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Carbohydrate absorption by the Intestinal Epithelium  

-The glucose molecule is extremely polar and cannot diffuse through the hydrophobic 

phospholipid bilayer of the cell membrane. Therefore, it enters the absorptive cells by 

binding to transport proteins, membrane-spanning proteins that bind the glucose 

molecule on one side of the membrane and release it on the opposite side. There are 

two methods of glucose transport:    

1. Na+ Independent facilitated diffusion transport. 

2. Na+ _ monosaccharide co-transporter system (SGLT). 

* Na+ Independent facilitated diffusion 

transport.  

GLUTs are integral membrane proteins that 

transport glucose down its concentration gradient 

according to a model of alternate conformation, 

which predicts that the transporter uncovers a 

single substrate binding site toward areas of high 

glucose concentration (either the outside or the 

inside of the cell) and induces a conformational 

change associated with transport that releases 

glucose to the other side of the membrane (lower 

concentration).   

-This figure shows the two conformational states 

of GLUT transporters. →  

-Recall that facilitated transport does not require chemical energy from ATP hydrolysis; 

rather, molecules and ions move down their concentration gradient reflecting its 

diffusive nature.  

- Each glucose transporter isoform plays a specific role in glucose metabolism 

determined by its pattern of tissue expression, substrate specificity, transport kinetics, 

and regulated expression in different physiological conditions. To date, 14 members 

have been identified (GLUT1-GLUT14).   
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-Now please read these points carefully and try to understand them, and then 

memorize the following table:  

* GLUT1 glucose transporter is expressed in mature erythrocytes and epithelial 

barriers; its Km is relatively low (high affinity), to ensure adequate supply of glucose for 

the rates at which glycolysis operates.  

-Recall that RBCs rely on glucose for energy and convert glucose to lactate (no 

mitochondria in RBCs).    

 

, allowing glucose to flow in 2 directional transporterbi a glucose transporter is GLUT2*

directions. It is expressed in the kidneys, liver cells and pancreatic β cells. It is also 

. small intestine epitheliumpresent in   

-Bidirectionality is required in liver cells for the 

uptake of glucose for glycolysis (energy) and 

glycogenesis (storage), and release of glucose 

during gluconeogenesis (generation of glucose 

from certain non-carbohydrate carbon 

substrates) and glycogenolysis (Glycogen 

hydrolysis into glucose).   

-GLUT2 glucose transporter has a relatively high 

Km (low affinity for glucose), and this is in keeping 

with the liver’s role as the organ that maintains 

blood glucose levels. Thus, the liver will convert glucose into other energy storage 

molecules only when blood glucose levels are high; to ensure that there is an adequate 

supply of glucose to the brain and RBCs. Also, the liver can use fatty acid oxidation for 

energy.   

-Additionally, pancreatic β cells secrete insulin depending on the entry of glucose 

molecules which is mediated by GLUT2 carriers; so GLUT2 transporters function as 

glucose sensors; when glucose level is high, it will be taken by GLUT2 into pancreatic β 

cells, which will respond by secreting insulin to 

help cells take in glucose from the blood and thus 

controlling glucose blood level.   
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*GLUT3 glucose transporter is expressed in the neurons and has a high affinity for 

glucose (low Km), since the brain needs constant supply of glucose.  

 

*GLUT4 glucose transporter is found in intracellular 

vesicles in muscle and adipose tissues. It is the 

insulin-regulated glucose transporter; because 

when insulin binds to its proper cell membrane 

receptors, these vesicles are mobilized to the cell 

membrane and recruit GLUT4 transporters into the 

membrane. 

- In the adipose tissue, the stimulation of glucose 

transport across the plasma membrane by insulin 

increases the availability of glucose for the synthesis 

of fatty acids and glycerol from the glycolytic 

pathway (energy storage in the form of fat). In 

skeletal muscles, the stimulation of glucose 

transport by insulin increases its availability for 

glycolysis (energy) and glycogen synthesis (storage). 

