Macromolecules



Carbon (Organic) Compounds
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4 Main Type of Macromolecules
(Organic molecules or Biomolecules

* Carbohydrates
* Lipids

* Proteins

* Nucleic Acids



Polymers

e Carbohydrates, proteins and nucleic acids are polymers

* Polymers: long molecule built by linking repeating units with
covalent bonds

— Each unit of polymer = monomer

/ III\\““----;-
Repeating units i



Synthesis of Polymers

Dehydration synthesis: H,O is lost

— Monomers joined by removal of

water
* One contributes —OH

* One contributes —H
* Together 2 H,0

— Process requires energy and
enzymes (proteins)

HO— 1 — 2 — 3 —H HO — —H
|
\

Short polymer 'wlinkad monomer
Dehydration removes a water = HO
molecule, forming a new bond

HO— 1 — 2 — 3 — 4 —H

Longer polymer
(a) Dehydration reaction in the synthesis of a polymer



Breakdown of Polymers

/..-—F'_ HED
Y
HO— 1 — s — e —H
Hydrolysis adds a water
molecule, breaking a bond
Y
HO— 1 — 2 — 3 — H HO — —H

{b) Hydrolysis of a polymer
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* Hydrolysis Reaction:
— Hydro = water
— Lysis = to break apart

— Reverse of dehydration synthesis
reaction

— Uses water to split polymer

— H,O splits into -H & -OH

— -H & -OH bond to where covalent
bond was before



Why is it important to
learn about nutrition?

Do you know how many carbs, proteins, and
fats you are supposed to eat in a day?

What do these things do for your body?



Guess the Macromolecule
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Carbohydrate
Elements: C, H, O with a ratio of 1:2:1

Monomer: monosaccharide (example: glucose)
Polymer: polysaccharide (saccharide = sugar)
Function: Immediate energy and structure

Examples: Plants = cellulose and starch and Animals = glycogen



Carb Structure and Energy Sources
e Structural Carbohydrates

— Cellulose — every other glucose molecule is flipped upside down
which allows the rows to fit closely together (beta configuration)

— Chitin — similar glucose arrangement to cellulose but found in fungi

cell walls

Linear

i

CH3 é';i..:u B e T, . vy

(a) The structure (b) Chitin forms the (c) Chitin is used to make
of the chitin exoskeleton of a strong and flexible
monomer. arthropods. surgical thread.
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Carb Structure and Energy Sources

Dietary carbohydrates ﬂ Blood levels of glucose
from stomach delivered maintained for brain and
to small intestine ) other body cells

\

* Energy Carbohydrates

— Glycogen - stored glucose in
the liver in the alpha
configuration

Glucose and other
monosacchrides
transported to liver

transported to
muscle

— Starch — glucose molecules P

. . g © 7 Gonov Mitochondrion  Glycogen granules
are all the same orientation o2 % .:;@,
. . & PO M 0 ‘(
so it forms a spiral and can be AT TS ol
'lgk‘. 9“’ 50 OB :‘@ ,h@.ﬂ _,‘:Q
broken down (alpha P & U~ JES
. . O [ "‘ o o, 2 O ..f* .. &
configuration ) 5 R PaEBI 7
g C g Glycogn k o
(b)
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Guess the Macromolecule




Lipids
Elements: C,H,O with C-H chains

Monomer: fatty acid
Polymer: no true polymers

Function: Stored energy, Structure, and
Protection and insulation




Lipids
Examples:
* Triglyceride = fat
* Phospholipid

 Wax, Hormones, Steroids, and

Cholesterol
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(a) Structural formula (b) Space-filling model
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(c) Phospholipid symbol



Saturated Fats

* Contains all the hydrogens
that can be bound to the
carbons in the chain

e Solid at room temperature

e Contributes to cardiovascular
disease

10-carbon saturated fatty acid (10:0 capric acid)
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(a) Saturated fat and fatty acid
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Unsaturated Fats

* Lacks all the hydrogens that can
be bound to the carbons in the
chain which forms double bonds
between electrons

* Liquid at room temperature

e Fatty acid chains are bent
— Won’t stack - makes liquids

Double
bond causes
bending

(b) Unsaturated fat and fatty acid



Phospholipids

 Make up the cell membrane which is the boundary of the cell

* Has two regions:
— Hydrophobic tails that repel water
— Hydrophilic head that attracts water

