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Structure of amino acids
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Proteins are diverse in function but share common structural

feature of being linear polymers of a-amino acids (20 aa in nature)
/a common shzclue gf ﬂ"’lm

Amino acids are very'small'biomolecules with an average molecular
weight of about 135'daltons.
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Each{a.a. has a carboxyl group, an amino group (€xeeptiproline)

and distinctive side chain w - comgent r o
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[ They exist naturally in a ZW|tter|on state where the carboxylic'acid

moiety is ionized and the basic amino group is protonated
L) o pHT L )

In amino acids, COOH has a pKa (about 2) lower than that of
normal carboxyllc group (4-5) due to the presence of nitrogen which
acts as electron withdrawing group by )
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Structure of amino acids

[ They are classified as @,y y, efc. amino acids‘@ccording-the
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[l Amino acids are devided into:esseéntial and non-essential )

The essential are lle, Leu, Lys, Met, Phe, {Thr, Trp, His and Val. while

the rest ganbanunthacizad in our bodies . e number r Ihese oo acidl [« nie

Cammon to all c-amino
acids of proteins
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—eieatiesee— 1. Nonpolar amino acids
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[ Include Alanlye Glycine, Isoleucme
Leucme Methionine, Phenylalanlne Proline,

Trytophan, Va/ne
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[ Nonpolar amino acidstshareonlyin

hydrophoebiciintéraction (No hydrogen or
ionic bonds) which stabilizesthesprotein
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[l Determine the three dimensional shape and
their location in the cell.
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Nonpolar amino acids. 1

HONPOLAR SIDE CHAINS
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Uncharged polar amino acids. 2

55 olx amino acid end ol nek e<sontol onino octl echdot hermommne

Include: Asparagine, Glutamine, Serine, Threonine, Tyrosine and
Cysteine —hsT  lp <, sre A, ope ¢ LO”'ﬁ el opi odid)

form hydrogenbondwith other polar aa — Fo\ur omvo ocid

(LEENCK) VRS
Presentioutsiderof'ithe proteins that function in aqueous

environment and in interior of membrane associated proteinsj
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Cysteine has sulfhydryl group which can be oxidized to form a
dimer, Cystine (C-S-S-C) — 1.\ M&f Shabolized Qoré\ea‘n dichie
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Uncharged polar amino acids. 2

UNCHARGED POLAR SIDE CHAINS
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Acidic amino acids. 3

1 Include: aspartic acid, Glutamic acid
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[l The side chain dissociate to COO" at physiological pH
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Basic amino acids. 4
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[ «Sideschainsissprotonated and generally has a positive charge at
physiological PH. Lpsilie chure
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Abbreviations for the 20 Amino Acids

Amino Acid Abbreviation Amino Acid Abbreviation
Three |One Three |One
letter letter letter letter

@anlne B Ala A (Leucine Leu |L . p./
Arg R Lysine Lys K &< Ki
Asn_ IN . 0. (Methionine . |Met | M

Aé%@?t.é%”‘éiaj Asp D A Phenylalanlne\ Phe F

Cysteine Cys ¢ T | Broline Pro P

(Glycine Gly Gm. s Serine Ser S

Glutamine Gin Q o '@repnine Thr T

Glutamic acid | Glu VB o ﬁ%@phan Trp )}

Histidine His H yrosine Tyr |Y

(Isoleucine lle ! (Valine Val |V




Abbreviations and symbols of amino
acids

KD unique first letter: Similar sounding names:
Cys'ona = Cyam € Argring = Arg = R [“afiginine”)
Histare = Hs = H Aspwagne = Asn = N [contasine N)
koleucne = b = | Aspwiae = Asp = D [“asparDic”)
Methiocrire = Mel= M Glutamate = Giu = E {"glutEmaie”)
Sorw = Swrw=w S Giiywne = Gin = Q@ ["G-tamine™)
Valne = Val = ¥ Prharyalsine = Phe = F (“Ferrylalanine™)

ly = Tyrcene =Ty =¥ ["1¥roaina™)
HHI Wﬂllllﬁll occu “ﬂ Tl"m = Tl'p = W M“h
B ﬂl’l‘iﬂﬂ acids h!VH pﬂﬂl’"‘! the molecu'e)
s« Aas=s A
. s s e ) Letter ciose to initial letter:
Lawcing = LlLeuwe L
Proine = PFro=s P Aspartstecr = Asx = [0 jnear A)
Theaonine - Thr = T “m
Gutamaieor =« Gt = X
g/utamine
Lysine = Llys=s K (nearl)
Undetermined = X
amino acid
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A GUIDETO THE TWENTY COMMON AMINO ACIDS

