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Let us review what we talked about at the
previous lecture.
Please,...
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The central dogma states that
the transfer of information
into protein is irreversible.

3

mRNA
Reverse transcriptase
cDNA

Reverse transcriptase - is an enzyme that functions
as a RNA-dependent DNA polymerase.
Where does Reverse transcriptase exist?
Reverse transcriptases are encoded by retroviruses, where they
copy the viral RNA genome into DNA prior to its integration
into host cells.
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All retroviruses have a reverse transcriptase,
A retrovirus carry their genome in RNA strands.
However, during infection it has the ability to insert its genetic
material (RNA) into the genome of the cells (DNA) that it infects.
So, the virus needs to make a DNA copy of its RNA genome.
This is very unusual,
because all of the
normal cellular
machinery is designed
to make RNA copies
from DNA, but not the
reverse. DNA is
normally only created
using other DNA
strands as a template.
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Reverse transcriptase was discovered independently by
Howard Temin and David Baltimore in the 1970's.
They shared the Nobel Prize in medicine for this discovery.
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An example:
.

the reverse transcriptase from the human immunodeficiency virus
type 1 (PDB 1HMV).
HIV (Human Immunodeficiency Virus) is a retrovirus that
infects cells of the human immune system.
The virus
generates DNA
from the HIV
RNA using the
reverse
transcriptase
enzyme
and
viral DNA... 7

The viral DNA integrats into the host cell DNA
So
the cell is infected but not actively producing HIV proteins.
It can be potentially a long time (till 10 years) to produce HIV
proteins.
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Reverse Transcriptase
A large,
claw-shaped
active site.

It copies the RNA and
creates a doublestranded DNA version
of the viral genome.
This then integrates into
the cell's DNA, and later
instructs the cell to
make additional copies
of the virus.
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Viruses are tiny.
Many viruses carry the bare minimum--just enough to specify their
own structure and get synthesis started once they get inside cells.
However, the genome of HIV carries instructions for building a few
enzymes that are used in the reproduction of the virus. Reverse
transcriptase is one of these enzymes.
But space for the HIV genome is tiny.

So reverse transcriptase is encoded in a
tricky way:
It is composed of two different subunits,
but both are encoded by the same gene.
After the protein is made, one of the
subunits is clipped to a smaller size (pale)
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so that it can form the proper mate with one full-sized subunit (red).

A Sloppy Enzyme. The polymerases used to make DNA and RNA in
cells are very accurate and make very few mistakes. This is essential
because they are the caretakers of our genetic information, and
mistakes may be passed on to our offspring.
But Reverse transcriptase makes lots of mistakes,
up to about one in every 2,000 bases that it copies
Is non-accurate enzyme good or not?
In fact, this high error rate turns out to be an advantage for the virus in
this era of drug treatment. The errors allow HIV to mutate rapidly,
finding drug resistant strains in a matter of weeks.
Fortunately, the recent development of treatments that combine
several drugs are often effective. The virus is simultaneously attacked
by several different drugs, it cannot mutate to evade all of them at the
same time.
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Two Enzymes Polymerase and
Nuclease in One Reverse
transcriptase

Two enzymes has 3
activities:
1) The polymerase active
site build DNA strands
based on an RNA template.
2) The nuclease active
site after building the DNA
strand removes the original
RNA strand by cleaving it
into pieces.
3) The polymerase active
site finally builds a second
DNA strand matched to the
one that was just created to
form the final DNA double
helix.
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Drug design.
Two types of drugs are used
for blocking the action of
reverse transcriptase and
stopping HIV infection.
One type - the drug
Nevirapine binds on the
back side of the enzyme and
changes the shape of the
active site, blocking its action.
Notice, it is located just under
the floor of the active site,
below the big groove that
binds to DNA and RNA.

