Major types of Macromolecules

Carbohydrates



Macromolecules are Organic Compounds

e Compounds that contain

carbon Lipids: oils & fats (butter)
Fatty acids are organic acids with a long carbon chain
° H
Hydrogen, oxygen, s8c08aaloe o
hitrogen, phosphorus & YoPoo®e0
and sulfur can also be [
found in organic o=

compounds

A lipid (a.k.a. fat)



Why Carbon?

e Carbon can form more Carbon Atom

bonds than any other e N
nucleus COIKISIS
element (4) of B protons
* This property allows 4 elections i m_\
carbon based molecules outer shell
to be quite large and 2 slections in—" \
- inner shell
diverse \



C—C

Types of bonds

Single Bond (one pair
of e shared)

C—=C Double Bond (2 pairs

of e  shared)

Triple Bond (3 pairs
of e shared)



Monomers and Polymers

Organic compounds are
made of monomers -
individual subunits

00000

Many monomers form polymers - larger
molecules



Condensation and Hydrolysis
Reactions

* Hydrolysis reactions " Tw o 'le .
break large molecules H/N S N—CH—¥

H O
(polymers) into smaller h;,ir;;lg?ﬁlﬁgg‘ﬁz:‘j‘t‘"”
ones by adding water q 2 p
. N—~CH N—CH—4  + H50
» Condensation, or H R o 2

dEhyd ration SynthESiS Two amino acids are shown at the top. In
condensation, the amino acids are
I bined i di ide. hydrolysis,
builds large molecules  {oranes e dpepies, nivieler,
from smaller ones by

again.
removing water



All carbohydrates consist of the following molecules:

e /

Mono-saccharide

contains one saccharide molecule

el L

contains two saccharide molecules

T

R e,
"“ Di-saccharide
/

Poly-saccharide

contains many saccharide molecules

— _/




Monosaccharides (glucose, fructose,

galactose)
HOCH HOCH
“r”zoj’ — ?HJZ_O

P(I CH,,OH " (B é
.'-,l 7 O }_{\ / r_ { \ I{ F i
(EH OH OH

Fructose Glucose Galactose

Monaosaccharides



Condensation Reaction (forming
maltose — a disaccharide)

CH,OH CH ,OH CH,OH CH,OH
condensatuon H Q
I |
OH OH Cl1— —CI4 + H20
F = OH
1-4 a- egcos:duc
bond OH

glucose glucose maltose water



Polysaccharides (starch vs. cellulose)

\ ./
ClamaBooes T %
H & 0 N H—(‘:—OH H o)
HO (OH) H—C—OH 0 H
H OH H_é_OH H OH
|
« Glucose H—?—OH B Glucose
H
CH,OH CH,OH CH,OH CH,OH CH,OH OH CH,OH OH
! | | 5
14 0 o)
OH OH OH OH OH  CH,OH OH  CH,OH
(b)Starch: 1-4 linkage of o glucose monomers (c) Cellulose: 1-4 linkage of 3 glucose monomers

digestable in animals by amylase not digestable in animals (requires cellulase)



Glycerol 3 Fatty acids

Lipid (polymer) (monomer) (monomers)
H H HH H H HH
L I ————
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Tributyrin [ lipid) Glyeerol 3 molecules of

butyric seid



Saturated and Unsaturated Fatty Acids

0 HHH
[
H-O—C—?-%-C—H
- IR ER R g
B CC—C—G—C—C—C—C—C—H Butyric Acid-Saturated Fatty Acid
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o Bt bl Oleic Acid- Monounsaturated Fatty Acid
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(a) Fat molecule (triacylglycerol) HHHHHHGHHHHHHHIHUHHH

Linoleic Acid- Polyunsaturated Fatty Acid



«—— Nucleotides Nucleic Acid (polymer)

(monomers)



Nucleotide

Nitrogen base
Phosphate group

Five carbon sugar



Amino acid (monomer) Pepti de Bond Amino acid (monomer)

"\ | 2 H\ | g
N c_ ¢~ + N ¢
e N oH - ™ oH
R R
Dehydration
Reaction H,0
H (@) H
N || 2°
N C C N C C
e | ™ oH
:\miqo R H R Carboxy
il Peptide group torminus

Two amino acids bonded together (dipeptide - polymer)



Protein Structure

* Proteins are polymers
made of amino acid
monomers

* The shape of a protein
determines its function

* The shape is determined
by the order of amino acids
in the protein

p53 tumor suppressor protein



Four Levels of Protein Structure

Primary- order of a chain of amino
acids

Primary protein structure
S sequence of a chain of amino ac

Secondary — formation of hydrogen FN
bonds between amino acids in the NS
polypeptide chain

Tertiary — folding of whole
polypeptide chain

~_ Pleated sheet
Tertiary protein structure
occurs when cartain attractions are presant

Quaternary protein structure
is a protain consisting of more than one
amino acid chain

Quaternary — attractions between
more than one polypeptide chain
(results in the complete protein)




Enzymes

* Proteins that
regulate chemical
reactions in an
organism

<«

Active site \




Enzymes act as Catalysts

Substance
\ ‘ Product AB

ane

ENZYME ENZYME
Catalysts speed up chemical reactions

without being used up or changed
during the reaction




How do Enzymes Speed up Chemical Reactions?

* The energy required to
get a chemical reaction
started is the activation

enerqgy

* Enzymes work by
lowering the activation
energy to speed up the
reaction

Free energy (G)

|

Energy of
reactants

Activation energy (Ep)
without enzyme

A

| Activation energy (EA)
with enzyme

A4

4

Change

in free
energy
(AG)

Y

Energy of products

Progress of reaction >



Factors affecting the rate of a reaction

 Amount of enzyme present
 Amount of substrate present
* Temperature and pH



Enzyme Denaturation

Enzyme is shown in yellow
Blue molecules are the substrate

Bond

Heat or pH change

]

No reaction occurs
(active site is damaged
and substrate no longer

fits)

Reaction takes place
normally