AMING ACIDS ARE THE BEUILDING BLOCKS OF PROTEIMS IM LIVING ORGANISMS. THERE ARE OVER 500 AMINO ACIDS FOUND IN MATURE - HOWEVER, THE HUMAMN GEMNETIC CODE
OMLY DIRECTLY ENCODES 20, 'ESSENTIAL AMING ACIDS MUST BE OBTAINED FROM THE DIET, WHILST NOMN-ESSENTIAL AMING ACIDS CAN BE 5YNTHESISED IN THE BODY.

Chart Tey: . ALIPHATIC AROMATIC . ACIDIC . BASIC HYDROXYLIC SULFUR-CONTAINING . AMIDIC O NON-ESSENTIAL 1:::| ESSENTIAL
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BAA, AR [0 N L | T T B AL, ACA, AT (IR et LN A, AR Lan, CAG




memorize AA-whatever video

suits you

E -.llhuilh " sy Wy Lo nigIrange g Bacs =

Trick to sraw & memnorza 20 Aming acid structures fom Boroecales cass 12 chamizty by emsali mam
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Optical properties of amino ac:ids1
ETRIRSENE DS RS

[ with the exception of glycine, thera=carbonof-all-aa‘sris'optically
activerehiraly - (el o=, ¢

[l a.a. Exist inttwo forms, and D, which are mirror images}
2T OLalis Wiyyn <

[l All amino acids found in proteins are of the L-configuration
(L)l <

D- amino acids af*‘“"“'-"““““*“**’m*“u“l in bacterial cell
walls 4 m
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Optical properties of amino acids

et

o)l le duisadl polosdl 55 S 8ypuall s
o)l g5 & ol lgwolssd donis abituall

ozl Gubil

et dalilol eleasSUl B dpolsdl odn plasiu! @i
(@sgll Oléglosall) byos agliiall LSyl

duisodl oloxYl sasy jeus lgnsS )5 48209
3381 pasdly (+) oeaddl S cgll Clbadiul sgtue
) sl I

Optically active) Gnas J!
830l digodl (olasdl Lle S

B 0950 w2 ol Olbadil sotune (B pusill
NEN

Polarizing Angle of
filter r’tl}tatlﬂl"lfﬂf
ane o
Unpolarized P

polarization
|

Hotated '/“/

polarized light

Y

- 7
Light
source . % u ﬂ
! Polarized 'DDﬁEIE”y active
» light solution |
F’c::lanzer Analyzer |
axis



SVRESTIRE TS R R \3@\@;\

[l Amino acids can act as buffers 76“

ava)

— H~> Y2 leacion with 1 L comdoos@a\ Nt

A (oo N no
eflect

0 The quantitative relationship is described by Henderson-
Hasselbalch equation:
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Titration curve for alanine
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Isoelectric point (pl)1
[ENESEER SV

0 At lts Isoelectric pH (pl), an Amino Acid Bears No Net Charge;—l

Slalt <Ull 226 2ol Stoedl wlstose S s\s o
0 , The isoelectric pH is calculated as the pH midway between pKa
Qalues on either side of the isoelectric species. | _ ouseg
roe®p bebween (o ) ond YL, (coon) o
0 Example: alanine has only two dissociating groups, pKa (R=COOH)

I§2:35’and pKa (R=NHz")iis29169. The isoelectric pH (pl) of alanine
S

S
pl = (pKal +pKa2)i2=6.02 = 23563 _ 12 oy (.,
2 2

0 For polyfunctional acids, pl is also the pH midway between the pKa
values on either side of the isoionic species. For example, the pl for
aspartic acid is

ol = (pKat + pKa2y2 N b phay teove
(2.00 + 3.96)/2=3.02 < Nk <Al
Ut Al s s 6,

s A
hee il ke (contt), =2.09 s Pl (Cook)y = 2.9 e
Pla (NH) =922 % ——= et il
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Triprotic amino acid-titration
curve

' |pH=(pkay +pKaz)2

___________________

0.0 0.5 1.0 15 20 25 3.0 35

Titrant Volume (eq)
B ——

Figure 1.2. Titration curve for § triprotic amino acid




Triprotic amino acid-titration

curve
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[} 5/CARBONATE AS A BUFFER:

® pH=pK+log [[:-*ngéj

@ Anincrease in bicarbonate ion
causes the pH to rise.[pa?)
= K
® Pulmonary obstruction causes an
increase in carbon dioxide and
causes the pH to fall. (pil)

(B oruc assorerion 7!

