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This lecture aims to introduce:
* Biochemistry
* Organization of life

* The four major groups of biological molecules
presentin living systems.

* The relationship between monomers and polymers.
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=" "What is biochemistry?

* Definition: The study of the molecules of living systems.

* The goal of biochemistry is to understand: thesstructure

and the funetiomof biological molecules. \w"‘“w Np—
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» What are these molecules? DEIVK and He o

;9 ~Macromolecules (proteins, nucleic acids, lipids, and

¢ complex carbohydrates) ) PX
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.»“~— Micromolecules (amino acids, fatty acids, sugars and
nucleotides)
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Molecules of Life
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Carbohydrates
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What is biochemistry?

|
life

Biochemistry is also the chemistry of life

Life can be understood by knowing which molecules
comprise living systems, their locations in cells, their
structures, their interactions, and their functions.



Why study biochemistry?

* Understanding is essential to all life sciences as it
deals with common knowledge like:

— Genetics, cell biology, molecular biology
— Microbiology, pathology

— Pharmacology

— Physiology and Immunology



Why study biochemistry?

— Nutrition of food: c

molecules to get

ucose metapbolism

Storage
Glycogen

Distribution
and
utilization:

\ Free glucose

/sacchar/des

Monosaccharlgs

(glucose, fructose,
galactose)

Nutrition Facts

Serving Size 2/3 cup (55g)
Servings Per Container About 8

I

Amount Per Serving

Calories 230 Calories from Fat 40

% Daily Value*

Total Fat 8g 12%
Saturated Fat 1g 5%
Trans Fat Og

Cholesterol 0mg 0%

Sodium 160mg 7%

Total Carbohydrate 37g 12%
Dietary Fiber 4g 16%
Sugars 1g

Protein 3g

e ———

Vitamin A 10%

Vitamin C 8%

Calcium 20%

Iron 45%

* Percent Daily Values are based on a 2,000 calorie diet.
Your daily value may be higher or lower depending on
your calorie needs.

Calories: 2,000 2,500

Total Fat Lessthan 659 80g

Sat Fat Lessthan 20g 259
Cholesterol Lessthan  300mg 300mg
Sodium Lessthan 2400mg 2400mg

Total Carbohydrate 300g 3759
Dietary Fiber 259 30g




Why study biochemistry?

BIOCHEMISTRY
|
Nucleic
acids Proteins Lipids Carbohydrates
Genetic Sickle cell Athero- Diabetes
diseases anemia { sclerosis mellitus

MEDICINE
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Level 4:
Cell

Level 3:

organells

Level 2:

macromolecules

Level 1:

monomers
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Elements of Life

Living matter consists of a relatively small number of

elements
W}‘Q\

-—elements, essential for all organisms: CINEO, PISHE
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Nitrogen Other
33%  3.7%

\

Hydrogen.“
9.5%

Human body

@_

Calcium1.5% 4

Nitrogen
n Phosphorus 1% @ ﬂ
B3 potassium 0.4 Hydrogen
nSulfm' 0.3% n
a Sodium 0.2% Carbon

(48 Chlorine 0.2%

@ Magnesium 0.1%

—2o

Oxygen
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Elements - Monomers - Polymers
(Macromolecules)
COH S.ugars_ Carbohydrates
Amino acids :
. Proteins
nucleotides .
Nucleic acids
Lipids
Monomers:building blocks

Polymers: long molecules consist of small subunits (fonomers)
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Four major macromolecules

Proteins
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Chemical composition of a normal man (weight 65

kg)
Constituent Percent (%) Weight (kg)
Y water 61.6 40
) Protein 17.0 11
@ quipia 13.8 9
1.5 1
6.1 4
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1. Carbohydrates
Carbohydrates-areipolymers of sugars (finosaccharides).

o
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Monaosacchariae
@ go
Monomers
Polymerization
VIVINVINO (carbohydrate)

Polymer
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1. Carbohydrates  °"

These molecules are important for: 3\JC°“ Jen
weds

1. Energy storage (starch and glycogen)
2. Building biological structure (cellulose).
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Glycogen

17



2. Lipids
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Monomers

Polymerization

VIVINVINO j 3

Polymer - 4
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 These molecules are important as:
1. Energy storage (fats).

ipi

2. L
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2. Structural molecule:{(cell membranes).

chain)

ylindrical (cross-sect
of head equals that of side

Individual units are

-
| ndividu
cylindncal (¢
<
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Cell membrane

