Dr. Chris Brandl  Topics 22 - 26
Topic 22
TRANSCRIPTION and GENE REGULATION

Readings Chapters 7 and 8
Humans have in the range of 25,000 genes. (See Table 9-1, p317) Of these ~5,000-10,000 are expressed in a tissue at any one time. The ability to induce the proper genes at the proper times is critical in the growth and development of all organisms and their ability to respond to their environment.

The importance of gene expression becomes evident when we realize defects in gene regulation often result in disease. Some of the most notable examples come from cancers where many tumor supressors (proteins required for the prevention of cancer) and oncogenes (a gene that makes a cell cancerous) are transcription factors. The importance of gene regulation also lends itself for potential avenues for cures. For example, inhibiting the gene expression of a pathogen (e.g. viruses) provides a clear and specific pathway for a cure. 

Steps in controlling Gene Expression 

The Central Dogma in its simplest form (See figure 7-1): 

         transcription                      translation 
DNA      -----  >          RNA             ----  >            Protein 

The Central Dogma defines transcription (copying of DNA into RNA) and translation (process of decoding an RNA to synthesize protein) as two key processes in gene expression. 

The RNA intermediary allows a step of amplification (in contrast to DNA where single copies exist, the RNAs for any single message can be produced at dramatically different levels; Figure 7-2). In addition RNA, unlike DNA, is unstable in the cellular environment. It can be rapidly degraded providing a mechanism to turn genes off and allowing additional regulation. 

Points of Gene Regulation in a EUCARYOTIC Cell   (FIGURES 7-23, 7-40, 8-3) 
In the pathway from gene to protein there are many potential points of regulation. Many of these are common for procaryotes and eucaryotes, others are specific for eucaryotes. 

(* steps are NOT found for procaryotes). These include: 

1. Rate of transcription. 

Transcription can be divided into stages: initiation, elongation and termination. Of these, initiation is often considered the principal site of regulation since it is the first.

*2. Rate of RNA processing (the steps converting a newly transcribed RNA into a molecule that can be translated) 
        For eucaryotes these RNA processing steps include: 
        5'    7-methylguanosine capping, 3' polyadenylation, RNA splicing of introns.

*3. Rate of transport of mRNA out of the nucleus. (Why is this not an issue for procaryotes?) 

4. Rate of mRNA degradation. (For details see ECB p290-293)
5. Rate of translational initiation, elongation and termination 

6. Protein processing (sometimes). Proteolytic cleavage (proteolysis; insulin is an example of a protein that is inactive when first synthesized and becomes active when it is "clipped" by a protease), phosphorylation (addition of a covalent phosphate group from ATP), glycosylation (addition of one or more sugar moieties), acetylation, (addition of an acetyl group to lysine) and others. 

7. Protein degradation (loss of the protein or turnover). The amount of protein present is determined by the balance of its rate of synthesis and its rate of loss. 

TRANSCRIPTION

Transcription Key Definitions 

1. The DNA sequences required for transcriptional initiation are called the promoter. The promoter includes the sequences that 1) recognize RNA polymerase and 2) any gene specific regulatory factors. 

2. The DNA sequences required for transcriptional termination are called the terminator. 

3. Transcription is catalyzed by the enzyme RNA polymerase. 

4. Gene specific regulatory proteins (or transcription factors) are the key molecules in the differential transcription of genes. 

Bacterial transcription is very similar to eucaryotic transcription in the basic process and the structure/function of the molecules involved. Because it is somewhat simpler, we will focus on bacterial transcription and then introduce some of the differences with eucaryotic cells.  

RNA Polymerase (Fig. 7-7)
The core bacterial polymerase is a large enzyme which contains 4 subunits, 2 alpha subunits and single beta and beta’ subunits . This enzyme will synthesize RNA from ends or nicks in DNA templates but it lacks promoter specificity (ie, it cannot recognize what is a promoter). The RNA polymerase holoenzyme will transcribe RNA specifically from promoters (i.e. it can recognize promoters). In addition to 2 alpha, beta and beta’ subunits it contains a sigma subunit which enhances recognition of promoter structures and decreases binding to nonpromoter DNA. 

Steps in INITIATION (See Figure 7-9) 
Transcriptional initiation can be divided into steps. 

1. Polymerase recognizes and binds to the promoter DNA. This is called the closed complex. Promoter recognition is via the sigma factor. Sigma makes base specific contacts with the promoter. 

2. Polymerase unwinds the DNA strands at the transcriptional start site. This complex of polymerase and unwound promoter DNA is called the open complex. 

3. The first NTP is brought to the template. No primer is required. Base pair rules apply. 

4. Using NTPs (A,G, C,U) as substrates, chain elongation begins and proceeds in a 5'-3' direction. Phosphodiester bonds are formed and PPi (pyrophosphate) is released. 

5. With the incorporation of 5-10 nucleotides, sigma falls off. 

6. The transcription bubble moves downstream with reannealing of DNA behind. 

7. Chain elongation continues until a terminator sequence (a DNA sequence that tells RNA polymerase to stop transcribing) is reached and the polymerase falls off. 

Structure of Bacterial Promoters See Figure 7-10 

There are recognition sites on bacterial DNA that signal the recruitment of the RNA polymerase holoenzyme. Relative to the start site of transcription that occurs at +1, 
these are found centered at approximately -35 and -10. The consensus sequences for these are: 

-10 consensus is TATATT 
(Note:  This is similar but not the same as the eucaryotic TATA element. When written like this, by convention it is the coding strand in the 5' to 3' direction). 

-35 consensus is TTGACA

These sequences, when properly spaced are sufficient for recognition of the promoter by the holoenzyme. As outlined below other transcription factors play critical roles in regulation. Note that these are consensus sequences. Not all promoters have exactly these sequences.

How is Transcription Differentially Regulated? 

There are two key reasons why some bacterial promoters are transcribed more than others. 

1. Strength of the basic promoter elements 
(not all —10 and —35 sequences are equally active; they bind RNA polymerase holoenzyme with different affinities). 

2. Gene specific regulatory proteins bind specific DNA sequences found in one or more promoters and serve to activate or repress transcription.

Examples: Tryptophan (Trp) repressor as the name suggests is an example of a repressor. 

The Catabolite Activator Protein (CAP) regulates transcription of the lac operon and other genes involved in carbon metabolism. CAP is an example of an activator protein. 

The TRP Operon 

See Figure 8-6

The genes required for tryptophan biosynthesis in E. coli are transcribed as a single unit from a common promoter. This type of gene structure is called an operon and is common in bacteria but not found in eucaryotes. From this single transcript more than one protein can be translated. 