B G (s

3 [Drug ]
@ pH=pK +log {DrugH]

@ At the pH of the st 5}, &
drug ke asplrlm
*y will be largely protonated
{(COOH) and, thus, uncharged.

@ Uncharged drugs generally cross
membranes more rapidly than
charged meolecules.

RIS



Proteins are essential component of membranes.

Plasma membrane proteins regulate the transfer of various
substances across the cell membrane or act as receptors.

All enzymes are protein in nature.

. All antibodies_(immunoglobulins) are protein in nature, playsan

Some hormones are proteins in nature eug. insulin, glucagon, and
growth hormone.

Hemoglobin carries oxygen in the blood and myoglobin stores O,
in muscles. Both are proteins in nature.



10.

Biological importance of proteins

Some proteins are protective ewgr keratins make the skin
resistant to chemicals. Others have supportive functions eig
collagen and elastin.

Amino acids are converted to other substances of great
physiologic importance €@ creatine, heme, histamine, serotonin,
purines and pyrimidines. .5, 5p |5 1y

Actin and myosin are contractile proteins foundsinEmusclencells
and are responsible for muscular contraction.

Plasma proteins can carryalipids forming lipoprotein complexes;
hormones»(e.g. thyroid and steroid hormones) and iminérals (e.g.
calcium and copper).
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1. Primary structure: the aminoracidssequencesof
proteins.
2. Secondary structure: @=helices and«{B=sheets:

3. Tertiary structure: the threerdimensionalstructure
of protein

4. Quaternary structure: arrangement:ofipolypeptide

ERREES Sy

P
0 The folding of the protein ranges from simple
=53 =_combinations of a -helices and 3-sheets forming
o= B~ small motifs to the complex folding of polypeptide
domains of multifunctional proteins. 1, &

Tertiary
structure




Motifs and Domains

Quaternary/tertiary

Secondary structure Motif Dnmal
nl structure
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1

SIS
Oligopeptides: ' e.g.,
gonadotropin-releasing hormone [GnRH] contains 10 residues

Polypeptides:
adrenocorticotropin hormone consists of 39 residues.

e.d.,

Protein:
residues’ e.g., parathyroid hormone contains 84 residues

4 ™
HaM ﬁ CO=H
o
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[l Genetic diseases occurs due to defect in the
amino acid sequence leading to improper folding
and impairment of function. Ple A\
s D

0 In proteins, amino acids are joined covalently by
peptide bonds, which are amide linkages

between the a-carboxyl group of one amino acid,
and the a-amino group of another.

tein can be

@ﬁgd@geﬁ peptide b%nd of the(J rotein,

hydrolyzed by
‘base at high temperature or

 Formation of the
peptide bond
cr -

REaE HiS
*HsN -C- €00" *HN-C— COO™
H CH,

Valine Alanine
o H0
Free amino
end of paptide
i =4
!! HC-CH M| H
v C-fe - f-c-co
H lo

Valylalanine
Peptidebond |




0 The secondary structure of

protein is stabilized by hydrogen
bonding

[l Folding of the protein to:
1. a-helix:

2. B-pleated sheats: can be parallel

or antiparallel Lige
g, S SRS
3 3- turns usually at the surface of

the protein, containsiusually”
sproline which causes a kink the

structure in m

structure

[derugﬂn bonds batwean chains

Palypeplide chaine
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The tertiary structure is the three dimensional structure of proteins
(folding of the domains) — shde 2¢
A Ses

The protein tends to fold correctly with a low energy state.(we ol ol )

Interactions stabilizing the tertiary structure: (¥ Syl 55\ o)

Disulfiderbond: in presence of Cysteine which forms a covalent
bond (-S-S-)

AN =)\ G oM\ S

“Hydrophobic interactions
‘Hydrogen bonding
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0 The polypeptide can be one domain (monomer), dimer, trimer
depends on the number of subunits. < <¢ v -« o050\
AP TP Sl SV e
0 A specialized group of proteins (called chaperones) are required for
the proper folding of the protein.

