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Amino Acids
Enzymes




Functions of Proteins

Proteins perform many different functions in the body.

Tal

Class of
Protein

Structural

Contractile

fication of Some Proteins and their Functions

Function in the Body

Provide structural
components

Movement of muscles

Carry essential substances
throughout the body

Store nutrients

Regulate body metabolism

and nervous system

Catalyze biochemical
reactions in the cells

Recognize and destroy
foreign substances

Examples

Collagen 1s 1n tendons and cartilage.
Keratin is in hair, skin, wool, and nails.

Myosin and actin contract muscle fibers.

Hemoglobin transports oxygen.
Lipoproteins transport lipids.

Casein stores protein in milk. Ferritin
stores iron in the spleen and liver.

Insulin regulates blood glucose level.
Growth hormone regulates body growth.

Sucrase catalyzes the hydrolysis of
sucrose. Trypsin catalyzes the hydrolysis
of proteins.

Immunoglobulins stimulate immune
TespOnses.

YouTi3

Broadcast Yourself™

Ligand -receptor



http://www.youtube.com/watch?v=Ms_ehUVvKKk

Amino Acids

Amino acids
are the building blocks of proteins.

contain a carboxylic acid group and an amino group on
the alpha (o) carbon.

are ionized in solution.

each contain a different side group (R).
R < sidechain — R

+

H.N—C —COOH — H;N—C —COO"

¢

H H ionized form




Examples of Amino Acids

H,;N—C—COO-

H glycine

CH,
+

H,N—C—COO-

H alanine




Types of Amino Acids

Amino acids are classified as Nonpolar ?H Polar
CH, CH,

* nonpolar (hydrophobic) -

H3N—fIJ—CGD' H;I':.I—{E—CDD_

with hydrocarbon side
- H H
ChaInS' Alanine (Ala) Serine (Ser)

polar (hydrophilic) with Acidic

polar or ionic side chains. o o ty, Basic
acidic (hydrophilic) with C .
acidic side chains. t|:H:

basic (hydrophilic) with "N ¢ €09

—NH, side chains. -

Aspartic acid (Asp)

NH;




Nonpolar Amino Acids

An amino acid is nonpolar when the R group is H, alkyl, or
aromatic.

Nonpolar Amino Acids

CHHCH; CH
Nl !

CH, CH CH,

+ | + | + l
H;N—C—CO0~  H;N—C—COO~  H;N—C—CO0O0"
I | |

H H H
Alanine (Ala) Valine (Val) Leucine (Leu)
G0 (¢ .0

| I
S

' N
b, . oV,
l B

CH, CH, "H,CH, CH,

+ l + | + |
H.N—C—COO™ H;N—C—COO™ ) H_;N—(IT—COO'
| |

Phenylalanine (Phe) Methionine (Met) Proline (Pro) Tryptophan (Trp)

5.7 6. 5.9




Polar Amino Acids

An amino acid is polar when the R group is an alcohol,

thiol, or amide.

Polar Amino Acids (Neutral)

CH,

; HCOH
) |

SH
| I
|

HN—C—C00" HN—C—C00" HN—C—C00" H{—C—C00"
|

H H

Serine (Ser) Fhreoning (Thr)

5.7 5.6

Tyrosing (Tyr) Cysteine (Cys)
5.7 5.1

NH,
O\ it
C

CH,

l
+
H _;N—(II—COO'
H

Asparagine (Asn)
54

oz :
H
Glutamine  (Gln)




Acidic and Basic Amino Acids

An amino acid is
* acidic when the R group is a carboxylic acid.
+ basic when the R group is an amine.

