


Protein structure determines function
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3D structure determines function:

Proteins are single, unbranched chains of amino acid monomers
There are 20 different amino acids

The amino acid sidechains in a peptide can become modified, extending the functional repetoire of aminoacids to more
than hundred different amino acids.

A protein’s amino acid sequence determines its three-dimensional structure (conformation)
In turn, a protein’s structure determines the function of that protein
Conformation (=function) is dynamically requlated in several different ways




All amino acids have the same general structure
but the side chain (R group) of each is different
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HYDROPHILIC AMINO ACIDS
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HYDROPHOBIC AMINO ACIDS

foo‘ foo' foo’ foo
°u,n—$-n 'u,u-f-n ’n.n—c‘-u °n,u-c'-u
™, i /cqo.. M- f - M, ?4,
?" ~
o, < o,
Alanine Yaline Isolewcine Leucime
(Ala or A) (Val or V) (Ne or 1) (Lew or L)
e P o nad)
'u.u-?-n 'u.pc-":-n m,u-x;.-n 'n.n-?-n
?‘: cH, N, ?‘:
e Q 5
i
Ch, om
Mothionine
(Metor M) (PheorF) (TyrorY) (Trp or W)
Fagees b 28 gy



Peptide bonds connect amino acids into linear
chains
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Four levels of structure determine the shape of proteins

Primary: the linear sequence of
amino acids Primary structure Secondary structure

peptide bonds -Ala-Glu-Val-Thr-Asp-Pro-Gly- « helw

Secondary: the localized
organization of parts of a Tertiary structure B sheet
polypeptide chain (e.g., the
a helix or B sheet)

backbone hydrogen bonds

Tertiary: the overall, three-
dimensional arrangement of the
polypeptide chain

hydrophobic interactions, hydrogen
bonds (non-covalent bonds in
general) and sulfur-bridges

Quaternary: the association of two
or more polypeptides into a multi-
subunit complex
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p-pleated shee

p-pleated sheet (p-sheets)

* The surfaces of p - sheets appear "pleated”, and these
structures are, therefore, often called " p - pleated

sheets". £ s 4
* Polypeptide chains - fully extended i !:3::‘:3 f
* distance between adjacent a.a -3.54 3,'3'.3‘"3:;';
* Stabilized by hydrogen bonds oo} «*‘%’Iw‘
Parallel zl 1o Anti -Par'allel
run in the same direction Strands in a sheet run in an opp.
- Flavodoxin direction - Silk fibroin
N I— N—C
N E— c

Carbonic anhydrase - contains both



Levels of
organization

of proteins

Primary protein structure
is the seguence of 2 chain of amino acids

Alpha helizx

Secondary protein strocture
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Tertiary protein structure
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Quaternary protein structure
s @ protein conststing of more than one
i 2ckd chain




Function (@ \OLECULAR STRUCTU
Primary (sequence)
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Buccal cavity

PROTEIN DIGESTI%
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& Classification of Proteins B

Based on Conformation Based on Composition

Insoluble in Soluble in H,O

H,O *Albumin *Nucleoprotein  <Protiose

.(t- i o : *Globulin -Lipoprotein -Peptones

.g.z::;tiﬁ .Mgﬂgggin *Glutalins *Phosphoprotein +Small

Collagen -Lysozyme *Prolamins *Metalloprotein  peptides
‘Ribonuclease Protamines  +Glycoprotein Fibrin
-Chymotrypsin *Histones Flavoprotein *Metaprotei
-Cytochrome-c *Scleroprotei *Hemoprotein ns
«Lactate ns «chromoproteins -Coagulated
dehydrogenase proteins
*subtilisin

Based on Nature of

*Blood proteins *Histones




Classification based on function

Type of protein Example Function

Storage Ovalbumin Egg-white protein
Milk Milk
Ferritin Iron storage in spleen

Protection Antibodies Fight infection
Fibrinogen, thrombin Blood clotting

Structural Glycoproteins Cell walls, skin
Collagen Tendons, bones, cartilage
Elastin Ligaments




Transamination reaction
(The transfer of an amino group from one molecule to another, especially from an
amino acid to a keto acid. )

g-amino acid a-keto acid

Transaminase

anew a-keto acid a new a-amino acid
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aspartate o-ketoglutarabe oxaloacetate glutsmate

Srmunatransteraze I:_T]' AMSAITLLIIA '_c-:;

Occurs primarily in the liver cells.



Oxidative Deamination reaction

(During oxidative deamination, an amino acid is converted into the corresponding keto
acid by the removal of the amine functional group as ammonia and the amine
functional group is replaced by the ketone group. The ammonia eventually goes into

the urea cycle.)

'lI:DDH lIZGDH ?GDH
HtE = NH, ? —NH E =0
. Glutamate dehvdrogenase
"I:HI Glutamate dehsy drngenise ?HE yurog : ?HE
CH, / \ CH, H-D/_\ <. CH;
! NAD NADH+H+ 1 2 NH;
COOH COOH COOH

Glutamic acid o-iminoglutaric acid d-ketoglutaric acid

Occurs primarily in the liver and Kidneys.



The Urea cycle

*Urea is formed from ammonia (NH3), amino group (NH2) of Asp, and bicarbonate (HCO3) by
urea cycle in liver.