 

*GLUT5 transporter binds fructose and has poor ability to transport glucose. It is 

expressed in the intestinal epithelial cells and spermatozoa (fructose is the main energy 

source for the sperm.) 
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* Na+ _ monosaccharide co-transporter system (SGLT). 

-Sodium Glucose Linked Transporters or Na+ dependent glucose co-transporters 

are a family of glucose transporters found in the intestinal mucosa of the small 

into the  transport glucose from lumen of intestines activelyin order to  intestine

epithelial absorptive cells.  Also, they are found in the proximal tubule in the 

kidney to reabsorb glucose from the lumen back into the blood. 

 

-Glucose should be completely and continuously absorbed from the lumen into 

the absorptive cells in the small intestines. For that reason, when glucose 

concentration in the lumen is very low –

before a meal for example- the level and 

intrinsic activity of facilitative diffusion 

decreases and the absorption of glucose 

against its concentration gradient occurs 

through (SGLT) system. 

 

-The glomeruli filter glucose from the plasma, 

all of which should be reabsorbed through 

glucose transporter proteins that are present 

in cell membranes within the proximal 

tubules in order to prevent it from disappearing from the body through the urine.  

 

pump  ATPaseined by Na+/k+ concentration is mainta Na+ A low intracellular-

that uses the energy from adenosine triphosphate (ATP) hydrolysis to pump Na+ 

out of the cell.  

-The SGLT proteins use the energy from the downhill sodium ion gradient 

created by the ATPase pump to transport glucose across the apical membrane, 

  ).glucose concentration higha to  low a (from uphill glucose gradientan  against  
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-Glucose is absorbed by this secondary active transport system, in which co-

transport carriers on the luminal border transport both the monosaccharide and 

Na+ from the lumen into the interior of the intestinal cell. The operation of these 

co-transport carriers, which do not directly use energy themselves, depends on 

the Na+ concentration gradient established by the energy-consuming Na+/K+ 

 carrierstransport -by the coconcentrated in the cell pump. Glucose having been 

leaves the cell down its concentration gradient, by means of a passive carrier 

(GLUT2), to enter the blood (a lower concentration). Fructose is absorbed from 

by facilitated diffusion  solelye blood through the intestinal cell the lumen to th

(GLUT5) down its concentration gradient.   

 

 

 

 

 

 

 

 

 

 

-Extra info (mentioned briefly by the doctor):  

Oral rehydration therapy (ORT) is a type of fluid replacement used to treat 

drinking water with modest It involves . diarrhea, especially that due to dehydration

.sodium; specifically amounts of sugar and salts  

The co-transport of glucose into epithelial cells via the SGLT protein requires sodium. 

Also, without glucose, intestinal sodium is not absorbed. This is why oral rehydration 

salts include both sodium and glucose. For each cycle of the transport, hundreds of 

water molecules move into the epithelial cell to maintain osmotic equilibrium. The 

resultant absorption of sodium and water can achieve rehydration even while diarrhea 

continues.  
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₰ Glucose transport through the blood-brain barrier and into neurons. 

‼) You only need to know the characteristics of transport through the capillary 

endothelium in neural and non-neural tissues.   

 

 

 

 

 

 

 

 

 

 

 

 

 

Metabolism Overview  

Metabolic pathways do not occur in isolation. Instead, they are organized into multistep 

In a pathway, the product of one . glycolysis, such as that of pathwayssequences called 

substrate of the subsequent reaction.reaction serves as the   

Different pathways can intersect forming an integrated and purposeful network of 

chemical reactions. Metabolism is the sum of all the chemical changes occurring in a 

cell, tissue, or the body.  

central pathways of energy metabolism is ning the important contai A metabolic map-

presented below.  

