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Microscopes as windows into the cell

      Light microscopes – pass visible light through specimen and through glass lenses

         2 important parameters 

                 1. magnification – ratio of an object’s image to its real size

                               mag. Limit about 1000x

                 2. resolving power – minimum distance 2 points can be separated and still

                         be distinguished as separate points

                        limited to detail about 0.2 micrometers  - shortest wavelength of light

                           used to illuminate specimen

                   most intracellular details not resolved

       electron microscopes – pass beam of electrons through the specimen

                  resolving power inversely related to wavelength 

                  electron microscopes resolve 2nm differences      100x better than LM

                  can see cell ultrastructure     see organelles inside

                 2 types – transmission and scanning

                       transmission – study internal ultrastructure

                         beam of electrons pass through very thin section of specimen stained with

                             heavy metals for contrast 

                              electromagnets used for focusing and magnifying image

                       scanning – detailed study of surface

                              electron beam scans surface coated with thin film of gold

                              great depth of field so images appear 3D

Cell Fractionation isolates organelles to study function 

          Break cells apart and isolate pure organelles 

         Need a homogenizer and centrifuge for separation of organelles

         Homogenizer breaks cells 
         centrifugation (spinning in a centrifuge) applies gravitational force to broken cells

         Heaviest particles (greatest density) pellet first

          Greater gravitational force (more rpm for longer time) pellets different organelles

         Called differential centrifugation          can use ultracentrifuges for max. force

         Cytology and biochemistry are complimentary 

Cell 

   2 types – prokaryotic and eukaryotic

     differ in size and complexity

      similarities – all have cell membrane, and inside is semifluid cytosol which contains

             organelles

               all cells have chromosomes made of DNA 

       differences

               no nucleus surrounding the DNA in prokaryotic cells

                DNA concentrated in region called the nucleoid 

                DNA in eukaryotes surrounded by a true membranous nuclear envelope

              Region from nuclear membrane to plasma membrane called cytoplasm

    Cells have size differences       lower and upper limits

          Lower limit due to need for packaging certain amount of DNA and activities 

               Necessary for life                upper limit due to surface area – volume ratios

           Plasma membrane is a selective barrier – some things get through others do not

           Large organisms do not have larger cells just more cells

Internal membranes compartmentalize functions of eukaryotic cell

    Membranes participate in cell’s metabolism    enzymes can be present in membranes

Nucleus and ribosomes

     Nucleus – double membrane called nuclear envelope consists of lipid bilayer and 

           Associated proteins 

         Holes in membrane called nuclear pores       at pore double nuclear membranes 

            Fuse and pore lined by nuclear pore complex

        Inside membranes lined by nuclear lamina – network of intermediate filaments

          Inside also has nuclear matrix – framework of fibers extending throughout the 

            Nucleus

         DNA organized with proteins called histones into fibrous material called chromatin

            During cell division chromatin coils up extensively into chromosomes

                   46 pairs in humans

         prominent structure in nondividing nucleus is the nucleolus 

                 RNA component of ribosomes synthesized here 

     Ribosomes

          Made of RNA and protein

          Organelle for protein synthesis

          Made of large and small subunits   both have RNA and protein components

          Proteins made in 2 cytoplasmic locations

                  On ribosomes attached to membranes of endoplasmic reticulum

                        Makes proteins for inclusion in cellular membranes or for secretion to

                            The outside of the cell

                   On ribosomes unattached but free in cytoplasm

                        Makes proteins for release into the cytoplasm

   Endomembrane System 

       Many different cellular membranes are part of this endomembrane system

            Membranes related by physical continuity or by transfer of membrane 

             Segments as tiny vesicles     membranes not identical in structure or function

       Components – nuclear membrane, endoplasmic reticulum, Golgi apparatus, 

             Lysosomes, vacuoles, plasma membrane

        Endoplasmic reticulum

             Network of membranous tubules and sacs called cisternae

             Cisternal space separated from cytoplasm

                 So contents isolated from cytoplasm

              2 types smooth (no ribosomes attached)  and rough (ribosomes attached)