As shown in Figure 8-7 of the text, RNA polymerase is recruited to the Trp promoter by the –10 and –35 sequences allowing transcription when tryptophan concentrations are low in the media. When tryptophan concentration is high, the Trp repressor binds tryptophan. An allosteric conformational change occurs in the repressor's structure such that it can bind an operator site within the promoter. Binding of the repressor sterically inhibits the access of RNA polymerase to the promoter. 
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      * PS Figure 8-18 The Trp repressor monomer.                
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*PS Figure 8-19 Shows the Trp repressor dimer with the core of the protein held together via protein-protein interactions.


The Trp Repressor.  (Protein Science Fig 8-18) Trp repressor is a 107 amino acid protein. It contains a helix turn helix motif that is required for DNA binding. Alpha helicies 4 and 5 are involved with DNA recognition. Amino acid side chains on helix 5 making base specific contact with the nucleotide residues within its binding site. Like most DNA binding proteins, the Trp repressor binds DNA as a dimer. This two-fold symmetry leads to the recognition of palindromic sequences on the DNA (this point will be very evident when we discuss restriction enzymes). 
Recognition helix 5 on each of the two dimers makes base specific contacts in two consecutive major grooves of the DNA. When tryptophan is not bound to the Trp repressor, the recognition helices are tilted inward and cannot fit into the major groove. 
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*PS Figure 8-20 (a) Shows the repressor in the absence of bound tryptophan. It cannot bind the operator DNA. (b) Shows the active repressor (ie. capable of binding its operator) when tryptophan is bound. 

Positive Control 

Gene specific regulatory proteins can also act to enhance transcription. Increased transcription is generally accomplished by increasing the rate of recruitment of RNA polymerase or the activity of RNA polymerase. Both enhanced recruitment or activity of RNA polymerase are usually achieved by protein-protein interactions between the activator protein and RNA polymerase. 

The Lac Operon (Fig 8-9)

The lac operon contains the genes required for the metabolism of lactose in E.coli. Studies of its expression have been integral to our understanding of gene expression. Jacob and Monod won a Nobel Prize for their pioneering work on the lac operon. 

Expression of lac is controlled by two signals. The first is negative regulation similar (but note the differences) to what is seen for the trp operon. Cells only require expression of the lac operon if lactose is in the media. In the absence of lactose the lac repressor binds the promoter, inhibiting the action of RNA polymerase. The lac repressor binds lactose when lactose is present in the growth media. Lactose binding to the lac repressor, results in a conformational change in the protein so that it no longer binds the operator sequence in the promoter allowing transcription.

The second mechanism for regulating the lac operon involves control by glucose. All cells preferentially use glucose as their carbon source. In the presence of glucose, the genes required for the metabolism of other carbon sources are shut off. This is known as catabolite repression. In E.coli catabolite repression occurs through the induction of genes in the absence of glucose.

When the concentration of glucose is low in the media, the intracellular concentration of cAMP rises. At high concentrations of cellular cAMP the E. coli Catabolite Activator Protein (CAP) binds cAMP. A conformational change occurs in CAP upon binding cAMP that allows the protein dimer to bind DNA in a site specific fashion. At the lactose operon, the CAP binding site is upstream (5') of the -35 sequence. Through direct protein-protein interactions with polymerase, CAP stimulates the recruitment of RNA polymerase to the promoter.  
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PS 8-24 The figure above shows the CAP dimer bound to DNA. CAP like many bacterial transcriptional regulatory proteins contains a helix-turn helix motif. Because of its dimeric nature (like the Trp repressor) it also binds a palindromic site with two-fold symmetry. 

Key points for Regulated Transcription 

There are many transcription factors in bacterial cells. The mechanisms by which they regulate transcription are very similar. 

1. Regulation is through the action of one or more site-specific DNA binding proteins. These binding proteins recognize internal or environmental signals (e.g. cAMP for CAP) either directly or indirectly. 

2. The regulatory proteins stimulate or repress the promoter binding or activity of RNA polymerase. 

3. Activation is through protein-protein interactions. (e.g. CAP interacts with RNA polymerase). 

Differences in Transcriptional Regulation between Procaryotes and Eucaryotes  

Although generally very similar, there are differences in the process of transcription in procaryotes and eucaryotes. 

1. Eucaryotes have three different RNA polymerases (bacteria have one). (Table 7-2)

Pol I     for ribosomal RNA rRNA 
Pol II    for messenger RNA mRNA 
Pol III   for tRNA and  snRNA
2. Eucaryotes do not have operons. Genes are transcribed as single units. 

3. Promoter Recognition is through a distinct set of proteins. The role of these distinct factors is similar to bacterial sigma but more complex. One of these factors, the TATA-binding protein (TBP; Figure 8-11), is a component of the transcription factor TFIID. It binds a basal promoter element, the TATA-box, found ~20 basepairs upstream of the transcriptional start site +1. Refer to Figure 7-12. 

4. Regulatory elements are often located many thousands of base pairs distant from +1. They may be brought into proximity of the promoter by DNA looping. (Figure 8-10)

5. Nucleosomes and higher order chromatin structure (Figures 5-22, 5-25, 5-27, 5-28, 8-11) can have a profound effect (both positively and negatively) on determining the access of transcription factors to DNA. Much of eucaryotic transcriptional control involves the regulation of chromatin structure which occurs in part through the modification of nucleosomes.

6. Combinational Control: groups of proteins work together to determine the expression of a single gene. 

Figure 8-12 also summarizes many of these points: TBP and promoter recognition, DNA looping, role of multiple factors at eucaryotic promoters 

Other DNA binding motifs 
In bacteria we focused on two transcription factors with helix turn helix DNA binding motifs. Many other DNA binding motifs or folds have been characterized for eucaryotic transcriptional regulators. As shown in Figure 8-5, these include: 
   
 Zn finger, Homeodomain, Leucine zipper, Helix loop helix 
Like the helix turn helix these function as dimers (usually homodimers but sometimes heterodimers), generally make contacts in the major groove and interact with palindromic recognition sites. 

Topic 22 Review Questions 
22-1.  Bacteria contain more than one sigma factor. Why might these be important in gene expression? 
22-2. Yeast induce the transcription of genes required for metabolism of galactose when galactose is present in their growing media. Outline two strategies by which this might occur. In one case assume positive regulation. In the second case assume negative regulation. 

22-3. Contrast and compare the mechanisms of transcription and replication. 

22-4. Protein-protein interactions are very important in gene regulation. Indicate protein-protein interactions that are important in gene expression.

