Protein structure and function

C’ https://youtu.be/9ssCKw-70vQ?si=SIru6VZ809hl.2cyp  inkco

Amino acids

o pola A
/eSS =y -

% B oerler sl
‘ s sl Sl -

( Olialigem 2
Wish you best Juk S

69 aneem Al s«ﬂoaf’



https://youtu.be/9ssCKw-7OvQ?si=gk1t4fvAadU2sX5Y

£y 5% S hitps:/lyoutu.be/_gZIf3JcyDY 2si=VVmM29JXRCEIf-R7w (‘D/* H i o
s

Amma ;clal é\'a(\— ?w min H— N f— C | C ' OH
e Structure of amino acids o & o

\::9 4 p(otona HS’A Vzrr(i)aub;e ion zed

ne coo”

> Proteins are diversein function but share common structural feature
of being linear polymers of a-amino acids (20 aa in nature)
Alpha

» Amino acids are very small biomolecules with an average molecular
weight of about 135 daltons.

9/ mo\ Cs HaNO, ’—-’;mma
» Each a.a. has a carboxy| group, an amlno group (except proline) yrouk
and distinctive side chain [ 7 o
=/ 3 Tk
> They exist naturally in a ZW|tter|on state where the carboxylic acid

moiety is ionized and the basic amino group is protonated
Sy

13 |n amino acids, COOH has a pKa (about 2) lower than that of normal
carboxylic group (4-5) due to the presence of nitrogen which acts as
electron withdrawing group N
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Structure of amino acids

> They are classified as a, B, y, efc. amino acids according the carbon
that bears the nitrogen.

olie’r bOAQ P(OAMCC i
a I\
> Amino acids are devided into: essential and non-essential

lsoleucine bhreonine

The essential are'lle, Leu, Lys, Met, Phe, Thr, Trp, His and Val. while
Lseokial - the rest can be synthesized in our bodies ™
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2. Which of the following essential amino acids A\ Sult ey
is not synthesized by the body?

a. Arginine

b. Glutamine

c. Histidine

d. Proline
Answer: (c)
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Which amino acids not classified as
branched chain a.a?

1) lysine

2) valin

3) isoleucine

4) leucine



Which of the following amino acid you
don't need to take it from the diet

1 serine

2 phenylalanine

3 leucine

4 histidine



Which amino acid is aromatic 'R’ group:
histidine+ wlsadl uwy Olyls dac
phenylalanine+ tyrosine+ tryptophan
t+Y QJ._)LP ¢ |3l
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1. Nonpolar amino acids ;

| 2 ;
» Include: Alanine, Glycine, Isoleucine,

“ Leucine; Methionine, Phenylalanine; Proline, (-
3Tryptophan,VaIine (m)clus
9

| the surface

solubl

> Nonpolar amino acids|share only in

hydrophobic interaction (No hydrogen or
lonic bonds) which stabilize the protein , IS
structure | mermprene

| N
» Determine the three dimensional shape and | s
their location in the cell. (non pelac) Sl B M e R0 g

i /\ 3w helices
e,

& » Proline contains imino so it Interrupts the a- 2 gl \sps - chains
helices in globular proteins and contributes " J‘;L?“S
to the formation of fibrous proteins v e
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mismatch
- prolin = form kink with alpha chain

LA S ol G dsuwall o 80Slo i

B-turns: usually at the surface of
the protein, contains usually
proline which causes a kink the
structure in addition to glycine.

only Achiral
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NONPOLAR SIDE CHAINS

1. Nonpolar amino acids
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2. Uncharged polar amino acids

| 2 3 Y 5
> Include: Asparagine, Glutamine, Serine, Threonine, Tyrosine and
* Cysteine

» form nhydrogen bond with other polar aa

» Present outside of the proteins that function in agueous environment
and in interior of membrane associated proteins.

