Structures of Cells

Eukaryotic cells
· Cell-surface (plasma) membrane
· Nucleus
· Mitochondria
· Chloroplasts (plants)
· Golgi apparatus 
· Golgi vesicle
· Lysosome
· Ribosome
· Rough endoplasmic reticulum
· Smooth endoplasmic reticulum 
· Cell wall (plants)
· Cell vacuole
· Centrioles
Prokaryotic cells:
· Plasma membrane
· Cell wall 
· Capsule (not always)
· Plasmids (not always)
· Circular DNA
· Flagellum (not always)
· Pili (not always)
· Cytoplasm







Protein Trafficking 
Ribosome is attached to the rough endoplasmic reticulum. It's made up of proteins and RNA, and not surrounded by a membrane.
Golgi apparatus is a group of fluid-filled, membrane-bound flattened sacs, vesicles are often seen at the edges of the sacs.
· Transcription of DNA to mRNA
· mRNA leaves nucleus
· Protein made on ribosomes enter rough ER
· Protein moves through the ER assuming 3D shape en route
· Vesicles pinched off the rough ER fuse to form the flattened sacs of the Golgi apparatus
· Proteins are modified with the Golgi apparatus
· Vesicles pinched off the Golgi apparatus contain the modified protein 
· Vesicle fuses with cell surface membrane releasing protein, such as extracellular enzymes
Human Fertilisation
Sperm have special features that make them well adapted : flagella/streamline, acrosome, haploid nucleus and mitochondria for energy.
The egg is large and unable to move independently. The cytoplasm contains protein and lipid food reserves. 
· Sperm reaches the ovum
· Chemicals are released from the cell surrounding the ovum, triggering the acrosome reaction
· The acrosome swells, fusing with the sperm cell surface membrane.
· Digestive enzymes in the acrosome are released
· The enzymes digest through the follicle cells and the zona pellucida surrounding the ovum
· The sperm fuses with the ovum membrane 
· The sperm nucleus enters the ovum
· Enzymes released from lysosomes in the ovum thicken the jelly-like layer, preventing entry from other sperm. This is called the cortical reaction.
· Nuclei of the ovum and sperm fuse 



Genetic Variation from Meiosis
Crossing over is when two sister chromatids join up together at the chiasma. At the chiasma, the chromatids break and exchange section of genetic material.
Independent assortment; the chromosomes line up along the equator in their homologous pairs. The order in which they line up on the spindle fibres is random. meaning each pair could be in any gamete.
Cell Cycle
1. G1
S	Interphase
G2
2. Prophase
3. Metaphase              Mitosis
4. Anaphase
5. Telophase
6. Cytokinesis
1. Chromosomes are already unravelled so that protein synthesis can occur. The DNA replicates itself
2. Nuclear envelope breaks down. Centriole divides and move to opposite poles. Spindle fibres form
3. Chromosomes move to the central region and spindle fibres attach to centormeres
4. Centromeres split. Sister chromatids seperate and become individual chromosomes. Spindle fibres shorten, pulling chromosomes to opposite poles
5. Nuclear envelope forms. Spindle fibres break down and disappear
6. Cell splits into two, containing a full set of chromosomes 






Plant Fertilisation 
· Pollen grain lands on the stigma and pollen tube grows through the style
· Haploid generative nucleus divides to form two haploid gametes nuclei that move down the pollen tube
· Tube grows through embryo sac inside the ovule and the two male gamete nuclei enter the sac 
· One fuses with the egg cell and forms a diploid zygote and the second fuses with two nuclei in the embryo sac, called polar nuclei, to form a triploid cell
· The diploid zygote divides to form the embryo
· The triploid cell divides to form the endosperm

Stem Cells
Totipotent: can mature into any type of body cell in an organism, including the cells that make up the placenta
Pluripotent: can mature into any cell in the body, but not the placenta
Multipotent:  can mature into a few different types of cell
Unipotent: only can mature into one type of cell
Mitotic division of the zygote forms a bal of cells called the blastocyst
 Uses of stem cells
· Cancer and disease research
· Therapeutic cloning
· Conservation of rare species
· Drug testing
Future application
· Repair heart muscle after a heart attack
· Pancreas cells lost in diabetes
· Neurons lost in Alzheimer's
· Retinal cells causing blindness
· Help organ transplantation
· Understand the cell growths in cancer

