Catalytic RNA (ribozyme)
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Consensus hammerheads have three
stem loops and conserved bases

Stem 3
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Hammerheads can be created by interaction
between two complementary RNA molecules

FIGURE 23.14 Self-cleavage sites of viroids and virusoids
IIOTAT Do have a consensus sequence and form 2 hammerhead sec-

PPP | !
HOCGC GG A G CUC G Gpspondarystructure by intramolecular pairing. Hammerheads
A UC can also be generated by pairing between a substrate
U.G strand and an “enzyme” strand. The three Loop regions

Enzyme strand 4 at the end of the stems are optional.
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FIGURE 23.15 The hammerhead ribozyme structure is
held in an active tertiary conformation by interactions
between stem loops, indicated by arrows. The site of
cleavage is marked with a red arrow. Adapted from M. Mar-
tick and W. G. Scott, Cell (126): 309-320.
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Enzyme Substrate Km (mM) kest (Min=1) kea®m (MM~ min~1)
19-base virusoid 24-base BNA 0.0006 6 5 8.3 X 10°
L-19 intron ccCcCCC 0.04 L 4.2 x 101
RNase P RNA pre-tANA 0.00003 0.4 1.8 10%
RNase P complete pre-iANA 0.00003 29 9.7 x 10°
RNase T1 GpA 0.05 5700 1.1 X 10°
[-galactosidase lactose 4.0 12,500 3.2 x 103

FIGURE 23.9 Reactions catalyzed by RNA have the same features as those catalyzed by proteins, although the rate is slower.
The K,, gives the concentration of substrate required for half-maximum velocity; this is an inverse measure of the affinity of
the enzyme for substrate. The &, gives the number of substrate molecules transformed in unit time by a single catalytic site.



Riboswitch

“A riboswitch 1s a part of an mRNA molecule that can directly bind a small target
molecule and whose binding of the target affects the gene's activity. Thus, an
mRNA that contains a riboswitch is directly involved in regulating its own activity,
depending on the presence or absence of its target molecule. *

Most known riboswitches occur in eubacteria, but functional riboswitches of one
type (the TPP (binds thiamin pyrophosphate) riboswitch have been discovered in
plants and certain fungi

Riboswitches are conceptually divided into two parts: an aptamer and an expression platform.
The aptamer directly binds the small molecule, and the expression platform undergoes
structural changes in response to the changes in the aptamer. The expression platform 1s what
regulates gene expression.
Expression platforms typically turn off gene expression in response to the small molecule,
but some turn it on. Expression platforms include:

* The formation of rho-independent transcription termination hairpins

 Folding in such a way as to sequester the ribosome-binding site, thereby blocking

translation.

* Self-cleavage (i.e. the riboswitch contains a ribozyme that cleaves itself in the

presence of sufficient concentrations of its metabolite).

* Folding in such a way as to affect the splicing of the pre-mRNA.
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FIGURE 23.10 A ribozyme is contained within the 5’
untranslated region of the mRNA encoding the enzyme
that produces glucosamine-6-phosphate (GLcN6P). When
GLcN6P binds to the ribozyme, it cleaves off the 5’ end
of the mRNA, thereby inactivating it and preventing
further production of the enzyme. Regions important
for maintaining the active tertiary structure are shown
in blue, while the cleavage site is indicated by a red
arrow. Reprinted from Curr. Opin. Struct. Biof., vol. 17,
T. E. Edwards, D. J. Klein, and A. R. Ferré-D" Amaré, Ribo-
switches: small-molecule recognition ..., pp. 273-279.
Copyright 2007, with permission from Elsevier [http://
www.sciencedirect.com/science/journal /09594 40X].
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Splicing types

* Nuclear splicin spliceoso

Group II intron Splicing
. autosplicing

Group I intron Splicing

* Yeast tRNA splicing nuclease e ligase



Gel electrophoresis

358 HNA—.

=== ]

Splicing 1

Transcription l

Cyclization 1 .

