UNIT 1 – STRUCTURE
DNA vs RNA
-DNA has thymine (which has a methyl group), while RNA has Uracil (no methyl group)
-DNA has a ribose (H), RNA has a deoxyribose (OH).
Function of protein in DNA: to neutralize the negative charge caused by a negative phosphate backbone.
Frederick Griffith Experiment
He worked with two forms of Streptococcus pneumoniae. The smooth strain—S—has a polysaccharide capsule surrounding each cell, and is virulent. The rough strain—R—does not have a polysaccharide capsule , and is nonvirulent. Therefore the capsule is responsible for the virulence of the S strain. 
	-killed S bacteria and injected into mice, they lived
	-heat-killed S and live R forms mixed together and injected into mice, the mice died. Therefore the live R forms must have been transformed into S forms by acquiring the ability to make a polysaccharide capsule.
Later it was found out by Oswald Avery that DNA was the transforming agent.
He used the same bacteria as Griffith, and mixed heat-killed S forms with R form. Then, when he killed off protein or RNA in the cells, the R form was still being transformed into S form. This meant that DNA was the transforming agent.
Hershey and Chase
They worked with bacteriophages (viruses that infect cells) because a virus has DNA/RNA inside its protein coat. They tagged DNA and the protein separately with radioactive labels.
· DNA entered the cells
· Protein coat remained on outside
Therefore, DNA was the transforming agent. 
Watson and Crick
DNA contains 4 nucleotides (ATGC)
DNA is  made of 5 carbon sugar (deoxyribose) + phosphate group +1 of the four nitrogenous bases – ATGC
	-A and G are purines (2 rings)
	-T and C are pyrimidines (1 ring)
	-purines bind with pyrimidines (A-T, G-C) via hydrogen bonding
-Erwin Chargaff  (A=T, G=C)
- DNA has a sugar-phosphate backbone because the nucleotides in one strand (polynucleotide) are joined by phosphates. 
-5’ end = phosphate group, 3’end = hydroxyl group; strands are antiparallel
- Rosalind Franklin  used x-ray diffraction to determine that the DNA has a helical structure. She could also tell the the DNA is 2nm in diameter and patterns of atom repeats occurred every 0.34 nm (1 base pair) and 3.4 (1 full helix turn) nm in length.However, she did not have crystals to work with which would have made her results more accurate. 
Meselson and Stahl
· DNA is semiconservative
Procedure: Used “heavy” nitrogen isotopes to label the parent strands of the DNA. They transferred the N-15 labeled DNA into a “light” nitrogen isotope medium (N-13) so that the newly synthesized DNA strands would incorporate it. 
UNIT 2 -1 DNA Replication
DNA Polymerase assembles the complementary strands of DNA from individual nucleotides. More than one kind of DNA polymerase is required for DNA replication in both eukaryotes and prokaryotes. Nucleoside triphosphates (nitrogenous base+deoxyribose sugar+3phosphates=dATP, dGTP, dCTP,dTTP) are  substrates for DNA polymerase. DNA polymerase can only add nucleotides to the 3’end, therefore the new strand is synthesized in the 5’ 3’ but is read from 3’5’. 
DNA helicase unwinds the DNA by using energy from ATP hydrolysis.
Single-stranded binding proteins stabilize the DNA for replication so that the unwound DNA does not twist back together. 
Topoisomerase prevents the DNA from overtwisting
Primase lays on the primer so that DNA polymerase can begin synthesis. Later, the primer is removed and replaced by DNA. 
Leading Strand is synthesized continuously in the direction of unwinding.
Lagging Strand is synthesized discontinuously in “okazaki fragments” 
DNA Polymerase I removes the RNA primer
DNA Ligase joins the space between okazaki fragments and closes the nicks.
When the initial primer is removed, a gap is left which is not replaced by DNA. This means that with each replication of the DNA, the complementary strand becomes shorter and shorter and eventually this can become lethal for the cell. In most cases, there is a buffer of noncoding DNA at the ends of the strand so as to protect it – called Telomeres  (TTAGGG in humans). The enzyme Telomerase helps rebuild the telomeres. Telomerase is not active in all cells. It is active in sperm and egg cells, but not in mature cells. This means the cell eventually dies and is replaced by another one. Therefore, the shortening of telomeres = aging, and constantly active telomeres = cancer. 
Replication Origins are regions where replication begins. The replication origins are only activated once during S phase as to prevent the same parts of a gene from being replicated multiple times.
Proofreading mechanism is a mechanism that proofreads the DNA polymerase’s mistakes. When a mispaired nucleotide is added, the DNA polymerase cannot move forward so it reverses and replaces the nucleotide with the correct one. 
Any base-pair mismatches that remain after the DNA polymerase has proofread itself are repaired by the DNA repair mechanism. The repair enzymes move along newly replicated DNA molecules, “scanning” the DNA for distortions in the newly synthesized nucleotide chain. If the enzymes encounter a distortion, they remove a portion of the new chain, including the mismatched nucleotides. The gap left by the removal (step 2) is then filled by a DNA polymerase, using the template strand as a guide (step 3). The repair is completed by a DNA ligase, which seals the nucleotide chain into a continuous DNA molecule (step 4)















