CHAPTER 7
___________________________________________________________________
 Bacterial metabolism.  (Discussion question)

	Background: 	 I use the letters HAB to trigger my memory on this question. 				
The H stands for Heterotrophs. These organisms cannot
				make their own organic compounds, they must ingest or
				absorb them.  Organic compounds contain carbon.  We are
		            	Heterotrophs. But this question is about bacteria.  Most 
				bacteria, such as E. coli, are Heterotrophs. They are called
				saprophytic--meaning they absorb nutrients (including 
				organic compounds) from their surroundings. Remember,
 		            	bacteria have little gaps in their cell wall so they can absorb
				things.  Most bacteria absorb nutrients from their
				surroundings, which could be soil, water, the contents
 		           	of our intestine, etc.  In HAB, the A stands for Autotrophs.
				These organisms can make their own organic compounds,
				usually by way of photosynthesis. In photosynthesis, a cell
				takes light energy (usually sunlight) and makes its own
		      		food (glucose).  In photosynthesis, the cells use carbon
				dioxide (CO2) discarded by Heterotrophs to make their own
				food (glucose).   For example, when we exhale, we breathe
				out mainly carbon dioxide, which grass cells and leaf cells
				take in for photosynthesis.  A few bacteria can do
				photosynthesis, including a harmless bacterium in pond
				water called Gleocapsa.  In HAB, the B stands for Bacterial
		            	chromosome.  Bacteria tend to have one, circular
				chromosome. On that chromosome, each little section is
				called a gene.  Bacteria have about 6,000 genes on their
		            	chromosome.  In general, a gene is the instructions to make
				a protein.  Bacteria use their genes to make proteins for
				their plasma membrane, cell wall, and enzymes. 


Ideal answer:  Below is what students need to write out for this discussion question.

  Heterotrophs:  rely on other organisms to make the organic compounds they
  need.
	EX:    E. coli (saprophytic)

  Autotrophs:  Use CO2 discarded by heterotrophs to make their own organic
  compounds.
	EX:   Gleocapsa (photosynthetic)

  Bacterial chromosome:  Bacteria tend to have one, circular chromosome with
  about 6,000 genes.
			       One gene = one protein
			       Bacteria use their genes to make proteins for their plasma
			       membrane, cell wall, and enzymes.  

___________________________________________________________________
  

AMP, ADP,  ATP

You should print out and refer to Exam 2 Diagram 3. 
___________________________________________________________________
 
AMP stands for Adenosine Mono-Phosphate.   Adenosine is a base called adenine and a sugar called ribose hooked together.  The base called adenine is found in AMP, ADP, ATP, DNA, and RNA.  The sugar called ribose is found in AMP, ADP, ATP, and RNA.  Again, Adenosine is the base adenine and the sugar ribose hooked together.  Our diagram shows AMP.  The circled A is Adenosine, with one phosphate group attached to it (mono means one).  A phosphate group is a PO4, but I use P for phosphate group. So, an Adenosine with one phosphate group attached to it is AMP.  When a cell makes protein, AMP binds to and activates amino acids.  (CONNECT:   AMP/amino acids) We will discuss in more detail how cells make protein in a different chapter, but AMP binds to and activates amino acids so they can be used to make a protein.  ADP stands for Adenosine Di-Phosphate (Di means two).  Our diagram shows us that ADP is an Adenosine with two phosphate groups attached.  ADP is a precursor cells use to make ATP.  All day long, cells convert ADP molecules into ATP molecules.  ATP stands for Adenosine Tri-Phosphate.  Our diagram shows us that ATP is an Adenosine with three phosphates attached.  ATP is an energy carrier cells must make to stay alive.  Living cells are constantly doing their own chemical reactions.  Some of these reactions release energy and are called Exergonic. Some of these reactions require energy and are called Endergonic.  Let's connect:  Endergonic/ATP because Endergonic reactions require energy, which usually comes from ATP.  Living cells use energy from breaking down glucose or fat to add a phosphate group to ADP to make it into ATP.  The ATP molecules go to reaction sites within the cell where they are broken down.  To break down an ATP molecule, the cell breaks off the third phosphate group that had been added earlier.  The bond being broken is a covalent bond--made up of two electrons being shared.  Breaking this covalent bond releases those two electrons, and electrons always have energy.  If you have been shocked on a doorknob, you
know that electrons always have energy.  When a cell breaks that covalent bond to break off that third phosphate group, a tiny amount of doorknob shock type energy is released.  That small spark of energy provides the necessary energy for Endergonic reactions to happen. If a cell stopped making ATP molecules, all of it's Endergonic reactions would stop happening, and the cell would quickly die.

