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Overview of Biochemistry
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Biochemistry is the study of biomolecules
and chemical reactions of life.
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< A knowledge of biochemistry is essential to
all life sciences (Genetics, physiology, pathology,
pharmacology, toxicology, immunity, zoology,
botany, microbiology,...).



History of Biochemistry

Biochemistry is a
modern science
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.Stereoisomers

Some of the apparatus used by Louis Pasteur in his Paris laboratory
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1) Identification of enzymes as the
catalysts of biological reactions (Eduard
Buchner/ Emil Fischer).

2) ldentification of nucleic acids as
information-carrying molecules (Oswald
Avery, Colin Macleod, and Maclyn McCarty/
James D.Watson and Francis H. C. Crick).




Identification of enzymes

Eduard Buchner:
Buchner was awarded the Nobel Prize in Chemistry in1907
“for his biochemical researches and his discovery of
cell-free fermentation.”
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Identification of enzymes

)

Lock

Emil Fischer:

Fischer made many contributions to our understanding of the
structures and functions of biological molecules.

“template (lock) and key zUiallg Jilll 4, 55 b Jaay) ¢ 38
Cilay 3N Jas 41 7,4 theory”
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Identification of nucleic acids

COLIN MACLEOD OSWALD AVERY

MACLYN McCARTY

In 1944 Oswald Avery, Colin MacLeod, and Maclyn McCarty
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(DNA is the genetic material) 4151 4.5 4
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Identification of nucleic acids

» In 1953 James D.Watson and Francis H. C. Crick deduced
the three-dimensional structure of DNA.
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- YOUR BODY

Many systems
Many organs
Tissues
Cells
Organelles
Macromolecules
Polymer of molecules
Carbon containing compound
Called organic compound
Elements
+ Joint and linked with each other by specific bonds




Periodic table of the elements

1A 0
1 2
H He
1.008 lIA MA IVA VA VIA VIA | 4003
3 4 5 6 7 8 9 10
li | Be B C N 0 F Ne
6.941 | 9.012 10.81 | 12.01  14.01  16.00 | 19.00 | 20.18
11 | 12 13 14 15 16 17 18
Na Mg Al Si P ) Cl Ar
2299 2431 lIB IVB VB VIB VIIB VilIB IB 1IB |26.98  28.09  30.97 32.07 35.45  39.95

19 20 21 22 23 24 25 26 | 27 28 29 30 31 32 33 34 35 36
K Ca  S¢ Ti v Cr Mn Fe Co Ni C | In Ga | Ge @ As | Se Br Kr
39,10 40.08 44.96  47.87 | 50.94 | 52,00 | 54.94 55.85 | 58.93 | 58.69 | 63.55 | 65.39 | 69.72 | 72.61 | 74.92 | 78.96 |79.90 | 83.80

37 38 | 39 40 4 42 43 | 44 | 45 46 | 47 48 | 49 50 51 52 53 54
Rb  Sr | Y | Zr | Nb |[Mo | Tc | Ru | Rh | Pd | Ag | Cd | In | Sn | Sb | Te | Xe
85.47 | 87.62 | 88.91 | 91.22 | 92.91 | 95.94 | (98) | 101.1 | 102.9 | 106.4 [ 107.9 | 112.4 | 114.8 | 118.7 | 121.8 | 127.6 [126.9 | 131.3

55 | 56 | 57* 72 | 73 | 74 75 | 76 | 77 | 78 | 79 | 80 | 81 82 83 | 84 | 85 86
Cs Ba |la | Hf | Ta | W [ Re | Os | Ir | Pt | Au | Hg | TI | Pb  Bi Po | At | Rn
132.9 | 137.3 | 138.9 | 178.5 | 180.9 | 183.8 | 186.2 | 190.2 | 192.2 | 195.1 | 197.0 | 200.6 | 204.4 | 207.2 | 209.0 | (209) | (210) | (222)

87 | 88 | 89* 104 | 105 | 106 | 107 | 108 | 109 | 110 | 111 | 112 | 113 | 114 | 115 | 116 | 117 | 118
Fr | Ra | Ac | Rf | Db | Sg | Bh | Hs | Mt
(223) | (226) | (227) | (261) | (262) | (263) | (264) | (265) | (268) | (269) | (272) | (277) (285) (289) (293)

58* 59 | 60 61 62 | 63 64 | 65 66 @ 67 | 68 69 | 70 | 71
Ce | Pr Nd Pm | Sm | Ev Gd | Th | Dy Ho Er | Tm | Yb L
140.1 | 140.9 | 144.2 | (145) | 150.4 | 152.0 | 157.3 | 158.9 | 162.5 | 164.9 | 167.3 | 168.9 | 173.0 | 175.0
90*+ 91 92 93 | 94 | 95 9% | 97 98 | 99 | 100 | 101 | 102 | 103
Th | Pa | U Np Pu Am  Cm Bk | Cf | Es | Fm | Md | No | Lr
232.0 | 231 |238.0 | (237) | (244) | (243) | (247) | (247) | (251) | (252) | (257) | (258) | (259) | (262)

The important elements found in living cells are shown in color.The brownish pink elements

(CHNOPS) are the six abundant elements.The five essential ions are purple.The trace
elements are shown in dark blue (more common) and (less common).
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1) 6 elements account for 97% of the weight of most
organisms:

Carbon, hydrogen, nitrogen, oxygen, phosphorus, and
sulfur (CHNOPS).