UNIT 2-2 Transcription

Transcription is the mechanism by which the information encoded in DNA is made into a complementary RNA copy.
Transcription is the first step in a process whereby particular genes are expressed in any given cell at a given time. Some of those genes are protein-coding genes that encode mRNAs to be translated; others are non–protein-coding genes that encode RNAs that are never translated, such as ribosomal RNAs (rRNAs), transfer RNAs (tRNAs), and small nuclear RNAs (snRNAs).

· RNA polymerase creates the complementary RNA sequence following complementary base pairing
· The RNA transcribed from a gene encoding a polypeptide is called messenger RNA (mRNA). 
	Process
	Prokaryote
	Eukaryote

	Transcription and Translation
	Occur at the same time. No pre-mRNA
	Separate processes (transcription in nucleos, translation in cytoplasm)
Pre-mRNA

	Initiator codon
	AUG
	AUG

	Promoter
	In prokaryotes, the promoters are immediately upstream of where transcription initiates
	The promoters of protein-coding genes are immediately upstream of the transcription start point and are typically more complex than in prokaryotes. Transcription factors bind to the TATA box and recruit RNA polymerase


	# RNA polymerases
	Since all the other types of genes in prokaryotes (for example, tRNA and rRNA genes) have similar promoters, the same RNA polymerase complex can transcribe them all.
	different polymerases for transcribing different types of genes. RNA polymerase II transcribes protein-coding genes. RNA polymerases I and III transcribe genes for non-protein-coding RNAs.

	Termination
	are two types of specific DNA sequences called terminators that signal the end of transcription of the gene. Both types of terminator sequences act after they are transcribed. In the first case, the terminator sequence on the mRNA base-pairs with itself to form a “hairpin.” In the second case, a protein binds to the terminator sequence on the mRNA. Both of these mechanisms trigger the termination of transcription and the release of the RNA and RNA polymerase from the template.
	no equivalent “transcription terminator” sequences. The 3′end of the gene is a sequence that is to be transcribed into the pre-mRNA. Proteins bind to this polyadenylation signal and cleave the pre-mRNA at that point. This signals the RNA polymerase to stop transcription.



