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Explain the structure and chemical properties of amino acids, peptides,
and proteins

Classify amino acids according to their R group properties

Describe the ¢ levels of protein structure, including the bonds and
interactions invofved in each fevel.

Describe the biological functions of amino acids, peptides, and proteins
State the factors that affect the denaturation of proteins
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Proteins are one of the most abundant orgenic motecules in Living systems

Cetll conpositions

® Later = 20%

* Protein = 15 % Community of cells

Nucfeic acid = 2% o
Carbohydrate = 3 %
® Lipid =2 %

Molecular machine

1. Enzyme: Protease, Kinase, etc.
Oxygen transport: Hemoglobin
Structural protein; Collagen

Hormone: Insulin
EtG' o U1 1




The smallest units of protein are amino acids

Protein = Polymer of amino acids {inked

Structure of amino acid

together by peptide bonds

1. Alphacarbon (C,)

2. Armino group

3. Carooxyl (Acid) groug
4. R group (side chain)

H H O

RN
H—N—C—C—OH

Amino B Carboxyl
Group Group

Side Chain

**¥R group deternines the differences in each anino acid




The smallest units of protein are amino acids

——————————————————————————————————————————

H H O

ol
H—N—C—C—OH

g
+
N
0
3
©

Sroun i “Groun _HN—C—H ;i "H;N—C—H |
Side Chain ] 1
THZ CH,
?Hz - R groups are
H different

Methionine Phenylalanine
(Met or M)  (Phe or F)



There are nore than 300 anino acids in nature, but onty 20 are found as building blocks of proteins.

They are called common amino acids or standard amino acids.

ABBREVIATION ABBREVIATION
Amino Acid 3-Letter 1-Letter Amino Acid 3-Letter 1-Letter

There are 2 types of abbreviations for amino acids.

Alanine Ala A Leucine Leu L
Arginine Are R Lysine Lys &
Asparagine Asn @ Methionine Met M
Aspartic acid Asp @ Phenylalanine  Phe @
Cysteine Cys # Proline Pro P
Glutamic acid  Glu @ Serine Ser S
Glutamine Gln Q Threonine Thr 1
Glycine Gly G Tryptophan Trp @
Histidine His H Tyrosine Tyr XY
[soleucine lle | Valine Val Vv




FASTA format (1-{etter symbol)

https://www.ncbi.nlm.nih.gov/protein/CAA78815.1

NIH

Protein

GenPept «

National Library of Medicine

National Center for Biotechnology Information

Protein v w
Advanced Help
Send to: =
Change region shown »
DNA topoisomerase Il, partial [Homo sapiens] —
Customize view >

GenBank: CAA78815.1
Identical Proteins | FASTA | Graphics

Go to: (V)

LOCUS
DEFINITION
ACCESSION
VERSION
DBSOURCE
KEYWORDS
SOURCE
ORGANISM

REFERENCE
AUTHORS

TITLE

JOURNAL

PUBMED
REMARK

REFERENCE

Analyze this sequence

Run BLAST
CAA78815 400 aa linear PRI 25-3JUL-2016 Identify Conserved Domains
DNA topoisomerase II, partial [Homo sapiens].
CAA78815 Highlight Sequence Features
CAA78815.1

embl accession Z15111.1

Homo sapiens (human)

Homo sapiens

Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;
Mammalia; Eutheria; Euarchontoglires; Primates; Haplorrhini;
Catarrhini; Hominidae; Homo.

1

Chung,T.D., Drake,F.H., Tan,K.B., Per,S.R., Crooke,S.T. and
Mirabelli,C.K.

Characterization and immunological identification of cDNA clones
encoding two human DNA topoisomerase II isozymes

Proc. Natl. Acad. Sci. U.S.A. 86 (23), 9431-9435 (1989)

2556712

(sites)

2

Find in this Sequence

Protein 3D Structure

Human topoisomerase I
beta in complex with DNA
PDB: 5ZAD

Source: Homo sapiens,
synthetic construct
Method: X-ray Diffraction
Resolution: 2.54 A

See all 7 structures...

Alilac alhicil e TARAD wmawa -

1
I
i . . I
DNA topoisomerase Il, partial [Homo sapiens] |
GenBank: CAA78815.1 :
I
I
I
I
I

GenPept Identical Proteins  Graphics

MAKSGGCGAGAGVGGGNGAL TWVNNAAKKEESETANKNDSSKKLSVERVYQKKTQLEHILLRPDTYIGSY
EPLTQFMWVYDEDVGMNCREVTFVPGLYKIFDEILVNAADNKQRDKNMTCIKVSIDPESNIISIWNNGKG
IPVVEHKVEKVYVPALIFGQLLTSSNYDDDEKKVTGGRNGYGAKLCNIFSTKFTVETACKEYKHSFKQTW
MNNMMKTSEAKIKHFDGEDYTCITFQPDLSKFKMEKLDKDIVALMTRRAYDLAGSCRGVKVMFNGKKLPV |
NGFRSYVDLYVKDKLDETGVALKVIHELANERWDVCLTLSEKGFQQISFVNSIATTKGGRHVDYVVDQVV |

|

|

|

|

|

|

|

: >CAA78815.1 DNA topoisomerase II, partial [Homo sapiens]
|

|

|

|

: GKLIEVVKKKNKAGVSVKPFQVKNHIWVFINCLIENPTFDSQTKENMTLQ 1


https://www.ncbi.nlm.nih.gov/protein/CAA78815.1
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Classification of amino acids according to "R group”

