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Protein: Organic compounds with high molecular weight formed from
:Emmo ac1dsi ® & Q e

* Composed of carbon, hydrogen, oxygen, nitrogen +/- sulphur
* Nitrogen forms appx 16% of their weight (characteristic for proteins)

Besides water, proteins are the most abundant molecules in all known forms
of life. Proteins are the most diverse class of biological molecules, making
up everything froa \,»"o antibodies.
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* About 70% ot your body weight is Water and about 17% is protein.
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Introduction

Amino acids participate in the biosynthesis of:

Purines ——» A, G >
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AA form peptides (2-50 amino acids) which have a roles as:
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General Structure of Amino Acids

* All amino acids have a central carbon atom T BQS)C &XXKJ‘Aé (X /46{):

attached to a carboxyl group, an amino group,

and a hvdrooen atom. Nevas

— side-chain (R group) — 2 . - —

* The amino acids rom one another only &* R 0 A
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* There are hundreds of amino acids in nature,

but only 20 are used as building blocks of R c
proteins in humans. ® K- Grup o £S5 e gpun

OR &JQ da'm AA.
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COO

* The R group is the only part of an amino acid’s
structure that varies from one to the other; the
ogher parts of the structure are common to all of NH,* oCH
them.
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* R groups ar¢ ali%hatlc ;when they contain only
carbons and hydrogens, which are so similar in

clectronegativity that they are nonpolat—
meaning they are hydrophobic or can’t make
hydrogen bonds with water and therefore avoid it.

Amino (amino group)

R

Distinct Side chain
* Other R groups contain other atoms and can

[TXPS
€ or make hvdrogen bonds, so these are
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~ hydrophilic—they like water.

General structure of alpha amino acid




Imino Acid— %\‘me
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* Amino acid group not free

* The nitrogen of amino group is
seen inside the ring

e Proline is an imino acid
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Structure of imino acid



BASED ON CHEMICAL CLASSIFICATION
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CHEMICAL CLASSIFICATION

ALIPHATIC POLAR AROMATIC POLAR
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. . Nonpolar, Aliphatic Side Chains
Non-Polar Aliphatic o
COO™ Co0- CoO- —»Bam
. o + | + :
Side Chain HN—C—H HsN—C—H H3rii—c|:—H
H CHs CH
(’i’ojr ,Sk’feo ISomer™ y wehly ) CH3/ \CH3
* Hydrophobic amino acids, —or hsaaml |
. Glycine Alanine Valine
which have R groups that mostly aly ¥ | Al Val
Mok _contain carbons and hydrogens, coo- coo- coo-
R [ ' ' + +
&s.\; 1nch.1d glycine) alanine, Vghne,Mg{mM HN—C—H  Hyli—C—H i
>~ leucine, isoteucine & proline. ! CH, H—C — CHs | e
AA. . ool | | HoC—— CHy
* The degree of hydrophobicity %, ~ CH he
. . . 77 CHs CH CH
increases steadily from glycine 7 .. 3 3 3
to isol . th R Leucine Isoleucine Proline
o isoleucine as the R groups e T e

increase in size and complexity. % 7\ Ta
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POlaf Uncharged R | Polar, Uncharged R Groups

?OO_ (?OO_ (IDOO_
groups HBF\]-—cI:—H HSFQ—clz—H ngii—clz—l—i
CH>OH H-—-(I}—OH (PHQ
More soluble in water than the CHls S
_ " . Serine Threonine Cysteine
non-polar aliphatic group. s &5 e
(|DOO_ (|3C)O_ CIZOO_
- - -
Their (R) groups contain neutral AsN—¢—H e L L L
; . CH CH CH
polar functional groups, which i N I
. 2 2
form hydrogen bonds with water. - HN" O I
N
1- Serine, threonine (contain hydroxyl group) HoN™ O
2- Cysteine (contains thiol group) T — Asparagine Glutamine
3- Asparagine and glutamine (contain amide Met Asn Gin
group)
Non =R Jar
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Aromatic Side Chains

C|ZOO_ C|)OO_ (FOO_

H3NCH H3NCH H3NCH
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Phenylalaning rTxrosine Tryptophan
Phe (ot Tyr Trp
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Aromatic Side Chains

* A subgroup of the hydrophobic amino acids 1s the aromatic amino
acids, named for the large and quite stable aromatic ring structures
in their side chains.

