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Albert Lehninger

e Born 02/17/1917 in Connecticut
e Bachelor (1939)
o Master (1940) and Ph.D. (1942)

o Citric acid cycle occurs in mitochondria

o Mechanism of oxidative phosphorylation

e Mitochondrial structure and function
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Biochemistry is
the Chemistry of Living Matter

« What is living matter?

* Or, what are features of living organisms?
- Able to run/walk/move? :
- Have emotions/feelings?

- Able to read/learn?




Living Matter

Living Matter is characterized by:

« Complexity and organization

* Functions for components and regulated interactions
 Extraction, transformation and use of energy

* Sense and respond to alterations in surroundings

Precise self-replication

Allow changes for evolution
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Biochemistry is
the Chemistry of Living Matter

Living Matter is characterized by:

« Complex, organized and functional system

* Exchange energy and matter with surroundings

 Evolution



Complexity and Organization

Cytoplasm

Nucleus

Mitochondrion




Living organisms must intake nutrients

« A falcon acquires nutrients and energy by:

- consuming a smaller bird.
A sunflower acquires nutrients and energy from:
- soil, air and sun.




Living organisms must accurately reproduce

Life is a self-sustaining chemical system
capable of Darwinian evolution

— NASA

Biological reproduction occurs with near-perfect fidelity.




Foundations of Biochemistry

Cellular foundations
Chemical foundations
Physical foundations

Genetic and evolutionary foundations
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Cell: The Universal Building Block

 Living organisms are made of cells

« Simplest living organisms are single-celled

» Larger organisms consist of many cells with
different functions

* Not all of the cells are the same

Amoeba Paramoecium Euglena




All cells share some common features

(Cytoplasm|
_ [Plasma membrane)

