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Protein

* Definition: Organic compounds with high
molecular weight formed from amino acids

— Composed of carbon, hydrogen, oxygen, nitrogen +/- sulphur
— Nitrogen forms appx 16% of their weight (characteristic for
proteins)  carbohydratesdls fatsd) o » i ddaii 5\ 2

proteind! Jaxiy A cilL
 Amino acids: organic acids with one or more

amino groups (NH2)



Importance of amino acids/
peptides/ proteins

 Amino acids participate in the biosynthesis of:
* Porphyrins = hemoglobind! 2 82 s> sl

* Purines o
Pyrimidin(—:-sje DNAJ) (52 82 52 sl
Urea 5 ~uall (s nitrogenous compoundsd z! Al Ge 4l 5 sl

> 2-50 S350kl Ue Lo 534 Galllas W (| 2-100 pgdl sty i€ jians
* AA form peptides (2-50 amino acids) which have a roles as:
* Hormones : peptidesd! definitiond) 43} Js& e
* Neurotransmitters a combination of 2-50 amino acid

e AA form proteins (>50 amino acids) which have a roles as:
* Plasma membrane
* Hormones
* Enzymes

AlalS dlae g 4d e 45 5 48l dae sdasg g A e




Classification of amino acids

a2 54
* Chemical classification: according to their chemical
structure

water soluble aeglS**

* Polar vs non-polar: according to the polarity of the
side chain; can be charged or neutral
Positive gr negative

e Acidicvs basic (basics agaz: 4 Ga acids peend 43 oo Hhaill (azs)

Nutritional classification: according to their nutritional
importance (es%/ential vs hon-essential) .exizi 24 non-essentiald!

periay 53 L pual aeS i 4Gy Hla Lie gllae (ol auall Ja

Metabolic classification: according to their metabolic

fate
s ae (il (Sas sl | ketone bodies Y, glucose by | ad yaSi il o



Polarity and charge classification
WO el agle s olan B e pugal) 8 Lo Al U ALl agin A Q

 AA with non-polar R groups:
— 1 -Glycine & 2-Alanine
— 3-Valine
— 4-Lucine and 5-Isoleucine
— 6-Methionine and 7- Phenylalanine
— 8-Tryptophan and 9-Proline

* AA with uncharged polar groups: These are more
soluble in water than the first group

— Their (R) groups contain neutral polar functional groups,
which form hydrogen bonds with water, they include:
* 1- Serine, threonine, tyrosine and hydroxyproline (contain hydroxyl
group) s extra functional group 4 S e !
* 2- Cysteine (contains SH group) (C atomsdle 8L ) 5 48 S ya 51) polar
* 3- Asparagine and glutamine (contain amide group)



2 S el JAly QA Bl g gludia e )58 sdie (S 4d) e 1 polarityd)
negative ¢ > s positive 4 ¢ )»
(unequal sharing of electrons in the compound)

negative sl positive ia s Ja | JalS € all dleall L)) a ¢ charged)

3- butyric acid: 4C (CH3-CH-CH,-COOH)

2- Propionic: 3¢ (CH3-CH2-COOH): Alanine
- Alanine: (alpha amino Propionic acid) e
- Serine: (alpha amino beta hydroxy
Propionic acid)
- cysteine: (alpha amino beta thiol, Cysteine
Propionic acid)

non-polar s < xa s (SJ)) functional group exic 4 5 methioninedd Lady 13
Ll ) Win more active Ll (s s Ho ddasi j cysteinedb 825 sall SJI 43) il
L= polarityd) 2s%é Jess active Wl methioninedb CH3 & SJ!



» Amino acids having charged or ionic polar

side chains:

S yall a3y charged 4 n (A Ll Hall clialk uﬁ DA | ,lay polarity le2 Lﬂgb‘c LS
aand 4l) JLlS

* These are amino acids in which the R group
carries a full charge due to:

* lonization of the acidic groups (aspartic and glutamic
acids) = giving amino acids negative charges

* Protonation of basic groups (arginine, lysine and
histidine) giving amino acids positive charge
positive L) basic ¥ s (negative charge wle) acidic 2 Ja (sl 320 U 4l s g
peptides ) slaxy Ll W 388y sla charged)s, (charge

When amino acids are connected together to form peptides and proteins their
carboxyl and amino groups lose their charges




- Basic Amino Acids
They include the following:
1- Lysine and hydroxylysine CH; - CH; - CH; - CH;
| +
NH;
NH,
2- Arginine 'HQN =

3- Histidine

1- Aspartic acid 2- Glutamic acid
(|:H2 - COO

CH,-CO0O’ %
== | ]




PROPERTIES OF AMINO ACIDS

JSolubility: all amino acids are soluble in water.

not soluble in water s .. x4l (LBLY) 8 cystined) o

JdHowever, cystine is poorly soluble; that is why
excretion of large amounts of cystine in urine
(cystinuria) leads to stone formation.

