M/C, Diagrams, Short Answer, Definitions (all 3 from the last lecture) 
CHAPTER 4  
Polypeptides  
● Polypeptide chain is a polymer of amino acids  
○ Bond formed between monomers is called peptide bond which is a  
covalent bond  
● Order of chain is always the same  
○ N terminus to C terminus  
○ First amino acid is number 1 next to N terminus and last one is next to C  terminus  
● Properties of amino acids will determine the proteins  
○ Dependent on bonds  
● N terminus has an amino group attached to it  
● C terminus has a carboxyl group attached to it  
Proteins  
● 20 amino acid that are each encoded by 3 nucleotides  
○ 3 nucleotides that code for amino acid is called codon  
○ Gives rise to genetic code  
○ Formation of protein from DNA sequence  
○ 3 nucleotides gives 1 amino acids  
○ Variance in proteins and genes  
● Reading frame can be changed as a result of reading codons  
○ Depending on where you start reading sequence, you can get different  reading frame  
○ Within each sequence, there is the possibility of having 3 different start  codons  
● Condensation rxn causes covalent bond between amino acids  
○ Peptide bond  
○ Polymers known as polypeptides  
○ Side chains provide different properties for proteins  
○ Backbone of proteins remains the same  
Protein Structure  
● Having non-covalent bonds allows for proteins to change their conformation  ○ Different processes and different functions  
○ Same with RNA and DNA  
● Side chains have different characteristics which will give protein final  characteristic or properties  

○ A lot of hydrophobic side chains will result in hydrophobic protein  
○ Protein with more polar side chains will result in hydrophilic protein  
○ Conformation of side chains will change characteristics  
○ Folding of protein, etc. give protein final properties  
Protein Folding  
● Depending on environment, the protein can be inside or outside the cell  membrane, organelles, etc.  
○ Ex: polar amino acids will be in aqueous solution (i.e. cytosol)  
● Polypeptide chains give rise to specific proteins  
● If you unfold a protein and leave it at room temp, it will take the conformation it  was originally in  
● If proteins are within aqueous solution, all hydrophilic side chains will be on the  surface of the protein  
○ Hydrophobic amino acids will form the core of the protein  
○ Membrane proteins are all made on ER membrane  
○ Soluble proteins are made inside ER or in cytosome  
● When proteins are misfolded, they will give rise to structures called prions  
Primary Structure  
● A sequence of amino acid chains  
● Peptide bonds are formed between the amino group of one amino acid and  carboxyl group on another amino acid  
Secondary Structure  
● Alpha helix  
○ Stabilized by hydrogen bonds between nearby residues  
● Beta sheets  
○ Stabilized by hydrogen bonds between adjacent segments that may not  be nearby  
Other Structures  
● Tertiary Structures  
○ Involved the way random coils, alpha helices, and beta sheets fold in  respect to each other  
● Quaternary Structures  
○ Complex of several polypeptide structures  
Protein domains  
● Proteins that form independently into a stable structure  
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● If you take that form of protein and imbed it into another protein, it will remain in  the same structure  
○ Ex: binding sites  
Protein Families  
● Specific proteins that have similar function, evolutionarily related and involved in  similar processes  
○ Amino acids similar to other proteins within that protein family  
● Can be made of different subunits (ex dimer)  
○ Based on attraction to other proteins, they can have different processes  
Disulfide Bonds  
● Covalent bond  
● Will stablize protein structure  
● Found in extracellular space  
● Made in the ER because they require oxidation  
○ Cytosol is a reducing environment and will result in breakage of the bond  ● In a reducing environment, they will break  
○ Requires oxidation (in ER)  
Protein Binding  
● Attractions could be between proteins and proteins, or between proteins and  other molecules  
● Rely on covalent bonds (don’t want them to attract very strongly to each other) 
Ligands  
● Form weak interactions with proteins at binding sites  
● Highly specific attractions  
○ Transporters will only attract to one type of molecules  
○ They work in a way that if binding sites are blocked, they inhibit the  function of the protein  
Antibodies  
● Produced by immune system in response to foreign molecules  
○ If foreign object enters cell, the cell will produce antibodies  
● Recognize a target molecule, antigen  
○ Antibodies recognize antigens and kill them off  
○ Can be used in lab for protein purification  
● Found in immune cells (B and T cells)  
[image: ] 
[image: ]  
● Used in therapeutics, cancer therapy, gene therapy, in the lab to recognize a  specific protein, etc.  
● Within the structure of antibodies, there are a lot of disulfide bonds  
○ They need to be very stable  
○ Antigen binding site allows for recognition of specific antigens  
● Light chain and heavy chain  
○ Divided into variable and constant  
○ Further you are from antigen binding site, the more constant  
○ Close to antigen binding site are the variable  
○ Heavy chain is continuous, light chain is attached to heavy chain by  disulfide bond  
● If you look at the Y shape, the main Y is the heavy chain  
○ Under the Y you get 2 regions, which will be the light chain  
● Antigen binding sites change a lot, it depends on the antigens binding to it [image: ]
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Protein regulation  
● Can be regulated through gene expression, protein degradation, and protein  modification  
Protein degradation  
● Structure that is involved in degradation of protein is proteasomes that contain  proteases in them  
● Protein must have a marker on it before it can be degraded  
○ They get a ubiquitin chain on it as a marker  
○ This is a form of protein modification  
● Once marked it will enter the proteasome  
○ It will get linearized (from 3D structure to linear structure)  
○ Ubiquitin chain will get recycled  
● As protein goes through central cylinder, proteases will cut the peptide bonds  and get rid of protein  
● Mark it > target > linearize > cut up protein  
Enzyme Activity  
● During feedback inhibition, the final product of a rxn will inhibit the starting  products  
○ A way the cell can signal that there are lots of product made and stop  making product  
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○ Final product can bind to parts of enzyme and inhibit it from producing  more product  
○ This form of feedback can also lead to positive feedback  
● Another inhibition is when one molecule that can change conformation of specific  enzymes  
○ Based on conformation change, you can regulate enzymes  
● Enzymes have regulators that bind to a different site on that enzyme  ○ When molecule binds to regulatory site, it changes conformation of  enzyme and it is inactive  
Phosphorylation  
● Adding a specific chemical group and modify a protein  
○ Could also be removing specific group  
● Phosphorylation is one of the main processes within the cell  
○ Involved in many processes within the cell such as activation and  
deactivation  
○ Can either activate or deactivate a protein  
○ Can signal other processes  
● Addition of a phosphate group to proteins by kinases  
● It’s a reversible reaction, carried out by phosphatases 
Protein Modification  
● Can add different groups such as acidilation  
○ This increases expression of genes  
● Can also get methylation  
○ Repression of genes  
● Ubiquitin degrades proteins  
● Can be involved in protein attraction  
○ Signalling and localization of proteins  
● GTP-binding protein and ATPases are involved in movement  
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GTP-Binding Protein  
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● Bind GTP and take out GTP molecule  
  