 

-BloodThe 

→ Brain Barrier 
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The Metabolic Map ↓ 

- The pathways of metabolism must be 

coordinated so that the production of 

energy or the synthesis of end 

of the cell.  needsproducts meets the  

-The rate of a metabolic pathway can 

respond to regulatory signals such as; 

allosteric activators or cellular -intra

 signaling cellular-Interinhibitors. 

provides for the integration of 

metabolism. The primary route of this 

communication is chemical signaling 

or  hormonesxample for e(

Second  ).neurotransmitters

transduce a messenger molecules 

chemical signal (hormone or 

neurotransmitter binding) to 

responders.cellular -intra appropriate 

 

 

Intra-cellular communication  

The rate of a metabolic pathway can respond to regulatory signals that arise from 

within the cell. For example, the rate may be influenced by: 

1. The availability of substrates. ([S] ↑≈ Rate ↑) 

2. Product inhibition. ([P] ↑ ≈ Rate ↓) 

3. Levels of allosteric activators (Rate ↑) or 

inhibitors (Rate ↓).  

These intra-cellular signals typically elicit 

rapid responses and are important for moment-to-moment regulation of metabolism. 
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Inter-cellular communication  

Signaling between cells provides for long-range integration of metabolism and usually 

results in a response, such as a change in gene 

expression, which is slower than is seen with 

intra-cellular signals. 

Communication between cells can be mediated 

by: 

1. Surface-to-surface contact and, in some tissues, 

by formation of gap junctions allowing direct 

communication between the cytoplasms of 

adjacent (neighboring) cells. 

2. Chemical signaling between cells by blood-

borne (carried by blood) hormones or by 

neurotransmitters.  

- Hormones are signals that are produced in one 

part of the body and travel through the circulation 

to reach far-away targets. 

Second messenger systems  

Hormones and neurotransmitters can be thought of as signals (original/ primary 

messengers) and their receptors as signal detectors. Receptors respond to a bound 

ligand by initiating a series of reactions that ultimately result in specific intracellular 

responses. 

Second messenger molecules, so named because they intervene between the original 

extracellular messenger (the neurotransmitter or hormone) and the ultimate 

intracellular response, are part of the cascade of events that converts (transduces) 

ligand binding into a response. 

Two of the most widely recognized second messenger systems are:  

 1. Ca+² / phosphatidylinositol system. 

2. Adenylyl cyclase (AKA; adenylate cyclase) system.  
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-Both systems (mentioned above) involve the 

binding of ligands, such as epinephrine or 

glucagon, to specific G-Protein-Coupled 

Receptors (GPCR) on the plasma membrane.  

GPCRs are characterized by three domains: 

1. An extracellular ligand-binding domain. 

2. A transmembrane domain (seven α helices). 

3. An intracellular domain that interacts with 

trimeric G-proteins. 

 

₰ Let’s revise what we already know about adenylyl cyclase 

system. 

The recognition of a chemical signal by some GPCRs triggers 

either an increase or a decrease in the activity of adenylyl 

cyclase (AC).  

₰Adenylyl Cyclase (AC): a membrane-bound enzyme that 

converts ATP to 3’, 5’-adenosine monophosphate (cyclic AMP, 

). cAMPor  

on second  GPCR occupied activatedeffect of the The 

messenger formation (in this case; it’s cAMP) is indirect, 

mediated by guanosine triphosphate- dependent regulatory 

proteins (G-proteins). 

₰Guanosine triphosphate-dependent regulatory proteins (G-

and γ  β, proteins (α, trimericspecialized  y areTheproteins): 

subunits) at the cytosolic side of the cell membrane. 

These proteins, referred to as G-proteins because the α-

subunit binds guanosine di- or tri- phosphates (GDP or GTP), 

and forms a link in the chain of communication between the 

receptor and AC (adenylyl cyclase). 
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In the inactive form of a G-protein, the α-subunit is bound to GDP. Ligand binding (to 

the GPCR) causes a conformational change in the receptor (GPCR), triggering 

) form (active subunit-bound form of the α-of this GDP with GTP. The GTP ementreplac

dissociates from the β and γ subunits and moves to AC, affecting enzyme activity 

 onesubunit are formed by -α activemolecules of . Many (activating or inhibiting it)

activated receptor (when a receptor is coupled to more than one G-proteins). 

 because Gα has lived -shortGTP complex (active form of Gα) are -The actions of the Gα

an inherent GTPase activity, resulting in the rapid hydrolysis of GTP to GDP +Pᵢ This 

and  with the β association-refrom AC, and its  dissociationof Gα, its  inactivation scause

γ dimers. 

