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	1. Gene expression
• Gene  expression is the process by which the genetic code -
the nucleotide sequence - of a gene is used to direct
protein synthesis and produce the structures of the cell.
• Genes that code for amino acid sequences are known as
'structural genes'.
The process of gene expression involves two main stages:
Transcription: the production of messenger RNA (mRNA) by
the enzyme RNA polymerase, and the processing of the
resulting mRNA molecule.
Translation: the use of mRNA to direct protein synthesis, and
the subsequent post-translational processing of the
protein molecule.
Dr. Shiny C Thomas, Department of Biosciences, ADBU
 


	2. Some genes are  responsible for the production of other
forms of RNA that play a role in translation, including transfer
RNA (tRNA) and ribosomal RNA (rRNA).
A structural gene involves a number of different components:
Exons. Exons code for amino acids and collectively
determine the amino acid sequence of the protein product.
It is these portions of the gene that are represented in final
mature mRNA molecule.
Introns. Introns are portions of the gene that do not code
for amino acids, and are removed (spliced) from the
mRNA molecule before translation.
 


	3. Gene control regions
Start  site. A start site for transcription.
A promoter. A region a few hundred nucleotides 'upstream'
of the gene (toward the 5' end). It is not
transcribed into mRNA, but plays a role in controlling the
transcription of the gene. Transcription factors bind
to specific nucleotide sequences in the promoter region and
assist in the binding of RNA polymerases.
Enhancers. Some transcription factors (called activators)
bind to regions called 'enhancers' that increase the
rate of transcription. These sites may be thousands of
nucleotides from the coding sequences or within an
intron. Some enhancers are conditional and only work in the
presence of other factors as well as transcription
factors.
 


	4. Silencers. Some transcription  factors (called repressors) bind
to regions called 'silencers' that depress the rate of
transcription.
 


	5. Transcription
• Transcription is  the process of RNA synthesis, controlled
by the interaction of promoters and enhancers.
• Several different types of RNA are produced, including
messenger RNA (mRNA), which specifies the sequence of
amino acids in the protein product, plus transfer RNA
(tRNA) and ribosomal RNA (rRNA), which play a role in
the translation process.
Transcription involves four steps:
1. Initiation. The DNA molecule unwinds and separates to
form a small open complex. RNA polymerase binds
to the promoter of the template strand.
 


	6. 2. Elongation.
• RNA  polymerase moves along the template strand,
synthesising an mRNA molecule.
• In prokaryotes RNA polymerase is a holoenzyme
consisting of a number of subunits, including a sigma
factor (transcription factor) that recognises the
promoter. In eukaryotes there are three RNA
polymerases: I, II and III.
The process includes a proofreading mechanism.
 


	7. 3. Termination.
• In  prokaryotes there are two ways in which transcription
is terminated.
• In Rho-dependent termination, a protein factor called
"Rho" is responsible for disrupting the complex involving
the template strand, RNA polymerase and RNA molecule.
• In Rho-independent termination, a loop forms at the end
of the RNA molecule, causing it to detach itself.
• Termination in eukaryotes is more complicated, involving
the addition of additional adenine nucleotides at the 3'
of the RNA transcript (a process referred to as
polyadenylation).
 


	8. 4. Processing.
• After  transcription the RNA molecule is processed in a
number of ways: introns are removed and
the exons are spliced together to form a mature mRNA
molecule consisting of a single protein-coding sequence.
• RNA synthesis involves the normal base pairing rules,
but the base thymine is replaced with the base uracil.
 



	10. Translation
• In translation  the mature mRNA molecule is used as a
template to assemble a series of amino acids to
produce a polypeptide with a specific amino acid
sequence.
• The complex in the cytoplasm at which this occurs is
called a ribosome. Ribosomes are a mixture of
ribosomal proteins and ribosomal RNA (rRNA), and
consist of a large subunit and a small subunit.
 



	12. Translation involves four  steps:
1. Initiation.
• The small subunit of the ribosome binds at the 5' end of
the mRNA molecule and moves in a 3‘ direction until it
meets a start codon (AUG).
• It then forms a complex with the large unit of the
ribosome complex and an initiation tRNA molecule.
2. Elongation.
• Subsequent codons on the mRNA molecule determine
which tRNA molecule linked to an amino acid binds to the
mRNA.
• An enzyme peptidyl transferase links the amino acids
together using peptide bonds.
• The process continues, producing a chain of amino acids
as the ribosome moves along the mRNA molecule.
 