● GTP is hydrolyzed and makes GDP and it is released  
○ Binding of GTP will activate protein  
○ Hydrolysis of GTP will inactivate protein  
ATPases  
● Movement of eukaryotic cell are powered by ATP-hydrolysis in motor proteins  ● ATPases involved in ATP binding  
○ Binding of ATP to protein for movement  
○ When ATP binds and hydrolyzes the phosphate, it releases energy  ○ Release of energy causes protein to move  
● Movement molecules are a form of ATPases and found on cytoskeletons  
CHAPTER 8  
Gene Expression  
● How transcription and expression of different genes will determine what the cell  will be and how it will behave  
○ Cell types are different because of gene expression  
● Differences in RNA and protein expression leads to different cell types  
Different Cells and Different Proteins  
● Housekeeping proteins: proteins that are common in all cell types  
○ Related to functions that are common to call cells  
○ All have to replicate  
○ Regardless of type of cell, you will find these  
● Specialized protein: specific to each type of cell  
○ Proteins that make muscles are only found in muscle cells  
○ Avg 23-30,000 proteins in cell  
● Different cell types  
○ You can take 1 cell type and culture it and clone it (cloning organs, etc)  ○ All the cells that are required for the organism can be found in 1 cell (stem  cell)  
○ What genes are expressed will give rise to what type of cell it is  
Gene Expression Regulation  
● Gene regulation can happen at different stages  
○ Transcription level, after transcription, when the protein is made can  regulate how the gene is expressed  
● Histone modification can regulate genes  
○ RNA processing control  
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○ Depending on processing, you can have alternate gene expression  ○ Transport of mRNA depends on modifications  
● In cytosol you get other types of control  
○ mRNA can be degraded  
○ Translational control (through translational machinery)  
○ Protein modification (protein kinases)  
○ Protein degradation  
● Gene expression can happen at gene level, RNA level, or at the protein level  [image: ]
Transcription  
● Promoter region is the binding site for RNA polymerase  
● Transcription initiation site is where RNA synthesis begins  
Regulatory DNA Sequences  
● Sequences used to switch genes on and off  
● This process of gene expression can be regulated  
○ Within promoter region there are different parts: binding sites, TATA  boxes, initiation  
● Aside from promoter region, there are also regulatory DNA sequeces  ○ Could be used for start inhibition or enhance transcription  
○ Both activators or repressors  
○ Usually far away from start of transcription, but can regulate transcription  process  
○ Specific proteins that are transcription regulator proteins that will bind to  those sequences and regulate whether gene will be transcribed or  
repressed  
● Regions of DNA that are recognized by specific proteins  
● Attraction is usually weak attraction (H bonds or weak covalent bonds)  ○ Very specific – not every protein can bind to that gene sequence  
○ Attractions are between bases and protein side chain  
● A whole region with these regions will have a higher affinity for these proteins  ● This stage is before transcription occurs  
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● Regulation on prokaryotic cells are very different than eukaryotic cells – not very  complex  
● Operon: Very efficient and don’t use too much energy  
○ Genes that are clustered together and transcribed with single promoter  ○ Cluster all the genes together and get 1 operon that is controlled under 1  promoter  
○ Promoter is on: genes are transcribed. Promoter is off: genes are not  transcribed  
Tryptophan Biosynthesis  
● On the operon, within promoter region, there is specific regions called operators  ○ Short sequences within promoter region  
○ Similar to TATA boxes  
● Cluster of 5 genes that are involved in synthesis of tryptophan – this will be  operon  
○ If e coli has tryptophan, it will shut the operon down  
○ If there is food, it doesn’t need any more 
○ If it has tryptophan from environment, it will not make it itself  
○ If there is not tryptophan, it will turn this on  
● Operator: short sequence within the promoter  
● Start of transcription with all 5 genes, you will have promoter region  ○ If there is high tryptophan in environment, it will bind to repressor  
○ Binding of molecules to repressor, will result in binding of repressor to  operator  
○ If there are enough tryptophan, it will bind to repressor and go into active  form which will bind to operator  
○ If it binds to operator, it will block binding of polymerase to promoter region  ○ By doing that it will turn off operon  
● If there's not enough tryptophan, repressor will be inactive and will not bind to  operator  
○ Since it cannot bind to operator, polymerase will bind to promoter region  and synthesize RNA  
● High level – activate repressor  
● Low level – Tryptophan cannot bind to repressor and will be inactve  ● Polymerase binds to promoter region and starts transcription of cluster of genes  
Repressors and Activators  
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● In some cases you can have both repressors and activators  
○ Repressors will inhibit transcription  
○ Activators will activate transcription  
○ This is the case for glucose production  
● Activators bind to promoter region and enhance binding and functionality of  promoter  
● In the case of glucose, when there is absence of glucose, you will get cAMP  (bacterial activator protein) that binds to CAP  
● This happens in absence of glucose  
Lac Operon  
● Digests lactose into glucose  
○ Preferred nutrition for bacteria is glucose (easier to get ATP from them)  ● •You have operon that has 2 different conditions: 
○ If you have food and ingredients to make something (but very tired), you  will take whatever is ready (easiest food source)  
○ Prefers glucose, but will also take lactose  
○ But you don’t really need to make anything because glucose is already  made  
○ Other option is that you have glucose but you don’t have any lactose ○ The main food is ready and you don’t have ingredients to make anything  else  
○ Operon will be off  
○ Repressor works based on the presence of lactose  
● When you have both glucose and lactose, or if you just have glucose the operon  will be off  
○ When you don’t have any glucose or lactose the operon will be off  
● Only condition where the operon will be on is when there is only lactose present  ○ Makes enzymes that break down lactose into glucose  
● Absence of glucose leads to high cAMP that binds to CAP and CAP binds to  binding site, and you get binding of activator to that region  
● Repressor depends on presence or absence of lactose  
Eukaryotic Transcription Regulators  
● Different regulators  
○ Transcription regualtors could be multiple transcription regulators  
○ Single molecule, repressors, activators, nucleosome structure, etc  
● In eu transcription, transcription regions could be very far away from start of  transcription  
● Enhancer: binding site for activator proteins, enhance expression of certain gene  [image: ] 
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○ The whole DNA will loop and bring that transcription site closer to  
enhancer region  
○ Other proteins are involved too: mediator  
○ Connects activator protein to transcription machinery  
○ Connects activator to transcription macherinery  
○ Binding of activator protein will also bring chromatin remodelling  
complexes and other proteins involved in remodelling of proteins  
○ A lot of proteins that will help with transcription of this region  
○ As a result of binding, it wil bring in all the required parts to transcribe  
Chromatin Remodelling  
● Chromatin – not accessibility to DNA regions  
● Chromatin remodelling changes structure of chromatin to allow for access to  DNA 
○ Packed DNA is not easily accessible  
● Can also be done through histones  
○ Acetylated or methylated  
● Once there is accessibility, you get general transcription factors and mediators  that assemble at promoter region  
● Histone acetyltransferase binds and  
○ Then you get chromatin remodelling by altering nucleosome structure  (remove histones and replace with other proteins) to allow access to this  region  
● Changes structure of nucleosome structure  
● Transferases do the same thing by relaxing the nucleosomes and allows for  binding of transcription factors, etc. to that promoter region  
● All of these happen at the same time  
Specialized Cell Types  
● Multicellular organisms have specialized ways to form differentiated cell types  ● Cells that are differentiated into specialized cell types must maintain and  remember their gene expression as they divide  
● Multiple cell types but we only have 1 genome  
○ Different types of regulations that occur within the cell  
Transcription Regulators  
● Enhancers/activator protein: 1 region that will control and activate 1 gene  ● In the cell you get combinational control  
○ Multiple regions and sequences that have multiple regulators  
○ Combine and control the expression of specific gene  
○ Can enhance or repress expression  
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○ More regulatory proteins and seuqnces that control transciprtion of  
specific gene  
Gene Expression Coordination  
● You can also get 1 molecule that can control multiple genes  
● Combinational control: multiple regulators with 1 gene  
● In this case, multiple genes and 1 molecule  
○ Single regulator can control multiple genes  
○ In eukaryotes you get multiple genes under control of 1 regulator  
○ Ex: cortisol receptor  
● Multiple genes that have regulatory sequence for cortisol (present under all of  these genes)  
○ Inactive receptor will result in low level expression of genes  
○ In stress, you get production of cort that will bind to recptor and receptor  will be activated  
○ This will increase expression of multiple genes  
Cell Types  
● Regulator proteins are important in determining each different cell types  ○ They regulate expression of genes that will allow for different cell types  ● Has to do with cell memory  
○ Expression pattern has to remain the same  
○ Different ways cell memory can be regulated  
○ Some transcription regulators can be speciic to 1 type of cell  
○ Ex: the myosin: production of MyoD which encodes myosin, can produce  muscle cell  
•If you turn on this gene in fibroblasts it will create muscle cells 
○ Some transcription regulators only require 1 regulators to determine the  cell type  
○ Can have 1 master regulator to change the cell type that will produce the  whole organ or in some cases can make whole organism  
Induced Pluripotent  
● Stem cells: precursor to other cells  
○ Specific stem cells that can only make 1 cell type or you can have  
pluripotent stem cells that can give rise to any cell type  
● Turning 3 genes on can result in production of pluripotent stem cells  ○ Once you have those, you can develop different cell types  
○ Master regulators (oct4, sox2, klf4) that are found in stem cells if reversed  can turn into pluripotent stem cells  
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Epigenetics Inheritence  
  
● Environment can affect expression of different genes  
○ This is done through methylation  
○ This has to do with cell memory – changes are passed on to daughter  cells  
● Different ways to maintain cell memory:  
○ Positive feedback loop – a loop of producing more and more of the same  gene  
○ Methylation that occurs on specific cytosine bases and represses specific  genes  
○ Blocks transcription of specific gene  
○ Histone modification: changes identity of cell  
Post-transcriptional Controls  
● Can be controlled at mRNA level or protein level  
○ Can modify mRNA or protein  
● At the nucleus, splicing can control gene expression  
○ Alternative RNA splicing, post-translational modification, mRNA  
degradation, and regulatory RNA  
mRNA Degradation and Translation  
● In eu cells, different modification can help tranlation of mRNA  
○ Required to guide translation  
○ UTR (untranslated regions) are upstream and downstream of the coding  region  
○ Within those regions, 5’ and 3’ ends, there are sequences that will  
regulate lifetime of mRNA  
● Hairpin structure will sometimes block the AUG  
○ Binding site close to hairpin region and any ribosome can bind and a  protein is made  
○ When in the structure, genes are not accessible to ribosome  
○ This is useful in bacteria that are sensitive to temperature  
○ Structure will dissolve and you get region where ribosome binding is  exposed and proteins can be made  
○ You can also get proteins that block that region  
○ If region is within hairpin structure, you need to dissolve structure to  access the genes  
Regulatory RNAs  
● Non-coding RNA that have different functions in the cell  
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● Coding RNAs are involved in regulation  
Micro RNAs  
● Small RNA that base pair with mRNA  
  
○ miRNA will bind to mRNA to form double strand and will not be stable and  will get degraded  
○ Very short (20-30 nucleotide RNAs) that can bind anywhere that is  
complimentary to them  
○ 1 miRNA can bind to multiple mRNA  
○ Since they are very small they don’t occupy much space in the genome ○ Requires a specific protein complex called RISC  
● Precursor miRNA will go through processing in form of double stranded RNA  intermediate  
○ RISC protein will recognize it and bind to single stranded miRNA  
○ Double stranded will become single stranded bound to RISC  
○ If there is homology within miRNA, it will signal this and degrade the RNA  ● Depending on the homology, you can have reduced expression or no expression  ○ More extensive the match, the more inhibition of the mRNA  
○ Less extensive match, less inhibition of mRNA  
● Precursor miRNA found on genome will bind to RISC complex and search for  any mRNA that will match, and if match is found it will degrade mRNA  ○ This is an example of inhibiting gene expression  
Small Interfering RNA  
● Defence mechanism against foreign RNAs (viruses or bacteria)  
● Double stranded RNA is cut, siRNA will be produced, RISC will search for  complimentary RNA (which will be virus RNA)  
RNAi  
● Foreign double strand RNA will be cleaved by DICER and will give shorter  regions  
○ siRNA are picked up by RISC and search for foreign RNA and degrade it  ● This process is RNA interference and is a defense mechanism against foreign  RNAs 
Long Non-Coding RNA  
● RNA molecules that are over 200 bases  
○ Ex: Xist is 17000 nucleotide long and silences X chromosome in female  mammals  
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○ Attract chromatin remodelling complexas and create heterochromatin  regions  
○ Very low expression  
CHAPTER 15  
Organelles  
● Prokaryotic cells have a single compartment  
● Eukaryotic cells are composed of several organelles  
○ Membrane enclosed  
○ Specialized function  
○ Different molecular composition  
● Compartments in eukaryotic cells that carry out different processes  ○ Need to communicate  
○ Have specialized function so need to communicate because not  
everything is made in the same spot  
Eukaryotic Cell  
● •Membrane enclosed organelles 
○ Communicate through these membranes  
○ Proteins go through membranes to get to other organelles  
● Can also be transported through cytosol  
● Different organelles have different membrane composition  
○ Single membrane vs double membrane  
● Organelles  
○ prokaryotes we only have single compartment  
○ eukaryotic cells have organelles that are membrane enclosed, have a  specific function, and have different molecular function  
■ need different proteins for the different functions  
● Protein synthesis occurs in the  
○ Rough ER  
○ Cytosol  
● For proteins to be transported to different organelles, they need different signals  that indicate their destination  
○ can be in vesicles  
Nucleus  
● Most prodominent organelle in cell  
○ Contains genome  
● Has double membrane (Outer and inner)  
○ Nuclear pores are methods of transport  
○ Outer connected to ER  
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○ Inner enclosed by nucleus itself  
  