~S<

R H
4 » Cysteine has sulfhydryl group which can be oxidized to form a

dimer, Cystine (C-S-S-C)

5 NH, 0
HO S.
4 or s o
O NH,

NH,

Cysteine Cystine ( ime()
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2. Uncharged polar amino acids

UNCHARGED POLAR SIDE CHAINS
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3. Acidic amino acids

(AsP D) E
> Include: aspartic acid, Glutamic acid

> The side chain dissociate to COO- at physiological pH = 240
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ACIDIC SIDE CHAINS
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4. Basic amino acids

H K R
» IncludeHistidine, Lysine and Argenine

» Side chain is protonated and generally has a positive charge at

. . CoO~
physiological pH. 30 olutamate has an ionic bond with

(L
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Intiraction between side chain arginine and glutamaic acid Jb kulgJl o5 o
PSS

lonic Oyl
covalent
dipole- dipole
van der wal
All of the above
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Glutamate has an ionic bond with His
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Abbreviations and symbols of amino

n Unique first letter:
Cysteine = Cys= C
Histidine = His = H

¢ Isoleucine = lle = |
Methionine = Met = M
Serine = Ser= 8§
Valine = Val = v

acids

amino acids have priority:

Alanine = Ala = A
Glycine = Gly = G
Leucine = Leu = L
Proline = Pro = P
Threonine SN = T

B Most commonly occurring

B Similar sounding names:

Arginine = Arg = R (“aRginine”)
PAsparagine = Asn = M (contains N)
Aspartale (acid) = Asp = ("asparDic")
Glutamate(xd) = Glu = E ("glutEmate")
¢ Glutamine = Gin =@ (“Q-tamine”)
Phenylalanine = Phe = F (“Fenylalanine”)
Tyrosine = Tyr = Y (“tYrosine”)
Tryptophan = Trp = W (doublering in

the molecule)

n Letter close to initial letter:

Aspartateor = Asx = B (nearA)
Mid‘/ asparagine

Glutamateor = Gilx = Z

glutamine

Lysine = Lys = K (nearl)

Undetermined = X

amino acid

Name Abbreviation Symbol Name Abbreviation Symbol

Alanina Ala A Methionine Met M
Cysteine Cys C Asparagine Asn N
Aspartic Acid Asp D Proline Pro P
GlutamicAcid Glu E Glutamine Gln Q
Phenylalanine Ph F Arginine Arg R
Glycine Gl G Serine Ser S
Histidine His H Threonine Thr T
Isoleucine lle I Valine Val V
Lysine Lys K Tryptophan Trp W
Leucine Leu L Tyrosine Tyr Y

Amino acid

Aspartic acid / Aspartate
Glutamic acid / Glutamate
Asparagine

Glutamine

Sometimes we cannot distinguish
between:

® Aspartate (D) and Asparagine

(N)

So we use:

« B=Asp OR Asn
& Why B? Just a convention (think “both
similar")

¢ Glutamate (E) and Glutamine (Q)

So we use:

+Z=GluORGIn

o memotize

Amino acids stuctures



https://youtu.be/JQYHLRkLF_k?si=luGTLDEXenuLk1VY

9\96\(\8 s the only amino acid thal s nok chial  (No L/D conQigumHon)

Optical properties of amino acids

> With the

exception of glycine,

active (chiral)

» a.a. Exist in two forms, m

» All amino acids found in proteins are of the/Lconfiguration

>‘amino acids
walls

the a-carbon of all aa’s is optically

are found in some antibiotics and in bacterial cell

- —— -
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Optical properties of amino acids

Polarizing Ang[e of
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Unpolarized polarization
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Acidic and basic properties of amino acids

> Amino acids can act as buffers

> The quantitative relationship is described by Henderson-
Hasselbalch equation:

3 ET

pH = pKy + log[[|—'|]]—
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Isoelectric point (pl)

zel(o

At Its Isoelectric pH (pl), an Amino Acid Bears No Net Charge

The isoelectric pH is calculated as the pH midway between pKa
values on either side of the isoelectric species.