· Genetic code – nucleotide information that specifies that aa sequence of a polypeptide
· Codon – three bases that “code” for a word. By convention, scientists write the codons in the 5′→ 3′ direction as they appear in mRNAs. 
· Initiator codon –  AUG (methionine) is the first codon translated in any mRNA
· One of these codons, AUG, specifies the amino acid methionine. It is the first codon translated in any mRNA in both prokaryotes and eukaryotes. 
· Stop codon (nonsense or termination codons) – (UAA, UAG, UGA) doesn’t specify an aa and that act as indicators of the end of the polypeptide sequence
Only two amino acids, methionine and tryptophan, are specified by a single codon. All the rest are represented by at least two, some by as many as six. In other words, there are many synonyms in the nucleic acid code, a feature known as degeneracy (or redundancy). For example, UGU and UGC both specify cysteine, whereas CCU, CCC, CCA, and CCG all specify proline.
· There is only one reading frame for each mRNA (have to start at correct initiator codon and read 3 bases at a time)
· The code is also universal. With a few exceptions, the same codons specify the same amino acids in all living organisms, and also in viruses. 

SET RULES OF TRANSCRIPTION:
· in a given gene, only one of the two DNA nucleotide strands acts as a template for synthesis of a complementary copy, instead of both, as in replication.
· only a relatively small part of a DNA molecule—the sequence encoding a single gene—serves as a template, rather than all of both strands, as in DNA replication.
· RNA polymerases catalyze the assembly of nucleotides into an RNA strand, rather than the DNA polymerases that catalyze replication.
· the RNA molecules resulting from transcription are single polynucleotide chains, not double ones, as in DNA replication.


STEPS IN TRANSCRIPTION
1. helicase unwinds the DNA
2. DNA polymerize can start synthesis WITHOUT a primer, by binding to a promoter region and synthesizing in the 5’-3’ direction while reading the strand 3’-5’. 
3. The part of the gene that is to be transcribed into RNA is called the transcription unit. 
4. DNA polymerase reaches a terminating sequence and the completed RNA transcript and RNA polymerase are released from the DNA 


Pre-mRNA has exons and introns, while mRNA only has exons.
Introns = noncoding
Exons = coding
A eukaryotic protein-coding gene is typically transcribed into a precursor-mRNA (pre-mRNA) that must be processed in the nucleus to produce translatable mRNA. The mature mRNA exits the nucleus and is translated in the cytoplasm.
MODIFICATIONS
At the 5′ end of the pre-mRNA is the 5′ cap, consisting of a guanine-containing nucleotide that is reversed so that its 3′-OH group faces the beginning rather than the end of the molecule. A capping enzyme adds the 5′cap to the pre-mRNA. The cap, which is connected to the rest of the chain by three phosphate groups, remains when pre-mRNA is processed to mRNA. The cap functions as the initial attachment site for mRNAs to ribosomes to allow translation.
The termination of transcription of a eukaryotic protein-coding gene is different from that of a prokaryotic gene in that there is no terminator sequence at the end of the gene in the DNA. Instead, at the 3′end of the gene is a sequence that is to be transcribed into the pre-mRNA. Proteins bind to this polyadenylation signal and cleave the pre-mRNA at that point. This signals the RNA polymerase to stop transcription. Then the enzyme poly(A) polymerase adds a chain of 50 to 250 adenine nucleotides, one nucleotide at a time, to the newly created 3′end of the pre-mRNA. The string of adenine nucleotides, called the poly(A) tail, enables the mRNA produced from the pre-mRNA to be translated efficiently and protects it from attack by RNA-digesting enzymes in the cytoplasm.
SPLICING
A process called mRNA splicing, which occurs in the nucleus, removes introns from pre-mRNAs and joins exons together. How does this occur? mRNA splicing occurs in a spliceosome, a complex formed between the pre-mRNA and a handful of small ribonucleoprotein particles (snRNPs)
Alternative Splicing. The removal of introns from a given gene is not absolute. That is, in certain tissues, or under certain environmental conditions, exons may be joined in different combinations to produce different mRNAs from a single DNA gene sequence. The mechanism, called alternative splicing, greatly increases the number and variety of proteins encoded in the cell nucleus without increasing the size of the genome. This process produces different mRNAs fro the same pre-mRNA by removing different combinations of exons along with the introns. 
Exon Shuffling.  different exons either within a gene or between two nonallelic genes are occasionally mixed. Evolution of new proteins by this mechanism would produce changes much more quickly than by changes in individual amino acids at random points.
UNIT 2-3 TRANSLATION
Translation is the use of the information encoded in the RNA to assemble amino acids into a polypeptide.
	