22-5. Much of the early work on the regulation of the lac operon involved the identification and characterization of mutations that resulted in altered expression of the operon. For mutations with the following characteristics, what would happen to expression of the lac operon in media containing lactose, glucose, or glucose and lactose?

a) a mutation within the lac repressor such that it no longer binds to DNA                               b) a mutation within the lac repressor such that it no longer binds to lactose                            c) a mutation within the lac repressor such that it always binds the operator                            d) a mutation within the lac operator such that it no longer binds the lac repressor                   e) a mutation within the catabolite activator protein such that it no longer can bind DNA        

f) a mutation within the catabolite activator protein such that it is always bound to DNA

Topic 23

RNA PROCESSING IN EUCARYOTES

Readings 240 - 246
 The primary RNA transcript must be processed to become a translatable mRNA. 

1. Capping of the 5' end of the message with 7 methyl guanosine (Figure 7-16). 

Capping is required for RNA export from the nucleus, aids in stabilizing the mRNA from being degraded and acts as a translational signal. 

2. Polyadelylation: the addition of a long A-tract to the 3' end of the RNA. 
The RNA is first cleaved ~ 30 bases following an AAUAAA sequence which is 3’ to the coding region. A string of A residues is then added. 

5'_________________________AAUAAA (30 bases)_____________3' 
                                                                                    ^  cut 
5'________________________________________AAAAAAAA(300) 3' 

Polyadenylation is thought to provide additional stability to the message by reducing effects of 3' exonucleases, has a role in the nuclear export of the mRNA and in its translation. 

3. Splicing 
In eucaryotes protein coding sequences of genes can be interrupted by one or more noncoding sequences called introns (Figure 7-17). The coding sequences are called exons (expressed). 

Figure 7-14 shows the intron-exon structure of 2 genes. 

The origin of introns is unclear. Have procaryotes lost introns or have eucaryotes gained introns? Their utility, though, is fairly obvious. Introns provide the opportunity for differential splicing. That is, the mRNA can be put together in different ways generating functionally related but distinct gene products. Differential splicing is seen particularly in cases where tissue specific forms of a protein are created (Figure 7-21). 

How are introns removed from the primary RNA? 

Specific sequences within and surrounding the intron target the intron for removal. 

(See Figure 7-19) These are the 5' junction, branch point (or acceptor site) and the 3' junction. Loss of theses sites results in defects in splicing. In fact some of the thalasemias   (genetic disorders resulting in anemia) are the result of the loss of splice junctions in the globin genes. 

snRNPs 

Introns are removed as the result of the catalytic activity found in small nuclear ribonucleoprotein particles (snRNPs=snurps). SnRNPs as the name suggests are complexes of RNA (small nuclear RNA) and protein. The RNA component has a recognition function through base pairing with sites on the pre RNA. SnRNPs are also critical in arranging the ends into position. In all there are 5 snRNPs (U1, 2, 4, 5, 6). The assembly of snRNPs that catalyze splicing is called a splicesome. 

Splicing occurs by 2 transesterification reactions. (Fig. 7-20) Cleavage at the exon 1-intron boundary results from the attack of the 5' splice junction by adenine in the branch point. This generates a lariat structure as the result of the unique 2'-phosphodiester bond. In the second reaction the 3'-OH of exon 1 reacts with the 3' splice junction cutting out the intron and joining the exons. The lariat is displaced and soon degraded. 

Self-Splicing Introns 

In pre mRNA in protozoa, mitochondria and chloroplasts, snRNPs are not required. The RNA is capable of catalyzing its own conversion to mRNA. This is one example of RNAs having catalytic potential. Another example is ribozymes which catalyze the cleavage of other RNA molecules in a sequence specific fashion. Ribozymes have obvious therapeutic potential in the destruction of viral pathogens. They represent particularly promising tools because of their specificity. This specificity originates from the need for base-pairing. 

RNA Export (Fig 7-22)

In eucaryotic cells RNA is synthesized in the nucleus and translated in the cytoplasm. Mature mRNAs need to be transported from the nucleus to cytoplasm. On the other hand the “waste” products of splicing (introns) need not be transport. Transport through the nuclear pores is thus a regulated process that requires the recognition of proteins bound to the poly A-tail and the 5’ cap. Nuclear pores themselves are a highly organized set of proteins that allow passage through the nuclear membrane.

Topic 23 Review Questions 
23-1.  Outline a strategy by which differential/ alternative splicing of a pre-mRNA could occur. 

23-2. How are RNA molecules important in determining the sites for splicing? 

Topic 24

TRANSLATION

Readings 246 - 258
The decoding of the mRNA to produce a protein occurs on the ribosome. This process of translation is complex, requiring many RNA and protein factors. 

Genetic Code (See. Figure 7-24) 

The mRNA "spells out" the amino acid code in 3 letter "words" called codons. Any one protein has a specific reading frame that is determined by where the decoding process begins (figure 7-25). 



The code is: 

Universal (found in all organisms) 
Nonoverlapping 
Commaless, no gaps (gaps were removed by splicing) 
61 codons for 20 amino acids; therefore redundant 
Redundancy occurs at the 3rd position of the codon (wobble) 
3 stop codons 
1 start codon

Note also the following features of the code. Why might they have evolved?

1. More common amino acids (found often in proteins) have more codons. 

2. Related amino acids have similar codons. 

E.g: 
   Gln              Glu               Asp 
CAA/ G       GAA/ G        GAC/U 

tRNA (See, Figure 7-28) 

Translation depends on tRNA (transfer RNA) molecules. tRNAs serve as the vehicle that brings amino acids to the growing chain. They function in a codon specific fashion relying on base pairing rules. tRNAs are ~80 nucleotides in length and have a cloverleaf secondary structure. The anticodon or the tRNA hybridizes with the codon. The correct amino acid is covalently linked to the 3' end of the tRNA. Wobble codons come from the fact that accurate base pairing for some of the tRNAs only requires matching at the first 2 positions. 

Amino Acid Activation— Aminoacyl tRNA synthetases
Amino acid activation fulfills two important requirements: 

1. Provides an energy source for later peptide bond formation. 
2. Provides specificity by matching the correct amino acid to the specific tRNA.

(Figure 7-29) 
Amino acid activation is a TWO STEP reaction, both catalyzed by the aminoacyl tRNA synthetase. 

AA + ATP > AA-AMP + PPi        (where AA= amino acid) 

AA-AMP + tRNA > AA-tRNA + AMP 

The result is that by using ATP as the energy source the carboxyl group of a specific amino acid is coupled to the 3' end of the tRNA by a high energy bond. 

Ribosomes 

Protein synthesis occurs on large multimeric protein RNA complexes called ribosomes. Fig. 7-31 Ribosomes have two subunits, a large and a small subunit. These small and large subunits are composed of both RNA and protein. In eucaryotes the small subunit contains 33 proteins and 1 RNA while the large subunit contains 49 proteins and 3 RNAs. The small subunit matches tRNAs to the codons. The large subunit catalyzes the formation of peptide bonds. The RNA found in ribosomes is called rRNA. Figure 7-32 

There are 3 sites for tRNAs on the ribosome. Two of these are occupied at any one time. 