H H O

m |
H—N-—C—C—OH

Amino = Carboxyl
Group >k Group

Side Chain

1s Nonpolar, aliphatic R groups
2. Polar, uncharged R groups
3. Positively charged R groups
&. Negatively charged R groups
S. Aromatic R groups



Classification of amino acids according to 'R group"

1s Non-polar, aliphatic R groups

(|:oo— (l;oo- $oo- thoo
" " " H
H.N—C—H H,N—C—H H;N—C—H . €
| | | H.N~ TCH,
H CH; cH | |
O CH; CHj H.C CH,

Glycine Alanine Valine /\ Proline O

(llOO_ (|300_ (|ZOO -
H31(1—(|3—H Hgﬁ—(l:—H Hgﬁl—?—H
(|JH2 (|)H2 H_CI)_CH3
/Cg CH, (|3H2
CH3 CH3 CH3
CHs
Leucine Methionine Isoleucine

This group consists of 7 anino acids
The hydrophobic -R group characteristic teads them to cluster within the protein
structure through hydrophobic interactions, evading contact with water.

Hydrophobic
core

O
8

hydrophobic hydrogen bonds can
core region form between water
contains and the polar side
nonpolar chains on the outside
side chains of the protein
unfolded polypeptide folded conformation in aqueous environment

Figure 4.5 Essential Cell Biology. 4th od. (© Garland Soesce 2014)



Classification of amino acids according to 'R group"

1s Non-polar, aliphatic R groups

$oo-
Ihﬁ—?—H

H

Glycine

$00‘
IL&—?—H
CH,

|
CH

7K
CH; CH;

Leucine

?00‘
Ihﬁ—?—H

CHj

Alanine

COO~

g |
IhN—?—H

Methionine

$00“
Ihﬁ—?—H
CH

2%
CH; CHj;

Valine

C|JOO_

H—(|J—CH3
CH,

I
CH;

Isoleucine

COO

_H
H2$f “CH,

|
H.,C CH,

Proline

Branched-Chain Amino acids (BCARAs)

Natural Food g n 1
" Sources of BCAA

(Plus, How Much To Eat)

Amino acids that have a branched structure

Essential amino acids

Consisting of Leucine, Isofleucine, and Valine

BCARAs play a crucial rofle in the body as they constitute
35% of muscle protein and represent %07 of the essential
amino acids required by the body

Found in foods such as meat, dairy products, eggs, and

soy products

5
o
N\

gmmcu% ~CHAIN ¢
AMIND ACID

. i |

- Y
- !

https://fitbod.me/blog/natural-food-sources-of-bcaa/



Classification of amino acids according to 'R group"

1 NOT\-POCGPQ anhﬂtic R groups has special characteristicss
® No free anino group >> Inino group >> Inino acid
i = B COO
4 (|JOO N (|JOO . (EOO | _H ® Rgroupis = Uhen forming a peptide bond, it causes
H;N_C_H H(;N_C_H H}N‘_C_H (‘
I | | @ “CH, a bend in the amino acid chain
H CH; /CI\I | o R
cf1, CH, H.C CH, Conmonly positioned in the turns/loops regions since it
Glycine Alanine Valine Proline causes @ change in the direction of the polypeptide chain,
(FOO_ (|JOO‘ (|JOO‘ leading to @ more compact folding of the polypeptide chain.
Hgﬂx—(l;—H H31<I—(|}—H H31<I—CIJ—H
(IJH2 (I)Hz H—(IJ—CH3
CH (|3H2 (I:H2
CH3 CH3 S CH3
|
CHj
Leucine Methionine Isoleucine

https://www.youtube.com/watch?app=desktop&v=cMhkt2H3kpE



Classification of amino acids according to 'R group"

2. Polar, uncharged R groups

® The -OH group of Serine and Threonine can be

600" 60O Goo €00 €00 phosphorylated and glycosylated
H;N—C—H H;N— —H i ot | S R e L
CH‘ H_c' (I:H2 CH, CH Phosphorylation ~ Glycosylation
o
Hydroxyl group CHg Suthy drgt@ CH, f
Serine Threonine Cysteine e
Amide group o ATP ADP Sl
Asparagine Glutamine protein }—/ . ,,_/:_ : rlm
Kinase |
serine residue phosphoserine residue c|=0 g
® This group consists of S anino acids cana "
® The polar nature of R-groups allows then to engage
in hydrogen bonding with other polar motecules. "Post-transtational modifications’ =2 Control the function of proteins

Fructose 1,6-bisphosphate

H 6 steps

nolpyruvate

]
]
SER-78 CAIVI dependen '
TH R-76 0 orotein Kinase
~ __ ADP
= ! - ATP,
Pyruvate kinase ~ ( Pyruvate kinase) ™ ® acetyl-CoA
. (i, - (active) ~ long-chain fatty acids
= . - - N ATP X

3 2 1\‘~~~ ._."’ Phaosphoprotein g / -" A \
* q hosphatase Pyruvate
122 Water I

Molecules 2018, 23(9), 2321 Alanine




Classification of amino acids according to 'R group"

