Bio. Notes 4.2 Chem. Compounds in Living Things

Only 11 of the 90 elements in the Earth’s crust are part of living things. Another 20 are just in trace amounts. Four make up 96.3% of living things: Carbon, Hydrogen, Oxygen and Nitrogen. In varying combinations these four make up practically ALL living things.

All chemical compounds have been divided into: 

Inorganic: May contain carbon OR hydrogen ,neither but not  both.

Water plus the minerals that make up most of the sand, soil and stone are all inorganic. Most salts such as NaCl (a crystal) are also inorganic.

Organic: these compounds contain carbon + hydrogen.

Carbon which is the central element of organic compounds has over 2 million varieties and this is due to the ability for each atom to bond to four other atoms, i.e. there are four electrons in the outer ring of carbon. Methane “CH4” is the simplest organic compound, which is carbon with four atoms of hydrogen attached to it.

Polymerization: The process of making very large compounds by joining up many small ones (monomers) together in a chain.

Biology Notes 4.3 Compounds of Life

Four Major categories are: Carbohydrate, Lipids, Proteins and Nucleic Acids.

CARBOHYDRATES =  Sugars and Starches  have 1 carbon + 2H + 1 O.

, i.e carbon + H20, hence the word…. carbo hydrate. Simple sugars are called monosaccharides, e.g. glucose, fructose, galactose. All three of these have the formula C6-H12-O6. The difference between them is the arrangement of the atoms.  Energy (in form of chemical bonds) is stored in this compound. (See fig. 4-11 Draw this here.p. 70
Dehydration Synthesis:  Complex carbohydrates are formed in chains where two -OH groups join together and H20 is released and what is left is a joined chain of two simple monosaccharides. See fig. 4-12 Draw that figure here! P.71.

Two monosaccharides joined together make a di-saccharide. Ordinary table sugar, sucrose, is a disaccharide. Also lactose (milk sugar) and maltose (malt sugar) are disaccharides.

Polysaccharides: Are very long chains of these mono and di-saccahrides units. These are forms of carbohydrate that are used to store large amounts of energy and excess sugar. In animals,  a form of this is called GLYCOGEN (remember GLYCOLYSIS studied in photosynthesis?   Refers to the splitting of the glucose molecule).  In plants, structure and strength are formed from cellulose (also a polysaccharide). Much of  paper is cellulose (made from wood).

When polysaccharides are split apart to again form mono saccharides, the process is called hydrolysis (the opposite of dehydration synthesis). See fig. 4-14 Draw that figure here! P.72

LIPIDS =  Fatty Acids + Glycerol. 

Examples are fats and waxes –solid at room T. & oils which are liquid at room T. 

The three main functions in living things involve:

 1- energy storage   2- formation of cell membranes   3- use as chemical messengers.  Chemical structure demonstrates long chains of carbon and hydrogen with a carboxyl {COOH} group attached. 

Saturated vs. Unsaturated Lipids (Fats):  If every space on the chain is “full” with hydrogen atoms, the molecule is “saturated”.  If there are spaces available which are not “filled up” then that molecule is “unsaturated (not full)”.

Examples of saturated fats = fats found in meat, butter and most dairy products.

Examples of unsaturated fats = vegetable oils (sesame, peanut and corn oil).

These generally are clearer than the saturated fats such as butter or meat fat.

Saturated fats have been found to be involved in diseases such as heart disease and poor circulation.

Sterols and Phospho-lipids: E.g. cholesterol, an important building block of many cells. Too much Cholesterol has been linked to “clogged” arteries and heart and circulation disease.  Phopho-lipids are used in producing and building cell membranes.

PROTEINS: Are organic substances containing Carbon, Hydrogen and Oxygen just like carbohydrates BUT also have NITROGEN! The basic building block of proteins are AMINO ACIDS (remember?…the basic building block of LIPIDS is FATTY ACIDS).  

