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Description


Molecules 1- Organic compounds



(macromolecules) Carbohydrates, lipid, proteins, and nucleic acid 2- Inorganic compounds (micromolecules) Water, minerals and vitamins



Organic Compounds • Compounds that contain CARBON are called organic. • Macromolecules are large organic molecules. 3



Macromolecules • Large organic molecules. • Also called Polymers. • Made up of smaller “building blocks” called Monomers. • Examples: 1. Carbohydrates 2. Lipids 3. Proteins 4. Nucleic acids (DNA and RNA) 4



Monomer: one basic unit or subunit Polymer: a chain of many basic units (monomers)
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Question: How Are Macromolecules Formed? 6



Answer: Dehydration Synthesis • Also called “condensation reaction” • Forms polymers by combining monomers by “removing water”. HO



H



HO



H



H2O



HO



H
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Question:



•How are Macromolecules separated or digested? 8



Answer: Hydrolysis • Separates monomers by “adding water” HO



H



H2O HO



H



HO



H 9



(a) Dehydration reaction: synthesizing a polymer 1



2



3



Short polymer



Unlinked monomer



Dehydration removes a water molecule, forming a new bond.



1



2



3



4



Longer polymer



(b) Hydrolysis: breaking down a polymer 1



2



3



Hydrolysis adds a water molecule, breaking a bond.



1



2



3
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THE STRUCTURE AND FUNCTION OF MACROMOLECULES



1- Carbohydrates (CH2O)n Fuel and Building Material () مادة الطاقة و البناء 1.



Sugars, the smallest carbohydrates, serve as fuel and carbon sources



2. Polysaccharides, the polymers of sugars, have storage and structural roles



Carbohydrates include : 



Monosaccharides, are the simplest carbohydrates (simple sugars).







Disaccharides, double sugars, consist of



two monosaccharides joined by dehydration. 



Polysaccharides, are polymers of many monosaccharides. ___________________



Carbohydrates Monosaccharide: one sugar unit • Monosaccharides have molecular formulas that are usually multiples of CH2O



Examples:



glucose



glucose (C6H12O6) deoxyribose ribose Fructose Galactose



13







Monosaccharides have a carbonyl group (C=O) and multiple hydroxyl groups (O-



H) . 



If the carbonly group is at the end of C chain, the sugar is called aldose (aldehyde sugar), if carbonyle group within  داخلthe C chain,



the sugars is



called ketose (Ketone sugar). 



Glucose called “aldose”, and fructose called “ketose”. They are structural isomers.



Figure 5.3 Aldoses (Aldehyde Sugars)



Ketoses (Ketone Sugars)



Trioses: 3-carbon sugars (C3H6O3)



Glyceraldehyde



Dihydroxyacetone



Pentoses: 5-carbon sugars (C5H10O5)



Ribose



Ribulose



Hexoses: 6-carbon sugars (C6H12O6)



Glucose



Galactose



Fructose



Monosaccharides are classified as following :A- Based on the location of C=O



Aldoses: are the monosaccharides of carbonyle group (C=O) at the end of C chain (e.g. Glucose).



Ketoses: are the monosaccharides of C=O carbonyle group within  داخلthe C chain (e.g. Fructose).



B- Based on the number of C in the skeleton



Triose (3C): e.g. Glyceraldehyde. Pentose (5C): e.g. Ribose. Hexose (6C): e.g. Glucose, Fructose and Galactose.



Carbohydrates • Disaccharide: two sugar unit combine togother thruogh bond.This covalent bond is called a glycosidic linkage Examples: – Sucrose (glucose+fructose) – Lactose (glucose+galactose) – Maltose (glucose+glucose) glucose



glucose 17



Carbohydrates



Polysaccharide: many sugar units Examples: starch (bread, potatoes) glycogen (beef muscle) cellulose (lettuce, corn) glucose



glucose



glucose



glucose



cellulose glucose



glucose



glucose



glucose
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No. of C atoms



Triose (3C) Glyceraldehyde



Pentose (5C) Ribose



No. of sugar molecules



Hexose (6C) Glucose



Monosaccharides Glucose, galactose & Fructose



Disaccharides



Polysaccharides



Maltose, Lactose & Sucrose



Location of Carbonyl Group



Storage Aldose



Ketose



C=O group



C=O group



is Terminal



in middle



Starch (in plants) & Glycogen (in animals)



Structural Cellulose (in plants) & Chitin (in insects)



A)- Storage Polysaccharides



A storage polysaccharide of plants (within plastids).