The next step in the cAMP second messenger system is the 

activation of a family of enzymes called cAMP-dependent 

protein kinases such as Protein Kinase A (PKA).  

cAMP activates PKA by binding to its two regulatory 

subunits, causing the release of its two catalytically “active” 

subunits. These subunits transfer phosphate from ATP to 

specific serine or threonine residues of protein substrates. 

The phosphorylated proteins may act directly on the cell’s 

ion channels, bind to promoters, or if enzymes, may 

become activated or inhibited (intracellular effects). → 

The phosphate groups added to proteins by protein kinases 

are removed by protein phosphatases; enzymes that 

hydrolytically cleave phosphate esters. This ensures that 

changes in protein activity induced by phosphorylation are not permanent. 

cAMP is rapidly and continuously hydrolyzed to 5’AMP by cAMP phosphor-di-esterase. 

5’AMP is not a signaling molecule. Therefore, the effects of the increase in cAMP are 

rapidly terminated if the extracellular signal is removed.  

 

reactions are essentially irreversible catalyzing  enzymesn metabolic pathways, I

potential sites of control, meaning that these enzymes would be expected to have 

. (Regulation ↔ Irreversible reactions)as well as catalytic roles regulatory 
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Glycolysis  

Among the thousands of enzymes within the cytosol are those responsible for 

glycolysis, a chemical process involving 10-separate sequential reactions that break 

down the simple six carbon sugar molecule, glucose, into two pyruvic acid molecules, 

each of which contains three carbons.  

The glycolytic pathway is 

used in all tissues -and in 

all cell types- for the 

oxidation of glucose to 

(as ATP)  energyprovide 

for  esintermediatand 

other metabolic pathways 

–in other words; glycolytic 

intermediates are used as 

precursors for many 

anabolic pathways- .   

Glycolysis can occur aerobically or anaerobically depending on whether oxygen is 

available;  

 -Aerobic glycolysis takes place in cells with mitochondria and adequate supply of O2. 

Its end product is pyruvate (the ionized form of pyruvic acid).   

-Anaerobic glycolysis takes place in cells that lack mitochondria (like RBCs), or in cells 

deprived of sufficient O2 (hypoxia). Its end product in mammalian cells is lactate.  

₰The oxidation of glucose into pyruvate 

occurs through 2 phases: Energy-

investment phase (AKA preparative 

phase), in which phosphorylated 

intermediates are synthesized at the 

expense of 2 ATP. Energy-generation 

phase in which 4 ATP molecules are 

produced by substrate-level 

phosphorylation.  
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Glucose Phosphorylation (an irreversible reaction)  

 

 

 

 

In the energy-investment phase, glucose is phosphorylated by hexokinases; which are 

found in most tissues or glucokinases; found in liver cells.  

- Hexokinase has a high affinity (low Km) for glucose. This permits the efficient 

phosphorylation and subsequent metabolism of glucose even when tissue 

concentrations of glucose are low↓.  

 -Glucokinase has a lower affinity (higher Km) for glucose, requiring a higher glucose 

concentration for half-saturation. Thus, glucokinase functions only when the 

intracellular concentration of glucose in hepatocytes is elevated↑, in order to store it as 

glycogen for a later time when your body needs it.   

-Unlike hexokinase, glucokinase is induced by insulin (↑insulin → ↑G6P).   

 

 

 

 

 

 

 

 

 

 

 

In general, phosphorylation reactions are endergonic (ΔG>1) because they require 

energy to form additional bonds with the new phosphate groups. However, during 

glucose phosphorylation, glucose is converted into glucose 6-phosphate using an ATP 

a  ATP is phosphate group. (ATP hydrolysis) and a energyof  sourcemolecule as a 

substrate in the reaction that has a high chemical energy within its bonds, this makes the 

G(substrates) > G(products) and therefore  ΔG<1. 
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₰Types of glycolytic reactions:  

1. Phosphoryl-transfer reactions: Transfer of the phosphoryl group (PO3) from one 

molecule to another.    