Qutside

of cell
Carbohydrate
Protems chains
o®
Cell
membrane \l l\\l\ ﬂ (l (i, \( KA a
5 s
kit {/@y{"f IR \\\\:\\\‘\\\ i ;; 3/1 iy .
Inside = BJ w.:”(‘_’ \l\) ‘“ v,“(“' oy ”I/ W) ” e
Of ce” Protein @ i 2 = Hydrophobic
(cytoplasm) channel Lipid bilayer talls

(c) Phospholipid symbol




Guess the Macromolecule




Protein
Elements: C, H, O, N

Monomer: amino acid

Dear Protein,

Thanks {or bui\o\inﬁ and
Fepairing this awesome body
of mine. T wouldnt have
muscle, Yone, hair, nails, or

lips withaut you'

Polymer: polypeptide

X0X0

Function: Structure, Chemical reactions, Movement,
Transport oxygen, Immunity (defense)

Examples: Transport proteins, enzymes, muscle proteins,
hemoglobin, antibodies




Protein

e Amino acid structure:
— Central Carbon atom

— Contains an amino group with a NH,, a
Carboxyl group with a COOH, and a H

— The last side group is the R group.
Each amino acid has a different R group
that gives the amino acid a unique
characteristic

H H
H—N C OH

« carbon
R
H 0
et
H
H OH
Amino Carboxyl

group group



Nonpolar Amino Acids

CH, CH, CH,
N2 |
GH, CHy Cl’H C|H2
H 5 CHy CH 4 CH, ¢ H,C—CH
Yz | "7 |y | ° |
H.N—C-—C H N*—C—C H.N'—C—C H.NF=C—C H,N*—C—C
| o [ | Na L Yo I
H H H O H H
Glycine Alanine Valine Leucine Isoleucine
(Gly or G) (Alaor A) (Val or V) (Leuorl) (Ile or 1)
CH
‘ 3 7\ /qu
S —
I NH H2(|: <|3H2 P
(l:H2 |—/ H2N+ Cl_c<
CH CH CH (o
AP e [ 2 P i
H3N+—(|2—C H3N+—c|:—c\ HN*—C—C_
B 2 H 9 hooo
Methionine Phenylalanine Tryptophan Proline
(Met or M) (Phe or F) (Trp or W) (Pro or P)
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Polar Amino Acids

Polar

i \é/o

“ Nt © |
OH OH CH, o N ¢ CHy
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CH, CH CH CH CH CH
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Serine Threonine  Cysteine Tyrosine Asparagine Glutamine
(SerorS) (ThrorT) (CysorC) (TyrorY) (AsnorN) (GinorQ)

Electrically
charged
Acidic Basic
L - NH o NH .__NHo
0O o} 1 3 2
Nl \n7Z I 3 Y
? ? ?Hz (::=NH2 " NH
CH CH CH NH
L - . £ I 240
H3N’—(l2—c <|:H2 o <|3H2 le HaN'—(I:—C\
- "o H3N’—(|:—C/ C|3H2 0 CH, H 9
woo HN*—C—c” CH, o
| \o— V4
H HgN*—C—
=
H O
Aspartic acid Glutamic acid Lysine Arginine Histidine
(Asp or D) (Glu or E) (LysorK) (ArgorR) (His orH)
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20 amino
acids in
living
organisms



How to build proteins

e Dehydration synthesis of 2 or
more amino acids

* (-COOH) and (NH,) group are
joined by a covalent called a
peptide bond

* The bonds create a repeated
N-C-C sequence which is
backbone of polypeptide
chain

Side
chains

Back-
bone

OH
Peptide
bond
(|JH SH
|
CH2 CHz CHz
! ‘ I v |
H—N—(lt—(": N—(lt—(l'l:— OH H—N—(I:—C—CIH
H O H O H
(a)
H,O
OH
OH SH
| Peptide |
CH:z CHz bond CH» p
! aNE “
H—N—ti':—C—N—Lr—C N—(|:—(ﬁ:—OH
H tl.L H él) H O
} }
Amino end Carboxyl end
{N-terminus) {C-terminus)

(b)
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Protein Structure & Function

* Function depends on structure — it all starts
with amino acid sequence

— Folded, twisted, coiled into specialized
shape

—There are 4 levels of protein structure




Protein Structure - Primary

e Linear structure based
on the order of amino

acids and peptide bonds
* Each type of protein has

a unique primary

structure of amino acids

 Amino acid sequence is

determined by the DNA
Peptide
sequence bovid
SH
— Small change in DNA will Side chains (|:H2 et CHa (l:Hz
affect the protein and can | i ‘ i H l b ‘ ®
cause serious problems g e e e e G O
H O Hi© H (S H




