Cells
-The basic structural and functional unit of all organisms.
All living beings are comprised of cells. An estimated number of 200 trillion cells make up the human body. Cells come from pre-existing cells – there’s no spontaneous formation of cells. Organisms may be single cellular (bacteria, amoeba) or multicellular (plants, animals).
What do cells do? Why are they important? 
· They have a cell structure made up of various organelles surrounded by the cell membrane. 
They have a function (depending on the type of cell: skin, liver, stomach)
They have cell division and cell cycle.
What is the purpose of cell division?
· Needed for the growth and development of the organism. 
Needed for the repair of tissues (healing)
Needed for reproduction and production of more cells.
Cell division results in genetically identical daughter cells. The advantage to that is the fact that no DNA is lost (DNA preserved)
The nucleus divides into two with identical chromosomes in each individual nuclei. The second part to this is cytokinesis where the cytoplasm divides.
What is binary fission?
· Binary fission is the simplest form of cell division; mostly found in bacteria. It’s an asexual form of reproduction where the cell doubles in size and then splits to form two cells. Binary fission literally means division in half. Chromosomes replicate; each copy moves to the farthest side of the cell in opposite directions; replication continues and the cell elongates; when replication is finished, the cell splits in two and forms a new cell wall which results in two identical daughter cells.
Cell division is much more complicated for multicellular organisms because they have a long cell cycle. For example, if one particular cell undergoes division in 24 hours, the G1 phase is roughly about 5-6 hours long, the S phase is about 10-12 hours long while the G2 phase is 4-6 hours long. Mitosis actually takes up the least amount of time in the cell cycle (about less than 1 hour). The interphase consists of G1+S+G2 and takes about 90% of the cell cycle.

What is the G1 phase?
· G1 phase is the first gap phase in the cell cycle. This is where cell growth occurs(production of different organelles needed for a cell to thrive). G1 phase is variable because most of our cells stay in this phase when they’re not dividing.  
What is the S phase?
· The S phase or the synthesis phase is where the synthesis of DNA occurs for duplication. (Here is where the cell continues to grow while duplicating the chromosomes.)
What is the G2 phase?
· The G2 phase is the second gap phase. This is where the cell completes preparing for cell division.
What happens during mitosis?
· Mitosis is where the cell actually divides. It’s broken down in five different stages.
What is a genome?
· It’s the cell’s genetic information.
What are chromosomes? 
· They’re the packaging of the DNA molecule into structures.
What is chromatin? 
· The entire complex of DNA and the building proteins of the chromosomes is a chromatin.
What is a chromatid?
· Each duplicated chromosome attached at the centre. 
What is a centromere? 
· A centromere is a region containing specific DNA sequences where each sister chromatid is connected to the other
What is a centrosome? 
· A region containing material to form the mitotic spindles and to form the cell’s microtubules is a centrosome.
What are the stages of mitosis? 
· Prophase, Prometaphase, Metaphase, Anaphase and, Telophase. 
What happens during Prophase?
· DNA starts to condense into chromosomes which make it easier to observe them under the light. The chromosomes appear with sister chromatids joined at the centromere. The mitotic spindle begins to form.  It consists of microtubules that are organized by the centrosome. 
What happens during Prometaphase?
· The nuclear envelope breaks down. The chromosomes become even more condensed and the microtubules organize themselves at the opposite poles of the cell while attaching themselves to the centromere. 
What happens during Metaphase?
· The chromatids begin to migrate to the centre of the cell. This is the longest phase of mitosis (about 20 mins) and the spindle apparatus is complete.
What happens during Anaphase?
· Sister chromatids pull apart and the microtubules shorten. This is the shortest phase of mitosis (3-4 mins)
By the end of this phase, both ends have the equivalent number of chromosomes.
What happens during Telophase?
· Everything comes to an end. Two daughter nuclei are formed. The nuclear envelope forms again and the cell undergoes cytokinesis; where the cytoplasm divides and in animal cells, pinches the cell into two.
In plant cells, a new cell wall has to form between the cells after division.

Microscopes:
SEM (Scanning Electron Microscope)- technique used to scan the outside of the cells.
TEM(Transmission Electron Microscope)- technique used to scan the inside of the cell.