___________________________________________________________________

You should print out and refer to Exam 2 Diagram 4.
___________________________________________________________________
Catabolic/Exergonic with EX

 In a catabolic reaction, the cell breaks down a large molecule into small molecules. These reactions also tend to be called Exergonic.  An exergonic reaction tends to release energy.  Our example to know for both terms, Catabolic and Exergonic, is a process called Aerobic Respiration.  Aerobic Respiration is when a cell breaks down glucose or fat to get energy using oxygen (aerobic means oxygen).  The diagram shows the overall equation for Aerobic Respiration.  Using oxygen, the cell breaks down a large molecule (glucose) into small molecules (carbon dioxide and water).  This reaction is also called exergonic--it releases energy.  In cells called Eukaryotic (like our cells), the energy from breaking down one glucose is divided up to make 36 ATPs.  In cells called Prokaryotic (like bacteria), the energy from breaking down 
one glucose is divided up to make 38 ATPs.  Remember, those ATPs go out and provide energy to allow Endergonic reactions to happen. 

Anabolic/Endergonic with EX

  In an anabolic reaction, the cell hooks together small molecules to make a large molecule. These reactions also tend to be called Endergonic.  An endergonic reaction tends to require energy. Our example to know for both terms, Anabolic and Endergonic, is a process called Photosynthesis. Photosynthesis is when a cell uses light energy to make its own food (glucose).  Our diagram shows the overall equation for Photosynthesis. The cell takes small molecules called carbon dioxide and water and using Light Energy (usually sunlight) and a pigment (usually green), the cell makes its own glucose. The cell also gives off some oxygen here as a by-product. Photosynthesis starts out depending on the energy of light to happen, but eventually it depends on energy from ATP to happen. 
___________________________________________________________________

Fermentation:  2 ATPs, Glycolysis: MP, O/M, LOC, products and uses

When a cell breaks down glucose to make some ATPs, the cell has two main options:  Fermentation and Aerobic Respiration.  Fermentation is when a cell breaks down sugar to get energy without using oxygen.  When any cell does Fermentation, the cell gains only 2 ATPs per glucose broken down.
When a cell utilizes oxygen to do Aerobic Respiration, it gains 36 or 38 ATPs per glucose broken down. So, Fermentation is not a very efficient process (only 2 ATPs gained).  However, the cell may have no choice but to do Fermentation because it is temporarily out of oxygen.  For example, if we lift weights some of our muscle cells are working so hard, they will be temporarily out of oxygen. In this case, the cells cannot do Aerobic Respiration, so the cells must do Fermentation to keep working.  The process called Fermentation only has one step, called Glycolysis.  The main purpose (MP) of Glycolysis is the initial breakdown of glucose.  Glycolysis does not require oxygen and does not require a membrane (O/M). The location (LOC) of glycolysis in a cell is somewhere in the cytoplasm.  So, Glycolysis involves a cell breaking down glucose somewhere in the cytoplasm.  The cell utilizes enzymes to break down glucose. We call Glycolysis one step, but it is a series of ten chemical reactions.  During these reactions, the cell rearranges certain things to make some products.  The products of glycolysis per glucose broken down are:   2 ATPs, 2 NADHs, 2 pyruvic acids.  During Glycolysis, the cell uses up two ATPs to have energy to start breaking down glucose.  Later in Glycolysis, the cell makes four ATPS.  By making four ATPs and using up two ATPs, the cell is said to have gained 2 ATPs.  These ATPs are used as energy to drive Endergonic reactions.  During Glycolysis, the cell also makes 2 molecules called NADH.  In cells, there is a molecule called NAD. This molecule is a carrier--it carries hydrogens and electrons.  In Glycolysis, the cell takes two NAD molecules and adds to them an extra hydrogen and an extra electron to form NADH. A cell does this because the extra hydrogen and the extra electron being carried can be used in some cases to make ATP. The last product of Glycolysis is 2 molecules of pyruvic acid.  Each pyruvic acid has 3 carbons, so the 6 carbons of glucose wind up in these two molecules of pyruvic acid.  How does a cell use the 2 NADHs and the 2 pyruvic acids that are produced in Glycolysis?  Both products can be used to make ATPs--if a cell has oxygen and a membrane.  In this case, the cell is doing Fermentation (Glycolysis) somewhere in the cytoplasm. The cell is probably doing Fermentation because it is temporarily out oxygen.  The cell also is not using a membrane, as Glycolysis takes place somewhere in the cytoplasm.  Because the cell has no oxygen and no membrane, those two products (NADH and pyruvic acid) cannot be used to make ATPs.  In Fermentation, the 2 NADHs and the 2 pyruvic acids are used to make waste products like lactic acid and ethanol.  In some cells (like muscle cells), the 2 NADHs and the 2 pyruvic acids react together spontaneously to make a waste product called lactic acid. The cell does not need lactic acid, and lactic acid is toxic to muscles and a person lifting weights may feel lactic acid pain.  In some cells (like yeast cells), the 2 NADHs and the 2 pyruvic acids react together spontaneously to make a waste product called ethanol. The yeast cells don't need ethanol, but the ethanol is the alcohol produced when things like beer or wine are being made.  





