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Amino Acid Derivatives of Importance

L-a-Amino acids fulfill vital metabolic roles in addition to serving as the “building
blocks” of proteins.

* Tyrosine is a precursor of thyroid hormone (thyroxin).

* Tyrosine and phenylalanine are metabolized to epinephrine,
norepinephrine, I.-dopa and dopamine.

* Glutamate is both a neurotransmitter and the precursor of y-aminobutyric
acid (GABA).
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It jJust means that amino acids have function
as amino acids and are also what makes up

proteins
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35 tyrosine + phenylalnine J) &l 8 palaal Ua Lo 5 5 -7
C—‘“‘”j s dleny Le 25 B (B Sk agd 5 catecholamines agio pbal
(e U= ) parkinson J! z3le 4waiiviy [ -dopa 4« intermediate

I e 153 (e g o i iaal ks NT & Co ey dpcalall 3 pualaally S guin ¥
GABA 4cul NT



Amino Acid Derivatives of Importance

~amino acid serine (» SlEiie Jg2a sl as ¢ g
# Cycloserine, a detivative of serine is an antituberculous drug.

4 Azaserine, a derivative of seripe acts as an anticancer drug. (pese S Aia ¢ 2

* Ornithine and citrulline are derivatives of argimine and are essential
for urea synthesis. urea J) giai (8 Slegs

* Histamine (synthesized from Jistidine) 1s the mediator of allergic
reactions and acts as neurotransmittet.

allergic Jb Jaus NT & 4eadini 6y Histamine J's Histamine 4 giai: bistidine J) -V
reaction
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decarboxylation to form the <
corresponding amine.
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AMINO ACIDS vs. PEPTIDES
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AMINO ACIDS PEPTIDES PROTEINS



Peptides

* Proteins are made by polymerization of amino acids through
peptide bonds. peptide bonds ks » sz (s 3 amino wla 3 ke peptides J

- »* Two amino acids are combined to form a dipeptide; three
amino acids form a tripeptide; four will make a tetrapeptide; a
few amino acids together will make an oligopeptide; and
combination of 10 to 50 amino acids 1s called as a polypeptide.

/* By convention, big polypeptide chains containing more than 50
amino acids are called proteins.
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e Amino acids are linked

together by peptide bonds.

* The carboxyl group of one
amino acid is linked to the
amino group of the next
amino acid, forming an

» amide (peptide) bond;
water is eliminated during the
reaction




Peptides

— peptide | 5585 par ae ) shasi 1 (w amino J) Sl e aslhiy ol
* Amino acids present in peptides, called aminoacyl residues, are
referred to by replacing the -ate or -ine suffixes of free amino acids

with =yl (eg, alanyl, aspartyl, tyrosyl). & X
* Peptides are then named as derivatives of the carboxy terminal
aminoacyl residue. P G =l
* For example, Lys-Leu-Tyr-Gla 1s called lysyl-leucyl-tyrosyl-
glutamine.

* The -ine ending on the carboxy-terminal residue (eg, glutamine)
indicates that its a-carboxyl group 1s not involved in a peptide bond.
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Peptides

In a polypeptide chain, at one end there will be one free alpha amino group and
one free alpha carboxyl group:

d The amino end (N-terminal) and the amino acid contributing the alpha-
amino group 1s named as the first amino acid.

1 The other end of the chain is the carboxy end (C-terminal), where there
is a free alpha carboxyl group which 1s contributed by the last amino acid.

* Usually the N-terminal amino acid is written on the left-hand side when the
sequence of the protein is denoted.

* The bio-synthesis of the protein also starts from the amino terminal end.
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Phenylalanine -valine -asparagine ......... phenylalanyl -vally -asparagyl

(a) Phe-Val-As ;eptide b(\):d amino acid J) ‘\-\A-uu [RYPY
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: H

« B i H! : Hi H
H;N (f + C—N3 +C—N+—C coof.\
(' TTH;_ C-terminal
0

N-terminal
CeHs
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structure J) Bl (555 aall Y € ja



W amino J! 9 SSouww Lds| il Loys 69580 [dmg
ol ilSos JSadlo Jho oloxiodly lismass oS
¢ M C terminal J! 5o JUI amino acid JI auwsl
ha> e Amino acid Jl Olh)lais| ($uS> asiclg
JI el By=i Ll JSidle Jio o Jloii>|

¢ structure J! ;o amino acid

@ amino J! 9 CSouu U dil Lays 6)5i80 limg
ool llsadg JSidle Jho lxiodly lisuad (e
C terminal JI ¢s$e U1 amino acid JI ous!

¢ Mo

vixe Amino acid JI Oljlais| §uS> adiclg
W0 lislg JSidle Jio Lo Jlais] & i

¢ structure JI ;o amino acid JI pusl

Lo g9 € olriedly o oS 1 Lo Al (g
JS Sy lhas> Ul jlael amino JI el WyS3
amino

é




Biologically Important Peptides

4ima function & 058 amino <l Y (e 4 S peptide (Ses
When 10 or less number of amino acids are joined together, it
is called an oligopeptide. Some of them are biologically active.

