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Introduction

Protein: Organic compounds with high molecular weight formed from
amino acids o ® o @ © — %%

* 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 from enzymes and hormones to antibodies.

* About 70% of your body weight is water, and about 17% is protein.



Introduction

Amino acids participate in the biosynthesis of:
Purines —s pun
Pyrimidines
Urea
AA form peptides (2-50 amino acids) which have a roles as:
Hormones

) ey g a .
Neurotransmitters ___ S\u’cqm\'e, / Histidine __vi". Bisdamine

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



General Structure of Amino Acids

* All amino acids have a central carbon atom

attached to a carboxyl group, an amino group, -‘é\:U B
and a hydrogen atom. S e a s
side-chain (R group)
R "
* The amino acids differ from one another only ® R {0

{ 1 { o e S | ; (T e \
in the chemical nature of the side chain (R). | C_;\,Q_OH «—/| carboxyl group |

\

i
i
1
’
-

_ . H
£« 500 Amine Acids —s 4_,1_...__)3J\ d @
* There are hundreds of amino acids in nature,

but only 20 are used as building blocks of

pl‘OtClﬂS 1n humaﬂS. > 21 st » Selewno C‘/Sk‘(\’\ﬁ S Q u.n—‘b) Q;f:s yr v Q) UAA.)
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General Structure
of Amino Acids

The R group is the only part of an amino acid’s
structure that varies from one to the other; the
other parts of the structure are common to all of
them.

R groups are aliphatic when they contain only
carbons and hydrogens, which are so similar in
electronegativity that they are nonpolar—
meaning they are hydrophobic or can’t make

hydrogen bonds with water and therefore avouid it.

Other R groups contain other atoms and can
ionize or make hydrogen bonds, so these are
hydrophilic—they like water.

Hydrogen bonds

(955 Electronegativity J/ S (nangyaagdl 909280l sas groups (ole (s 9 side chain JI 13] (sd
hydrogen (5 9 ol &0 Je L dif judia Alall (slg 9 polar amino acids (9<ia claa 9 yué

Acid (carboxyl group) 2o"ds
COO
Amino (amino group)
NH," a.CH
R

Distinct Side chain

General structure of alpha amino acid



Imino Acid

Itis a molecule that contains both Imine ( carbon double bonded with NH + carboxyl group)

* Amino acid group not free

* The nitrogen of amino group is

seen inside the ring \ el \ B

N
e Proline is an imino acid 2
0 N
v

Structure of imino acid



BASED ON CHEMICAL CLASSIFICATION

side chains J/ s Amino AcidsJbL sia odf EAYS Ll Le Jis

CHEMICAL CLASSIFICATION

ALIPHATIC POLAR AROMATIC POLAR
(Non Polar UNCHARGED CHARGED
amino acids) neufral - ,
oiher finy s
C md H
+ -
only BASIC ACIDIC

— does not intecact witWW watev .
L ees vk e hydragon b -
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. . Nonpolar, Aliphatic Side Chains
Non-Polar Aliphatic
COO" CoO- CoO-
. o - -
Side Chain HN—C—H HN—C—H ngi]—cI:—H
H CHj CH
/ \
: : : \oo'-"‘ Shis
* Hydrophobic amino acids,

. @Glycme ,.c—‘ @Alanme @ Valine
which have R groups that mostly Gly Ala Val
contain carbons and hydrogens, B o0 COO-
include glycine, alanine, valine, Hll—C—H  HaN—C—H e

. . . . - N/ ~
leucine, i1soleucine & proline. (';H2 H_(';_CHg % Cha
| | HoC—— CHy
* The degree of hydrophobicity cH GHz
increases steadily from glycine S O3 aetae
to isoleucine s the R oroups @ Leucine Isoleucine "’ws‘b’) Proline
ofC
group Leu lle \}\:"; traphabic PTO

increase in size and complexity. ~
p ty \»"CG/*UI‘W\C / Leucine / |solewene branc hecl chatrn amivo aaidls

UJ’)) & es8emkio\ oviwe ocidS — 5 owr body cam wet frocluce
+hem



Polar Uncharged R
groups

JioH 3 C i< side chainJb o3 7
OH group/!

More soluble in water than the
non-polar aliphatic group.

Their (R) groups contain neutral
polar functional groups, which
form hydrogen bonds with water.

