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OUTLINE 
1.    Metabolism - A Balance of Anabolic and Catabolic Rx’s 
        A.  Production and Utilization of Energy and REDOX substances 
2.  Major Metabolic Pathways have Common Intermediates 
3.  Energy Charge Value 
4.  Control of Metabolism Occurs at 4 levels 
         A. Substrate Availability 
         B. Allosteric Modulation 
         C. Covalent Modification 
         D. Enzyme Synthesis 
5.  Metabolism – Cooperation between Tissues 
         A. Liver 
         B. Adipose Tissue 
         C. Skeletal Muscle  
         D. Brain 
 



Outline  (continued) 
6.  Metabolism Requires Hormonal Control 
         A. Insulin 
         B. Glucagon 
         C. Epinephrine  
7.  Tissue Interactions – Well Fed and Fasted States 
         A. Fuels and Pathways 
8.  Tissue Interactions – Under Various Conditions 
         A. Obesity and Dieting 
         B. Type I and Type II Diabetes 
         C. Cancer 
         D. Exercise 
         E. Pregnancy and Lactation 
         F. Stress and Injury 
         G. Liver and Kidney Diseases 
         H. Alcohol Ingestion 
9.     Respiratory Quotient 



Metabolic Processes 

•  Glycogenolysis  
•  Gluconeogenesis  
•  Fatty Acid Synthesis  
•  Lipogenesis  
•  TCA Cycle Activity  
•  Amino Acid Oxidation  
•  Proteolysis 

•  Glycogenesis  
•  Glycolysis  
•  Lipolysis  
•  Glutaminolysis  
•  Ketogenesis  
•  Protein Synthesis  
•  Urea Synthesis  







ANAPLEROTIC REACTIONS 



Metabolism 
The “Big” Picture 

 Total available genes are the same for each cell but only a 
fraction of them are expressed (effective “genome” of that cell 
type).  
 Of these expressed genes, some are used throughout the 
life of the cell but others (ie control of cell timing) are present 
only transiently. The set of proteins recovered at any moment 
in the life of a cell is called the “proteome.”  
 The complex set of small molecules in a cell represents its 
“metabolome.” The metabolome is constantly changing. 
Maintaining the elements of the metabolome within certain 
ranges is called “homeostasis.” 



• In humans about 4,000 genes (12% of total) encode 
regulatory proteins including a variety of receptors, 
regulators of gene expression, and more than 500 different 
protein kinases. 
• In many cases, the regulatory mechanisms overlap, one 
enzyme is subject to regulation by several different 
mechanisms. 
• Homeostasis in living organisms occurs far from equilibrium 
which is a condition referred to as “steady state.” This 
requires expenditure of energy which is ATP.  

• Maintenance of Homeostasis 



Proliferating cells will have: 
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2.  High NADH:NAD 
3.  High ATP:ADP 
4.  High NAD:NADH 
5.  ATP = ADP 



Importance of ATP as Energy Source 

   In a typical cell, ATP is consumed within l minute of its formation 
  Although total ATP in the body is only about 100g,  the 

TURNOVER is very high 
  For example a resting human consumes about 40 Kg of ATP in 

24 hrs  
  During strenuous exercise the rate of utilization of ATP may be 

as high as 0.5 Kg/min and for a 2 hr run, 60 Kg (132#) are 
utilized 

  Motion, active transport, biosynthesis, etc require ATP as well. 
On the average an individual turns over his body weight in ATP 
every day. 

  Clearly mechanisms for regenerating ATP are vital 



 Ranges can be broad such as glucose (to be discussed 
later) or narrow such as intracellular ATP concentration. 

 Example of ATP control is the “Energy Charge Value” 







• The flux through an enzyme-catalyzed reaction can 
be modulated b changes in the number of enzyme 
molecules or the activity of the enzyme. 

• Such changes occur on a time scale from 
milliseconds to many hours in response to signals 
within and outside the cell. 