Sl V' (e 0554
* Thyrotropin releasing hormone (TRH) is a tripeptide.

",

_* Glutathione is a tripeptide. It is gamma glutamyl/cysteinyl
/o } . . . . : .
(7 glycine. It is involved in erythrocyte membrane integtity.
Hemolysis J! (= e s RBC JI sldie 4Dl e Lils,
. and (ADH) are nanopeptides; with
9 amino acids. They are secreted by posterior pituitary.
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€@ Primary structure (linear chain of amino acids):

Figure 5.20a

Primary structure amino aCid d‘ ‘._1:\3)3 Lgé
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- Primary structure, the sequence of amino

acids in a protein, is like the order of letters
in a long word



2-Secondry structure

« The coils and folds of secondary structure
result from hydrogen bonds between repeating
constituents of the polypeptide backbone i

(e s34l

amino acid J\LAJJJJM:_\JPLJ.\LLAJ\ RY.Y! JAU.L:AUAUJS.\.\LJ—\

ij‘t\b“‘) » Jg =
o " e ¥ | helix
\\,m L L (-
e \

fr



B pleated sheet| O\ -, ()

2

R yopr 3\ foy Baskbore 3§ (p

OS50 50 JSS dail 5 (5S¢ lad (e SIS) (gaie ()5S Lal-Y
B strand, shown as a flat
arrow pointing toward

: m z the carboxyl end
“*ﬂ“’:ﬂ‘ zﬂ ""”‘“"”"”Cfifii”
RRD




- Tertiary structure is determlned by
interactions betweenm rather than

iInteractions between backbone constituents

Tertiary structure R L.“A U"““ baCkbOne dh U)S" _L\_uj\}[\ seC d\-\
Lol gl (oS 8 A R JV o8




- Quaternary structure results when two or

more polypeptide chains form one
107 one
macromolecule

Heme units
with iron atom

Alpha chains

Hemoglobin



u.\JjJ.d\ \%cuaut—mammoamd‘\-m"' UA).\S“ u.ujfcgm.cujs.uw
ol sl sl e ol JKEN E Gy Saa

... % amino acid &= peptide bond < 4« amino acid ¢« 35 4 Sai WS A (LY : primary -
polypeptide chain L5 s

4alS Calide 425 conformation J) 4184 & calise auaiy I 5855 ) 2 secondary-Y
JS 4l L 43Y primary J s lesadios L conformation

YD structure: tertiary -Y

¢ Jal e ¢ JU e g JS Ja asl el 5y siSall
£l aadic () sSy (5 Gl T gl aadie (6K 5 ) g pan aglS

w?e\)\dﬂﬂ\j@jgd;\ﬂ\gud&\jﬂeJYdAQﬁ



Structure of Protein

* The modular nature of protein synthesis and folding are embodied in the concept
of orders of protein structure:

Primary structure—the sequence of amino acids in a polypeptide chain;

2. Secondary structure—the folding of short, contiguous segments of
polypeptide into geometrically ordered units;

3. Tertiary structure—the assembly of secondary structural units into larger
functional units such as the mature polypeptide and its component domains;

4. Quaternary structure—the number and types of polypeptide units of
oligomeric proteins and their spatial arrangement.



Primary Structure

i,\ . . 2 s 1
Denotes the number and sequence of amino acids in the protein.
The primary structure is maintained by the covalent bonds of the peptide

linkages.

* The 1ry structure also includes the location of any disulfide bond
(cystine) if present.

peptide bond J' ¥ primary Ju Jax L s backbone Ju ¢S ddal e 358 ) €3 8 Lo (s

. U3 sequence db 25 se OIS sl ¢ 3 gl Al S
J e Shal bl sl S cuhaee disulfide bond b ddayl ) ) slany = 5 sl

S J ssix cystine 4as) amino acid e s L ¢ protien



Y cystine ge bt p ) 45 < ele cystine J) s sequence Jb <555 Ll
disulfide 4oyl ) 58 55

Protein disulfide bonds are the links between the sulfur atoms of 2 cysteine
amino acids (the cystine residue) that form as proteins mature in the cell. These




* The higher levels of organization are decided by the primary structure.

* Each polypeptide chain has a unique amino acid sequence decided by the
genes.
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Primary Structure

H H O e
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threonine — proline —N — C — O — lys “*Even a single amino acid change
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Primary Structure

Primary J) e | saaiay Jal el JS

* The 1ry structure does not give a specific shape to the polypeptide chain.

* The conformation of the protein molecule will be described under 2ry, 3ry, and
quaternary structures.

* The term conformation 1s used in protein chemistry to designate the over-all
structure and shape of the molecule.




Secondary Structure of Proteins

* The secondary structure of a protein refers to the local
structure of the polypeptide chain.