Amino Acids have an amino group (NH2) on one end and a carboxyl (COOH) group on the other end of the molecule. Long chains of amino acids link together to form proteins.

Peptides, are two amino acids joined together by a “peptide” bond. (Remember?…In carbohydrates, two mono-saccharides put together form a di-saccharide).  Polypeptides are combinations of long chains of amino acids, which put together form proteins, very complex structures with 3 dimensional shapes, responsible for the actual physical shape of the “MEAT” of your body!!!

PROTEINS work as physical structure such as muscle (meat) or also as ENZYMES which function as biological CATALYSTS, chemicals which permit all the chemical reactions of our body to easily occur at relatively low and “safe” body temperatures. Otherwise most of our proteins would coagulate just like an egg white that turns white when cooked in warm or boiling water and be destroyed.  Catalysts are not changed by the chemical reactions they help speed up or make possible.  They are not consumed or “used of” by the reaction.  They work by lowering the amount of energy that is required to get the reaction going. In living things, these biological catalysts (enzymes) are PROTEINS!

Substrates: Are the ingredients (reactants) that are affected by the enzyme. These substrates bind (attach to) enzymes at the “ACTIVATION SITE”.  Enzymes are very specific to each reaction and form a “LOCK & KEY” type of relationship. This means that that needs to be exact matches for an enzyme to be able to work with specific reactants (ingredient,  substrates).

Enzymes are commonly involved in common processes such as: Digestion, respiration, reproduction, vision, muscular movement, thought and even production of other enzymes.

NUCLEIC ACIDS:  the fourth major category of organic compounds are perhaps the most complex and fascinating as they work in creating the blueprint or genetic instructions for building the entire living system.  These are polymers or long chains of units called “NUCLEOTIDES”. )Remember??…, polysaccharides were long chain carbohydrates and polypeptides were long chains of amino acids used to build proteins).  

DNA (Deoxy-ribo-nucleic acid) and RNA (ribo-nucleic acid) are the two vital molecules which represent and form the basis for our and all living organsms genetic

processes for heredity, reproduction,  development and life itself.

Not in student notes:

Discussion of DNA structure, base pairs, nucleotides, codons, stop codons, amino acids, genetic mistakes, etc.

Review structural formulas for: 

Carbohydrates, lipds, proteins, differentiated by carboxl, amino groups.
Biology Notes Chapter 5.1: Cell Theory

Curiosity for finding the detail of what makes living things live led to observation under magnifying lenses and microscopes which led to the discovery of the CELL as a basic unit of structure or building block for living organisms.

At first lenses were used by merchants to evaluate the quality of threads in cloths and their workmanship and worth.  Anton van Leeuwenhoeck has been given credit for discovering the first microscope which was nothing much more than a magnifying lense.  Robert Hooke developed another microscope and discovered the plant cell in cork plants. He called them cells because they reminded him of the rooms used to hold prisoners.

Cell Theory which forms the basic framework in which biologists have tried to understand living things states:

1- All living things are composed of cells.

2- Cells are basic units of structure and function in living things.

3- All cells come from pre-existing cells.

****************************************************************

Biology Notes Chapter 5.2: Cell Structure  (See Figure 5.3  & 5.4 Typical Animal & Plant  Cells)

Cell size can vary from one micrometer (less than a millionth of a meter)  to the size of  a bird egg..

Structures common to all cells include:

1- Cell Membrane -  an outer  boundary separating the cell from other cells.

a- regulates all that passes in and out of the cell (food, wastes, O2, etc)

b- provides protection and support 

c- seals off the cell from the surrounding environment

d- composed of lipids arranged as a double (bi-layer)

e- proteins are used as “ferries” or escorts or mini-pumps to bring certain substances into the cell that would otherwise be hard to “get through the door”. Like trying to get a piano through a doorway, it must be positioned just right and have strong people to handle the weight or it does not get in,  in one piece!

2- Nucleus – the control center first described by Robert Brown (remember Brownian Movement??). The location of the DNA genetic material.