S > i ot ool Ul s 3 iy




Urea —\oW\ = &\f—s’ﬁl:)ct-*:ﬁ’j}fr%jl S 3)\1 >\aplde

Extreme pH and temperature— <y ¥l . Pl

Organic solvents— <A<\l By o5

[l Leads to loss of secondary and tertiary structure and

hence, loss of function.
3oy
pedtel
[l Most of proteins can'‘t refold upon removal of the

denaturant (W




0 Alzheimer disease:
~Normal proteins,after abnormal chemical

~ processing, take on a unique conformational state

that leads to the formation of neurotoxic amyloid
protein assemblies consisting of B-pleated sheets.
3850 oyl o Yoo Po=to gy @»a\cg CHag k) kasc_‘sj
%PL/:;W Stps)| LA %L’\\Qp_) leoled \&*&\)3053“ S\aas3
el

|5y )S') RO S U<9><\>&/L:5
In Transmissable Spongiform Encephalopathy 5

]

The i
normal prion protein that acts as a “template” for

Sl S\aiogl oot o 24P 18 300 e S oo oy
SapsW \O) ot s b e T3l

Interaction of the infectious
PrPF molecule with a normal
PrP causes the normal form
to fold into the infectious form.

-.;.—;?j"*i - (contains. ﬁ-ahaeta}

R o ol

43 These two molecules dissnclﬂte

E E and convert two additional non-
infectious PrP molecules to the
infectious form.

(Mad cow dISease) (‘W Mﬂ&\mgﬁ Jehueiond o gy Souke M TR

B a This results in an axponential

increase of the infectious form. |




Biosynthesis of protein
e Ao csyd! C/L%AX

0 The informatlorﬂthat tells a cell how to build the proteins it needs to
survive is coded in the structure of the DNA in the nucleus of that
cell. L, (2 ge-\al))

ﬁmum&r for codon=Y" - 64 cookoy

0 Because there are only four nucleotides and there are 20 amino
acids that must be coded. the nucleotides are grouped in threes,
however, there are 64 possible triplets, or codons




Biosynthesis of protein

cJo
0 Before the information in DNA can be decoded, a small portion of
the DNA double helix must be unconed]

0 Astrand of RNA is then synthesized that is a complementary copy
of one strand of the DNA using RNA polymerase}

(U“’jvﬁ Sl \)‘@\/&) Dt\\]\ S <_s)aX 5 So RIA Sl oS U Voo
0 RNA uses U where T would be found in DNA and base pairing

occurs between two chains that run in opposite directions. The RNA
complement of this DNA should therefore be written as follows.

0 (3) T-A-C-A-A-G-C-A-G-T-T-G-G-T-C-G-T-G.... (5”) DNA
5" A-U-G-U-U-C-G-U-C-A-A-C-C-A-C-C-A-C 3

0 5" A-U-G-U-U-C-G-U-C-A-A-C-C-A-G-C-A-C... 3" mRNA

0/ Since this RNA strand contains the message that was coded in the
DNA, it is called messenger RNA, or mRNA.
/\



fon < 3523 U-ACA-A-G-C-A-GN-U-6- GN-C-G--G 5

[

Biosynthesis of protein
- TanSIationNz

The messenger RNA now binds to a ribosome, where the message
is translated into a sequence of amino acids.

\/?/\‘51\\/5 <
The amino acids that are incorporated into the protein being

synthesized are carried by relatively small RNA molecules known
as transfer RNA, or tRNA.

There are at least 60 tRNAs, which differ slightly in their structures,
in each cell. At one end of each tRNA is a specific sequence of
three nucleotides that can bind to the messenger RNA| At the other
end is a specific amino acid. LA Jdal <

each three=nucleotidersegment of the messenger RNA molecule
codes for the incorporation of a particular amino acid.X

B B L
) Rz Y2 oo Uy §-4
([Sopeats 59 il foz s




Codons

Second letter

UuU UCU” UAU UGU u

i el e F. a7 [ugcters | e

UUA}LEU UCA (UAA stop A

UUG e UGG Trp |G

MM EIME

s | 7| CuA CCA CAAY o, |CGA [T | A

£ Il CUG CCG CAG CGG G
m = - L -

@ AUU ° ACU AAU AGU U

i [a|Auc tie |Acc | |aacS®" |acc S5 | c

AUA | ACA ABAY | o |AGA A | A

e Somole— SIIETINED | ACG | AAG . AGG | G

GUU Sy GAUY pgp | GGU) u

Guc |\, [6cc |, |GAC. GGC Ly [ C

GUA GCA GAAY o, | GGA A

GUG GE CAC) L) =

Third letter
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Frotein

Amino acids
Growing protein
chain

uTube to help
u imagine the
process

Ribosome —— Codon
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Biosynthesis of protein P