Acidic Amino Acid Basic Amino Acids

0 \ /(')-

|
I
C CH, (IJHz
| [
Py s HNT ¢ ?Hz
+ | : + | _ NH
H3N—(|2—C00 H.N—C—CO0O %’ (|3H2
[
H H CH, CH,
Aspartic acid (Asp) Glutamic acid (Glu) + | g | + I
2.8 H;N—C—CO0™ H3N—(|3—COO' H;N—(E—COO'
|
H H H

Histdine {His) Lysine (Lys) Arginine (Arg)
7.6 9.7 10.8




Learning Check

Identify each as (1) polar or (2) nonpolar.
+

A. H;N-CH,—COO~ (Glycine)

CH,

dhor
+

B. H;N-CH-COO -~ (Threonine)




Solution

Identify each as (1) polar or (2) nonpolar.
+

A. H;N-CH,—COO~ (Glycine) (2) nonpolar

CH,
|
CH-OH
+
B. H;N-CH-COO -~ (Threonine) (1) polar

10



Fischer Projections of Amino Acids

Amino acids

- are chiral except glycine.

* have Fischer projections that are stereoisomers.

- that are L are the only amino acids used in proteins.

COCOH COOH

**— ‘*‘ H2N+H H+N H,
CHj CHj

CH,SH CH,SH

L-Alanine D-Alanine L-Cysteine D-Cysteine

11



Zwitterions

A zwitterion
has charged —NH;* and COO~ groups.

forms when both the —NH, and the —COOH groups in an
amino acid ionize in water.

has equal + and — charges at the isoelectric point (pl).

0
|

®
NH,—CH,—C—OH —— H.,N—CH,—C—O-

glycine zwitterion of glycine

12



Amino Acids as Acids

In solutions more basic than the pl,

- the —NH;* in the amino acid donates a proton.

N OH-
H,N—CH,—C0O0O- —— H,N—CH,—COO-
zwitterion Negative ion

at pl pH > pl
Charge: O Charge: 1-

13



Amino Acids as Bases

In solution more acidic than the pl,
» the COO- in the amino acid accepts a proton.

H+

H,N—CH,—COO- H,N—CH,—COOH
zwitterion Positive ion

at pl pPH< pl

Charge: O Charge: 1+

14



PH and ionization

H+
+ : +

H,N-CH,—COOH  H,;N-CH,—COO-
positive ion zZwitterion

low pH pl

OH-

H,N—CH,—COO-
negative ion
high pH

15



Separation of Amino Acids

When an electric current is used to separate a mixture of
amino acids

the positively charged amino acids move towards the
negative electrode.

the negatively charged amino acids move toward the
positive electrode.

an amino acid at its pl does not migrate.

the amino acids are identified as separate bands on
the filter paper or thin layer plate.

16



Separation of Amino Acids

With an electric current, a mixture of lysine, aspartate,
and valine are separated.

Mix of Lys, Asp, Val Lys (moves Val(no Asp (moves

? to cathode) movement) to anode)

| )]

~— {

e N
| ! |

Timberlake, Generai, Organic, and Biological Chemistry, Copyright © Pearson Education Inc., publishing as Benjamin Cummings
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Learning Check

CH, CH,

- |
H,;N—CH—COOH H,N—CH—COO-

(1) (2)
Which structure represents:
A. Alanine at a pH above its pl?
B. Alanine at a pH below its pl?

18



Solution

CH, CH,

- |
H,;N—CH—COOH H,N—CH—COO-

(1) (2)
Which structure represents:
A. Alanine at a pH above its pl? (2)
B. Alanine ata pH below its pI? (1)

19



Essential Amino Acids

Essential amino acids

*  must be obtained
from the diet.

are ten amino Essential Amino Acids

acids th Arginine (Arg) Methionine (Met)

E}cl)l’clltyh.eSlzed by the Histidine (His) Phenylalanine (Phe)
_ Isoleucine (Ile) Threonine (Thr)

are in meat and Leucine (Leu) Tryptophan (Trp)

diary products.
y p : Lysine (Lys) Valine (Val)
are missing (one

or more) |n graln S Timberiake, Gensral, Organi, and
and vegetables.