How to get pluripotent stem cells
· Spare embryos from fertility treatment
· Grow to form blastocyst 
· Stem cells isolated and cultured and kept, but the embryo legally has to be killed after 14 days
SCNT- somatic cell nuclear transfer
· Used for reproductive cloning such as cloning an embryo
· Used for regenerative cloning to produce 'customised' stem cells and overcome immune rejection i.e. therapeutic cloning
Therapeutic cloning
· A solution would be to grow the patients a new organ from their own stem cells
· Remove a diploid cell from the patient. Take out the nucleus from an ovum. Add the empty egg and the diploid nucleus together. 
· Result is similar to a zygote 
Gene expression
· The epigenome influences which genes can be transcribed in a particular cell
· The attachment of X to the DNA of a gene prevents transcription to mRNA, by stopping the RNA polymerase binding
· The modification by addition of X affects how tightly the DNA is wrapped around the histone
· (DNA in chromosomes is wrapped around proteins called histones. DNA and histones together are called chromatin)
· When wound tightly, the genes are inactive, they cannot be transcribed in mRNA
· The gene therefore cannot make protein, it is 'switched off'
· During DNA replication, the epigenome markers are copied with the DNA

· RNA polymerase bind to  the promoter region on the DNA
· Transcription will only occur when it is attached
· Gene transcription can be prevented by repressor molecules attaching to the promoter region, blocking the site
Signalling errors
· Homeobox (hox) genes are 'master switches' 
· Code for proteins that switch other genes on and off
· Mutations of hox genes cause different signal proteins to be produced, meaning the protein 'switches' on the wrong gene
How cells are organised
· Cell organelles - mitochondria, ribosomes, nucleus
· Cells - white blood cell, villi, sperm, goblet
· Tissues - Cardiac, muscle, epithelial, nervous, connective
· Organs - liver, heat, kidney
· Organ systems - respiratory, cardiovascular
· Organisms -homosapien
Polygenic inheritance 
Many genes coding for one phenotype. Each copy of the allele (found at loci on the chromosome) has a small effect on the characteristics. The effects of several alleles together contribute to the phenotype of a individual.
Tanning
· Melanin is made in melanocystes in skin and hair follicles
· The production is activated by melanocyte-stimulating hormone (MSH). People with more receptors to this have darker skin
· Melanin is stored in melanosomes which protect the DNA in the nucleus from damage by UV rays
· UV light increases the amount of MSH and MSH receptors. This causes skin to darken when exposed to light

· The enzyme tyrosinase catalyses the production of melanin from the amino acid tyrosine
· Some animals have a mutant allele for tyrosinase where the enzyme made is unstable and inactivated at normal body temperature. 
Inherited behaviour
· Monoamine oxidase A (MAOA) is an enzyme that catalyses the breakdown of neurotransmitters in the brain that regulates behaviour
· A mutation can lead to no enzyme being produced and these individuals being more aggressive
· The gene for MAOA is carried on the X chromosome, meaning females have double the chance of inheriting the dominant allele for high levels of MAOA.


Cancer
· Occurs when the rate of cell multiplication is higher than the rate of cell death
· It is essentially a disease of mitosis, the normal 'checkpoints' regulating mitosis are ignored by the cancer cell, leading to uncontrolled cell division
· Cell cycle is controlled by enzymes, to either stimulate or repress the next stage
· Cancer cells do not respond to these control mechanisms
· Oncogenes code for the proteins that stimulate the transition from one stage to the next
· Mutations in these genes lead to the cycle being continually active
· Tumour suppressor genes produce proteins that stop the cell cycle
· Mutations of these genes mean the cell cycle does not stop when it should
· Malignant (cancerous) tumours can invade and destroy nearby tissue and spread to other parts of the body
· Benign is not cancerous and grow larger but do not spread to other areas of the body
· Cancerous cells enter the bloodstream and spread to other organs, a process called metastasis