Di-sulphide bond L;:L‘)!\ uala not soluble 43Y s
S T s SH Doy ) (e B shd (2 A
<|:H2 (|:H2 CllH2 s 3) A 5 (precipitation) < 3
H_N—CH CH—NH, CH—NH, S den e dsls
' | | | | "
COOH COOH COOH
Cystine Cysteine
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carboxyld s ..acidic (2 amino groupd) s carboxyl groupd! 4l
basic ) amino groupd) e Saddla lie | 138G el 4323 geidityd)

J Amphoteric properties: positively charged s s e s sins S jall 43) iy
basics s acids g Jelah el saie Ay :la 5 negatively charged = >

 Amino acids contain at least one carboxyl and one amino group.

 The carboxyl group is acidic and can d.issaaia.tgi\n;co a negatively
charged carboxylate ion and a hydrogen ion

COO-J COOH (e J s~

* The amino group is basic; it combines with a hydrogen ion to form the
positively charged ammoniaion NHz+J NH2 (e J sniis

At the physiologic pH the amino acid carries both positive and negative
charges and has the following structure:

Hydrogen
Amino Carboxyl
H H o
. . N | o
Combined with H+ N C C
H - | \@ dissociated
R
dane Baw e ali g ha agll A
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Amino acids can react both with acids and
bases, so they are ampholytes

o o
@”F” - COOH G- GH - COO
NH, NH,'
General formula of a-amino acids Ionizable form at physiological pH

* |n acidic medium = They are positively charge'd (R-

NH3) (cation) Gt 2ai 1€ i 10 01 mY) OS) e 4 e
H & Jeldihy NH2d 5 o2 W ) Jaly COOHJ! acidic mediumd

* |n alkaline medium > They are negatively charged (R-

COO) (anion) . Hy s COOHUIs & b ¢ ) Jemic NH2J) alkalined il Ll
(2l negatively charged 2 s 43) iy (aled e B avally pHJ) 43Y )

* Atlso Electric Point (IEP) = They form dipolar ions
(Zwitterions) which are at pH 6.02 for all monoamino-
monocarboxylic amino acids = aele (né R 535S dipolard)s

Undissociated Dissociated
HCI . - oo NaOH i =i
R - CH - COOH R-CH-CO( R-CH-COO'!
P, S-S l <—\—|>

Acidic medium Zwitterion (IEP) Alkaline medium
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... Atphysiological pH

Structure B cannot exist in agueous solution because at any pH low enough
to protonate the carboxyl group, the amino group would also be protonated

Similarly, at any pH sufficiently high for an uncharged amino group to
predominate, a carboxyl group will be present as R—COO-.

NH; NH,
O OH
Y R
O 0O
A B
¢ —_—
s oS Y sl dxpall

STl 30 g2 g0 L (A



L Decarboxylation <. (coo)coz ¢

e The amino acids

will  undergo alpha

decarboxylation to form the corresponding

amine.

* e.g. Histidine gives
amines are of great o

CEB\WNY \y‘l
“Noe=is CoaM Mds &) RS
Casoeels ?'BMYOQ—X\ &L
’ QMVQ__

nistamine. Many primary
nysiologic importance

Cco
COOH 2 CH,-NH,

1
|
(IZH-NHZ } ,L

R

Decarbo-
xylation

Amino acid Corresponding amine



Amino acid derivatives of
importance (1)

e Gamma amino butyric acid (GABA) is a
neurotransmitter:

* a derivative of glutamic acid and dopamine (derived

from tyrosine)

, N
(oh 4isza phenylalanine oe 3_ke)

* Gabapentin (an analogue of GABA) can pass

blood brain barrier and can form GABA in
brain (AY) caiaal sty o) 9o 0 5 ke

* Gabapentin is clinically used to relieve pain

) Cildall 5 81 5 sagd) lILul ) aglll




Amino acid derivatives of
importance (2)

Histamine (synthesized from histidine) is a mediator of
allergic reactions

Thyroxine (from tyrosine) is a thyroid hormone
Cycloserine (from serine) = anti-TB drug

Azaserine (from serine) = anti-cancer drug*
0 0
terminal groupdb additional N e s sis 'N{N.\)k /\‘)k
S i
0 OH
NH-

Ornithine and citrulline (are derivatives of arginine),
and are essential for urea synthesis



lipidsdu ester linkd!**
glycosidic linkd"**
carbohydratesdb

T
P

CH

N terminus L

N

G

N
O

R2
¢H C
a \clx"“\ 7N

polypeptide chain
free O aaxic 5 reducing 1555 Wl a )Y (ians aa skt lie 43) saccharidesdb Js WS L g )
5 (C terminus s s Ahalull Agi Cadle Laila) free carboxyl waie s oY L laall (uds () 568

ar ae AAJ) Lt 55 lie 45Y (N terminus el s alulid) lan jlualle Lala) free amino

oo <lasi e AA 322 e b le
peptide bond &k

C terminus

Amino terminal

|

H,;N — CH--CO-NH--CH--CO-NH--CH— COOH

Carboxy terminal

al b e ey Ll Y

e aw Lagly aalls synthesisd) s
C Ju s N terminusd)
33c Lsay o5 Aalazll g terminus
Alall 05358 5 AUG 4l (508
(e 580 ) 57) UAG
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PEPTIDE BOND FORMATION