● Means of transport for macromolecules is through nuclear pores  
● Largest organelles in the cell  
● Where the chromosomes are locations  
● Nuclear membrane= separates nucleus from outside environment  
● Have a nuclear pore in which all material will pass through (RNA, ribosomes,  proteins in and out of the nucleus)  
○ Has a double membrane  
Endoplasmic Reticulum  
● ER membrane is continuous with outer membrane of nucleus  
● Smooth ER: lipid synthesis  
○ Flipase and scramblase that creates symmetric growth  
○ Scamblase takes random synthesized lipase and moves them from one  side to another to make symmetric growth  
● Rough ER: protein synthesis  
○ Ribosomes are machinery where translation takes place  
● Rough ER – for protein synthesis  
○ Ribosome attached  
○ Proteins end up in vesicles for transport to the Golgi  
● Smooth ER- lipid sythesis  
Glogi Apparatus  
● Involved in transport  
○ Modification, packaging, and transporting of lipids and proteins  
● Lipids and proteins are modified and ready for transport  
○ Packaged and transported to destination they are meant for  
○ Addition of sugar to lipid to make glycolipid  
○ Proteins get further modified in golgi  
Mitochondria  
● Process of oxidation and phosphorylation takes place  
● Has double membrane  
● Most of ATP for the cell is produced  
● Different mechanism for transport of proteins and lipids  
Other small organelles  
● Lyosome: involved in degradation of proteins, nucleic acids and other molecules  ● Endosome: recycles molecules that have been taken up by the cell  ● Peroxisome: breakdown of lipids and toxic material found in the cell  
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Formation of organelles  
  
● Endosybiosis (applies to chloropast and mitochondria)  
● Ancient pro cells, DNA was attached to membrane and over time formation of  end folding within membrane which then gave rise to nucleus  
○ 2 layer envelope was formed around genome which formed nucleus  ● Vesicular transport created endomembrane system  
○ ER, Golgi, lysosome, peroxisome, endosome have vesicular transport  ○ Vesicles usually cannot transport proteins from ER to mitochondria, it has  to go through other organelles  
● Endomembrane transport is each organelle communicating to each other through vesicular transport  
● Endomembrane system that has its own system of transport which is vesicles  
Protein transport  
● Nuclear pore transport is when molecules are transported through the nuclear  pore  
○ Proteins cannot be transported through this  
● Protein translocators  
○ Found on mitochondria, chloroplasts, peroxisome, ER  
○ Similar to channels that are found on membrane of these organelles  ○ Channels that allow transport (similar to transporters)  
● Transport vesicles  
Signal Sequences  
● Amino acids sequences direct proteins to their destination  
● Proteins need to have signals to direct it to the right organelle  
○ Needs to be transported to the right spot  
● All proteins have signal sequence  
○ Sequence that gives signal or direction to each protein  
○ Nuclear proteins have signal for the nuclear protein to end up in nucleus  ○ Mitochondria proteins have signals to the mitochondria  
○ These signals are very specific (kind of like an address for a package)  ○ Take signal out and put another signal in (genomic level) and protein will  no longer go to original destination  
■ Can be of different sizes  
■ Peroxisome is 3 amino acids, some can have 15 depending on  
destination 
Nuclear Proteins  
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● Nuclear envelope  
○ Inner nuclear membrane  ○ Outer nuclear membrane  
  
● Nuclear pore are the gates for molecule exchange  
● Transport done through nuclear pores  
○ Similar to channels that are on nucleus  
○ Allows certain macromolecules to go through double membrane into  nucleus  
● Inside nucleus has a lot of actin that form inside of nucleus  
○ Give shape and stability  
● Endonuclear membrane is site of chromosome binding  
Nuclear Pores  
● Composed of 30 proteins  
● Mostly contain unstructured regions  
● Proteins with nuclear localization signal are allowed entry to nucleus  ● •In nuclear pore you can see different proteins that make the pore and structures  that are outside and structures that go inside protein  
○ Allows selectivity to determine what can be let in and what cannot be let in  ● Other regions extend into cytosol  
● Inside you have other structured regions that form nuclear basket  
● For transport proteins need signal  
○ When there is a signal, you also need something that will recognize that  signal  
○ You get nuclear import receptor  
○ First step for transport is nuclear import receptor recognizes signal and  then binding of receptor to the protein  
■ If there is no receptor then protein cannot go in because of  
structured regions  
○ Once protein is transported, signal will stay on (signal is not cleaved) and  stay as part of protein  
● GTP hydrolysis provides energy for protein import into nucleus  
● Receptor will be in nucleus  
○ Has to be transported out of the nucleus  
○ This requires another protein called Ran-GTP  
● Once in the nucleus, it will release protein and bind to other protein called Ran GTP  
○ Ran-GTP binding to receptor will guide nucleus back into cytosol  
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○ Once outside, you have import receptor and GTP in cytosol, Ran-GTP will  hydrolyze and release from receptor and now receptor can take another  protein in  
Mitochondria protein import  
● Another form of transport  
● On mitochondria, transport requires protein translocators  
○ Another organelle with double membrane  
○ Inner and outer membrane  
○ On both of these there are different protein translocators  
○ Translocators of inner membrane (TIM) and translocators of outer  
membrane (TOM)  
● Change of conformation of protein  
○ Proteins transported into mitochondria are precursor proteins and have  signal  
○ Signal sequence and protein that is not fully mature  
○ On translocators there are import receptors on outer membrane of  
mitochondria  
○ Receptor will recognize signal and bind to it  
○ Protein will be linearized and go through outer membrane first and then  translocators on inner membrane  
○ Once inside and translocation is complete, it will be folded into final  conformation and signal peptide will be cleaved  
● Requires signal, receptor, and port for transport to take place  
○ Chaperones in mitochondria that will fold protein  
○ Mature protein will not have signal peptide  
Peroxisome Proteins  
● Peroxisomes are involved in break down of fatty acids, alcohol and toxins  ● A sequence of 3 amino acids signals transport to peroxisomes  
○ No conformational change  
○ Translocator membrane  
● Can take proteins through translocators and vesicular transport  
○ 2 different modes of transportation  
○ Most are going through translocators but it is part of endomembrane  transport system  
○ Involved in breakdown of fatty acids and toxins  
○ Sequence for signal is very short (3 amino acids)  
○ Uses translocators on membrane and unlike what we saw with  
mitochondria, there is no change (stays the same)  
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	Organelle 
	Protein Import 
	Location 
	Cleavage 
	Conformation 

	Nucleus 
	Nuclear import  receptor 
	Nuclear pore 
	Not cleaved 
	No change 

	Mitochondria 
	Import receptor  on membrane 
	Protein  
translocators 
	Cleaved 
	Change 