A         aminoacyl tRNA site 

P         peptidyl tRNA site 

E         exit site 

The mRNA is bound in proximity to the A and P sites. 

mRNA is decoded in a 5' to 3' direction, one codon at a time. 

The Process of Translation (See, Figure 7-33) 

Assume that the ribosome is already in the process of translating an mRNA. A tRNA is joined to the growing polypeptide in the P site. An aminoacyl tRNA is bound in the A site. The energy of the amino acid-tRNA bond in the P site is used to form a peptide bond between the amino group of the amino acid in the A site with the carboxyl group of the amino acid residue in the P site. The reaction is catalyzed by a peptidyl transferase activity in the ribosome. The reaction is coupled to a conformational change in the ribosome that effectively results in a shift of the small subunit relative to the large subunit. In turn this results in a shift of the tRNAs to the E and P sites from the P and A sites respectively. In the final step of the cycle, the small subunit moves downstream precisely 1 codon (3 bases), placing a new codon in the A site and resulting in the release of the tRNA from the E-site. 

Initiation of Translation 
Initiation is the key step in deciding whether an mRNA is to be translated. Translation begins at an AUG codon and with a special initiator tRNA that carries methionine (Met).   Figure 7-35 
In eucaryotes the initiator tRNA is loaded onto the small subunit with initiation factors (proteins). The loaded small subunit recognizes the 5' Cap (not to be confused with the bacterial transcription factor) of the mRNA and translocates in a 5' to 3' direction until it finds an AUG codon. The initiation factors then dissociate, allowing the large subunit to bind the small subunit. In this process the initiator tRNA is positioned at the P site. 

Figure 7-36 In bacteria multiple open reading frames (ORFs) are found in a single message. The result is that more than one protein must be translated from the RNA. The ribosome can initiate translation at internal AUGs. Specificity comes from the fact that 5' of each functional AUG is a ribosome binding site which is required for efficient recruitment of the ribosome. 

Termination of Translation 

Stop codons signal the end of translation. Release factors associate with the ribosome when any one of the three stop codons reaches the A site of the ribosome. These factors cause the peptidyl transferase activity to catalyze the addition of a water molecule to the end of the chain. (Fig. 7-37)
Antibiotics and Translation 

The majority of known antibiotics used to treat bacterial infections block translation. The complexity and importance of translation makes it a prime target for disruption. The one notable exception to this is the penicillin/ampicillin family of antibiotics.  

(Also see Table 7-3)  

	Puromycin.
	Resembles the 3' end of Tyr-tRNA and binds to the A site.

	Streptomycin.
	Binds to bacterial ribosomes resulting in the misreading of mRNAs.

	Chloramphemicol.
	Inhibits the peptidyl transferase activity of bacterial ribosomes.

	Tetracycline.
	Binds to the small subunit of bacterial ribosomes inhibiting the binding of tRNAs.


Topic 24 Review Question 24-1. At what steps in translation is the specificity of the reaction determined? 

Topic 25

RECOMBINANT DNA TECHNOLOGY - GENETIC ENGINEERING

Readings Chapter 10
Readings from Genome 3; p 63 – 65, 112 – 115, 133 - 143

Definition:  The techniques by which DNA fragments from different sources (different chromosomes, different organisms, or man-made) are recombined to make a new DNA molecule. 

Introduction 

People have been manipulating genes for thousands of years using selective breeding. Dog breeds and present day crops are prime examples. While obviously productive these efforts are slow and limited to breeding species. 

Up until the early 1970s, DNA was hard to work with at the molecular level. Individual genes are contained amongst other genes in a long linear polymer. The compositions of most DNAs are similar as they are composed of only 4 bases, therefore, traditional biochemical approaches were not well suited for separating and analyzing individual genes. 

Manipulation of genes in the lab is now easy using the tools of recombinant DNA technology. The implications are enormous! 

In Research. 

Recombinant DNA Technology (RDT) has allowed the rapid expansion of scientific knowledge. This has not only been in areas of gene structure (promoter and origin mapping, intron-exon structure, etc) and function (transcription, splicing, transposition, replication, translation) but in all areas of biochemistry and cell biology. 
The power of RDT directly reflects the link between genes and proteins as defined in the Central Dogma. RDT has thus introduced a novel way to study protein structure and function most notably in the form of site directed mutagenesis, protein overexpression, and protein engineering. 
The combination of RDT and computational science has also enabled the analysis of whole genomes (Bioinformatics). The complete genome sequences of many hundreds of organisms are now known. This has dramatically changed the approaches we use to understand biochemical and cell function.

In Biotechnology (defn. the use of organisms to do work for man). 

Recombinant DNA technology is the driving force behind the modern biotechnology industry. The impact on human health is evident in diverse areas, but most notably in the pharmaceutical industry and in agriculture.

RDT has had a major impact in biotechnology because: 

A.     It has enabled the production of large amounts of otherwise rare proteins. 
B.     The techniques to introduce genes across species barriers have been developed.                     C.    RDT has allowed the creation of novel proteins and even modified organisms.

Areas where RDT has allowed dramatic changes in biotechnology include: 

Medicine: Drug production and creation (e.g. vaccines, human insulin, growth hormone, Factor VIII), diagnosis, genetic counseling and screening, as well as the potential for gene therapy. 

Agriculture: The production of crops with unique features e.g. nonspoiling tomatoes, pest resistant corn, vitamin enhanced crops. The potential for crops with increased yield e.g. canola 

Environment: e.g. PCB and oil eating microbes 

Forensics and Law: DNA fingerprinting

The importance of RDT in biotechnology and its major role in the creation, design and production of novel products has opened up many career opportunities for molecular biologists and biochemists. Note that the basics for RDT follow from the principles of Biochemistry. 

In our study of Recombinant DNA technology we will cover 13 areas of interest. 

1. Restriction enzymes — gene mapping 
2. Separating nucleic acid molecules by electrophoresis 
3. Oligonucleotides 
4. DNA sequencing 
5. DNA hybridization — melting and renaturation 
                - blotting 
6. Bacterial plasmids 
7. Gene cloning — ligation, recombinant molecules and transformation 
8. PCR 

9. cDNA and genomic libraries
10. Sequencing of Genomes

11. Protein overexpression 
12. Mutagenesis 
13. Transgenic Organisms 

1. RESTRICTION ENZYMES

Individual genes are parts of much larger entities, the chromosome. Identification, characterization (sequencing) and use (mutagenesis, overexpression), requires that a gene be resolved from other genes. Until 30 years ago the options to separate one gene from another involved physical approaches that sheared the DNA randomly. The non-specificity made this approach very limited. 

