Chapter 7: A Tour of the Cell
Light Microscopes: Visible light passes through the specimen into glass lenses. The lenses bend the light to project/enlarge it.
Magnification: This is the ratio of an object’s image to its real size.
Resolving Power: This is a measure of the minimum distance two points can be separated and still be distinguished as two distinct points.
Organelles: These subcellular structures were usually too small to be seen through the light microscope.

Election Microscope: These microscopes use a beam of electrons instead of light. Their resolving power is inversely related to the wavelength of radiation the microscope uses. They can theoretically achieve a resolution of 0.1 nanometers, but the practical limit is approximately 2 nanometers.

Transmission Electron Microscope: These are used to study the internal ultrastructure of the cells.

Scanning Electron Microscope: These are used to study the surface of the specimen. The electron beam scans the surface of the sample, which is coated with gold. The electron beam excites the electrons to create an image of the specimen’s topography.

Cell fractionation: This method of taking cells apart uses the centrifuge to split parts up based on their mass.

Ultracentrifuges: These are the most powerful machines which can spin as fast as 130,000 revolutions per minute and apply 1 million times the force of gravity on the particles inside.

Cytosol: The semifluid substance contained within the membrane.
Prokaryotic Cell: The DNA is concentrated in the nucleoid, and no membrane separates this from the rest of the cell. Prokaryotic cells are typically 1-10 micrometers.

Eukaryotic Cell: The DNA is bounded by a membranous nuclear envelope that separates it from the cytoplasm (region between nucleus and the plasma membrane). Eukaryotic cells are typically 10-100 micrometers.
Plasma Membrane: This forms the boundary of every cell. This is where most exchange takes place. The cell’s size is limited by this surface area.
Endoplasmic Reticulum: This network of membranous sacs and tubes is active in membrane synthesis and other synthetic metabolic processes. The smooth ER lacks ribosomes and is important to the synthesis of lipids, metabolism of carbohydrates, and detoxification of drugs and poisons. Muscle cells use the smooth ER membrane to pump calcium ions into the cisternal space, an action which triggers the contraction of the muscle. The rough ER build grows by adding proteins and phospholipids. The rough ER membrane can be transferred to other components of the endomembrane system as needed.
Cillia and Flagellum (animals only): Cillia occur in large numbers on the cell surface. They work like oars with alternating power/recovery strokes. These structures are about 0.25 micrometers in diameter and about 2-20 micrometers in length. Flagella are composed of microtubules and allow locomotion in some animal cells. Most cells have one or a few flagella (if any). These structures are 10-200 micrometers in length and have an undulating motion. Both cilia and flagella use the 9+2 pattern which has nine doublets of microtubules in a ring and two single microtubules in the center. Basal bodies, which are structurally identical to a centriole, anchor the cilia/flagellum in the cell.
Centrosome: This is the region where cell’s microtubules are initiated. In an animal cell, centrioles (animals only) can be found here as well.
Peroxisome: This organelle has specialized metabolic functions including the production of hydrogen peroxide. The H2O2 produced by this organelle may be used to break down fatty acids or detoxify harmful compounds. 
Microvilli: These projections increase the cell’s surface area.
Microfilaments, Intermediate Filaments, and Microtubules: Collectively, these form the cytoskeleton, which reinforces the cell’s shape and moves the cell. The components are made of protein. Microtubules are the thickest of the three and microfilaments are the thinnest of them. The intermediate filaments are in the middle. Microtubules, which contain alpha-tubulin and beta-tubulin (two polypeptide units), shape and support the cell as well as guide the secretory vesicles from the Golgi apparatus to the plasma membrane. They are also responsible for the separation of chromosomes during cell division. Microfilaments, also called actin filaments, are made up of globular proteins called actin. Many actin filaments combined are called myosin. Like dyenin, it walks along the actin filaments to contract the muscle. Dyenin is a part of the motor molecules extending from the microtubule doublets. It pulls the microtubule down to make it bend. Microfilaments in the cytoskeleton are meant to bear tension and give the cell a shape. Intermediate filaments are 8-12 nm in diameter and belong to a family of proteins called keratins. They are the more permanent fixtures of cells and fix the position of certain organelles (such as the nucleus).
Pseudopodia: These are cellular extensions are the flowing of cellular extensions for movement.
Cytoplasmic Streaming (plants only): Actin-mysoin interaction and sol-gel transformations cause a circular flow of cytoplasm within cells, which speeds up the distribution of materials within the cell.
Nucleus: There are three main parts to this region of the cell. The chromatin consists of DNA and proteins, which are visible as individual chromosomes in a dividing cell. The nucleolus is involved in production of ribosomes. Each nucleus has at least one nucleolus. The nucleolus synthesizes rRNA and assembles it with proteins imported from the cytoplasm to form ribosomal subunits. The nuclear envelope is a double membrane that encloses the nucleus and has pores. The envelope is lined by nuclear lamina, a netlike array of intermediate filaments that maintain the shape of the nucleus. The nucleus contains the genes of the cell. mRNA is also synthesized in the nucleus.
Ribosomes: These nonmembranous organelles make proteins. They float in the cytoplasm, bind themselves to the rough ER, or bind themselves to the nuclear envelope. Free ribosomes that are suspended in the cytosol make most of the proteins that function in the cytosol. The bound ribosomes usually make proteins that will be inserted into membranes, packaged into organelles, or exported from the cell. Cells that specialize in protein secretion have a high proportion of bound ribosomes. 
Golgi Apparatus: This organelle is active in synthesis, sorting, and secretion of cell products. The products of the ER are sent to the Golgi apparatus. The cis face receives while the trans face ships (gives rise to vesicles). Products of the ER that move from the cis pole to the trans pole are usually modified during their transit. Both the proteins and phospholipids of membranes may be altered.
Mitochondrion: Cellular respiration occurs here to generate most of the cell’s ATP. The mitochondrion has two membranes, both phospholipids bilayers with different embedded proteins. The outer membrane is smooth and surrounds the entire mitochondrion. The inner membrane has several folds called cristae. The space between the two membranes is called the intermembrane space. Within the inner membrane is the mitochondrial matrix, which contains several enzymes, mitochondrial DNA, and ribosomes.
Lysosome (animals only): Macromolecules are hydrolyzed in this digestive organelle. There are many lysosomal enzymes that can hydrolyze proteins, polysaccharides, fats, and nucleic acids. These enzymes work best at pH 5.
Phagocytosis: Amoebas and many other protists use this method to eat by creating a food vacuole which is digested as it fuses with the lysosome. Lysosomes can also be used to recycle the cell’s own organic material through autophagy. The lysosomes will dismantle the material it ingests and renews itself.
Contractile Vacuole: In freshwater protists, these pump excess water out of the cell.
Central Vacuole (plants only): This organelle acts as storage and breaks down waste products. The structure is surrounded by the tonoplast, a membrane. This structure elongates as the plant grows.
Chloroplast (plants only): This photosynthetic organelle converts light energy to chemical energy. The chloroplast is a special member of the plant organelles called plastids. Amyloplasts store the starch amylase in roots/tubers while chromoplasts have pigments that give fruits and flowers their orange and yellow hues. Chloroplasts contain the green pigment chlorophyll. Within the chloroplast are two membranes. Inside the chrloroplasts are flattened sacs called thylakoids. A stack of thylakoids is called a granum. The fluid outside the thylakoids is the stroma.
Plasmodesmata (plants only): These channels in cell walls connect adjacent cells. Cytosol passes through this structure to unify most of the plant into one living continuum.
Tight Junctions (animals only): These are where membranes of neighboring cells are fused. They prevent leakage of extracellular fluid.