Example: alanine has only two dissociating groups, pKa (R-COOH)

Is 2.35 and pKa (R-NH3*) is 9.69. The isoelectric pH (pl) of alanine
IS

pl = (pKa1 + pKa2)/2 = 6.02

For polyfunctional acids) pl is also the pH midway between the pKa

values on either side of the isoionic species.(For example; theplfor

asparticacid is
pl = (pKa1 + pKa2)/2
(2.09 + 3.96)/ 2 = 3.02
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isoelectric point of histidine ¢ Jl5w9
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pka of amino group if g Jlgw Cul>
( pkal=2.2 , Pka2=6, Pka3 = 9.2)

pka = 9.2J amino group! e cJlw aigS
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Calculate the isoelectric points for the following amino acids, given their pK, values

0 532 O 483 9 499
OH OH O/KOH
NH, NH, NH

9.62 9.13 10.60

Valine ¢{l-597 Phenylalanine Lo Proline €\ =63




note 8
( unchatged)

> unioNiz
gt - Application on buffer effect

<X membane is nonpolaC

|Drug ]
[Drug-H]

| ® Atthe pH 5),a B
onated
and, thus, uncharged.

@® Uncharged drugs generally cross
m : « membranes more rapidly than
a

charged molecules.

[} EicARBONATE AS A BUFFER

- S -

@® pH=pK+log

[HCO; ]

‘ pH = pK + |°g [H2003] Aspifin aLsotphon?

@® Anincrease in bicarbonate ion
causes the pH to rise. Heo; % et

) causes an
increase in carbon dioxide and
causes the pH to fall.

<
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Biological importance of proteins

Proteins are essential component of membranes.

- transeotte ¢
- cecept ol

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 (|mmunoglobullns) are protein in nature, play an
important role in the bodies’ defensive mechanisms.

. 0, . @
Some hormones are proteins in nature e.g. insulin, glucagon, and
growth hormone.

Flemoglobir carries oxygen in the blood and @ Iebip stores O,
in muscles. Both are proteins in nature. -

muscle




unlike hemoglobin, myoglobin :
act as reservoir for oxygen <! 8 wlgl



Oxigp Uie bl e Jlgw oS
All receptors
All enzymes
All antibody
Hemoglobin



Biological importance of proteins

/. Some proteins are protective e.g.keratins make the skin resistant

to chemicals. Others have supportive functions e.g. collagen and
elastin. suppe't = collagen / glaskia

p(olecl- = Katatins

8. Amino acids are converted to other substances of great
physiologic importance e.g. c€reatine, heme, histamine, serotonin,
purines and pyrimidines. X "

—— nucleotide

9. Actin and imyosin are contractile proteins found in muscle cells
and are responsible for muscular contraction.

Q©
10. Plasma proteins can carry: lipids forming lipoprotein complexes;

() hormones (e.g. thyroid and steroid hormones) and minerals (e.qg.
calcium and copper). ©

CO+2 Cu
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Structure of proteins %

The are four levels of protein structures:

Primary structure: the amino acid sequence of
proteins.

Secondary structure: a-helices and B-sheets.

Tertiary structure: the three dimensional structure
of protein

Quaternary structure: arrangement of polypeptide
subunits

The folding of the protein ranges from simple
combinations of a -helices and [3-sheets forming
small motifs to the complex folding of polypeptide
domains of multifunctional proteins.

‘)(ima(lﬂ
secondal
teltaty

quatenawy




poteins —> polypeptide oligopeptides —> Aming acids
Big ( 15 -50) 1B < small

505 Classification of proteins

» Qligopeptides: Peptides with fewer than 15 residues e.g.,
gonadotropin-releasing hormone {[GnRH] contains 10 residues

» Polypeptides: Peptides consisting of 15 to 50 residues e.g.,

adrenocorticcatropin hormone consists of 39 residues.
ACT

» Protein: polypeptide that contains more than 50 amino acid residues
e.g., parathyroid hormone contains 84 residues

CﬂQH —= 0 ac H:,C

ACTH —» 239 a.G
6)a(a|-hg(oia‘ H—» 84aa H?N
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1. Primary strucure cwlet bonds

» The amino acid sequence of proteins

»| Genetic diseases|occurs due to defect in the
amino acid sequence leading to improper folding
and impairment of function.