It is consisted of thousands of α glucose molecules. Thus, it gives glucose when hydrolysed  بإضافة الماءby special enzymes in human. Potatos and grains are the major source of starch.



Stored in animal cells (e.g. liver and muscle cells in Human).



It is consisted of thousands of glucose molecules.



Thus, it gives glucose when hydrolysed.



B)- Structural Polysaccharides It is the building material of plants (cell wall). Forms the micro-fibrils and cell wall in plants. It is consisted of thousands of β glucose molecules.



Human cannot digest it, but some bacteria and protozoa can (e.g. in Termites and Cows stomach).



II- Chitin الكيتين It is the building material of the cuticle  ال ُجـلَيدin insects. It is consisted of thousands of glucose molecules with a N atom in one end.



It is used to manufacture the surgical threads.



• Proteins have complex structures. The shape of a protein determines its function! Their functions include  Structural



support



 Storage  Transport



of other substances  Intercellular signaling movement  Defense against microbes  Work as enzymes in the cell that regulate metabolism







Monomer of amino acid includes a hydrogen atom, a carboxyl group, an amino group, and a variable  متغيرةR group (or side chain), all covalently bonded to C atom.



Amino group



Carboxyl group



Side chain



Amino acids األحماض األمينية 1.



Hydrophobic: the amino acids that have hydrophobic R groups (non-polar).



2-



Hydrophilic: the amino acids that have polar R



groups, making them hydrophilic. 3- Ionized: the amino acids with functional groups that are charged (ionized) at cellular pH (7). So, some R groups are bases, others are acids.



Peptide bond formed between the carboxyl group of one amino acid and the amino group of the other by dehydration



Dehydration Peptide bond



Amino acids



Peptide



Polypeptide (Protein)



Proteins: Structure • Proteins have complex structures. The shape of a protein determines its function! • The levels of protein structure are: – Primary structure: polypeptide chain – Secondary structure: polypeptides in coils or sheets – Tertiary structure: coils or sheets form a tangle – Quaternary structure: more than one tangle combine to make a very complex protein!



The 4 forms of protein



Hydrophobic (non-polar R group)



Amino acids



***



Hydrophilic (polar R group) Ionized (charged functional groups)



Peptides



Primary structure Single chain of amino acids e.g. Lysozyme



Polypeptides



Tertiary structure



Secondary structure



Hydrophobic Interaction



H bonds



(Van der Waals interaction);



Coils &



Folds e.g. silk



2- H bonds; 3-



Ionic bonds;



4- Di-sulfide bridges;



Proteins



Quaternary structure two or more polypeptide chains e.g. Collagen & Hemoglobin



Primary structure:



1.



It is a single peptide chain of amino acids. 



Lysozyme, an enzyme that attacks bacteria, consists of a polypeptide chain of 129 amino acids.







A slight change  تغيير طفيفin the primary structure can affect a protein’s conformation and ability to function.



2. The secondary structure: Results from hydrogen bonds at regular intervals  على أبعاد متساويةalong the polypeptide backbone. A. Coils ( الحلزونىα-helix) are typical shapes that develop from



secondary structure



B.



Folds (β-pleated sheets) الشيت ال ُمجعـد. Composed



of several parallel α-helix coils attached by H bonds



An example for folds (β-pleated sheets) الشيت ال ُمجعد: Is the structural properties of silk  الحريرbecause of the presence of so many hydrogen bonds makes each silk fiber stronger than steel.



3. Tertiary structure: is determined by a variety of interactions among  خاللR groups and between R groups and the polypeptide backbone. 



These interactions include weak bonds like hydrogen bonds among polar areas, ionic bonds between charged R groups, and hydrophobic interactions and Van der Waals interactions among hydrophobic R groups.



