Protein structure and function

Amino acids
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Amino Acids:
Structure, Properties, and Classification

Hydrogen
Amino Carbox yl
H H

Structure of amino acids ~ » ¢ <

R

R-group
(variant)

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

s amino acid

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

{amino group

» Each a.a. has a carboxyl group, an amino group (except proline)
and distinctive side chain

} They exist naturally in a zwitterion state where the carboxylic acid
" moiety is ionized and the basic amino group is protonated

cooH —= c00 .. .5 SL g

> In 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



Structure of amino acids

> They are classified as @;(B,¥; etc. amino acids according the carbon
that bears the nitrogen.

Lol of (B) Uizt of (1) Wi ) dginodl oSl iua
re il degacme Jasd @I 091yS)] )3 > (V)

the rest can be synthesized in our bodies

Common to all g-amino §
acids of proteins '

9 atsacy SV ;A

« Isoleucine

- Leucine

- Lysine

« Methionine

« Phenylalanine

« Threonine

« Tryptophan

- Histidine

« Valine

*H,N—C COOH  +4.N - C—COOH

HGo5t
| AL _CH, CHa
CH,
Side chain . | g-Carbon is ‘ — Alanine
is distinctive [ | between the L

carboxyl and the
amino groups.

for each amino
acid.
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1. Nonpolar amino acids

Ca“a\ce/mﬂ’ 0,\;\;.\/0(55\ y\?&\\

» IncluderAlanine;Glycine, Isoleucine,

Leucine, Methionine, Phenylalanine, Proline,
Tryptophan, Valine

(m ) cluster on
the surface of

ein
structure S LR g ) |

. N |

» Determine thedthreedimensionalishapesand |
their location in the cell. il

» Nonpolar amino acids share only in
hydrophobic interaction (No hydrogen or
ionic bonds) which stablllze the prot

rPolar amino acids | Nonpolar amino

soluble proteins.

acids s E cluster

membrane proteins.

™ Cell
membrane

Membrane protein
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> Proline contains iifo so it interrupts the @*
helices in globular proteins and contributes

to the formation of fibrous proteins
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1. Nonpolar amino acids

NONPOLAR SIDE CHAINS Save it
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2.{Uncharged polar amino acids

essintia{

> Include: Asparagine, Glutamine, Serine, Thréonine, Tyrosine and
Cysteine

» form hydrogen bond with other polar aa

" » Present outside of the proteins that function in aqueous environment

and in interior of membrane associated proteins.
ALl ol S lsigall Jals aagis ooile by o Jaxd 1 S lisis ol grhaos ole anss
- SH
— N T . . g
>e has sulfhydryl group which can be oxidized to form a

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

Pro{iﬂe > non pofar aa
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2. Uncharged polar amino acids

UNCHARGED POLAR SIDE CHAINS

COOM
"HN-C - H

CH,

HN C=H 34
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CH,
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Cysteine
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=~ 3. Acidic amino acids

> Include: aspartic acid, Glutamic acid

» The side chain dissociate to COO- at physiological pH

@aslsrud pH sic ‘COO iy (0595 w885) ol Luiladl Al

iy J 8
ACIOIC SIOE CHANS ___save if Save the mumber alsobe—t
! oK, = 2.1 ]
exactinumber | B2 :
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‘ m | Save it
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0 OM=— pKs = 4.3

Aspartic acid Glutamatic acid




4. Basic amino acids

—
essintiaf ca ~

> Include@istidine, Lysiﬁie)and Argenine
> Side chain is protonated and generally has aﬂ at
physiological‘.

BASIC SIDE CHAINS

pK; =18 s Ky = 2 —
Ks=902 l s =02
p 5 p'Ks p‘: = 90
I COOM ‘ COOM ' COOM
MN-C H MN-C-H "WN-C-H
CH, CH, CH,
— e 3 C HZ be
( CH . CH, & 1
"MNs,  ~NH CH, H, N~H
C K. \
H CH, N —H —s granidino group = C[:NHL
oKy » 6.0 NH,*=—pK; = 105 C=NH,* 'S
NH,
Histidine Arginine
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Abbreviations and symbols of amino

aclds

X -
Save it
Unique first letter:
covafent bond with other cystine
Cysione = S |
Histdrme - = H ;
boleucine - = 11—
Mathiorine a - M
Serme - = 8
Valine = Val = VW

§ Most commonly occu PR
amino acids have e

moSt abundant. | Alerine

« A= A
Qlycra = Gy= G
Lawucine s louwwe L
Prolne - Froms P
Theaore a Th= T

e k\a Similar sounding names:

Argrine = Arg =(D [“afginine”)
Aspaagns = Asn = N [contsine N)
Aspwie = Asp = D ("asparDic)
Glutamas = Glu = E ("glutEmate”)
Ghaaming = Gin = Q ["G-tamine™
Prenyalaine = Phe = € ("Ferntalanine™)
Tyrcene = Tyr = Y [“t¥rosine™)
Trploohan = Trp = W (Gouble ring in

1he molecule)
3 Letter close to initial letter:
Aspartsteor = Asx = D {near A)
nsparagine
Gutamateor = QGix = X
glutamine
Lysine s Llys -@MQ
Undetermined =

amino acld




f Unique First Letter

Amino Acid
Cysteine
Histidine
Isoleucine
Methionine
Serine

Valine

3-letter
Cys

His

lle

Met

Ser

Val

(L oy juao B> Lad] I duinedl olo>3)
1-letter
C

H

« Cysteine go duadlui dbyly Josi Cysteine 4l (disulfide bond).

@ Similar Sounding Names

Amino Acid
Arginine
Asparagine
Aspartate
Glutamate
Glutamine
Phenylalanine
Tyrosine

Tryptophan

(99 U9» uiv o] — Loy aiiy I clowwdl)

3-letter

Arg

Asn

Asp

Glu

GIn

Phe

Tyr

Trp

1-

letter el diy b

R (» aRginine

asparDic
glutamatE
Q-tamine

F o« Phenyl
Y (= tYrosine

W o il IS

B Most Commonly Occurring (<9,>Jb dig)oi 0g)

Jo3l)

Amino Acid
Alanine
Glycine
Leucine
Proline

Threonine

3-letter 1-letter
Ala
Gly
Leu
Pro

Thr

Gpile By Jof lgas18 Leeuits Lolas3l 4iST (e Jgam

@ Letter Close to Initial Letter

Amino Acid

Aspartate [ Asparagine
Glutamate / Glutamine
Lysine

Undetermined amino acid

(el (o )8 b))
3-letter 1-letter
Asx
(€]

Lys
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Optical properties of amino acids

» With the exceptiomofiglycine, the a-carbon ofiallraa‘sisioptically
‘active (chiral) . —

) .
PO uéiu \She (ol cairol

»>yaray Exist in two forms‘and., whichraresmirrorimages . ; D = Enantiomers




Optical properties of amino acids

el o Luda fua Lo g3l a3al olS) oS0 elsle,s¥L s LA

for identification amino acide
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Unpolarized polarization
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Acidic and basic properties of amino acids

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

r 0y

it L b B I
pH = @ + log l[l_]]'
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Titration curve for alanine




Isoelectric point (pl)

At Its Isoelectric pH (pl), andAminoAcidiBearsiNorNet:Charge

The isoelectric pH is calculated as theqpHmmidway:betweenipKa
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 = (pKal + pKa2)/2=6.02 .

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

pl = (pKal + pKa2)/2
(2.09 + 3.96)/2 = 3.02



nonpolar_  pmembrane \ %

Application on buffer effect

[y sicArBONATE AS A BUFFER j [ oruamEsoREmORG
! : - [Drug]
e ‘ - : | st || @ PHEPKAI00 5rgH;
. pH " pK 4 |Og “‘@3.-] union:;'ze:)u!h\h& @ At the pH of the stomach (1.5). a

drug like aspirin (weak acid,
plasma membrane pK =£3.5) will be largely protonated
(COOH) and, thus, uncharged.

[H,CO4]

ionized a\f \sl,
o s @ (Uncharged drugs generally cross
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Pla a membrane l ' l ' '
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® Pulmonary obstruction causes an etanil
increase in carbon dioxide and

causes the pHto fall.
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Biological importance of proteins

1. Proteins are essential component of membranes.

2. Plasma membrane proteins regulate the@transfer of various
substancesacrossithe cell membrane or act asireceptors.

3. @nzymes are protein in nature.

4. ‘ antibodies (immunoglobulins) are protein in nature, play an
important role in the bodies’ defensive mechanisms.

5. Somerhormonesrare proteinstin'nature e.g. insulin, glucagon, and
growth hormone. sulin, glucag

L —

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



Y5 ol
Keratin —— Skin '
Creatine - muscle cel{
aubaions U g2l 5301 &

Biological importance of proteins g

/. (Some"proteins aregprotectivere:gukeratins make the skin resistant
to chemicals. Others have supportiverfunctionsre:gacollagen and
elastin.

8. Aminowacids» are converted to other substances of great

physiologic importance e.g. creatine, heme, histamine, serotonin,
purines and pyrimidines. ﬁ/@u/wm

W gy
L 4

9. Actin and-myosin are contractile proteins found in muscle cells

and are responsible for muscular contraction.

prend p:ﬁf&/ ol )\'\5

10. Plasma proteins can carry: lipids forming lipoprotein complexes;
hormones (e.g. thyreid and stereidd hormones) and minerals (e.g.
calcium and copper).