Cell Cycle regulation: 
Most cells in our body are in the Go Phase because they’re not undergoing any kind of division which is why it’s called the un-dividing phase (unless growth spurt/ healing of a tissue) . Cells cannot continue to divide all the time; that’s why we need a regulation cycle to control the time and rate of division.
The most frequently dividing cells are skin cells. Liver cells are very rare in division. And nerve cells do not divide at all (spinal cord and brain injury is lethal bc can’t be healed).
There’s a lot of stem cell research going on because stem cells are unique cells because they have the ability to differentiating into different tissue type. They’re in the early growth stage and can therefore form into any type of cell. This is why embryonic stem cells are important.
What are checkpoints? 
· Check points are control points which regulate the cell cycle. These points have signals that can bind and shut down or turn on the cell cycle.
What are protein kinases? 
· They’re cell control cycle activated by another molecule called cyclin. Which is why they’re called cyclin dependant kinases?
Cancer:
Cancer destroys tissues of skin, liver, brain, prostate, breast, lungs etc. There are more than 100 type of cancer. Another type is leukaemia where it’s a blood disease.
Normal cells stop dividing when they come in contact with the neighboring cells for the availability of nutrients etc but cancer cells keep dividing and form a clump or layer of overlapping cells.  
Normal cells show density dependant inhibition (crowded cells stop dividing).

What are some cancer features?
· In cancer cells there is no density dependent inhibition. They continue to grow even after they come in contact with the neighboring cells and often create a lump (can grown in tissue cultures for over 50 years)
· They do not respond to the signals in cell cycle (when the regulation cycle tells them to stop)
· They divide without control and form tumours
· DNA rearrangements have occurred and the genetic control of the cycle is missing
· They do not exhibit cell death (apoptosis)
· They may have their own signal pathway
What are the different types of tumours?
· Benign tumours: These tumours stay in one location and do not spread to the rest of the body.
· Malignant tumours: These tumours are able to spread into different part of the body via lymph nodes. This process of cell spreading is called metastasis ( new tumours have formed). 
The cells that divide like crazy need Oxygen to survive and therefore have a very high oxygen demand. This leads to a blood vessel growth redirection called angiogenesis. Since there are high levels, these cancer cells can undergo more cell cycles.
What are some of the genes involved in cancer?
a) Oncogenes: these genes are inherited. For example breast cancer cells 
b) Proto-oncogenes:  these genes are normal genes that stimulate cell growth and division. Mutation increases the activity of proto-oncogene which leads to cancer.
RAS gene: this is an example of a proto-oncogene that increases the chances of cancer.
c) tumour-suppressor genes: normally inhibit cell division but undergo mutation and the activity is reduced; therefore higher chance of cancer.

How do mutations occur? 
· Damage to DNA
by X-rays, irradiation, pesticides, carcinogens, hair dyes, acrylamides 
asbestos -> lung cancer
What are some cancer causing viruses? 
· Hepatitis B virus -> Lung cancer
Human Papilloma Virus -> Cervical Cancer
Epstein Barr Virus -> lymphoma
What are some cancer causing bacteria? 
· Helicobacter -> Stomach cancer

Excessive hormone levels can also lead to cancer (that’s why pills in women increase cancer risks and testosterone shots in men)

How can cancer be detected? 
· By physical exams (touching the breast and prostate)
· CT scans, MRI and X-Rays
· Microscopic examination of cells (biopsy
· Genetic test (DNA)
markers on DNA can see if you have a certain kind of disease or not. This is not available for all types of cancer. 
· Breast cancers have specific types of genes and specific markers like BRCA 1,2
· Prostate cancer (PSA tests) increase in protein means increase in % of having prostate cancer
· Abnormal Genes
How can you manage cancer?
· Could have surgery where you go and remove the tumour. Works with benign tumours because it only works if the cancer has not spread yet. 
· Chemotherapy which targets the rapidly dividing cells which is why sometimes patients lose their hair or patches of hair. Eg: Taxol which freezes the mitotic spindle apparatus and cell division does not take place. The problem is that it also kills other actively dividing cells too like bone marrow, hair follicles and digestive tracts cells.
· Radiation: directed to the tumour therapy cells. Damages the DNA in cells which works since cancer cells have less ability to repair DNA damage than normal cells. They die out before the normal cells do.
· Vaccines: This is prevention. Few vaccines available for certain cancers like HPV for cervical and hepatitis for lung cancer.
· Targeted Therapies: they target the signal or receptors that promote cell division in cancer cells. One of the therapies blocks tyrosine kinase which provides the cancer cells with oxygen.  This inhibits the blood vessels to grow towards the cancer cell.
· Balanced diet, nutrition, exercise also help reduce cancer possibility.