Aerobic Respiration:  36/38 ATPs

  Aerobic Respiration is when a cell breaks down sugar or fat to get energy, using oxygen.  Because the cell utilizes oxygen, this is a much more efficient process than Fermentation.  If a cell called Eukaryotic (like our cells) does this process, they gain 36 ATPs per glucose broken down.  If a cell called Prokaryotic (like bacteria) does this process, they gain 38 ATPs per glucose broken down.
  
  Aerobic Respiration:  Glycolysis: products and uses

  When a cell does the process called Aerobic Respiration, it goes through three steps:  1) Glycolysis, 2) Krebs cycle, 3) Electron transport.   The cell utilizes oxygen in this process, makes a lot of ATPs, and does not make any lactic acid or ethanol.  For Glycolysis, most everything is the same as it was in Fermentation.  The cell has some oxygen now, but Glycolysis does not require oxygen.  Glycolysis still takes place somewhere in the cytoplasm.  The cell still makes the same products:  2 ATPs, 2 NADHs,  2 pyruvic acids.   The only difference from Fermentation is how some of the products are used by the cell.   The 2 ATPs are still used as energy to drive endergonic reactions.  This time around, the cell does have oxygen and the process will wind up at a membrane, so the cell can use the 2 NADHs and the 
2 pyruvic acids to make ATPs.  During Glycolysis in Aerobic Respiration, 2 NADHs are made that go straight to the Electron transport step to be used to make ATPs.  In this case, the 2 NADHs produced in Glycolysis are "cashed in" to make some ATPs in a step called Electron transport. We will discuss the Electron transport step in detail later in this chapter.  During Glycolysis in Aerobic Respiration, 2 molecules of pyruvic acid are produced that go straight to the Krebs cycle to be broken down further to make things like ATP.  In this case, the 2 pyruvic acids wind up being broken down in a step called the Krebs cycle to make several products, including ATPs.  

Aerobic Respiration    Krebs cycle:  MP, O/M, LOC,  products and uses

  The main purpose (MP) of the Krebs cycle is to break down pyruvic acid to make things like ATP. Recall that 2 pyruvic acids are produced in Glycolysis.  They wind up being broken down by cells into a molecule called Acetyl CoA.  Acetyl CoA is then broken down into several other molecules that lead back to Acetyl CoA being formed.  This is a cycle that repeats itself and it is called the Krebs cycle. During the cycle, the cell rearranges things to make some very important products we will discuss shortly.   The Krebs cycle itself does not require oxygen and does not require a membrane (O/M). Even though the cell does have oxygen now, the reactions called the Krebs cycle do not require oxygen, or a membrane.  However, to be more efficient for a cell, the Krebs cycle always takes place near a membrane.  This is more efficient for a cell because the step called Electron transport always takes place on a membrane.  These two steps (Krebs cycle, Electron transport) work together so it is more efficient for a cell if they take place close together.  

You should print out and refer to Exam 2 Diagram 5.