* This structure 1s determined by hydrogen bond interactions
between the carbonyl oxygen group of one peptide bond and
the amide hydrogen of another nearby peptide bond.

* There are two types of secondary structure: the a-helix and
the B-pleated sheet.
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Secondary Structure: The a-helix

:1.® The a-helix 1s a rodlike structure with the peptide chain tightly
coiled and the side chains of amino acid residues extending
outward from the axis of the spiral.

* Each amide carbonyl group is hydrogen-bonded to the amide
hydrogen of a peptide bond that is four residues away along the
same chain.

* There are, on average, 3.6 amino acid residues per turn of the helix,
and the helix-winds ina right-handed (clockwise) manner in almost
all proteins.
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Secondary Structure: The B-pleated
sheet

* If the H-bonds are formed laterally between peptide bonds, the
polypeptide sequences become arrayed parallel ot antlparallel to one
another in what is commonly called a B-pleated sheet.

* The B-pleated sheet is an extended structure as opposed to the coiled
a-helix.

* If the polypeptide chains run in the same direction, they form a
parallel B-sheet, but in the opposite direction, they form an
antiparallel structure.
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Tertiary Structure of Proteins

The tertiary structure of a protein 1s determined by
interactions between side chain functional groups,
including disulfide bonds, hydrogen bonds, salt bridges, and
hydrophobic interactions.

tertiary J) p=aibas
The three-dimensional, folded, and biologically active

conformation of a protein is referred to as its tertiary
structure.
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Tertiary Structure of Proteins

— more stability oslas Jaaall AlSS G5 5all | shany ol 5l J 92

* The tertiary structure of a protein is stabilized by interactions
between side chain functional groups: covalent disulfide bonds,
hydrogen bonds, 1onic bonds, and hydrophobic interactions.

* Ionic interactions: Some amino acids (such as aspartic acid and
glutamic acid) contain an extra -COOH group. Some amino acids
(such as lysine) contain an extra -NH2 group. Acidic 2= basic
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Glutamic Acid



Tertiary Structure of Proteins

e primary Jus O opal (Sas gla
'/ Disulfide bond (S-S): between 2 cysteine residues, forming cystine.

* The hydrophobic bond: between the non-polar hydrophobic side

chains of neutral amino acids such as Alanine and Valine.

* Hydrogen bonds: For example, the amino acid serine contains an -
OH group in the side chain. You could have a hydrogen bond set up
between two serine residues in different parts of a folded chain.
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1. Disulfide bonds

2. Hydrogen bonds

3. Salt bridges

4. Hydrophobic interactions

Tcrh'ara Shucture .
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Hydrophobic interaction
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/HYDROPHOBIC AMINO ACIDS
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HYDROPHILIC AMINO ACIDS \ Hydr()gen bond
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Which compounds may serve as hydrogen bond donors?

Which compounds will not participate in hydrogen bonding?

Identifying Hydrogen Bond Donors & Acceptors

Michael Evans ﬁ”

Nonpolar, Aliphatic Side Chains
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Quaternary Structure of Proteins

* The quaternary structure of multi-subunit proteins 1s
determined by covalent and noncovalent interactions between
the subunit surfaces.

* Quaternary structure refers to a complex, or an assembly, of
two or more separate peptide chains that are held together by
noncovalent or, in some cases, covalent interactions.

* Some globular proteins are composed of 2 or more polypeptide
chains; each 1s called a subunit or monomer. These proteins are
called olzgomerzc proteins.



Quaternary Structure of Proteins

— B.J;J alila
* Each polypeptide chain is termed as subunit or monomer. ¢ ) & o il

Homodimer contains two copies of the same polypeptide chain.
Heterodimer contains two different types of polypeptides as a
functional unit.

u.a.@q\.u.m \_\.u Y+ u.x@_sl.um Ll ¥
* For example, 2 alpha-chains and 2 beta- chains form the

hemoglobin molecule (tetramer; 4 polypeptide chains).
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Quaternary Structure of Proteins

Lyl 5l Basb (e e ae chain J) Al Caay
(/ The quaternary structure describes the spatial relationships between the separate
subunits.

UThe forces stabilizing the quaternary structure are similar to those described for the tertiary

structure. )\ )_QMY\ 5 JSJ\ 4\_122_,



Haemoglobin




Description Diagram
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Primary Structure g .
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Secondary Structure beta sheet

Tertiary Structure 3D shape

Multiple
Quaternary Structure polypeptides




RS- R PLIRRENg Tt
Jd.cu.u\& gmM\hyJ o).uSL_M\J;.\\‘_g L_\Md.uﬂ\é;.\ J
2l ale i gy el #ling Gl

s il 40318 yoaal ling Ainl) (e Jay 53
\}P}‘UA‘})MLA.\?Q‘P} -

LS &n b (380 15 i Ly BB 54D (5530 i
e Ly Sile 2D s 0K s il (535 L5 -
oS h o 5l 0

*M\m\*