2. Polar, uncharged R groups i —
I + |
HsN— CH HsN — CH
g goom | g P [ome™ L Ly
+ : + : ; 2 2
H;N—C—H H,N—C—H H,.N—C—H H:sN—Cf—H HsN—$—H | S I S |
| | | CH. CH. SH S :
CH,0OH  H—C—OH CH, H H [ Ccystine_
' | C CH, SH N s
CHj3 SH 7N\ | [ 2H* + 2e |
Serine Threonine Cysteine / A\ @ | 2 | 2
o CH — NH CH —NH
' . I 3 I 3
Asparagine Glutamine COO- COO-
it A— s ] o Nonpolar
® The sulfhydryl (-SH) group in tuo cysteine molecules can
forn covalent bond, known as a disulfide bond or S-S bond, Em  disulfide bond
enhancing the strength of the protein structure, NG (O S0 T rtermai suabitey
g st o W (>100 °C)
Strong link: g ,"J A , : - Chemical stability
disulphide bridge ‘ \Hﬁi. y . ) 6 W
A= pH stability
. f:;s ~
N e | 0, release

A modeling structure of human neuroglobin A15C mutant
RSC Adv.,2019,9,4172-4179



Classification of amino acids according to 'R group"

3. Positively charged R gqroups ® The positively charged nature of R-groups allows then to
COO" COO- COO- engege in end
H-JQ—#—H H3N— | —H H3N— ~H Hydrogen bonding with other charged molecules.
CH,

| Lysine Lysine
CH2 (0] O
| Electrostatic g Hydrogen E
(lj Inidazole Interactions N>|:J Bonding N_,\i
CH, \ \

@(-) ----- @, @o ..... H.®

T, HaN “n, “N.
Amnino ! ! HoH
Guanidino HN o HN o

O O
Lysine Arginine Histidine Glutarr:ic Acid Glutagc Acid
* This group consists of 3 amino acids ® This group is an important conponent of histone proteinse

® At physiological pH (7.%) Lys and Arg have a positive charge

® At pH < 6 His has a positive charge Eeouscnoe  ‘Liskes Di
of nucleosome of nucleosome
CH, CH,
| _NH _— cl/NH
CH CH+H* .
» 1/ S

pH5 pH7 X=ONH gijentific Reports, 10, 21574 (2020)



Classification of amino acids according to 'R group"

&. Negatively charged R groups

® The nagatively charged nature of R-groups allows then

COO COO~ to engege in end
+ + Hydrogen bonding with other charged nolecutes.
H3N—C—H H3N—C—H

Lysine Lysine
CH, CH, :

0
<o Electros.tatic § NH Hydrogen % NH
COO CH2 Interactli }N Bondi o
@ 9(3 ----- @, @O ..... H,®
T N At
Aspartate Glutamate HN 0 HMO H
O 07N

Glutamic Acid Glutamic Acid

® This group consists of 2 amino acids

® Bt physiological pH (2.4), both amino acids have a negative charge



Classification of amino acids according to 'R group"

S. Aromatic R groups

$00 $00
H;N— —H H,N—C—H

5 &

Phenylalanine Tyrosine

COO~

.
H;;N—(F—H

>

NH

\_/

Tryptophan

C=CH -
\

__ Indole

ring

® The aromatic ring can absorb UV tight at @ wavelength of

280 nm, enabling @ rough quentification of the protein

Absorbance
~ w -

® The hydrophobic -R group in phenylalanine can forn

hydrophobic interactions with other non-polar molecules

® Tyrosine and tryptophan contain polar groups (-OH, -
(VH), allowing them to engage in hydrogen bonding atong
with hydrophobic interactions

1. 8255
0 193

1.8564 \"TT ™
1 8549 0.261
0215

1 8745 1. 9043
0 184 1. 8462 pN 0.205

0202 . i

FLf(\(T :

Int. J. Mol. Sci. 2023, 24(7), 6311




Sunmnary

®*The smalfest amino acid and does not contain carbon =
®* Amino acids that contain sulfur =

®*Amino acids that can form disulfide bonds =

®*Amino acids with aromatic rings =

®*Amino acids without a free amino group =



Ppplications

Protein design

disulfide bond
disulfide bond ———
A g C120 & o
')"’ N\ ,’«C'.} N % c15 Y Thermal stability
j csst i "- y 4 k’y (> 100 °C)
{ C46 &
"\(1 /i /_ A ¢
Kﬁ ' et , * | Chemical stability
by &%
- £ s pH stability
' "r L’ o
‘ \ 0, release
o . N » A o ( - :
\ o ¥ 7
“E e

A modeling structure of human neuroglobin A15C mutant

RSC Adv.,2019,9, 4172-4179

Drug desngn

7 M120
/\/\_ F185 e
Q\fé\ M120 ¢

Just mtroducmg phenyt ring > onds

18
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Chemical properties of Amino Acids

1. Enantiomer (mirror images of one another but cannot be superimposed)

Bacterial cell walls
COOH \ HOOC '

| | N-acetylglucosamine (NAG) )

| a sy

* * N-acetylmuramic acid (NAM) —‘ g - n/ L l > /a
C//,, \\\C G 08 LT
\ ‘R R / ) /e e

H H
L-amino acid\ D-amino acid

Since the afpha carbon (C ) is asymmetric, there are two

—— L-alanine

—— D-glutamine *

'— L-lysine

Tetrapeptide Cross-Linking ‘_D salaring *

possible, non-superimposable, mirror images of the amino acidss

D-anino acids & L-amino acids NH, s on the “right” = D-forn

L-amino acid are abundant in nature, serving as components of NH, s on the "eft" = L-forn

protein structures. In contrast, D-amino acids are fess common

and are frequentfly found in bacterial cell walls



Chemical properties of Amino Acids

2. Zuvitterionic property (Dipotar)

basic acidic
group H group H
. I . I
H,N — C— COOH - - @-c
I I
R R
amino acid zwitterion

When anino acids with a non-ionizable R group dissolves in water at neutral pH,
they undergo fonization, forming a dipolar molecute containing both positive and

negative charges within the same nolecule



Chemical properties of Amino Acids

3. Amphoteric property

They act as both acid and base due to the presence of amino and carboxrylic groups.

cation Zwillerion anion

& i T .
NH, NH, (NH;

. =) i-':"l{.'-' \1-_" &

R—C<COOHy =—| R—C—CDO | +=— R—C—CO0O

| |
3 H H

e e  ——— S T
\ ) \
pH l\ high lel

~ ”

- -

Y4
a base (absorb H*)

Amino acid acts as
an acid (release H*).