___________________________________________________________________

  In Eukaryotic cells (like our cells), the Krebs cycle always takes place in mitochondria, near the inner membrane.  Our diagram shows one of our cells (Eukaryotic) with a nucleus drawn the correct size and below that a mitochondrion drawn way too big so we can see it.  The mitochondrion has an outer membrane
and an inner membrane.  As the diagram shows, in these cells the Krebs cycle takes place inside mitochondria, near the inner membrane.
Remember from a previous chapter that bacteria do not have mitochondria.  In Prokaryotic cells (like bacteria), the Krebs cycle takes place near the plasma membrane.  Our diagram shows a rod-shaped bacterium with one molecule of DNA. With no mitochondria, the Krebs takes place near the plasma membrane in these cells.  When a cell does the Krebs cycle, it gets these products per glucose broken down:   2 ATP, 6 NADH, 2 FADH2,  6 CO2.  The 2 ATPs (as always) are
used as energy to drive endergonic reactions.  The 6 NADHs go straight to the Electron transport step to be used to make ATPs.  FADH2 is a product we have not discussed yet.  In cells, there is a very small molecule called FAD that is a carrier--it carries hydrogens and electrons. So, FADH2 is an FAD molecule that has been loaded up with 2 extra hydrogens and an extra electron.  The cell adds the extra hydrogens and electrons to FAD because they are going to be used later to make some ATPs.
The 2 FADH2 molecules made in the Krebs cycle go straight to the Electron transport step to be used to make ATPs.  Notice that in Glycolysis and the Krebs cycle all of the loaded-up carriers being made (NADH and FADH2) go straight to the Electron transport step to be used to make ATPs.  The Krebs cycle also makes 6 molecules of carbon dioxide (CO2).  This is a waste product and it is 6 molecules of carbon dioxide because the 6 carbons of glucose eventually wind up in these carbon dioxide molecules. The carbon dioxide (CO2) molecules made in the Krebs cycle go to our blood, then to our lungs, and then they are exhaled.  We breathe out mainly carbon dioxide just to get rid of it as a waste product.  

Aerobic Respiration    Electron transport:  MP, O/M, LOC, products and uses

  The last step of the process called Aerobic Respiration is called Electron transport.  The main purpose (MP) of the Electron transport step is to use carriers called NADH and FADH2 to make ATPs. In the Electron transport step, the cell uses the hydrogens and electrons carried by NADH and FADH2 to make quite a few ATPs.  The Electron transport step does require oxygen and a membrane (O/M).  Unlike Glycolysis and the Krebs cycle, the Electron transport step requires both oxygen and a membrane to happen. We will discuss why that is later in this chapter.  The Electron transport step always takes place on a membrane.  In Eukaryotic cells (like our cells), the Electron transport step takes place in mitochondria, on the inner membrane.  The bottom of left of our diagram shows the location of
the Electron transport step in Eukaryotic cells.  In Prokaryotic cells (like bacteria), the Electron transport step takes place on the plasma membrane.  Remember, bacteria do not have mitochondria.  The bottom right of our diagram shows the location of the Electron transport step in Prokaryotic cells.  The Electron
transport step uses carriers (NADH and FADH2) made in Glycolysis and the Krebs cycle to make a lot of ATPs.  The products of the Electron transport step in Eukaryotic cells is 32 ATPs per glucose broken down. The products of the Electron transport step in Prokaryotic cells is 34 ATPs per glucose broken down.  
All of these ATPs will be used as energy to drive Endergonic reactions.  
___________________________________________________________________






SLP:   N/N  GK

  When living cells make ATPs, there are two different methods involved.  One is very simple, and one is very complicated.  The simple method is called Substrate-Level Phosphorylation (SLP).  The complicated method is called Chemiosmotic.  For the simple method (SLP), we are going to remember these letters:  N/N  GK.
The N/N refers to this:  Does this method require oxygen?  No.    Does this method require a membrane?  No.  So, the N/N refers to No/No.   The GK stands for Glycolysis and Krebs cycle. The method of making ATPs called SLP is used in Glycolysis and the Krebs cycle. Those two steps use the simple method (SLP) to make their ATPs.   

You should print out and refer to Exam 2 Diagram 6.

___________________________________________________________________

  Our diagram shows an example of the method of making ATPs called Substrate-Level Phosphorylation (SLP).  This is a reaction that takes place in Glycolysis.  A certain compound called 1,3 DPG is going to be worked on and changed by an enzyme.  The 1,3 tells us the #1 carbon has a phosphate group and the #3 carbon has a phosphate group.  Because 1,3 DPG is going to react with an enzyme, it is called the substrate.  In the name of this method, the word Substrate refers to the fact that in this case 1,3 DPG is the substrate.  We will leave off the enzyme name, but a certain enzyme removes the phosphate group from the #1 carbon and adds it to a nearby and stock-piled molecule of ADP. This changes the ADP into ATP, so an ATP has been made.  If you add a phosphate group to something
(like ADP), it is called phosphorylation.  In the name of this method, the word Phosphorylation refers to a phosphate group being added to ADP.  As you can see from our diagram, this simple method does not require oxygen or a membrane, and an enzyme does this work.  There are other examples of this method that happen in Glycolysis and the Krebs cycle with a different substrate than 1,3 DPG, but it is still the same method.  

