Introduction to Biochemistry

Part 1: Review of General Chemistry and Organic Chemistry
Dr. Matthew Lafreniere
16 May 2019



The Fundamental Concept of Biochemistry
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“He can’t dribble or shoot, but he’'s got

a good head for the game.”




The Fundamental Concept of Biochemistry
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What Is biochemistry?

* Biochemistry: the study of the chemical and physiochemical processes and substances that occur

in life!
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The Origins of Life: Version |

The primordial earth had:

1. A reducing atmosphere

2. No complex organic molecules

Alexander Oparin and John Haldane (1920s) proposed the Primordial Soup Theory

https://i.ytimg.com/vi/CCwBRfBHeag/maxresdefault.jpg



The Origins of Life: Version |

* In 1924, Alexander Oparin hypothesized
that organic molecules could undergo a
series of chemical reactions to become
more complex

« These coacervates, which are
complex molecules, could be capable
of absorption and assimilation of
organic compounds in the
environment.

» He called this the “primordial soup”
theory

* Independent of Alexander Oparin, J.B.S.
Haldane proposed that a primordial sea
could provide vast amounts of chemical
energy — due to solar energy

Photo credit: Britannica ; http://hyperphysics.phy-astr.gsu.edu/Nave-html/Faithpathh/lifelab.html
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Origins of Life Version 1: Urey-Miller Experiments

 To test the primordial earth theory, Stanley Miller and Harold Urey Stanley Miller /.,

(1930-2007)

Electrical spark
(lightning)

H,0, CH,, NH,,
H,, CO

OOOOO

organic

* The Urey-Miller experiment marked the beginning of prebiotic chemistry

Photo credit:Annual Review of Earth and Planetary Sciences Vol. 41:207-229 (Volume publication date May 2013) First published online as a Review in Advance on March 7, 2013 https://doi.org/10.1146/annurev-earth-040610-133457
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Origins of Life Version 1: Urey-Miller Experiments

* But...... there are limitations to the Urey-Miller
experiments:

Limitation #1:. Debate about whether the brown soup can
even support life

Limitation #2: Unsure of the exact composition of early
Earth’s atmosphere

Limitation #3: No organisms were formed in this
experiment

https://carbonpilgrim.wordpress.com/2013/01/21/carbon-soup/ ; https://www.deviantart.com/lorysdisneyworld/art/Primordial-earth-volcano-105484942
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Origins of Life Version 1: Joan Oro Experiments

» The first attempt at showing that nucleobases could be produced in the prebiotic world were done
by Joan Oro (1960) and Kimball (1961)
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The Origins of Life: Version 2

« An additional theory of the source of organic molecule on earth related to the idea that meteorites
could have “seeded” early life.

MURCHISON DISCHARGE

AMINO ACID METEORITE EXPERIMENT
GLYCINE

ALANINE 78 s oha: 87 WL A0
 a-AMINO-N-BUTYRICACID o o o sivie e
a-AMINOISOBUTYRICACID e o o o L
 VALINE | oo e
BNORVALINE 1i° v ta Dileve e BieTe o L™
ISOVALINE o o P
PROLINE o0 0 o
R PIPECOLIC/ACIDY ? T~ £ 119 ¢ U i,
ERASPARTIC ACID: " (504 1| @108 01 W16 ene 1 +uq
GLUTAMIC AC_ID : AU SRR N e e S 1 T
DALANINE 7 5t s 1 Tgrghon - i~ ks arte :
B-AMINO-N-BUTYRIC ACID o °
B-AMINOISOBUTYRIC ACID ° °
v-AMINOBUTYRIC ACID o ° e
SARCOSINE ° e e e o
N-ETHYLGLYCINE o o e o o

N-METHYLALANINE ° o o o



From Prebiotic Chemist

« Chemical evolution extends to the
association of individual polymers, which
Increases complexity and diversity of
biochemical reactions

* There are many kinds of biological
monomers available to polymerize with
other monomers, increasing the functional
versatility of condensation products
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The Process of Chemical Evolution

* The “RNA World” hypothesis suggests that RNA
molecules may have been both the first polymer

and the first catalyst.