20



Chapter 16 Amino Acids,
Proteins, and Enzymes

16.4
Formation of Peptides

<

‘E Amide group

Glycylalanine (Gly-Ala)

right © 2005 by Pearson Education, Inc.
ublishing as Benjamin Cummings
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The Peptide Bond

A peptide bond
* IS an amide bond.

- forms between the carboxyl group of one amino acid
and the amino group of the next amino acid.

® CH, O

+ | S0
H;N—CH,—C—O~ + H.N+-CH—C—O-

O~H CH, O

. | |
peptide bond

22



Formation of a Dipeptide

“_;_M .‘\,\midcgm;p
o 4 ==

Gly-Ala Water

23



Learning Check

Write the dipeptide Ser-Thr.
OH CH,

| |
CH, O HCOH O

+ 1 o
H,N—CH—C—0O- + H,N—CH—C—0~
Ser Thr

24



Solution

Write the dipeptide Ser-Thr.
OH CH,

CH, O HCOH O
+ || +

H,;N—CH—C—0~ +  H,N—CH—C—O-

Ser Thr
OH CH,

| |
CH,O H HCOH|O

S I I
NH,—CH—C—N —CH—C—0O- + H,0O

Ser-Thr

25



Learning Check

What are the possible tripeptides formed from one
each of leucine, glycine, and alanine?

26



Solution

Tripeptides possible from one each of leucine, glycine,
and alanine:

Leu-Gly-Ala
Leu-Ala-Gly
Ala-Leu-Gly
Ala-Gly-Leu
Gly-Ala-Leu
Gly-Leu-Ala

27



Learning Check

Write the three-letter abbreviation and name for the

following tetrapeptide.

CH, S

CH-CH, SH CH,

CH,O0 H CH O H CH,0 HCH, O

R 1

H,N-CH-C~N—CH-C~N-CH-C-N-CH-CO~

28



Solution

Ala-Leu-Cys-Met Alanylleucylcysteinylmethionine
CH,

CH, S

CH-CH, SH CH,

CH,O:H CH O‘H CH,O: HCH, O

A N

H;N-CH-C+N—-CH—-C-N—CH-C-N-CH-CO-

Ala Leu Cys Met

29



Chapter 16 Amino Acids,
Proteins, and Enzymes

16.5
Levels of Proteins Structure

<

‘! Amide group

Glycylalanine (Gly-Ala)
Copyright © 2005 by Pearson Education, Inc.
Publishing as Benjamin Cummings
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Primary Structure of Proteins

The primary structure of a protein is
» the particular sequence of amino acids.

 the backbone of a peptide chain or
protein.

CHj

c::H—c:H3 SH CH,
Mo MO O oM O
H3N—CH—C—ITI—CH—C—I}I—CH—C—ITI—CH—C—O'
H H H

Ala—Leu-Cys—Met

31



Primary Structure of Proteins

Backbone

, cH., C-Terminus
N-Terminus 73

o :
CHsO  CH O CH O\ CH O

I [ I I I I I I
HsN—CH—C—N—CH—C—N—CH-C—N—CH-C—O
| | |
H H H

Ala—Leu-Cys—Met

32



Primary Structures

« The first peptide to be sequenced and synthesized
biochemically is the nonapeptide oxitocyn.

33



SCOPRIT LE DIFFERENZE,

34



SCOPRIT LE DIFFERENZE,

=~ _-OH
o f,ﬂ%/l‘l/[yr
HaM.., ,_a“xN -
Cys | H HN S
S_.—-’ "'\-\.,-"- .
Pro CYEé lIr:
Leu, Fa) “~0
dadJ\.\ &\H_H-N
HEH ‘\r/"«ﬁ-"“-ﬁqﬁ D_\_\_ Aﬁn ""\-\.\1;/_".-
ossitocina

vasopressina

Nonostante le straordinarie somiglianze, questi due ormoni hanno ruoli
molto diversi

35



Primary Structure of Insulin

Insulin

 was the first protein to have its
primary structure determined.

has a primary structure of two
polypeptide chains linked by
disulfide bonds.

has a chain A with 21 amino acids
and a chain B with 30 amino acids.