2. Isomerization reactions: One molecule is transformed into another molecule which 

has exactly the same atoms, but the atoms have a different arrangement. 

(ketose↔aldose)  

3. Cleavage reactions: Covalent bond breakage in a molecule leading to the formation 

of smaller molecules. (6 carbons-molecule ↔ two (3 carbons) molecules)  

4. Oxidation-reduction (redox) reactions: Transfer of electrons from one molecule to 

another.  

5. Phosphoryl-shift reactions: The intra-molecular shift of a phosphoryl group from one 

atom to another within the same molecule.   

6. Dehydration reactions: Loss of water from the reacting molecule. 

 

-----------------------------------------------------------------------------------------------------------  

҉ Test and Practice Questions: 

Q1: The in vitro conversion of glucose to G6P (glucose + Pᵢ ⇋ G6P + H₂O) is highly 
endergonic, though in the setting of glycolysis proceeds in a spontaneous and 
irreversible fashion. How is this achieved?  

A.  High concentrations of H2O shift equilibrium to favor G-6-P formation. 
B. Endergonic reactions are always spontaneous and irreversible. 
C. Through coupled ATP hydrolysis reactions. 
D. Through coupled ADP condensation reactions. 
 

Q2: Which of the following organs does NOT require a constant supply of glucose from 
the blood for energy during a fast? 

A. Red blood cells. 
B. Brain. 
C. Pancreas. 
D. Liver. 
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Q3: High free fatty acids are a hallmark of metabolic syndrome, a common 
precondition of Type II diabetes. High circulating fatty acids chronically cause 
modified phosphorylation on the intracellular domain of the insulin receptor, with 
reduced GLUT4 activity. How is low GLUT4 activity relevant to diabetes?  

A. It causes retinopathy  

B. It prevents glucose utilization by cells    

C. It stimulates fructose uptake by cells  

D. It leads to hyper-stimulation of glycolysis  

 

Q4: One of the following is true about glucose absorption: 

A. Monosaccharaides are transported into absorptive intestinal epithelial cells mainly 

via GLUT system. 

B. Monosaccharaides released into the blood via the intestinal epithelial cells are 

recovered by tissues that use Na+ Independent transporters. 

C. Monosaccharaides are transported into absorptive intestinal epithelial cells via Na+ 

Independent transporters only. 

D. Monosaccharaides released into the blood via the intestinal epithelial cells are 

recovered by tissues that use active transport system. 

Q5: A man collapses while running a marathon and is taken to the emergency room. His 
blood is found to be somewhat acidic and further tests show increased lactate 
dehydrogenase activity. This enzyme is involved in which of the following pathways? 

A. Anaerobic glycolysis 
B. Beta-oxidation of fatty acids. 
C. Citric acid cycle. 
D. Pentose Phosphate Pathway. 

 

Q6: When insulin is released, it acts to increase the absorption of glucose into skeletal 
muscle predominantly through which of the following transporters? 

A. GLUT 1 
B. GLUT2 
C. GLUT3 
D. GLUT4 
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Q7: Glucose uptake by: 

A. Brain cells is through energy-requiring (active) transport. 

B. Intestinal mucosal Cells requires insulin. 

C. Liver cells through facilitated diffusion involving a glucose transporter. 

D. Most cells is through simple diffusion up a concentration gradient. 

 

Q8: After a large, well-balanced meal, all of the following substances would be expected 
to be elevated EXCEPT: 

A. Fatty acids. 
B. Insulin. 
C. Glucose. 
D. Glucagon. 

 

Q9: After an overnight fast, which of the following processes would be expected to 
occur at an elevated rate compared with the well-fed state? 