	Peroxisome 
	Translocators 
	Membrane 
	Not cleaved 
	No change 




Endoplasmic Reticulum  
● Most proteins distend for Golgi apparatus, lysosome and endosomes enter ER  first  
○ Water soluble proteins  
○ Transmembrane proteins  
● ER signal sequence is 8 or more amino acids long  
● Start synthesis in cytosol  
○ Ribosomes attached to ER are not start point  
○ Synthesis will start and then attach to ribosomes  
○ Most proteins that will end up in other organelles will be secreted to  cytosol originate from ER  
○ Similar to other proteins, there needs to be a signal that needs to be  recognize and then translocation will take place  
● ER has own its protein translocators  
○ Water soluble proteins end up in ER lumin and secreted outside to other  organelles  
○ Transmembrane proteins will be bound to membrane of ER then  
transported to Golgi and other organelles  
○ Cotranslational transport: as translation takes place, protein will also be  transported  
ER Proteins  
● ER proteins and proteins that are made in cytosol  
○ Start on 3 ribosomes within cytosol  
○ mRNA encoded protein without signal, polyribsosoems in cytosol will  make a lot of proteins  
○ The ones that are distant for ER, it will start the translation  
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○ Once there is ER signal, the process of translation will slow down and be  sent to ER  
○ Then it will go through translocation  
○ Translation and translocation take place at the same time  
● Within ER transport there are several proteins involved  
○ First step is cytosolic translation  
○ If proteins have signal for ER, then whole translation in cytosol will be  slowed down  
○ When ER signal is translated it will slow whole translation process (full  protein will not be translated)  
○ Transportation into ER membrane and resume translation at the same  speed  
● In first step, once translation starts and signal is made, there is signal recognition  particles (SRP) will recognize ER signal, bind to it, and causes translation to be  slowed  
○ Binding of SRP to signal slows translation and then be recognized by SRP  receptor 
○ SRP binds to signal, slow translation, SRP gets recognized by receptor  found on membrane  
○ SRP receptor will pass ribosome to translocators and translation resumes  at full speed  
● 3 main complexes involved in translocation membrane  
○ SRP  
○ SRP receptor  
○ Translocator  
○ Signal peptidase  
● After recognition, translation will continue through translocator  
○ When translation is complete, you have signal peptidase and will cut  signal  
○ Signal peptidase is attached to ER membrane and active site cuts signal  is in ER lumen 
○ When growing protein is done, signal peptidase will cut the signal  
● This is for water-soluble protein (Not membrane bound)  
Transmembrane Protein  
● Start is the same as water-soluble protein in terms of recognition  
○ Signal that is recognized and then will be passed down to SRP receptor  and then to translocator  
○ There will be some hydrophobic regions that have hydrophobic stop  transfer  
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○ When process of translocation takes place, it will get to region called stop  transfer sequence  
○ At stop transfer sequence, it will switch direction of translation and  
polypeptide will be translated into cytosol  
○ In case of single pass transmembrane proteins, once the process it done  (stop transfer sequence) the signal will be cleaved  
● Double pass need 2 hydrophobic regions rather than just 1 region  
● Hydrophobic start transfer (signal for transfer is not at the start of the protein)  ○ Protein translation will start in cytosol after translating some amino acids it  will reach start transfer sequence  
○ Start transfering prtein into ER lumen (first hydrophobic region)  
○ Transfering into ER lumen will reach stop transfer and will not transfer into  ER 
○ Transfers into cytosol  
○ Key difference: start transfer is not cleaved  
○ Signal peptidase does not recognize to cleave it  
■ 2 hydrophobic region embedded in membrane  
Transport Vesicle  
● Transport Vesicles bud and detach from ER or Golgi Apparatus  
○ Major secretory pathway starts with ER, going through Golgi apparatus to  cell surface  
○ Major endocytic pathway starts from plasma membrane, leading to  endosomes and ending at lysosome  
● Can have 2 pathways:  
○ Exocidic pathway: take everything made inside cell and release it into  extracellular space  
○ Endocytic: start from ER to golgi and then release into extracellular  membrane  
○ Different types of vesicles in each type  
● Transport vesicle dock to organelles to transfer cargo molecules  
○ Process with high specificity  
○ Rab proteins identify tethering proteins  
○ v-SNAREs interact with t-SNAREs  
○ vesicle fuses to target membrane  
Transport Vesicle  
● Different based on direction they are going  
● Coated vesicles are coated with specific proteins  
○ Different components in this process  
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○ First you need a cargo (you are transporting something) cargo receptor on  membrane will recognize cargo  
○ Binding of cargo to receptor will signal another protein called adaptin  ○ Adaptin recognizes cargo  
○ There is different adaptin proteins which will identify different cargo  ○ Binding point for clathrin coat (binds to adaptin and coat vesicle)  
● Function is to form specific vesicle by binding to membrane (gives structure it  requires)  
○ Helps with budding off of adaptin  
○ When you get a lot of clathrin, it will form the bud within the membrane  ○ When formaiton is complete you get different form of proteins called  dynamin and binds to membrane and basically cuts it at that point, and  uses GTP for that process  
○ Binding of dynamin results in formaiton of coated vesicle  
● Vesicle is coated for it to actually go to destination, it has to fuse with other  membrane so cannot keep clathrin on it  
○ Final step is uncoating of the vesicle  
○ Once you gave the ring, dynamin uses GTP  
● Once coat is gone, you just have plasma membrane of vesicle  
○ You have to fuse it to the destination  
● Very specific process with signals/proteins that are specific to destination  ○ Rab proteins and tethering proteins, V SNAREs and tSNARES are  
important in fusing vesicle to desintation  
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Transport Vesicles  
● Vesicle has Rab proteins that get recognized by tethering proteins on destination  ○ T snare is target snare. V snare is vesicle snare  
○ These help with fusion of vesicle into new membrane  
○ Tethering protein interacts with Rab and brings it close to membrane  ○ This gets t and v snares into close proximity and they are attracted to each  other  
○ This attraction causes fusion  
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● Exocytosis: process of proteins, carbohydrates or lipids traveling from ER  through Golgi apparatus to cell surface  
● Path by which proteins travel from ER through Golgi apparatus to plasma  membrane  
● Vesicles from ER will go to Golgi then extracellular space  
○ How molecule get taken up by vesicles  
● Exocytosis: how carbs, proteins, lipids go through ER, then golgi, then cytosol ○ Can be regulated or unregulated  
ER Modifications  
● Most proteins are chemically modified in ER  
○ Disulfide bonds and Glycosylation  
● Different things can happen in ER  
○ Formation of disulfide bonds  
■ Don’t really change structure, they are more for stability 
○ Glycosylation: sugar molecules added to protein to form glycoprotein  (happens in ER)  
○ Most of the glycosylation takes place in ER (very rare that it happens in  cytosol as well)  
■ Ones that happens in cystosol take smaller sugar subunite  
■ Cannot have long polysaccharides added in cytosol  
Glycosylation  
● In ER, process requires different enzymes that transfer sugar mlecules to  growing polypeptide chains  
○ Glycolsylation takes place as translation takes place  
○ Using same process as transfer of ribosomes to translocator, growing  plolypeptide chain will reach its origin where oligosaccharides are added  ○ Dolichol (form of glycolipid) is where sugars are attached  
○ As polypeptide is growing, more sugars are being added  
○ Once sequence is recognized, specific enzymes (oligosaccharide  
transferase) will transfer oligosaccharide to origin on growing polypeptide  chain  
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■ Results in formation of glycoprotein  
● The active site of this enzyme will be in ER lumen  
○ Enzyme itself is bound to membrane  
○ Very similar to peptidase  
● This is one form of modificaiton of proteins that happens in ER  
ER Exit  
● ER retention signal is attached to the C-terminus of proteins remaining in ER  ● Misfolded proteins and partially assembled antibodies are retained in ER  ○ Cystic fibrosis is an example of misfolded protein retained in ER  
● Once proteins are made, they have to be assembled (folded)  
○ Takes place in ER  
● Same way ER signal (take ribsosome to ER membrane and start translocation)  there is also retention signal  
○ Retain the protein in ER  
○ Protein that is made is required for ER and not transferred to ER  
○ If proteins have signal and transferred to golgi, it will be sent back to ER  ● When proteins are made, they need to be folded correctly  
○ Chaperones are required to fold them properly  
○ If proteins are misfolded they will also be retained in ER  
○ Misfolded proteins will signal retention and stay in ER  
● Ex: protein misfolded but it is functional  
○ Even though it is functional it is still retained in ER  
○ One of the causes of cystic fibrosis  
● Partially assembled antibodies will also be retained  
○ 4 different polypeptide chains are required  
○ Each will be maintained until antibody is fully assembled  
○ This is when there is an accumulation of proteins in ER that are misfolded  or unfolded  
Unfolded Protein Response  
● ER can have an accumulation of misfolded and unfolded proteins  
○ Limited space in ER, so cell will expand ER itself to make room for newly  synthesized proteins  
○ Another response is apoptosis (when you have no way around it, then the  cell will go through cell death)  
■ Most extreme response  
■ Most of the time cell tried to fix the issues  
○ Increased production of chaperone proteins  
[image: ] 
[image: ]  
■ Once proteins are made, they have to fold them into proper  
formation  
■ If there is something wrong with folded protein, chaperones will  
correct it  
○ Inhibit synthesis of proteins  
● If proteins are folded correctly, they will move on to the next organelle  
Golgi Apparatus  
● Proteins will be transported from ER to Golgi  
● 2 sides: the cyst and the trans  
○ Cis is where vesicles come from ER and enter into Golgi  
○ Trans is where  
● Addition of sugar molecules to lipids occrs in golgi  
Exocytosis  
● Constitutive exocytosis pathway: proteins and lipids are transported to plasma  membrane  
○ Secretion is release of proteins to the extracellular space  
● Regulated exocytosis pathway is specific to secretory cells which produce  specific products  
○ Secretory vesicles store products like hormones or enzymes  
● Making proteins and lipids is for a purpose  
○ In some cases they need to exit cell  
○ 2 pathways: constitutive exocytosis and regulated exocytosis  
● Secretion: makes proteins and uses exocytosis to secrete proteins and lipids  ○ Does not require signal  
○ Not regulated  
● Regulated exocytosis: requires signal from environment  
○ Stores product into vesicle and transported out of the cell  
● Regulated exo, releases a lot of specific molecules  
○ Constitutive does not (not as high of conc.)  
Endocytic Pathway  
● Uptake of fluids or food, recycling materal, etc  
● Uptake of fluid requires endocytic vesicles (pinoctyosis)  
● Uptake of food or other organisms uses endosomes  
○ Endsomes to destination in the cell  
● Endosome can recycle material and send back to plasma membrane or to  lysosome for degradation  
○ Pinocytosis and Phagocytosis  
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Phagocytosis  
● In some unicellular cells its form of feeding  ○ Involves phagosome  
  