Second type - the drug AZT.
It is a modified nucleotide
without possibility to grow a
chain.
Thus, the synthesis of the DNA
chain is stopped.
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Do you remember how we construct DNA clone for sequencing ?

special" nucleotides,
A special marker in a sequence ?
because of its molecular
dNTP
structure,
whenever one of these
special nucleotides adds
itself to a growing DNA, The normal substrates for DNA
replication are nucleoside
the growth of that strand
triphosphates that are based on the
stops.
sugar 2-deoxyribose (dNTP).
When 2,3-dideoxyribose
(ddNTP) is incorporated into
the DNA backbone,
replication is terminated

ddNTP

Why ?
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Home assignment
Reverse Transcriptase and diseases
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The major classes of RNA :
1. mRNA - messenger RNA, is a sequence which codes for
formation of one or more proteins.
2. tRNA - transfer RNA, small (~80 bases) sequences which
bring amino acids to the ribosome, where they translate
mRNA into amino acid sequences.
3. rRNA - ribosomal RNA sequences form ribosomes (along
with ribosomal proteins).
4. viral RNA
5. ribozymes are RNA molecules with catalytic activity
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RNA is not just a passive structural element
RNAs do more than just carry information.
The function of an RNA can only be understood in terms of its
secondary or tertiary structure.
RNA is transcribed in cells as
single strand of nucleotides.
but can form
double-stranded region

How do the RNA structures affect on Protein synthesis?
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In principle, the sequence of nucleotides in mRNA can be read in
three READING FRAMES

Each of which will specify a completely different protein.
The general rule of translation initiation: protein synthesis
always starts with methionine codon (AUG).
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Which of of the three frames is actually read is determined by
mRNA sequence.
?
because mRNA determines how the ribosome assembles.
How ?
Ribosomes:
protein-manufacturing
machines
Typical cell contains
millions of ribosomes
Before analyze the protein synthesis let us look at
Ribosome structure.
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Ribosome
Composition
Each ribosome
is made of two
subunits.
Each subunit
is made of at
least one kind
of rRNA and
many proteins.
Each subunit
is made
separately
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Subunits of ribosome and different ribosomal RNA's are identified by
22
their sedimentation constants (S values) in an ultracentrifuge.

Structure of the 30S subunit ...........Structure of the 50S subunit
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Small subunit
Nature 407, (2000) Structure of the 30S ribosomal subunit
;
Structure : 2/3 RNA 1/3 protein.
Detect double helical RNA and helices and beta sheets in
proteins. Detect interaction between proteins and RNA
Functions: decoding mRNA - Match codon:anticodon
.
During translocation – concerted movement of
mRNA .
and bound tRNA by one codon relative to
ribosome
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Platform
- Central domain of 16S rRNA: nts 565-885
- Platform is a flexible and functionally important structure
- Codon-anticodon interaction, subunit association,
- Binding of Initiation factors - enzymes
•Most prokaryotic mRNAs contain a ShineDalgarno sequence ~10 nucleotides
upstream from the start codon
•Base pairing between an mRNA’s ShineDalgarno sequence and the 16S rRNA
allows selection of the proper initiation
codon
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Eucaryotic mRNA synthesized with tripospahate group at the 5’ end
5’
3’
P-P-P ⎯⎯⎯⎯⎯⎯⎯⎯⎯ AAA......A (200 A)
after synthesis
link with metilguanosine ⇓
5’
5’
mG-P-P-P ⎯⎯⎯⎯⎯⎯⎯⎯⎯ AAA......A