1- Serine, threonine (contain hydroxyl group)

2- Cysteine (contains thiol group)
3- Asparagine and glutamine (contain amide

group)

Polar, Uncharged R Groups

COO—
+
HaN—C —H

CH,OH

Serine
Ser

COO—
e |
HaN—C —H
e
CHo

|
|S —5¢ul Pav
CHsg

*% Methionine

Met

(?OO_

_+.
HsN—C —H

H_

|
lC—OH
CHs

Threonine

Thr

(|DOO_

+
HsN—C —H

Asparagine
Asn

+
HaN—

COO-
C—H
CHo

I
SH

Cysteine
Cys

(IDOO_

_+_
HsN—C —H

Glutamine
GIn

o dgag () ddasalls oo (st sulfar s (5 ¢iaa Y polar group/ g sbula Liaf <) MethionineJI 4/ l..sa dago doglao
sulfar had the same electronegativity as carbon Lgis side chainJ/ <s¥ hydrophobic g2 non polar ( biochemistry



Aromatic Side Chains

COO~ COO~ COO~
g | P + |
H3N—(|3~H H3N—(|3~H H3N—(|3—H
CHo CHo ?Hz
C=CH
\
NH
OH
O ®
Phenylalanine Tyrosine Tryptophan
Phe Tyr Trp

OH gll 43Ld s J§Y 1 Lyl

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 is tryptophan, which has an R
group of 9 carbons and 1 nitrogen in a structure known as an
indole ring. Tryptophan is also a component of the neurotransmitter
serotonin.

Benzene ring &< ks hypo ring

serotonin g2 gwac J3L Tryptophan (1o gias § Luss pathway o a3 Tryptophany!



Negatively Charged R Groups

* The acidic amino acids contain carboxvls in their

Tonized forms of these are called aspartate and | - -
glutamate. I ., §°°
HaN—C —H HaN—C —H
GHa GH2
* 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 n managing ammonia

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

Alanine <a$ lasiyoe (s OH Very important neurotransmitter



Positively Charged R Groups  rotr

i The 3 baSiC amiﬂo aCidS—IYSinC, hlStldlﬂe, | Positively Charged R Groups
and arginine—are called basic because | —— E— ——
their R groups accept protons at v | v v |
. . P . HsN—C—H  HzN—C—H HsN—C —H
physiological pH, giving them positively L L Ly
charged R groups. - [ 2 s s
. . . . ‘/A KQI./\ Cl:H2 C|>H2 C—N|:|CH
* Arginine plays an important role in the v CHo CHo [
ot | | 1 s
urea cycle as the source of urea — cI:Hg NH H H
. . +
(Guanidine group). NH3 C=NHy
« e qe .. . NHo
* Histidine is important in many enzymes it Arginine TR
and in the blood proteins myoglobin and s o His
hemoglobln. | Has arole in neurotransrﬁitter , can

convert to Histamine



Amino Acids with Hydroxyl Group

COO—
+
H3N—(|3—H
CH> <|300— <|300—
H3K1—<|3—H H3I1\Ll—(|3—H
CH>OH H—(|3—OH
Tvrosine Serine Threonine
Y Ser Thr

Tyr



+
HaN—

Amino Acids with Sulfur

?OO_
(|.7—H
CH»

|
SH

Cysteine
Cys

+
HaN—

Meth

(|JOO_
C—H
GH

Y

CHs
jonine

Met



Amino Acid with Amide Group

COO~ COO~
+ + |
H3N—(|3—H H3N—(I3—H
CH A e CH
| 2 w‘(:)a (329\ | 2
COO~ o (|3H2
A COO-
Aspartate Glutamate —
Asp

A

Cow Torn
c_wboxsl ¢ &CLC&

COO~ COO~
+ | +
H3N—(|3—H H3N—(|3—H
T E
C CHo
. HNTO :
oot \'m""’"::ss . %&‘.‘@ H N/ \\O
nadh ;{-ﬁ\wa e 2
it Asparagine Glutamine /?
Asn Gln cross the BEB
S2pos =31 ) =2
Jl brain \{_ FJ;’
D\u\'qml‘q

Ehzjnt — a\u\'animse



HYDROPHOBIC AMINO ACIDS

*H;N— CH— COO~ *H3N— CH—COO  *H;N— CH— COO~
I I I

CH, CH CH,
LN ;

H;C CH; CH

: = LN
Alanine Valine H;C CH;

(Ala, A) (Val, V) .
Leucine
(Leu, L)