● In animal cells it is involved in defense mechanism  
○ White blood cells  
● Feeding requires phagocytosis  
○ Specific cells that are involved in this process  
○ Animal cells this process is for defence mechanism  
● White blood cells forms nutrifills that take over molecules that have entered the  body 
Pinocytosis  
● Pinocytosis is a continuous process in eukaryotic cells  
○ Pinocytosis vesicles  
● Involved clathrin-coated proteins  
○ Uptake of fluids  
○ Continuously taking place in cell  
○ Within fluids will be other molecules too  
Receptor Mediated Endocytosis  
● An example of endocytic pathway  
○ Uptake of LDL molecules  
○ LDL are low density lipids that contain lipids like cholesterol  
● Formation of clathrin coated proteins and vesicles which go through uncoating  and fusion with target  
○ Undergoes processes in endosomes and lysosomes  
○ LDL receptors on plasma membrane  
○ LDL molecules bind to receptors and will initiate formation of clathrin  coated vesicle  
○ Vesicle will go through uncoating  
○ Fuse to endosomes which is first point of entry  
○ Endosomes will take molecules and enter into the cell  
○ In the endosome, there is LDL an receptor  
○ LDL will dissociate from receptor in endosome due to an acidic  
environment in endosome  
○ Receptor is recycled and LDL will be delivered to lysosome  
○ Lysosome has hydrolytic enzymes (break down different molecules) and  will break down LDL and release cholesterol  
○ This is the uptake of cholesterol in the cell  
● When vesicles transport molecules to endosome, vesicle can fuse to early  endosome  
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○ Endosomes have proton pumps used to acidify the inside of the cell  ○ Lowers pH of endosome  
○ Early endosomes can fuse with late endosomes and become mature  endosomes  
○ Once transport takes place you can get recycling, could send everything  for degradation (LDL ex), or transcytosis  
○ Transcytosis is taking vesicles from one side of cell and transporting it to  other side of cell through endosomes  
Lysosome  [image: ]
● Lysosome contains hydrolytic enzymes which break down  
extracellular material and worn out organelles  
● Proton pumps to acidify inside of lysosome  
CHAPTER 17  
Key Theory  
● Cytoskeleton is composed of three types of protein filaments; intermediate  filaments, microtubules, and actin filaments  
● Each of these filaments has unique properties  
● Each type is composed of unique protein subunits which assemble via  polymerization  
● Different structures and functions in the cell  
● Actin: involved in muscle contraction  
○ Thinnest of them all  
○ Usually found around the cell  
○ Always cluster together  
● Microtubules  
○ Unluke other ones, has origin  
● Intermediate: found in pores and all over cell in cytoplasm  
○ Main function is strength and structure to cell itself  
○ After actin, it is the thinnest  
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Monomer for Intermediate Filaments  
● Main function is to stand mechanical stress and high salt conc  
○ Do not change structure in different environemtns  
○ Formed from one monomer that will make coiled structures  
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○ These will bind to other structures of the same units  
○ Dimers will come together to form tetramer and 8 tetramers will give you  the intermediate filament  
● Rope-like structure adn extends into cytosol  
● Withstand mechanical and environmental stress  
Four Classes of Intermediate Filaments  
● Prominent in cells that are subject to high rates of mechanical stress  ● Nuclear Lamis  
○ Have to keep nucleus intact  
○ Only found in nucleus, every other is in the cytosol  
○ In all animal cells  
● Keratin Filaments  
○ Found in epithelial cells  
● Neurofillaments  
○ Found in nerve cells  
● Vimentin and Vimentin-Related Filaments  
○ In connective-tissue cellss, muscle cells, and glial cells  
Microtubules  
● Functions:  
○ Organizing role (transport and positioning)  
○ Form structures such as cilia and flagella  
● Very important in cell cycle, organization of cell & positioning in organelles  ○ Can form different structures fuch as cilia and flagella  
● Grow out of centrosome  
○ During cell cycle, it will divide into 2  
○ When not dividing, there is 1  
● Dimer of alpha and beta tubulin that will form subunits that stack to form cylinder  ○ Hollow cylinder will form microtubules  
○ 13 will form a microtubule  
○ Always go from alpha to beta (beta will be at the end)  
● Composed of two globular protein subunits α and β tubulin 
● Tubulin subunits stack into propofilaments  
● 13 protofilamets assemble into a hollow cylindrical microtubule  
● Have an inherent polarity with a plus (β) end and a minus (α) end 
● NONE of these interactions are covalent  
The Centrosome  
● Organizing center where all the microtubules come from  
○ Gamma tubulin ring is start point of microtubule  
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○ Tubulins added to gamma rings and extend into cytosol  
● Other structures called centrioles  
○ Function not really know but they give direction to microtubules  
○ This is only in animal cells  
Microtubules  
● Each microtubule grows independently of it’s neighbours 
● The plus end grows outward from an organizing center until suddenly the  microtubule disasemebles inward from both ends  
● Multiple microtubules that are independent from each other  
○ Not all of them will polymerise at the same time  
○ One can be extending and one can be shrinking  
● Direction that they grow will be + end  
○ Minus end is the direction they shrink  
Dynamic Instability  
● The process of polymerization and depolymerization of microtubules  ○ Based on this, the microtubules that originate from centrosome will always  go through this process  
○ Constantly polymerizing and depolymerizing  
● If it is attached to a different structure, it will stabilize the microtubule  ○ If the end is free, it will start to shrink  
○ As long as the end of microtubule are attached to any structure, they will  be stabilized (will not shrink)  
○ The ones that don’t attach will be unstable and shrink 
● Made of alpha and beta tubules  
○ Within cell, there are 3 tubulins that are required for assembly of  
microtubules  
○ They are bound to GTP  
○ Once tubules are added, they GTP will be hydrolyzed and become GDP  ○ Addition of GTP at one end is faster than having GDP at the other end  ○ At some point cell will run out of tubulins  
● Dynamic Instability and GTP  
○ Free tubulin is tightly bound to GTP  
○ Shortly after tubulin is added to the + end, GTP is hydrolyzed to GDP  ○ Tubulin addition outpaces GTP hydrolysis forming stable GTP cap  ○ Tubulin bound to GDP is unstable  
○ If GTP is hydrolyzed at the plus end before the next tubulin is added, the  instability increases  
○ The GDP-tubulin starts peeling away from the end  
○ Once disassembly begins, it proceeds at a catastrophic rate  
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● Having GTP cap will act as having microtubules bound to something  ○ Stabilized it  
○ Once GDP is bound to cap, the structure will be unstable and it will shrink  and disassemble  
● Different drugs can target microtubules and used in chemotherapy  
○ Can stabilize or unstabilize structures  
○ Both will result in cell death  
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Dyneins and Kinesins  
● Have motor proteins associated with microtubules  
○ 2 different kinds that go in 2 different directions  
○ Dynein goes to minus end  
○ Kinesin goes to plus end  
● Structure:  
○ Tail and globular head  
○ Head is bound to microtubule  
○ Tail is where th cargo goes  
● They are ATP-ases  
○ Use ATP and hydrolyze ATP to move on mirotubule  
○ Each time ATP is hydrolyzed, they take 1 step forward  
○ Cargo can be vesicles moving from one part of cell to another part, etc  ○ Can also be attached to organelles and position organelles wihtin the cell  
Different motor proteins transport different cargo  
● Organelles move along microtubules. Examples:  
○ The endoplasmic reticulum aligns on microtubules as kinesins pull it away  from the nucleus and stretch it out  
○ Dyneins pull the golgi apparatus towards the nucleus to regulate the area  between internal membranes  
● Dyeins go to the minus end  
● Kinesins go to the plus end  
○ Both involve positioning of organelles in cell  
[image: ] 
[image: ]
[image: ]
Actin Filaments are thin, flexible, and highly dynamic  
  
● Made of actin monomers that make actin filaments  
○ All cell types have them  
● Involved in cell movement  
○ Actin filaments are responsible for immune cells engulfing other cell is  ○ Not found in isolation – always foind together  
○ Involved in cytokinesis in mitosis  
Treadmilling  
● Free actin monomers carry tightly bound ATP which is hydrolyzed to ADP after it  is incorporated  
● Actin goes through treadmilling:  
○ Free actins will be added to one side of filament and when they hydrolyze,  they will detach from other side  
○ Different from dynamic instability  
○ Addition of actin on plus end and release of actin on minus end  
● If a lot of actin available, addition will be more than release  
○ This will cause growth  
○ If there is not a lot of actin, it will shrink  
Myosin-I  
● All actin dependent motor proteins belong to the myosin family  
● Actin-dependent motor proteins  
○ ATP-ases are used to move along actin filaments  
○ 2 different types: myosin I and myosin II  
● Structure: Head domain and tail  
● All cells have myosin I  
○ Myosin II is specific to muscle cells  
● The head domain of myosin moves a vesicle along an actin filament (A) or an  actin filament relative to the plasma membrane (B). 
● Could carry vesicles on actin molecules or be on actin and moving along plasma  membrane 
○ In either case, the myosin will walk towards plus end 
○ Tail is where cargo will be (ex: protein, vesicle, plasma membrane) 
○ Released once it gets to plus end 
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Muscle Contraction: The Sliding Filament Theory  
  
● Muscle contraction depends on interacting filaments of actin and myosin  ● Actin filaments slide against myosin filaments during muscle contraction  ● Muscle contraction is triggered by a sudden rise in cytosolic Ca2+ 
● Actin and myosin II are involved in muscle contractions  
● In the muscle there are sarcomeres that are the contractile units  
● One unit of sarcomere  
○ Within this you have myosin II, actin, and another structure called z-disks  ○ These will form sarcomeres  
● Z-disks attached to actin  
○ Pulls actin filaments and that is how muscle contraction takes place  ● Sarcomeres come together to form myofibrils  
○ The sarcomere is the contractile unit of skeletal muscles  
○ Myosin-II thick filaments overlap actin thin filaments in regular intervals  ○ Z-disks are attachment points for actin filaments  
○ Z-Disks move in closer proximity upon muscle contraction  
○ Myosin thick filaments remain fixed  
●  
Myosin-II 
● Myosin II has 2 different ends and can bind to 2 different actins  
○ It is a dimer  
● These dimers can associate with each other and form myosin filaments  ○ Same way we have actin or intermediate filaments  
○ Group of them forming myosin filaments  
○ Direction of movement will be the same  
○ Because of the 2 heads, they can pull 2 different actins on either side  ● Myosin-II tails can associate to form long filaments with the globular heads  projecting outwards in opposite directions. The bare region in the middle is only  tails  
● The bipolar nature of myosin filaments allows for the “sliding” of actin filaments  with which it associates.  
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Muscle Contractions  
● Within structure, myosin filaments do not move  
  
○ They slide actin that are attached to z-disk  
○ Sliding actin results in contraction  
○ Uses ATP hydrolysis  
● During relaxation, you do not use ATP  
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CHAPTER 18  
Cell Cycle  
● Process of duplication of cell contents and dividion is the cell cycle  
● During cell cycle there are different phases  
○ G1, S, G2, and M phase  
● Duplication and segregaion of genetic info  
● One cell which will start growing, duplicate content (genome)  
○ Goes through division process and makes 2 daughter cells  
○ Time is different for different organisms and cell types  
■ Depending on cell type, doubling time differs  
Cell Cycle Phases  
● Duplication of genetic material  
● Interphase cosists of G1, S, and G2  
○ G1 and G2 is growth period  
○ S is synthesis of new DNA  
● M phase  
○ Mitosis and cytokinesis  
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○ Division part of cell cycle (one cell dividied into 2 daughter cells)  
○ Most of what happens is during this phase (attachment of spindles, etc)  ○ Shortest period of cell cycle  
● Has 2 protiens: CDK and cycline  
○ Controls what happens during cell cycle  
○ Check points to regulate the process  
○ Ex: In S phase, check points will regulate the amount of chromosomes  and controls for replication of genome so there is no error  
○ Ex: In G1 phase, check points will regulate growth of the cell and make  sure cell is ready for cell cycle  
○ Ex: Mitosis: assembly of microtuble spindles to chromosomes  
Cell Cycle Control  
● Pause cell cycle progression and inspect the cell to make sure everything is in  order  
○ Slow down or pause progression of cell cycle and look for errors  
○ No errors -> goes to next phase  
○ If there are issues (DNA damage, missing chromosome, etc) then it will  stop cell cycle and make sure these issues are not passed on to daughter  cells  
○ Has to fix issues before going through next phase  
● G1/S: check point between G1 and S  
○ When cell is in G1, it is trying to go to S phase and this check point will  check for growth (protein synthesis) and the right condition (environment)  to continue into S phase  
■ Checks for DNA damage  
○ When cell is in G2, cell needs to make sure there is correct number of  chromatins  
● G2/M check point  
○ During N phase, it will check for mitotic spindles (chromosomes attach to  mitotic spindles  
● Cyclin and cycling dependent kinases  
○ CDK are kinases where their activity depends on presence of cycling  ○ No cyclin, CDKs are not active  
● Kinases and phosphatases that regulate cell cycle (important in cell signalling)  ○ CDK in absence of cyclin are inactive and cannot perform function  
○ Once they attract to cyclin they become active  
○ Activation of those CDKs results in progression of cell cycle  
○ Ex: if MCDK is active, then the cell can go through M phase. If it is not  active, it cannot go through M phase  
○ Conc of cyclin changes depending on phase of cell cycle  
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○ M cyclin conc will be higher in M phase because you don’t want it to be  high in other phases  
○ Same with G1 cyclin and other phases  
Cyclin-Cdks  
● Each of these CDK cyclin complexes will trigger specific proteins and trigger that  phase  
● If there are issues in any phase of cell cycle, it has to regulate that process  
Cyclin Regulation  
● Protein concentration is rate of protein synthesis over rate of protein degradation  ● APC regulates Cyclin degradation  
● Cyclin degradation drives transition from one phase to next  
● Cyclins are proteins (kinases) and they will be regulated through modifications,  phosphorylate, dephosphorylate, degradation, or physical attraction  
	Regulator 
	Target 
	Phase 
	Activity 
	Modification 

