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Lecture 13 

Ch. 24: Carbohydrate Metabolism 
Sections 4-6 

Blood Glucose Level 
•! The brain must have a constant 

supply of energy to continue 
functioning and it normally obtains 
this energy through glycolysis 

•! When there are inadequate 
amounts of glucose, the body 
synthesizes it from pyruvate and 
lactate through the process of 
gluconeogenesis 

•! These processes differ at key 
steps which allows an organism to 
control one series of reactions with 
out affecting the other 

Gluconeogenesis 
•! Glycolysis and 

gluconeogenesis are two 
opposing processes 

•! These processes share 
certain intermediates and 
enzymes, but the key 
enzymes that start the 
processes are different and 
highly regulated 

•! The beginning and end 
reactions are critical    
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Requires 6 high energy molecules Produces 4 high energy molecules 

Critical Enzymatic Reactions 

•! The conversion of PEP 
occurs in a two enzyme 
catalyzed reactions 
–! Both are energy requiring 

steps 

Phosphoenolpyruvate  
carboxykinase 

Rxn 2 

Rxn 1 
Fructose-1,6-Bisphosphatase 

Rxn 9 

Glucose-6-phosphatase 

Rxn 11 

Glucose-6-phosphatase is 
found only in liver and 
kidney cells, these tissues 
are the only tissues 
capable of carrying out 
gluconeogenesis 

The glucose produced by 
these tissues is 
transported by the blood to 
other tissues, primarily 
brain and skeletal muscle 

von Gierke’s disease is 
caused by a lack of 
glucose-6-phosphatase in 
liver cells  
 -Patients have abnormally 
low blood glucose levels  
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Glycogen Metabolism 
•! Glycogen is a branched polymer of glucose that animals 

use to store carbohydrate, particularly in the liver and 
muscle 
–! The major function of muscle glycogen is to provide 

energy for short bursts of intense activity 
–! The major function of liver glycogen is to maintain a 

reserve of glucose to use when the blood sugar level 
is low 

•! Glycogenesis is the processes of glycogen synthesis 

Glycogenesis & 
Glycogenolysis 

•! These two pathways are regulated 
in a coordinated manner so that 
when glycogen is hydrolyzed to 
provide glucose, the same cell is 
not  synthesizing glycogen from 
glucose 

•! When glycogen is the source of 
glucose, it is necessary to expend 
only 1 ATP in Phase I of glycolysis, 
there will be a net of 3 ATP 
produced 

•! The addition and removal of the 
branches requires the action of 
other enzymes 

Regulation of Carbohydrate Metabolism 

•! Is critical in maintaining the blood sugar level and 
provide sufficient energy to the brain, muscles, and 
other tissues 

•! Under normal circumstances the blood sugar levels 
remain remarkably constant at ~80 mg/dL of blood 
(normal range 70-100 mg/dL) 
–! The brain uses ~120g of glucose/day 
–! At rest the total glucose requirement of all other tissues is 

~200g of glucose/day 

•! Soon after a meal the level may rise to 120 mg/dL, but 
it returns to the normal level within 2hr 

Glucose Levels 

•! After severe starvation or vigorous exercise blood 
sugar levels may fall below normal resulting in 
hypoglycemia 
–! Extreme hypoglycemia can cause unconsciousness and 

lowered blood pressure and may result in death 

•! High blood sugar is called hypoglycemia and the major 
cause of this condition is diabetes mellitus 
–! In an effort to lower blood sugar levels, the kidneys can 

excrete glucose through the urine  

Regulation of Glycolysis and 
Gluconeogenesis 

•! In glycolysis the major regulated step is: 

This enzyme is inhibited 
by ATP, but activated by 
AMP  

•! In gluconeogenesis the reverse reaction is the major regulatory step: 

Fructose-1,6-Bisphosphatase 

Rxn 9 

This enzyme is 
inhibited by AMP  

•! The most important process in the maintenance of a constant 
glucose concentration is the synthesis and breakdown of 
glycogen in the liver 

•! The liver is responsible for:  
–! Removing glucose from the blood when the concentration is too 

high (after a meal) OR 
–! Releasing it to the blood when the blood sugar level is too low 