:——(Ribosomes|
[Nucleus D))
Nucleoid T

~~~~~~

50 um

Nuclear membrane

Membrane-bounded
organelles

Bacterial cell Animal cell

» Cell membrane separates self from non-self

* Nuclear envelope separates nucleus from cytoplasm
14



Cellular dimensions limited by diffusion

10 um
100 um * Wool fiber S5 um
* Human hair « Silk fiber * Human sperm head
» Paper thickness « Cotton fiber » Spider web silk

[{IR, i

Human cell Bacterial cell '
50 um 1 um
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Three Distinct Domains of Life Defined by:
Cellular and Molecular Differences

Eukarya
! Animals
g;‘:‘es:"m Entamoebae Slime
Bacteria : Archaea molds
bacteria Fungi
p?)rs?trinv-e Methanosarcina —
Proteobacteria pbacteria Methanobacterium e, Ciliates
(Purple bacteria) Thermoproteus Methanococcus =
Cyanobacteria Pyrodictium \ Thermococcus Flagellates

Flavobacteria
Trichomonads

Thermotogales

Microsporidia
Diplomonads

Last universal common ancestor

Archaea are evolutionarily more closely related to eukaryotes
17



Discovery of Archaea

It was once believed there were two fundamental types of life on Earth:
1.Bacteria - prokaryotes - DNA contained not within a nucleus
2.Everything else - eukaryotes - DNA enclosed within the nucleus

In 1977, Carl Woese found a third form of life - Archaea

- Able to live anywhere on the planet - the most extreme environment
- hydrothermal vent on ocean floor (from freezing to 760°F [400°C])

- miles inside the Earth (lakes of acids)

18




Extremophile and Impacts

Mushroom Pool

DNA with sequence of interest
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Bacterial Cell Structure

Ribosomes Bacterial and archaeal ribosomes are smaller
than eukaryotic ribosomes, but serve the same function—
protein synthesis from an RNA message.

Cell envelope
structures differ.

Nucleoid , ) : L . . .
Contains one herichia coli cell is an ovoid

I ; .
circular DNA | long and a little less
in diameter.

molecules.

Pili Provide
points of
adhesion to
surface of
other cells.

Flagella
Propel cell
through its
surroundings.
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Components of Bacterial Cell

Structure

Cell wall

Cell membrane
Nucleoid
Ribosome

Pili

Flagella
Cytoplasm

Composition

Peptidoglycan
Lipid + protein
DNA + protein
RNA + protein
Protein

Protein

Aqueous solution

Function

Mechanical support
Permeability barrier
Genetic information
Protein synthesis
Adhesion, conjugation
Motility

Site of metabolism

21
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Eukaryote Cells: More Complexity

* Have nucleus by definition (bacteria are prokaryotes)
— protection for DNA; site of DNA metabolism
— selective import and export via nuclear membrane pores
— some cells become anuclear (red blood cells)

Tr
an
an«
Go
pa

“nvelope
~hromatin
\

27
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Eukaryote Cells: More Complexity

* Have membrane-enclosed organelles

- Mitochondria for energy in animals, plants, and fungi
- Chloroplasts for energy in plant

- Lysosome for digestion of un-needed molecules

» Spatial separation of energy-yielding and energy-
consuming reactions helps cells to maintain
homeostasis and stay away from equilibrium




Bacterial, animal, and plant cells

are different

Ribosomes are protein-
synthesizing machines.

Animal cell

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 envel'ope and drug metabolism.

segregates chromatin
(DNA + protein)
from cytoplasm.

Nucleus contains the
genes (chromatin).

Rough endoplasmic

reticulum (RER) is site Nucleolusissiteof
of much protein synthesis. ribosomal RNA synthesis.

Plasma membrane separates cel
from environment, regulates

movement of materials into and
out of cell. itochondrion oxidizes

fuels to produce ATP.

29



Bacterial, animal, and plant cells
are different

Plant cell Smooth endoplasmic reticulum
(SER) is site of lipid synthesis
NUC|e°|us is site Of and dfug metabolism.

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

envelope

Plasma membrane separates cel
from environment, regulates

movement of materials into and
out of cell. N itochondrion oxidizes

\uels to produce ATP.

Starch granule temporarily stores
carbohydrate products of
photosynthesis.

Ribosomes |/ Cytoskeleton

Chloroplast harvests sunlight,

