. Ch5: Macromolecules

Proteins



Essential Knowledge

¢ 4.A.1 The subcomponents of biological molecules
and their sequence determine the properties of
that molecule

=2 A. Structure and function of polymers are derived from
the way their monomers are assembled

2. In proteins, the specific order of amino acids in a
polypeptide (primary structure) interacts with the
environment to determine the overall shape of the
protein, which also involves secondary, tertiary, and
quaternary structure and, thus, its function.



Essential Knowledge

2. The R group of an amino acid can be categorized by
chemical properties (hydrophobic, hydrophilic, and
ionic), and the interactions of these R groups determine
structure and function of that region of the protein.



Essential Knowledge

2 B. Directionality influences structure and function

of the polymer.

2. Proteins have an amino (NH2) end and a carboxy!

(COOH) end, and
acids connected

consist of a linear sequence of amino
by the formation of peptide bonds by

dehydration synt

nesis between the amino and carboxyl

groups of adjacent monomers



Proteins - General

¢ Instrumental in nearly everything organisms do
¢ Account for 50% of the dry mass of most cells

% Most structurally & functionally diverse group of
macromolecules

¢ Functions:

(enzymes)
(keratin, collagen)

=2 Carriers & transport (hemoglobin)
=2 Signaling (hormones, insulin)
3 & binding (cell surface receptors)
=z Contractile & motor (actin, myosin)

(antibodies)




Proteins -

¢ Regulate by
acting as

& Most important protein in the body

¢ Catalysts chemical

reactions
¢ Not consumed (used up by reaction)

o

substrate



Protein structure R R,
N —C—C7  + *HN—C—C
¢ Monomer = aminHD an::it;\O_ W aminHD acid
=2 Constructed from 20 different ] $ 0
amino acids o | 4

¢ Polymer = H

=2 Dehydration reactions e iioe
= Protein can be 1 or more polypeptide
chains folded and
together
3 (covalent
bond)

e carboxyl group to amino group (polar)

N —C —C —N —C —C
H

H
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Amino Acid Structure

# Central Carbon = a carbon

LY
ur
LY
ur

* Attached to o carbon:

(-COOR)

H

k

Side Chain

C-OH

Carboxylic Acid
Group

¢ - carbon

(NH,)
atom

( group)
e Can be as simple as an H atom

e Determines unique characteristics of the amino acid
e Polar (hydrophilic), nonpolar (hydrophobic), acid or base




Non Polar Amino Acids

¥ Amino acids are grouped according to their side
chains (R-group)

H H H
0 O o o
H3N+—:::—c*f HyN —t%:—cf; H N —E:‘.—Cl H3H*—<|3—c’f
CH, CH,
cﬁ; QCHS
Glycine (Gly) Alanine (Ala) Valine (Val) Leucine (Leu)
Nonpolar H H H
e e ¢l
gt e gl — %= Ay v
+H2 Yo 4:|-|2 Yo i':Hz o
O
| —
CH,

Methionine (Met) Phenylalanine (Phe)

Tryptophan (Trp)
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Polar/Charged & Hydrophilic Amino Acids

H H H H H
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e
NH,, Yo N
oH N, o
Sarine {Ser) Thracnine {Thr) Cysteine (Cys) Tyrosine (Tyr) Asparagine (Asn) Glutamine {GIn)
Acidic Basic
H H H H H
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c 0 Hy NH
NH,* +=HH2+
NH,
Aspartic acid (Asp) Glutamic acid {Glu) Lysine (Lys) Arginine (Arg) Histidine (Hig)
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How to build proteins

% Dehydration synthesis of 2 or more ﬁ:;id'%
amino acids OH

¢ (-COOH) and (NH,) group are i | . | ; ;
joined by a covalent peptide bond |+—-N-¢—¢"N—c—Gc—oH H-—N—
(C-N) . I\

% One end of polypeptide is free o heO
(NH,) = N-terminus @

% One end of polypeptide is free i‘“ T ::::idej:
(-COOH) = C-terminus - ‘ I

@ Grow from N-term - C-term H—'l'—?—i— l—ﬁ-‘—& N—G—g—or

== Repeated Afmina end Carboxyl enL
sequence is backbone of o (Gterminus)
polype ptide ch a i n Capyright @ Pearson Edusation, Inc., publishing as Benjamin Cummings




Protein Structure & Function

¢ Function depends on structure — all starts with amino acid

sequence
& Proteins are folded, twisted, and coiled into

% There are levels of protein structure

Enzyme, lysozyme is present in our tears, saliva, &
sweat — prevents infection.