Capping = addition of 7-methyl G to 5' end
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Capping = addition of 7-methyl G to 5' end identifies it as
mRNA
-> necessary because mRNA is only 1% of total RNA
The CAP is involved in the formation of the translation
initiation complex and may act to protect the 5’ end from
degradation.
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Eucaryotic mRNA synthesized with tripospahate group at the 5’ end
5’
3’
P-P-P ⎯⎯⎯⎯⎯⎯⎯⎯⎯ AAA......A (200 A)
after synthesis
link with metilguanosine ⇓
5’
5’
mG-P-P-P ⎯⎯⎯⎯⎯⎯⎯⎯⎯ AAA......A
the small ribosomal unit with initiator tRNA –Met bind at the 5’ end.
SRU
5’
mG-P-P-P ⎯⎯⎯⎯⎯⎯⎯⎯⎯ AAA......A
and propels along mRNA in a search of AUG codon
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Crystal Structure of Large Subunit
Nature (1999) 50S subunit]
Structure:
2/3 RNA 1/3 protein
23 S RNA = 2900 nts, 5S RNA = 120 nts, 33 proteins
Functions:
peptide bond formation, GTPase, Translocation,
exit channel for elongated peptide
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The small subunit:
is responsible for the formation of the initiation
complex, performs the decoding of the genetic
information, and controls the fidelity of codonanticodon interactions.
The large subunit
catalyzes the peptide bond formation and
provides the path for the nascent polypeptide chain.
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Which of of the three frames is actually read is determined by mRNA
sequence.
?
The initiation Process sets the reading frame for Protein synthesis

The ribosome is assembled onto a mRNA in two steps:
I. Small subunit binds initiator Methionine tRNA in P-site and
.

Initiation factors

scans along mRNA to find the start AUG codon
Once this has occurred:
II. The large subunit binds
Thus a complete ribosome is the assembled,
with the mRNA threaded through it.
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This database compiles all complete or nearly complete SSU (small
subunit) and LSU (large subunit) ribosomal RNA sequences.
Sequences are provided in aligned format. The alignment takes into
account the secondary structure information derived by comparative
sequence analysis of thousands of sequences.
Additional information such as literature references, taxonomy,
secondary structure modles and nucleotide variability maps, is also
available.
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Structure and function of ribosomal RNA
Initially (1974) researchers thought that the RNA component of the
ribosome merely served as a scaffold for the assembly of ribosomal
proteins.
Now there are many evidences indicated that rRNAs actively
participate in ribosome functions.
Researches are trying to understand
how
it functions in catalysis of peptide bond formation and peptide
release how
it can carry out its functions in the absence of ribosomal
proteins - how
it is believed to have functioned in the pra-ribosome in the
RNA World.
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The ribosome is an excellent antibiotic target.
Researches are investigating
mechanisms of antibiotic action and antibiotic resistance.
A combination of biochemical and genetic approach is
used to investigate which new sites in the ribosome can
be used as antibiotic targets.
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Data from Human genome:
Among the 3 billion base pairs of the human
genome, there are 30,000–40,000 protein-coding
genes, but the function of at least half of them
remains unknown.
A new tool — short interfering RNAs (siRNAs)
— has now been developed for systematically
deciphering the functions and interactions of these
thousands of genes.
Although the use of siRNAs to silence genes in
vertebrate cells (an animal that has a backbone, or spinal
column) was only reported two years ago, the
emerging literature indicates that most vertebrate
genes can be studied with this technology.
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RNA interference (RNAi) is a phenomenon in which the
introduction of double-stranded RNA (dsRNA) into a diverse
range of organisms and cell types causes degradation of the
complementary mRNA , i.e. knock down the expression of genes
In 1998 Andrew Fire and Craig Mello
described a new technology that was
based on the silencing of specific
genes by double-stranded RNA
(dsRNA); a technology they called
RNA interference (RNAi)
They showed that the presence of just a few molecules
of dsRNA was sufficient to almost completely abolish
the expression of a gene that was homologous to the
40
dsRNA.

RNAi mechanism
.

1. Introduction of dsRNA into cell
2. Long dsRNAs are cleaved into
short 21-25 nucleotide small
interfering RNAs, or siRNAs, by a
ribonuclease known as Dicer.
3. The siRNAs assemble with
protein components into an RNAinduced silencing complex (RISC),
unwinding in the process.
4. Activated RISC then binds to
complementary transcript by base
pairing interactions between the
siRNA strand and the mRNA. The
bound mRNA is cleaved.
5. sequence specific degradation of
mRNA results in gene silencing.
41

.

