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What is biochemistry ?

" Biochemistry = chemistry of life.

= Biochemists use physical and chemical principles to explain biology at
the molecular level.

= Basic principles of biochemistry are common to all living organism

**» Biochemistry is the branch of science that seeks to describe the
structure, organization, and functions of living matter in molecular terms.
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Recent history of
biochemistry shown
by the introduction of
new techniques

* Rapid DNA sequence determination
¢ Monoclonal antibodies

1975 e Southern blotting
¢ Two-dimensional gel electrophoresis

¢ Gene cloning

¢ Restriction cleavage mapping of
1970 DNA molecules

¢ Rapid methods for enzyme kinetics

1965

¢ High-performance liquid chromatography

¢ Polyacrylamide gel electrophoresis

¢ Solution hybridization of nucleic acids

¢ X-ray crystallographic protein structure
1960 determination

¢ Zone sedimentation velocity centrifugation

¢ Equilibrium gradient centrifugation

¢ Liquid scintillation counting

1955
¢ First determination of the amino acid
sequence of a protein

e X-ray diffraction of DNA fibers

1950

¢ Radioisotopic tracers used to
1945 elucidate reactions

2015

= * |nvivo NMR

® Induced pluripotent cells
e Second generation
DNA sequence analysis
2005

* Proteomic analysis with
mass spectrometry

2000
e Gene analysis on microchips

* Single-molecule dynamics

2 e Targeted gene disruption

* Atomic force microscopy
1990
e Scanning tunneling microscopy

1985 Pulsed field electrophoresis

* Transgenic animals
* Amplification of DNA: polymerase
chain reaction
* Automated oligonucleotide synthesis
1980 ° Site-directed mutagenesis of cloned genes
® Automated micro-scale protein
sequencing
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Applications of Biochemistry

» Medicine » Industrial applications

» Agriculture » Environmental applications
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Principal areas of Biochemistry

1 The structural chemistry of the components of living matter and
relationships of biological function to chemical structure.

J Metabolism, the totality of chemical reactions that occur in living
matter.

) Genetic biochemistry, the chemistry of processes and substances
that store and transmit biological information.
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Chemical elements of life

1 2
= Six nonmetallic elements: - 15
p =IA [ Bulk elements PR P T i TR KT
C, H,N,O, P Saccounttor |°; I'ge| = Trace elements B|C|N|O|F]|Ne
. .
976 Of the Welght Of 1 12 13 14 15 16 17 18
most organisms. Na | Mg Al| Si| P | S| CI| Ar
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
= Metal ions (e.g., K*, Na+ K|[Ca|Sc|Ti |V |[Cr|MnfFe|Co|Ni|CuflZn| Ga| Ge| As| Se| Br | Kr
+2 +2 +2 +2 37 38 39 40 41 42 43 |44 45 46 |47 48 49 50 51 52 53 54
Ca™, Mg™, Zn** Fe"and Rb(Sr| Y |2Zr|Nb[Mo| Tc|Ru|Rh|Pd| Ag| cd|In|sSn|Sb|Te| I | Xe
CI ) play Importa nt r0|e5 55 56 72 73 74 75 76 77 |78 79 80 81 82 83 84 85 86
in metabolism. Cs | Ba Hf [ Ta| W| Re| Os| Ir | Pt | Au| Hg| TI | Pb| Bi | Po| At| Rn
R Lanthanides
Fr | Ra -
Actinides

Figure 1-13
Lehninger Principles of Biochemistry, Sixth Edition
©2013 W. H. Freeman and Company
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(a) Orgunic compounds
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(Sulfhydryl) by . -
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(b) Funcrional groups
0 8 O
| I I T
—OH — =R —C= —C—0
Hydroxyl Acyl Carbonyl Carboxylate
I I
©
—SH  —NH, or —NH, —o—rl’—o@ —ll’—()@
Sulfhydryl Amino
(Thiol) 0® 0®
Phosphate Phosphoryl

(¢} Linkages in biochemical compounds
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! Under most biological conditions, carboxylic acids exist as carboxylate anions:

O
|
R—C—0@
> l{| Rl
= Under most biological conditions, ® | |

@ =
amines exist as ammonium fons:  R—NH,, R—NH,,and R—NH—R.,.
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Macromolecules