-
-
1

36



Secondary Structure — Alpha Helix

The secondary structure of an
alpha helix is

- athree-dimensional spatial
arrangement of amino acids in
a polypeptide chain.

* held by H bonds between the
H of —N-H group and the O of
C=0 of the fourth amino acid
down the chain.

)

 a corkscrew shape that looks Yﬂtl TUh

. . “ ” Broadcast Yourself™
like a coiled “telephone cord”.

Copyright © 2005 by Pearson Education, Inc.
Publishing as Benjamin Cummings
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http://www.youtube.com/watch?v=eUS6CEn4GSA

Secondary Structure — Beta Pleated
Sheet

The secondary structure of a beta pleated sheet
consists of polypeptide chains arranged side by side.
has hydrogen bonds between chains.
has R groups above and below the sheet.

IS typical of fibrous proteins such as silk.

Yuu

Broadcast You

38


http://www.youtube.com/watch?v=qZXA28y5Bh8

Beta Barrel

e Beta Barrel

e ES. una
e Porina di E. Coli

39


http://www.ebi.ac.uk/pdbe-srv/view/entry/2x9k/openastex

(Le catene laterali idrofile che 0 LC Protcinc di membrana

appartengono a questa} proteina sono formate da una
e che sporgono verso |'esterno

interagiscono con le molecole parte ’
| di acqua. P s | idrofila ed unaidrofoba
\ estermo Ambiente acquoso
alla cellula (extracellulare)

Porzione interna
> idrofoba del bilayer

..........

Ar?g;::;g Ambiente acquoso
alla cellula (CitOpIasmatico)

Le catene laterali idrofobe della
molecola proteica interagiscono
con la porzione interna della

membrana, anch’essa idrofoba.




Secondary Structure — Triple Helix

The secondary structure
of atriple helix is

three polypeptide chains
woven together.

typical of collagen,
connective tissue, skin,
tendons, and cartilage.

(11 Tube

Broadcast Yourself™

Triple helix 3 a-Helix peptide chains

Copyrght © 2008 Pearson Educanos, s

41


http://www.youtube.com/watch?v=YJbS7KWE8rI&feature=related

Learning Check

Indicate the type of protein structure.
1) primary 2) alpha helix
3) beta pleated sheet 4) triple helix

A. polypeptide chains held side by side by H bonds
B. sequence of amino acids in a polypeptide chain
C. corkscrew shape with H bonds between amino
acids
. three peptide chains woven like a rope

42



Solution

Indicate the type of protein structure.

1) primary 2) alpha helix

3) beta pleated sheet 4) triple helix

A. 3 polypeptide chains held side by side by H bonds

B. 1 sequence of amino acids in a polypeptide chain

C. 2 corkscrew shape with H bonds between amino
acids

D. 4 three peptide chains woven like a rope

43



Tertiary Structure

The tertiary structure Fschiok s g 0D
of a protein gz
inpmtein.

* |Is the overall three- chan
dimensional shape. ;

IS determined by
attractions and
repulsions between
the side chains of the
amino acids in a
peptide chain.

44



Crosslinks in Tertiary Structures

: : : Some Cross-Links in
Crosslinks in tertiary Tertiary Structures

structures involve Nature of Bonding
attractions and Hydrophobic Attractions between
re p u I S i ONS b etween th e interactions nonpolar groups

Hydrophilic Attractions between

side chains of the interactions polar groups
. . . d wat
amino acids in the e

_ _ Salt bridges Ionic interactions
polypeptide chain. between acidic
and basic
amino acids
Hydrogen Occur between H
bonds and O or N

Disulfide bonds  Strong covalent
links between
sulfur atoms of
two cysteine
amino acids

Copyright © 2005 by Pearson Education, Inc.
Publishing as Benjamin Cummings
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Learning check

Select the type of tertiary interaction.
1) disulfide 2) 1onic
3) H bonds 4) hydrophobic

. leucine and valine

. two cysteines

. aspartic acid and lysine
. serine and threonine

46



Solution

Select the type of tertiary interaction.

