Chem 423: Biochemistry for Chemists

Course overview

Inanimate molecules > ? > living organisms
chemistry biochemistry biology

Syllabus/Schedule

|. Molecules of life -- structure & mechanism (protein focus)
How they cooperate in networks & nanomachines for:
ll. Harnessing energy
Coupling, catalysis
l1l. Self-replication (nucleic acid structure)
Central dogma in more detail: DNA -> RNA -> protein
IV. Engineering molecules for medicine and biotechnology

Life is highly diverse but ... closer inspection reveals many
common features:

Organisms -> Cells -> Polymers -> Monomers; chemistry underlies function

Cool examples: nanomachine in bacteria, engineered proteins
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(b) Chemical example
Reaction 2:
ATP — ADP + P; Reaction 3:

! Glucose + ATP —
glucose 6-phosphate + ADP

Reaction 1:

Glucose + P;—
glucose 6-phosphate

Free energy, G

AG3 = AG1 + AGZ

- - Lehninger, Principles of Biochemistry
Reaction coordinate



Free energy, G

Catalysis

Activation barrier
(transition state, ¥)

Reactants (A)

Products (B)

Reaction coordinate (A — B)

Lehninger, Principles of Biochemistry



Life is highly diverse but ...
closer inspection reveals many common features:

® Cells
e Molecules
e Reaction networks

-> Evolution from a common ancestor

Berg, Biochemistry

Figure 1-1
Biochemistry, Sixth Edition
© 2007 W.H.Freeman and Company
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FIGURE 1.3
The Domains of Life on Earth

McKee, Biochemistry: The Molecular Basis of Life
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Figure 1-14 Principles of Biochemistry, 4/e
© 2006 Pearson Prentice Hall, Inc.

(a) Anlmal Ce" Ribosomes are protein-synthesizing machines .
Eukaryotic cell --
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Lysosome degrades intracellular

debris Transport vesicle shuttles lipids
and proteins between ER, Golgi,
and plasma membrane

Golgi complex processes,

packages, and targets proteins to

other organelles or for export

Smooth endoplasmic reticulum
(SER) is site of lipid synthesis
and drug metabolism

Nucleolus is site of ribosomal

RNA synthesis Nucleus contains the
Rough endoplasmic reticulum genes (chromatin)
(RER) is site of much protein

synthests Organelle = membrane-bound, subcellular compartment

Nuclear envelope segregates
chromatin (DNA + protein)
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Plasma membrane separates cell
from environment, regulates
movement of materials into and

f cell 2 2 T . . . .
outolce T T Horton, Principles of Biochemistry



The players in biochemistry - in all organisms...

Organisms -> Cells -> Polymers -> Monomers

Level 4: Level 3: Level 2: Level 1:
The cell Supramolecular  Macromolecules  Monomeric units
and its organelles complexes
Ha2
Nucleotides nJ)
H H
OH H

Amino acids

Polar head
(hydrophilic)

Lehninger, Principles of Biochemistry e
. . . . (hydrophobic)
Horton, Principles of Biochemistry



Chemical properties determine function: DNA example

4 bases form 2 base pairs via hydrogen bonds
A-T & G-C
Same size/shape - fit into double helix
Sequence encodes information
Unique base-pairing makes copying possible

Noncovalent interactions (eg hydrogen bonds) -
Weaker than covalent interactions
Makes assembly/disassembly possible in mild conditions
eg for copying DNA
Many together stabilize unique 3D structures
eg DNA double helix



Next class...

e Non-covalent interactions
* Finish your reading of chapter 1