	APC 
	Cyclin 
	S-M 
	Adds ubiquidin 
	Inactivate CDK 

	Wee 1 
	CDK 
	G2-M 
	Phosphorylation 
	Inactivate 

	Cdc25 
	CDK 
	G2-M 
	Dephosphorylation 
	Active 

	p27 
	CDK-cyclin  
complex 
	G1-S 
	Physical Attraction 
	Inactivate  
complex 

	p21 
	CDK-cyclin  
complex 
	G1-S 
	Physical Attraction 
	Inactivate  
complex 




During M pahse, you get active cyclin CDK  
● If no issues, this pushes cell through M phase  
● If there are issues, this activity is not good (cell does not want to force itself into  M with issues)  
● Regulator protein called Anaphase P Complex  
○ Adds ubiquitin chain to cyclin and degrades cyclin  
○ Once cyclin is degraded, CDK is inactive  
Cdk-Cyclin Activity  
● Inhibitory phosphates deactivates Cdk-Cyclin 
● Activity of Cdk-Cyclin is regulated by kinases and phosphatases 
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● Requires kinases and phosphatases ● Modification of cyclin or CDK 
  
● Inhibitory kinase called Wee 1 that will phosphoylate CDK 
● This will result in thw whole complex becoming inactive 
● Once inactive and you need to reactivate it 
○ Phosphatase called CDC25 will also target CDK but it will  
dephosphorylate it and remove inhibitory phosphate 
● P27 is an inhibitor protein ( G1 to S ), S-CDK 
● Inhibits phosphorylation by CDK 
● Physical attraction (not a modification, it will physically stop cyclin from doing  something) 
○ Targets the whole complex through physical attraction 
○ This happens when cell transitions from G1 to S phase 
○ Has to do with DNA damage 
G1 Phase  
● Where cell growth, repair, metabolic activity happens  
○ Has to have enough proteins, ATP availability, recieves signals from other  cells that is has to go through cell cycle  
○ The longest phase of the cycle  
○ Can go into G0 where they do not duplicate or remain in G1  
■ Depends on environmental sugnals  
■ No signals, it will remain in this phase  
● There are cyclins and CDKs  
○ If they are present in G1 phase, it will push the cell forward to replication  ○ If you don’t have it, the cell will not move on 
○ If cell is not ready for duplication and G1-S is not present, you will have  immature cell going through duplication  
○ Regulated through degradation of cyclins  
■ Targets CDK and cyclins, and by doing that cell will not go through  S phase  
○ Can also inhibit protein sythnesis of cyclins  
Mitogens  
● Extracellular signals which stimulates multiplication of mammalian cells are  called mitogens  
○ Triggers synthesis of G1 and G1/S cyclin  
○ Proteins involved in DNA replication  
● Rb protein negatively regulates cell duplication  
● G1 and cell cycle in general depends on extracellular signals  
[image: ] 
[image: ]  ○ Ex: mitogens  
○ Mitogens are signals that will stimulate cell cycel progression  
○ Will trigger synthesis of G1 and G1 cyclin  
○ Makes cell ready for S phase  
○ Works through Rb protein  
● When cell recieves mitogen, recpeotrs in the cell are activates  
○ Signals commitment of cell into S phase  
○ This will activate G1 CDK and G1 SCDK  
○ When these are not active, Rb will bind to transcription regulators  
■ This will inhibit transcription of different proteins  
○ Mitogen will activate G1 CDK and G1 SCDK and will phsporylate Rb and  will inactive Rb and start transcription of proteins  
● First, there is active Rb = inactive transcription  
○ Through G1 and G1-S CDKs  
● Second, inactivate Rb = active transcription  
○ Transcription of genes that are important in S phase  
DNA Damage  
● DNA damage will pause cell cycle progression  
● If cell is active and trying to go from G1 to S pahse but there is DNA damage  ○ Cell cycle progression will need to stop so cell can repair damaged DNA  ● This happens through another pathway:  
○ When there is DNA damage, there is a protein called p53 that will  
dephosphorylate and become active  
○ P53 is a transcription factor that will start synthesis of p21  
○ P21 will act in the same way as p27 – it will bind to G1 CDK and S CDK  through physical attraction and inactive them  
Non-dividing State  
● Some cells can permanently stop cell division  
○ Nerve cells, muscle cells  
○ Through genes that are activated that repress encoding of CDK and cyclin  ○ Other cells can go through it temporarily (liver cells)  
S Phase  
● Where DNA replication takes place  
○ There is the origin of replication (where replication bubble starts)  
○ ORC recognizes origin of replication and binds to it  
○ Cdc6 is a phosphatase  
○ Pre-replicative complex is a complex that forms before replication starts  ○ S CDK  
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○ You get ORC binding to origin of replication  
○ This will result in binding of CDC6 which will recruit helicases and the rest  of members of replication process  
■ CDC leaves and helicase enters  
○ All of them will be assembled at origin of replication  
○ When this complex is formed, SCDK will phosphorylates helicase and  origin of replication and starts process of replication  
● You only need 1 round of relication  
○ More than that is not good  
○ To stop this from happening, CDK phosphorylations CDC6  
○ This signals this for degradation  
■ CDC6 is inactive and cannot go through replication again  
M Phase  
● Very short period of time  
● Consists of mitosis and cytokinesis  
○ Mitosis: Nucleus is divided into 2  
■ Microtubules  
○ Cytokinesis: cell is divided into 2  
■ Actin  
● Cell needs to make sure number and replication of DNA is correct (no errors and is  completely synthesized; 2 copies of genome) 
● In early stage of M phase, you get assembly of mitotic spindles 
○ M CDK needs to be active 
■ Inactive before entering M pahse 
○ Gets activated by Cdc25 
○ Every time CDC25 activates M CDK, and blocks Wee 1 
○ Wee 1 will phosphorylate CDK and inhibits it from progressing into M phase ○ CDC25 removes phosphate and activate M CDK  
■ This is a positive feedback loop (self-reinforcing activity)  
Cohesins and Condensin  
● Duplicated chormosomes are condensed at the M phase entry, condensins carry  out this function  
● Cohesins hold sister chromatids together  
● The chromosomes are condensed at M phase  
Happens in Prophase  
○ There are specific proteins that are involved in condensatoin of these  chromosomes  
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■ Condensins will condense all duplicated chromosomes  
■ Activated by M CDK  
○ Sister chromatds need to be held together  
■ This is done by cohesins (hold sister chromatids together)  
■ If they do no form and do not carry out function prperly, you can get  incorrect formation of chromosomes and chromosome numbers  
■ Once replication is done, this will form around sister chromatids  
Cytoskeletal Assembly  
● Mitotic spindle carries out nuclear division  
○ Composed of microtubules and motor proteins  
● Contractile ring carries out cytoplasmic division  
○ Actin filaments and myosin filaments  
● During M phase, you get formation of mitotic spindles  
○ These are mictrotubles  
● You also get formation of actin and myosin filaments from contractile ring during  cytokinesis  
Centrosome  
● Duplication of centrosomes:  
○ Centrosomes are where microtubules originate from  
○ During cell cycle, these centrosomes will be duplicated and form spindle  poles  
○ The process of duplication and segregation is called centrosome cycle  ● Centrosomes are where microtubules originate from  
○ They duplicate and go to opposite end of the cell  
○ This is triggered by G1/S and S CDKs  
○ Segregation of centrosomes starts in S phase  
○ Towards end of M phase, centrosomes will become spindle poles  
● Microtubules that extend from spindle poles are called aster microtubules  
M phase can be divided into different phases:  
● Prophase, prometaphase, metaphase, anaphase, telaphase  
○ These are division of the nucleus  
● Prophase: condensation of chromosomes and assembly of mitotic spindles  ○ Centrosomes move to opposite ends and mitotic s[pindles start to  
assemble  
● Prometaphase: Nuclear envelope dissolves  
Mitotic Spindle  
[image: ] 
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● Mitotic spindle assembly begins in prophase  ● Microtubules polymerize and depolymerize  
  
○ Cdk phosphorylates mitotic associated proteins  
● Interaction between microtubules extended from two centromeres forms the  basic frame work of mitotic spindle  
● Microtubules that pull sister chromatids to opposite sides of cells  
○ Involves all different types of microtubules  
○ Kenitochore: Connect spindle poles  
○ Dynamic instability: polymerization and depolymerization of microtubules  ■ If they attract to each other, they will become stable  
○ CDKs will phosphorylate microtubules associated proteins and they  become unstable  
Chromosome Attachment  
● During the prometaphase, the main event is disassembly of nuclear envelope  ○ Microtubules are extending but cannot reach the chromatids (nuclear  envelope inhibits this  
○ Nuclear envelope is disassembled (this is a result of phosphorylation)  ● Phosphorylation causes disassembly of nuclear pore protein and intermediate  filaments of lamina  
Metaphase  
● Will have all chromosomes in a line  
● You will need to have a line in the middle  
● Then they will be pulled apart and segregated  
Spindle Equator  
● Metaphase plate is formed when duplicated chromosomes are aligned halfway  between the two spindle poles  
○ Metaphase plate: imaginary line in the middle of the cell where chromatids  will line up  
● Disrupting attachment of kinetochore or sister chromatids will cause shift towards  the spindle pole  
○ If there is any disruption of kinetochore attachments  
○ Any changes in kinetochores or microtubules attached to them will cause  a shift  
○ The way that the sister chromatids line up is associated with the way that  the spindle fibres work  
Sister-Chromatid Separation  
● Linkage between sister chromatids are broken in anaphase  
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● Separaton:  
○ APC will ubiquitin the complex  
○ The inhibitory protein is then degraded  
  
○ Once separase is activated then it will degrade the cohesin complex  ○ When the attachment is broken you will have separation of sister  
chromatids  
● APC: anaphase promoting complex  
○ This is required for the anaphase to go through its stages  
● Two important enzymes:  
○ Separase: important for separating the chromatids  
■ Is a protease that will break cohesin  
○ Secrurin: stops separase from separating the chromatids  
Anaphase  
● Will have separation between sister chromatids  
● Bond will be broken  
● They will then go to different sides of the cell and eventually will become new  cells  
Chromosome Segregation  
● Anaphase A:  
○ You will get kinetochores being shortened  
■ Get change of size in microtubules  
○ Tublins: what makes microtubules, smal subunits that synthesize  
microtubules  
■ Loss of tubulin subunits  
○ The kinetochores will shorten and will start the molement of chromatids  ○ Will have the microtubules changing in size (shrinking) and will pull the  chromosomes apart from one another  
○ This will move each of those sister chromatids to a different spindle pole  ○  
● Anaphase B:  
○ Movement of spindle poles 
○ This happens by motor proteins (kinesin and dynemin)  
○ Will cause movement of proteins, and organelles  
○ Their function is to move things within the cell  
○ Will get two movements:  
■ One will take place on the interpolar microtubules  
■ The other will take place on the spindle poll in the cell cortex  
○ 1: requires kinesin work on the interpolar tubes  
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○ 2: Dynenin will work on the cell cortex  
  