___________________________________________________________________


Chemiosmotic:  Y/Y ET

  The complicated method cells use to make ATPs is called the Chemiosmotic method. We will remember these letters:   Y/Y ET.  The Y/Y refers to this:  Does this method require oxygen?  Yes.   Does this method require a membrane?  Yes.  The Y/Y refers to Yes/Yes.  The ET stands for Electron transport. The Chemiosmotic method of making ATPs is used only in the Electron transport step.  In the process called Aerobic Respiration, only the last step (Electron transport) uses the Chemiosmotic method.

Chemiosmotic:  diagram:  electron energy used for, energy from facilitated diffusion used for, why O2 required,   why membrane required

You should print out and refer to Exam 2 Diagram 7.

___________________________________________________________________

  Our diagram shows a mitochondrion with an outer membrane, an inner membrane, a fluid-filled space called the intermembrane space, and a fluid-filled space called the matrix.  The outer membrane has little gaps in it to allow things to leave or enter the mitochondrion. The inner membrane has numerous infolds called cristae.  These infolds provide more surface area to make more ATPs.  Our diagram takes a section of the mitochondrion and shows it magnified down below.  The drawing at the bottom of the diagram shows two channel proteins along the inner membrane and several carrier molecules along the inner membrane, beginning with NAD.  In a real mitochondrion, there are more than four carrier molecules but the first four will be good enough for our purposes. Those carrier molecules taken together are called the electron transport system.  The diagram also shows a couple of hydrogen ions (H+) in the matrix and several hydrogen ions (H+) in the intermembrane space.  The diagram shows an ADP molecule and a phosphate group (P) in the matrix.  In a real mitochondrion, the numbers for all these things would be much greater.  
___________________________________________________________________



You should print out and refer to Exam 2 Diagram 8.