Circular intron —=—

Linear intron ——

FIGURE 23.1 Splicing of the Tetrahymena 35S rRNA pre-
cursor can be followed by gel electrophoresis. The removal
of the intron 1s revealed by the appearance of a rapidly
moving small band. When the intron becomes circular, it
electrophoreses more slowly, as seen by a higher band.



Type I Introns

* rRNA genes 1n simple eukaryotes
* Mitochondrial genes

* Some bacterial genes and T4 phage genes

Type 1l Introns

* Organelles genes (mitochondria and chloroplast)



Type I introns splicing

Presence of mono and divalent cation and G-OH
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3'—-0H end of G attacks
5" end of intron
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Second transfer

3'—0OH of exon A attacks
5'endofexon B

T hird transfer
3'—0H end of intron attacks
hond 15 bases from 5" end

FIGURE 23.2 Self-splicing occurs by transesterification reactions in which bonds
are exchanged directly. The bonds that have been generated at each stage are

indicated by the blue circles.

3'—OH of G** attacks pA'® or pU®
5'ex0G..UUUpA ' CCUpUZUG

f
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FIGURE 23.3 The excised infron can form circles by using either of two

internal sites for reaction with the 5° end and can reopen the circles
by reaction with water or oligonucleotides.



Tetrahymena rRNA
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Exon 1 ‘ G-OH
5 cucucu | First

F!'
5" UGCGGG 3

3' GGGAGG @ lransfer 3' AcGgccce 5
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5" UAGUC 3°

3" AUCAG 5
R
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/ Intron nucleus

2bpform
at 3’ end
of intran

FIGURE 23.4 Group I introns have a common secondary
structure that is formed by nine base-paired regions.
The sequences of reqions P4 and P7 are conserved and
identify the individual sequence elements P, Q, R, and
S. P1is created by pairing between the end of the left
exon and the IGS of the intron; a region between P7 and
P9 pairs with the 3’ end of the intron. The intron core
is shaded in gray.



Type I introns conserved elements

Introns P Q R (9L) S (2)
Mitochondrial type | UGCUGG | UCAGCAG| GACUA | uAGuUC
rDNA Tetrahymena UGCGGG | CCACGCA| GACUA | uAGuUC
Thymidylate synt. T4 ACGGG CCCGU GACUA | UAGUC




Nuclear splicing constructs an active site
from painng between U6-U2 and U2 intron

AL U A LG
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S UGUAGUA
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Exon1i—G U

Group |l splicing constructs an active center

from the base-paired regions of domains 5 and 6

Domainé

Exon1—G U

FIGURE 21.16 Nuclear splicing and group II splicing
involve the formation of similar secondary structures. The
sequences are more specific in nuclear splicing; group II
splicing uses positions that may be occupied by either
purine (R) or pyr' midine (Y).
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FIGURE 21.15 Three classes of splicing reactions proceed
by two transesterifications. First, a free -OH group attacks
the exon 1-intron junction. Second, the -OH created at
the end of exon 1 attacks the intron-exon 2 junction.




RNA Editing

Individual bases post-transcriptional
modification of mRNA



polipoprotein-B gene has 29 exons

CAA  Codon 2153 codes for glutamine

1 Cytidine deaminase

Editing
CAA I UAA

1 1
RRARS PRSP

Spliced mRNA in liver Intestine mRNA

codes for protein of has UAA codor

4563 residues that terminates

synthesis at 2153

FIGURE 23.16 The sequence of the apo-B gene is the
same in the intestine and liver, but the sequence of the
mRNAis modified by a base change that creates a termi-
nation codon in the intestine.



The transformation of an adenine into a inosine allows
a more specific pairing in a duplex RNA region
(glutamate receptor in rat brain)

Adenosine Inosine
NH. 0
| |
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E xon
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Intron
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-
FIGURE 23.17 Editing of mRNA for the glutamate recep-

tor, GluR-B, occurs when a deaminase acts on an adenine
in an imperfectly paired RNA duplex region.




