








[FROM RNA WORLD TO BACTERIA]

§
After life got started, com-

petition among life-forms

fueled the drive toward ever

more complex organisms.
We may never know the
exact details of early evolu-
tion, but hereis a plausible
saquence of some of the
major events that led from
the first protocell to DNA-

based cells such as bacteria.
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The first protocell s just asac

of water and RNA and requires an
external stimulus (such as cydes
of heat and cold) to reproduce.
But it will soon acquire new tralts.

Ribozymes—folded RNA molecules
analogous to protein-based en-
zymes—arlse and take on such Jobs
as speeding up reproduction and
strengthening the protocell’s mem-
brane. Consequently, protocells
begin to reproduce on thelr own.
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[:;ﬂ'ler ribozymes catalyze metabo-
llsm— chains of chemical reactions
that enable protocells to tap Into

nutrients from the environment.




Complex systems of RNA cata-
lysts begin to translate strings
of RNA letters (genes) Into
chalns of amino adds (proteins).
Protelns |ater prove to ba more
efficlent catalysts and able to
carry out a varlety of tasks.

Membrane
protein
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Proteins take on a wide range of
tasks within the cell. Protein-basad
catalysts, or enzymes, gradually
replace most ribozymes.

Other enzymes begin to make DNA.
Thanks to lts superlor stabillity,
DNA takes on the role of primary
genatic molecule. RNA's maln role
Is now to act as a bridge between
DNA and protelns.

organisms resembling modern
bacterka adapt to llving virtually
everywhere on earth and rule
unopposed fior bllllons of years,
until some of them bagin to evolve
Into more complex organisms.
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Structure of the E. coli ribosome (PDB ID: 4YBB), with the large and small subunits shown in green and silver,
respectively. The peptidyl-transferase site is shaded pink The modified nucleosides of 23S rRNA are depicted in

icy blue, while in 16S rRNA they are ochre. Maodification of C2501 to 5-hydroxycytidine is not present in the
structure. Methyl group carbons are shown as red balls.
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Examples of notable

Mutations

AF508
deletion 2nd base
in cyslic
fibrosis U cC A G
UUU (PhefF) Phenylalarine "’“>_<° UCU (Ser/S) Serine UAU (Tyr/Y) Tyrosine w_ p | UGU (CysIC) Cysteine w
oH HS- OH
I (P17 B L UCC (SeriS) Serine ®\_ /| YAC (TyrY) Tyrosine Ho_@d “ | UGC (CysiC) Cysteine
U HD—/ OH
UUA (LewlL) Leucine UCA (Ser/S) Serine UAA Qchre (Stop) GA Opal (Stop) - ia
g_ UUG (Leu/L) Leucine UCG (SeriS) Serine ‘UAG Amber (Stop) UGG (Trp/) TrypmphaM"’/\\?j\m
i N
S : 2 5 L
S CUU (Leu/L) Leucine " ( CCU (Pro/P) Proline 5 CAU (His/H) Histidine = »m | CGU (Arg/R) Arginine wp
= OH [72] )—’ on_g_ /_“\
o i Hat o . e Tmym, = A &
@ CUC (Leu/L) Leucine ~ * CCC (Pro/P) Proline m;{" & | cAC (His/H) Histidine < [\CGC (Arg/R) Arginine ,,, /'
glc F H '—,_%
o CUA (LeulL) Leucine | - Myotonic || ccA (PraP) Proline ',_,," |\ CAA (GIn/Q) Glutamine /_)>_<H CGA (Arg/R) Arginine /
@ dystrophy : _/
CUG (Leu/L) Leucine=={ - SCA 8 CCG (Pro/P) Proline CAG (GIN/Q) Glutaming s CGG (Arg/R) Arginine
0 N Q
g AUU (lle/l) Isoleucine < ACU (Thr/T) Threonine AAU (Asn/N) Asparagine N > < AGU (Ser/S) Serine HM P
_Q HLC CHz Hel E HOr OH
- A AUC (lle/l) Isoleucine ACC (Thr/T) Threonine AAC (Asn/N) Asparagine AGC (Ser/S) Serine
[} A Hi OH :
— & o .
AUA (llefl) Isoleucine S | ACA(ThriT) Threonine AAA (Lys/K) Lysine “’w AGA (Arg/R) Arginine HH
- o @ OH H
AUG (Met/M) Methionine % & | ACG (Thr/T) Threonine AAG (Lys/K) Lysine M/_/* AGG (Arg/R) Arginine ”":(m
] g Colorectal cancer
GUU (ValrV) Valine o GCU (Ala/A) Alanine GAU (Asp/D) Aspartic acid Q *‘S_(’ GGU (Gly/G) Glycine
OH
GUC (Val/V) Valine *‘w GCC (AlasA) Alanine Hal, f GAC (Asp/D) Aspartic acid ™ GGC (Gly/G) Glycine M\_f
G L OH HC OH e y o
GUA (Val/V) Valine s GCA (Ala/A) Alanine GAA (GIU/E) Glutamicicid | GGA(GIy/G) Glycine
OH
GUG (VallV) Valine GCG (Ala/A) Alanine GAG (GIu/E) Glutamic a&on GGG (Gly/G) Glycine

~ —

Selection of notable mutations, crdered

in a standard table of the genetic code
of amino acids.

Clinically important missense
mutations generally change
the properties of the coded amino
acid residue between being basic,
acidic, polar or nonpolar, while
nonsense mutations result
in a stop codon.

Amino acids

O sasic
[ Acidic
Fragile X 0 polar
| ] Nonpolar
Syndrome (hydrophobic)

Polyglutamine (PolyQ) Diseases

- Huntington's disease

- Spinocerebellar ataxia (SCA)
fmact hinac)

- Spinobulbar muscular atrophy
(Kennedy disease)

- Dentatorubral-pallidoluysian atrophy

Sickle-cell disease

\.l Friedreich's ataxia

~

Mutation type

Trinucleotide
repeat

=/Deletion

= Missense

= Nonsense
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