produces ATP and carbohydrates Golgi complex

ﬁ

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.



Cytoplasm and Cytoskeleton

« Cytoplasm is highly viscous solution where
many reactions take place

» Cytoskeleton consists of microtubules, actin
filaments, and intermediate filaments
— Cell shape
— Intracellular organization
— Intracellular transport paths
— Cellular movement

31



Cytoskeleton undergoes constant
disassembly-reassembly process




Cellular organization is dynamic,
changing drastically at different stages

* Microtubules (green)

» Kinetochores (yellow)

« Chromosomes (blue)

» Centrosomes (magenta)

» Intermediate filaments (red)

33



Molecular Hierarchy of Structure

.The cell Supramolecular Macromolecules Monomeric units
and its organelles complexes
Nucleotides
Aoy
~0—P:
S
H H
OH H

Protein -
Amino acids

Plasma ‘llnembrane

Cellulose P

@ ”

L _— W o
Sugars

1000 nm, 1 ym 20 nm 5nm 0.5 nm

mitochondrion ribosome hemoglobin alanine
34




Cytosol is very crowded

Cell Flagellum

envelope
Outer membrane
Inner membrane
o

DNA ibosome

(nucleoid) |}

35



Cellular Foundations Summary

* All cells are bounded by a plasma membrane

* In bacterial and archaeal cells, all components
are contained within a cell envelope. Eukaryotic

cells are multi-compartmented

« Cytoskeletal proteins give cells shape and
rigidity, and serve as rails along which

organelles move throughout the cell

36



Cellular Foundations Summary




Foundations of Biochemistry

Cellular foundations

Chemical foundations
Physical foundations

Genetic and evolutionary foundations
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Biochemistry is
the Chemistry of Living Matter

* The basis of all life is the chemical
reactions that take place within the cell

Chemistry allows for:

« Complexity and organization

* Function and regulation

« Energy influx and transformation
* Respond to environment

« Replication and evolution

39



Organisms can also be classified by:
different energy and carbon sources

I
Chemical

human and
animals

plants

40



Living systems extract energy

* Energy input is needec
in order to maintain life

* From sunlight
- plants
- green bacteria Photosynthetic
- cyanobacteria cells
* From fuels / \
- animals €0 H:0 o Carbohydrate

- most bacteria

Heterotrophic
cells

41



The ABCs of Life (amino acids)

CoO
+ |
H3N—(|3—H
H

Glycine

NH,

Arginine

Ccoo"
+ |
H3N—(|3—H
CH;,

Alanine

00

H,;N—C—H
g
C=0
NH,

Glutamine

oo Ccoo oo’ coo coO
+ + + +
g HNTCH HN—C—H HN—C—H HyN—C—H
CH—CH; (lez CH—OH ?Hz
Profine CH; OH CH; SH
Valine Serine  Threonine Cysteine
COO’
+ CoO" coor CoO"
H;N—C—H » + + |
éH H;N—C—H H;N—C—H H3N—(I3—H
) (ITHz CH—CHj ?Hz
I
7 /N C=0 (ITHz ?Hz
HN—/ 111H2 CH; Co0’
Histidine  Asparagine  Isoleucine Glutamate
COO” o
H:’f\}_clj_H R LT 7o
by " e S
2 ‘|3Hz CH,
=z (|:H2
HN i
OH CH;
Tyrosine Tryptophan Methionine Phenylalanine

Aspartate

Ccoo"
+
H3N—?—H
CH,

H?—CH3
CH;

Leucine

special
hydrophobic
uncharged
negative
positive
42



The ABCs of Life (amino acids)

COO COO
+ + |
H,N—C—H H3N—(|3—H
H CH,

Glycine  Alanine
Gly, G Ala, A

Amino acid for 1st week
43



The ABCs of Life

(c) Some components of lipids

(b) The components of nucleic acids

\_

OH OH

a-o-Ribose /

Five-carbon sugars

o i

| |

HO — i’ —OH
1

o i
Phosphate |

C00~ Co0™
&, &,
&, &,
&, &,
&, &,
&, &,
&, &,
&, &,
- by,
& &,
&, &,
&, &,
&, &,
&, &,
&, &,
&, &,
éﬂz Palmitate
&,

Oleate

CH,OH
CIHOI-I
CH,OH
Glycerol

CH,
i, — rld— CH,CH,OH

CH,
Choline

(d) The parent sugar

CH,OH

H OH

a-p-Glucose
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30 Elements Essential for Life

e Other than carbon, elements H, O, N, P, S are also common

« Metal ions (e.g., K*, Na*, Ca?*, Mg?*, Zn?*, Fe?*) play important
roles in metabolism

1 2
H He
s |5 1 Bulk elements s T o
Li | Be| [J Trace elements Blc|lN|o!| F| Ne
LI 12 13 |14 |15 |16 |17 |18
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
K |Ca|Sc|Ti |V |Cr|Mn|Fe|Co| Ni| Cu| Zn| Ga| Ge| As| Se| Br| Kr
37 [38 [39 [40 |41 |42 |43 [aa a5 |46 |47 a8 |49 |[s0 [51 |52 |53 |54
Rb|Sr| Y |(Zr | Nb| Mo| Tc | Ru| Rh | Pd| Ag| Cd| In | Sn| Sb|( Te | I | Xe
55 |56 72 [73 |74 |75 |76 [77 |78 |79 [so |81 [82 [83 [8a |85 |86
Cs | Ba \Hf Ta| W|Re|[Os| Ir | Pt| Au| Hg| Tl | Pb| Bi | Po| At| Rn