Formation of the
peptide bond
> In proteins, amino acids are joined covalently by oH,
peptide bonds, which are amide linkages between | =% « = « &
- : *HaN - Q— Ccoo *H;N-C— COO
the a-carboxyl group of one amino acid, and the H Sty
a-amino group of another. pare Aoee
H,0
llend ot peptice : ondiof poplide
» The peptide bond of the protein ¢an'be hydrolyzed o on—] 1

H
I
*HeN-CHC N [EC—C00"
H CHs

by prolonged exposure to acid or base at high |
temperature or enzymatically. |
1
|

Valylalanine

Peptide bond
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3)

C*

e /structure in addition to glycine. HzNJOLOH
O(-L\e\ices )AQ

2. Secondary structure Jydogen bonds

The secondary structure of
protein is stabilized by hydrogen
bonding v

Folding of the protein to:
a-helix:

B-pleated sheats: can be parallel
or antiparallel S

B-turns: usually at the surface of
the protein, contains usually
proline which causes a kink the

Achical a7 Glycine

= 2 Secondary

structure

[Hydrogen bonds between chains

Polypeptide chains
almost fully extended
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3. Tertiary structure ke myoglolin

The tertiary structure is the three dimensional structure of proteins
(folding of the domains)

The protein tends to fold GOREEHY with a (GWIERERgYISIate .
Interactions stabilizing the tertiary structure:

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

Hydrophobic interactions

Hydrogen bonding

lonic interactions

Cysteine




4. Quaternary structure iKe hmogiobin

non covalent intetackions

> [The polypeptide|can be ©ne domain (monomer), dimer, trimer
depends on the number of subunits.

> A specialized group of proteins (called chaperones) are required for
the proper folding of the protein.

(egu(m{on




Question:
Which of the following is an incorrect match between protein structure level and its

stabilizing bond?

A) Primary protein - covalent bond

B) Secondary protein = ionic bond

C) Tertiary protein - disulfide bond

D) Quaternary protein - covalent bond
E) None of the above

F) Two of the above

Answer: F) Two of the above
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Denaturation of the proteins

_» denaturakion

> Unfolding of protein] occurs due to different factors:
> Urea CHyN,0
> Extreme pH and temperature
» Organic solvents

> Leads to loss of secondary and tertiary structure and
hence, loss of function.

A » Most of proteins can't refold upon removal of the
denaturant (irreversible denaturation)

(éﬂo



e |- Alzheimer

Diseases related to 2 mad-co
denaturation of proteins

prion
peel i

» Alzheimer disease:
Normal proteins,after abnormal chemical
processing, take ona unique conformational state
that leads to the formation of neurotoxic amyloid
protein assemblies consisting of B-pleated sheets.

J(_pb QA
am w'o,d F(olrem ,,g( soluble _ oxm(a::es o iy /-w&shw‘t anmn{-
b g e

Oy Qs (glos S

> In Transmissable Spongiform Encephalopathy 5
(Mad cow disease): (TSEs)
The infective agent is an altered version of a normal

prion protein that acts as a “template”for converting
normal protein to the pathogenic conformation.

Innpr (ém (—Km -“_g
5— SMC’G"S o 'hclix

Interaction of the infectious
PrP_molecule with a normal
PrP causes the normal form
to fold into the infectious form. |

Non-infectious PrP
. (contains a-helix) S

knfectlc:us PrP
(contains B-sheets)

> Infectious PrP
K  (contains B-sheets)
| |
These two molecules dissociate,
and convert two additional non- |
infectious PrP molecules to the |
infectious form. ;

Non-lnfectious PrP
(contains a-helix)

=4
Non-infectious PrP
(contains c-helix)

) > !
- &, K< o~ = > s s
x ~ o Y [/
: #
= :
{ {
\

This resulis in an exponential |
increase of the infectious form. |

llllllllllllllllllll
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Biosynthesis of protein

» The information that 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.