1) disulfide 2) lonic
3) H bonds 4) hydrophobic

leucine and valine

two cysteines

aspartic acid and lysine
serine and threonine

47



Globular Proteins

Globular proteins Pocket for oxygen (0,)
- have compact, spherical Amino acids |

in protein

shapes. chain

carry out synthesis,
transport, and
metabolism in the cells.

such as myoglobin store
and transport oxygen in
muscle.

H,N*L o

Myoglobin

48



Fibrous Proteins

Fibrous proteins
consist of long, fiber-like shapes.

such as alpha keratins make up hair, wool, skin, and
nails.

such as feathers contain beta keratins with large
amounts of beta-pleated sheet structures.

o helix

Alpha keratin

Timberlake, General, Organic, and Biological Chemistry. Copyright © 1
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Quaternary Structure

The quaternary structure

* IS the combination of two
Oor more protein units.

of hemoglobin consists
of four polypeptide
chains as subunits.

Is stabilized by the same
Interactions found in
tertiary structures.

50



EMOGLOBINA

Grossa proteina tetramerica, composta da 4 catene polipeptidiche
legate covalentemente ad un gruppo Eme.

HOGC

COOH

Ogni catena contiene un
atomo di ferro nel suo
gruppo eme.

Esistono due stati conformazionali:
Emoglobina Ossigenata/Deossigenata



=—————— delle molecole

T T S T s G T 2 M BT AT

m:

280 nm (4,4 D)

* Molecola
di tropocollagene

A,

L15nm

d| diametro

10,4 nm (0,15 D)

Spirale
tripla

1,74 nm
Idrossiprolina

Sequenza
tipica nelle

catene o, e o,
1,74 nm

Glicina

= di tropocollagene

! N “%“

i\ N

” troPoco"agcnc é {:ormato

c]a tre catene O

ln qucstc catene, un
residuo ogru tre ¢ una
gllcma,

spesso ci sono anche
Prolma e lclrosslprolma



i

Microtubuli Qimerd gl ~ e -3
a-Tubulina tubulina ‘ g

B-Tubulina %

t
25 nm

22

Sezione Visione longitudinale
trasversale



http://www.ebi.ac.uk/pdbe-srv/view/entry/1tub/openastex

PROTEIN FOLDING

Depends on the interaction between the protein and the environement

YouTi3

Broadcast Yourself™

YouTi3

FOI('Iin home » .“_:lv ' %% v | m‘& :{;ﬁ: Broadcast Yourself™
disctriouced computing . LW
Lol BRI e e ettt

Home Download Guides FAQ Stats Science Results Awards About Us
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http://www.youtube.com/watch?v=1eSwDKZQpok
http://www.youtube.com/watch?v=meNEUTn9Atg&feature=related

www.fold.it

| Solve Puzzles
.. for Science

Rank: 17
48: Pro Peptide

P Group Competition
v Player Competition

17 katﬁleen

Shake NViggle ClearlLocks Reset Mouse
Sidechains Backbone andBands Puzzle Help

A Actions P History M View » File . #@ Pull Tool


http://fold.it/

Summary of Protein Structure

Structural Level Characteristics

Primary The sequence of amino acids

Secondary The coiled a-helix, S-pleated sheet, or a triple
helix formed by hydrogen bonding between
peptide bonds along the chain

Tertiary A folding of the protein into a compact, three-
dimensional shape stabilized by interactions
between side R groups of amino acids

Quaternary A combination of two or more protein
subunits to form a larger, biologically
active protein

Copyright © 2005 Pearson Education, Inc., publishing as Benjpamin Cummings
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Summary of Protein Structure

