Biology 20 IB

Topic 1 – Cells

The History of the Microscope & Cell Theory (see History of the Microscope)

· 1665 Robert Hooke examined dead cork cells under a compound microscope which he constructed

· All Hooke was able to observe were the thick walls that surrounded each cell. 

· The discovery of bacteria was made by Antony van Leeuwenhoek ("lafenhoofk") way back in the 17th century. Leeuwenhoek was a Dutch a dry goods merchant, surveyor, and amateur scientist. His hobby was lens grinding and the construction of microscopes. He began looking at samples of rainwater, peppercorn infusions and teeth scrapings through his simple, single lens microscope (300x magnification). He observed small creatures in his samples which he termed "animalcules". He began writing letters to the Royal Society of London describing his observations of protozoa, algae, yeast cells, RBCs, sperm & ova. His 18th letter to the Society, dated 9 October 1676, first described bacteria. 

· in 1838, a German botanist named Matthias Schleiden suggested that all plant tissues are made of cells (phytogenesis – all plants come from plant cells). One year later, zoologist Theodore Schwann made a similar proposal for animals. 

· In 1858, Rudolf Virchow suggested that all cells come from preexisting cells. The ideas of these three scientists led to the creation of what is now called the cell theory. The three main aspects of the theory are:  

1. Anything that is living is composed of cells

2. The chemical reactions that occur in an organism occur in cells

3. All cells come from preexisting cells. 

· in 1868, Huxley proposed a unifying theory that all living things, including human beings, are unified in their sharing of protoplasm, which they build up and exhaust throughout their existence (protoplasm includes all of the living parts of the cell – cytoplasm and nucleoplasm)

· microscope pros and cons

light microscopes
electron microscopes

resolution 0.2 (m 
resolution up to 106 more

inexpensive & available
very expensive

simple staining
involved preparation

differential staining
no differentiation

few cell structures visible
very detailed

living cells can be used
cells must be fixed (dead)

Cells

· there are two fundamentally different types of cells

· prokaryotes (before a nucleus) - includes bacteria and cyanobacteria (photosynthetic bacteria)

· eukaryotes (true nucleus) – where DNA is organized into chromosomes, involving proteins includes both plant and animal cells

Parts of a Prokaryotic Cell (see diagram of a Prokaryotic Cell)

· contain a single molecule of DNA necessary for life, may contain additional plasmids 

· nearly all will be surrounded by a cell wall made of peptidoglycan (x-linked polymers and modified sugars that vary from species to species and are completely unlike the cell walls in plants)

· often secrete a sticky slime capsule outside the cell wall as additional protection and allowing adherence to each other or where they are growing)

· the only separate organelles found in prokaryotes are ribosomes - even in the case of photosynthetic bacteria, the photosynthetic membranes are loosely organized unlike the chloroplasts of the plants, as are mitochondrial membranes – the ribosomes are smaller than in eukaryotes

· mesosomes (infoldings of the plasma membrane) are thought be serve a function in cell division

· prokaryotes will move either along secreted slime, with the help of axial filaments (bundles of fine fibrils) which allow the cell a corkscrew motion, or by the use of flagella (which differ greatly from the flagella found in eukaryotes (is attached to the surface of the cell rather than as a cytoplasmic extension)

Parts of a Eukaryotic Cell (see diagram of a Eukaryotic Cell)

PLASMA (CELL) MEMBRANE 
the thin, outer membrane that separates the cell's interior from its external environment. The plasma membrane also separates each cell from its neighboring cells, so that each cell is an individual entity. It is very thin (about a billionth of a meter) and requires an electron microscope to see it. 

Sometimes, the plasma membrane forms fingerlike projections called MICROVILLI.  These microvilli increase the surface area of the plasma membrane. For example, some of the cells that line your digestive tract have microvilli. The microvilli increase the surface area for nutrient absorption, so that you can absorb more nutrients from the foods you digest.

Some body cells have projections on the cell surface that are involved in cellular movement. CILIA are hairlike cellular projections that occur in large numbers on the surface of certain cells. The cilia move in unison, creating a current that propels substances in one direction across the cell surface. For example, the ciliated cells that line the respiratory tract propel dust and bacteria trapped in mucus upward away from the lungs. FLAGELLA  are long in proportion to the size of the cell and are used in moving the entire cell. The only example of a flagellated cell in the human body is the sperm cell, which has only one FLAGELLUM, commonly called its "tail". 