*H;N— CH— COO~ *HsN— CH — COO~ *Hz;N— CH — COO~
| I |
CH CH, CH,

H,K CH |
AR
3 S— CH;

HYDROPHILIC AMINO ACIDS

Polar

*Hz;N— CH — COO~
h,
é— NH,
(II)

Asparagine
(Asn, N)
*H;N— CH — COO~
H,
oH

Serine
(Ser, S)

*H3N— CH — COO™
|

Isoleucine Methionine Phenylalanine
(lle, 1) (Met, M) (Phe, F)
*H;N—CH—COO~ *H3N— (IZH — COO~
|
CH, CH,
B O
OH
Tr(yptoph)an Tyrosine
Trp, W
9 P. (Tyr, Y) 4
GPECIAL AMINO ACIDS )
*H;N— CH—COO~  HN— CH— COO~ *H;N— CH — COO~
y — | (L I
H ey i <|:|-|2
CH, e
* (Géf(ig? * (PrOIine) ¥chteine
, Pro, P
\_ y. (Cys, Q) 4

Tmiro

*H;N— CH — COO~
I

CH,

I

CH,

|

C— NH,

Il

o
Glutamine

(GIn, Q)
*H;N— CH— COO~
H— é— CH,
oH

Threonine
(Thr, T)

*HzN— CH— COO~ *H;N— CH— COO~
I |

sz sz CH,
CH CH / “NH"*
' 2 | 2 d
[l e -
*H;N— CH, H,N—C—N—H
Lysine Arginine Histidine
(Lys, K) (Arg, R) (His, H)
Acidic
*H;N— CH — COO *H;N— CH — COO~
| |
sz CH,
|
/c\\ sz
0 o Sel
-0 Yo
Aspartic acid Glutamic acid
@ (Asp, D) (Glu, E)




mino!acid

Pe
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NN
H
H | ,0 :
N\ - % % (Common name > Alaniw
N—C—C
L, OH
- H
CH,
Purs 18 = 9 OH 4c gaa0 Alanine JI L2 :
Liss C wae AL A5 ga Sl NH, R
B | o |
serine HO —CH,— C— COOH
_— | |
NH, Sl @Alljlif! | de gana lic (08
@ | SHylrods g Alanine s Gl
¢
HS —CH,—C— COOH
|
H
% Common Ma —>| Cysteine

Al dule (i g Alanine cua o Gl

_ Phenylalanine «ac ¢, 55 ¢ o NH,

|
<C::>FCHy—C—COOH
|

H
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NH,
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OH NH,

d | | Thre

CH;—CH— C=COOH

H
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Hydrophobic amino acids

NH,

|
TT]HE HO @ CH, — C—COOH catecholamines(neurotransmitters) ago 2ol juds
CH,— C—COOH | 2 .
| o 7 Y9l Jgam Ll (g
- CS\/ Phenylalanine
I

. . . Tyrosine
* Phenylalanine and tyrosine are precursors for catecholamines. |
. .. — Lo Dopamine
* Tryptophan can form serotonin and niacin Uitowin B2 |
f
5 . . . . . . Norepinephrine
e Valine, leucine, and isoleucine are branched-chain amino acids. |
Epinephrine



Hydrophilic Amino Acids

ool

* 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.



oeldl (il daaliug pgstl e ) 5 44Y (sl dala Gaaews NON polar 4 Tyrosine yuias joluall alhzs

[ ]
Slde IlOteS! polar g,xias O§ ,uais daliug <t S OH group sga9 e 44 oSty julias (o8 a
hydrophobic § non polar g4 JLa¥/ el (s

* Tyrosine can be considered nonpolar or polar because of the

ability of the -OH group 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.

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

H O CH; O

Fol Py
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.  pform ;ssis micro organisms § Lyisall (asy o

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

20 amino acids are needed for protein synthesis.

e Essential: Those amino acids which cannot be synthesized in the body. Hence % ﬁg:‘&‘;
these amino acids are to be supplied in the diet.

* Semi-essential: Growing children require them in the food, but not essential in 2 5y
P Y - A e e “ o « e VI ..
adults (ex: Arginine). o ses o 91 kadd pruadly Baas Gligh ghuatly ¢ by Al 2y oy gruaiiy WEHASE Farginine
* Nonessential: Amino acids which can be synthesized in the body, hence not \0 ':"‘;:;S
[AY

required in the diet.