Fully protonated Fully deprotonated



Chemical properties of Amino Acids

o Buffer Amino acids are able to maintain pH Levels because they can act as both acid and base

NH, NH, NH,
CH-_) - (|1H.J - - (l‘H-_)
COOH CO0 CO0
13
- Glycine

pH

pl = 5.97

0 0.5 1 1.5 2

OH "~ (equivalents)

X Glycine functions as a buffer at 2 Buffering regions

Henderson-Hasselbalch Equation
1o phal + 1

ok 1A
2. pKa?2 + 1 pH =Pk >{']

Because there are 2 groups that can give H's COOH & NH,"




Chemical properties of Amino Acids

o Buffer Amino acids are able to maintain pH Levels because they can act as both acid and base

T T ** Glycine functions as a buffer at 2 Buffering regions
i TR e [
o | 2, pka2 £1 | PP ‘9{'1
I E ‘ | e ot tow pH  Protonated form (H)
pn < pm oH > pﬁ ot pH < pKa, Protonated form (H) > Deprotonated forn (-)
. d | - | on| ** ot pH = pKa, Protonated forn (H) = Deprotonated forn (-) ***
| % ot pH > pKa, Protonated form (H) < Deprotonated forn (-)

\/
0’0

at pH = 5.97 Deprotonated forn (-)

oo |

0 0.5 1 1.5
OH "~ (equivalents)



Chemical properties of Amino Acids

o Buffer Amino acids are able to maintain pH Levels because they can act as both acid and base
% Isoelectric point (pI) the pH at which the

NH, NH,

| pK, pK. |

CH-_» e (l‘H:

COOH (8(0)0)
13

- Glycine

|
- EE EEE EEE S e e
|

pH | I

oo |

0 0.5 1 1.5

OH "~ (equivalents)

pl = (pK, + pK,)
2

cathode anode

|
H;NCNHCH,CH,CH,CHCO
*NH,

arginine
pl~ 10,76

(PH < pl, +)

net charge of a protein molecule is zero

At pH 6.0

Does not migrate

T \ I
e H,CHCO

([:HE "NH,
CO0O aspartate
Glvei | =597 pl -~ 2.98
ycine pl = 5. (
- pH > plr ')
(pH - pll 0)

https://slideplayer.com/slide/12720501/



Chemical properties of Amino Acids

(. Buffer

C|OOH CI 00~ ClOO' C|00'
3N—CIH Hgﬁ—CIH Hgﬁ—CIH HzN—ClH
ol S i S o .-
% b N\ A
" +/CH pK, " +/CH PKgr " //CI-l pPK; " //CH
C——N — S iy — = —y i
H H - N H - N = N
10| Histidine P;‘217=
e e His is an amino acid that acts as a good
8| i
P’;R: | buffer in the human body because the
? i | pKa of its imidazole ring is = 6,
4 I E E . . . .
pKy = | | which is close to the physiological pH
1.82 | |
2 —————— : : L
! : ; value of 2.% in the human body
0 1.0 2.0 3.0

OH™ (equivalents)
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Peptides are chains of amino acids)

When 2-20 amino acids are joined by peptide bonds, the

structure is calfed "Otigopeptide”s

® Dipeptide Dipeptide 7 2 peptide bonds
® Tripeptide
*  Tetrapeptide

® Pentapeptide

When >20 anino acids are joined by peptide bonds, .f;o""’y'g 1 3 ﬁf’
* U <10 kDa = "Polypeptide" £

Polypeptide Chain

* (W >10 kDa = "Proteln’ % e

27




POLYPEPTIDE

Polymer with a defined simple chain
of amino-acids.

Amino-acids linked with covalent
peptide bonds.

One polypeptide backbone.

Characterizes the primary structure
of a protein.

Lacks functional properties due to its
simple structure.

VERSUS PROTEIN

Complex molecule of folded
polypeptides.

Nonycovalent weak bonds (hydrogen
bonds, 1onic bonds, and van der
Waal bonds) between the folding
polypeptides.

One or more polypeptide backbones.

Can exist as secondary, tertiary, or
quaternary structure.

Functionally complex and active
molecule with the presence of
specific ligand-binding sites formed
on its surface by the folding of the
polypeptide chains.

http://www.differencebetween.net/science/difference-between-polypeptide-and-protein/

Amino acids

Polypeptide

Protein

28



Peptide bonds are formed by condensation reactions between two amino acids

R' Carboxyl _ R"
Amino acid #1 | Amino | Amino acid #2
H N C C—OH  H N C C—OH
| | + | |
H H\O H|I H O
Condensation @
R Rn
| I
H N c C N C C—OH
| Il | |
H H|]O H|H O

Peptide bond

@—@—@—@—@—@:

N-terninat ) C-terrinat

Synthesis direction




Peptide bonds are formed by condensation reactions between two amino acids **

When & amino acids are joined together,

—_— how many water molecules will be lost?

