25.3 Control of Gene Expression

gene control
- inherited metabolic disorders show how faulty genes produce 


   faulty enzymes


- phenylketonuria (PKU): failure to convert phenylalaine to 


   tyrosine (pheylpyruvic acid accumulates)


- albinism: failure to convert tyrosine to melanin (skin 


   pigment)


- studies with bread mold neurospores led to one-gene-one 


   enzyme hypothesis

- or one gene–one protein prove us not all protein are



   enzymes

- or one gene–one polypeptide as some proteins are many   

   polypeptides

gene
- today defined as a DNA segment that specifies the sequence of 


   amino acids in a polypeptide chain

gene expression
- no 1 regulatory mechanism for protein synthesis (in eukaryotes)


- many levels of control of genes


- genes are regulated in different ways


- 4 levels of control have been identified 


- in the nucleus: transcriptional and posttranscriptional


- in the cytoplasm: translational and posttranslational

transcriptional
- which genes are transcribed and rate of transcript of a particular

control
   gene 

posttranscriptional
- after DNA is transcribed and primary RNA (ptRNA) is formed

control
- processing to remove introns


- mate mRNA leaves the nucleus

translational 
- prior to protein synthesis

control

- how long mRNA lasts in cytoplasm


- its ability to bind ribosomes


- some mRNA may need modifying

posttranslational
- after protein synthesis

control

- ploypeptide may need modifying


- enzyme function inhibited by product binding (negative 


   feedback)

control in
- most studies of gene control in the bacterium E. coli

prokaryotes
- operon model of transcriptional control to explain how genes are


   switched on/off



- regulator genes



- promoter



- operator



- structural genes

regulator gene
- codes for repressor protein



- repressor binds to the operator



- regulates activity of structural genes

promoter
- short sequence DNA where RNA polymerase attaches



- when a gene is to be transcribed



- when the operator is not repressed

operator
- short sequence DNA where the repressor binds



- prevents RNA polymerase from binding to the promoter



- the “on/off switch” of transcription

structural genes
- one or many transcribed transcribed as a group



- code for protein in the cytoplasm



- only certain genes are active in a cell


(moore’s diagram of operon)

lac operon
- denied glucose, E. coli makes 3 enzymes to instead meabolize 


   lactose



- structural genes for these enzymes are not normally 



   transcribed (“off”)

operon models
- inducible operon: genes normally not transcribing (“off) until 


   activated


- respressible operon genes normally transcribing (“on”) until 


   activated

inducible operon
- regulator gene codes for repressor that binds the operator

model

- transcription haltered (“off”)


- first metabolize in a pathway (lactose) acts as inducer molecule



- signals the need for enzymes



- binds the repressor (reshaping it) to prevent it binding the 



   operator



- transcription then proceeds (“on”)


(moore’s inducible operon)

repressible operon
- regulator gene codes for an inactive repressor (wrong shape to 


   bind operator)



- transcription continues (“on”)


- final metabolite in a pathway (end product) acts as a co-repressor 


   molecule



- signals no longer a need for enzymes



- binds the repressor (reshaping it) so it can bind operator



- transcription is haltered (“off”)


(moore’s repressible operon)

discontinuous DNA
- repetitive sequence of base pairs that don’t code for polypeptides





- may be left over non-functioning DNA from evolutionary 

   ancestors




- transcribable sequences, or exons (“expressed”), in a gene are 

interrupted by non-sensical, non-coding segments, or introns   

   (“between”)

25.4 Gene Mutations
gene mutations
- change in the DNA nucleotide sequence of a gene

- several types and mechanisms




- frameshift mutation




- point mutation





- localized (transposons)

frameshift mutations
- triplet code is read from a specific starting point as reading frame





THE  CAT  ATE  THE  RAT


- insertion or deletion of a letter causes a nonsense reading 


   frameshift and a set of all new codons


THE  ACA  TAT  ETH  ERA  T            (A inserted)


THE  ATA  TET  HER  AT                    (C deleted)




- 1 or more nucleotides inserted/deleted in DNA has drastic results





- altered sequence of amino acids likely results in non-

   functional proteins

point mutations
- change or substitution in 1 nucleotide (1 new codon) has variable 


   results 


- “silent mutation”: codon UAC changed to UAU of the same 


   amino acid tyrosine



- no noticeable effect


- serious if substitution is in a critical place



- active site of an enzyme



- occurrence of valine instead of glutamate in the B 


   chain of hemoglobin results in sickle-cell disease

cause and repair
- mutations rarely occurs DNA replication errors

of mutations
- DNA polymerase proofreads the strand


- detects the mismatched pairs and replaced with correct one


- only one out of every billion nucleotide have mistake

mutagens
- environmental substances that cause mutations


- if mutagens bring about a mutation in the gametes, the offspring 

   may be affected


- if mutation occurs in the body cells then cancer may occurs

sickle-cell disease
- abnormal hemoglobin distorts red blood cells into a crescent or sickle shape