CELL MEMBRANE
What are the two types of cell membranes? 
· Plasma membranes: surround the cell. 
Endomembrane: Surround the organelles (nucleus, chloroplast, golgi)
 Thickness of 8000 membranes is about the equivalent of one page.
IMP: Membranes have lipids and proteins in them and also some carbohydrates.
        Membranes are flexible- fluid in function.
Majority of the lipids are phospholipids (phospholipid bilayer) 
What does the term amphipathic mean? 
· Means that there are two sides of membrane or two layers (hydrophobic which hates water and hydrophilic which loves water)
Membranes are selectively permeable which means that only certain things can pass. Proteins are embedded in membrane. Integral protein: inside membrane, they penetrate the hydrophobic region of the bilayer. Peripheral protein: outside protein, loosely bounded to the surface of the membrane.
Carbohydrates on the outside
1) Involved in signalling
2) Cell to cell recognition
3) Short chain glucose molecules (oligosaccharide)
Cell blood types (A,B,AB and O)
They only differ in the carbohydrate molecule on the outside of the membrane.

There are over 50 functions of the membrane proteins. What are some of the examples of functions of membrane proteins? 
· Membrane Transport: Gases like Oxygen are diffused through the cell membrane. Water molecules are transported through special channels called aquaporins which take about 3 million H2O molecules/sec.  Sugar/amino acids/ions are all regulated through the transport proteins.
There are three types of transport mechanisms: Passive and active and bulk.
Passive transport requires no energy. 
a) Diffusion: Spread of molecules into available space across a concentration gradient. Diffusuin occurs from high to low concentration.  Eg diffusion of O2. 
b) Osmosis: Movement of water from low to high solute concentration. Osmosis is very important for cell shape and cell viability. Isotonic: Is when the water is at equilibrium meaning it leaves the cell at the same amount as it enters the cell. Hypertonic: Is when the cell shrivels up because of the high concentration of solute concentration in the solution which is why the water leaves the cell (plasmolysed). Hypotonic: High salt concentration on the inside of the cell, which water follows and therefore in this case the water will enter the cell faster than it leaves causing the cell to burst and lyse
c)Facilitated diffusion: when a transport protein helps with the movement of solute through the protein channels. Eg aquaporin.
[bookmark: _GoBack]Active transport requires energy. It also requires active transport proteins and moves solute against a concentration gradient (low to high) which is why it requires energy.
a) Sodium Potassium pump: Sodium in toxic in high concentrations so the plasma membrane helps maintain it by pumping sodium out of the cell and Potassium into the cell because the cell needs higher concentration of K+. Cell maintains a negative charge on the inside of the cell during this process. ATP is required. The pump moves 3 Na+ outside for pumping 2K+ back into the cell. 
b)Proton pump: This pump actively transfers  protons out of the cell while maintain a negative charge on the inside of the cell. Voltage is generated across membranes during this process; helpful in storing energy. This pump creates membrane potential gradient so the solutes can move into the cell.
c) Co-transport: Proton pump takes out hydrogen and there is a negative charge created inside the cell. Potential energy gradient is created. And there is ability for a molecule to transport back into the cell. This type of transport is found into plants.
Bulk transport
Bulk transport responsible for movement of large molecules (proteins and polysaccharides). This is an active process which means that there is energy required for it. There are two types of bulk transport
a) Exocytosis- Secretion of biological molecules. This process forms vesicles that contain the molecule for transport which fuses with the plasma membrane and releases the molecule. 
b) Endocytosis: When the cell takes in the biological molecules. Eg insulin.
     There are 3 types of Endocytosis:
1) Phagocytosis(Cellular eating): molecules inside vesicles are digested by enzymes and transported.
2) Pinocytosis (Cellular drinking) where liquids are taken in by vesicles. 
3) Receptor mediated endocytosis: binding sites or receptors are available for molecules to bind. EG: cholesterol 