A. Glycolysis. 
B. Glycogenolysis. 
C. Glycogenesis. 
D. Glycerol synthesis. 

-------------------------------------------------------------------------------------------------------------------- 

҉ Answers:  

 

1) Correct answer = C  
Endergonic reactions require energy, and do not proceed spontaneously. 
Glycolysis is possible by the coupling of energetically unfavorable reactions to 
highly favorable exergonic reactions. ATP hydrolysis to ADP liberates a great deal 
of energy (and provides a free phosphate). High concentrations of water would 
shift equilibrium toward the reverse direction in this instance due to LeChatlier’s 
principle. In the setting of glycolysis, the conversion of glucose to G6P is achieved 
via coupled ATP hydrolysis reactions. 
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2) Correct answer = D 

The liver, like all cells, needs a constant supply of glucose. However, it is able to 
produce its own glucose through gluconeogenesis (cells in the kidney can also 
complete low levels of gluconeogenesis). The other cells listed here are absolutely 
dependent on a glucose source from the blood for energy.  
 
 

3) Correct answer = B 
GLUT is an abbreviation for glucose transporter and describes a family of sugar 
transporters with varying distributions and activities. GLUT 4 is found in adipose 
tissue and muscle, and mediates insulin-stimulated glucose uptake. In fact, it is 
the only insulin-responsive glucose transporter. Insulin acts via its receptor to 
translocate GLUT 4 to the plasma membrane. GLUT 4 in skeletal and cardiac 
muscle is also stimulated by exercise through an insulin-independent pathway. 
 
 

4) Correct answer = B 
Monosaccharaides are transported into absorptive intestinal epithelial cells via 
active transport systems. Monosaccharaides released into the blood via the 
intestinal epithelial cells are recovered by tissues that use facilitative 
transporters. 
 
 

5) Correct answer = A 
Under normal conditions, when oxygen is readily available, the pyruvate 
generated in glycolysis enters the mitochondrion and is converted into acetyl-CoA 
by the action of pyruvate dehydrogenase. During strenuous exercise, particularly 
by individuals in poor physical condition, the oxygen demands of the skeletal 
muscle may exceed the ability of the heart and lungs to provide oxygen. In this 
setting, the muscles switch to anaerobic glycolysis, and the pyruvate that is 
produced is converted to lactate by the action of lactate dehydrogenase. 
 
 

6) Correct answer = D 
GLUT is an abbreviation for glucose transporter and describes a family of sugar 
transporters with varying distributions and activities. GLUT 4 is found in adipose 
tissue and muscle, and mediates insulin-stimulated glucose uptake; in fact, it is 
the only insulin-responsive glucose transporter. Insulin acts via its receptor to 
translocate GLUT 4 to the plasma membrane. GLUT 4 in skeletal and cardiac 
muscle is also stimulated by exercise through an insulin-independent pathway. 
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7) Correct answer = C 
Glucose uptake in the liver, brain, muscle, and adipose tissue is down a 
concentration gradient, and the diffusion is facilitated by tissue-specific glucose 
transporters (GLUT). Moving glucose against a concentration gradient requires 
energy and is seen with the sodium-dependent glucose co-transporter of 
intestinal mucosal cells. 
 
 

8) Correct answer = D 
After a large meal, one would expect blood to contain high levels of nutrients, 
such as glucose (choice (C)) and fatty acids (choice (A)), as well as regulators 
telling the body to utilize and store this fuel, like insulin (choice (B)). Glucagon is a 
peptide hormone used to raise blood sugar levels by promoting other processes. 
 
 

9) Correct answer = B 
After a fast, the liver must contribute glucose into the bloodstream through two 
main processes: glycogenolysis (glycogen hydrolysis→Glucose) and 
gluconeogenesis (Glucose synthesis from non-carbohydrate carbon substrates). 
The other processes would continue at normal basal levels or have decreased 
activity after a fast (understand the concept that metabolism must be 
coordinated to meet our needs). 
*We’re going to discuss these processes in details in the following weeks; the doctor 
mentioned them in the past classes but didn’t explain any. 

 

The end. 

 

 


