BI107R SPRING04   CHAP 5  STRUCTURE and FUNCTION of MACROMOLECULES

Polymer principles

    Macromolecule types carbohydrates, proteins, nucleic acids are made from small      

         Building blocks      large molecules called polymers

    Polymer is a long molecule consisting of many similar or identical building

         Blocks linked by covalent bonds   building blocks called monomers and many 

              Have functions on their own

     Polymers above are all different and each made from different set of monomers but

          The way polymers are built up or broken down are the same for all types

         Build up

             Called a condensation reaction specifically a dehydration reaction

              Monomer linked to monomer by loss of water molecule

             Hydrogen (-H ) removed from 1 monomer and linked to hydroxyl ( -OH)                                         

                 removed from 2nd  monomer to form water and 2 monomers linked together

         Break down

              Polymers disassembled to monomers by process of hydrolysis

               Reverse of dehydration

              Bonds between monomers broken by addition of a water molecule which

                Is broken and the hydrogen added to 1 monomer and the hydroxyl added to 

                    The 2nd monomer 

               Digestion involves polymer breakdown

4 main types of biologically important macromolecules

    carbohydrates, proteins, lipids, nucleic acids

Carbohydrates

    Sugars and polymers of sugars

    Single sugars called monosaccharides or simple sugars    the simplest carbohydrates

    Double sugars called disaccharides    2 monosaccharides joined by condensation

   Monosaccharides 

          Structure is usually some multiple of  (CH2O)    glucose is C6H12O6           

          Has a carbonyl group and multiple hydroxyl groups

          Carbonyl on the end gives an aldose (aldehyde sugar)

          Carbonyl in the inside of the molecule gives a ketose (ketone sugar)

                Glucose is an aldose but fructose a structural isomer of glucose is a ketose

          Length of carbon skeleton is variable so gives different sugars based on length

              6 carbon sugars, 3 carbon sugars, 5 carbon sugars are common

         in solution most sugars are found in ring form not linear form

               but the reaction is reversible with an open ring intermediate 

         monosaccharides esp. glucose used for energy

                can be used to make other small organic molecules

                 or incorporated as monomers into disaccharides or polysaccharides

    disaccharides 

             2 monosaccharides joined by glycosidic link in dehydration reaction

            maltose – 2 glucose with 1,4 glycosidic linkage

            sucrose  - 1 glucose (6 carbon ring) and 1 fructose (6 carbon sugar but 5 carbon 

                          ring) with 1,2 glycosidic linkage

            lactose – 1 glucose (6 carbon ring) and 1 galactose 

      polysaccharides

            macromolecules with hundreds to thousands of monosaccharides joined by

              glycosidic links           storage material or building material

           storage 

                starch – plant storage of glucose monomers linked together

                   stored in plants as granules within cellular structures called plastids

                        including chloroplasts      used to store food

                    2 forms – amylase (unbranched) and amylopectin (branched) 

                glycogen –animal storage 

                      similar to amylopectin in plants but more extensively branched

                       stored in liver and muscle       hydrolysis releases glucose molecules

           structural molecules

                 cellulose – cell wall of plants   most abundant organic material on earth

                           100 billion tons produced per yr

                         polymer of glucose but glycosidic link is different than in starch

                              2 alternate ring structures exist for glucose where hydroxyl group

                                on carbon 1 is above or below the plane of the ring

                                  alpha glucose has hydroxyl below and beta glucose has hydroxyl 

                                  group above the plane of the ring

                                  in starch all glucose molecules in alpha configuration

                                  in cellulose all are in beta configuration so glucoses are upside 

                                        down in cellulose

                            few organisms can digest cellulose since don’t have the enzyme

                              some bacteria and some fungi 

                                 bacteria in cow’s stomach   bacteria in termite’s stomach

                   chitin – exoskeleton of arthropods – insects, spiders, crustaceans

                             becomes hard when encrusted with calcium carbonate

                             found in fungi which use it in place of cellulose for cell walls 

                              glucose monomer of chitin has a nitrogen containing appendage

PROTEINS

     Used for structural support, storage, transport of other substances, signaling from 1

         Part of an organism to another part, movement and defense

      Structurally very, very complex       each different protein has a unique 3D shape

      All polymers constructed from same 20 amino acids

      Polymers of amino acids called polypeptides    

      Protein consists of 1 or more polypeptides folded and coiled into a specific shape

Polypeptide is polymer of amino acids connected in a specific sequence

       Amino acids – organic acids having both carboxyl and amino groups with

            Carbon in the middle  called alpha carbon

            4 partners are amino group, carboxyl group, hydrogen atom and variable group

                called R group          different for each amino acid

             physical and chemical properties of the R group determine unique properties of 

                   each amino acid        can group amino acids based on properties of side chain

                nonpolar group         polar group   electrically charged group – acidic or basic

                  nonpolar group is hydrophobic – water avoiding

                  polar group is hydrophilic – water loving

                  acidic amino acids have a carboxyl group which is dissociated at cellular pH

                  basic amino acids have an amino group with a positive charge 

                  electrically charged are hydrophilic

       Linkage of amino acids

                Carboxyl group of 1 aa (amino acid) joined to amino group of the next aa

                   Reaction is a dehydration reaction

                   Covalent bond formed is called a peptide bond

                  Many many amino acids linked together form a polypeptide

                     Has a free (unattached) amino group at one end   called N-terminus

                     Has a free carboxyl group at the other end    called C-terminus

       Function depends on protein’s specific configuration (3D shape)