___________________________________________________________________

  Our diagram shows that same magnified section of a mitochondrion. Now we are going to go through how cells make ATPs in the Chemiosmotic method.  In our diagram, the label A shows an NADH molecule that just got made in the Krebs cycle. Remember, an NADH is an NAD carrier that has been loaded up with
an extra hydrogen and an extra electron (e-).  Up along the inner membrane, the first two carriers (NAD and FAD) move back and forth between Electron transport on the membrane and the Krebs cycle just beneath the membrane.  In our diagram, the NAD in the inner membrane would leave the membrane and go back to the Krebs cycle to be reloaded. This makes room for the NADH that was produced in the Krebs cycle to move into the membrane.  As it does so, the hydrogen it is carrying comes off as a hydrogen ion (H+) and moves to the right to join other hydrogen ions.  The NADH is also carrying an electron (e-). That electron now moves from NAD to the next carrier, FAD.  This is called electron transport.  As the electron moves from NAD to FAD, it gives off a tiny spark of energy.  This is a tiny amount of the doorknob shock type energy we sometimes feel.  Then the electron is transported from FAD to a carrier called FMN, giving off another spark of energy.  Then the electron is transported from FMN to a carrier called CoQ (Coenzyme Q), giving off another spark of energy.  Electron transport is very important because it forces the electrons to give off energy, which is needed for the next step.  What exactly does the cell use this electron energy for?  The electron energy is used to do active transport and pump hydrogen ions (H+) out of the matrix. (CONNECT:  electron energy/active transport) Active transport is the movement of a substance from low concentration to high concentration, using a protein and requiring energy.  On our diagram, the label B shows the movement called active transport.  Using the electron energy from 
electron transport, hydrogen ions (H+) are moved from low concentration (matrix) to high concentration (intermembrane space).  This movement takes place through a channel protein.  To start with, there was a higher concentration of hydrogen ions in the intermembrane space than the matrix. Now, because of
active transport, that concentration difference is much greater.  Because of this huge concentration difference, the hydrogen ions start to flow back to the matrix by a process called facilitated diffusion. On our diagram, the label C indicates the movement called facilitated diffusion.  Facilitated diffusion is the movement of a substance from high concentration to low concentration using a protein. Because this is movement from high concentration to low concentration to even things out, facilitated diffusion does not require energy. On our diagram (label C), the hydrogen ions flow from high concentration (intermembrane space) to low concentration (matrix) by way of a channel protein.  The textbooks call this flow of hydrogen ions the "proton motive force".  To me, if we have hydrogen ions (protons) flowing very quickly with their + charge, this is a flow of electrical energy. When a light is turned on and a room lights up, it is because charges are flowing very quickly.  We can equate facilitated diffusion here with a flow of electrical energy.  What is this energy used for?  The energy from facilitated diffusion is used to drive the reaction to convert ADP into ATP.   As the hydrogen ions flow back into the matrix by facilitated diffusion, that flow of electrical energy allows a phosphate group to be added to ADP to change it into ATP.  That phosphate group cannot be added to ADP without a spark of energy. In the Chemiosmotic method, a lot of things happen (Krebs cycle, electron transport, active transport) to create a flow of electrical energy (facilitated diffusion) that is used to make ATP.  The Chemiosmotic method requires oxygen--let's discuss why.   When the electrons are finished with electron transport, they are nearly energy spent. If these electrons are simply left alone, they will move around, pull protons off molecules (opposite charges attract), make a lot of molecules become nonfunctional, and the entire method would shut down. If that happens too much in our cells, we would die.  So, when the electrons are finished with electron transport, they are taken in and recycled by oxygen.  The very bottom left of our diagram shows this equation:  e-  +  1/2O2 + 2H+  ---> H2O  Once the electrons are finished with electron transport, they are picked up by a 1/2O2 (oxygen).  
Oxygen is called the final electron acceptor.  NAD is the first electron acceptor, then FAD, and so on, but oxygen is the final electron acceptor.  After oxygen accepts an electron, 2 hydrogen ions (H+) react and a molecule of water (H2O) forms.  In the Chemiosmotic method of ATP production, oxygen is required to be the final electron acceptor and recycle electrons into molecules of water. This information explains why we must breathe in oxygen to live.   The Chemiosmotic method also requires a membrane.  The very bottom right of our diagram shows a "mutated" mitochondrion. This strange mitochondrion has no inner membrane.  This doesn't happen in real life, but we will pretend it does here. With no inner membrane, the hydrogen ions (H+) inside the mitochondrion are all in the same space and the same concentration.  They will not flow from high concentration to low concentration, because they are all in the same concentration. In our "mutated" mitochondrion,the hydrogen ions would just sit there.  In real life, we need for those hydrogen ions to flow from high to low concentration (facilitated diffusion) to create a flow of electrical energy that is used to make ATP.  In the Chemiosmotic method of ATP production, a membrane is required to create two spaces and make the hydrogen ions flow.  In a real mitochondrion, the inner membrane creates two spaces (matrix and intermembrane). Hydrogen ions will then flow from the high concentration space (intermembrane) to the low concentration space (matrix) by facilitated diffusion. Again, this flow of electrical energy is used to make ATP.
___________________________________________________________________

Fat digestion:  why O2 required

  When our cells need to make ATPs to provide energy for their reactions that require energy (Endergonic), our cells first choice is to break down glucose. This is the most efficient choice for a cell.  If our cells have to, they will use the second choice, which is breaking down fat to make ATPs. Most of the time, our cells break down glucose to make ATPs.  However, a low carbohydrate diet or exercise can force our cells to break down fat. This diagram explains the highlights of how our cells break down fat to make ATPs: 
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  We take in fat globs in our diet (cheeseburger). In our small intestine, bile breaks down those fat globs into much smaller fat droplets. Then, the enzyme lipase breaks down fat droplets into glycerol and fatty acids.  The glycerol and fatty acids get absorbed from our small intestine into our blood, and then taken out to our cells.  Our cells then convert both glycerol and the fatty acids into a compound called Acetyl CoA.  Acetyl CoA is part of the Krebs cycle.  So, the Krebs cycle cranks up and makes carriers called NADH and FADH2.  These carriers wind up in the Electron transport step where they are used to make ATPs.  The number of ATPs varies, depending on the size of the fat globs and fat droplets. So, when a cell breaks down fat, the step called Glycolysis doesn't happen, but the Krebs cycle and the Electron transport step do happen. Remember, the Electron transport step requires oxygen. Cells must have oxygen to break down fat because the Electron transport step requires oxygen.  If a person is doing a workout and wanting to burn fat, they should work out at a moderate pace for a longer time period. In this way, their cells will have oxygen and they will burn glucose and fat to support the workout. If a person lifts weights, that intensity will cause a lot of muscle cells to run out of oxygen. Those muscle cells will then burn glucose only (Fermentation) and produce a painful waste product called lactic acid.  However, when muscle cells are in recovery from an intense workout like weightlifting, they start to have some oxygen again and burn some fat during recovery.
  

   