In the early 1960's it was noted that if you transfer bacterial viruses from one strain to another that the infectivity or titre could vary. E.g. A virus isolated from E. coli strain C when infected into E. coli strain K has a thousand-fold lower titre. The virus is said to be restricted by the second host. Restriction is due to degradation of the phage (virus) DNA.

The enzymes responsible for this degradation were first identified in the early 1970s by Hamilton Smith who won a Nobel prize for his discovery. His identification, of what became known as restriction enzymes, was one of the most important discoveries in the development of RDT.

There are two types of restriction enzymes. 

Type I enzymes show specific recognition, but nonspecific cleavage of DNA 
                (because of the nonspecific cleavage these are not used in RDT) 

Type II enzymes show specific recognition and specific cleavage of DNA 

There are approximately 300 Type II restriction enzymes now known. They are site specific DNA binding proteins which in general recognize and cut palindromic sequences most commonly of 4, 6 and (less often) 8 bp. Palindromic sequences are the same on the one strand as the other. (Note that this contrasts to the meaning in language).   

	For example the restriction enzyme EcoRI recognizes the sequence 

5' GAATTC 3' 
3' CTTAAG 5'
	and cuts after the underlined bases to generate 

     5' G      AATTC 3' 
     3' CAATT      G 5'


Note that the ends are staggered and complementary. They are referred to as sticky ends because they can base pair and reanneal. Note also that the ends have 5' overhangs.

	The enzyme Sac I cuts the sequence GAGCTC  
(when written this way it is assumed that the DNA is double stranded and from 5' - 3') 
	 to give 

5' GAGCT     C 3' 
3' C     TCGAG 5'


These ends are also sticky. They are not complementary to the EcoR1 ends but they are complementary to other Sac I ends. Note in this case there are 3' overhangs.

	The enzyme Sma I cuts the sequence CCCGGG
	to give 

5' CCC   GGG 3' 
3' GGG   CCC 5'


In this case there are no sticky ends but rather blunt ends (Figure 10-2).

Nomenclature: The naming of restriction enzymes follows a strict pattern. For example the third restriction enzyme isolated from Haemophilus influenza strain D is known as HindIII. 

DNA Ligase (See, Figure 10-6) 

While restriction enzymes act as scissors, the enzyme DNA ligase (usually isolated from the T4 bacteriophage) acts as glue. Given a 5' phosphate it will reseal compatible sticky ends. Although less efficient it will also reseal (ligate) blunt ends. The reaction requires an energy source. The enzyme from T4 bacteriophage hydrolyzes ATP to AMP + PPi. The activity of DNA ligase is critical in the construction of recombinant molecules. 
Restriction Maps 

A fragment of DNA can be defined by the number and position of the restriction sites it contains. Mapping the position of these sites can be done through a series of single and double restriction digests then the analysis of the sizes of these fragments by gel electrophoresis. 

Topic Review Questions
25-1. If you digest the human genome with the restriction enzyme NotI (8bp site), ~ how many DNA fragments will you get? 
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25-2. The DNA sequences (show on the right) are cut at the indicated positions with different restriction enzymes. All cut leaving sticky ends. One pair are compatible ends for cloning. Which are they? 

2.     GEL ELECTROPHORESIS OF DNA 
(Fig. 10-3)

Because DNA is relatively uniform in composition and has limited secondary and tertiary structure, different DNA fragments are most easily separated by size. Sizing of DNA is most easily accomplished by gel electrophoresis using polyacrylamide or more often agarose as the separating matrix. The agarose serves as a molecular sieve in which the DNA molecules must snake through the pores in the matrix. Small DNA molecules move more easily through the pores and thus can migrate faster. The DNA is pulled through the gel matrix by placing the gel in an electric field. DNA being negatively charged at near neutral pH migrates towards the +ve pole. Having a uniform mass to charge ratio, it is solely the differential sieving based on size of the DNA that is responsible for its separation. 

There are two routine methods for visualizing the DNA on the gel. DNA itself has no colour; however, ethidium bromide (EtBr) will intercalate between the bases and fluoresce red in UV light. The degree of staining is proportional to the amount of bound EtBr which is proportional to the mass of each DNA fragment. If the amount of DNA is low, EtBr staining does not have sufficient sensitivity. In this case the DNA is radioactively labeled using 32P. One of the most common methods is to transfer 32P to the 5' ends of the DNA fragment using gamma 32P-ATP and the enzyme polynucleotide kinase. Labeling the ends of the DNA allows their detection after exposure of the gel to X-ray film (autoradiography). 

3.    SYNTHETIC OLIGONUCLEOTIDES

Many applications of recombinant DNA technology require the use of synthetically made single stranded DNAs. These uses include: hybridization probes, primers for DNA sequencing, PCR and mutagenesis. The technology available today allows the automated synthesis of single stranded DNAs of up to ~ 100 bases. 

                                  4. DNA SEQUENCING (Fig. 10-20, 10-21)

Definitive characterization of a DNA requires determination of its sequence. It can also be said that the sequencing of an organism's genome fully provides the blueprints for that organism. The sequence thus identifies all potential disease causing genes and drug targets, and provides the incentive for the genome sequencing projects.

Up until the mid 1970s it was extremely difficult to sequence DNA. Two methods were developed which overcame the former difficulties. 

Chemical Sequencing — developed by Alan Maxam and Walter Gilbert (Nobel Prize winner) 

Dideoxy or chain termination sequencing —developed by Frederick Sanger (Nobel Prize winner) 

The latter is technically simpler, more consistent and more easily automated. It is now the method of choice. The procedure relies on the enzymatic extension of a primer using the DNA of interest as the complementary template. A primer (a short oligonucleotide complimentary to the DNA of interest) is annealed to the template DNA. A series of 4 extension reactions are setup. Each of these contains one chain terminating 2,3 dideoxynucleotide triphosphate; ie ddATP, ddGTP, ddCTP, or ddTTP. The ddNTP is present at a ratio relative to its counterpart dNTP (eg ddATP/dATP) such that random incorporation of the ddNTP will occur ~once per every 500bp. The four reactions are separated by denaturing polyacylamide gel electrophoresis and examined by autoradiography. A similar strategy is used for automated sequencing with the exception that each of the 4 ddNTPs is tagged with a different flourescent label which allows its unique detection. 

Topic Review Questions
25-3.  Using the Sanger dideoxy-sequencing method, one synthesizes double stranded DNA using a specific primer and a DNA polymerase. The DNA products are separated on polyacrylamide gels that distinguish single stranded DNA differing by as little as a single base. What happens to the second DNA strand?   Why is it not seen? 

25-4.  By mistake you add two primers to your sequencing reaction. What might your autoradiograph of the gel look like? 
5. HYBRIDIZATION
Hybridization is a tool to detect a DNA sequence (Figure 10-5). 