	Prokaryotes
	Eukaryoes

	Translation
	Occurs all over cell
	Occurs mostly in cytoplasm

	mRNA availability
	Available right away because it’s not confined to a nucleus
	Must first exit the nucleus

	Translation initiation
	 the rRNA of the ribosomal subunit finds the region with the start codon directly by base pairing with a specific ribosome binding site on the mRNA just upstream of the start codon. The large ribosomal subunit then binds to the small one to complete the ribosome.
	rRNA scans the mRNA from 5’ – 3’ searching for the start codon

	Elongation
	15-20 times/sec
	1-3 times/sec



· In translation, an mRNA associates with a ribosome, a particle on which amino acids are linked into polypeptide chains. As the ribosome moves along the mRNA, the amino acids specified by the mRNA are brought by tRNAs and joined one by one to form the polypeptide encoded by the gene.
tRNA STRUCTURE
· All tRNAs can base-pair with themselves to wind into four double-helical segments, forming a cloverleaf pattern in two dimensions. At the tip of one of the double-helical segments is the anticodon, the three-nucleotide segment that pairs with a codon in mRNAs. At the other end of the cloverleaf is a double-helical segment that links to the amino acid corresponding to the anticodon.
· wobble hypothesis proposed that the complete set of 61 sense codons can be read by fewer than 61 distinct tRNAs because of the particular pairing properties of the bases in the anticodons. That is, the pairing of the anticodon with the first two nucleotides of the codon is always precise, but the anticodon has more flexibility in pairing with the third nucleotide of the codon. 
· The process of adding an amino acid to a tRNA is called aminoacylation(literally, the addition of an amino acid) or charging (because the process adds free energy as the amino acid–tRNA combinations are formed). The final tRNA with an amino acid is called an aminoacyl–tRNA. Enzymes called aminoacyl–tRNA synthetases catalyze aminoacylation
RIBOSOMES
· [bookmark: N112A1]Ribosomes Are rRNA–Protein Complexes that Work as Automated Protein Assembly Machines. They translate the mRNA into a sequence of amino acids.
· Chloroplasts and mitochondria each have their own ribosomes in addition to those in the cytoplasm.