CH; CH
CH
CH,OH H CH H CH H CH,
H,N—C— 0N G- N C—C—N—C—C00
.
Amino- Carboxyl-

terminal end terminal end



Peptide bonds are formed by condensation reactions between two amino acids °

° ° ° 8- e
:0° o}, [0 -
Ili |: I
\c;c\l-\li/ca\‘ ? \C;C%IBIV"'/CCY\ $ 7 \cgc\ﬁ/ca
I
H H H

2. Planar
3. Rigid (unable to rotate freely)
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Benefits of peptide bonds

Used to find “protein concentration”

“Biuret test” is the test used to detect the presence of peptide bonds in the sampfe

Biuret reagent contains Cu” ions that can react with the peptide bonds in the protein to forn a
purple-colored complex

The intensity of the purple cofor is directly proportional to the protein concentration in the sample

B ; protein (mg/mi)
’):C\ /C =0

/NH\ IH~\ o o. 1 0.4 2 10

. \ ’
il DB
' ’l \‘ CO — \_J {

NH *HN

AMC CHA -t

| | =

https://biology-igcse.weebly.com/food-test-4---biuret-test-for-proteins.html



Peptide nomenclature

OH
Tyrosine Leucine Nomenclature
C H3 CH 3 Amino Acid SCI:'tter 1cl)ztter Amino Acid 3 Izt;er 1;§ner
. . \ / coae coae co coae
Serlne GIyC|ne Alanine CIH Glycine Gly G Threonine Thr T
Alanine Ala Cysteine Cys Cc
CH>OH H H H CH> H CH; H CH> Valine Val C T:rosine T;r |Y
+ | | I | | | l | = Leucine Leu L Asparagine Asn | ﬁ
H3N _c _C_N_C_C_N_c—c —N_C_C—N_c_coo Isoleucine | lle | Glutamine Gin |Q
l " | I | " | " | Methionine | Met M Aspartic Acid | Asp | D
H 0 H O H O H O H Proline | Pro P Glutamic Acid | Glu |E
Phenyl Phe F Lysine Lys | K
° alanine _ [
Am I n 0"' Ca rbOXY|- Tryptophan | Trp | W Arginine Arg |R
° ° Serine Ser S Histidine His I H
terminal end terminal end

Nomenclature#1 Serylglycyltyrosylalanylleucine Change the suffix from '-ine’ to -yl’

Nomenclature#2 Ser-Gly-Tyr—Ala—-Leu
Nomenclature#3 SGYAL

without changing the name of the last

amino acid



Exercise 1.

Peptide nomenclature

H’OU ﬂang Qﬂino aCidS? 0000000000000000000000000

NOﬂenceature#,‘ 0000000000000000000000000

NonenCKQtur‘e#20000000000OOOOOOOOOOOOOOO
NonenCKQture#SOOOOOOOOOOOOOOOOOOOOOOOOO

34



Biological functions of peptides

g
*%®* As a sweetener

CoO0 ' '
& cl 5. i Eh B ®IUNI sucrose 300 1M
*’ Aspartame HsN—CH—C—N—CH—C—OCH;
H
L-Aspartyl-.-phenylalanine methyl ester
. (aspartame)
%* As an antioxidant
Peptide Bonds

** GSH (glutathione) o

NH+ <: SH ! o. g~

Glutamate Cysteine

&
*%* As a hormone

Glycine ,\ o

o .
%* Oxytocin

\/ .
*%*Vasopressin

7
** Glucagon

Oxytocin

-neurotransmitter in the brain
-plays an important role in

OH
reproduction o ™
HzN,,J)kN o
Cys H Ij .
'e

Vasopressin
play essential roles in

the control of the body's

. OH
osmotic balance, blood o Tyr
. S 0
pressure regulation, HEN,JAN o
sodium homeostasis, ol N &

HN
and kidney functioning ”7\ PC\ oS g HNIO\@
o NY\N

35

GR NADPH
Glucagon

'."':"'.'*"".'f-'_":”;' regulate the blood

S atltun, Lr 0 sUgar (glucose)

L © 7 levels in the body

g L I‘q.

o -l - ll

--------



D0ltine
Chenicaf structurejlof aPinG acids

ClagsiFicatiBnBr@Rino . aclds according to "R group

¢

Ghenicalspropertics of amino acids

Peptides

EFDefinition

EEReactions chemical ‘propertiesy, and’ benefits
SRNomenclature

Eatiotogical rofes of“peptides
Levels of protein structure
Conjugated proteins
Functions of proteins

Protein denaturation

Protein structure determination




Levels of protein structure

B %1 e B, g B & Levels of Protein Structure
{ 3 Som o) 24 X

e W /-
C-terminus

1o Primary structure$ the sequence of amino acids in a pofypeptide chain
% 2. Secondary structure$ the focal folded structures that form within a

B-Sheet (3 strands) a-helix

polypeptide due to hydrogen bonding between atoms of the backbone

Js  Tertiary structures the overall folding of the pofypeptide chains due

to interactions between the R groups of the anino acid

Y. Quaternary structure$ some proteins are made up of multiple

polypeptide chains (subunit)