The Tm is the temperature at which 1/2 of a specific double-stranded DNA has become single-stranded (melted). What determines the Tm? 

Intrinsic factors. 

1. A:T / G:C ratio       The more G:C the higher the Tm. 

(2 vs. 3 hydrogen bonds in the base pair and increased base stacking)

40% G:C 87C 

60% G:C 95C  

2. Length of the helix. Shorter molecules melt at lower temperatures. A rough formula can be applied whereby the melting temperature is the sum of 2C for each A:T plus 4C for each G:C base pair.

Extrinsic factors. 
1. Counter-ions neutralize the negative charge in the phosphate backbone — reduce repulsion. Higher salt raises the Tm. 

2. Solvent — formamide and urea will decrease Tm by weakening hydrogen bonding amongst the bases.

Imperfect matches have lower Tm than perfect matches. 

    For e.g. 
    15 of 15 matches --> 50 C 
    14 of 15 matches --> 40 C 

Melting is reversible. 
Denaturation      <-->      Renaturation

The renaturation requires appropriate conditions. Salt. Slow-cooling 

Any 2 nucleic acid strands will hybridize (ie anneal with one another) if they share sufficient complementarity. 

        ssDNA  with DNA (ss= single strand) or    ssDNA with RNA or     RNA with RNA 

Types of Blots 

Since the mid 1970's most nucleic acid hybridizations have been performed with one of the partners being immobilized to a membrane filter (nitrocellulose or nylon). The blots have been named depending upon the nature of the molecule on the membrane and the probing molecule. The first blot used was named for the inventor Ed Southern.   

	Probe 
	Filter 
	

	DNA 
	DNA
	Southern Blot

	DNA 
	RNA
	Northern Blot

	Antibody 
	Protein
	Western Blot

	DNA 
	Protein
	South Western Blot


Hybridization is a powerful tool to find a gene of interest. 
(See figures 10-5, 10-12, 10-31, 10-32, 10-33) 

Steps in a Northern Blot are as follows 

Problem: You have found a gene that you believe is important in muscle development. Before proceeding you wish to determine if this gene is expressed in other cell types. 

Step 1. Isolate RNA from different tissues. E.g. muscle, liver, spleen, brain etc. 

Step 2. Separate the RNA on the basis of size by agarose gel electrophoresis. 

Step 3. Transfer the separated RNA to a membrane (nitrocellulose or nylon). 

Step 4. Prepare a radiolabeled probe of the fragment of interest. If the probe is double stranded DNA it must be denatured. If it is single-stranded DNA or RNA it must be the complementary strand.  
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Step 5. Incubate the "HOT" probe with the filter. (~10 C below the Tm). 

[image: image6.png]BamH1  pyy

v
OR1 Amp
BamH1



Step 6. Wash away the nonspecifically bound probe. 

Step 7. Expose the probed filter to X-ray film.

Band(s) will appear in the lanes of the tissues in which the gene is expressed.   Which tissues express the gene? 

Why might there be two bands in the lane marked liver? 
DNA Microarrays (Fig 10-33)

DNA Microarrays allow the analysis of thousands of genes at a time. In this procedure DNA probes labeled with fluorescent tags are hybridized to DNA fragments fixed to microscope slides.
The standard use of microarrays is to answer the question of which genes are induced in a cell type in response to a change in condition.

cDNA probes are engineered for total mRNA expressed in the two conditions; one is tagged with a red fluor (Condition X), the other with a green fluor (Condition Y). DNA representing many or all of the open reading frames (ORF) in a cell type are arrayed on the glass slide. The two fluorescent probes are hybridized to the array and detected by an automated scanning laser microscope. Red spots indicate genes that are expressed only in condition X. Green spots indicate genes expressed only in condition Y. Yellow spots (green + red) indicate genes expressed in both conditions.

Topic Review Questions 
25-5.  A circular plasmid of 5000bp is digested with EcoR1, BamH1 and HinDIII. The sizes of the ethidium bromide stained bands after separation on an agarose gel are as follows. 

What is the restriction map of the plasmid?   

	EcoR1 
	BamH1
	HinDIII

	3500 
1500
	5000
	5000

	RI+BamHI
	HinDIII+RI
	BamHI+ HinDIII

	3000 
1500 
500
	2500 
1500 
1000
	3000 
2000


25-6.  DNA fragments with 3' recessed ends are often radioactively labeled by incubating them with dNTPs containing 32P and the enzyme DNA polymerase. The 32P should be at what phosphate position (alpha, beta, gamma)? 

25-7.    0.4 N    NaOH is often used in Southern blotting as the solution to allow transfer of the DNA fragments out of the gel and onto the nylon membrane. A change occurs to the DNA in this solution. What is it and why is this important for subsequent hybridization? 

Why is RNA never transferred in   0.4 N  NaOH? 
                                          6. PLASMIDS and 7. GENE CLONING (Fig. 10-7 to 10-12)
Virtually all applications of molecular biology require that you have available large amounts of your gene of interest. This can be accomplished by PCR or by cloning the gene. 

Cloning of Your Favorite Gene (YFG) is generally accomplished by introducing it into E. coli. 

To introduce the gene into E. coli you need a vector or vehicle to allow its introduction, selection and propagation in the "host" organism. Plasmids serve as these vehicles. A plasmid is generally a relatively small (3000bp) circular DNA that replicates independently of the bacterial chromosome. Depending on the plasmid the copy number per cell can vary but it can be in the range of 100 copies per cell.  (Fig. 10-8)

The key features of a plasmid that make it useful for cloning are: 

1. One or more useful restriction sites at which YFG can be inserted. 

2. A selectable marker to allow the identification of the plasmid in bacteria. The most common selectable markers for use in bacteria are the genes encoding resistance to antibiotic. These include resistance to ampicillin, tetracycline, kanamycin, chloramphenicol. 

3. An origin of replication (ori ) to allow the replication of the plasmid, independently of the host chromosome.

Steps in cloning YFG (Fig 10-9) 

1. Digest YFG and the plasmid of choice with the same (or an enzyme giving the same "sticky ends") restriction enzyme(s). 

2. Incubate the cut insert (YFG) and vector (plasmid) together in the presence of T4 DNA ligase and ATP. 

3. Transform the ligated DNA into E. coli. (Fig. 10-19) (Transformation is the name of the process in which a plasmid is introduced into a bacterial cell.) 

4. Plate the transformed bacteria onto agar plates containing the appropriate antibiotic. 

5. Isolate plasmid DNA from individual transformants. (Fig. 10-10)
6. Analyze the isolated plasmids by restriction mapping, blotting or DNA sequencing to determine if they contain YFG.    