     Cells can be categorized into two main general groups:

a- Prokaryotes = small simple cells such as bacteria that DO NOT have a  nucleus. These organisms are usually small and unicellular.

b- Eukaryotes = larger and more complicated cells in animals, plants, and fungi that DO have a nucleus. These organisms are usually larger, more complex and multi-cellular.

          Nuclear Envelop = a thin boundary separating the nucleus from the liquid                                          Cytoplasm surrounding it.

          Nucleolus =the center of the nucleus and important in protein production.

          Chromosomes = long chains of DNA material attached to proteins.

3- Cytoplasm = the material btw. the nucleus and the cell membrane and the location of many important structures discussed in Section 5.2.

Structures 1 =>> 3 are common to almost all cells.

Plants and bacterial cells have an additional boundary outside the cell membrane called the CELL WALL and it is this structure which gives plants their stiffness and ability to stack up cells and gain strength and height. It is waxy in composition providing some “water proofing” qualities and contains the complex carbohydrate CELLULOSE.

(Remember what the ending –OSE means??)

Biology Notes Chapter 5.3: Cytoplasmic Organelles

Organelles are small structures within the cytoplasm which provide distinct and separate functions for the cell.  

   Mitochondria (animal cell) and Chloroplasts (plant cell) = the power stations

        sites where energy is converted.  

             1- Mitochondria are where Cellular Respiration takes place. The                   mitochondria have an inner and outer membrane. The inner membrane                   is very folded and so has a lot of additional surface area giving it more                   potential for energy producing (Exergonic) reactions.  

             2- Chloroplasts are where Photosynthesis takes place in plant cells..

             3- Ribosomes = Protein factories where protein synthesis take place.                   (remember proteins can commonly occur as “meat” or muscle or also                   as ENZYMES that help chemical reactions occur at normal body                   temperatures.) Presence of ribosomes indicates the process of protein                   synthesis is taking place. These tiny structures are 25 nanometers (25                   billionths of a meter).                                                                                                        

         4- Endoplasmic Reticulum (ER) + Golgi Apparatus = manufacturer and              packager of cellular materials being synthesized.  This is a series of              interconnected channels and tiny tubes where materials produced are              transported from one side of the cell to other locations. Smooth ER              produce lipids and carbohydrates and Rough ER produce proteins.              The “rough” appearance comes from the presence of Ribosomes              which appear as granules in the ER channels.

         5- Lysosomes = the clean-up crew, waste removal (little Pac men)..              These membrane-like extensions of the Golgi apparatus are filled with  enzymes for digestion of waste materials.

         6- Vacuoles = “storage tanks” for water, salts, carbohydrates and   proteins kept for later use..

         7-  Plastids  = plant organelles which have many varied functions.

         8-  Cytoskeleton framework = filaments (thread-like ) and tubules (tiny hollow tubes) that give the cell its shape and holds it together and anchors all the parts inside. These are important during cell division and duplication.
Biology Notes Chapter 5.5: Cell Specialization

Cells are often uniquely suited to perform a particular function out of the thousands of functions within an organism. E.g. Movement or enzyme production or light reception,

-   The pancreas is an organ located just below the stomach and has      two functions:

1- to produce enzymes used for digestion and

2- to produce INSULIN which is used to help get GLUCOSE 

into the cell.

Cells of the pancreas are dominated by the organelle, RIBOSOMES, which are proof of a lot of protein (enzyme) synthesis occurring in the cell. 

 -  Light receptors in the eye or muscle cells require a lot of energy and so you would expect to find a lot of MITOCHONDRIA in these cells 

 -  Cilia are special structures of cells in the respiratory and digestive tracts which produce mucus and keep the mucus moving in one  direction. In the lungs this works to keep dust and dirt our of your  lungs by trapping the dust and pushing it out of your mouth and nose.