Structure of ribosomes:
· A finished ribosome is made up of two parts of dissimilar size, called the large and small ribosomal subunits
· The A site (aminoacyl site) is where the incoming aminoacyl–tRNA (carrying the next amino acid to be added to the polypeptide chain) binds to the mRNA. The P site (peptidyl site) is where the tRNA carrying the growing polypeptide chain is bound. The E site (exit site) is where an exiting tRNA binds as it leaves the ribosome.
STEPS OF TRANSLATION
1. Initiation - assembly of all the translation components on the start codon of the mRNA. In translation initiation, a large and small ribosomal subunit associates with an mRNA molecule and the first aminoacyl–tRNA of the new protein chain becomes bound to the AUG start codon. This is now called the initiator tRNA with an anticodon to the methionine-specifying AUG start codon. Each step in translation initiation is aided by proteins called initiation factors.
· The complex binds to the mRNA at the 5′cap and then moves along the mRNA—a process called scanning—until it reaches the first AUG codon (step 2). This is the start codon, and it is recognized by the Met–tRNA's anticodon. The large ribosomal subunit then binds, completing the ribosome (step 3). At the end of initiation, the initiator Met–tRNA is in the P site.
2. Elongation - Elongation involves reading the string of codons in the mRNA one at a time while assembling the specified amino acids into a polypeptide. 
· The P site, with one exception, can only bind to a peptidyl–tRNA—a tRNA linked to a growing polypeptide chain containing two or more amino acids. The exception is the initiator tRNA, which is recognized by the P site as a peptidyl–tRNA even though it carries only a single amino acid, methionine. The A site can bind only to an aminoacyl–tRNA. The tRNA previously in the P site binds to the E site and then leaves the ribosome.
· GTP provides energy for elongation. P site has initiator tRNA, and the A site is empty. First, an aminoacyl–tRNA with an appropriate anti-codon binds to the codon in the A site of the ribosome;
·  the amino acid (here, the initiator methionine) is cleaved from the tRNA in the P site and forms a peptide bond with the amino acid on the tRNA in the A site. Peptidyl transferase catalyzes this reaction. 
· The empty tRNA that was in the P site moves to the E site, from where it is released from the ribosome
3. Termination - completes the translation process when the last amino acid has been added to the polypeptide.
· switches from the elongation to the terminationstage when the A site of a ribosome arrives at one of the stop codons.  When a stop codon appears at the A site, a protein release factor (RF; also called a termination factor) binds at this site instead of an aminoacyl–tRNA (step 2). In response, the polypeptide chain is released from the tRNA at the P site as usual
MULTIPLE RIBOSOMES
· many rRNAs can translate the mRNA simultaneously. The entire structure of an mRNA molecule and the multiple ribosomes attached to it is known as a polysome 
FINAL POLYPEPTIDE
· Most eukaryotic proteins are in an inactive, unfinished form when ribosomes release them. Processing reactions that convert the new proteins into finished form include the removal of amino acids from the ends or interior of the polypeptide chain and the addition of larger organic groups, including carbohydrate or lipid structures.
· Proteins fold into their final three-dimensional shapes as the processing reactions take place. For many proteins, helper proteins called chaperones or chaperonins assist the folding process by combining with the folding protein, promoting “correct” three-dimensional structures, and inhibiting incorrect ones.
DIRECTING FINISHED PROTEIN TO THEIR DESGNATED LOCATION
· Proteins are found almost everywhere, and they are transferred to their designated place via signalling.
· Proteins made of free ribosomes remain in the cytoplasm. For all other proteins, a system of “address codes,” written in the form of amino acid sequences, serves as sorting signals, directing the proteins to their cellular locations, or out of the cell. The signals are coded in the DNA, transcribed into mRNAs, and “printed” in proteins as they are made. 
· One major signal pathway sends proteins to the ER. In these proteins, a short segment of amino acids called the signal peptide (or signal sequence) is in the first part of the polypeptide chain.
MUTATIONS
Base-pair substitution mutations involve a change of one particular base to another in the genetic material.
missense mutation  - codon is altered to give a different amino acid
nonsense mutation -  changes a sense (amino acid–coding) codon to a nonsense (termination) codon in the mRNA. 
silent mutations -  changed codon specifies the same amino acid as in the normal polypeptide
 frameshift mutation  - If a single base pair is deleted or inserted in the coding region of a gene, the reading frame of the resulting mRNA is altered.
UNIT 2-3 REGULATION