0 The signal to start making a polypeptide chain inSimple, prokaryotic
cellstisthe triplet"AUG, which codes for the amino acid methionine
(Met). The synthesis of every protein in these cells therefore starts
with a Met residue at the N-terminal end of the polypeptide chain.
After the tRNA that carries Met binds to the start signal on the
messenger RNA, a tRNA carrying the second amino acid binds to
the next codon. A dipeptide is synthesized when the Met residue is
transferred from the first tRNA to the amino acid on the second
tRNA.

0 The mRNA now moves through the ribosome, and a tRNA carrying
the third amino acid (Val) binds to the next codon. The dipeptide is
then transferred to the amino acid on this third tRNA to form a
tripeptide.

0 This sequence]of stepsfcontinues until one of three codons is
encountered: UAA, UGA, or UAG: These codons'give'thessignal
for terminating the synthesis of the polypeptide chain, and the chain
is cleaved from the last tRNA residue


أكيد! إليك ترجمة النص:


---

تصنيع البروتين – المرحلة الثانية: الترجمة (Translation)

الإشارة لبدء تصنيع سلسلة البولي ببتيد في الخلايا البسيطة (البدائية – مثل البكتيريا) هي الثلاثي AUG، والذي يُشفّر للحمض الأميني ميثيونين (Met). لذلك، يبدأ تصنيع كل بروتين في هذه الخلايا دائمًا ببقايا الميثيونين عند الطرف N (الطرف الأميني) لسلسلة البولي ببتيد.

بعد أن يرتبط الـ tRNA الحامل للميثيونين بإشارة البدء الموجودة على جزيء mRNA، يأتي tRNA ثاني يحمل الحمض الأميني الثاني، ويرتبط بالكودون التالي.

يتكوّن ثنائي الببتيد (dipeptide) عندما يتم نقل بقايا الميثيونين من الـ tRNA الأول إلى الحمض الأميني الموجود على الـ tRNA الثاني.

بعد ذلك، يتحرك الـ mRNA عبر الريبوسوم، ويرتبط tRNA ثالث يحمل الحمض الأميني الثالث (فالين - Val) بالكودون التالي. ثم يتم نقل ثنائي الببتيد إلى الحمض الأميني الثالث، مما يشكّل ثلاثي الببتيد (tripeptide).

تستمر هذه الخطوات بالتتابع حتى يتم الوصول إلى أحد ثلاثة كودونات توقف: UAA أو UGA أو UAG، والتي تعطي إشارة إنهاء تصنيع سلسلة البولي ببتيد. بعد ذلك، يتم فصل السلسلة البروتينية عن آخر tRNA.



---

إذا حابب أعملك مخطط أو رسوم مبسطة تساعدك تتخيل الخطوات بصريًا، قولي!




Biosynthesis of protein

0 The sequence of DNA described in this section would produce the
following sequence of amino acids.

Met-Phe-Val-Asn-GIn-His-...

0 This polypeptide is not necessarily an active protein. All proteins in
prokaryotic cells start with Met when synthesized, butetialp

proteins have Met first in their active form.
e
0 ltis '

dweensynthesized to give a protein with a different N-terminal amino
acid Lw%ﬁ o)



Biosynthesis of protein

2= sl @gpml
Madifications to the polypeptide often have to be made before an
active protein is formed

Example:

0 Insulin consists of two polypeptide chains connected by
disulfide linkages. In theory, it would be possible to make these
chains one at a time and then try to assemble them to make the
final protein \Poss e

0 The%polypeptiderchainthat is synthesized containsartotaliof 81
amino acids.

0 All of the disulfide bonds that will be present in insulin are
present in this chain. The protein is made when a sequence of
30 amino acids is clipped out of the middle of this polypeptide
chain



Chains A and B, including the interchain disulfide bonds A7-B7
and A20°B19 and intrachain disulfide bond A6-A11




Insulin

C-peptide

) + COOH

Proinsulin

Insulin



Tertiary and quaternary structure of insulin
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