Allosteric Effects 
Involve Rate-determining Reactions 



Covalent Modification 

Addition or removal of phosphate groups from 
 specific threonine, serine or tyrosine residues 
In the fed state most are in dephosphorylated form 
  which are ACTIVE. 
Exceptions are: glycogen phosphorylase, fructose bis 

phosphate phosphatase and hormone sensitive 
lypase of adipose tissue which are INACTIVE  

In addition to phosphoylation, acylation of lysine 
residues in enzymes is being recognized as a 
regulator of metabolic pathways 



Induction and Repression of Enzyme 
Systems 

•  Alterations in the number of active sites 



















 Possible Route for Diabetes Trtmt 
While hexokinase is produced in most tissues, 
glucokinase is found only in liver and 
pancreas. Since glucokinase has higher Km 
than hexo- 
kinase, it functions only when glucose concs. 
are high and its high Vmax allows the liver to 
take up large amounts so blood levels lower. 
Pharmaceutical companies are currently 
searching for molecules that could activate 
glucokinase making it more efficient.   
 

 

























Diets, Carbohydrates and 
Calories 

Atkins Induction 

Zone Diet 

Typical American Diet 

Kempner Diet 

Protein Power 
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Duration of Excess Weight and Risk of Diabetes 
Ref:  Lee JM et al  Arch Pediatr and Adoles Med  Sept 5, 2011 

•  Longitudinal survey of 8000 young adults – BMI’s taken 
annually from 1981 til 2006 and diabetes status evaluated. 

•  Excess BMI yrs calculated by subtracting reference BMI (25) 
from actual BMI and cumulating sums for study duration. 

•  A higher level of excess BMI was associated with increased risk 
of diabetes.  For example, an individual with 200 excess BMI-
years had 3 times higher odds of developing diabetes than a 
person with 100 excess BMI-years. 

•  Conclusion:  Excess and sustained BMI in young populations 
present a great risk for increased prevalence of diabetes. 







Relationship of Cancer and Diabetes and 
Potential Drug Treatments 

•  Cancer cells use glucose to generate energy via glycolysis 
which produces lactic acid even when oxygen is present 
(Warburg Effect) 

•  Diabetics have high glucose levels but also high insulin 
which promote tumor growth 

•  Both these conditions lead to increased cancer rates  
•  Treatments are being designed to disrupt cancer cells by 

depriving them of energy however not all tumors use 
glycolysis and some normal cells do – a real challenge 

•  One drug called 2DG, an analog of glucose can be injected 
and is not metabolized so accumulates in the tumor and 
interferes with energy production but levels need to be high 
to compete with natural glucose in the bloodstream. 

•  Several other approaches are being planned  
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“FAT BURNING ZONE” 
(low intensity workouts ) 

               Low Intensity 60-65%MHR 
Total Cal/min                           4.86 
Fat Cal/min                              2.43 
Total Cal/30 min                       146 
Total Fat Cal/30 min                   73 
Percent Fat Cal burned              50 
Maximum fat oxidation occurs at 54% 

with heart rate at ca 130 beats/min 
Data from 130# 25 yr old woman 
 
MHR (old method)  220 – age 
         Karvonen Formula (corrects for 
                                 resting heart rate) 

High Intensity 80-85%MHR 
                        6.86 
                        2.70 
                         206 
                           82 
                         39.9 
 
Burning of extra fat colories in 

endurance athletes after 
exercise does not happen. 
“Afterburn” does not exist. 



•  We still have much to learn about metabolism  
•   The human body exists in a symbiotic relationship 

with microbes which outnumber human cells by a 
factor of 10 to 1. 

•  The genomes of the microbiota are collectively known 
as the microbiome. 

•  90% of the protein-encoding cells in our body are 
microbes. 

•  Composition of the microbes can change over time 
and geographic regions (for example, the Japanese microbiome has 
acquired the gene for a seaweed digesting enzyme for sushi wrappers) 



• Microbes co-inhabit 
our bodies. 
• They protects us from 
pathogens,  synthesize  
essential vitamins, 
enzymes for digestion 
and contribute to such 
human factors as 
obesity, food digestion 
and pill metabolism. 
 ٠۰ Imbalances can 
result in autoimmune 
diseases such as  
Crohn’s, skin 
disorders such as 
eczema and psoriasis 
and perhaps certain 
types of cancer 





• Long- and short-term effects. Nutrients affect the composition of the 
intestinal microbiota. Two different long-term diets are associated with a 
distinct gut microbe population (enterotypes). These microbial profiles are 
stable, and short-term dietary changes are not sufficient to alter them. 