= Proteins

Monosaccharide Carbohydrate

HO HO HO
0 0, 0
OH (o] o
OH OH OH OH

OH OH

HO

= Polysaccharides

= Nucleic acids —
= Lipids

Nucleotlde Nuclelc ACId
o Many of the macromolecules are polymers,
which are formed by condensation reactions c c c

of the monomers



https://students-hub.com

Macromolecules

Macromolecule Monomer Linkage/bond
* Protein amino acid peptide
(amide)
* Polysaccharide monosaccharide  glycosidic
(ether)
* Nucleic acids nucleotide phosphodiester
- Lipids (triglycerides) fatty acids ester



https://students-hub.com

H | 0
C H —p_0O—
O/ \T/ o_||>o_ O—CH,
H A tyrosine residue
7 H H
H/C\C/O in the chain Sugar g e roer;?dggMP
| (deoxyribose) H ’ </N\ "X\ inthe chain
Polymers o ol Hon o LA
H/ ’ Adenine
C H
04 \N/
| _H

c{ o
HO—CHy >c?

Part of a polypeptide chain in a protein

CH,OH CH,OH [EU—
.. H O .. extend for
' H thousands

OH H of units
H

Glucose residue
in cellulose chain

Cellulose, a polymer of A-D-glucose Part of deoxyribonucleic acid (DNA), a polynucleotide



https://students-hub.com

Biological functions of macromolecules:

" Polysaccharides — structure, energy storage
" Nucleic acids — storage and transmission of genetic information

= Proteins — structure, enzymes, hormones, receptors

= Lipids — energy storage, membranes, hormones, signaling
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Metabolism

*** Metabolism describes the chemical reactions in which organic
compounds are synthesized and degraded, and useful energy is
extracted, stored and used.

" These reactions maintain the living state of the cells and the
organism.

= Metabolism can be divided into: catabolism and anabolism.
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The cell is the basic unit of life

Eukaryote Prokaryote

TABLE 1.2 Comparison of some properties of prokaryotic and eukaryotic cells

Prokaryotic Cells Eukaryotic Cells
Size 0.2-5 wm in diameter Most are 10—50 wm in diameter
Internal compartmentation No Yes, with several different kinds of organelles
Containment of DNA Free in cytoplasm as nucleoid In nucleus, condensed with proteins into multiple chromosomes
Ploidy” Usually haploid Almost always diploid or polyploid
Mechanism of cell replication Simple division following Mitosis in somatic cells, meiosis in gametesb
DNA replication
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Prokaryotes

" The prokaryotes are always unicellular. They include

the true bacteria (eubacteria) and an ancient class O

called archaea. Q&@w%
- o e Ribosomes

= A plasma membrane and usually a rigid cell wall ’A\,/\.

surrounds the cell. PR, 3 <5é i

= —
" The cytoplasm, containing the cytosol is inside the _,_zf’ ? ~f FON
cell NLJA

membrane

= The DNA is in the form of one or more molecules that © -

exist free in the cytosol.

Flagella

* The ribosomes, where protein synthesis occurs is free
in the cytosol.
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Eukaryotes

Microfilaments

N\

Peroxisome Flagellum

Tonoplast

Vacuole

(microbody) . ) Nucleus —
Mitochondrion )
Nuclear Nuclear )
envelope envelope
Chromatin Nucleus — Nucleus Chromatin — Microtubules
Centrioles - ; ;
Nucleolus Mitochondrion——
N T Nucleolus
i 0 .
i TR Ribosomes
Ribosomes < i—' ; :_’.‘ Y Rough Rough
Micro- —==— endoplasmic endoplasmic Microfilaments
tubules “_ % " reticulum reticulum
Lvsosome ‘ = Smooth Smooth
y o endoplasmic endoplasmic
reticulum reticulum Chloroplast
Plasma—— Peroxisome Plasmodesmata
membrane (microbody)
Cell wall Golgi

Golgi apparatus

apparatus
Plasma membrane

(a) Typical animal cell (c) Typical plant cell
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Organelles

= Mitochondria - specialize in oxidative metabolism

* Endoplasmic reticulum - a folded membrane structure rich in
Ribosomes, where much protein synthesis occurs

= Golgi complex — membrane-bound chambers that function in
secretion and the transport of newly synthesized proteins to their
destinations

" Nucleus - contains the cell’s genetic information, encoded in DNA
that is packaged into chromosomes.
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Biochemistry is multidisciplinary!
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