○ Will have sister chromatids on both sides of the cell  
Final Steps:  
● Will get formation of the nucleus  
● In cytokinesis the cytoplasm will get divided into two  
○ Cytoplasmic division  
Telophase  
● Dephosphorylation of the nuclear pore and proteins  
○ Will lead to the assembly of the nuclear envelope  
○ Will get this formation that will decondense the cell  
○ You will decondense proteins  
○ Transcription will happen  
○ This causes transcription of new proteins that will form the nuclear  
envelope  
● Nuclear envelope re-assembles during telophase and mitotic spindle  disassembles  
Cytokinesis  
● Where we get the cytoplasm dividing  
○ And formation of the two daughter cells  
● This will start in anaphase but it is not completed until the formation of the two  daughter cells  
● Actin and myosin are important in forming the contractile ring  
○ They will cut the cytoplasm into two different parts  
● How does it know where to cut:  
○ Depends on the mitotic spindle  
○ Had the metaphase plate à that will signal where the contractile ring will  /should form and where it will be divided  
○ Also important in the timing of the division  
● The process starts in anaphase;  
○ During anaphase they will recruit proteins that are required to find the  plate of metaphase plate  
Contractile Ring  
● Composed of actin and myosin filaments attached to membrane associated  proteins  
○ It is a transient structure  
● Contractile ring will get shorter and shorter through cytokinesis  
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● The force made by these two filaments are very high  
● The shape of the cell will change  
● It goes through this transient structure  
● This is because of the cytoskeleton proteins that are changing their function  ● Substratum: the surface that the cell will attach to  
● Integrin: proteins that will attach the cell to substrate  
Other Organelles  
● Mitochondria will have their own cell division  
○ Cell division of mitochondria is random and some will go to one or the  other  
○ There is a lot of mitochondria and cholorplasts in the cell  
● ER 
○ Is separated by microtubules  
○ Stays intact until cytokinesis  
● Golgi:  
○ Division happens in mitosis  
● Endosome, lysosome, peroxisomes:  
○ Will randomly divide, no set timing for division, will either go to one or  another daughter cell  
Cell number and size  
● If cells do not know when to die disease can arise  
○ To control for size and number of the cell, it will have signals telling it  when to die  
● Apoptosis: regulates the number of cells, and is pre programmed cell death  ○ Do not have apoptosis in unicellular organisms.  
○ In multicellular you need to control the number of cells that you have  
Apoptosis  
● Is activated with intracellular signals  
○ There is signals within the cell that tell it when to die  
● Resasons for Apoptosis:  
○ Will have structures that are not needed  
○ To balance cell division  
■ Producing new cells will mean that we no longer need the other  
cells  
○ Stress (DNA damage, problems with cell cycle)  
Intracellular proteolytic cascade  
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● Does not damage neighbouring cells  
  
○ It will go through necrosis and that is not good, it will open up, and  
whatever is inside of the cell can be burst throughout the cytoplasm and  may affect other cells  
○ Necrosis: going out, half way through the night the cell will pop and will  spill its contents everywhere  
● Cell will shrink  
○ The cytoskeleton will collapse  
○ Nuclear envelope will disassemble  
○ Different proteins involved  
● Caspases:  
○ Initiator: acts at the judge  
○ Executioner: will execute  
Caspases  
● The caspases will see what needs to be formed  
○ You will have cleavage of these caspases at the N and C terminus  
○ This will cause the formation of active caspase  
● When you have active caspase then it will start making more caspases.  ○ Positive feedback loop: you make 1 and then It will make more and more.  ● Each caspases will be involved in breaking down a specific part of the cell.  ○ Once the initiator starts, it will keep making more and more  
○ If you get different types this will be the end for the cell.  
● Cell cycle will not be working properly, there Is a problem with the checkpoints  ○ Once you get one of them initated there will be a positive feedback, one  can initiate more  
Bcl2 Family  
● May activate or trigger the process  
○ The other proteins in the BCL2 family that may inhibt it  
○ Depends on the signals that they are receiving  
○ Must go through Apoptosis to kill the cell  
● Focus on Bax and Bac of the BCL2  
○ They will release cytochrome C (electron carrier in ETC)  
○ If it is in the mitochondria there will be no problems, it will carry out its own  function  
● If it get released from the mitochondria it will cause Apoptosis  
○ They will release cytochrome C into the cytosol  
○ It will release cytochrome c  
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○ Cytochrome c will bind to the adaptor protein and will form this 7 arm  structure  
● Apoptosome:  
○ Assembly of apoptosome will require Cytochrome c, Adapter protein, and  Procaspases  
○ Will also require that bax and bak release the cytochrome c  
○ BCL2 inhibits apoptosis à by keeping Bax and Bak inactive  
○ If they are activated then the apoptosome will take place  
Extracellular Signals  
● These signals can activate apoptosis through Bcl2 family  
● Death receptors are cell-surfaced proteins activated by extracellular respose  ○ Fas is activated by Fas ligand present on killer lymphocytes  
○ FAS receptor on the outside of the cell  
■ The FAS ligans will bind to the cell  
○ This will cause formation of the complex called DISC  
■ Death induced signalling complex  
○ Made up of adaptor proteins and procaspase-8  
○ Binding will recruit the adaptor and Procaspases which will induce DISC  ○ This will lead to the activation of the caspases.  
Survival growth, and division  
● The cell will have to survive and grow  
○ This depends on the function that it has  
○ Depends on the extracellular signals that it gets  
○ Also the environment  
● Unicellular cells only care about nutrients  
● Multicellular cells will require other signals  
● Survival factors:  
○ Mitogens, Growth factors  
○ Mitogen: will cause you to go through cell division, these are signals from  other cells (extracellualr) that will intiate the process of cell division  
○ Survival factors: will stop apoptosis from happening  
○ Growth factors: will signal growth of the cell, make more organelles,  whatever the cell needs.  
Survival factors  
● It will require signals from other cells and the environment  
● Some survival signals will inhibit apoptosis (BCL2 inhibiting Bax and Bak)  ● Developing nerve cells, they are produced much more then they need  
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○ If they get survival factors from the environment, the cell will survive  ○ If they don’t get suvival factors they will die. 
○ This can control the number of cells that are required.  
● Survival factors (signals from the environment)  
○ Those signals will activate transcription regulators  
● Transcription regulator will bind to BCL2 gene  
○ If it is bound to the gene it will inhibit its production or trigger the  
production, it will make more BCL2  
○ This will result in having more BCL 2 protein  
○ This will inhibit apoptosis  
● If you make more of the protein that inhibits apoptosis, then the cell will survive  
Mitogens  
● Signal cell division  
● If it is in the G1 phase then it will go through the cell cycle  
● PGDF is a kinase that is involved in cell division  
○ Can signal cell division, can also signal growth of the cell.  
● Hepatocyte growth factors: stimulates surviving cells to proliferate  
○ Are for liver cell  
Growth factors  
● Animal cells will requires stimualtion from the environment  
○ They will need to expand, produce more proteins,  
○ This requires growth factors  
● Once they receive these through signalling, they will increase protein production  and degradation  
● PDGF can act as both a mitogen and a growth factor  
CHAPTER 20  
Tissue  
● Found in multicellular organisms  
● Your body is made of different types of tissues  
○ Cells are within other sturcture called extracellular matrix  
○ Tissue is both cell and extracellular matrix  
○ Keeps conntectivity of cells  
○ Resists mechanical stress  
● Unlike unicellular, multicellular has extracellular matrix  
○ Unicellular can excrete fluid into biome which is similar  
● Cells can be connected to each other or attached to extracellular matrix  [image: ] 
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○ EM is proteins and molecules secreted by cell  
○ Provide support and structure  
● Cell junctions connect cells to each other  
Animal tissues  
● Different types of tissues  
● Main difference in connective and other tisses is they have a lot of EM  ○ Other do not have as much  
● Connective tissues have cell that is surrounded by a lot of extracellular matrix  ● Other tissues have cells that touch each other  
● Main function of EM in connective tissues is that it provides strength for the cell  ○ Main ones are collagen and elastin  
○ These proteins are the main proteins involved in extracellular matrix  ○ Makes collagen and secretes it into EM  
○ Elastin is plentiful in EM  
Connective tissue  
● Specialized polysaccharides resist compression  
● A lot of EM  
Collagen  
● Fibrous protein that is made from procollagen  
○ Before it is active, collagen is found as procollagen  
○ Released in EM where there is protinase that will active procollagen  ○ Within cell, there are 2 inhibitory domains  
○ Procollagen has 2 inhibitory domains inside cell, and those domains will  be cut by procollagen protinase  
○ In cell it cannot be activated  
○ If activated inside the cell it will choke the cell  
○ It has to exit cell before being activated  
○ Single collagens come together to make collagen fibrils  
○ Collagen fibrils come together to form collagen fibres  
● Made by fibrolasts (skin cells) and osteoblasts (bone cells)  
● If collagen is not produced properly, it will not have the strength and texture they  are supposed to have  
Cell Attachment  
● Will be connected to the cell through another protein called fibronectin  ● Collagen fibrils will be attached to cell with fibronectin  
○ If it is not present, the interaction between fibril and cell will not be strong  [image: ] 
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● Signal from fibronectin attracts with dimers that will active the protein  ○ This results in binding of integrin to actin inside cell  
○ If actin that’s attached to adaptin protein and binds to integrin, it will  change the conformation and bind to fibril  
○ When integrin is absent it cannot bind to EM  
○ Integrin give shape to cell, and if you don’t have it you cannot bind to  extracellular surface  
● In matrix there are proteins called collagen fibrils  
○ Cell needs to attach to those for stability, strength, and be localized  ○ The attachment is done through fibronectin which ill attract with integrin  ○ This attraction activates integrin and it binds to adaptor proteins on actin  filaments  
Polysaccharides  
● Specific group called GAGs that will resist compression  
○ These are extremely hydrophilic and they can retain water  
○ They can provide hydration for surrounding cells  
○ Can bind to secreted signals, regulate migration, a lot of functions  
○ A lot of polysaccharides in the eye because it needs to be hydrated  ● Attract to proteins and form proteoglycan  
○ Involved in signaling  
Epithelial Cells  
● Main focus of cell junctions  
● Connected tissues that can be in different forms (ex: monolayer or multilayer)  ● Apical is exposed to fluids or nothing  
● Basal face will attach to connective tissues  
○ Attachment part is basal lamina  
○ Laminin has similar function to fibronectin  
● There is a connection between ep cells and connective tissues  
○ Laminin connects connective tissues to ep cells  
● Connection of cells to each other called cell junctions  
Cell Junctions  
● Between cells, there are different forms of connections called cell junctions  ● Tight junctions  
○ Seals gaps between cells that stops leakage of molecules from one side  to another side  
○ This does not allow movement of molecules from one side to another  ○ Main proteins: claudins and occludins  
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■ Attracts and seals gaps created  
● Junctions provide mechanical strength  
  