CYTOSOL
The term CYTOPLASM refers to all of the cellular contents located between the plasma membrane and the nucleus. The semifluid portion of the cytoplasm is the CYTOSOL. The organelles are suspended in the cytosol. So, the cytoplasm includes the cytosol and all the organelles (except the nucleus). The CYTOSOL is a thick, elastic, semitransparent fluid which contains mostly water (75-90%). It also contains proteins, lipids, carbohydrates, salts, and other solutes. Many chemical reactions take place in the cytosol. For example, enzymes in the cytosol begin the breakdown of nutrients to provide energy for cell activities. Substances are also synthesized (built) in the cytosol. Another term, PROTOPLASM includes both the cytoplasm and the nucleoplasm

CYTOSKELETON

Suspended in the cytosol are very small tubules and filaments that make up the cytoskeleton  which provides support and shape to the cell, and is involved in cellular movement (for example, the movement of cilia & flagella). You can think of the cytoskeleton as the bone and muscle of the cell. 


CELL INCLUSIONS
Suspended in the cytosol of some cells are what are called CELL INCLUSIONS. Cell inclusions are chemical substances that are produced by specific cells and stored in their cytosol. One example of a cell inclusion is GLYCOGEN, which is a starch-like complex carbohydrate that is stored in liver cells. When the body needs some quick energy, the liver cells can break down the glycogen into glucose (a simple sugar) and release the glucose into the bloodstream. Glucose is then used by body cells for energy. 

FATS are cell inclusions found in fat cells. Fat can also be broken down to produce energy. The pigment MELANIN is a cell inclusion stored in certain cells of the skin, hair and eyes. It gives skin, hair and eyes their color, and it protects underlying tissues from harmful ultraviolet rays of the sun. 


ORGANELLES
Suspended in the cytosol are the ORGANELLES. ORGANELLES are specialized compartments within the cell that perform specific functions. Organelle means "little organs", because each organelle performs its own job to maintain the life of the cell, like organs do in our bodies. All organelles, with the exception of the ribosomes, are surrounded by a phospholipid bilayer membrane, similar to the plasma membrane. 

NUCLEUS

is the control center of the cell. It is a spherical- or oval-shaped organelle surrounded by a double-layered membrane called the nuclear envelope. The nucleus contains DNA, the hereditary genetic material of the cell. DNA controls the structure and activities of a cell by providing the instructions for protein synthesis. Proteins serve a myriad of purposes - they act as hormones, enzymes, pigments, and structural components of organelles. Most body cells contain one nucleus. However, there are exceptions to the rule. Mature red blood cells have no nucleus; skeletal muscle cells contain several nuclei.   The nucleus is enclosed in a nuclear membrane with pores through which nuclear products and messengers pass.  A dark staining body, the NUCLEOLUS (or up to four nucleoli) inside the nucleus is the site of ribosome synthesis.

RIBOSOMES are tiny granular structures. Ribosomes receive genetic instructions from the nucleus to produce specific proteins. So, ribosomes are the sites of protein synthesis. Some of the ribosomes float free in the cytosol; free ribosomes synthesize proteins that are to be used inside the cell. Other ribosomes are attached to the outer membranes of the ENDOPLASMIC RETICULUM (ER). The ribosomes embedded on the ER are involved in the synthesis of proteins that are to be exported or SECRETED outside the cell. 

ENDOPLASMIC RETICULUM

is an extensive system of interconnected membrane tubes or channels that coils and twists through the cytosol. The endoplasmic reticulum membrane is continuous with the nuclear envelope of the nucleus and the plasma membrane. Endoplasmic reticulum consists of parallel membranes that enclose narrow channels. There are 2 types of endoplasmic reticulum (ER): smooth ER and rough ER. The SMOOTH ER is smooth because it does not have ribosomes on its surface. ROUGH ER has ribosomes embedded on its surface. 

SMOOTH ER is involved in the production of LIPIDS (fat-like substances). For example, smooth ER produces CHOLESTEROL, which is part of the plasma membrane. Smooth ER produces STEROID HORMONES such as the sex hormones (estrogen, progesterone, testosterone), which are secreted from the cell. The smooth ER is also involved in the DETOXIFICATION of substances: Liver cells have a lot of smooth ER, because smooth ER detoxifies drugs and alcohol. 

ROUGH ER has ribosomes attached to the external surface giving it a granular appearance. As proteins are assembled on the ribosomes, the proteins make their way into the rough ER channels (cisterns). The rough ER packages these proteins into round membranous sacs called VESICLES. These vesicles pinch off from the rough ER and make their way to the GOLGI APPARATUS. 

