Introduction to cell 

· What ‘the cell theory‘ is and how it relates to single celled organisms
· How surface area to volume ratio limits cell size
· How cell differentiation leads to specialised tissues in multicellular organisms
· What stem cells are and why they are so important in development


Understandings
· Three fundamental statement of cell Theory (Principles of the cell theory）
· All living things are composed of cells or cell products
· The cell is the smallest unit of life
· Cell only arise from pre-existing cells

· According to the cell theory living organisms are composed of cells
· Evidence:Organelles cannot survive alone
· Compare the use of the word theory, in daily language and scientific language

· Organisms consisting of only on cell carry out all the functions of life in that cell
· Functions of life (Remember MR H GREN)
· Metabolism:Living things undertake essential chemical reactions
· Response:Living things a responsive to internal and external stimuli
· Homeostasis:Living things maintain a stable internal environment
· Growth:Living things can move and change shape of size
· Reproduction:Living things produce offspring, either sexually or asexually
· Excretion:Living things exhibit the removal of waste products
· Nutrition:Living things exchange materials and gases with the environment

· Surface area to volume ratio is import in the limitation of cell size
· The activities occurring in the volume and at surface of the cell
· The rate of metabolism of a cell is a function of its mass/volume(Larger cells need more energy to sustain essential functions)
· The rate of material exchange is a function of its surface area(Large membrane surface equates to more material movement)
· Calculate the surface area, volume and SA:V ratio of a cube[image: ]
· As the volume of a cell increase
· Reproduction of waste products increases
· Usage of nutrients and oxygen increases
· The benefits and limitations of using cubes to model the surface area and volume of a cell
· The relationship between cell size and SA:V ratio of the cell
· A a cell grows, volume increases faster than surface area, leading to a decreased SA:Vol ratio
· If metabolic rate exceeds the rate of exchange of vital materials and wastes (low SA:Vol ratio), the cell of eventually die (as it will lose heat to environment quickly and will need to eat all times to replace lost energy)
· Growing cells tend to divide and remain small in order to maintain a high SA:Vol ratio suitable for survival
· List three adaptations of cells that maximise the SA:V volume ratio
· More membrane per nits area of cell-can supply its needs more efficiently
· Cell division(speeds up diffusion)
· Organisms fold up to maximize ratio-e.g. Elephants’ large ears

· Multicellular organisms have properties that emerge from the interaction of their cellular components
· Define and provide an example of unicellular and multicellular components
· List characteristics of cells in a multicellular organism
· Multicellular organisms are capable of completing functions that unicellular organisms could not undertake – this is due to the collective actions of individual cells combining to create new synergistic effects
· Define and give examples of emergent properties
· Definition-Emergent properties: Arise when the interaction of individual component produce new functions 
·  (Atom→ Molecules)→ Cells→ tissues→ organ→ system→ Organism         
· E.g.  Muscle→ cardiac→ Heart → Vascular→ human

· Specialised tissues can develop by cell differentiation in multicellular organisms
· All cells of an organism share an identical genome – each cell contains the entire set of genetic instructions for that organism
· The activation of different instructions (genes) within a given cell by chemical signals will cause it to differentiate[image: ]
· Definition-tissue: 
· cellular organizational level between cells and a complete organ.
· A group of cells that specialize in the same way to perform the same function
· The benefits of cell specialisation in a multicellular organism
· Cells can specialize certain areas of themselves
· Cell become more efficient at doing a single job
· Labor is divided and easier to do
· Definition-Differentiation:The process during development whereby newly formed cells become more specialised and distinct from one another as they mature
· Differentiation involves the expression of some genes and not others in a cell’s genome
· Within the nucleus of a eukaryotic cell, DNA is packaged with proteins to form chromatin
· Active genes are usually packaged in an expanded form called euchromatin that is accessible to transcriptional machinery
· Inactive genes are typically packaged in a more condensed form called heterochromatin (saves space, not transcribed)
· The relationship between cell differentiation and gene expression:
· Differentiated cells will have different regions of DNA packaged as euchromatin and heterochromatin according their specific function
· Differentiation in cells is due to different cell types. All cells in a multicellular organism contain the same genes, but different cells will express different genes. To express a gene means to "switch it on"

· The capacity of stem cells to divide and differentiate along different pathways is necessary in embryonic development and also makes stem cells suitable for therapeutic uses
· Definition-zygote:the cell that results from a sperm fertilizing an egg cell.
· Definition-embryo:early stages of development after the zygote divides.    
· 2 key properties of stem cells that have made them on the active areas of research in biology and medicine today
· Self renewal-They can continuously divide and replicate
· Potency-They have the capacity to differentiate into specialised cell types
· Types of stem cells[image: ]