o i N MLanthanides

Fr | Ra & a

Actinides

45



Biochemistry: Unique Role of Carbon

C-+ - ‘H —cl—H C-+:N: —> C::N >C=N—
. | ||
C- + - O —Cl—o— C-+:‘C-— -C:C _cl_cl_
;. % % /
o s 10 cC=0 . o€ = —
. # C- + — CHC €=C_
: I .
C- + - N : —CI—N C# + sCr—F € —C=C—
eC=N Name Toxicity Example
Inorganic | Cyanide ion | Highly toxic | NaCN, KCN
Organic | Cyano group | Less toxic CHsCN

46




Common Functional GrouEs of Biological Molecules

H -
| /s
Methyl R —C:—H Ether R'—O0—R? Guanidinium R—N —i—u\
H
H +
H/N\I'l
e
Ethyl R—C—C—H Ester R'-—i—o--n2 Imidazole B
I HN N:
H H o] \c’
|
H H H
A 1
Phenyl R—C CH Acetyl R —O —H .
eny \ y: "i"ﬁ Sulfhydryl R—S—H
C—C O H
H H
Disulfide R'—S—S—R?
Carbonyl R —<i‘—H Anhydride R'—C—0—C—R?
(aldehyde) & (twocarboxylic & 1
id
Rei) Thioester R'—C—S —R?
Il
l'll o
Carbonyl R'—C—R? Amino R —Ni-H
(ketone) (protonated) lll ?-
Phosphoryl R —0-§—0||
/H
Carboxylate R —i—O" Amido R —C—N\
0 & w i i
Phosphoanhydride R '—O—i—o—i —0—R?
l'll (o} (]
Hydroxyl R —0—H 'll
(alcohol) Imine R'—C—R?
?—H/“ , Mixed anhydride e
R . -
Enol R —CI—C\ N-Substituted ] (‘:'bo’g"‘. it da."d R— —O—E—OH
H H imine (Schiff N P . 47
base) ‘ | s also called acyl o
R'—C—R phosphate)



Biological molecules typically have several
functional groups

amino
mino (-NH
f 0 (-NH2) imidazole-like H,
hosphoanhydrid C
Carboxyl (-COOH) g i e N~c" Sy
thioester amido amido H  CH; ? ? HC ﬁ |
CH3—<Ii BN CH,—CH,-THH —ﬁ—CHz—CHz—NH —cli—cl—cl—cuz—o—lﬁ—o—lﬁ—o—cu2 N’C\N/c"'
o) o O OH CH, o o) /O\I
Carboxyl (-COOH) J H /C”
+ hydroxyl B CI _ CIH
Thiol (-SH) ? -
-°_7=° phosphoryl
OH
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Methamphetamine

\/NHz Ethylamine

Breaking

LBa d

49



The Molecular Hierarchy of Structure

.The <l Supramolecular Macromolecules  Monomeric units
and its organelles complexes
Nucleotides )’)"
ey
~0—P.
)
H H
OH H

Protein

Amino acids
Cellulose P
v
YA
L _— W o
Sugars a
”20”
g~

Macromolecules are made of basic monomeric subunits



Macromolecules are major constituents

11::18 R Molecular Components of an E. coli Cell

Approximate
number of
Percentage of different
total weight molecular
of cell species
Water 70 H, O 1
Proteins 15 C,H,O,N 3,000
Nucleic acids
DNA 1 1-4
RNA SRl >3,000
Polysaccharides 3 C,HO0 10
Lipids 2 C,H,O 20
Monomeric subunits
and intermediates 2 500

Inorganicions 1 20
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The function of molecules strongly
depends on three-dimensional structure

Isomers

HEH
H-C-C-C-H
|l| |_‘| |_; Constitutional
HHH (structural) isomers _
HC.C.CF T
HHH Diastereomers (l: | _ (|:
NF | F
B'/ \CI | CI/ \B‘
I
cis/trans isomers
HC CH, H CH,
\. \,
C=C C=C
/ \ H c’:/ H
H 3

« Enantiomers (mirror images)
« Diastereomers (not mirror images)

. . 52
- Geometric Isomers (cis vs. trans)



Cis vs. Trans (geometric isomers)

H H HOOC H
» / AN /
/C =C N /C =C\
HOOC COOH H COOH

Maleic acid (cis) Fumaric acid (trans)

53



Cis vs. Trans (geometric isomers)

light

C
7 \
O/H

11-cis-Retinal All- trans -Retinal

54



Enantiomers and Diastereomers

Enantiomers (mirror images)

v

v

Enantiomers (mirror images)

v

v

CH;
B~ C —H
M- —H

CH,

CH;
TR

CH;
X—C—H

¥

CH,;
H-%«X
.—§<H

CH,

95




Enantiomers and Diastereomers

+NH3
T, z

REE I N S

CH, C C
TN
| cn, "H

J

c

PR S
il
HC\C/C

H

L-Aspartyl-L-phenylalanine methyl ester
(aspartame) (sweet)

(0

OCH;

H
H

L-Aspartyl-p-phenylalanine methyl ester
(bitter)
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Interactions between
biomolecules are specific

« Macromolecules have unique binding pockets
» Only certain molecules fit in well and can bind

* Binding of chiral biomolecules is stereospecific
D D
VANIVAN
B B
/ Il

A'vC'
Bl

o7



Interactions between
biomolecules are specific

* Enzyme hexokinase converts a
hexose to a hexose phosphate

« Substrate must fit within binding

pocket of enzyme
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Chemical Foundations Summary

« (Carbon-based life on Earth. Carbon is able to
bond with hydrogen, oxygen, nitrogen and

carbon itself

* Proteins and nucleic acids, linear polymers of
simple monomeric subunits, are informational

macromolecules

« Biological interactions are stereospecific

59



Foundations of Biochemistry

Cellular foundations

Chemical foundations

Physical foundations