B-Sheets or ahelix \'s\ 22 amino acid N\ 25‘{;)_@\ 'c“‘t"; J \ L’/‘-"ﬂ—’;_bjk\/)&\ %

Structure of proteins

»  The are four levels of protein structures:

1. Primary structure: the amino acid sequence of
277 proteins. -
2. Secondary structure:@-helices and/B- .sheets.
Luies3,  Tertiary structure: thethreerdimensionalstructure
of protein —  »=0 e
4. Quaternary structure: arrangementiof polypeptlde |
subunits .

» The folding of the protein ranges from simple
combinations ofia=helicesrand3=sheets forming
smallmotifs to the complex folding offpolypeptide
domains of multifunctional proteins.




Classification of proteins

» Qligopeptides: Peptides withdewernthand residues e.g.,
onadotropin-releasing hormone{GARH] containsd0 residues

» (Polypeptides: Peptides consisting of ’to ‘residues e.g.,
adrenocorticotropin hormone consists of @9 residues.

» Protein: polypeptide that contains more than . amino acid residues
e.g., parathyroid hormone contain' residues
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Peptide bond (5L -

1. Primary strucure -

dy98 dnomlu dbyly 29

» The amino acid Sequenceoproteins

> Geneticdiseasesoccurs due tordefectinithe
amino acid sequence leading to improper folding
and impairment of function. o —

Formation of the
peptide bond

CH,

> In proteins @minoracids‘are’joined 'covalentlyby
peptide bonds, which are amide linkages between = ¢ AR
. - | *H;N—C-—CO00 *H3N—-C— CO0
the a-carboxyl group of one amino acid, and the Sty
a-amino group of another. B Alssfop

H,0

L] ©oligio ] puns @y ancnll (9 :erf&egfapn;;ant?de :;%eoﬁaprgg:& ‘
» The peptide bond of the protein can bethydrolyzed \\\; R o |

by prolonged exposure to acid or base at high | *HN-CHC-N|-C-CO0™ |
: Hio |ocH, |
temperature or enzymatically. — mewss il / A

é micro Second + Genetic diseases Juduwddl juusi o
« Peptide bond = (s Juel dluly a-COOH 9 a-NH,

| Peptide bond

+ Boujil 9 8> + BuclBfudasy junSis oyl I



> The secondary structure of
protein isistabilizedbyshydrogen
bonding =

> Folding of the protein to:

1. @-helix

2. B-pleated sheats: can be parallel

or antiparallel Fie
g(ycine Néﬂ/ Y

profine

—
3. B-turns: usuallyatitheysuniage of

the protein, contains usually =/
proline which causes a kinﬁhe

structure in addition to@lycine:—

Zig ) ZMgsHe

Basl) bl oni %

| Polypeptide chains
| almost fully extended
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fo{o(ing the domains

3. Tertiary structu/re

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

The protein tends to foldscorreetly with adewenergy state.
Interactions stabilizing the tertiary structure:

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

Hydrophobic interactions

Hydrogen bonding

lonic interactions i ogall 6,01 4

Secondary structure
a8l vgasll (8 duinzg)aum bulg) >

Tertiary structure
R groups o OMelai -

basl bli; ani @
« Tertiary = JolsJl oly81 36 Jsid)
» Gle daisy:
- Disulfide bonds

« Hydrophobic interactions
« Hydrogen bonds
- lonic interactions

@l 5T sy osispl




4. Quaternary structure

> The polypeptide can be one domai?(monomer), dimer, trimer
depends on the number of subunits.

> A specialized group of proteins (calledciapem@nEs) arc required for

the proper folding of the protein.
@Rgim




“«i2:—-Denaturation of the proteins

> Unfolding of proteln occurs due to different factors:

ﬁ C ~ My —o chang the bonds

> Leads todegsof secondary and tertiary structure and
hence, {@8syof function. N

> Most of proteins can‘t refold upon gémievEh of the
denaturant (.eversib/le denaturation)

o 3
> S
. Nai
h
S
4
wfﬁ reversSible
R




Diseases related to

denaturation of proteins 5

|
. . e K
PUAIZREImerdiseasesy = 7 e 2 2
Normal proteins,after abnormal chemical
processing; take on a unique conformational state
that leads to the foermation:ofineurotoxiciamyiloid

protein assemblies consisting of Brpleated sheets.

>4

P 0/7
» In Transmissable Spongiform Encephalopathy 5
(Mad cow disease):

The infectiveragentis an altered version of a normal

gEE@®protein that acts as a {template’) for converting
normal protein to the pathogenic conformation.