· An operon is a cluster of prokaryotic genes and the DNA sequences involved in their regulation.
· Each operon, which can contain several to many genes, is transcribed as a unit from the promoter into a single messenger RNA (mRNA), and as a result, the mRNA contains codes for several proteins. 
· The other regulatory DNA sequence in the operon is the operator, a short segment to which a regulatory protein binds. The regulatory protein is encoded by a gene separate from the operon that the protein controls. Some operons are controlled by a regulatory protein termed arepressor, which, when active, prevents the genes of the operon from being expressed. Other operons are controlled by a regulatory protein termed an activator, which, when active, stimulates the expression of genes.
Jacob and Monod
· researched the genetic control of lactose metabolism in E. coli.
1. LAC OPERON (inducible operon – negative gene regulation)
· for lactose metabolism, three genes are involved : lacZ, lacy, lac A. These are adjacent to eachother on the chromosome in the order Z-Y-A. They are transcribed as a unit into mRNA . 
· lacZ gene encodes for β-galactosidase, which splits lactose into glucose and galactose (galactose is then converted to another glucose)
· lacY codes for permease which helps transport lactose into cell
· lacA encodes a transacetylase enzyme, function unknown
LAC OPERON TURNED ON:
· Lactose enters the cell and the β-galactosidase molecules already present convert some of it to allolactose, an isomer of lactose. Allolactose is an inducer for the lacoperon—the isomer turns on the three genes in the operon. Allolactose does this by binding to the Lac repressor, inactivating it by altering its shape so that it can no longer bind to the operator.
·  With the repressor out of the way, RNA polymerase is then able to bind to the promoter, and it transcribes the three genes. The lac operon is called an inducible operon because an inducer molecule increases its expression.
LAC OPERON TURNED OFF:
When the lactose is used up, the regulatory system again switches the lac operon off. That is, the absence of lactose means that there are no allolactose inducer molecules to inactivate the repressor; the again-active repressor binds to the operator, blocking transcription of the operon. 
POSITIVE REGULATION
This system ensures that the lac operon is transcribed if lactose is provided as an energy source, but not if glucose is present in addition to lactose.
- when lactose is present, the operon will transcribe. When glucose is present in addition, it causes cAMP levels to be so low that the RNA polymerase cannot attach.  Therefore, if both glucose and lactose are present, the operon will not be transcribed.
2. TRP OPERON (repressible operon – negative gene regulation)
Tryptophan is an amino acid that is used in the synthesis of proteins. If tryptophan is absent from the medium, E. coli must make it so that proteins can be synthesized. If tryptophan is present in the medium, then the cell will use that source rather than make its own. In contrast to the Lac repressor, the Trp repressor is synthesized in an inactive form in which it cannot bind to the operator.

To compare and contrast the two operons we have discussed: (1) In the lac operon, the repressor is synthesized in an active form. When the inducer (allolactose) is present, it binds to the repressor and inactivates it. The operon is then transcribed. (2) In the trp operon, the repressor is synthesized in an inactive form. When the corepressor (tryptophan) is present, it binds to the repressor and activates it. The active repressor blocks transcription of the operon.


REGULATION IN EUKARYOTES
 In eukaryotes, the coordinated synthesis of proteins with related functions also occurs, but the genes involved are usually scattered around the genomes; that is, they are not organized into operons. Nonetheless, like operons, individual eukaryotic genes also consist of protein-coding sequences and adjacent regulatory sequences.
There are two general categories of eukaryotic gene regulation. 
· Short-term regulation involves regulatory events in which gene sets are quickly turned on or off in response to changes in environmental or physiological conditions in the cell's or organism's environment. This type of regulation is most similar to prokaryotic gene regulation. 
· Long-term gene regulation involves regulatory events required for an organism to develop and differentiate. Long-term gene regulation occurs in multicellular eukaryotes and not in simpler, unicellular eukaryotes. 
Genes in regions of the DNA that are tightly wound around histones in chromatin are inactive because their promoters are not accessible to the proteins that initiate transcription. Activating a gene involves changing the state of the chromatin so that the proteins that initiate transcription can bind to their promoters, a process called chromatin remodelling.
·  In one type of chromatin remodelling, an activator binds to a regulatory sequence upstream of the gene's promoter and recruits a remodelling complex, a protein complex that displaces a nucleosome from the chromatin, exposing the promoter. 
· In a second type of chromatin remodelling, an activator binds to a regulatory sequence upstream of the gene's promoter and recruits an enzyme that acetylates (adds acetyl groups: CH3 CO—) to histones in the nucleosome where the promoter is located. Acetylation causes the histones to loosen their association with DNA, and the promoter becomes accessible. (Reversible via deacetylation)

Organization of a Eukaryotic Protein-Coding Gene
· Immediately upstream of the transcription unit is the promoter, a short region often containing the TATA box. Transcription factors recognize and bind to the TATA box and recruit the RNA polymerase II. The combination of general transcription factors with RNA polymerase II is the transcription initiation complex.
· Once the RNA polymerase II–transcription factor complex forms, the polymerase unwinds the DNA and transcription begins. Adjacent to the promoter, further upstream, is the promoter proximal region, which contains regulatory sequences called promoter proximal elements. Promoter proximal elements are part of a regulatory system for increasing the rate of transcription. More distant from the beginning of the gene is the enhancer, which contains regulatory sequences that determine whether the gene is transcribed at its maximum possible rate.