8.    PCR (POLYMERASE CHAIN REACTION) (Fig. 10-15, 10-16)
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PCR is a technique to produce large amounts of a specific DNA fragment from any DNA source in which it is found as little as one time. Knowing the sequence of a gene, it is now easy to isolate it in large amounts. 

PCR is the exponential amplification of DNA by repeated extension of 2 primers.

Steps: 

1. Denature DNA template at 90-95C. 

2. Anneal the two primers at 50-60C. You must have sequence information to make the primers. 

3. Extend the primers with a DNA polymerase and the 4 dNTPs at 72C. 

4. Repeat steps 1-3 ~30 times.

	
	Round 1 
	Round 2
	Round 3
	Round 4
	 Round 5 
	Round n

	number of  molecules
	2
	4
	8
	16
	32
	2n


20 rounds --> ~106
30 rounds --> ~109
Two key technical advances have made PCR a general tool. First the discovery and use of thermostable polymerases that function at elevated temperatures. The first thermostable polymerase (Taq polymerase) was isolated from Thermus aquaticus, a bacteria from hot springs. There are now many additional polymerases to choose from. Second, the engineering of automated thermocyclers has made the temperature cycling simple. 

USES of PCR include 

1. Analysis of DNA from museum specimens (or any source where the DNA is rare). Jurassic Park- analysis of DNA from 135 million year old amber. 

2. Fig. 10-18 analysis of virus or bacterial DNA in medical samples where obtaining a sample is a problem. 

3. Diagnosis of genetic diseases. Where the sequence of the gene or the encoded protein is known. 

4. Obtaining a genomic or cDNA clone (Fig. 10-17)

5. Forensics- DNA Fingerprinting (Fig. 10-19)

DNA fingerprinting is a method for identifying individuals and is done through the comparison of multiple hypervariable regions in DNA. 

There are dinucleotide repeats within our genome of (CA)n where n=4--> 40 

n varies in different individuals. Such repeats occur (with different flanking sequences) about 100,000 times in the human genome. These are called VNTRs (variable number of tandem repeats). To "fingerprint" an individual, you synthesize primer pairs surrounding a number of these repeats. 

Each is amplified by PCR and analyzed by agarose gel electrophoresis. PCR products with differing numbers of repeats will run at different positions on the gel. The profile for all the repeats analyzed represents the fingerprint for that individual. 

DNA fingerprinting by PCR is such a powerful tool for forensics because of its sensitivity. The amount of DNA required for fingerprinting can be as little as that found in a single hair follicle. 

Topic Review Question 
25-14. The polymerase chain reaction was proposed before the first heat stable DNA polymerases were identified. How might you do the reaction?  

9. GENOMIC and cDNA LIBRARIES

Until the advent of PCR, isolation of genes required their selection from pools or “libraries” that represented the full collection of genes for an organism. Each fragment, often of approximately 10,000 bp, is cloned individually (without knowing what it contains) into a plasmid vector. The usual approach for cloning the genomic DNA randomly is to digest genomic DNA to less than completion (partial digest) with a restriction enzyme. The plasmid vector can then be cut with the same enzyme to allow the ligation of the genomic fragments.

How many independent clones of ~ 10,000 bp would be necessary to cover the full human genome?

If you desire the whole gene (introns/exons) or if you want promoter sequences, a genomic library is required. Other applications require only the coding regions; if for example you want to express the protein in bacteria. In these cases you use a cDNA library which represents all of the mRNAs found in one cell type (c=complementary, i.e. complementary to the mRNA). Note that the cDNA libraries from different cell types will differ dramatically as the cells express different mRNAs.

The process of cDNA library construction takes advantage of the enzyme reverse transcriptase which synthesizes single stranded DNA from a RNA template. (Fig 10-13) (David Baltimore won a Nobel prize for the discovery of reverse transcriptase). 

Topic Review Questions 
 25-8.  Plasmid vectors have been designed to allow genes to be cloned in E.coli then "shuttled" into yeast. What would be the essential features of these plasmids? 

25-9.  An EcoR1 fragment is to be cloned into a plasmid vector. Before the ligation reaction, the researcher treats the EcoR1 restricted plasmid DNA with alkaline phosphatase to remove the two 5' phosphates.  WHY? 

25-10.  You want to clone your DNA fragment into pXL99 as a BamH1 to Pst1 fragment. However, if you fully digest pXL99 with BamH1 you will no longer have a Pst1 site and will have lost the selectable marker. How will you do it? 

25-11.  To be valuable for many purposes, it is generally required that a cDNA represent the full length of the mRNA.   mRNA purified on an oligo-dT column, by virtue of the interaction with the polyA tail, is used as the starting material. What could be used as the primer for cDNA synthesis to ensure that at least the 3' end of the mRNA is transcribed by reverse transcriptase? 

25-12. What is the probability that any one random 6bp sequence is a recognition site for the restriction enzyme EcoRI (GAATTC)?

25-13. Assume you have a DNA of 250bp. How many moles are there if you have 50ng of this DNA? (one bp has a molecular mass of 660Da). How many molecules is this?

10. SEQUENCING OF GENOMES

See Genomes 3 notes in Appendix I of the Course Package.

11. EXPRESSION OF CLONED GENES (Fig. 10-23, 10-24)
In many instances the end product in which we are interested is not the gene itself but a protein. The cloned gene tells us the sequence of the protein and provides the starting point to produce the protein in abundance. 

"Overexpressed" proteins are used:   

1. In medicine, as pharmaceuticals e.g. insulin, growth hormone, or vaccines 

2. Industrially, e.g. proteases in detergents 

3. In research to study protein structure (NMR, crystallography), function and mechanism

Recombinant DNA technology allows the expression of the protein of choice at high levels through the use of strong promoters, under controlled conditions through the use of regulated promoters and in organisms other than its native source to facilitate purification. 

Proteins can be expressed in a variety of organisms or cell culture systems. Because of the fast growth and ease of purification, E. coli is often the organism of choice. To overexpress a protein simply requires inserting the gene of interest downstream of a strong and usually regulated promoter. In the case of E. coli a ribosome binding site is also incorporated around the ATG site of translation. 
There can be difficulties associated with the expression of eucaryotic proteins in bacteria. These include the possibility of incorrect folding, or lack of modification (phosphorylation, glycosylation etc), or poor stability. In these instances other overexpression systems are possible. Recent advances have seen some very novel systems used. These include expression in plants and the expression of proteins so that it is found in milk. The production of drugs/ vaccines in plants has received a lot of attention due to the possibilities of producing the product on a vast scale. 

12.    SITE DIRECTED MUTAGENESIS 
(Protein Engineering)
How do we alter a gene's sequence in order to create a protein that has lost its function or has an altered function. 