» 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

» DNA only stores the genetic information, while RNA is responsible of
its translation to protein

/ 3m 3D gaimabion


https://youtu.be/gG7uCskUOrA?si=JJGoPhp3n-YWl_Ib
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Biosynthesis of protein Z 9-aeslabion

nucleus \ 3_post tansationa!

DNA — mRNA <+ 1_ Transcription e:“ modifi cation

» Before the information in DNA can be decoded, a small portion of
the DNA double helix must be uncolled

» A strand of RNA is then synthesized that is a complementary copy
of one strand of the DNA using RNA'polymerase.

» RNAuses 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.

> 3" T-A-C-A-A-G-C-A-G-T-T-G-G-T-C-G-T-G... 5" DNA
‘
qﬁﬁm@sA-U;G-U-U-C-G-U-C-A—A-C-C-A-G-C-A—C... 3" MRNA
g end 2

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




Biosynthesis of protein
2 _s .o 4+ 2. Translation oz §

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

» The amino acids that are incorporated into the protein being
<~ synthesized are carried by relatively small RNA molecules known as
O,%O transfer RNA, or tRNA.

» There are at least 60 tRNAs, which differ slightly in their structures,
in_each cell. At one end of each tRNAis a specific sequence of three
nucleotides that can bind to the messenger RNA. At the other end is
a specificamino acid.

» each three-nucleotide segment of the messenger RNA molecule
codes for the incorporation of a particular amino acid.




Biosynthesis of protein
2. Translation

» The signal to start making a polypeptide chain in simple, prokaryotic
cells is the 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
Egﬁzferred from the first tRNA to the amino acid on the second

» 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.

» This sequence of steps continues until one of three codons is
+r encountered: UAA, UGA, or UAG. These codons give the signal for
«= ~terminating the synthesis of the polypeptide chain, and the chain is
me - 1v| cleaved from the last tRNA residue

V6A L1 cw
UAR epiiin ]y -
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Biosynthesis of protein
2. Translation

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

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

» This polypeptide is not necessarily an active protein. All proteins in
prokaryotic cells start with Met when synthesized, but not all proteins
have Met first in their active form.

» ltis often necessary to clip off this Met after the polypeptide has

been synthesized to give a protein with a different N-terminal amino
acid




Translation (Protein Synthesis)

1. Initiation .
129 AUG (Met)
e Start Codon: AUG (Met)

* tRNA with Methionine (Met)

2. Elongation
A. Dipeptide

Met-Phe — ' Met-Phe-Val —

3. Termination

 Stop Codon: UAA, UAG or UGA
* Release of Polypeptide

4. Final Protein

Methionine Removed

Phe - Val - Asn - GIn - His



Biosynthesis of protein
3. Post-translational modification

» Moadifications to the polypeptide often have to be made before an
active protein is formed

> Example: | pocinnewene

» 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

» The polypeptide chain that is synthesized contains a total of 81
amino acids.

» All of the disulfide bonds that will be presentin insulin are
presentin this chain. The proteinis made when a sequence of
30 amino acids is clipped out of the middle of this polypeptide

chain bu\— the aclive insulin Gl amine acids
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A 16-year-old patient presents with symptoms of hyperglycemia.
Laboratory results show:

- Blood glucose: High
- Plasma insulin level: High

- C-peptide level: Very low
Which of the following is the most likely explanation?
A) Increased endogenous insulin production by the pancreas

B) Insulin resistance with normal pancreatic function
C) Exogenous insulin administration



A chain + & chain =)

Primary structure of human insulin

Chains A and B, including the interchain disulfide bonds'/A7-B7
and/A20-B19 and intrachain disulfide bond AG6-A11
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Tertiary and quaternary structure of insulin