GOLGI APPARATUS 

looks like 4-8 flattened membrane sacs stacked like dishes. Tiny membranous sacs or VESICLES are located nearby. The vesicles that bud off from the rough ER migrate to the Golgi apparatus and fuse with the Golgi apparatus membranes. Inside the Golgi apparatus, the proteins that were made by the ribosomes of the rough ER are modified in some way. These modified proteins are then packaged in vesicles and sent to their destination. Some of these vesicles contain proteins that are to be SECRETED or released from the cell. These SECRETORY VESICLES migrate to the plasma membrane and discharge their contents from the cell. Other vesicles produced by the Golgi apparatus are called LYSOSOMES. 

LYSOSOMES are membrane-enclosed spheres that contain powerful digestive enzymes capable of digesting substances that are inside the cell (intracellular digestion):

· white blood cells, which ingest bacteria, contain large numbers of lysosomes. The digestive enzymes in the lysosome are used to digest and destroy the ingested bacteria

· Lysosomes can also engulf old, worn-out organelles and break them down with digestive enzymes. The digested components of the organelles are then returned to the cytosol for recycling into new organelles

· Lysosome digestive enzymes also degrade nonuseful tissues, like the webs between the fingers and toes of the developing human fetus. 

MITOCHONDRIA 

are small, kidney bean-shaped organelles. Each mitochondrion has a smooth outer membrane, but the inner membrane is made up of a series of folds. Mitochondria are called the "powerhouses of the cell", because they produce ATP (adenosine triphosphate). ATP is a molecule that stores a great deal of energy. When the cell breaks down ATP, it releases energy that the cell can use. ATP is like the gasoline that powers your car or the electricity that powers your lights. Active cells, such as muscle cells and sperm cells, have large numbers of mitochondria because they use a great deal of energy. During the 1980s, Lynn Margulis proposed the theory of endosymbiosis to explain the origin of mitochondria and chloroplasts from permanent resident prokaryotes. According to this idea, a larger prokaryote (or perhaps early eukaryote) engulfed or surrounded a smaller prokaryote some 1.5 billion to 700 million years ago.

Instead of digesting the smaller organisms the large one and the smaller one entered into a type of symbiosis known as mutualism, wherein both organisms benefit and neither is harmed. The larger organism gained excess ATP provided by the "protomitochondrion" and excess sugar provided by the "protochloroplast", while providing a stable environment and the raw materials the endosymbionts required. This is so strong that now eukaryotic cells cannot survive without mitochondria (likewise photosynthetic eukaryotes cannot survive without chloroplasts), and the endosymbionts can not survive outside their hosts. Nearly all eukaryotes have mitochondria. Mitochondrial division is remarkably similar to the prokaryotic methods that will be studied later in this course.

PLASTIDS

Plastids are also membrane-bound organelles that only occur in plants and photosynthetic eukaryotes, and include chloroplasts (site of photosynthesis), leukoplasts (storage of starch, proteins and oils) and chromoplasts (storage of pigments associated with the bright colours of flowers and/or fruits).  Chloroplasts are the sites of photosynthesis in eukaryotes. They contain chlorophyll, the green pigment necessary for photosynthesis to occur, and associated accessory pigments (carotenes and xanthophylls) in photosystems embedded in membranous sacs, thylakoids (collectively a stack of thylakoids are a granum [plural = grana]) floating in a fluid termed the stroma. Chloroplasts contain many different types of accessory pigments, depending on the taxonomic group of the organism being observed.  Like mitochondria, chloroplasts have their own DNA, termed cpDNA. Chloroplasts are thought to have originated by endosymbiosis of a prokaryotic alga. 

VACUOLES & VESICLES

Areas of storage for a cell.  Vacuoles in plants may occupy salts, ions, and other substances in addition to water.  The vacuole helps keep the cell wall stiff and the plant body crisp.  Vesicles is used to describe a cellular product packaged for secretion.

CENTRIOLES

Found in animal cells only, as a pair (in a region called the centrosome).  They are composed of sets of microtubules (stringy protein molecules that also appear near the cell membrane).  They form the spindle fibres during cell division.

For a good comparison of organelles found in plant, animal and prokaryotic cells, see p.79 of your textbook.

Cellular Transport Systems

· The structure of the cell surface membrane, the nuclear membrane and the membranes of the organelles allow them to be selectively permeable, and provide for a variety of transport mechanisms.

· Control of the exchange across membranes depends on the physical and chemical properties of the membrane and the molecules moving through them.