'ﬁ'*— HCO4
C
HoN™ ™ “NH,

b

NHa  NH, of Asp

*Five enzymes are involved in urea synthesis in urea cycle.
*Two enzymes are in mitochondrion.
*Three enzymes are in cytosol.

*Therefore, the urea cycle occurs partially in the mitochondrion and partially in the cytosol.
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Second ammonia



Significance of the Urea cycle

*Major route of disposal of toxic ammonia.
*Synthesis of semi-essential amino acid Arginine.

*Urea cycle, citric acid cycle & transamination reactions are linked.



Summary of Amino Acid Metabolism
Dietary Proteins
Digestion (Stomach Intestine)
Amino Acids in Blood

Membrane
Other

Proteins ¢mm) Amino Acids » [\-Containing

{ \( Compounds
Nitrogen }
1 Dopamine
l 0 Norepinephrine

- Epinephrine
CO, + H,0 H,N-C-NH, Serotonin

Energy ATP Urea

carbon

v-Aminobutyrate




Disorders related to Amino acid & Protein
metabolism
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Kwashiorkor Marasmus

Protein deficiency with sufficient Starvation in infants with overall
calorie intake lack of calories

Clinical Occurs in children between 6 months Common in infants under 1 year of
features and 3 years of age age

Growth failure Growth failure

Wasting of muscles but preserved Wasting of all tissues including
adipose tissues muscles and adipose tissues

Oedema, localised or generalised,
present

Enlarged fatty liver No hepatic enlargement

Definition

Oedema absent

Serum proteins low Serum proteins low

Anaemia present Anaemia present

‘Flag sign'—alternate bands of light
(depigmented) and dark (pigmented)
hair

Monkey-like face, protuberant
abdomen, thin limbs

Morphology Enlarged fatty liver No fatty liver

Atrophy of different tissues and
organs but subcutaneous fat
preserved

Atrophy of different tissues and
organs including subcutaneous fat




Inborn Errors of Amino Acid Metabolism Iin Humans

Argnine and Urea Argninemn and Mental retarchion Argnaze
cycle hypermmm onemia
neconatal death,
Hyperam monemia convulzicnz, mental  Carbam oyl phozphate zynthetaze
Ornithinemia retardhion Ornithine decarboxylaze
Izcdeucine, leucine, Branched chan vomiting, convulsionz Branched-chain keto acid
and valine ketoa ciduna and nconatal death, dehydrogenaze complex
‘maple symp mentlretardation in
urine dizeaze” survivors
FM:thicaine Homocys!inuria mental retardation, Cysnthioninc -behy -synd\asc

several eye diecazes,
oztcoporoziz and frail
bone zructhure

Tyrozine Alkaptonuria urine darkens upon Homogentiztic ackd axidaze
ztanding, pronc o
arthriiz
Albinizm white har, pink zkin ~ Tyrozinase in melanocybes iz
abzent

Phenylabhnine Phenylkctonuna mentlretmrd tion Phenylabhnine hydroxylaze



Maple syrup urine disease (MSUD) |ieucine vaiine  iscicucine

1 1 1
TRANSAMINATION

» Autosomal receSS Ive ( 1 : 1 85, 000)_ (Bri‘lched-chain amino acid aminotransferase)
o~-Ketoiso- N2

caproic acid
a-Ketoiso-

» Partial or complete deficiency in mitochondrial X Ketoiso

branched chain «-keto acid dehydrogenase
(BCKD), that oxidatively decarboxylates Leu, lle B ATIVE DECARBOX L AT On

and Val (Branched-chain a-keto acid dehydrogenase
. coenzymes: NAD"Y, CoA, TPP, lipoic acid, FAD)

a~-Keto--methyl-
val acid

Oxidative decarboxylation of branched
+ These BCAAs and their corresponding «-keto [g;‘:;';*::::,';:;,gg;: DR ——
acids accumulate in blood, causing interference ’
with brain functions (especially Leu and «-Kic +
aC|d ) 3 Isovaleryl CoA

a-Methyl-

Isobutyryl CoA
I butyryl CoA

« Symptoms: a characteristic maple syrup odor to T i
the urine due to rise in lle; feeding problems, B
vomiting, ketoacidosis, changes in muscle tone, B-Methyi-
neurologic problems that can result in coma; if e
untreated, disease is fatal; if treatment is

Biotin

delayed, intellectual disability results. gtutacs \ /(
HMG CoA ACETYL CoA
X Propionyl CoA
« Treatment: Synthetic formula free of BCAAs A;g;g—g Biotin
supplemented with limited amounts of Leu, lle L R, Methyimatonyl CoA
and Val to allow normal growth and development §'-Deoxyadenosyl-

without producing toxic levels. (derivative of B,2)

SUCCINYL CoA

A U S S



Inborn errors of amino acid metabolism

| Disorder | Metabollc defect enzyme /othe)
i 1, Urea cycle ]

() Hyperammonemia type:| Carbamoyl phosphate synthase:| |
(b) Hyperammonemia type-|l Ormithine transcarbamoylase
_(c_)_gitrullinemia Argininosuccinate synthase
(d) Arginosuccinic aciduria Argininosuccinase
(e) Hyperargininemia Argininase
‘ 2. Glycine ]
(a) Glycinuria Defect in renal reabsorption

(b) Primary hyperoxaluria Glycine transaminase