                Amino acid sequence determines 3D shape

                2 main types of 3D shape    globular  and fibrous

                function of a protein depends on its ability to recognize and bind to other

                     molecules

                4 levels of protein structure

                     primary, secondary, tertiary, quaternary

             Primary protein structure

                   Amino acid sequence is the primary sequence

                   Even one amino acid change can lead to a different 3D structure

                      And so change the function or the ability to function

                        Example – hemoglobin molecule with single amino acid change

                            Leads to sickle cell disease 

                     Each protein has a unique primary structure, a precise sequence

             Secondary structure

                    Segments of polypeptide chains which are repeatedly folded or coiled

                         In patterns along the polypeptide  are result of regular hydrogen 

                         Bonding along the polypeptide and are called secondary structure

                         Only atoms of the backbone are involved not the atoms of the side 

                         Chains          oxygens and nitrogens are electronegative   hydrogen atom

                         Attached to electronegative nitrogen atom is weakly positive and can 

                         Form hydrogen bond with the oxygen of another amino acid

                         Each hydrogen bond is weak but repeats many times in long region 

                         So can support a particular structure

                         Alpha helix structure – in lysozyme have regions of helical structure 

                            And regions without helical structure      globular protein

                            Fibrous proteins can have helical structure over most of the length

                         Beta pleated sheet – 2 or more regions of the polypeptide are parallel

                             Hydrogen bonds form between the polypeptide regions which are 

                             Parallel            present in center of many globular proteins 

                             Dominate many fibrous proteins    silk – many hydrogen bonds

              Tertiary structure

                         Superimposed on secondary structure

                         Irregular contortions from interactions of side chains (R groups)

                            One type of interaction called hydrophobic interaction

                                Nonpolar or hydrophobic aa cluster in the center of a folding

                                  Protein away from the water on the outside     then weak Van der

                                  Waals interactions hold side groups together 

                                Hydrogen bonds between polar groups and ionic bonds between

                                        +  and – side chains help stabilize the tertiary structure

                                           all are weak interactions but collectively hold polypeptide

                                             together

                            conformation reinforced by strong covalent bonds called disulfide 

                                bridges    2 cysteine monomers aa with sulfhydryl groups on side 

                                chains put close together due to protein folding  2 sulfurs bond

                           all the different types of bonds can form in one protein

              Quaternary structure

                          Proteins with 2 or more polypeptide chains aggregated into 1 functional

                              Protein can have an overall structure  called quaternary structure

                        Protein conformation   3D shape determined and maintained by interaction

                            Responsible for secondary & tertiary structure

                        Conformation also results from environment – pH, salt concentration, 

                            Temperature,   if any  of these change the 3D structure of the protein

                             Can change and unravel and the protein can become inactive

                             Called denaturation   can be reversible or irreversible 

                        Protein folding – rules still not determined 

                              Cells can use chaperonins – large multiprotein complexes which 

                                Protect the protein as it folds

                        Protein structure determined using x-ray crystallography

                               Beam of x-rays are deflected atoms of the protein

LIPIDS

       Not include monomers     main property is dislike of water    called hydrophobic

       Consist mostly of hydrocarbons

    Fats 

       Assembled from smaller molecules by dehydration reaction

       Consist of glycerol and 3 fatty acid chains

       Fatty acid is long  (16 or 18 carbons in length)    carboxyl group at 1 end gives it

           The acid designation 

       Long chains of C-H bonds are reason molecules are hydrophobic

       Water excludes fats

       In fat molecules 3 fatty acid chains join a glycerol molecule by ester linkage

           Bond between hydroxyl group and carboxyl group

           Gives a triglyceride      fatty acid chains can be the same or different 

           Fatty acid chains vary in length and can have all single bonds or some double 

               Bonds

               Saturated fats – all single bonds – animal origin – solid at room temp.

               Unsaturated fats – 1 or more double bonds in fatty acid

                    Called monounsaturated or polyunsaturated  -  plant in origin

                    Liquid at room temp.

            Hydrogenated or partially hydrogenated vegetable oils – double bonds broken 

                 By adding hydrogen atoms 

            Phospholipids – component of cell membranes – phospholipid bilayer

                  Distinct properties – part hydrophobic (2 fatty acid chains) and part 

                    Hydrophilic (charged phosphate group)

                  Group usually attached to phosphate group

             Steroids 

                 Carbon skeleton consists of 4 fused rings  with different functional groups

                 Cholesterol is common in cell membranes and is the precursor of lipid

                     Soluble hormones such as sex hormones

Nucleic acids

              Store and tranmit hereditary info

           2 types – deoxyribonucleic acid and ribonucleicacid

            DNA directs RNA synthesis which directs protein synthesis

           Made of monomers called nucleotides 

           Nucleotides – 3 parts – pentose sugar, phosphate group and nitrogenous base

           Nitrogenous bases are of 2 types – pyrimidine – 6 atom ring of carbon and 

                       Nitrogen – 3 types – cytosine, thymine, uracil 

                 Purines – 6 atom ring fused to 5 atom ring  2 types – adenine and guanine

           A and G and C found in both DNA and RNA  T only in DNA   U only in RNA

           Pentose sugar is deoxyribose in DNA and ribose in RNA

              Deoxyribose lacks an oxygen on carbon #2

           DNA and RNA are polynucleotides

               Covalent bonds called phosphodiester bonds between phosphate of 1 joined to

                   Sugar of next nucleotide  backbone is sugar-phosphate-sugar-phosphate

           Sequence of bases is unique for each nucleic acid segment

                   Linear order of bases in a gene specifies the amino acid sequence of a protein

           DNA is a double stranded molecule held together by hydrogen bonds between the

                 Nitrogenous bases       A always pairs with T and G always pairs with C

                 In DNA 2 strands are complimentary  based on pairing rules above