· Explain why stem cells are most prevalent in the early embryonic development of a multicellular organism
· The cells of the early embryo are the most versatile. As the embryo develops, the cells gradually become more differentiated.
· Uncommitted stem cell→ Chemical signal→ Key gene activated→ Cell changes/differentiation→ specialised cells
· Contrast the characteristic of embryonic, umbilical cord an adult somatic stem cells
	Embryonic Stem Cells
	can differentiate into any body cell (pluripotent)

	Umbilical Stem Cells
	can only differentiate into blood cells (multipotent)

	Adult Somatic Stem Cells
	found in bone marrow, skin and liver; limited differentiation ability (multipotent)




Applications:
· Questioning the cell theory using atypical examples
· Striated muscle fibres
· Form fibres that may be very long (>300mm)
· Have multiple nuclei despite being surrounded by a single continuous plasma membrane
· Challenges the idea that cells always function as autonomous(自主的） units
· Aseptate fungal hyphae
· Some fungi are not partitioned by septa and hence have a continuous cytoplasm along the length of the hyphae
· Challenges the idea that living structures are composed of discrete cells
· Giant algae[image: ]
· Certain species of unicellular algae may grow to very large sizes
· Challenges the idea that larger organisms are always made of many microscopic cells

· Virus
· Live upon others, do not exhibit all signs of life
· Acellular(not made of cells)
· Only carry out the life process whilst inside another cell

· Function of life in paramecium and chlamydomonas
· Paramecium-Heterotroph
· Chlamydomonas-Autotroph

	
	Paramecium
	Chlamydomonas

	Metabolism
	Digestion
	Photosynthesis

	Response to environment
	Cilia （allow it to move）
	Flagella（Light sensitive）

	Homeostasis(same)
	Contractile vacuoles to remove water
	Contractile vacuoles to remove water

	Growth
	Nutrients in food vacuole
	Nutrients converted in chloroplasts

	Nutrition
	Gains nutrition by consuming others
	Uses chloroplast to go nutrition via photosynthesis

	Excrete(same)
	Waste produce are excreted from cell via cell membrane
	Waste produce are excreted from cell via cell membrane

	Reproduce(same)
	Nucleus divide to carry out asexual reproduction
	Nucleus divide to carry out asexual reproduction



· The use of stem cells to treat disease
· The cause and symptoms of Stargardt’s disease
· An inherited form of juvenile macular degeneration that causes progressive vision loss to the point of blindness
· Caused by a gene mutation that impairs energy transport in retinal photoreceptor cells, causing them to degenerate[image: ]
· Like this...
· How stem cells are used in the treatment of Stargardt’s disease
· Treated by replacing dead cells in the retina with functioning ones derived from stem cells
· The cause and symptoms of Leukemia
· Cancer that results from an accumulation of mutations leading to uncontrolled division of the cells that create white blood cells.
· How stem cells are used in the treatment of Leukemia
· Bone marrow transplants for cancer patients who are immunocompromised as a result of chemotherapy
· The person with leukemia is given chemotherapy, which kills the cancer cells. Then, bone marrow (with its adult stem cells) is transplanted from a donor to the person with leukemia. The stem cells establish themselves, divide, and start to produce blood cells.

· Ethics of the therapeutic use of stem cells from specially created embryos, from the umbilical cord blood of a newborn baby and from an adults own tissues
· Source 
· Mechanism
· Benefits and drawbacks
· 
	
	Embryonic Stem Cells(ES Cells)
	Umbilical Cord blood 
	Adult Stem Cells

	Source and mechanism
	removed from a blastocyst inner cell mass.
	easily obtained from the umbilical cord.
	buried deep in tissues (bone marrow) difficult to obtain.

	Benefits
	Unlimited growth and differentiation potential
Cells won't have genetic mutations that accumulate with age.
	Easy to obtain and store
Compatible with the adult that grows from the baby (no immune rejection)
	Full compatible with adult donor, so no risk of immune rejection
Don't have to kill Embryo        

	Drawbacks
	~Risk of becoming tumorous
~Kills embryo
	Multipotent, so limited cell types can be created
	~Hard to obtain in the body
~Multipotent, so limited cell types can be created








· Light of microscope
· Label the parts of the microscope
· [image: ]
· Light microscopes use visible light and a combination of lenses to magnify images of specimens
· Magnification
· Calculation of magnifications:
· Magnification=image size(with ruler) ÷ Actual size (according to scale bar)
· Calculation of atctual size：
· Actual Size = Image size (with ruler) ÷ Magnification

[image: ][image: ]
· Cell structures
· Title 
· MAgnification or scale
· Joined lines
· Strait line edges for labels
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