	13. 3. Termination.
• Translation  in terminated when the ribosomal complex
reached one or more stop codons (UAA, UAG, UGA).
• The ribosomal complex in eukaryotes is larger and more
complicated than in prokaryotes.
• In addition, the processes of transcription and
translation are divided in eukaryotes between the
nucleus (transcription) and the cytoplasm (translation),
which provides more opportunities for the regulation of
gene expression.
4. Post-translation processing of the protein
 


	14. Gene regulation
• Gene  regulation is a label for the cellular processes that
control the rate and manner of gene expression.
• A complex set of interactions between genes, RNA
molecules, proteins (including transcription factors) and
other components of the expression system determine
when and where specific genes are activated and the
amount of protein or RNA product produced.
• Some genes are expressed continuously, as they produce
proteins involved in basic metabolic functions; some
genes are expressed as part of the process of cell
differentiation; and some genes are expressed as a result
of cell differentiation.
Mechanisms of gene regulation include:
 


	15. • Regulating the  rate of transcription. This is the most
economical method of regulation.
• Regulating the processing of RNA molecules, including
alternative splicing to produce more than one protein
product from a single gene.
• Regulating the stability of mRNA molecules.
• Regulating the rate of translation.
Transcription factors are proteins that play a role in
regulating the transcription of genes by binding to specific
regulatory nucleotide sequences.
 


	16. Gene expression models  of signaling pathways
 


	17. Introduction
• Gene expression  is the result of the perturbation of a hierarchically
organized and tightly controlled network of interacting elements in
signaling pathways and gene regulation networks in the cell.
• These large number of interacting biochemical reactions show the
emergent properties such as homeostasis and robustness with respect to
perturbations.
• As more interactions between these signaling elements are identified, it
becomes clear that signaling does not necessarily occur through parallel,
linearly independent processes.
• Interactions can occur at many hierarchical levels and signaling proteins
can influence gene network regulation, which leads to complex behavior.
• External stimuli to cells activate signal transduction pathways to initiate
transcription-factor (TF) driven gene expression in gene regulatory
networks.
• Transcription factors are often pleiotropic and involved in gene
expression profiles of multiple genes and therefore multiple biological
processes and phenotypes.
 


	18. Prokaryotic gene expression
•  The first step in gene expression is transcription, the synthesis of an mRNA
copy of the DNA template that encodes a protein.
• Transcription is followed by translation, the synthesis of the protein on the
ribosome.
• Developmental studies have shown that each plant organ contains large
numbers of organ-specific mRNAs.
• Transcription is controlled by proteins that bind DNA, and these DNA-binding
proteins are themselves subject to various types of regulation.
• Much of our understanding of the basic elements of transcription is derived
from early work on bacterial systems
• In prokaryotes, genes are arranged in operons, sets of contiguous genes that
include structural genes and regulatory sequences
 


	19. • The lac  operon of E. coli uses
negative control. (A) The regulatory
gene i, located upstream of the
operon, is transcribed to produce an
mRNA that encodes a repressor
protein
• When lactose (inducer) is added to
the medium and is taken up by the
cell, it binds to the repressor and
inactivates it.
• The inactivated repressor is unable
to bind to o, and transcription and
translation can proceed. The mRNA
produced is termed “polycistronic”
because it encodes multiple genes.
 


	20. • Glucose exerts  this effect by lowering the
cellular concentration of cyclic AMP
(cAMP). When glucose levels are low,
cAMP levels are high. Cyclic AMP binds to
an activator protein, the catabolite
activator protein (CAP), which recognizes
and binds to a specific nucleotide
sequence immediately upstream of the lac
operator and promoter sites
• Stimulation of transcription by the
catabolite activator protein (CAP) and
cyclic AMP (cAMP). CAP has no effect on
transcription until cAMP binds to it. (A) The
CAP–cAMP complex binds to a specific
DNA sequence near the promoter region of
the lac operon. (B) Binding of the CAP–
cAMP complex makes the promoter region
more accessible to RNA polymerase, and
transcription rates are enhanced.
 


	21. Eukaryotic gene expression
•  Eukaryotes differ from prokaryotes also in the
organization of their genomes. In most eukaryotic
organisms, each gene encodes a single polypeptide.
The eukaryotic nuclear genome contains no operons,
with one notable exception. Furthermore, eukaryotic
genes are divided into coding regions called exons and
noncoding regions called introns
• Since the primary transcript, or pre-mRNA, contains
both exon and intron sequences, the pre-mRNA must
be processed to remove the introns.
 