2) Additional 23 elements account for only 3% of the weight
of living organisms. Of these:

a) 5 essential ions: Na+, Mg++, K+, Ca++, ClI-.
b) Trace elements:
» More common:Fe, Co, Zn, Mn,Cu.
» Less common:B, F I, Sn, Ga,As, Al Si,V, Cr, Mo, Se, Ni.



understand, take notes and read

Organic Compounds

I I I
R-— OH R—-C—H R— C-—R, R-—C—OH
Alcohol Aldehyde Ketone Carboxylic acid’
Ik |
R-—SH R-—NH, R— NH R—N—R,
Thiol Primary Secondary Tertiary
(Sulfhydryl) ks v g
Amines?

TUnder most biological conditions, carboxylic acids exist as carboxylate anions:

—NH, ﬁ
R—C—o0°®

2Under most biological conditions, amines exist as ammonium ions:

I I
@ ) )
R—NH;, R—NH,,and R—NH—R,



understand, take notes and read

Functional groups

— OH
Hydroxyl

— SH

Sulfhydryl
(Thiol)

|
—C—R

Acyl

—NH, or —NH;
Amino

O

|
— c —
Carbonyl

o)
I

o—p—0°

0

Phosphate

I
—Cc—0®
Carboxylate
O
I
o©
Phosphoryl



understand, take notes and read

i Linkages in Biochemical Compounds

o) o)
I | I I |
1o " 10T |
Ester Ether Amide
o) o) o)
I | o | I
? o) ||> o o) II o) II o)
0© 0® S,

Phosphate ester Phosphoanhydride
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TOPICS:

> Water
» Amino acids

» Proteins 3D structure (structure & clinical significance)

» Enzymes (properties & mechanisms)

» Coenzymes & vitamins

» Carbohydrates (structure & clinical significance)

» Lipids (structure & clinical significance)

> Nucleotides
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Prokaryotes ! <l LA

An E. coli cell is about 0.5um
in diameter and |.5pm long.

Proteinaceous fibers called
flagella rotate to propel the
cell.

Ribosomes
Cytosol
Plasma membrane

Periplasmic space

The shorter pili aid in sexual \ e
ellwa

conjugation and may help E. T
coli cells adhere to | (
surfaces. \ pili

The periplasmic space is an

aqueous compartment Flagella
separating the plasma

membrane and the outer

membrane.
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Animal cells

Endoplasmic Nucleus
reticulum

Cytosol

Cytoskeleton

Nuclear

envelope
Lysosome

Plasma
membrane

Peroxisome
Golgi
apparatus

. Mitochondrion
Vesicles



Eukaryotes- 45kl 55l cldda LA
Plant cells

Endoplasmic Cytosol
reticulum

Nucleus

Mitochondrion
Vacuole

"\ —— Cell wall

Golgi
apparatus Plasma

membrane

Vesicles

i

Peroxisome

Chloroplasts




Prokaryotes
(Bacteria)

Eukaryotes
(Protistes, Fungi, Plants, Animals)

Do not have nucleus

Have a nucleus

Usually do not have organelles

Have organelles

Usually have double membrane

Surrounded by single plasma membrane

Small size

Large size as compared to prokaryotes
(1000 folds greater)

Transport of nutrients by simple
diffusion

By internal structures and transport
mechanisms (cytoskeleton, vesicles)

Cellular shape commes from the
cell wall

Cellular shape commes from the
cytoskeleton (also cell wall in plants)

Single circular plasmides of DNA

Multiple linear chromosomes




Water

(Water in the cell)




Woater is essential to life
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Water is polar

Permanent Polarity = Polar Bonds + Geometry

25°
O
H H

5@ 5@ The geometry of the polar covalent
bonds of water creates a permanent
dipole for the molecule with the oxygen
bearing a partial negative charge

Bond polarities

o®| % (symbolized by 20—) and each hydrogen
1\ bearing a partial positive charge
H H (symbolized by o+).

Net dipole



Hydrogen bonding in water
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Hydrogen bond: Interaction between an electronegative
atom with an unshared electron pair (such as O, N, S) and a

hydrogen atom attached to another electronegative atom.

Oo.28Nm
Hydrogen bonding between two water molecules




Consequences of hydrogen bonding
in water

1) Fluidity of liquid water:
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Ice water structure is highly ordered
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Structure of ice



2) lIce is less dense than liquid water:
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Hydrogen bond

Liquid water

Hydrogen bonds Stable h
. ydrogen bonds
conseany braak —s hold molecules apart,
and re-form. making ice less dense
than water. 31
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3) Specific heat of water is high:
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4) Heat of vaporization of water is high:
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Water is an excellent solvent

Like dissolves like
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Physncal properties that make
water an excellent solvent
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[ Polar Hydrogen bonds Low vnscosnty Small molecules]
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Water is an excellent solvent

< Polar molecules dissolve in water because water
molecules can form hydrogen bonds with them.

< lons (electrolytes) dissovle in water because water
molecules surround them so that the negative oxygen
atoms of water are oriented toward the cations, and the
positive hydrogen atoms are oriented toward the anions.

NaCl crystal O\‘p g—O

o

@ Sodium Solvation sphere:The shell of water
O Chlorine molecules that surround each ion.




Water is an excellent solvent
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Solubilities of short-chain alcohols

6 polar groups
of glucose

in water
Solubility
in water
(mol/100 g
H>O at
Alcohol Structure 20°C)“
Methanol CH3;0OH o0
Ethanol CH;CH,OH oo
Propanol CH3(CH,),OH oo
Butanol CH3(CH2)3OH 0.11
Pentanol CH3(CH,)4,OH 0.030
Hexanol CH3(CH,)sOH 0.0058
Heptanol CH3(CH,)cOH 0.0008
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Protein folding




Amphipathic substances
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Structures formed by detergents in water

(A)) (B.) -
. Micelle (4L)

Air Monolayer -

Water

Detergents can form mono-layers at the air—water interface.

Detergents also form micelles: Aggregates of detergent
molecules in which the hydrocarbon tails associate in the water-
free interior and the polar head groups are hydrated.