[bookmark: bxdc_0001_0001_0_img0435.jpg]Activators of Transcription
Activators—regulatory proteins that control the expression of one or more genes—bind to the promoter proximal elements to increase the rate of transcription. When bound, activators interact directly with the general transcription factors to stimulate transcription initiation, so that many more transcripts are synthesized in a given time. 

Housekeeping genes—genes that are expressed in all cell types for basic cellular functions such as glucose metabolism—have promoter proximal elements that are recognized by activators present in all cell types. By contrast, genes expressed only in particular cell types or at particular times have promoter proximal elements that are recognized by activators found only in those cell types or at those times. 

A coactivator, a large multiprotein complex, forms a bridge between the activators at the enhancer and the proteins at the promoter and promoter proximal region and causes the DNA to loop around on itself. The interactions between the coactivator, the proteins at the promoter, and the RNA polymerase stimulate transcription to its maximal rate.

Repression of Transcription.
In some genes, repressors oppose the effect of activators, thereby blocking or reducing the rate of transcription. The final rate of transcription then depends on the “battle” between the activation signal and the repression signal.
Repressors in eukaryotes work in various ways. Some repressors bind to the same regulatory sequence to which activators bind (often in the enhancer), thereby preventing activators from binding to that site. Other repressors bind to their own specific site in the DNA near where the activator binds and interact with the activator so that it cannot interact with the coactivator. Yet other repressors recruit histone deacetylation enzymes that modify histones, leading to chromatin compaction and making a gene's promoter inaccessible to the transcription machinery.
Combinatorial Gene Regulation.
General transcription factors bind to certain promoter sequences such as the TATA box and recruit RNA polymerase II; this results in a basal level of transcription. Specific activators bind to promoter proximal elements and stimulate the rate of transcription initiation. Activators also bind to the enhancer to give maximal transcription of the gene.
Since some regulatory proteins are activators and others are repressors, the overall effect of regulatory sequences on transcription depends on the particular proteins that bind to them. If activators bind to both the regulatory sequences in the promoter proximal region and to the enhancer, transcription is activated maximally, meaning a high rate of transcription and therefore the production of a high level of the mRNA encoded by the gene. But if a repressor binds to the enhancer and an activator binds to the promoter proximal element, the amount of gene expression depends on the relative strengths of these two regulatory proteins
This operating principle solves a basic dilemma in gene regulation—if each gene were regulated by a single, distinct protein, the number of genes encoding regulatory proteins would have to equal the number of genes to be regulated. Regulating the regulators would require another set of genes of equal number and so on until the coding capacity of any chromosome set, no matter how large, would be exhausted. But because different genes require different combinations of regulatory proteins, the number of genes encoding regulatory proteins can be much lower than the number of genes they control.
Coordinated Regulation of Transcription of Genes with Related Functions.

There are no operons in eukaryotes, yet the transcription of genes with related functions is coordinated. How is this accomplished?
The answer is that all genes that are coordinately regulated have the same regulatory sequences associated with them. Therefore, with one signal, the transcription of all the genes can be controlled simultaneously. 
Let us consider an example of this: the control of gene expression by steroid hormones in mammals. A hormone is a molecule produced by one tissue and transported via the bloodstream to another specific tissue to alter its physiological activity. A steroid is a type of lipid derived from cholesterol. Examples of steroid hormones are testosterone and glucocorticoid. 
A steroid hormone acts on specific target tissues in the body because only cells in those tissues have steroid hormone receptors in their cytoplasm that recognize and bind the hormone. The steroid hormone moves through the plasma membrane into the cytoplasm and the receptor binds to it. The hormone–receptor complex then enters the nucleus and binds to specific regulatory sequences adjacent to the genes whose expression is controlled by the hormone. This binding activates transcription, and proteins encoded by the genes are made rapidly. This sequence is called a steroid hormone response element. 


