Unit 1

REVISED HIGHER BIOLOGY

CELL BIOLOGY
Cell Variety in Relation to Function
· Unicellular organisms e.g. Paramecium or Pleurococcus, must carry Out all the function essential for life within the one cell.

· In multicellular organisms these functions are divided up between different groups of cells; there is a division of labour within the organism.

· Tissues are groups of cells which perform a particular function within the body.

· The cells found in different tissues have different structures, e.g. nerve cells and muscle cells.

· Within one tissue there may be different types of cell which have slightly different functions e.g.

- the trachea epithelium consists of goblet cells and ciliated columnar ceils.

- blood tissue contains red blood cells and white blood cells.

- phloem tissue consists of sieve tubes and companion cells.

- leaf mesophyll contains palisade and spongy cells.

· The structure of a cell is related to its function:
	Cell Type
	Function
	Structure

	goblet cell
	produce mucus
	many Golgi bodies

	ciliated epithelial cell
	move mucus
	possesses cilia

	red blood cell
	transport oxygen
	contains haemoglobin

	white blood cell
	destroy germs
	contains lysosomes

	sieve tube
	transport food
	end walls perforated

	companion cell
	supplies energy to sieve tube
	many mitochondria


Absorption and Secretion of Materials

· Diffusion is the movement of molecules from a region of high concentration to low concentration.

· Osmosis is the movement of water molecules from a region of high water concentration to a region of low water concentration through a selectively permeable membrane (e.g. a cell membrane).

· Descriptions of solutions:

- hypotonic; less concentrated (higher water concentration)

- hypertonic; more concentrated (lower water concentration)

- isotonic; same concentration.

· In hypotonic solutions plant cells gain water and become turgid.

· In hypertonic solutions plant cells lose water and become plasmolysed (flaccid).

· In hypotonic solutions animal cells gain water and burst.

· In hypertonic solutions animal cells lose water and shrink

· Cell walls provide support to plant cells, are composed mainly of cellulose and are freely permeable.

· Cell membranes control the movement of materials into and out of cells and are selectively permeable, only allowing small molecules to pass through.

· Cell membranes have a fluid mosaic structure formed from a double layer of phospholipids and proteins which form channels through the membrane and act as carrier molecules to transport molecules across the membrane.
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· Active transport is the movement 0f molecules into or out of a cell against a concentration gradient.

· Active transport requires energy in the form of AT.
· Large molecules may be taken into cells by forming small vesicles. Large molecules may be packed into vesicles to be removed from a cell (Golgi apparatus)
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· Mitochondria: site of Krebs’ cycle and cytochrome system

· Chloroplast: last: site of photosynthesis

· Ribosome: site of protein synthesis

· Rough Endoplasmic Reticulum: proteins formed for secretion

· Golgi apparatus: packaging and secretion of proteins

· Lysosomes: packages of powerful digestive enzymes

Energy Release

· The energy during chemical reactions (e.g. respiration, photosynthesis) is used to form a high energy compound A TP from ADP plus inorganic phosphate (Pi):

ADP + Pi + Energy ( ATP

· When energy is required in the cell A TP is broken down:

ATP ( ADP + Pi + Energy

· Energy is transferred in the form of A TP to the parts of the cell where it is required, e.g. for active transport, muscle contraction, synthesis (of proteins, DNA, RNA).

Respiration

· Aerobic respiration:

glucose + oxygen ( carbon dioxide + water + energy,

· Anaerobic respiration:

Plants 
- glucose ( ethanol + carbon dioxide + a little energy

Animals 
- glucose ( lactic acid + a little energy

· Aerobic respiration consists of three stages; glycolysis, Krebs’ cycle and cytochrome system

· The kerbs cycle is also known as Tricarboxylic Acid Cycle or TCA cycle

· Glycolysis takes place in the cytoplasm, does not require oxygen, is controlled be enzymes, uses 2 x ATP, produces 4 x ATP, breaks down glucose (6C) to 2 x pyruvic acid (3C).

· Pyruvic acid enters the central matrix of the mitochondria and breaks down to form 2C Acetyl compound which joins with CoA group.

Pyruvic acid (3C) —* 2CAcetyl CoA + C0 H2

· The 2C Acetyl COA;enters the Krebs’ cycle and combines with 4C to form 6C Citric Acid

6C ( 5C + CO2 + H2
5C ( 4C + CO2 + H2
· The reactions of the Krebs’ cycle are controlled by enzymes. (decarboxylases and dehydrogenases)

· Oxygen is necessary for the Krebs’ cycle to run.

· The H2 combines with NAD to form NADH2 and is carried to the cytochrome system on the cristae of the mitochondria.

· As the hydrogen is passed along the carriers of the cytochrome system energy is released to form many ATP from ADP + Pi.

· Finally the hydrogen is combined with oxygen to form water
· In the mitochondria 36 x ATP are produced per glucose molecule. Glycolysis only yields 2 x ATP. Total yield is 38 x ATP per glucose molecule.

· In the absence of glucose alternative substrates are used. Amino acids are broken down to pyruvic acid and fatty acids are converted into the 2C compound that takes part in the Krebs’ cycle.

A Mitochondrion
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The inner membrane has folds (cristae) to increase the surface area for attaching the cytochrome system carriers.

· The central matrix is the site of the Krebs’ cycle and contains the enzymes needed for these reactions.

Photosynthesis

· Leaves are broad and thin to provide a large surface area for the absorption of light and exchange of gases. They have many stomata and large air spaces between the spongy mesophyll cells for the movement of gases. The veins of the leaf contain xylem (to provide water) and phloem (to remove photosynthetic products).