- less soluble, precipitates out




- reduce oxygen transport (anemia)

transposons
- DNA sequence (“jumping genes”) that moves in and between chromosomes

25.5 Cancer: A Failure of Genetic Control

cancer


- more than 100 forms of the disease, each with unique features 

   (cancer, “crab”)


- almost every tissue can spawn 1 or more types of cancer 




- basic processes of all cancers are similar

cancer cells

- exhibit characteristics of severe failure in control of gene 

   expression


- gene mutations lead to errors in how cell control “signals” 

   are processed




- lack cell differentiation

- non-specialized “immature” cells that have not developed 

   into normal kinds




- abnormal nuclei





- enlarged with mutated chromosomes




- lack contact inhibition with normal cells





- normal cells stop growing when they come into contact 

   with other cells




- forever dividing (“immortal”)





- normal cell chromosome telomeres limit the number of 

   replications




- pile up in disorganized growth or tumor





- normal cells grow in organized layer




- form own blood vessels by angiogenesis

- cancer enzymes cause vessels to branch into the tumor    

   (vescularization)




- spread through body (metastasis) and survive independently





- normal cells die when separated

(FIG. 25.17)

oncology 

- study of tumors (onco: “tumor”)





- oncologist studies and treats cancer

tumor


- invades and destroys surrounding tissues





- starts with a single mutated cell




- anaplasia: any disorganized cell growth





- a new growth is termed neoplasia




- benign tumor growth is contained by surrounding cells





- insitu cancer (“in place lump”)





- possibly decades before its noticeable




- malignant tumor cells are spreading





- cancer cells crosses a basement membrane and into a 

   blood vessel or lymphatic vessel

- have receptors to adhere to basement membranes

- produce proteinase enzymes that degrade the 

   basement membrane to invade underlying tissues





- after in blood or lymph, they start tumors all over body

metastasis

- tumor cells detach, spread (metastasize) in lymphatic and 

   circulatory vessels

- tumors distant from the primary tumor are the usual cause of 

   cancer deaths


- interfere with normal organ functions

telomeres

- DNA segments at ends of chromosomes normally keep a count of 

   cell replications


- shorten with every replication in S-phase (DNA synthesis) 

   of cell cycle


- normal cells enter the cell cycle about 50 times then die

failure of telomeres
- most cancer cells evade telomeres by activating a gene for 

   enzyme telomerase


- replaces telomere segments normally trimmed off in the 

   cell cycle

danger signs

- early stages of cancer may be indicated





- unusual bleeding or discharge





- lump or thickening in tissue





- sore that does not heal (notably oral)





- change in bowel or bladder habits





- change in wart or mole (colour, size)





- persistent indigestion, difficulties with swallowing, 

   unexplained weight loss



- persistent cough or hoarseness

carcinogens
- initiators: environmental agents, foreign substances cause 

   mutations in DNA and start cancer process, or carcinogenesis


- radiation (X-ray, isotopes, cosmic)


- tobacco and tobacco smoke


- hormones and drugs


- excessive exposure to sunlight


- industrial toxins (asbestos, benzene)


- sexually transmitted diseases (STD)


- dietary (high fat, low fiber controversy)

promoters

- factors accelerating growth of abnormal cells in combination with 

   initiators


internal and external stresses weaken immune system

Article How Cancer Arises

cancer
- refers to more than 100 times forms of the disease


- almost every tissue in the body can spawn malignancies


- some even yield several types


- each has it’s unique features

normal cells
- reproduce only when told to do so by other surrounding cells


- ensures each tissue maintains a size and architecture appropriate 


   to body’s needs

cancer cells
- follow their own internal agenda for reproduction

- become deaf to the usual controls on proliferation


- invading nearby tissues forming masses at distant sites in body 

- able to migrate from the site where they began


- tumors become more aggressive over time


- become lethal when disrupt the tissues and organs

basic principles
- cells in a tumor descend from a common ancestral cell that


   at one point, usually before tumor becomes palpable, initiated a 


   program of inappropriate reproduction


- accumulation of mutations in specific classes of the genes 

genes
- specifies a sequence of amino acids that must be linked together    


   to make a particular protein



- protein then carries out the work of the gene


- when switched on, cell synthesize the encoded protein


- mutations in gene perturb a cell by changing the amounts or 


   activities of protein product

tumor 
- generally involves a series of mutations in oncogenes over a long

development
   period of time


- mutation 1


- mutation in one gene of one cell loosens growth controls

- tends to divide when it should rest

- hyperplasia: new cells look normal but proliferate (small 

   invisble mass)

- mutation 2

- rare mutation of one gene in one hyplasia cell results in still less growth control 



- years later, “one-in-a-million” cells 

- displasia: descendent cells proliferate

- abnormal shape and orientation

- mutation 3

- rare mutation of one gene in one displasia cell with still 

   less growth control 



- much more abnormal in growth and appearance 



   (may be visible or left)