Amino acid Polypeptide chain Assembled subunits




Levels of protein structures 1° structure

1o Primary structure$ the sequence of amino acids in a pofypeptide chain

Ar
MetASp & val gly IIe '-VS val Asp Leu

.
N T TR Y . . .
N-termmusPh Alaleu GIn Ser Leu Ly Leu Ala C-terminus B, & Peptlde bond formatlon
& ", & & 8 R 1
Amino acids 0 ¢ S { | 0 *l* 0
N ' b ool HgN* —C—C + HN—C—C
Jl & Amino F‘Lz o
Carboxyl HIOHp
group
H,O
R1 O A\ H O
|l 7
HaN*— C —Sias— C—C
| / L .
H H R,
© 2010 Pearson Education, Inc. Peptl d e b on d




Levels of protein structures 1° structure

1o Primary structure$ the sequence of amino acids in a pofypeptide chain

?ﬁ? R ot

Protein backbone

Peptide band

Count every atom except R group




B-Sheet (3 strands)

Levels of protein structures 2° structure

a-helix

2. Secondary structures the {ocal folded structures that form within a

polypeptide due to hydrogen bonding between atoms of the backbone

Protein backbone

v

i SRS

a helix

J

B pleated sheet

BETA SHEET

b‘&‘%?

+ + ¢




Levels of protein structures 2° structure

= m

B-Sheet (3 strands) a-helix

a—-helix

2. Secondary structures the {ocal folded structures that form within a

polypeptide due to hydrogen bonding between atoms of the backbone

a right-handed helix

has 3.6 residues per turn

are stabilized by hydrogen bond formation

5.4A

ues/turn

Carboxyl terminus

Figure 3-4
Molecular Cell Biology, Sixth Edition
© 2008 W.H.Freeman and Company



Levels of protein structures 2° structure

2. Secondary structures the {ocal folded structures that form within a

polypeptide due to hydrogen bonding between atoms of the backbone

= m

B-Sheet (3 strands) a-helix

In a-helix, the polypeptide chains are

stabitized by intranolecular hydrogen B-pleated

sheet

bonding, whereas 3 pleated sheet is stabilized

by intermolecular hydrogen bonding

/ >
e Parallel B pleated sheet (/>
1N y 4
D\ 7, £
— \ /g
. [ . I
C- i N-t ﬂ
termmus\“ﬁ/cu“T/C\C{N\ﬁ/C%IT/C\C{N\ﬁ/om“r]l/ erminus C_teminus/ \C{N\ﬁ/chwj/ \C(N\ﬁ/&h
0 H o H. g H E iy @
0 H o H d : b
G-t us c |£ IL c ﬂ rL C N-t - | |
T e e e e e RTINS P Mo Py O N
D e TN e T
o H 0 H s} H H s] H a

Stronger!!



Levels of protein structures 2° structure

2. Secondary structures the {ocal folded structures that form within a
polypeptide due to hydrogen bonding between atoms of the backbone

O Y, 4
B-Sheet (3 strands) a-helix H3N & c

“o- Glycine (Gly)

H
H N’—é—c/o
2 N

H¢ ez °  Proline (Pro)

Turn

® Its role involves altering the direction of the polypeptide

structure or {inking the alpha helix and beta pleat, {eading

to @ more conpact folding of the polypeptide chain

®  Pro and Gly residues are favored in B-turns due to the
cyclic structure of Pro and the flexibility of Gly

®  very abundant in globular protein



Levels of protein structure$ 3° structure

3e Tertiary structures the overall folding of the pofypeptide chains

due to interactions between the R groups of the amino acid

® Ionic bond (electrostatic interaction)
® Hydrophobic interaction
® H-bond

* Disulfide tinkage 3D structure

Polypeptide backbone

(@)

CH, — CH, — CH, — CH, — NH;* "0— C —CH,

|

o

Hydrogen) H

bond .

(0]

Il

C —NH,

/CQ Disulfide |
linkage CH.
HiC  CHs - 2
H,C CH ’
SN c -

H
Z\S\s
“CH,

CH

f.’ |

Hydrophobic
interactions

Hydrophilic Hydrophobic
surface core




Levels of protein structures %° structure

. Quaternary structure$ some proteins are made up of multiple pofypeptide chains (subunit)
Hemoglobin

©
S

® P hemoglobin molecule is made up of four

polypeptide chainsg
* 2 Alpha-globin chains
® 2 Beta-globin chains

r / r ”Z
- /? ”

N\

® Each chain contains a heme mofecule which

binds to oxygen




Levels of protein structures %° structure

. Quaternary structure$ some proteins are made up of multiple pofypeptide chains (subunit)

® Coflagen is made up of three polypeptide chains called a triple helix
® Each chain is made from (G-A-Y)
G = glycine, A = Prolines ¥ = hydroxyproline (Hyp)
*Hyp is produced by hydroxylation of proline by profyl hydroxylase

*L-ascorbic acid is an essential coenzyme of prolyl hydroxylase

Collagen
(fibrous protein)

Cotlagen is a protein found in connective

tissue, skin, tendon, bone, etc.