(a) Primary
structure

(b) Secondary __
structure

(¢) Tertiary
structure

57



Learning Check

|dentify the level of protein structure.
1) Primary 2) Secondary
3) Tertiary 4) Quaternary

beta pleated sheet

order of amino acids in a protein

a protein with two or more peptide chains
the shape of a globular protein

disulfide bonds between R groups

58



Solution

|dentify the level of protein structure.
1) Primary 2) Secondary
3) Tertiary 4) Quaternary

beta pleated sheet
order of amino acids in a protein

the shape of a globular protein

A

B

C. a protein with two or more peptide chains
D

E disulfide bonds between R groups

59



Denaturation

Denaturation involves

the disruption of bonds in the secondary, tertiary and
quaternary protein structures.

neat and organic compounds that break apart H
bonds and disrupt hydrophobic interactions.

aclids and bases that break H bonds between polar
R groups and disrupt ionic bonds.

neavy metal ions that react with S-S bonds to form
solids.

agitation such as whipping that stretches peptide
chains until bonds break.

60



Applications of Denaturation

Denaturation of protein
occurs when
* an egg Iis cooked.

* the skin is wiped with
alcohol.

* heat Is used to cauterize
blood vessels.

* nstruments are sterilized
In autoclaves.

Heat, acid,
base, heavy
metal salts,
agitation

Active protein Denatured protein

61



Learning check

Tannic acid is used to form a scab on a burn. An eqgg is
hard boiled by placing it in boiling water. What is similar
about these two events?

62



Solution

Acid and heat cause the denaturation of protein.
They both break bonds in the secondary and tertiary
structures of proteins.

63



Chapter 16 Amino Acids,
Proteins, and Enzymes

16.6 Enzymes
16.7 Enzyme Action

Substrate Products

Active ©
site

64



Enzymes are Biological Catalysts

Enzymes are proteins that

- Catalyze nearly all the t E, o Uncatalyzed
chemical reactions taking |
place in the cells of the E, Catalyzed

body.

Increase the rate of
reaction by lowering the
energy of activation. Reaction pIotssngy

Timberlake, General, Organic, and Blological Chemistry. Copyright & Pearson Education Inc., publishing &s Benjamin Cummings
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Names of Enzymes

The name of an enzyme

* usually ends in —ase.

identifies the reacting substance. For example,
sucrase catalyzes the reaction of sucrose.

describes the function of the enzyme. For example,
oxidases catalyze oxidation.

could be a common name, particularly for the
digestion enzymes such as pepsin and trypsin.

66



Classification of Enzymes

Enzymes are classified by the reaction they catalyze.

Class Type of Reactions catalyzed
Oxidoreductases  Oxidation-reduction
Transferases Transfer groups of atoms
Hydrolases Hydrolysis
Lyases Add atoms/remove atoms to or
from a double bond
Isomerases Rearrange atoms
Ligases Use ATP to combine small molecules

67



Learning Check

Match the type of reaction with an enzyme.
1) aminase 2) dehydrogenase
3) Isomerase 4) synthetase

Converts a cis-fatty acid to a trans-fatty acid.
Removes 2 H atoms to form double bond.

A
B
C. Combines two molecules to make a new compound.
D. Adds NH,

68



Solution

Match the type of reaction with an enzyme
1) aminase 2) dehydrogenase
3) Isomerase 4) synthetase

Converts a cis-fatty acid to a trans-fatty acid.
Removes 2 H atoms to form double bond.

Combines two molecules to make a new compound.
Adds NH,

.3
v
.4
1
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Active Site

The active site

IS a region within an
enzyme that fits the
shape of the reacting
molecule called a
substrate.

contains amino acid R
groups that bind the
substrate.

releases products when

the reaction is complete.

Substrate

Products

70



Enzyme Catalyzed Reaction

In an enzyme-catalyzed
reaction Substrate

a substrate attaches to the
active site.

an enzyme-substrate (ES)
complex forms.

reaction occurs and products
are released.
Active

an enzyme is used over and site
over. '

E+S —/

Products

~ 2

71