- in situ cancer: benign tumor remains locally contained



- possibly indefinitely with no effect


- mutation 4

- rare mutation of one gene in one benign tumor cell from a 

   malignant tumor



- metastasize in blood, lymph vessels

- invasive cancer: new tumor growths occur in other regions 

   of the body

- lethal by disrupting a vital organ


(moore’s mutation pics)

regulatory
- cell growth and division control involves signals from 

pathway
   surrounding cells



- extracellular growth factor


- signals are handle and processed by a series of cell component



- plasma membrane receptors



- signal relay proteins in the cytoplasm



- cell cycle clock in the nucleus


- control of cell processes occurs along 2 signaling pathways



- stimulatory pathway (“grow”)



- inhibitory pathways (“don’t grow”)


- mutations in 1 or both classes of “cancer” genes disrupt normal 


   pathways



- oncogenes activated



- tumor-suppressor genes deactivated
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oncogene

- proto-oncogene: normal gene codes for components of the 

   stimulatory pathway




- mutation causes a proto-oncogene to become a cancer oncogene





- 100 or more oncogenes identified




- mostly ras family of oncogenes that cause uncontrolled growth





- 25% lung, 50% colon, 90% pancreas

tumor-suppressor
- normally code for proteins that stop cell growth or cause 

gene


   abnormal cells to die


- about a half dozen identified




(moore’s stimulatory/inhibitory diagram)

stimulatory
- oncogenes cause false growth stimulation 

pathways 
- 1) excessive growth factor (cancer cell) over-stimulates itself and 


   normal cells


- connective tissue sarcoma blood bone, cartilage, adipose


- 2) abnormal receptors (membrane) falsely stimulated without 


   growth factors

- breast cancer


- relay protein (cytoplasm) stimulate the cell cycle clock without 


   receptors

- epithelial tissue carcinoma: lung, skin, pancreas, colon, 

   ovary

- most common type of cancer 


- 3) transcription factors (cell cycle clock) altered to activate cell 


   growth genes

- breast, stomach, lung

types of cancers
- sarcoma: connective tissues and non-neuronal brain cells


- release excessive amounts of platelet-derived growth 


   factor


- carcinoma: epithelial cells 


- line the body cavities and form the outer layer of the skin

(FIG. 25.18)
types 


- melanoma (skin cells), lost gene encoding braking protein p16

of cancer

- breast cancer cell soften produce excesses of cyclin D & cyclin E

inhibitory
- malignant cells must do more than over-stimulate their growth-
pathways
   promoting machinery, devise ways to evade 

- ignore braking signals issued by their normal neighbours in tissue

- inhibitory messages received by a normal cell flow to the nucleus 

   much as stimulatory signals do by via molecular bucket brigades

- these inhibitory brigades may be disrupted
- enabling the cell to ignore normally potent inhibitory 

   signals at the surface

- specified by tumor suppressor genes



- mutated tumor suppressor genes ignore inhibitory signals

- 1) inhibitory receptors (membrane) not responding to inhibiting 
   factor signals

- colon

- 2) inhibitory relay proteins (cytoplasm) not responding to 
   inhibitory receptors

- pancreas




- ras relay proteins not inactivated by GAP





- peripheral nerves

- 3) inhibitory braking proteins (cell cycle clock) not functioning


- 50% of all cancers


- bone, bladder, lung, breast

cell cycle

- stimulatory and inhibitory pathways lead to a molecular 

clock


apparatus in the nucleus





- decides if a cell should divide or not

- transcription factors proteins activate genes coding for growth cycle enzymes

- in the normal cell, the clock integrates the mixture of growth-
regulating signals received by the cell 

- clock leads the process when the answer is positive

- end result in all cases is the clock begins to spin out of control


- ignores any external warnings to stop




- 2 essential components





- cyclins and cyclin-dependent kinases (Cdks)





- associate with one another and initiate various stages of 

   cell cycle




- various inhibitory proteins can restrain forward movement 

   through the cycle

- half of all types of human tumors lack a functional p53 protein
cell cycle
- stages of the cycle are started by cyclins and cyclin-dependent kinases (Cdks)


-breast cancer cells produce excess of certain cyclins


- inhibitory braking proteins can block Cdks stopping the cycle

- melanoma skin cells have lost the gene coding braking protein p16




- tumor suppressor breaking protein p53  monitors the cell cycle

-p53 lost or ineffective in most tumors including cervical cancer

cell division

-after 50 times of doubling, human cells stop growth at which point 

- cells are called senescence




- inactivation mutations in genes continue to divide after normal 

   cells enter senescence




- survivors eventually  reach the termed crisis (2nd stage)





- when cells die in large numbers




- some cells in dying population escape crisis & become immortal





- descendants will multiply indefinitely

telomeres

- DNA segments at the ends of chromosomes





- tally number of replicative generations through cell 

   populations pass





- initiate senescence and crisis





- circumscribe ability of cell population to expand 

   indefinitely




- shorten a bit every time chromosomes are replicate during S-

   phase of cell cycle

- telomerase enzyme present in most tumor cells


- replaces telomeric segments trimmed away in cell cycle