* Phenylalanine, is a phenyl ring of 6 carbons attached to an alanine.
The R group is hydrophobic. It exhibits some properties of
hydrophilic amino acids, but the ring makes it also hydrophobic.

* The largest hydrophobic amino acid 1, which has an R
group of 9 carbons and 1 nitrogen in a structure known as an

ring. Tryptophan is also a component of the neuyotransmitter_
Jeroz‘omﬂ.




Negatively Charged R Groups

* The acidic amino acids contain carboxvls in their

Tonized forms of these are called aspartate and |

COO~ COO—
glutamate. e +

HaN—C —H HaN—C —H
(|3H2 (%Hg
* Both aspartate and glutamate help cells use COO— CHo>

protein as an energy source when supplies of Co0
sugar run low ot when a person goes on a low- Aspartate Glutamate
carbohydrate diet. In cells, aspartate and Asp Glu
glutamate are important in managing ammonia n Mﬁl‘/évw& 24

(NH3), a toxic by-product of metabolism.



Positively Charged R Groups

* The 3 basic amino acids—Ilysine, histidine,

and arginine—are called basic because
their R groups accept protons at
physiological pH, giving them positively
charged R groups.

* Arginine plays an important role in the

urea cycle as the source of urea —
(Guanidine group)—

Positively Charged R Groups

COO—
& |
HsN—C —H

(_l“,OO—

+
HsN—C —H

Q:NHZ

* Histidine is important in many enzymes
and 1n the blood proteins myoglobin and
hemoglobin.

Lysine

NHo

Arginine
Arg

(I:OO_

+
HsN—C —H

Histidine
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Amino Acids with Hydroxyl Group

COO—
+
H3N—C|) —H
CHo COO— COO—
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Tyrosine Serine Threonine
Tyr Ser Thr



Amino Acids with Sulfur
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Cysteine
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Methionine
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Amino Acid with Amide Group

Asparagine
Asn

oolon
+
HaN—C—H

H.N "0

Glutamine
Gln
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HYDROPHOBIC AMINO ACIDS

*H;N— CH— COO~ *H3N— CH—COO  *H;N— CH— COO~
I I I
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H;C CH; CH
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/HYDROPHILIC AMINO ACIDS
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Aspartic acid

Isoleucine Methionine Phenylalanine
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CH, CH,
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/SPECIAL AMINO ACIDS B
*H;N— CH—COO~  HN— su — COO™ *H;N— CH — COO~
| / I
H ey i sz
CH, U
GIyCine Proline chteine
(Gly, G) (Pro, P)
\_ Y. (Cys, Q) 4

\_ (Asp,D)

*H;N— CH — COO~
|

*H;N— CH — COO~
I

CH,

|

CH,

|

C— NH,

I

o
Glutamine

(GIn, Q)

*H;N— CH— COO~
|

H— C— CH,
|
OH

Threonine
(Thr, T)

*HzN— CH— COO~ *H;N— CH— COO~
I I

CH,
H,
*H,N éuz
H,N— g— hll— H

Arginine
(Arg, R)

*H;N— CH — COO~
|

CH,
[

Glutamic acid
(Glu, E)

CH,

HN

Histidine
(His, H)




Hydrophobic amino acids

v s
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* Phenylalanine and tyrosme are precursors for catecholamines.

* Tryptophan can form se serotom \/ Foumen

* Valine, leucine, and isoleucine are branched chain amino acids.
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Hydrophilic Amino Acids

* Have side chains that contain O or N atoms; some of the
hydrophilic side chains are charged at physiologic pH.

* The acidic amino acids (aspartic and glutamic acids) have carboxyl
groups that are negatively charged, whereas the basic amino acids
(lysine, arginine, and histidine) have nitrogen atoms that are
positively charged.



CHq
Side notes! C'>

I
olf

* Tyrosine can be considered nonpolar or polar because of the

ability of th up to form a hydrogen bond.

* Methionine can be considered nonpolar or polar because it
contains a sulfur.
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Optical Activity

* All amino acids except glycine can exist in 2 mirror image forms.