                smooth endoplasmic reticulum

                       synthesis of lipids, metabolism of carbohydrates, detoxification of drugs

                          and poisons, collect calcium ions in muscle cells

                rough endoplasmic reticulum

                     proteins made for membranes and for secretion

                     many secretory proteins are glycoproteins – have sugar residues attached

                       sugars attached in RER 

                     secretory proteins sent to Golgi apparatus via tiny vesicles called transport 

                         vesicles

                      membrane factory  makes phospholipids and adds proteins

           Golgi Apparatus – 

              From ER many transport vesicles travel to Golgi apparatus

                  Golgi is the manufacturing, warehousing, sorting and shipping center

                Very extensive in secretory cells

              Consists of flattened membranous sacs – cisternae      in stacks                                                                                                       

                Internal space separated from cytoplasm

               Golgi stack has polarity    cis and trans

                  Cis is receiving end and faces ER

                  Trans is shipping and faces away from ER

                Products of ER modified in moving from cis to trans psrts of Golgi

                      Proteins and lipids changed      oligosaccharides added or removed

                Golgi makes some molecules like noncellulose polysaccharides

                 Cis and trans parts have different functions

                 It sorts products and sends to various cellular targets

         Lysosomes

               Digestive compartments

                Lysosome is membrane bounded sac of hydrolytic enzymes

             The internal pH is about 5 so cell pumps in hydrogen ions

              Used for food digestion     used for phagocytosis

              Used for destroying foreign matter

               Can have programmed lysosomal destruction of the cell

                    Used in development

              Can have inherited lysosomal storage diseases – Tay-Sachs disease

               Lysosomes digest tissue between fingers of babies in utero

           Vacuoles

               And vesicles are memb rane bound sacs inside the cell 

                Vacuoles are larger and have various functions

                    Food vacuole – formed by phagocytosis

                    Contractile vacuole – in freshwater protests for pumping excess

                       Water out of cell

                  Central vacuole in plants enclosed by membrane called a tonoblast

                     Many smaller vacuoles fuse to form large vacuole

                      Can contain ions, pigments, metabolic wastes, storage

   Other membranous organelles

            Mitochondria and chloroplasts – main energy transformers

         Mitochondria – site of cellular respiration – catabolic process generating

             ATP from energy in fats, carbohydrates, lipids

             Have some DNA and ribosomes for protein synthesis

                 Semiautonomous 

             Has 2 membranes of phospholipids and protein

                  Inner membrane folded many times   folds called cristae

                   Intermembrane compartment and mitochondrial matrix 

                    2 important compartments where ATP is made

          chloroplasts – specialized member of plant organelles called plastids

              some store starch in plant cells 

              chromoplasts give fruits and flowers color as store pigments

              contain chlorophyll – green pigment used in photosynthesis

             partitioned by 2 membranes and inner membrane system called

                thylakoids – series of flattened sacs stacked  up in grana

                fluid outside of grana called stroma 

    peroxisomes 

         generate and degrade hydrogen peroxide 

           break down fatty acids and detoxify alcohol

           not formed by endomembrane system

           grow by incorporating protein and lipid made in the cytoplasm

Cytoskeleton 

    Network of fibers extending throughout the cytoplasm

     Structural support and also cell motility and regulation 

      Movement is along rails using motor proteins

    Microtubules – made from tubulins 

          Tubulins are dimmers alpha and beta tubulins 

          Shape and support the cell and serve as tracks for movement of materials

    Centrosomes and centrioles

         Microtubule organizing center  located near nucleus

               Centrioles come in pairs    9 sets of triplets of microtubules

                Function not completely known

      Cilia and flagella 

         Locomotor appendages with specialized arrangement of microtubules

           Responsible for beatin motion

              Can work in freely moving single cells and in cells anchored in tissue

               Cilia in large numbers    flagella only one or a few

           Have same basic structure

                Microtubule assembly anchored in cell by a basal body

                           Structurally identical to centriole

                    Dynein is the motor molecule   and arms of dynein give bending of 

                       Cilia and flagella

       Microfilaments – solid rods made of actin one of contractile proteins

               3D network just inside cell membrane    make up core of microvilli

       intermediate filaments

              specialized for tension bearing    not turn over in cell 

                used for cell shape

Cell Surfaces and Junctions 

      Plant cells have cell walls  functions to protect cell, maintain shape, prevent

         Excess water uptake

         Outside of plasma membrane and much thicker

             Have primary cell wall, secondary cell wall and middle lamina

             Have channels connecting adjacent plant cells   for communication

                Called plasmodesmata

Extracellular matrix, of animal cells functions in support, adhesion, movement,

       And regulation 

       Main ingredients are glycoproteins              collagen is most abundant 

     Collagen embedded in network of proteoglycans – rich in carbohydrates

         Or attached to ECM by fibronectins which bind to receptor proteins 

              Called integrins built into plasma membrane 

     ECM can influence cell’s behavior

Intercellular Junctions 

       In plant cells have communicating channels called plasmodesmata

         Water and small ions pass 

      In animal cells have:

          Tight junctions – membranes of adjacent cells are fused so no material 

                 Passes between cells 

           Desmosomes – anchoring junctions – function like rivets fastening cells

                 Together in sheets   intermediate filament keratin reinforces junctions

           Gap junctions – communicating channels – allow passage of small ions

                  And molecules