Structure of the Plasma membrane

· primarily PHOSPHOLIPIDS (fat-like molecules that contain phosphorus)

· phospholipids are arranged in two parallel layers, forming what is called a PHOSPHOLIPID BILAYER: the basic framework of the plasma membrane

· It is somewhat fluid and flexible, about the consistency of olive oil

· It is self-sealing (If you poke a needle in and back out, the membrane will close up the hole)

· the phospholipids line up with their hydrophilic (water loving ends) pointed outward – lining the outside and the inside of the cell to the high water content of the cytoplasm and outside the cell, and with the hydrophobic (water hating lipid tails) pointed towards each other

· The current model for plasma membrane structure is the FLUID MOSAIC MODEL, where the proteins float like icebergs in a "sea" of phospholipids

· PROTEINS are the second most abundant chemical in the membrane

· proteins are of two types:

· intrinsic proteins which pass through the entire membrane and act as either transport channels through which substances can move into or out of the cell, as carrier proteins that function in carrying molecules into or out of the cell across the cell membrane, or as receptors 

· extrinsic proteins are extend to only the outside surface of the cell, and may act as receptors for chemical messengers such as hormones, or may carry cellular antigens (for recognition of self)

· carbohydrate (sugar) portions of the proteins act as distinctive antigens by which cells can recognize each other – when attached to a protein, the complex is called a glycoprotein

· glycolipids also exist in the cell membrane, a carbohydrate portion attached to a lipid molecule

· CHOLESTEROL is also present in the plasma membrane. Cholesterol is a LIPID (fat-like molecule) that gives rigidity and strength to the plasma membrane, and is found in the hydrophobic area
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Transport Types

1. Diffusion (passive transport – no energy required)

· the movement of molecules from an area of high concentration to low (down a concentration gradient

· caused by random movement of molecules (Brownian motion) – dependent on temperature, size of the molecules, and size of the gradient

· in cells, diffusion is limited to small molecules and ions that freely move across the membrane: water, oxygen and carbon dioxide

· the rate of diffusion is instrumental in determining cell size – diffusion into cells is determined by the surface area of a cell, whereas diffusion through the cell is determined by cell volume.  Optimum cell size to allow efficient diffusion of both nutrients and waste in and throughout the cell limits the SA:V ratio – the higher the ratio, the better the rate  

2. Osmosis (passive transport)

· the movement of water from an area of high concentration of water (low concentration of solute) to low concentration of water (high concentration of solute) through a SELECTIVELY permeable membrane

· described in terms of tonicity of the solution with respect to the cell

· hypertonic solution: has a higher concentration of solute

· hypotonic solution: has a lower concentration of solute

· isotonic solution: has the same concentration of solute

· water moves to a hypertonic solution, or from a hypotonic solution

· is a force that causes movement of water: osmotic pressure – will only be balanced by an equal and opposite force (Sound like physics?  It is!) – like gravity if water is moving up, or turgor pressure in a plant (the pressure exerted by the cell wall)

· contractile vacuoles in freshwater unicellular organisms pumps out water that has moved in

· if a plant cell is placed in a hypertonic solution, water moves out, the cell membrane moves away from the cell wall and the plant wilts (plasmolysis), in a cell without a cell wall, the term is crenation; both are usually lethal to the cell

· if an animal cell is placed in a hypotonic solution, water will move into the cell, and may burst the cell membrane (cytolysis)

3. Facilitated Diffusion

· involves the use of transport proteins that are specific to certain solutes – with specific binding sites

· it is believed that the protein changes shape to allow the transport of a solute down a concentration gradient

4. Active Transport (active – requires an energy input from the cell)

· involves the use of transport proteins, but takes place against a concentration gradient

· ex: the Na+/K+ pump

5. Endocytosis (active)

· used to transport larger molecules across the membrane and INTO the cell

· there are two types of endocytosis (both consume cell membrane)

· pinocytosis – the cell gulps in extracellular fluid into small vesicles

· phagocytosis – the cell extends pseudopodia and wraps the particles into a vacuole, which will later fuse with a lysosome for digestion

6. Exocytosis (active)

· used to transport large molecules out of the cell – usually vesicles budded from the ER or GA

· a vesicle will move towards and fuse with the cell membrane, spilling its contents into the extracellular fluid

· exocytosis and endocytosis generally balance each other resulting in no change in the size of the cell

Activities & Handouts

· microscope history

· animal cell label

· plant cell label

· cell membrane

· activity with the microscopes – identify cell parts? Maybe include some EM identification

· crossword puzzle on cell parts & microscopes

· quiz

Topic 1 - Cells
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· http://www.uwinnipeg.ca/~simmons/ 
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Membranes

· http://bioserve.latrobe.edu.au/vcebiol/cat1/aos1/u3aos12.html 

· http://phy025.lubb.ttuhsc.edu/Neely/ionchann.htm 
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A: glycoprotein (carbohydrate attached) to extrinsic protein


B: carbohydrate (attached to lipid – glycolipid)


C: intrinsic protein


D: carbohydrate (glycolipid)


E: cholesterol


F: phospholipid





inside cells - cytoskeleton