* These differ in the arrangement of the 4 groups around the alpha carbon.
* It’s like right and left hands that cannot be superimposed on each other.

* The 2 forms are called stereoisomers: the L. form and the D form.

* Glycine 1s different from all the other amino acids in having an H across from
another H, so there’s only one form of glycine. —only ¢ we

L FORM D FORM Fovon .
Alanine (Ala, A) Alanine (Ala, A)

H O CH; O
[

| 38 |
H,N —C—C—OH H,N —C—C —OH
I I

CH;, H




Optical Activity

* All chiral compounds, such as amino acids when made apart from cells, have a 50/50
mixture of the D and L forms.

* However, amino acids made in cells for use in protein synthesis are almost
completely in the L form. — &

L FORM D FORM
Alanine (Ala, A) Alanine (Ala, A)

H O CH; O
|l [l

H,N —C—C—OH H,N—C—C—OH
I |

CH; H




BASED ON NUTRITIONAL
REQUIREMENT

2 20 amino acids are needed for protein synthesis.
Le

yu@\ ¢y Essential: Those amino acids which cannot be synthesized in the body. Hence

these amino acids are to be supplied in the diet.

T m{; Semi-essential: Growing children require them in the food, but not essential in
(& =& 4 adults (ex: Arginine).

* Nonessential: Amino acids which can be synthesized in the body, hence not
required in the diet.



Essential Amino Acids

PVT TIM HALL Try T.His V.LP MAALLL
P.V.T. T.1.M. Trg::Trgptophan
« P = Phenylalanine e T - Tryptophan .
« V - Valine e | - Isoleucine T::Threonlne
e T - Threonine e« M - Methionine Hi5°°Histadimine
H.A.L.L. \ V::Valine 3/t
 H - Histidine ) | B
* A - Arginine | i . ye @
e L - Leucine L J L J P::Phen yLatantine
L - Lysine . « BB
"Any Help In Learning These Little Molecules Proves Truely *A . Inine
Valuable" : ;
This stands for L::Leucin
Arginine., Histidine, Isoleucine, Leucine, Threonine, Lysine, L"Lgsine

Methionine, Phenylalanine, Tryptophan and Valine in that order.



Non-essential Amino acids

* The remaining 10 amino acids are non-essential, because
their carbon skeleton can be synthesized by the body.

* The non-essential amino acids are Alanine, Asparagine,
Aspartate, Cysteine, Glutamine, Glutamate, Glycine,
Proline, Serine and Tyrosine.



Essential & Non-
Essential Amino Acids

Essential Amino

o [s ine
€ Histidine
e [eucine

e Methionine

e Lysine

e Phenylalanine
e Tryptophan

e Threonine

e Valine

Non-Essential
Amino Acids:

Alanine

Asparagine
Aspartic Acid
Cysteine
Glutamic Acid
Glutamine
Glycine
Proline
Serine
Tyrosine



BASED ON METABOLIC FATE

* Purely ketogenic: Leucine & Lysine are purely ketogenic because they are converted to ketone

bodies

* Ketogenic and glucogenic: Isoleucine, Phenylalanine, Tyrosine and Tryptophan are partially
ketogenic and partially glucogenic. During metabolism, part of the carbon skeleton of these amino
acids will enter the ketogenic pathway and the other part to glucogenic pathway.

* Purely glucogenic: All the remaining 14 amino acids are purely glucogenic as they enter only into the
glucogenic pathway

Ketogenic Amino Acide Glucogenic and Ketogenic lucogenic Amino Acid
Amino Acides

- Leucine - Tyrosine - Rest all are Glucogenic

« Lysine - Tryptophan

« Threonine
+ |soleucine
- Phenylalanine



Phosphoenolpyruvate Alanine Glycine Threonine
N A | | Cysteine Serine Tryptophan
N —Pyrijvate Tryptophan
A — y ;_\_ Threon.ine
Asparagine [~ Oxaloacetate Citrate fyc’s'ﬁ]uec'”e
/ Leucine
Legend:
Malate | Glucogenic - Arginine Proline
Ketogenic Isocitrate Histidine Glutamine

Fumarate

Both glucogenic
and ketogenic

Tyrosine
Phenylalanine
Aspartate

2

|

a-Ketoglutarate <——|Glutamate

Succinate Succinyl-CoA <—

Threonine Methionine
|Isoleucine Valine




PROPERTIES OF AMINO ACIDS

* Solubility: all amino acids are soluble in water.