Mike Smith (UBC) developed a system in the early 1980s for directed mutagenesis that won him a Nobel Prize. The system is based on the extension of an oligonucleotide with a DNA polymerase. The oligonucleotide contains a mismatch at the position to be altered. (Fig. 10-34) This method is still widely in use, but the advent of PCR has provided a second means for mutagenesis. Like in the above, the mutation is made in an oligonucleotide. In this case the mismatched oligonucleotide is amplified into a PCR product that can be used directly for cloning. 
13. TRANSGENIC ORGANISMS (Fig. 10-35 to 10-39)
A transgenic organism (genetically modified organism - GMO) is a plant or animal possessing, within its genome, one or more genes from another organism. They are created by transforming (in some cases called transfecting) the new gene into stem cells (cells capable of differentiating into any cell type within an organism) or into germ line cells of the host genome. This procedure is the basis for crop modifications etc. 

In research the crucial test to determine a gene's function is to alter it in the context of the whole genome of the organism under study. This involves integrating the mutant gene into the chromosome. In some experimental organisms such as yeast, replacement of the endogenous locus is easily accomplished by homologous recombination (the process by which a DNA finds and replaces a like sequence in the genome). In diploid multicellular organisms, gene replacement can be accomplished but with more difficultly. Often the mutant gene is added to the organism’s genome without the removal of the wild-type locus.

Review 
Write a definition for: Southern blot, cDNA library, oligonucleotide, Restriction map, plasmid, hybridization, electrophoresis, site-directed mutagenesis, transgenic organism

List 5 of the major scientific discoveries that have led to the development of modern recombinant DNA technology. Why was each of these important? 

List and explain 5 ways in which biotechnology influences modern society. 

Topic 26

Molecular Biology of Cancer

Readings 717 – 729
Molecular Basis of Cancer
The study of the causes of cancer has been the focal point of a tremendous amount of research. These efforts have uncovered many key aspects of cell biology. In addition the complexity of the disease has demanded that biologists delve into more basic studies of cellular processes such as transcription, replication, DNA repair and cell signaling. In this regard basic research has played a principal role in uncovering the molecular basis of cancer.

Cancer is a disease characterized by the rapid proliferation of an abnormal cell derived from one of the organisms own cells. Cancers can be:

benign, they do not spread, or malignant, the cells have the ability to invade surrounding tissues (Fig. 20- 44)

Depending on the cell origins, cancers are quite different diseases yet they all originate from the alteration of a cell’s ability to properly control its growth and differentiation. In fact cancer can almost always be traced to a single cell that has undergone an inheritable change that has caused it to loose growth control. In this regard cancer is a genetic disease, a point highlighted by the fact that many cancer causing agents damage DNA. These cancer causing agents include: radiation and chemical mutagens. Since cancer is a genetic disease, susceptibility to certain forms can be inherited. These include some forms of skin cancer (xeroderma pigmentosa), colon cancer, breast cancer and others.
Tumor Progression

In many cases, despite the genetic basis of cancer, pinpointing the origins and pathways resulting in disease is not simple. This is because a single mutation is not sufficient to cause disease. This need to accumulate multiple mutations is one of the reasons why cancer is more prevalent in older individuals. A slow accumulation of specific mutations can eventually result in disease. It is for the same reason that individuals with deficiencies in DNA repair processes are more susceptible to cancer. It has been estimated that 10 or more mutations may be required for disease to occur. (Fig. 20- 46)

Tumor progression involves successive rounds of mutation and selection for specific properties that will enhance or otherwise alter cell growth. At each stage a progenitor cell acquires an additional mutation that gives it the ability to divide at a greater rate or grow in places that it otherwise would not. In many cases one of the acquired mutations is in a gene allowing DNA repair thus further accelerating the process.

Properties of Cancerous Cells

· Cancer cells do not respond to signals that normally control cell division.

· Cancer cells are not sensitive to normal pathways of cellular differentiation or programmed cell death (apoptosis).

· Cancer cells are genetically unstable. (Fig. 20- 45)

· Malignant cancer cells can escape their normal environment and proliferate at foreign sites (metastasize).
Cancer Prevention

There are known environmental agents that cause cancer. For example, UV radiation is the principal cause of skin cancer. Combined with its direct link to lung and heart disease, it is very clear that the elimination of smoking would be the single most important step in reducing cancer and improving the general health of our society.

Diet seems to also play a key role in the risk factor. Some common food compounds contain cancer causing agents. Aflatoxin, a mold toxin, is a potent carcinogen and can be found in contaminated peanuts. Other foods (generally fruits and vegetables) seem to act as cancer inhibitors perhaps by acting as free radical scavengers and thus reducing DNA damage.

Viral infections can have direct links to cancer. For example, individuals having a hepatitis-B infection are more prone to liver cancer.

Other agents can promote cancer without directly giving rise to DNA damage. These tumor promoting agents often act by stimulating cell proliferation. Enhanced cell numbers can increase the probability that a mutant cell will appear and evolve into a cancerous cell.

Cancer Causing Genes

There are two types of cancer causing genes. (Fig. 20 – 47)

Oncogenes – genes whose presence in an aberrant form causes cancer. They can be aberrant in the localization of the protein product, the activity of the product or by having too much of the product expressed.

Tumor Suppressors – genes whose absence causes cancer. These genes are often normally involved in DNA repair or the control of cell growth/differentiation or cell death. Loss of function (activity) or lack of expression can give rise to cancer.

Functions of the Cancer Causing Genes (Fig. 20- 49)

As alluded to above most of the cancer coding genes code for components of pathways that regulate how cells respond to signals for cell division and/or differentiation, are involved in DNA repair or are involved in programmed cell death. Some of these genes are common for multiple types of cancer as they are involved in control pathways common to many cell types; others because of a more specific function are found primarily in one type of cancer. A full discussion of the roles of these factors would require details of cellular biochemistry that are beyond the scope of this course; however, the cancer causing genes can be roughly divided into the following classes:

1. Growth factor receptors that are insensitive to normal signals and/or are constutively active.

2. Enzymes in cell signaling cascades that are inappropriately active.

3. Molecules that directly control cell division and serve as normal “check point controls”.

4. Molecules that are normally involved in programmed cell disease or in determining cellular longevity.

5. Molecules that are involved in repairing DNA damage or have a role in reducing DNA damage in response to normal cellular oxidative stress.

6. Factors that are involved in expression of other genes. Since cancer can be caused simply by the inappropriate expression of certain genes, many cancer causing genes are transcription factors







PCR was developed by Kary Mullis in 1983 — Nobel Prize in Chemistry 
































































































































































































































































































































































































































































































































































































































































































































* *Introduction to Protein Structure, 2nd edition (1999) Carl Branden and John Tooze, Garland Publishing.


Introduction to Protein Structure, 2nd edition (1999) Carl Branden and John Tooze, Garland Publishing.
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