Mitochondrial coxIl gene
(Cytochrome Oxidase) in Trypanosoma

| S 1ESE L EBGHEE | VRIG IV M Coded in genome
AUA UCA AGU UUA GGU AUA AAA GUA GAG HAC GUA GGU GUA AU DNA sequence

frameshif:

AUA UCA AGU UUA GGU AUA AAA GUA GAU UGU /AUA CCU GBGU AGG UGU AAU RNA sequence
l SIESy L IgG3N] Kg V |ID= EC P PG Y R FC 3 N | Protein sequence

FIGURE 23.18 The mRNAfor the trypanosome coxIT gene has a frameshift relative to the DNA;
the correct reading frame observed in the protein is created by the insertion of four uridines
(shown in red).

Mature mRNA (with the right ORF) is
obtained with the insertion of 4 U compared
to the sequence of the gene.



Mitochondrial coxIII gene
(Cytochrome Oxidase) in Trypanosoma brucei

UAUAUGUUUUGUUGUUUAUUAUGUGAUUAUGGUUUUGUUUUUUAUUGgEAUUUUUUAGAUUUAUUUAAUUUGUUGAU

AAUACAUUUUAUUUGUUEGUUAAUUUUUUUGUUUUGUGUUUUGGUUUAGGUUUUUUUGUUGUUGUUGUUUUGUAUUA

FIGURE 23.19 Part of the mRNA sequence of 7. brucei coxIIT shows many uridines that are not encoded in
the DNA (shown in red) or that are removed from the RNA (shown as Ts in blue boxes).

U added
T removed



MURF3(5') CyB-2
P

—

Cytochromeb
in Leishmania

Guide RNAs

Genome AAAGCGGAGAGAAAAGAAA A G G C TITAACTTCAGGTTGTTTATTACGAGTATATGG

1 Transcription

Pre-edited ANA AAAGCGGAGAGAAAAGAAA A G G C UUAACUUCAGGUUGUUUAUUACGAGUAUAUGG

l Pairing with guide RNA

Pre-edited ANA AAAGCGGAGAGAAAAGAAA A G G C UUWAACUUCAGGUUGUUUAUUACGAGUAUAUGG

Guide ANA AUAUUCAAUAAUAAAUUUUAAAUAUAAUAGAAAAUUGAAGUUCAGUAUACACUAUAAUAAUAAU

1 insertion of uridines

mRNA AAAGCGGAGAGAAAAGAAAUUUAUGUUGU CUVUUAACUUCAG GUUGUUUAUUACGAGUAUAUGG

Guide RNA AUAUUCAAUAAUAAAUUUUAAAUAUAAUAGAAAAUUGAAGUUCAGUAUACACUAUAAUAAUAAU

1 Release of mMRNA

mRNA AAAGCGGAGAGAAAAGAAAU UUAUGUUGU CUUUUAACUUCAG GUUGUUUAUUACG AGUAUAUGG
FIGURE 23.20 Pre-edited RNA base pairs with a guide RNA on both sides of the region to be edited.
The guide RNA provides a template for the insertion of uridines. The mRNA produced by the insertions
is complementary to the guide RNA.

MURF2-1Coli-FS MURFII-2 CyB8-1

-
MURF3(FS)

Genes 12S

89S MURF3 Colll Cy8 MURF4 MURF1NDI1CailMURF2Col ND4 NDS

FIGURE 23.21 The teishmania genome contains genes encoding pre-edited RNAs inter-
spersed with units that encode the guide RNAs required to generate the correct mRNA
sequences. Some genes have multiple guide RNAs. Cy8 is the gene for pre-edited cyto-
chrome b, and Cy8-1 and CyB8-2 are genes for the guide RNAs involved in its editing.
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FIGURE 23.22 Addition or deletion of U residues occurs
by cleavage of the RNA, removal or addition of the U,
and Ligation of the ends. The reactions are catalyzed by
a complex of enzymes under the direction of quide RNA.
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FIGURE 23.23 In protein splicing, the exteins are con- z1999-2004 New Science Press
nected by removing the intein from the protein.