SUMMARY 49

Quaternary
structure

Primary
structure

o S—
Lys T
X
Lys
s
Gly
—
Gly
—
Leu

x
Val

hima
Ala

Amino acid residues a Helix Polypeptide chain Assembled subunits
Amnino acids are linked by  Hydrogen bond Interactions (hydrophobic, Ionic bond,  Interactions (hydrophobic, Ionic bond,
Peptide bond between Protein H=bond, disulfide bond) between H=bond, disulfide bond) between
backbone R-group of amino acids in the same R-group of amino acids in another

polypeptide chain polypeptide chain




4 levels of Protein Structure

https://www.youtube.com/watch?v=wvTv8TqWC48&t=124s

ALPHA

50
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Conjugated proteins

A protein to which another chemical group (e.g., lipids) is attached by either covalent bonding or other interactions

Class Prosthetic substances that bind Example

group tightly to the protein.
Lipoproteins Lipids B,-Lipoprotein of blood
Glycoproteins Carbohydrates Immunoglobulin G
Phosphoproteins Phosphate groups Casein of milk
Hemoproteins Heme (iron porphyrin) Hemoglobin

Flavoproteins

Flavin nucleotides

Succinate dehydrogenase

Metalloproteins Iron Ferritin
Zinc Alcohol dehydrogenase
Calcium Calmodulin
Molybdenum Dinitrogenase
Copper Plastocyanin
Table 3-4 HEMOGLOBIN a
Lehninger Principles of Biochemistry, Fifth Edition " ©

© 2008 W.H.Freeman and Company

Succinate Fumarate

Lipoprotein Structure

Peripheral Apoprotein
(A,CorE)

Free ® Phospholipid
Cholesterol

R

&%@
%%M%w =
2, N\ 2o =

\
S
=

;? Cholesterol
f ;(?r\ Ester
8\ \ |

Integral

53

Triglyceride

Apoprotein
(Byg: Bwo- orA)

Fc
1%

67% -

10%

94% -

189 Mon
L

94% | 67%
45%: 13%

| °
69% . 92%

Fab !Total
di 520 39
2 40% | 18%

@ Sialic d

O Gala
lBsect gGINA
nnnnnnn
lGI

» Fuc
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55

Functions of proteins

1s Enzymes Amylase, Lipase, Protease

3 9\ Elastin
. j\ Collagen

Y— *
0 Fatcells
Muscles

2. Oxygen transports Hemoglobin

3. Structural proteins Collagen, Keratin
¢e Inmunitys Inmenoglobutin

S Hormones Insuling Glucagon

6. Sensations TIR2/TIR3 sweet receptor
7. Cell proliferations EGFR

Sweet tastant

‘G Red Blood Cells () gy

/ \ Oxygen (O,)

(Cell proliferation | [ Inhibition of apoptosis)]

[Angiogenesis| (Migration, Adhesion, Invasion)
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Protein denaturation >

Denaturation

loss of
biological Polypeptide backbone
activity
' o-
(a) Disulfide bond |
H,—C=0+"HO--CH,
(b) Hydrogen bond
i
H,—CH,—CH,;—CH,—NH;*"0 —C—CH;
(c) lonic bond
(d) Van der Waals and
hydrophobic interactions
Normal protein Denatured protein

® The process by which a protein undergoes the {oss of its quaternary, tertiary, and secondary structures,

becoming a primary structure (a tong chain of amino acids) without breaking the peptide bond

Reversible denaturation

i Proteins can return to work

®  Such as safting out (using high concentrations of saft

Salting Out
(Precipitate)

to precipitate proteins in the sofution)

O Protein

@ Salt

Irreversible denaturation

d Proteins cannot return to work

®  Such as exposing protein sofutions to heat, potent

NG\
Water—soluble

acidss and strong bases



Tertiary Structure -
Hydrogen Bonding

;’ 0-CH,CH,
%’\ 0 \\HO@*GH; + CH,-CH-OH . ;
IcH.C-0™ 1CH,C-0" o 2
; tyr Ethanol

asp

Denaturation by Alcohol 58

* New hydrogen bonds are
+* Heat destroys H-bonds and hydrophobic formed instead batusen the

new organic sofvent mofecule

"§ >

asp

interactions

and the protein side chains

*%* Organic solvents destroy H-bonds and/or
hydrophobic interaction (in case of sofvent with
very low polarity)

L)

* RAcids/Bases (extreme pH) destroy H-bond and

L)

ionic bond between R- of pofar amino acids
€.Qos [-Mercaptoethanol destroys

disulfide bond between two cysteine residues

\/ o
*%* Heavy metals esgos Hb*"y Ag™y Pb®" bind to o .
‘VW‘N—CH—ICI'WV‘ wvrll—cu—«l'!vw 0 0
- . i
carboxrylate group (-CO07), leading to an b b eyt €5 W
E 2 HSCH,CH,OH :: " E:z:zz:z:: 5 @ Hg+2 \Hz/ >
insofuble metal protein saft e’ e’ o L e
~rrN— CH—C v vwrlq—cu—ﬁw-r L
H. .o H .o (precipitates)
Cystine residue Cysteine residues

http://www.magdyelnashar.com/new/images/pdf2/Practical%20Proteins%20Precipitation.pdf
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Protein structure determination

To understand the functions of proteins at a molecular {evel, it

is often necessary to determine their three-dimensional structure!

* How proteins interacts with other molecules
® How they perform catalysis (in the case of enzymes)
®* (Miscoding and/or nisfolding of proteins associated with

diseases

https://www.slideshare.net/Amjadlbrahim/protein-structure-determination

60



Techniques for protein structure determination

® H-Ray Crystallography

® (Nuclear magnetic resonance (N(R)

* Cryo-£Electron microscopy (Cryo-£M)
X-Ray Crystallography

NMR
Cryo-EM

According to the statistics of PDB (https://www.rcsb.org/), more than 120,000 protein
structures resolved by X-Ray crystallography, accounting for nearly 90% of the total.

https://www.creative-biostructure.com/comparison-of-crystallography-nmr-and-em_6.htm

60


https://www.rcsb.org/

Techniques for protein structure determination

X-ray crystallography uses X-ray to determine the

position and arrangement of atoms in a crystal '
Based on this electron density map, the average . 4
position of atoms in the crystal, chemical bonds, and :
various information can be determined Single crystal  Diffraction pattern Electron density map Protein model

