyl-CoA Vomiting; convulsions;
acidemia CoA to succinyl-CoA mutase mental retardation;
early death
Phenylketonuria <8 Conversion of phenyl- Phenylalanine hydroxylase  Neonatal vomiting;

alanine to tyrosine

mental retardation
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