Chapter 5.6 Levels of Organization

Biologists have developed a system of organizing the body according

to levels of complexity. This starts at the smallest level of study and progresse3s to the larger levels.

1- Cells   

2- Tissues = cells of identical type working together to produce a                       common function.

3- Organs = groups of tissues working together to produce common  function.

3- Organ Systems = groups of organs working together
Biology: Pages 6.1 Photosynthesis: Capturing & Converting Energy

Requirements for Photosynthesis reaction 

C02 + H20 ===========( C6-H12-06                                                                 (sunlight + chlorophyll)     (glucose)

This is not as simple as it looks and you do not get glucose by simply putting C02 and H20 together!

Sunlight : Plants are organisms that can use the sun’s energy directly. They are called AUTOTROPHS.  They make “food” from simple inorganic substances like C02 + H20.

Note: Organic compounds have BOTH 

H and C in their formula!

Inorganic compounds may have only H or C but not both!

HETEROTROPHS are organisms like animals and fungi plus a few others that need to get food for survival. So heterotrophs may eat heterotrophs, autotrophs or both!

Sunlight …although the sun looks yellow the light that hits Earth is colorless “white” light which is actually a mixture of many colors put together. (red, orange, yellow, green, blue, indigo and violet =  colors of the rainbow). These are the wavelengths we can see. Infrared or ultraviolet are not visible!

Pigments… Photosyn. Begins when sunlight is absorbed by the green/yellow pigments in the leaves known as Chlorophyll.

We see the green/yellow colors because this wavelength is reflected by the leaves. The light energy strikes the leaves and this energy “excites”electrons in the matter of the leaf and raises them up to a higher energy level. In solar cells this process produces a current of electricity. This higher energy is trapped

in chemical bonds (as potential energy).in two ways.

1st way this is done ….NADP+ is a chemical that can transport these high energy electrons and when it accepts these electrons it becomes NADPH.

2nd way this is done….ATP (adenosine triphosphate). As ATP loses Phosphate groups (P) it loses energy..so these ATP molecules are like a fully charged battery on your cell phone. As the battery runs down it lose these (P) groups to become

ADP “half charged” (adenosine diphosphate) and AMP “uncharged” (adenosine monophosphate). ATP is stored in every living cell so after you rest and have had a good meal, your cells “charge up” with energy from the food (glucose) you have digested and released into your blood. This is the chemical energy form that runs your body muscles, your cellular processes and produces body heat as a by-product.

Biology Notes 6.2: Photosynthesis, The Light and Dark Reactions

So we now know that high “chemical” energy molecules NADH and ATP are created in plants with the energy of sunlight!  This occurs during the first of a two stage photosynthesis process called “Light Dependent Reactions”.

These high energy storage chemicals are now used in the 2nd stage reactions called “Dark Reactions” to help make glucose

(C6-H12-06).

Light Reactions: Photosynthesis takes place in an organelle called the chloroplast. Within the  chloroplast are sac-like membranes that contain the green or yellow green pigment chlorophyll.

Light reactions take place inside these sac-like membranes. Dark reactions occur outside. This reaction is divided into four sections: 

1- Light absorption   

2- Electron  Transport, where the energy is moved down an electron chain (like a “hot potato being passed quickly along)  and finally given to the  “electron carrier NADP+” and changes it into NADPH (the high energy storage version)

3- Oxygen Production: The electrons being used in the Electron transport are never used up because they come from the breakdown of H20 which  leaves Oxygen left over which is released into the atmosphere.

4- ATP Formation: AMP(no charge) and ADP(medium charge) are turned into ATP (fully charged) storage chemicals.

*Summary of Light Reaction:

H20 + ADP + NADP+ ====(      O2  + ATP + NADPH

        (Lower energy chem.)                    (high energy chem..)

The Dark (Calvin) Reactions: Don’t let the term “dark” mislead you! These reactions don’t need the darkness to happen and  as a matter of fact usually do most of their work in sunlight! Light does not have any influence over these reactions.  These reactions are formed in a cyclical manner (like a spinning wheel of fortune) where ingredients are added into the spinning wheel and products are turned out. This is the Calvin Cycle!