NMR analysis is performed on aqueous _— pown /! 0 ...~
samples of protein with high purity, high o \ij:u;,,
stability, and high concentration I Ty e
NMR structure is calculated from R
magnetic properties of several nuclei
Sample preparation Data acquisition Spectral processing Structural analysis
The essential mechanism of Cryo-EM is electron scattering  crvo-£ectron microscopy 0
The coherent electrons are used as a light source to S orec el o i
measure the sample
After the electron beam passes through the sample, the Froze
lens system converts the scattered signal into a magnified s
image recorded on the detector oo
Signhal processing is performed to obtain the three- S S

dimensional structure of the sample

https://www.creative-biostructure.com/comparison-of-crystallography-nmr-and-em_6.htm

60



Techniques for protein structure determination

Advantages Disadvantages Objects Resolution
- o » Crystallizable samples %
* Well developed % » Difficult for crystallization % ‘
‘ _ - ‘ ‘ * Soluble proteins,
* High resolution % « Difficult for diffractions ‘ ‘
X-ray Crystallography membrane proteins, High

+ Broad molecular weight range% « Solid structure preferred _
o _ ‘ ribosomes, DNA/RNA and
* Easy for model building « Static crystalline state structures ‘
protein complexes

* Need for high sample purity

* High resolution o _
, , * Difficult for sample preparation®k + MWs below 40-50 kDa ,
NMR + 3D structure in solution% o ) High
‘ * Difficult for computational *+ Water soluble samples
* Good for dynamic study % _ ‘
simulation

* Relatively low resolution %

. ‘ *>150 kDa %
_ * Applicable to samples of high .
* Easy sample preparation % , - Virions, membrane _
. _ molecular weights only . _ Relatively Low %
Cryo-EM » Structure in native state % ‘ proteins, large proteins,
‘ - Highly dependent on EM _ (<3.5A)
* Small sample size _ ribosomes, complex
techniques
compounds

* Costly EM equipment %

Table 1 The comparison of X-ray crystallography, NMR and Cryo-EM

https://www.creative-biostructure.com/comparison-of-crystallography-nmr-and-em_6.htm



® UWhen 2-20 amino acids are joined by peptide bonds,

Summary

Structure of amino acid

the structure is catfed "Oligopeptide’.

® UWhen >20 amino acids are joined by peptide bonds,

R' Carboxyl

Anino acid #1 | Amino |" Amnino acid #2
C C —OH
H H
Condensation t‘
R
|

1. Alpha carbon (C,) * MU <10 kDa =2 Polypeptide H—N—c-fc—n+c—c—on
2. Am 0 " " H H|0O H|H O
3, warjij jJr(f clel) groug ° MW >10 kDa 9 Protein
4. R group (side chain) Peptide bond
B 4 o Chenical properties of Anino Acids coon [\ oo oY o

| -
H—N-—C—C—OH

Amino 5 Carboxyl
Group Group

Side Chain

**¥R group deternines the differences in each amino acid

Classification of amino acids according to "R group”

% Enantiomer (Mirror inage) (% s
2. Zuitterionic property (Dipolar +,-)
3. Amphoteric property (Acid+Base) ]
¢. Buffer (maintain pH) 3 !

%« Non-polar, aliphatic R groupss Ala, Vsl
2. Potlar, uncharged R groupss Ser, Asn

3. Positively charged R groupss Lys, Arg
&, Negatively charged R groupss Asp, Glu
S. Aromatic R groupss Phe, Tyrs Trp

H-“?C* ) L
)

D-amino acid

L-amino acid

zwitterion

Chemical properties of peptide bonds

1. Partial double bond (C==N)) due to resonance in a structure

2. Planar 't vl il

O Ca > SN\ CeN > G+ €
c(l’ N c(l’ N N
| | |
H

3. Rigid (unable to rotate freely) H H



& Levels of Protein Structure Functions of proteins

% Prinary structure$ the sequence of amino acids in a polypeptide chain 1o Enzymes Amylase, Lipase, Protease
2. Secondary structures the focal folded structures that form within a pofypeptide due to 2. Onygen transports Henoglobin
hydrogen bonding between atoms of the backbone 3. Str“ctumt proteing Coctagen’ Keratjn

2.1 Afpha helix

Go Immuenitys Innunoglobulin
2.2 Beta pleated sheet (Paratlef, Antiparatfel)

S. Hormones Insuling¢ Glucagon

2.3 Turn
3e Tertiary structures the overall folding of the polypeptide chains due to interactions 6. Sensations TIR2/TIR3 sweet receptor
between the R groups of the amino acid 7. Cell protiferations EGFR
3.1 Hydrophobic interaction #W&
3.2 Tonic bond Protein denaturation =V
3.3 Disutfide bond The process by which a protein undergoes the toss of its
3.% Hydrogen bond quaternary, tertiary, and secondary structures, becoming
. Quaternary structure$ some proteins are made up of muftiple polypeptide chains (subunit) primary structure (a tong chain of amino acids) without
peimars Secondary rertiars S breaking the peptide bond
structure structure structure structure

Protein straucture determination

®  H-Ray Crystallography Aﬁéﬁ:"
®  Nuclear magnetic resonance (NMR) éﬁg
Cryo-Electron microscopy (Cryo-€EM %

Amino acid residues a Helix Polypeptide chain Assembled subunits
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QUESTIONS 2
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