· Of the light which falls on a leaf some will be absorbed, some reflected and some transmitted.

· Only a small proportion of the light absorbed by the leaf is used for photosynthesis.

· During photosynthesis chlorophyll changes light energy into chemical energy.

· Chlorophyll contains magnesium.

· Leaves contain the pigments chlorophyll a, chlorophyll b, xanthophyll, carotene.  Chlorophyll a is the main photosynthetic pigment. It absorbs mainly red and blue light

· Chlorophyll b, carotene and xanthophyll are accessory pigments which absorb other wavelengths of light and pass the energy on to the chlorophyll a.
· The absorption spectrum measures the amount of light absorbed by the leaf pigment at different wavelengths.

· The action spectrum measures the amount of photosynthesis that takes place at different wavelength of light.

· Photosynthesis occurs in the chioroplasts.

· A Chioroplast
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· The grana are coin-like stacks of flattened sacs containing-the photosynthetic pigments.

· The lamellae form connecting channels between the grana.

· The stroma is the fluid filled space containing photosynthetic enzymes.

· Photosynthesis occurs in two stages: the light dependent stage (the light reactions / photolysis) and carbon fixation (the dark reactions I Calvin cycle).

· Photolysis occurs in the grana of the chloroplasts.

· During photolysis light energy is used by chlorophyll to split water into oxygen and hydrogen. The hydrogen combines with NADP to form NADPH Energy is used to form ATP.
· The NADPH2 and ATP are used for carbon fixation.

· Carbon fixation occurs in the stroma of the chloroplasts.

· The reactions involved in carbon fixation are controlled by enzymes.

· During carbon fixation CO2 combines with 5C RuBP to form an unstable 6C compound.  This breaks down to form 2 x 3C GP. GP combines with H2 and energy from the NADPH2 and ATP to form another 3C compound.  Some of this is used to form glucose, the rest is used o reform 5C RuBP.

· The rate of photosynthesis is limited by temperature (enzymes affected), light (GP not converted to other 3C) and CO2 (RuBP not converted to GP).

· The glucose formed can be used by plants to form starch, cellulose and other large molecules such as proteins, fats and nucleic acids.

Synthesis and Release of Protein

· The nature of a protein is determined by its amino acid sequence.

· The two main groups of proteins are fibrous and globular.

· Fibrous proteins are structural, composed of long parallel chains of amino acids e.g. collagen in bones and tendons.

· A globular proteins is composed of a long chain of amino acids folded to form a ball- like structure e.g. some membrane proteins, enzymes, hormones and antibodies.

· Genes are regions of a chromosome’s DNA which code for a specific protein.

· DNA is constructed from smaller units called nucleotide

· Each nucleotide consists of a deoxyrobose sugar, a phosphate and a base.

· The four types of bases are adenine (A), thymine (1), cytosine (C) and guanine (G).

· Adjacent nucleotides are joined together into a long chain by sugar-phosphate bonds.

· Two chains of nucleotides are joined by weak hydrogen bonds between bases.

· Base pairing exists between opposing nucleotides; A-T, T-A, C-G, 0-C.

· DNA replication requires; template DNA, nucleotides, enzymes and ATP.
· During replication the DNA molecule unwinds and the two strands separate (unzip). Nucleotides are attracted to the exposed bases. Base pairing takes place and the nucleotides are joined together to form the new strand.

· Each DNA molecule formed contains one old and one new strand.

· RNA is a single stranded chain of nucleotides each contain a ribose sugars, a phosphate and a base: adenine, uracil, cytosine or guanine.

· The sequence of the amino acids in the protein is determined by the sequence of the bases on the DNA that forms the gene.

· A gene codes for a specific protein by transcription then translation.

	
	transcription
	
	translation
	

	gene (DNA)
	
	mRNA
	
	Protein

	(base sequence)
	
	
	(base sequence)
	
	
	(amino acid sequence)


· Transcription is the rewriting of the DNA’s code onto a mRNA. This requires the DNA, RNA nucleotides, enzymes and ATP
· Part of the DNA (the gene being expressed) unzips and exposes its bases. RNA nucleotides are attracted and base pairing occurs;

	
	A --- U
	

	DNA
	T --- A
	mRNA

	
	C --- G
	

	
	G --- C
	


· Adjacent nucleotides are joined together by sugar-phosphate bonds.

· The mRNA leaves the nucleus and attaches to a ribosome.

· There the base sequence on the mRNA is translated into an amino acid sequence.

· The base code is read in groups of three (triplets) called codons.

· Each amino acid is picked up by a tRNA with a specific group of three bases, its anticodon.

· The tRNA carry their amino acids to the parts of the mRNA with the complimentary codon base sequences (base pairing takes place).

· Amino acids are joined by peptide bonds using enzymes and ATP.
· The Golgi apparatus modifies proteins and packages them in vesicles for secretion.

Cellular response in Defence

· Viruses are very small and consist of DNA or RNA surrounded by a protein coat.

· Viruses inject their nucleic acid into a host cell causing the host cell to replicate the viruses nucleic acid and protein coat. The virus nucleic acid enters the protein coat and the cell ruptures releasing many copies of the virus.

· Phagocytes are white blood cells which kill germs by engulfing them then digesting them using their lysosomes.

· Lymphocytes are white blood cells which produce antibodies in response to specific antigens carried by germs. Antigens attack and kill germs.

· Plants protect themselves by producing toxic compounds e.g. tannins, cyanide and nicotine.

· Plants can isolate injured areas (to minimise infection) by secreting gums and resins.