*Summary of Dark (Calvin) Reactions:

  C02 + ATP + NADPH =(  C6-H12-06 + ADP + NADP+
Carbon    (Hi “E” chem..)        Glucose       (Low “E” chem.)

Dioxide

Biology Notes 6.3:  Glycolysis and Cellular Respiration

To enable “autotrophs” (Plants) to make food they have to be able to trap energy from sunlight and convert it into chemical forms like glucose (a simple sugar). Energy produced by photosynthesis is like money put into a savings account for future needs. Animals and other “heterotrophs” must be able to “cash in” and withdraw these food savings when they need them. When they need the energy they must have access to the energy!

Glycolysis = (Glyco – lysis) means, the breaking down of glucose sugar or the splitting of the glucose molecule. This takes place in the CYTOPLASM (egg-white part of the egg) of the cell.  If glucose is completely broken down in the presence of oxygen, this is what happens: 4 kilocalories (Calories) of energy are produced. 
C6-H12-06  +     6(O2)    ==(       6(C02)   +        6(H20)

  Glucose           oxygen              carbon dioxide       water

The end result of this process is 2 extra ATP molecules are

produced that were not there before. This is only 2% of the total energy stored in a molecule of glucose!!!

We all know what happens when you run out of Oxygen when you exercise! You breathe heavily. You sweat a lot and your muscles start to hurt.

With plenty of Oxygen available this (Aerobic) process continues with CELLULAR RESPIRATION (breathing oxygen at the cell level). If not then the process goes into FERMENTATION which is an (ANAEROBIC), i.e., a no oxygen situation).

Glycolysis, then, is the first step in “liberating” or freeing the chemical energy in the glucose. Again, this takes place in the cytoplasm and results in very little energy production (2%, which is not enough!) Pyruvic Acid is the final product of gylcolysis and it is this that enters the next step which is….

Cellular Respiration is the next step (if and when oxygen is available) resulting in the remaining 98%  of the chemical energy we get from glucose for our bodies! This takes place in an organelle in the cell (the powerhouse of the cell) called the Mitochondria. This is where the majority of the cell’s energy is produced.

In plants, the plant cells still need to “digest” or use the “food” they have produced from photosynthesis to provide their own energy needs for growth, etc. So plants use both C02 for photosynthesis AND oxygen to allow them to use the food they made.

The Krebs Cycle =1st set of reactions of Cellular Respiration

This does not produce an end product like glycolysis, but is a continuing series of reactions.  Pyruvic acid from glycolysis enters the Mitochondria(energy production site) from the cytoplasm of the cell. Because the first product produced here is Citric Acid, this Kreb’s Cycle is often called the Citric Acid Cycle. Step by step, as these reactions continue,  the carbon atoms in glucose C6-H12-06 end up as CO2.

Electron transport chain system:

In this process, as the low energy compounds, e.g., NADP+ are being “charged” up, electrons are being passed along an electron transport chain system and eventually it is OXYGEN that accepts the electrons at the end of the chain.  So, OXYGEN is the final electron acceptor and therefore is critically necessary to life in freeing up most of the energy in the glucose we consume. Oxygen is required to allow us to get the majority of energy out of our food.

Total amount of ATP (fully charged energy molecules)  released from the respiration  from one molecule of glucose = 36. Only two of that 36 are produced without oxygen in the step called glycolysis.

Obtaining Energy from Foods other than glucose:

Complex carbohydrates, such as starches (pasta, bread, potatoes) are broken down to simple carbohydrates, like glucose

which then go through the cellular respiration just described.

Lipids (fats, oils, waxy foods) and proteins (meats, beans, dairy) also can be broken into molecules that can enter  the Kreb’s Cycle for processing too.