Genetic and evolutionary foundations

60



Lives exist in a dynamic steady state

* Different from surrounding
- Kind and concentration
* Dynamic energy

- Continuously synthesized
and broken down

Universe
matter

1matter
* Universe and system
- Life is an open system (exchange energy and matter)

 First law of thermodynamics

- Amount of energy remains constant, although form of
energy may change

energy
_

61



Organisms perform energy transductions
to accomplish work to stay alive

62



Organisms perform energy transductions
to accomplish work to stay alive

(a)

Potential energy

Energy l
transductions Cellular work:

accomplish » chemical synthesis 63
work « mechanical work

(b) Chemical transformations
within cells



Organisms perform energy transductions
to accomplish work to stay alive

(b) che ical trar

Energy
transductions
accomplish
work

(c) 64
Heat



Organisms perform energy transductions
to accomplish work to stay alive

Increased randomness
(entropy) in the surroundings

(d) Metabolism produces compounds

simpler than the initial
fuel molecules: CO,, NH,,
H,0, HPO; ™

65



Organisms perform energy transductions
to accomplish work to stay alive

Increased randomness
(entropy) in the surroundings

Decreased randomness
(entropy) in the system

(e)

Simple compounds polymerize 56
to form information-rich



Organisms perform energy transductions
to accomplish work to stay alive

Decreased randomness
(entropy) in the system

67



ATP: Chemical Currency of Energy

OH OH
Adenosine (Adenosine triphosphate, ATP)
i
'O—I'i'—OH + Adenosine (Adenosine diphosphate, ADP)
-0
Inorganic phosphate
o o
Il Il
'O—II’—O—T—OH + @—Adenosine (Adenosine monophosphate, AMP)
OH ~O

Inorganic pyrophosphate
68



Higher temperatures
Stability of macromolecules is limiting

Higher concentration of reactants
Costly as more valuable starting material is needed

Change the reaction by coupling to a fast one
Universally used by living organisms

Lower activation barrier by catalysis

Universally used by living organisms
69



How to speed reactions up

Higher temperatures
Stability of macromolecules is limiting

Higher concentration of reactants
Costly as more valuable starting material is needed

Change the reaction by coupling to a fast one
Universally used by living organisms

Lower activation barrier by catalysis

Universally used by living organisms
70



Unfavorable and Favorable Reactions

« Synthesis of complex molecules and many other metabolic
reactions requires energy (endergonic)
- A reaction might be thermodynamically unfavorable (AG®° > 0)
~ Creating order requires work and energy

- Metabolic reaction might have too high energy barrier (AG:c > 0)
» Metabolite is kinetically stable

» Breakdown of some metabolites releases significant amount
of energy (exergonic)

- Such metabolites (ATP, NADH, NADPH) can be synthesized using the
energy from sunlight and fuels

- Their cellular concentration is far higher than their equilibrium
concentration
71



Energy Coupling

* Chemical coupling of exergonic and endergonic
reactions allows otherwise unfavorable reactions

* The “high-energy” molecule (ATP) reacts directly
with the metabolite that needs “activation”

Mechanical example

AG>0 AG<0

I Endergonic Exergonic Il
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Chemical example

Free energy, G

Reaction 1:
Glucose + P; —

glucose 6-phosphate

Reaction 2:

ATP — ADP + P;

Reaction 3:
Glucose + ATP —

T glucose 6-phosphate + ADP

AG3 — AG1 = AGZ

Reaction coordinate
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Catalysis

A catalyst is a compound that increases the rate of a
chemical reaction

» Catalysts lower the activation free energy AG*
« Catalysts do not alter AG®

* Enzymatic catalysis offers:
- acceleration under mild conditions
- high specificity
- possibility for regulation = @

Enzymes make reactions proceed on a biologically useful time scale
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Enzymes lower the activation energy to
Increase the reaction rate

Activation barrier
(transition state, )

Reactants (A)

CatalyzeJ

Reaction coordinate (A — B)

Free energy, G
|
>
Q)
g +
8

AG

Products (B)
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Series of related enzymatically catalyzed
reactions forms a pathway