Desmosomes (anchoring junctions, animals only): These are rivets that fasten cells together into strong sheets.
Gap Junctions: These provide cytoplasmic channels between adjacent cells which are large enough for salt ions, sugars, amino acids, and other small molecules to pass through. Gap junctions are common in animal embryos where chemical communication between cells is essential for development.
Cell Wall (plants only): Made of cellulose, polysaccharides, and protein, this outer layer protects the cell from damage while maintaining its shape. IT also prevents excessive uptake of water. The primary cell wall is the thin and flexible part of the cell wall which is on the outside. As cells age, they form the secondary cell wall, which fits between the plasma membrane and the primary cell wall. This layer has several laminated layers which creates a strong and durable matrix giving the cell protection and support. Between adjacent cell walls is the middle lamella, a thin layer rich in sticky polysaccharides called pectins that glues the cells together.
Endomembrane System: These are a series of different membranes that are connected by tiny vesicles (sacs made of membrane).
Extracellular Matrix (ECM, animals only): This structure is made of glycoproteins (proteins with covalently bonded carbohydrate). Collagen is the most abundant glycoprotein. It forms strong fibers which accounts for about half of the total protein in the human body. The collagen fibers are embedded in proteoglycans, which can form large complexes. Other cells are attached to the ECM through fibronectins, which bind to receptor proteins called integrins. The integrins bind to the microfilaments of the cytoskeleton. The ECM can regulate cell communication through integrins, and other changes probably help coordinate the behavior of cells within a tissue.