Photosynthesis and Cellular Respiration are two ends of the same equation; One is the reversed direction of the other. Energy is in balance as part of the balance of life on Earth. That is why us animals get along so well with plants. We have a symbiotic relationship, needing each other for survival.

Biology Notes: Chapter 6.4 Fermentation

After the first step in the breakdown of Gluose (glycolysis) has occurred the process can proceed with or without Oxygen, i.e. like a “fork-in-the road”, ti can go one of two directions. Glycolysis is like the minimal charge that is on your cell phone battery when you first buy the phone but before you charge it up. After Glycolysis, 2 molecules of ATP were produced (only 2% of the available energy from a glucose molecule).

Gycolysis produces ( Pyruvic Acid as its FINAL product and it is this Pyruvic Acid that goes either into Cellular Respiration (if Oxygen is present) or Lactic Acid Fermentation (if Oxygen is absent). 

Summary of Gycolysis products: 

1- Pyruvic Acid  and high energy electrons that turn NAD+ (  NADH.  Add NAD+ to your chart for     “uncharged” compounds and NADH to your chart for “full charged”  compounds.

2- 2 molecules of ATP (full charge high energy compound).

Fermentation: = an ANAEROBIC (no oxygen) process that enables cells to produce energy “BUT AT A HIGH PRICE to the MUSCLES!”

Two types of Fermentation possibilities:

1- Alcohol Fermentation occurs in organisms like yeast. H20 + C02 is produced + energy. The CO2 is     used  by bakers to make bread rise and beer breweries to make bubbles and alcohol in beer.

2- Lactic Acid Fermentation occurs in animals (humans) and other higher more complex organisms.

Biology Notes Chapter 7.1: DNA

Cells can do all kinds of complex things such as: make ATP, membranes, build cilia, etc and in fact are programmed to have these abilities.  This program code must have the ability to duplicate itself quickly and accurately. It must be a read-able code to preserve the instructions vital to the success and continuation and the cell and life itself.

The Genetic Code:

This is the program of heredity, the software that is at the source of life itself and allows passage of all traits and characteristics  to the next generation.

History of discovery:

1928 = Frederick Griffith demonstrated that “something” was transferred from            one organism to another but did not know exactly what it was. 

            (See Fig 7-2, p. 138). In this figure, we see that heat was enough to kill            the disease causing bacteria (the smooth colonies) but not enough to            destroy it’s DNA and so when combined with harmless (rough colony)            bacteria the harmless bacteria was transformed into disease causing            bacteria. (SEE Bio I Text projected image of this experiment HAND-            OUT.)  Conclusion: The harmless bacteria were TRANSFORMED into             disease causing bacteria by the DNA.

1944 = Avery et al. Made an extract from the heat killed bacteria. They treated            the extract with enzymes that normally dissolve carbohydrates, proteins            and lipids BUT the transformation still occurred!! The factor causing the            transformation was not stopped by the heating and was still there. This             experiment led to the conclusion that it was DNA that was the            transforming genetic factor.

1952 = Hershey and Chase were interested in viruses that infect bacteria known            as bacteriophages (bacteria eaters). Bacteriophages = DNA + a protein            coat and attach to bacteria and inject viral DNA into the bacteria. This            viral DNA take over the bacterial cell and reproduces until the bacterial            cell explodes and further spreads the virus. Their experiments concluded
             that it was the DNA portion of the bacteriophage that was injected into             the bacteria that caused the infection.

Structure of DNA: 

DNA is a polymer of NUCELOTIDES.  

A nucleotide contains three parts:

1- One of the four nitrogenous bases A,T,G, or C

Adenine (A), Thymine (T), Guanine (G) and Cytosine (C)

Recall {A hooks up with T} and {G hooks up with C} 

2- Ribose, a 5 carbon pentagon shaped sugar

3- A Phosphate group, (-PO4)

2 & 3 form the rope part of a spiral rope ladder-like structure

called the double helix and the base pairs A-T and G-C form the steps.