- Also include disulfide bridges, strong covalent bonds that form between the sulfhydryl groups (SH) of cysteine monomers, stabilize the structure.



4- The quaternary structure: Results from the aggregation  تجمعof two or more polypeptide chains. Collagen is a fibrous protein of three polypeptides that are supercoiled, and function in connective tissues.



Hemoglobin is a globular protein with two copies of two kinds of polypeptides (2α and 2β). Collagen



Hemoglobin







Sickle cell disease خاليا الدم المنجلية: an abnormal hemoglobin because of a single amino acid substitution تغيير. 



These abnormal hemoglobin crystallize, deforming  يُكسرthe red blood cells and leading to clogs  إنسدادin tiny blood vessels أوعية.



Denaturation of protein



• involves the disruption and possible destruction of both the secondary and tertiary structures. • Denaturation disrupts the normal alphahelix and beta sheets in a protein and uncoils it into a random shape. • Denaturation can be brought about in various ways— e.g., by heating, by treatment with , pH, alkali, acid , heavy metals. • Some proteins can return to their original shape again after denaturation, but others cannot.



Lipids



• Structure: • Greasy or oily nonpolar compounds (Hydrophobic Molecules).



• • • • • • •



Functions: Energy storage membrane structure Protecting against desiccation (drying out). Insulating against cold. Absorbing shocks. Regulating cell activities by hormone actions. 41



• Examples:



1. Fats



2. Phospholipids 3. Oils



4. Waxes 5. Steroid hormones 6. Triglycerides 42







Lipids



are



an



exception



among



macromolecules because they do not have polymers. 



The unifying feature  الصفة ال ُم َميـٍزةof lipids is that they all have little or no affinity for water This is because their structures are dominated by non-polar covalent bonds. 43



FATS 



Although fats are not polymers, they are large molecules assembled from smaller molecules by dehydration reactions







A fat is constructed from two kinds of smaller molecules, glycerol and fatty acids



44



Fatty acid (in this case, palmitic acid)



(a) One of three dehydration reactions in the synthesis of a fat 3 ester linkages are formed



•



(b) Fat



molecule (triacylglycerol or triglyceride) copyright cmassengale
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Saturated and Unsaturated Fats • Unsaturated fats : – liquid at room temp – one or more double bonds between carbons in the fatty acids allows for “kinks” in the tails – most plant fats – They can be synthetically converted to saturated (solid) by adding H (Hydrogenation



• Saturated fats: – have only single C-C bonds in fatty acid tails – solid at room temp – most animal fats  - Saturated fats-rich diet results in Atherosclerosis



Figure 5.11



(a) Saturated fat



Structural formula of a saturated fat molecule



Space-filling model of stearic acid, a saturated fatty acid



(b) Unsaturated fat



Structural formula of an unsaturated fat molecule



Space-filling model of oleic acid, an unsaturated fatty acid



Cis double bond causes bending.



Saturated fatty acid



Unsaturated fatty acid



Phospholipids • Structure: Glycerol + 2 fatty acids + phosphate group. • Function: Main structural component of membranes, where they arrange in bilayers.



• The interaction of phospholipids with water is complex. • The fatty acid tails are hydrophobic, but the phosphate group and its attachments form a hydrophilic head.







When phospholipids are added to water, they self-assemble into aggregates with the hydrophobic tails pointing toward the center and the hydrophilic heads on the outside. 



micelle



This type of structure is called a micelle الزهرة.



• At the surface of a cell phospholipids are arranged as a bilayer.



hydrophilic heads



• The phospholipid bilayer forms a barrier between the cell and the external environment



• They are the major component of cell membranes.



hydrophobic tails



Steroids • • • • •



Structure: Four carbon rings with no fatty acid tails Functions: Component of animal cell membranes Modified to form sex hormones Cholesterol, an important steroid, is a component in animal cell membranes.



• Cholesterol is also the precursor from which all other steroids are synthesized. • While cholesterol is clearly an essential molecule, high levels of cholesterol in the blood may contribute to Atherosclerosis



CHAPTER THE STRUCTURE AND 5 FUNCTION OF MACROMOLECULES THE STRUCTURE AND FUNCTION OF MACROMOLECULES



4- Nucleic Acids: The Informational Polymers 1. Nucleic acids store and transmit hereditary information المعلومات الوراثية



2. A nucleic acid strand is a polymer of nucleotides 3. Inheritance is based on replication of the DNA double helix







There are two types of nucleic acids ribonucleic acid (RNA) And deoxyribonucleic acid (DNA). 



