Biotechnology Lecture Chapter 13a How Cells Obtain Energy from Food

Please review the handout on Cellular Respiration prior to this lecture

Compare two graphs (free energy verses reaction progression)  Fig. 13.1

	Step wise oxidation of glucose

AKA glycolysis 
	 Instantaneous oxidation of glucose

Strong acid or ignition can do this…


	Why do cells not instantaneously oxidize?

A) In single step oxidation, the energy released is too much for carrier molecules to collect. 

B) The large single activation energy is not overcome easily

Total free energy is the same between A &B

In cells the release of energy is relegated to four primary steps: Fig. 13.2

1. STEP 1: Digestion; polymer to monomer in the GI tract and into the cytosol. 

2. Glycolysis:  We look at sugars, other OMMs have similar pathways. Proteins more complex, fats simpler…

3. Acetyl-S-Co-A---( CO2 +H2O and

NADH/FADH2 in Krebs cycle…HEC

4. NADH and FADH2 to ATP via Ox/Phos

Chemiosmosis

Draw cell/GI tract and ID location of 1-4 (be very precise and draw a BIG MITO…
	


Despite that fact the 1-4  can be far apart, they are connected!

How?  Substrate Looping (1/2) and/or Enzyme Regulation (3)!!

1. NADH created in G-3-P to 1,3 BP (step 6) may be used in pyruvate to lactate (in lactic acid metabolism). 

2. ATP used for Glucose to Fructose 1,6 bis-phosphate (first few steps) comes from PEP to pyruvate (last step.)

3. Citrate affects PFK, ADP affects PFK

These processes help to avoid back-up/traffic jam…

Enzymes: A few more thoughts…

	Most enzymes of metabolism involve 1 enzyme/one substrate, but there are other modifications…

1. Cluster: For example the conversion of pyruvate to acetyl S-Co A involves gigaplex of  8 trimers, 6 dimers and 12 dimers to make 60 unit cluster. 

2. Sequential. The enzymes in the first few steps of glycolysis are held close in the cytosol by filaments. 

3. Specific Orientation: The proteins of Ox/Phos are located in a specific sequence (note, technically, many of these are not enzymes.) 

Lets return to conversion of pyruvate to acetyl-S-CoA

Why is enzyme complex so big? Acetyl, decarboxylase and reductase is a multi-step process requiring concerted effort of three different enzymes and is a crux of possible the most crucial reaction series in anaerobic metabolism.  

Acetyl and the hourglass…


	


STEP 2: Glycolysis: A few final points….

· Stepwise oxidation..

· Anaerobic/Cytosolic

· Substrate Level Phosphorylation…

· High Energy Reaction PEP, etc..

· Fermentation can close the loop..

STEP 3: Krebs Cycle: (AKA Tricarboxylic Acid Cycle (TCA) and citric acid cycle) 

How do we know that enzymes work in the order we have proposed?  (pgs 442-443)
1. Pulse Chase experiments: Initially done with radioactive tracers, now accomplished with less toxic dyes and probes. 

2. Radioactive pyruvate is given to algae cells (the pulse) and then the cells are quickly killed and set intervals after the pulse (the chase). Extracts are analyzed and the subsequent radioactive compounds that have been created are identified. More precisely, extracts of algae are put onto a TLC plate and fingerprints are created (radioactive compounds stand out).


3. For example: Consider three forms of pyruvate with radioactive * carbon (*C): 
1. CH3-C=O-*COO- and 2. CH3-*C=O-COO-  3. *CH3-C=O-COO-

Overhead of Krebs cycle with radioactive carbons labeled. Follow the bouncing ball. 

	A few final thoughts on the Krebs Cycle….

1. Tracer studies

2. Descriptive terminology

3. Accounting

4. Cycle, pool of intermediates, cross roads for many compounds…for instance… de-aminate aspartic acid and what do you get? 


	


STEP 4: Oxidative phosphorylation is where HERC is converted into ATP: 
COMPARE AND CONTRAST MITO AND CHLOROPLASTS:  Gross Anatomy

X where protons accumulate, A where ATP is made

 
Mitochondria 





Chloroplasts




X where protons accumulate, A where ATP is made

Mito Inner Membrane



Chloroplast Granum…

STEP 4: A few final thoughts on Ox/Phos: 

	· Consider source of protons/electrons and their fate

· In chloroplasts, the ATP from Ox/Phos  and NADPH is not available to rest of plant since it can not leave membrane easily.  It is instead used to fix carbon. Sugars can leave chloroplasts.   

· In mitochondria: ATP is pumped to cytosol where anabolic reactions use ATP to create organic macromolecules. 

· A complete oxidation of 1 glucose should yield 30-38 ATPs,  so do the accounting..


	


Food reserves in cells: Comparison of fats vs. glucose

Fat: 9 cal/gram, in body, 100 calories of fat weighs 11 grams

Sugar: 4 cal / gram yet 100 calories of glucose weighs 150 grams in body.  Why? Hydration of sugar requires additional 125 grams of water (5:1 hydration ratio)

	4 reasons that Fats  are better source of energy than Sugars

1. Hydration

2. Fats more reduced

3. Heat Retention

4. Entry into Krebs is shorter. “Fat glycolysis” has fewer steps….
	


Closing comments,  The amazing stability of cells, despite external conditions is due to proteins and their ability to respond to cell conditions (e.g. ATP/ADP and NAD /NADH ratios, pH, CO2 conc., substrates and others). 