See fig 7-6, p. 141 for diagram of nucleotide (DRAW THIS IN YOUR NOTES!!)

1951 - Rosalind Franklin, established through X-RAY patterns (fig 7-7)                      that the structure had a spiral like pattern.

1953 – Watson & Crick with clues left by Franklin discovered the “double-helix”            structure of DNA. They received the Nobel Prize for Medicine in 1962.

Replication (Duplication) of DNA:

Each of the two strands (“ropes”) have all the genetic information and each is a complement to the other. This means if one side has “A” you know the other strand has a “T” in the position opposite the “A”. Each strand serves as a model to make it’s complement. So if this double “helix” is split down the middle into two unwinding strands (like a zipper being opened), each can produce a “complement” of itself. (See Fig. 7-12, p. 145).

Before a cell divides it MUST replicate a copy of the DNA so each of the two new cells has a new complete DNA chain. What “unzips” the double DNA chain is an enzyme (protein) which “proofreads” or checks the order of the bases.

Biology Notes 7.2:  RNA

RNA is a disposable copy of the DNA information which can leave the nucleus. This is the link between DNA and the ribosome (site where the proteins are made). RNA consists of long chains of nucleotides just like DNA.

	  There are Differences between DNA and RNA

	DNA
	RNA

	Double helix chain
	Single chain

	Deoxy-ribose 5 carbon sugar
	Ribose 5 carbon sugar

	Has four nitrogenous bases:

A-T and C-G
	Has four nitrogenous bases:

A-U and C-G. Here Thymine (T) has been replaced by Uracil (U)

	Never leaves the nucleus. It is anchored.
	Created for the purpose of taking the DNA instructional message out of the nucleus to the ribosome in the cytoplasm of the cell.


The Three kinds of RNA:

1-  t (transfer) RNA   

2- m (messenger) RNA (brings the DNA message out of the nucleus 

4- r (ribosomal) RNA

Transcription: RNA Synthesis

The enzyme “RNA polymerase” splits (unzips) the two strands of the double helix.

Transcription is the process of copying or transcribing a message or notes or a letter or a song from one page or place to another. If you were to record this lecture and go home and turn my spoken words into typed words..that would be a transcription. When a person dictates a message to a secretary who, in turn, types the message out…that is transcription.

When RNA is made from a transcription of one the DNA strands the message is not exactly the same but is a “complement” of the message.

  E.g.     If the DNA order of bases is: A,  T,  G 

then the RNA complement would be: U,  A,  C (remember on the RNA side you can’t use “T” but need to use “U” instead)

Codons: Are series of three bases or a triplet of bases and the “reading” of the message is read in groups of three base letters.

These are called CODONS and each group of three bases is the instruction to make a particular AMINO ACID. Also in addition to Amino Acids, some indicate starts and stops, or punctuations in the very long unpunctuated message of the DNA.

Two complementary Strands

A-----T-----G (a codon from DNA)

U-----A-----C (the RNA complement) which separates and becomes the m-RNA that travels out of the nucleus to the ribosome in the cytoplasm.

Biology Notes Chapter 7.3: Protein Synthesis

Introduction:

So, in review, the DNA has the master code information. It sits in the nucleus of the cell.  When the cell is not reproducing itself the DNA is spread out and diffuse and in a form called CHROMATIN. Just before reproduction the Chromatin condenses into the more familiar form we call CHROMOSOMES. The nucleolus is basically a dense structure sitting at the very center of the nucleus and contains a concentration of r- RNA = ribosomal RNA, which you should recall is involved with establishing the “ribosome (protein factories) just outside the nucleus within the cytoplasmic structures called the ER or endoplasmic reticulum.  These reticulum are channels or extensions of the nuclear membrane that provide a maze-like pathway for manufactured proteins to be “shipped” and then packaged by the Golgi Apparatus (Bodies).  Once packaged these proteins can be “sent” to other parts of the cell of outside the cell for uses in other parts of the body. 