Sickle Cell Anemia

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

e | e |
10 um 10 um
[Val H His HLeuH{ Thr H Pro F Glu H Glu b~ - - [ val H His HLeu H{ Thr H Pro : Glu p- - -

12345@7 1 2 3 4 5\6/ 7

(a) Normal red blood cells and the primary (b) Sickled red blood cells and the primary
structure of normal hemoglobin structure of sickle-cell hemoglobin
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Protein Structure - Secondary

* Folding and coiling of the
amino acid chain

— Can be an alpha (at) helix or

beta (B) pleated sheet
— Folds are result of hydrogen

bonds between R-groups of
different amino acids
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Protein Structure — Secondary

Hydrogen bonding

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




Protein Structure — Tertiary

Hydrophobic interactions

(clustering of hydrophobic
’ groups away from water)
| CH and van der Waals

interactions

Polypeptide
0] Hac\ /CHs backbone
Hydrogen |l CH
bond :
1
C=0H
I —CH,—$—S—CH,—
CH, Disulfide bridge
0
[
—CH,—CH,—CH,—CH,—NH;* "0—C—CH,—
lonic bond
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Determined by interactions

and bonding between R-

groups

— Hydrophobic & Hydrophilic
interactions due to water
around the protein

— More Hydrogen bonds

— Disulfide bridges between R-
groups with sulfur

— lonic bonds with a transfer
of electrons



(b) Secondary structure (c) Tertiary structure




Protein Structure — Quaternary

 Two or more polypeptide
chains joined together
causing the overall protein
structure

— Ex: Collagen —fibrous
protein

* helical subunits twisted
into one large subunit
— Ex: Hemoglobin — oxygen
binding protein of red blood
cells

* 4 polypeptide subunits

(a) Collagen
Copyright &

Pearson Education, Inc., publishing as Benjamin Cummings.




"R Groups

»Hydrophobic & Hydrophilic
interactions

*H & ionic bonds

*Disulfide bridges

(a) Primary
structure

10

Amino acid sequence
peptide bonds

Determined by DNA

*R Groups

=H Bonds

(d) Quaternary structure

40 =*Multiple
polypeptides
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Denaturation

* Protein conformation depends on physical and
chemical conditions of environment.

* Proteins will denature when they are subjected to:

— pH changes v
. oe"‘Ios;s of tlo”

— High Temperature , biologica & N %

7~ == activty ‘ . ) \

» r:.-‘;'/’é"*& J ‘ \ 7
‘/\\f-’ N \E-‘ \ \ \ / | \
):, S &= \i-JI ‘ | \

k\; < ) regains \3 )

activity

Normal protein Denatured protein

ge"atu ratio®

* Protein may unfold and loose its structure, thus
losing its function



b Base pair

— | phosphale by e
" backbone

RNA DNA

Ribonucleic acid Deoxyribonucleic acid



Nucleic Acid
Elements: C, H, O, N, P /

Monomer: nucleotide

Polymer: DNA, RNA

Function: Genetic information — stores and transports

Examples: DNA, RNA, ATP



Nucleotide Structure

e 3 Parts:

1. Nitrogen
containing base

2. Sugar (5C)

= Deoxyribose in
DNA

= Ribose in RNA
3. Phosphate Group




Types of Nucleotide Bases

« 2 Types of Bases
1. Pyrimidines
= Single ring N-base
= Cytosine (C)
* Thymine (T)
* Uracil (U)

2. Purines

"= Double ring N-base
= Adenine (A)
= Guanine (G)

Cytosine
C

Pyrimidines

Thymine {in DMA)} Uracil (in RNA)
T u

Purines

i i
c

HC I

H

|  HC I |

\H"FCHN,;EH ‘\'N..J"'E [ =

Adenine Guanine

A

G




ATP Structure

ADENINE
e Used for cellular energy NH, 3 PHOSPHATE GROUPS
] ] N/C c N ﬁ
e Adenine nltrogen base || \E—H o o o
. H_C\N N © HC—O0——P—0—P-0—P-o0
* Ribose sugar - P
* 3 phosphate groups gl

RIBOSE