Step 2: Step 1: Step 3:

RNA self-replicates (via RNA forms from RNA catalyses protein
ribozymes) inorganic sources synthesis
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Step 4:

Membrane formation
changes internal chemistry,
allowing new functionality
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Step 5:
DNA becomes master RNA codes both DNA Proteins catalyse
template and protein cellular activities

Prebiotic formation of simple compounds,

including nucleotides, from components of Earth’s primitive

atmosphere or gases in undersea volcanic vents

l

Production of short RNA or RNA-like molecules
with random sequences

l

Selective replication of self-duplicating
catalytic RNA segments

l

Synthesis of specific peptides,
catalyzed by RNA

l

Increasing role of peptides in RNA replication;
coevolution of RNA and protein

l

Primitive translation system develops,
with RNA genome and RNA-protein catalysts

l

Genomic RNA begins to be copied into DNA

l

DNA genome, .translrhted"on RNA-protein complex
(ribosome) with RNA and protein catalysts
Figure 1-37

Lehninger Principles of Biochemistry, Seventh Edition
© 2017 W. H. Freeman and Company



The Process of Chemical Evolution

« The origin of life is linked to the ability to compartmentalize chemical reaction networks, which will
promote reactivity.
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Prokaryotic vs. Eukaryotic Cells

« Around 1.5 billion years ago,
fossil evidence started to show
more complex organisms

» Cells required more DNA

» Large cells required large
organelles

« Endosymbiosis!

* Lynn Margulis proposed that
early eukaryotic cells (anaerobic)
enveloped aerobic bacteria or
photosynthetic bacteria in order
to adapt to the new aerobic
environment on earth
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Prokaryotic and Eukaryotic Cells

* There are two major cell types: eukaryotes and prokaryotes
« Eukaryotes have a membrane enclosed nucleus encapsulating their genomic DNA
» Prokaryotes do not have a nucleus
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Prokaryotic Cell
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Eukaryotic Cell

Animal cell Ribosomes are protein-
synthesizing machines.

Peroxisome oxidizes fatty acids.

Cytoskeleton supports cell, aids
in movement of organelles.

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

Nuclear envelope and drug metabolism.
segregates chromatin Nucleus contains the
(DNA + protein) genes (chromatin).
from cytoplasm. Rough endoplasmic

reticulum (RER) is site Nucleolus is site of

Plasma membrane separates cell of much protein synthesis. ribosomal RNA synthesis.

from environment, regulates

movement of materials into and

out of cell. Mitochondrion oxidizes
fuels to produce ATP.

Figure 1-8a
Lehninger Principles of Biochemistry, Seventh Edition
© 2017 W. H. Freeman and Company



Eukaryotic Cell

Plant cell Smooth endoplasmic reticulum
Lo (SER) is site of lipid synthesis
Nucleolus is site of and drug metabolism.
ribosomal RNA synthesis.
Rough endoplasmic Nucleus contains the
reticulum (RER) is site genes (chromatin).

Plasma membrane separates cell
from environment, regulates
movement of materials into and
out of cell.

of much protein synthesis. Nuclear
envelope / Ribosomes / Cytoskeleton

Mitochondrion oxidizes
fuels to produce ATP.
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Thylakoids are site of light-
driven ATP synthesis.

Cell wall provides shape and
rigidity; protects cell from

osmotic swelling.
Vacuole degrades and recycles

macromolecules, stores

metabolites. Plasmodesma provides path
between two plant cells.

Cell wall of adjacent cell

Glyoxysome contains enzymes of
the glyoxylate cycle.

Figure 1-8b

Lehninger Principles of Biochemistry, Seventh Edition

© 2017 W. H. Freeman and Company



Biological Polymers are Important in Cell Function
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and RNA
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Amino acids and Proteins
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Carbohydrates
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To Prepare For Tuesday’'s Class

Read
Chapter 2, all sections

Review
Chapter 1: sections 1, 2,4, &5