(between meals) 
•! This activity in the liver is controlled by several hormones, 

including: 
–! Insulin 
–! Epinephrine 
–! Glucagon 

Regulation of Blood Glucose Levels 
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Insulin 
•! Is produced by the !-cells of the islets of Langerhans in the 

pancreas and is released in response to high blood sugar 
levels 

•! Insulin promotes anabolic reactions and inhibits catabolic 
reactions in the liver, muscle, and adipose tissue (but has no 
effect on carbohydrate metabolism in the brain and kidneys) 

•! Insulin performs the following functions: 
1) Enhances the formation of glycogen  
2) Promotes the entry of glucose into muscle, liver, and adipose tissue 
3) Accelerates the conversion of glucose to fatty acids 
4) Inhibits the breakdown of glycogen and stored fat 
5) Promotes the transport of AA into cells and stimulates protein 

synthesis 
6) Suppresses gluconeogenesis, which occurs primarily in the liver 

Epinephrin and Glucagon 

•! These hormones help raise blood 
sugar levels 

•! They exert their effects by binding to 
specific receptor proteins on the 
outside of the cell membrane  

•! Binding of these hormones leads to G 
protein activation, which then activate 
adenylate cyclase 
–! This activation continues as long as the 

hormones are bound 

Epinephrine 

•! Is secreted by the adrenal medulla during exercise or 
during periods of emotional stress, such as anger or 
fright to provide the organism with additional energy 

•! The receptors for epinephrine are called adrenergic 
receptors, they are found primarily on the membranes 
of muscle cells and to a lesser extent on the 
membranes of liver cells 
–! It stimulates the breakdown of glycogen to glucose 
–! It promotes gluconeogenesis in the liver 
–! Both of these processes increase the amount of glucose, 

making it available for energy production  

Glucagon 

•! Glucagon, like insulin, is a peptide hormone produced 
by the pancreas (the "-cells of the islets of 
Langerhans), but its actions are opposite to those of 
insulin 

•! It is secreted in response to a low blood sugar level 
and its task is to increase the glucose concentration 

•! It acts primarily on the liver (and adipose tissue) and 
not on skeletal muscle 

•! It stimulates gluconeogenesis and glycogen 
breakdown, two processes that restore blood glucose 

Insulin/ Glucagon Ratio 

•! The insulin to glucagon ratio in the blood determines 
the outcome of carbohydrate metabolism 

•! High ratio leads to carbohydrate anabolism (glycogen 
building) 

•! Low ratio leads to carbohydrate catabolism and 
utilization 

•! The secretion of these hormones is dictated by blood 
sugar levels 

Diabetes 

•! Is a disease in which the pancreas does not secrete 
enough insulin and/or there are insufficient (or defective) 
insulin receptors on the cell membranes  

•! As a result they do not use glucose properly and 
excessive quantities accumulate in blood and urine  

•! Severe complications associated with the disease include: 
–! Loss of lower limbs 
–! Blindness 
–! Kidney Failure 
–! Increased risk of heart attack 

•! Symptoms include 
–! Constant hunger, weight loss, extreme thirst, & frequent urination 
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Testing For Diabetes 

•! The glucose tolerance test is used as a 
diagnostic tool  

Type I - Diabetes 

•! Immune mediated diabetes (also known as juvenile-
onset diabetes) is when insufficient amounts of insulin 
are produced   

•! This type develops early in life, as a result of the body’s 
own immune system destroying insulin producing cells 
in the pancreas 

•! Symptoms are rapidly reversed by administering insulin 
intravenously 

•! Formerly known as adult onset diabetes, is much more 
common (~95% of diabetic cases) can be broken into two 
groups: 
–! Patients produce insulin, but either not enough or the receptors 

that take up insulin are lacking or do not work properly or 
•! These patients can be treated with a combination of diet and exercise  
•! Others can also be treated with Antidiabetic drugs 

–! The second group do not secrete enough insulin and do not 
respond to medication and they must use insulin injections 

•! In both cases blood sugar levels must be constantly 
monitored 

Type II - Diabetes 

Questions???? 