Essential Amino Acids

4
PVT TIM HALL Try THis V..P MAALLL
P.V.T. T.LM. Try::Tryptophan
P = Phenylalanine e T - Tryptophan .
. . T::Threonine S
e T - Threonine « M - Methionine His::Histadimine —ﬂi;:ld”' = \
S
HALL. \yroeec* (( V::Valine gﬁffj)/:
° lnl = [HISHENE QTS |::Isoleucine
« A - Arginine
e L - Leucine P::Phenglalanine
L - Lysine . :
M::Methionine
"Any Help In Learning These Little Molecules Proves Truely *kA - Argmme — 3@,\,\\ esse\»\.\-\u\
Valuable" gib g‘d e
This stands for L::Leucine
Arginine, Histidine, lIsoleucine, 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

nonessential g essential (nill (1o semi essential g visy §ils U waaa baiald (IS Semi essentialdla

Essential Amino
Acids:
4 Arginine

[soleucine
Histidine
Leucine
Methionine
Lysine
Phenylalanine
Tryptophan
Threonine
Valine

Non-Essential
Amino Acids:

Alanine

» Arginine

Asparagine
Aspartic Acid
Cysteine
Glutamic Acid
Glutamine
Glycine
Proline

Serine
Tyrosine



BASED ON METABOLIC FATE

(ketogenic) agsacss keton bodies yi( glucogenic) )93 ¢l | g2ias £ 5 J2 ag2ai metabolic fate caeus Amino acids J/ Sias Giligi o3

* 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

« Leucine
« Lysine

Glucogenic and Ketogenic lucogenic Amino Acid
Amino Acides

Tyrosine - Rest all are Glucogenic
Tryptophan

Threonine

Isoleucine

Phenylalanine



8

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

awall o3 poorly soluble gay Cystine (9 § ool cysteine ao daaly Jsuis &l 0 0¥ special amino acid ga cysteine]/ Lyysic/ Lia

* Solubility: all amino acids are soluble in water.

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

amounts of cystine in urine (cystinuria) leads to stone formation.
kidney stones

$——$ sH
I* I I
H,N—CH CH—NH, CH—NH,
| | | '
COOH COOH COOH

Cystine Cysteine
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PROPERTIES OF AMINO ACIDS

Ampbhoteric properties:

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

* 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 following
structure:

basic acidic

gEroup H group H

o | I
H,N — C— COOH *H;N — C — COO™

| |

R R

amino acid zZwitterion



Acid gi Based ()50 44/ yuds Amino acid (nilla Lis

* an amino acid behaves as a base
* the COO" ion gains a proton.

R R
H;N—C—C + H+ _> H;N_C_C
! > 3 ! “OH
positive ion

—

In strongly alkaline conditions a negative ion forms:

* an amino acid behaves as an acid
» the NH,' ion loses a proton.

R

R
I B | 0O
H;N—C—C\ - OH _’ HzN'—C—C\ - Hzo
'l1 o 'l1 o

negative ion






Ho daadll dans a3 Amino acid zwitterions/ Lgas (o< ol dadndl sl g isoelectric point of the amino acid dawl i Lis (o8

‘KQ? PROPERTIES OF AMINO ACIDS

different isoelectric point ¢!l amino acid Js

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

This depends on two factors:
1. Isoelectric pH of the amino acid.

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
electrical charge.



- PROPERTIES OF AMINO ACIDS

1. At pH less than isoelectric pH

Amino acid exists as positively charged. 5
2 tyrosine H isoelectric point 3o & Jl g
What the < 2 o2 Ph in the medium §5.7
¢ tyrosine act as
Positively charged

2. At pH more than isoelectric pH
Amino acid exists as negatively charged.

3. At pH = Isoelectric pH

* The amino acid carries equal number of positive and negative charges, i.e. no net charges.
* 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

e Which of these amino acids has a side chain that can become ionized in
cells?

A. Histidine — already  cuacged
B. Leucine

C. Proline

D. Threonine



(Questions

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

| |
CH3—CH,—CH— C—COOH
cwival @ Fll

\Soleucine

NH,
|
HO—CH,— C— COOH

wl = |
p‘(,\v\a & N

3€.T'ine,

OH NH,
I I
CH;—CH — C— COOH

|
Chira) < H

T‘M‘@ON\A e



(Questions

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

B. zwitterions. —  2ero vet cueryed

C. negatively charged compounds.

D. hydrophobic molecules.
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