* However, cystine is pootly soluble; that is why excretion of large

————m

amounts of cystine in uring (cystinuridPleads to stone formation.
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S S SH SH

(|3Hz <|3H2 <|3Hz CIZHz
H,N—CH CH—NH, & c|:|-|—|\n-|2 T CH—NH,

I | |

COOH COOH COOH COOH

Cystine Cysteine Cysteine
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PROPERTIES OF AMINO ACIDS

A\ a”{)“l"“ e AA - pod‘we
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Amino acids contain at least one carboxyl and one amino group.

Ampbhoteric properties: ™

—

* The carboxyl group is acidic and can dissociate into a negatively charged carboxylate ion and a hydrogen ion.

* The amino group is basic; it combines with a hydrogen ion to form the positively charged ammonium ion.

At the physiologic pH the amino acid carries both positive and negative charges and has the foIIowmg

structure:
O — ‘i
basic H acidic H

group group

. I . l
H,N — C— COOH *H;N — C — COO™

I I
R R

amino acid zZwitterion




In strongly acidic conditions a positive ion forms: - O, QL (U 1

o 1 e g Ny
* an amino acid behaves as a base || I ke
‘= AL = @
* the COO" ion|gains a proton. ¥ H«H M. BC?
\"*Idﬂgw - — @ R Se
ecce | O + |
Pk’" H;I:I-—<|Z—C/< + HY ——> HN—C
%) c\dolc’c H “ l:i
eavitoumedl] . ﬂy’a'ﬁjw positive ion
ececplo
In strongly alkaline conditions a negative ion forms: s QL S

_ ~+ an amino acid behaves as an acid QH'-
CsCny thn loses a proton. =t = ‘
+ ia

\ R
% ‘_1_ 0
) i e
O N H

R o EGH
- I //o (S ,_,(A.ﬁ
4+ OH ———p HzN'_C_C a - H)O .

Ho O Nly— N’E

negative ion
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PROPERTIES OF AMINO ACIDS

* Amino Acids exist in three charged states, positive, negative & neutral.

This depends on two factors: l
‘ A. T i

1. Isoelectric pH of the amino acid. —— SIMine B\ Zw“’}u—%

~—

2. pH of the surrounding medium.

Isoelectric pH of amino Acids:
1. At pH = Isoelectric pH
2. At pH < Isoelectric pH —=
3. At pH > Isoelectric pH

The 1soelectric point of an amino acid is the point at which the amino acid has no net

lectrical ch : e <
clectrical charge @ . .(5(5&@{%,& _Bps AA Kg%
N
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PROPERTIES OF AMINO ACIDS =

ex I+

1. At pH less than isoelectric pH imoelehe P.“'mi‘ AV\J- the 'PH

Amino acid exists as positively charged. &, BN = . fle Wdy‘d""\

) AR

2. At pH more than isoelectric pH > G zo=

Amino acid exists as negatively charged. (A/haé‘ Wi ” +\\r)ﬂ'0CM ac147 a ?}
3. At pH = Isoelectric pH TTepecin il et Q%‘SFMJB

* The amino acid carries equal number of positive and negative charges, i.e. no net charges. d‘@fp(

* Amino acid exists as Zwitter ion (ampholyte)

*A zwitterion is an ion that contains two functional groups. In simple terms, it is an ion
possessing both positive and negative electrical charges. Therefore, zwitterions are
mostly electrically neutral (the net formal charge is usually zero)



Questions

* Which of these amino acids has a side chain that can beco

cells?
A. Histidine
B. Leucine
C. Proline
D. Threonine

’I_\:c_ calwers” \S : @
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Questions 0

e Which of these amino acids has a chiral carbon in its side chain?
?

I. Serine

II. Threonine
I11. Isoleucine

A. T only

B. IT only

C. IT and III only
D. 1, II, and I1I

S\/\C, O«éf‘-



Questions

* In a neutral solution, most amino acids exist as:
A. positively charged compounds.

B. zwitterions.

C. negatively charged compounds.

D. hydrophobic molecules.

~ The avsuel:
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