Bas bla ani ¥

«+ Alzheimer - Amyloid B dolw Olsoxi

« lgu9 B-pleated sheets

- Prion diseases 2 @) bl Jgou oguine (uigz

« ( dSuinall folding (4 i SEqUEnce

£

PrP molecule with a normal
PrP causes the normal form

Interaction of the infectious
to fold into the infectious form.

Non-infectious PrP
(contains a-helix)

=L
\)
Infectious PrP
(contains B-sheets)

Infectious P'}P
(contains B-sheets)

| |

and convert two additional non- |
infectious PrP molecules to the |

These two molecules dissociate,
infectious form.

Non-infectious PrP
(contalns ca-helix)

Non- lnfecﬁous PrP
(contains o~ hehx)

This results in an exponentlal
increase of the mfectuous form.




vt

» 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. 2L Bl wrls DVR Jlemsd G vl

> Wnd there are @0iamin®
. the nucleotides are grouped in threes,

0>y uel paad jo Codon JS
.(redundancy) uwedl yaesdl yuiid Codon (e 45T 89




« Transcription = DNA - mRNA

+ RNA polymerase o258l o

... Blosynthesis of protein

DNA ]l gl oa 78 &2 . olw¥l antiparallel

1. Transcription B

. « AUG = start codon
e\ Do *

2
» Before the information in DNA can be decoded, a small portion of
the DNA double helix must be uncoiled —

=
G— C

» Astrand of RNA is then synthesized that is a complamentan_/ copy
of one strand of the DNA usingRINAIPGIMErESe.

> ®NBuses@where ®would be found in @NBsand base pairing
occurs between two chains that run in . 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

> 5'(A-U-G-U-U-C-G-U-C-A-A-C-C-A-G-C-A-C... 3’ mRNA
’ifil:\ Ay
» Since this RNA strand contains the message that was coded in the

DNA, it is called messengenRNAmonmRNA
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Biosynthesis of protein
2. Translation

> The@MESSERGEERINIPNow binds to a¥ilbeSeMe, where the message
is translated into a GEgUEncEofaminoacids. Al 5 ol N N i

» The amino acids that are incorporated into the protein being
synthesized are carried by relatively smaisRiNAvmeleeules known as

> There are at least@@tRNAs, which differ slightly in theirSifilicitres:.
—im—iN €ach cell. At one end of each tRNAs a

specific sequence of three
w At the otherend is
a specificamino acid.

» eachdiiree=Ruigleatid®segment of the messenger RNA molecule
codes for the incorporation of a panticulanaminoraeich 5 g i A

oclad 3 laud dg> ¢
Anticodon lgow! sl
.mRNA 4 Codon go &:lbily

aplll dg=dl ¢

S Gusl pae> dlyli

VX 50 3 9b -1 \\Q >’D4j\




Biosynthesis of protein
2. Translation

» The signal to start making a polypeptide chain in simple, prokaryotic
cells is the tripleti®l@» which codes for the amino acid '

(Meb). The synthesis of every protein in these cells therefore starts
with a Wll@Presidue at the m

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. Audipeptidensisynthesizedwhenithelviet residue is
transferred from the first tRNA to the amino acid on thesecond

“ waod| Jou CJU tRNA b g 1pgwgss ] e MRNA &y
] il U s 5 D 09955 (Val) S ol

> The@RNA now moves through themsibosemes and atRNAcarrying

the ¢ ) binds to the next codon. The dipeptide is
then transferred to the amino acid on this third tRNA to form a

tripeptide. ﬂ

oM \y\n\, )
N = Qs WS

o3
> #untn one of three codons is
encountered: ) O These codons give the signal for

terminating the syﬁthesis of the polypeptide chain, and the chain is
cleaved from the last tRNA residue




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 motmecessarilyan @active protein.proteins in
prokaryotic cells start with Met when synthesized, but not all proteins
have Met first in their active form. ol S

> Itis oftemnecessaniteelipiofithisivict after the polypeptidehas
been synthesized to give a protein with adifferentaisterminabamine
acid

iluda| @i asy puigsisall 10 @hd )9l (o 095 W
_wilm@lumwiwnguw

ol ™
rdozyill gl asy

0ol @il G
A aladl 5o Met JI Gaing

:JWs
gl s Guol pao> Ui juan
Met as; ol I Sl 52

Loow! dulasll slo




Biosynthesis of protein
3. Post-translational modification

> (Modifieations to the goelypeptide often have to be made before an
active protein is formed

» Example:

» Insulin consists of two polypeptide chains connected by disulfide
limkage= 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 GiiGtalicigh
i d
» (All of the disulfide bonds that will be presentin insulin are

presentin this chain. The proteinis made when a sequence of
@Damino acids is clipped out of taesmigdle of this polypeptide
chain ®

i




Primary structure of human insulin

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