Protein Structure - Primary

& Conformation:

HiN*

structure

based on

and peptide bonds

% Each type of protein has a
unique primary structure of

amino acids

% How is the amino acid |
sequence determined? G O, SO <. W .
= By the sequence |"UrRide g de Nbe c Ll

backbone =%




Sickle Cell Anemia

@ Result of only one amino acid change in
primary structure of hemoglobin.

10 um

[ val H His HLeu H{ Thr H Pro H Glu A Glu p- - -
1 2 3 4 5\?/7

(a) Normal red blood cells and the primary
structure of normal hemoglobin
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10 um

[ Val H His H Leu H Thr { Pro 'R Glu p- -+
1 2 3 4 5 6 7

(b) Sickled red blood cells and the primary
structure of sickle-cell hemoglobin




Protein Structure - Secondary

& Conformation: folding
and coiling of the
amino acid chain

== Can be an

e Ex: alpha (a) = keratin
and beta (B) = silk

= Folds are result of

between R-groups
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Protein Structure — Secondary

Hydrogen bonding

Spider silk: a structural protein
containing beta (B) pleated sheet




Protein Structure —

Hydrophobic interactions
(clustering of hydrophobic
’ groups away from water)
CH

and van der Waals
interactions

| P\
?H2 HC  Ch, Polypeptide
0] Hac\ /CHs backbone
Hydrogen |l CH
bond :
1
C=0H
| —CH,—S—S—CH,—
CH, Disulfide bridge
0
[
—CH,—CH,—CH,—CH,—NH,* “0—C—CH,—
lonic bond
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Tertiary

& Conformation: Determined

= Hydrophobic & Hydrophilic
interactions due to water
= H-bonds

bridges
o bonds

interactions



(b) Secondary structure (c) Tertiary structure




Protein Structure — Quaternary

& Conformation:

causing the overall protein
structure
z Ex: Collagen — fibrous protein
e helical subunits twisted into
one large subunit
=z Ex: Hemoglobin — oxygen
binding protein of red blood
cells

e 4 polypeptide subunits (a

Pearson Education, Inc., publishing as Benjamin Cummings.

) Collagen
e Two a chains
e Two B chains



*R Groups

*Hydrophobic & Hydrophilic
interactions

*H & ionic bonds
*Disulfide bridges

*Van der Waals
interactions

(a) Primary

~ e |
storur.:ture . . %—E‘n_?%
1 et ;E--.'..r{xr ——
Amino acid sequence |
peptide bonds o Helix
. (b) Secondary structure /‘
Determined by e 2 (o) {c) Tertiary structure S~ - _
*R Groups '/
g
*H Bonds

(d) Quaternary structure
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o Multiple
4 polypeptides




Other Factors Atffecting Protein

Structure

% Depends on physical and | . " W\ R\ >\
chemical conditions "'*“‘"
¢ Affect 3° structure:

Normal prote Denatured prote in
Renat uuuuuu

right @ Pearson Ed

& If the environment is not “just right” a protein will
(unravel, lose confirmation,

become dysfunctional)
=z EX: cooking an egg denatures the egg white



Chaperonins
¢ Protein molecules that

of other proteins.

¢ Aids the folding process by providing shelter
from cytoplasmic influences.

( ! Correctly y
Pol tide folded Ay
~ YEsE protein g
Hollow
cylinder
/-L \\ m /—>\ ’\\
Chaperonin © An unfolded @ The cap attaches to that © The cap comes
(fully assembled) polypeptide end, causing the cylinder off, and the
enters the to change shape in such properly folded
cylinder from a way that it creates a protein is
one end. hydrophilic environment released.
for the folding of the
polypeptide.
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