enzyme 1 enzyme 2 enzyme 3 enzyme 4 enzyme 5
N N N N

4 ” 7

A
7

« Metabolic Pathway
- produces energy or valuable materials

« Signal Transduction Pathway
- transmits information
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Pathways are controlled in order to
regulate levels of metabolites

enzyme 1
>B——C —D—>E —F

Threonine Isoleucine

« Example of a negative regulation:
- Product of enzyme 5 inhibits enzyme 1

77



Physical Foundations Summary

Living cells are open systems, and maintain at a

dynamic steady state far from equilibrium

Many endergonic biochemical reactions are

coupled to highly exergonic ATP hydrolysis

Most cellular reactions proceed at useful rates
only because enzymes are present to catalyze

them
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Foundations of Biochemistry

Cellular foundations
Chemical foundations

Physical foundations

Genetic and evolutionary foundations
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Complementarity in DNA allows for

replication with near-perfect fidelity
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The Central Dogma of Molecular Biology:
DNA — RNA — Protein

Hexokinase gene

transcription of DNA
into complementary RNA

Messenger RNA \/\/\/\

translation of RNA on
ribosome to polypeptide chain

Unfolded
hexokinase

\folding of polypeptide chain

into native structure
of hexokinase

d ADP + glucose
(E= 6-phosphate

A%
/ \Y/
A y SN
N
N\ ?{f
~
\
- o'
Q :’
\ .
.
o

Catalytically
active hexokinase
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Natural selection
favors some mutations

* Mutations occur more or less randomly
- Balance between too many (below sustainability threshold)

and too few (generate enough genetic variations)

» Mutations that give organisms an advantage in a

given environment are more likely to be propagated

- Natural selection (survival of the fittest)
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Natural selection
favors some mutations

Hexokinase gene

A rare mistake during
DNA replication duplicates
the hexokinase gene.

Original gene v Duplicate gene

A second rare mlstake results
in a mutation in the second
hexokinase gene.

b/ Mutatlon

expression
of mutated
duplicate gene

expression of
original gene

Original hexokinase Mutant hexokinase with
(galactose not a substrate) new substrate specificity
for galactose
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Genetic and Evolutionary Foundations

0

Life on Earth arose 3.5-

Diversification of multicellular eukaryotes

500 (plants, fungi, animals)

3.8 billion years ago.

1,000} Appearance of red and green algae

Appearance of endosymbionts
(mitochondria, chloroplasts)

FO rm ati O n Of Se |f- 1,500 Appearance of protists, the first eukaryotes

N
o
o
o
T

replicating molecules
Could it be DNA?

2,500} Appearance of aerobic bacteria
Development of O5-rich atmosphere

[
Millions of years ago

3,000

CO u I d it b e p rOte i n ? Appearance of photosynthetic O3-producing

cyanobacteria

3,500 - Appearance of photosynthetic sulfur bacteria

Appearance of methanogens

4,000 Formation of oceans and continents

4,500} Formation of Earth
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RNA World?

RNA can act both as the information carrier and biocatalyst

THIRD EDITION

RNA Worlds Bl 1 The RNA World

From Lite’s Origins to Diversity in Gene Regulation
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A possible RNA World scenario

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 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

1

Genomic RNA begins to be copied into DNA

1
R



Genetic & Evolutionary Foundations Summary

« Central dogma of molecular biology. Genetic
information flows from DNA to RNA, and from
RNA to protein

* Darwinian evolution. Random mutations lead to
survival in an ecological condition

* (Genetic and catalytic roles, possibly played by
RNA, were taken over by DNA and proteins,

respectively .



In this chapter, we learned to:
» understand what defines living organisms
* relate structure and function of the cell

e realize that the structure of biomolecules often
gives them specific functions

* grasp principles of bioenergetics

* review the forces behind evolution
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