● Adherence junction involves cadherin proteins attached to actin filaments  ○ If not connected, they can be ripped out of plasma membrane  
○ Requires adaptor proteins before it can attach to cytosketeal structures  ● Desosomes provide mechanical strength  
○ Use cadherin  
○ Will be attached to keratiin filaments rather than actin  
○ Keratin is an intermediate filament  
○ Cadherin proteins will attract in extracell space that will be attached to  extracell linker proteins  
○ Those will be linked to intermediate filaments (keratin)  
● Hemidesosomes  
○ Integrin is the connecting protein  
○ This one is not cell to cell  
○ It is cell connected to basal lamina  
○ Integrin proteins found on basal lamina can be found inside the cell  
Gap Junction  
● When cells are attached to each other, you can find transmembrane channels  that connects cells  
○ Transport material/molecules from cell to cell  
○ These will form gap junctions  
○ Channels are called connexons  
○ Cells have to be aligned perfectly with each other  
■ Cells need to be a similar size and symmetrical to each other  
○ Cells will be attached to each other can communicate through channels  
Stem Cells  
● Cell are differentiated to have a function  
○ All cells that are functional in the body are differentiated cells  
○ Once they are differentiated cells, they cannot be divided into more cells  ■ Do no go through cell cycle  
● Precursor cells will replace these cells 
○ They can go through cell cycle and replace terminally differentiated cells  ● Precursor cells cannot function the same way diff. cells do  
● Stem cells are self renewing and give rise to different cell types  
○ Different kinds: some that are limited and some that are not to different  cell types  
● A single type of stem cell can give rise to make different diff. cells  
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● Another form of stem cells is pluripotent  ○ Pluripotent can give you any type of cell  
  
● These stem cells are multipotent: intestine cell or blood cell, etc.  
● Pluripotent cells are embryonic cells  
● Formation of blood cells is called hemopoiesis  
○ Through this process, the body can make different types of blood cells  (red cells, white cells, etc)  
○ Cells that are produced are hemopoietic stem cells (can only give different  types of blood cells)  
Embryonic Stem Cells  
● They can give rise to any type of cell  
○ Not restricted at all to any type of cell  
○ Can proliferate indefinitely in culture and give any type of cell  
○ Through this division they will be pluripotent unless they receive signals to  differentiate  
Induced pluripotent stem cells  
● In theory, this process should make it possible to take a cell that is differentiated  and trigger regulator genes to revert it back to embryonic stem cells  
○ This has very low rate of conversion  
○ If it could work, it can be used for research for personalized drugs  
● Introduction of 3 transcription regulator genes can change cells of an adult tissue  to ES cell  
○ Oct3/4, Sox2, Klf4  
○ Genes will be turned on in fibroblast and placed in culture and it will  become stem cells  
Cloning  
● Set of cells or individuals (not just individuals, it can be cells too)  
○ Same ancestoral cell  
○ Two individuals that are genetically identical  
● You can get reproductive cloning (an entire organism) or therapeutic cloning (cell  or tissue)  
● There is an unfertilized egg which is donated from adult female  
○ Cells from adult tissue  
○ First step is to remove DNA from egg, known as nuclear transplantation  ○ Genome or nucleus of another cell will be used or injected into egg cell  ○ Removal of nucleus and replace it with another nucleus from a different  cell  
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■ Can be through radiation or physically remove nucleus  
○ The egg will not have any DNA, but new DNA is donated from adult cell  ○ After nuclear transplantation, the cell will be in the environment where it  can replicate into early embryo  
○ Once it gets to early embryo, it can be used for reproductive cloning or  transfer it to tissue culture and grow cells in that environment (therapeutic)  ○ Therpeutic cloning can be very useful to study diseases, targeted  
personalized drugs, etc  
Cancer  
● Cancer is the disease of tissue renewal  
○ Cell will renew in a way that it will become immortal  
○ This happens without any restrictions or regulations  
○ Cells continue to grow and defy any order from organism  
○ Can invade and occupy other cell territory  
○ Tumours can be surgically removed and they are considered benign  ○ When they are not localized anymore, they are considered malignant  ○ Their invasion and localization to different parts is called metastases  ■ Occupies and invades other issues and spaces  
■ This is where it is difficult to control it  
Cancer epidemiology  
● Disease correlates with different factors, such as environmental, to determine if  cancer is caused by environment or genetic  
○ Mainly environmental  
○ More environmental factors that affect cancer  
● Viruses are not usually associated with cancer  
○ However HPV is an exception because it can cause cervical cancer  
Mutations  
● Most cancers result from environmental factors  
○ Somatic mutations (mutagens) will change genetic code  
○ Ex: radiation, pollution, smoking, carcinogens  
● Anything can be a carcinogen  
● Cancer cells do not follow the rules of cell cycle  
○ Being immortal is not good when it comes to cells  
○ They continue to go through replication and invade other cells  
● If no environmental factors, there is a chance of cancer arising from genetics,  even if mutations are not passed along  
● Error rates occur during replication  
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○ Errors have to be very specific  Genetic Instability  
  
● One of the key things involved in cancer is genetic  [image: ]
instability  
○ Mutations that increase replication errors  
● Genetic instability results from mutations that  
increase replication error  
○ Increases mutation rate  
○ One mutation will result in more mutations  
downstream  
○ One mutation causes unstable genome and  
found in genes that are responsible  
genome/cell cycle  
Cancer cell evolution  
● Evolution of cancer cells depends on genetic instability  
○ Every cell in a tumour will have a different mutation, which makes it hard  to treat it  
● Mutations give cell and advantage to grow indefinitely  
○ The cells that results from division will have a different mutation  
○ When they become malignant and start metastaszing they become very  adventageous and can proliferate and replicate  
○ They don’t have to be attached to other cells, they can go to other  
locations can start all over again  
● Normal cells do not have this same advantages  
Cancer cell advantages  
● Cancer cells have reduced dependency from other cells  
○ Avoid signals from other cells  
○ This is a result of the Ras gene  
○ Reduced dependency from surrounding cells  
● Cancer cells can survive and escape apoptosis  
○ Key landmark of cancer cells  
○ Results from mutations in p53  
○ Involved in 50% of cancer cells  
● Proliferase indefinitely  
○ Involved in telomere structure  
○ Telomerase to extend telomeres, but they will reduce over time  
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○ Cancer cells will actively produce telomerases which will result in going  through cell cycle indefinitely  
○ Shortening of telomeres is a signal of cell death  
● High rate of mutation that makes cancer cells that are genetically different  ● Abnormal metabolism  
○ And they can be abnormally invasive  
○ Take nutrients from surroundings (starve other cells)  
○ Produce their own nutrients  
● Abnormally invasive  
○ Lack cadherin so cell attachment does not work anymore  
○ It can easily occupy other regions  
● Can survive in abnormal location  
○ Can get into blood stream and grow somewhere else  
○ This is why it is hard to control once it has metastasizes  
Oncogenes  [image: ]
● Gain of function mutations: mutations  
which result in hyperactivity of a protein  
● Oncogenes carry gain of function  
mutations unlike their normal genes  
which are called proto-oncogenes  
○ Results in hyperactivity  
○ They are dominant mutations  
● Mutations in oncogenes results in  
overproduction of certain gene  
○ Overproduction of genes is not good for the cell  
○ Ex: production of telomerases  
● Proto-oncogenes:  
○ Single mutation that will make protein hyperactive  
○ Normal genes are proto-oncogenes (no mutations)  
○ Once gain the mutation, they become oncogenes  
● Can be through chromosomal rearrangement (multiple copies of a gene in  genome)  
○ Have a gene near an active regulatory  
○ Change of location results in more RNA production  
○ Multiple copies of a gene rather than 1  
○ Could be fused to another gene that is active and you get production of  both  
● These are dominant mutations  
○ One mutation is enough to have an effect  
● Mutation in single gene  
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● Gene amplification  
● Chromosome rearrangement  Tumor Suppressor  
  
● Loss of function mutation causes inactivity of genes  [image: ]
● Tumor suppressor genes have mutations that  
causes their inactivity  
● Epigenetics can effect tumor suppressor genes  
● Tumour suppressors are the normal gene, but they  
are recessive  
○ You need both copies to see effect  
○ When one copy is there it is not enough to  
have an effect  
● If one copy is already mutated, there are 4 ways for the tumour suppressor  activity to go away  
● You can remove the whole chromosome  
● You can delete the region that has the normal gene  
○ A part of genome is deleted that has the tumour suppressor gene  
● Single mutations in the parental gene  
○ One mutation in tumour suppressor that makes it disfunctional  
● Loss of function mutation  
● Epigenetic changes  
○ Environmental factors silence that area of gene and you get  
hetrochromatins and you don’t have access to that gene 
Target Pathways  
● When cancer uses those mutations, they target a specific pathway  
○ This gives them the advantage  
● Pathways mainly targeted are DNA damage response, cell growth, and cell  proliferation  
○ If we know these pathways it can help with making therapies for cancer  ○ Ex: BRCA1 gene in breast cancer is with DNA damage  
■ Chemo targets everything, but also DNA damage pathway  
Treatment  
● Surgery is when cancer has not metastasize  
○ Sometimes there is remaining cells that could cause relapse  
● Chemotherapy targets every cell and is not a targeted way of treating cancer  ○ A lot of side effects  
● Inhibitory drugs  
○ Can be pathway speific or attack a specific protein  
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○ The more specific a drug is, the more they will attack cancer cells  ● Antibodies  
○ Cells will start having markers  
○ Cancer cells will display proteins on the surface of the cell, you can make  antibodies that will recognize this  
○ That antibody can have a specific drug on them and deliver the drug to the  cancer cell  
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