	22. • RNA polymerase  II binds to the promoter of
genes that encode proteins.
• Transcription from the template strand
proceeds in the 3′-to-5′ direction at the
transcription start site, and the growing RNA
chain extends one nucleotide at a time in the
5′-to-3′ direction.
• Translation begins with the first AUG encoding
methionine, as in prokaryotes, and ends with
the stop codon. The pre-mRNA transcript is
first “capped” by the addition of 7-
methylguanylate (m7 G) to the 5′ end. The 3′
end is shortened slightly by cleavage at a
specific site, and a poly-A tail is added.
 


	23. Eukaryotic gene regulation
1.  Genomic
2. Trancriptional
3. RNA processed
4. Translational
5. Post translational
 


	24. SIGNAL TRANSDUCTION
• Signal  transduction (also known as cell
signaling) is the transmission of molecular
signals from a cell's exterior to its interior.
• Signals received by cells must be transmitted
effectively into the cell to ensure an
appropriate response.
• This step is initiated by cell-surface receptors.
 


	25. • Membrane receptors  transfer information from the
environment to the cell's interior.
Few non-polar signal molecules such as estrogens and other
steroid hormones are able to diffuse through the cell
membranes and, hence, enter the cell. Once inside the cell,
these molecules can bind to proteins that interact directly
with DNA and modulate gene transcription. Thus, a chemical
signal enters the cell and directly alters gene-expression
patterns.
However, most signal molecules are too large and too polar to
pass through the membrane, and no appropriate transport
systems are present. Thus, the information that signal
molecules are present must be transmitted across the cell
membrane without the molecules themselves entering the
cell. A membrane-associated receptor protein often performs
the function of information transfer across the membrane.
Types
 


	26. • Second messengers  relay information from the receptor-
ligand complex.
• Changes in the concentration of small molecules,
called second messengers, constitute the next step in the
molecular information circuit.
• Particularly important second messengers include
cyclic AMP and cyclic GMP, calcium ion, inositol 1,4,5-
trisphosphate, and diacylglycerol (DAG). The use of second
messengers has several consequences.
• First, second messengers are often free to diffuse to other
compartments of the cell, such as the nucleus, where they
can influence gene expression and other processes.
• Second, the signal may be amplified significantly in the
generation of second messengers.
• Enzymes or membrane channels are almost always activated
in second-messenger generation; each activated
macromolecule can lead to the generation of many second
messengers within the cell.
 


	27. • Protein phosphorylation  is a common means of information
transfer.
• Many second messengers elicit responses by activating protein
kinases. These enzymes transfer phosphoryl groups from ATP to
specific serine, threonine, and tyrosine residues in proteins.
• This protein kinase and others are the link that transduces changes
in the concentrations of free second messengers into changes in the
covalent structures of proteins.
• Although these changes are less transient than the changes in
secondary-messenger concentrations, protein phosphorylation is
not irreversible.
• Indeed, protein phosphatases are enzymes that hydrolytically
remove specific phosphoryl groups from modified proteins.
Thus, a low concentration of signal in the environment, even as little as
a single molecule, can yield a large intracellular signal and response.
 


	28. • The signal  is terminated.
• Protein phosphatases are one mechanism for the
termination of a signaling process.
• After a signaling process has been initiated and the
information has been transduced to affect other
cellular processes, the signaling processes must be
terminated.
• Without such termination, cells lose their
responsiveness to new signals.
• Moreover, signaling processes that fail to be
terminated properly may lead to uncontrolled cell
growth and the possibility of cancer.
 


	29. Gene Expression Technology
Gene  expression
Gene expression is the process by which information from a
gene is used in the synthesis of a functional gene product.
For a specific cell at a specific time, only a subset of the genes
coded in the genome are expressed.
 


	30. Gene expression regulation
Gene  expression is highly regulated
In mutant cells vs wild-type cells
In response to various stimuli (e.g. drug, light, sleep etc)
At different developmental stages
In different cell types (e.g. muscle cells, fibroblasts)
In disease states vs healthy
Gene expression is primarily regulated at the transcriptional level
The number of mRNA copies in a cell for a particular gene is a good
indicator of corresponding protein expression level
 


	31. Expression of a  typical eukaryotic protein-coding gene
• mRNA is the subject of measurement in the technologies that will
be introduced today
 


	32. Candidate gene approaches
Northern  Blot
• RNA is isolated, electrophoresed on an agarose gel, transferred to a
nylon membrane through a capillary or vacuum blotting system, and
probed with a radioactive cDNA derived from an individual gene.
Radioactive signal is measured.
RNase protection
• Extracted RNA is first mixed with radioactive cDNA probes from a
gene of interest to form DNA-RNA hybrid. The mixture is then exposed
to RNase that specifically cleaves single-stranded RNA. Radioactive
signal is measured.
Real-Time PCR
• RNA is reverse transcribed to cDNA and then quantified by real-time
PCR using a fluorescent probe specific to a gene of interest.
Fluorescent signal is measured.
 