* The carboxyl group of one amino acid reacts
with alpha amino group of another amino acid
to form a peptide bond or CO-NH bridge

NH,-CH{COOH| + |NH,}-CH-COOH
i l i Aoyl I (sl ()35 (g i Lagla g
NHy=-CH-----{CO-NH}------- CH-COOH @ H20 ¢
R1 R2 Peptide Bonds |

ity
O o O

Glulamate Cysteine Glycine
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Polymerization

* Process in which relatively small molecules,
called monomers, combine chemically to
produce a very large chainlike or network
molecule, called a polymer

* Proteins are made from polymerization of
amino acids through peptide bonds

Homopolymers
A+ A4+ A4... > AAAA. ..

Copolymers

A+B+ A+ B...+» ABAB...




JdNumbering of Amino Acids in Proteins

" |n a polypeptide chain, at one end there will be one free alpha
amino group:
= This end is called the amino terminal (N-terminal) end and the amino

acid contributing the alpha-amino group is named as the first 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

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




Peptide = chain of amino acids

R> O Rj
¢H N |(|3 ¢H 0-
SN SN NS
\NH \Tl:/ <(|:H NH (|'|:
O O
N terminus Rs C termi
erminus
1 2 3 4
polypeptide chain

| D
LAA JsY N terminusd) (e 1 s olai¥) (algy aiaill o3
AA AY AA Js (e a5 Aliand 5

L Caeld giall cand jie oli) agll




Naming (cont)

 Amino acid residues in polypeptides are named by

. . nm - 1 1" o
changing the suffix "-ine" to "-yl Tryptophan: tryptophyl

L A us ) 58 tryptophand)
* For example: Glycine to Glycyl ?? el psdis ez 0 (e -ine e
tryptophyl sy
(aspartic acidd)s glutamic acidd oe 1as)

* Thus, peptide bonds formed by:

1 2
— carboxyl group of glycine with amino group of Alanine, and
then carboxyl group of Alanine with amino group of Valine

— -2 is called glycyl-alanyl- valine and abbreviated as
* NH2-Gly-Ala-Val-COOH
e or Gly-Ala-Val
e orsimply as GAV




Table 18.1 Prefixes for Short

Peptides
Residues Prefix
AT TR
2 di-
3 tri-
4 tetra-
5 penta-
6 hexa-
7 hepta-
8 octa-
9 nona-
10 deca-

—#‘

peptided! ciss A AAJ) 2xe (e iy

agi) Sie] (s aglhin & guin ey 81 Sa La ) giSall)
(peed 582 5l & guim sall IS Curia (i Jais

Table 18.2 Three-Letter

Abbreviations for

Amino Acids
Amino
acid Abbreviation

P—

alanine Ala
arginine Arg
asparagine Asn
aspartic acid Asp P
cysteine Cys |
glutamine Gin " | <
glutamic acid Glu: |
glycine Gly
histidine His
isoleucine lle
leucine Leu
lysine Lys
methionine Met
phenylalanine Phe
proline Pro
serine Ser
threonine Thr
fEyptophan Trp
tyrosine Tyr
valine Val

L&—h

AAJ (e aal g IS G latal sl g



Biologically Important Peptides

* When 10 or less number of amino acids are
joined together, it is called an oligopeptide

*More than 10 called polypeptide, more than 50 is protein peptide
(e lay TRHJ

 Some of them are biologically active: hypothalamusd

e Thyrotropin releasing hormone (TRH) is a tripeptide

e Vasopressin (ADH) is a nonapeptide; with 9 amino acids,
secreted by posterior pituitary .U .. jll ;e 2e 5 it pituitary glandd)
posteriord! (s | s2lay oxytocindl s ADHJ! <Ll anterior pituitaryd) (s ) szl aglS
* Glutathione is a tripeptide. It is glutamyl cysteinyl glycine. It
is involved in detoxification, erythrocyte membrane integrity
neutralization of free radicals Jax 43 4a p Lgie S (@illa g 4l) erythrocyte membranedb 2 s
e Aspartame is an artificial non-saccharide sweetener 200
times sweeter than sucrose
— is commonly used as a sugar substitute in foods and beverages

— Itis a methyl ester of the aspartic acid/phenylalanine dipeptide
. Dls Pepsi dietdb 483 Ja sucrosed) (s 355 ST Y S JS4 dietsd) (8 p2a0u
dagiil) et ey g S J8) S 4ie zliady ey 3 D JSI
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linkd) 1AL S all ale

gamma CJ) G b (e O HS
O » |
CH 0
\ % 7
& C—CH—CH,—CH,—C—NH—HC—C—NH—CH,—C
/| I I \
HO  NH, O O OH
I | | - |
Glutamate Cysteine Glycine
Glutathione

S sl g ol yaaiad il W1 Al VI agdl laeay g aglll clila
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