METHYLATION OF DNA

· Methyl group is added to cytosine bases can also regulate transcription by inhibiting transcrtiption and turns genes off. Called splicing.
· Example: genes encoding for hemoglobin are highly methylated and inactive and to transcribe the gene the methyl groups have to be removed
Genomic imprinting – methylation permanently silences transcription of an allele. 

POSTTRANSCRIPTIONAL
· Controls availability of mRNAs
Types:
1.Alternative splicing in pre-mRNAs
2. “Masking proteins” which make mRNA unavailable for protein synthesis
3. Steroid hormone controls the rate at which eukaryotic mRNAs are broken down
4. MicroRNA binds to complementary mRNA and gene expression is silenced either by blocking the ribosome or by forcing ribosome to cleave the mRNA at the part that microRNA attached

TRANSLATIONAL

· Controls the rate at which mRNAs are used in protein synthesis
Done by adjusting the length of the poly(A)-tail. Increased length = increased translation, decreased length = decreased translation. 

POSSTRANSLATIONAL REGULATION
· Controls the availability of functional proteins 
1.Chemical modification – addition or removal of chemical groups which reversibly alters the activity of the protein (ex. Adding phosphate group to proteins can stimulate or inhibit the protein activity)
2. Processing – proteins are synthesized as inactive precursors which are converted to an active form under regulatory control (ex.. digestive enzyme pepsin is synthesized pepsinogen that activates by removal of a segment of aa)
3. Degradation – proteins have different life spans. Therefore enzymes can attack some proteins that need to be degraded



Unit 3 – Protein Targeting

· Proteins without a signal are made on free ribosomes and remain in the cytoplasm
· A signal on a protein is a specific aa sequence which are originally coded for in the DNA
Pathway to the ER

· rER makes proteins and transports them (cotranslational transport)
· Proteosome = gets rid of mistakes made in the making of a protein
· Signal peptide codes for a specific signal indicating where the peptide is to go. 
· Signal recognition particle (SRP) binds to it and blocks further translation
· SRP binds to the SRP receptor which docks the ribosome on the ER membrane; Protein synthesis then continues and the growing peptide is pushed into the ER lumen

Default Pathway
· Protein that enters the ER and doesn’t have a retention signal will be expelled out the cell
· KDEL is a retention signal in humans (in plants can be KDEL or HDEL)

Lysosome
· Protein transported from the ER via vescicles to the lysosome
· In animals, the signalling happens in the golgi to be transported to the lysosome

Mitochondrion
· Receptor for signal is TOM complex
· Protein is unfolded to move through complex and then refolded inside the mitochondrion

Chloroplast
· Same as in mitochondria but there’s multiple membranes so the receptors join from both membranes to allow the protein to pass easily. 
Nucleus

· Signal: NLS (in the middle of the protein, unlike the other signals that are on the ends). Signal goes through nuclear pores. 
· Proteins that go to the nucleus are composed of a signal-receptor complex. This way, if the nuclear membrane breaks down, the receptor is retained. It’s also in a complex because these proteins usually re-enter many times.
· Need ATP energy
Organelles

· Made on free ribosomes
· these proteins have signals that are bound by receptors in the organelle membranes, targeting them for entry into the organelles. Further signals on the proteins direct them to the different membranes or compartments inside the organelles.

GFP

· Green Fluorescent Protein
· Helps track the movement of organelles etc
· Can be mutated to any colour not just green
Pre-protein
· Protein that’s not cleaved
Pro-protein
· Protein that has been cleaved twice