DNA is located in the nucleus



D. Nucleic Acids • Two kinds: – DNA: double stranded can self replicate makes up genes which code for proteins is passed from one generation to another



– RNA: single stranded functions in actual synthesis of proteins coded for by DNA is made from the DNA template molecule



Nucleotide Monomer Structure • Both DNA and RNA are composed of nucleotide monomers. • Nucleotide composed of: 5 carbon sugar, phosphate, and nitrogenous base



Deoxyribose in DNA



Ribose in RNA



***



3



5



o



Phosphate group



o P o o 5 CH2 4 H



Base



o



H



3



H



1



2H



H



o o



o



P



Bases



H



5



3



3



H



Adenine (A)



Purine



Guanine (G)



Deoxyribose sugar



o CH2



DNA nucleotide



Base



o H H H



Sugar-phosphate backbone



Cytosine (C) Thymine (T) Uracil



(U)



Pyrimidine



***



CH2 H



H



o



CH2



H H



H



Deoxyribose sugar (O on C2 is missed)



Deoxiribo-Nucleic-Acid Double stranded nucleic acid Bases: A, G, C, T



H



H



o H H OH



Ribose sugar



(no missed O)



Ribo-Nucleic-Acid Single stranded nucleic acid Bases: A, G, C, U



•The PO4 group of one nucleotide is attached to the sugar of the next nucleotide in line فى صف مستقيم.



•The result is a “backbone” of alternating تبادل phosphates and sugars, from which the bases starts.



Reading Primary Structure



• A nucleic acid polymer has a free 5’-phosphate group at one end and a free 3’-OH group at the other end • The sequence is read from the free 5’-end using the letters of the bases • This example reads 5’—A—C—G—T—3



 



An RNA molecule is single polynucleotide chain (single strand). DNA molecules have two polynucleotide strands (double strand) that spiral around  تدور حلزونياto form a double helix حلزون مزدوج.



DNA Replication



• When a eukaryotic cell divides, the process is called mitosis - the cell splits into two identical daughter cells - the DNA must be replicated so that each daughter cell has a copy



• DNA replication involves several processes: - first, the DNA must be unwound, separating the two strands - the single strands then act as templates for synthesis of the new strands, which are complimentary in sequence - bases are added one at a time until two new DNA strands that exactly duplicate the original DNA are produced • The process is called semi-conservative replication because one strand of each daughter DNA comes from the parent DNA and one strand is new • The energy for the synthesis comes from hydrolysis of phosphate groups as the phosphodiester bonds form between the bases



Differences Between RNA & DNA Comparison



DNA



RNA



Deoxyribose sugar



pentose sugar



Bases



A, G, T,C



A,G,U,C



Strand



double stranded



single stranded



Type of Sugar



• Ribosomes are the sites of protein synthesis - they consist of ribosomal RNA (65%) and proteins (35%) - they have two subunits, a large one and a small one • Messenger RNA carries the genetic code to the ribosomes - they are strands of RNA that are complementary to the DNA of the gene for the protein to be synthesized



• Transfer RNA translates the genetic code from the messenger RNA and brings specific amino acids to the ribosome for protein synthesis • Each amino acid is recognized by one or more specific tRNA • tRNA has a tertiary structure that is L-shaped - one end attaches to the amino acid and the other binds to the mRNA by a 3-base complimentary sequence



Protein Synthesis



• The two main processes involved in protein synthesis are - the formation of mRNA from DNA (transcription) - the conversion by tRNA to protein at the ribosome (translation) • Transcription takes place in the nucleus, while translation takes place in the cytoplasm • Genetic information is transcribed to form mRNA much the same way it is replicated during cell division



3. Functions of Nucleotides • Monomers for Nucleic Acids • Transfer chemical energy from one molecule to another (e.g. ATP)



Summary of the Organic Molecules:
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