1-Stearoyl-2-oleoyl-
3-phosphatidylcholine
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3. Proteins

Proteins are polymers oftamino acids.
35°
Y Amino Acids
Monomers
Polymerization
SOVONINE [EEER

Polymer
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3. Proteins
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* Proteins: These molecules are the most abundant

macromolecules in cells (~20% by weight).
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3. Proteins

 Structural Proteins: support

Intermediate filaments in a mammalian cell
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3. Proteins

* Proteins: Biological Catalysts (Efzymes)

Qenosine triphosphat-

Hexoklnase

a!enosme dlphosphatm
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4. Nucleic acids

Nucleic acids are polyifiersiof niicleotides.

52 %
2 Nucleotides

Monomers

Polymerization

VIVINVINI

Polymer
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4. Nucleic acids
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* Nucleic Acids (DNA and'RNA).

 These molecules are important in:

1. The storage and transfer of genetic information
2. The synthesis of proteins.
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nucleotides nucleic acids
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Macromolecule Monomer

Carbohydrates

‘Monosaccharide
Not always polymers:
Hydrocarbon chains
Amino acids
Nucleotides

Lipids
Proteins.
Nucleic acids



The skeleton of macromolecule

Biomolecules are compounds of carbons with a variety of
functional groups

Carbon
i skeleton
HN)kR \
\N/vo\p/ow
/ \ 3% 3
Sphingomyelin
N\~
Functional

groups
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Common functional groups

Different classes of biological molecules are characterized
by different types of functional groups



Compound Name Structure’ Functional Group or Linkage
Amine” RNH, or RKJH_,
R,NH or Rzl’tIHz —N < or —+Il] — (amino group)
+
R;N or R;NH
Alcohol ROH —OH (hydroxyl group)
Thiol RSH —SH  (sulfhydryl group)
Ether ROR —O— (ether linkage)
O O
Aldehyde R —}l". H —(”Z —  (carbonyl group)
O O
Ketone R —g R —g —  (carbonyl group)
O O
Carboxylic acid” R—(“Z —OH or —|C| —OH  (carboxyl group) or
O O
R—éll o —(IIZ —O  (carboxylate group)
O O O
Ester R—éli —OR —(”Z —O~— (ester linkage) R—(”Z— (acyl group)”
O O O
Thioester R—(Il.—SR —g—S— (thioester linkage) R—|C| — (acyl group)“
O
Amide R—(”3 —NH,
O O O
R—(“: NHR —g —NZ (amido group) R—g— (acyl group)
O



Imine (Schiff base)”

Disulfide

Phosphate ester”

Diphosphate ester”

Phosphate diester”

+

R=NH or R=NH,
+

R=NR or R=NHR

R—S—S—R
o)
R—O—P—0"
"
0 0

N N ~N._ t - .
_C=N or  “C=N__ (imino group)

—S—S— (disulfide linkage)

O

I
—Il’ —O  (phosphoryl group)

OH

—P—0O—P—0O (phosphoanhydride group)

—O0 —ll’ —O~— (phosphodiester linkage)

O

“R represents any carbon-containing group. In a molecule with more than one R group,

the groups may be the same or different.
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Elements

v/

- Monomers

v/

- Polymers
(Macromolecules)

v/

Cells
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Biochemistry of cells

* Cells are smallest living unit of an organism.

« Complex living organism originate from simple elements.

Carbon, hydrogen, oxygen, ‘sulfur, and nitrogen)

combine to make up many different kind of biomolecules
such as carbohydrates, fatty acids, amino acids
which combine to make proteins.

- PHOSphoriis is‘the most ingredients for Making DNA

and RNA. A collection of interacting molecules, becomes
aicell the basic unit of life.
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Biochemistry and organization of

cells

- Macromolecules  recognize
and interact with one another
'in specific ways to perform
‘essential cellular  functions:

(e.q. membranes are
complexes of lipids,
carbohydrates and proteins ).

» Macrmolecules have three

dimensions and shapes!
Much of biochemistry relies
on this fact.

Fibers of Carbohydrate EXTRACELLULAR
extracellular FLUID
matrix (ECM) . 0

Glycoprotein | %
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4/1,

A —;— 1./“;’_1’ 00
Filaments of ’

cytoskeleton /_\\ TS

Peripheral  Integral
protein protein

Cholesterol

CYTOPLASM

Copyright @ Pearson Education, Inc., publishing as Benjamin Cummings
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