· Enzymic activity
· Signal transduction
· Cell-cell recognition
· Intercellular joining
DNA
· Deoxyribonucleic acid.
· Very important.
· Contains the genetic material that encodes all the traits of a species.
· Is transmitted from one generation to the next (inheritance) 
· Consists of a sugar (deoxyribose) a nitrogen base and a phosphate group.
· James Watson and Francis Crick worked together to figure out the DNA in 1953.
DNA REPLICATION
During this process, the two strands unwind and separate.  Each strand acts as a template for the formation of a new strand which is called the complementary strand. This is called the semiconservative model because each strand has one strand of the parental DNA.
Details: There are numerous enzyme and proteins that are involved in replication. Energy is required for replication (ATP). The DNA strands are antiparallel which means that they’re going in opposite directions.
· Origins of replication are regions of DNA that specific enzymes of proteins attach to and separate. The origins of replication start expanding (aka bubbles)
· Two strands must separate (DNA double helix unwinds) This step is done by DNA Helicases which are enzymes that untwist the double helix and separating the two parental strands and turning them into template strands. 
· Single Stranded Binding Proteins bind to the unpaired strands to keep them from re-pairing. Used to keep the strands from rubbing back together.
· Topoisomerase turns the DNA molecule and untwists it to prevent twisting by relieving the tension
· DNA is ready to replicate 
What are the steps of replication?
· DNA Polymerase III adds new nucleotides at the 3’ end of the new strand.
· DNA polymerase can only add nucleotides to an existing strand. Cannot form a new strand.
· RNA made by enzyme called Primase. RNA converts  to DNA with DNA Polymerase I. Primase needed for the leading strand: “one” at 3’ end. For the lagging strand you need one primer for each Okazaki Fragment. 
· Speed of replication: 50 nucleotides/s
Approx 1 in 100,000 mistakes at first so
· DNA Polymerase III checks/corrects the errors which are now reduced to 1 in 10 billion nucleotides.
· These errors can result in mutations- cancer development, no protein produced and cell suffers.
· DNA damage by radiation, UV light, X-Rays, cigarette smoke, mutagenic agents etc 
The cells repair DNA damage. Here upto 120  different enzymes involved. They check and repair. Areas of damaged DNA are cut out. Polymerase adds new nucleotides. DNA ligase connects the pieces together.
· End replication problem 
Last primer cannot be replicated. The region of the last primer would be deleted. Overtime, DNA molecule gets shorter and shorter. So the region at ends of DNA is called telomeres added by telomerase “to prevent erosion”. Telomeres are short, repeated sequences of DNA eg TTAGGG (do not code for genes) and this is repeated about 100-1000 times.
· The whole idea of telomeres is that they can be deleted without consequences to the cell. 
Telomeres get shorter and shorter over time. Older people have shorter telomeres. The consequences of this are that cells start to die. Telomerase is called the cell immortalizing enzymes. Telomerase are the highest in gametes and newborn babies. Cancer cells have long and more telomeres. Exercise may delay cell death and increase telomerase enzyme.
INHERITANCE OF TRAITS
Traits: Features that distinguish one individual from each other for example, hair colour, eye colour,height and freckles etc
Traits are inherited meaning that they are passed from one generation to the next. Traits are located on chromosomes. 
What is heredity? 
· Traits passing from one generation to the next. 

What are genetics?
· Study of inheritance of genes.
This experiment was done on plants by Gregor Mendel who established principles of heredity. Different forms of genes are called alleles. 
Genetic makeup is called genotypes and Physical makeup is called phenotypes. Some genes have multiple alleles. More traits are determined by multiple genes. Environment plays a big role in expression of genes to produce traits. 
Some human diseases are inherited:
Recessive alleles can cause diseases (bc they’re masked in one generation and expressed in the next)
Arise from mutation (alteration in gene expression)
Albinism(white hair, skin colour)
Tay-Sachs disease (brain disease)
Cystic Fibrosis- defective transport protein for Cl- ion European descent have alleles and carry approx. 4%
Sickle cell anaemia – malformed blood cells (large population of African American (10%) have alleles for this disease. 
DNA Technology
· DNA Fingerprinting: where you can identify an individual based on their DNA profile. This is helpful in murder cases and crime scenes where fingerprints are left. This can also come In handy when looking for proofs of parents or ancestry relationships.
· Amplification:  A small piece of DNA is taken an sequenced and compared for matches to a person. This is done by digesting the DNA in the lab with enzymes. Restriction enzymes cut the DNA at ATC and now this DNA is run on a gel electrophoresis and the sizes separate on this gel which has a current running through it. (goes from negative to positive) RFLP
· Genetic engineering: introducing a new piece of DNA (a gene) from one organism to another. These new organisms are called GMOs. Recombinant DNA tech where DNA inserted behaves like norma. This is controversial, there is concern potential and medical application.
· Gene Therapy: Replacement of a non functional gene (allele) with a functional one to cure a disease. Hypothetical.
· Stem Cell Research
· Genetic Testing where you can identify the genes that cause disease like sickle cell or cystic fibrosis or breast cancer etc etc

TRANSCRIPTION
Difference between RNA and DNA: RNA has ribose sugar. It is single stranded. Has uracil base instead of thymine. 
Transcription basically means reading off of DNA.  Translation means making amino acids and polypeptide chains out of it. Transcription happens in the nucleus and translation happens in the cytoplasm.
Transcription produces an RNA strand from the DNA template.  There are enzymes required to start transcription that bind to promoter regions (TATA boxes) 
· DNA unwinds and nucleotides are added at 40 nucleotides/s.
· Goes from the 5’ end to the 3’ end.
· This new strand is called the mRNA strand
· Exits the nucleus