	33. High-throughput transcriptome profiling
Transcriptome:  the set of all messenger RNA (mRNA) molecules, or
"transcripts”, produced in one or a population of cells.
Hybridization based approaches: incubating fluorescently labelled
cDNA with microarrays. Hybridization signal is measured.
• cDNA microarray
• High density oligo arrays
Sequencing based approaches: directly determine the cDNA
sequence. Count is measured.
• Sanger sequencing of cDNA or EST libraries
• Serial Analysis of Gene Expression (SAGE)
• Massively Parallel Signature Sequencing (MPSS)
• RNA-Seq
 


	34. Low-throughput vs High-throughput
Advantages  of high-throughput technologies
• High-throughput
• Exploratory analysis
• Relationship between genes
Challenges in high-throughput technologies
• Cost
• Data analysis
 


	35. A simplified protocol  for DNA microarray experiment
• Prepare or purchase DNA microarray
• Isolate mRNA from cell cultures or tissue samples
• Reverse transcribe mRNA into cDNA
• Label cDNA or cRNA by incorporating fluorescently-labeled
nucleotides
• Hybridize labeled cDNA or cRNA to DNA microarray
• Wash and scan microarray in scanner
• Analyze data
 


	36. DNA microarrays
DNA microarray:
A  solid support (glass slide, silicon chip, etc) on which DNA
of known sequence is deposited in a regular grid-like
array.
Spotted or printed arrays: DNA feature physically
transferred from a plate or reservoir and transferred to a
solid support, typically a chemically modified glass
microscope slide. (Agilent, GE, ABI)
Synthesized arrays: DNA features chemically synthesized
in-situ on the substrate.
 


	37. Array preparation:
• cDNA  spotted array Inserts from cDNA collections or
libraries are amplified using either vector-specific or
gene-specific primers.
• PCR products are printed at specified sites on glass
slides using high-precision arraying robots.
• Through the use of chemical linkers, selective covalent
attachment of the DNA strand to the glass surface can
be achieved.
 


	38. Array preparation:
• High-density  oligo arrays
• Based on the concept of photolithography
• A chip with initial starting strands where the DNA will
be built from Shine light through a mask to deprotect
specific strands
• Add free nucleotides Repeat until desired length
 


	39. Affymetrix oligonucleotide microarrays
•  Probes are complementary to exon sequences located
near the 3 end of the gene
• Each probe is usually 25-base long
• Typically pairs of oligonucleotide probes per probe set
• Each pair of oligonucleotides contains a perfect match
oligonucleotide and a mismatch oligonucleotide
(single base-pair mismatch)
• Mismatch probes are used as controls for nonspecific
hybridization. One gene is represented by one to a few
probe sets HG-U133 Plus 2.0
• Array comprises more than 54,000 probe sets
 


	40. Microarray experiment:
• Two-color  arrays RNA from two different tissues or cell
populations is used to synthesize single stranded cDNA in
the presence of nucleotides labelled with two different
fluorescent dyes (for example, Cy3 and Cy5).
• Both samples are mixed in a small volume of
hybridization buffer and hybridized to the array surface,
usually by stationary hybridization under a coverslip,
resulting in competitive binding of differentially labelled
cDNAs to the corresponding array elements.
 


	41. • High-resolution confocal  fluorescence scanning of the
array with two different wavelengths corresponding to
the dyes used provides relative signal intensities and
ratios of mRNA abundance for the genes represented on
the array.
 


	42. Microarray experiment:
• single-color  arrays polya+ RNA from different tissues or
cell populations is used to generate double stranded
cDNA carrying a transcriptional start site for T7 DNA
polymerase.
• During in vitro transcription, biotin-labelled nucleotides
are incorporated into the synthesized cRNA molecules.
• Each target sample is hybridized to a separate probe array
and target binding is detected by staining with a
fluorescent dye coupled to streptavidin.
• Signal intensities of probe array element sets on different
arrays are used to calculate relative mRNA abundance for
the genes represented on the array.
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