In the early days of molecular biology, genes were
first defined through the description of their mutant
phenotype.
The phenotype of the mutant gives a clue to the
function of the gene.
(think why ?)
The promise of small interfering RNA (siRNA)
technology to 'knock down' the expression of any
gene in vertebrate cells is set to revolutionize genetic
approaches.
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Nature Reviews Genetics 5; 355-365 (2004)
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SUMMARY
RNA interference (RNAi) is the process by which
dsRNA silences gene expression, either
by inducing the sequence-specific degradation of
complementary mRNA or
by inhibiting translation.
In principle, any gene can be silenced, so RNAi
provides a rapid means for assessing the effects of
the loss of gene function.
An advantage of these RNAi screens is that a loss-offunction phenotype can be readily linked to a specific
gene.
A small interfering RNA (siRNA) is defined as
successful when it can provide effective and specific
gene silencing (>90% reduction in protein levels)44

RNAi - an ancient immune system
These small interfering RNAs (siRNAs) switch on a natural defense
system, which cells use to destroy invading viruses and control gene
activation.
RNAi effectively shuts the gene off - and fights any disease the gene
causes.
Question: Can RNAi be used to protect animals against diseases?
In February 2003 (Nature Medicine ) was shown :
RNAi technology was used to halt hepatitis in mice.
It was first time proved that RNAi technology was efficient enough
for effective therapy in living animals.
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The target was the gene for the Fas protein which sits on the
surface of cells and activates a cellular suicide program.
Many liver diseases result from the activation of Fas by viruses,
immune system malfunction or chronic alcoholism.
The liver has a lot of Fas, so it is very sensitive
to this death receptor.
To mimic severe hepatitis, the mise were injected with Fas
antibodies to trigger the suicide program.
The 40 control mice all died within three days.
But 33 out of 40 mice that had been preinjected with siRNAs
survived for 10 days.
At that point the animals were killed and their livers examined.
The organs appeared to be completely normal.
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The next step to show that this technique works in humans,
It will represent a new treatment strategy for a huge variety of
diseases and infections.
Techology: Two main problems.
To design RNA molecules that match a sequence in the
target gene to attack on the messenger RNA.
To target the siRNAs to specific organs.
(because humans are so much larger than mice, injecting siRNAs
into the general blood stream is probably not a therapeutic option.
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RNAi discussion group NYAS Thursday, February 17,
2005
MicroRNAs and Their Targets
MicroRNAs are a recently discovered large class of noncoding
small RNAs that are thought to target other genes and regulate
their expression. Although hundreds of microRNAs have been
found in animals so far, the number of validated microRNA
targets is very small. Various computational methods have been
proposed to discover microRNA targets. This meeting aims to
discuss the design, success, and results of these methods.
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Home assignment:
Diseases which connected with rRNA
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•Abstracts Chris Sander,
"Human MicroRNA Targets—10% or More?"
MicroRNAs (miRNAs) interact with target mRNAs at specific sites
to induce cleavage of the message or inhibit translation.
The specific function of most mammalian miRNAs is unknown.
We have predicted target sites on the 3' untranslated regions of
human gene transcripts for all currently known 218 mammalian
miRNAs to facilitate focused experiments.
We report about 2,000 human genes with miRNA target sites
conserved in mammals and about 250 human genes conserved as
targets between mammals and fish.
The prediction algorithm optimizes sequence complementarity using positionspecific rules. gene regulation processes, and open-source software for target
prediction (miRanda) is available at www.microrna.org.

Our analysis suggests that miRNA genes, which are about 1% of all
human genes, regulate protein production for 10% or more of all
50
human genes.