The DNA “code” is formed by endless combinations of the four nitrogen bases we refer to as: A (Adenine) which pairs with T (Thymine) plus G (Guanine) which pairs with C (Cytosine).  These pairs of bases form the steps of the spiral rope ladder-like structure called the double helix. So what kind of information is contained and how is it “decoded”???

Protein production (Synthesis) is the key to the first activities of a developing cell. Proteins are so essential because:

1---They form  ENZYMES to control chemical pathways and chemical       reactions.

2-  They help the synthesis of fats and carbohydrates and nucleotides, the very       building units of the DNA itself.

DNA does not work on the assembly line of this protein factory BUT controls what will be made and what orders go out to the Ribosome (factory).

Nature of the Genetic Code:

Proteins are made up of long chains of polypeptides which are ,many, many amino acids all linked together. So how does the cell figure out which amino acids to put together and in which order???

The particular order of the base LETTERS A,T G and C of the DNA determine which amino acids and hence which proteins are made.
DNA (double strand) and RNA (single strand) also contain differences in their base pairing:

In DNA: A  pairs with  T                          In RNA:  A pairs with U (Uracil)

               G  pairs with  C                                            G pairs with C

Because there are 20 different AMINO ACIDS there needs to be enough combinations of base letters to create a workable code system.

Using two nucleotides, i.e just (2 base letters + the 2 deox-ribose sugars and 2 phosphates) would provide only 4 to the 3rd power or 16 combinations, which is not enough, since we need 20.

Using three nucleotides, i..e. three letters or “triplet” the number of combinations increases to 4 to the 3rd power which has 64 combinations, plenty to cover the 20 amino acids. There are then more than one code for some A.Acids.

Each of these TRIPLETS are also called CODONS.  The “code words” of the DNA are transcribed (copied) onto a M-RNA strand in the nucleus.  Each one of these three letter TRIPLETS or codons is the instruction to make one of the 20 amino acids which then are linked to form these polypeptide chains called proteins in the ribosome.  SEE FIG. 7-17 page 149.

There are start and stop CODONS which like punctuation marks in a sentence that tell the reader where and when to stop a thought, tell the protein synthesis process when the product has started and finished.

Transcription: We just finished talking about was the DNA instruction sequence being re-written (transcribed) onto the single stranded m-(messenger) RNA.

Translation:  This is the interpretation or de-coding of the m_RNA message which results in a polypeptide chain or chain of amino acids.

We have up to this point mentioned two kinds of RNA.

1  m-RNA = messenger RNA and

2  r-RNA = ribosomal RNA and now the third kind

3  t- RNA = transfer RNA.

Amino acids, are present in the cytoplasm of the cell, as a result of the breakdown of food and particularly proteins such as meats, dairy ,etc.

We as humans eat proteins and so the amino acids which have come from these proteins are available in the cell as building blocks for other protens.

The m-RNA comes to the ribosome with a sequence of base letters, or groups of triplets, e.g. AAU or ACG of UAC (remember there are no “T”’s in RNA!!

These triplets are “read” or scanned and the correct Amino Acid is found and brought to the ribosome (the factory) for assembly.  There is a different t-RNA for each AA. On each one of these T-RNA’s is a “triplet” sequence that is the compliment to the codon on the m-RNA and this is called the anti-codon. 

See Fig. 7-18, page 150. This is how the correct sequence of AA “ordered” by the DNA through its messenger m-RNA gets put together into the correct proteins.

Ribosomes = this is the site of this entire protein synthesis process (on the ER sitting in the cytoplasm near the nucleus). This structure is made up of two sub-units, a large and a small unit ALL MADE UP OF r-RNA.  (SEE the mini-video clip shown by Dr. G for the best understanding of this process)

In summary DNA is the master plan and it stays safely locked away in the

central office (nucleus) while only a copy “blueprint” is permitted to leave to go to the job site out at the ribosome “factory”.
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