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Table 27.5. Properties of the GLUT 1-GLUT S Isoforms of the Glucose
Transport Proteins

Transporter Tissue Distribution Comments
GLUT 1 Human erythrocyte Expressed in cell types with barrier functions;
Blood-brain barrier a high-affinity glucose transport system

Blood-retinal barrier
Blood-placental barrier
Blood-testis barrier

GLUT 2 Liver A high capacity, low affinity transporter.
Kidnewy May be used as the glucose sensor in the
== pancreas.

——- [y — — |
Serosal surface of Intestinal
mucosa cells

GLUT 3 Brain (neurons Major transporter in the central nervous

system. A high-affinity system.

GLUT 4 Adipose tissue Insulin-sensitive transporter. In the presence
Skeletal muscle of insulin the number of GLUT 4
Heart muscle transporters increases on the cell surface.

A high-affinity system

GLUT 5 This is actually a fructose transporter.

Intestinal epithelium
Spermatozoa

Genetic technigues hawve dentitied additional GLUT transporters (GLUT 7-12), but the role of these
transporters has not yet been fully descrnibed.

We have different types of transporters for the digested molecules
We have more than 14 types of GLUT for specifity for glucose transportation which is the abundant molecule

>specifity is according to the needs of tissues >for ex GLUTS is abundantin intestinal cells as well as spermatoal cells
(lactose to be transported thers )



Cell membrane

Glucose

transporter

>for these molecules to be expressed on cells they are synthesized then stored
in vacuolesto be expressed according to certain signalling mechanisms (insulinis
an example)

>there is signalling pathway that stimulates the expression of GLUTs (not the
synthesis//they are already synthesized but not yet expressed )

Fig. 27.13. Stimulation by insulin of glucose <& &
transport into muscle and adipose cells. Bind- (&) (&)
ing of insulin to its cell membrane receptor
causes vesicles containing glucose transport
proteins to move from inside the cell to the cell
membrane.

@ = Glucose m = Glucose transporters

(GLUTA4)




Just to compare two different
types of tissues in our body and
the need to express certain types
of GLUT or not

>neural vs non-neural cells
1)neural cells have no gaps(tight
junctions) while non-N have
spaces for glucose and other
solutes

2)neural cells contains BBB that
inhibitstransportation of many
solutes to neural tissue in order to
avoid the toxicity >there is special
transportation system

3)continuous basement
membrane=no spacial gaps

Neural Non-neural

/é‘) Inside of capillary (@

e\ 02 ) Encloet'l'l'uselial . Le 2

O O} O GSO 1
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M | L | L

Cerebrospinal fluid Interstitial fluid
0 Tight junctions between a No tight junctions
endothelial cells
Narrow intercellular e Sometimes wide
space intercellular gaps
e Lack of pinocytosis e Pinocytosis
Continuous basement o Discontinuous basement
membrane membrane
Glucose transporters e Glucose can diffuse between

in both membranes cells and into interstitial fluid



Digestion and Transport
of DietaryLipids

Gall bladder stores and
concetrates bile while liver
synthesizes it
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Fig. 32.1. Structure of a triacylglycerol. The glycerol moiety is highlighted, and its carbons
are numbered.

Triacylglycerols are the major fat in the human diet because
/most abundant molecule as a lipid or fat

Glycerol is alcohol as we know ,connected to three fatty acids by ester(COO) bonds as you
see
Major fat component found in the human diet,it’s the simplest fat to be digested



Lipid particles from diet
(lipid-soluble vitamins, lipophilic
substances, cholesterol esters,

Lingual lipase:
Digests short and

HO™" ‘OH
Cholate

Fig. 32.2. Structure of a bile salt. The bile
salts are derived from cholesterol and retain
the cholesterol ring structure. They differ from
cholesterol in that the rings in bile salts contain
more hydroxyl groups and a polar side chain
and lack a 5-6 double bond.

Here we will focus on the sites of lipid digestion

Previously we had known that the site of lipid digestionis the intestines

(its not totally!)

The most of lipid digestion occurs in Sl by the lipases ,however there is
digestion process that occurs in the mouth as well as the stomach (for

certain extent only)
We don’trely on oral and gastric lipases but they are

present ,*gastric lipase is also called acid resistant
lipase

medium-chain fatty acids

assembly

Pancreatic lipase

with colipase: Digests triacylglycerols

— Oral cavity

o~ Stomach

diffuse through stomach

~—» | Short-chain fatty acids
to enter circulatory system

Small intestine

Phospholipase:

Digests phospholipids

Cholesterol esterase: |Digests cholesterol esters

Micelles

(monomeric lipids,

e.g., lipid-soluble vitamins, free fatty
acids, 2-monoacylglycerol, cholesterol)
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Fig. 32.4. Action of pancreatic lipase. Fatty
acids (FA) are cleaved from positions 1 and 3
of the triacylglycerol. and a monoacylglycerol
with a fatty acid at position 2 is produced.

We break C1 or C3 to form
monoacylglycerol
>>>|ipases have no access
to reach the C2

Chylomicrons

Lymph

2-Monoacylglycerol
(2-MG)

.

Chylomicrons

I
Nascent chylomicrons

FA apoB*Phospho

16 lipids
2-MG

bs
\_(leum) {L

Gastric and lingual lipases are necessary in
breast feeding age ,to digest fats in mothers
milk also the acidity in infantsis lower than in
adults which requires the help of these
enzymes alot

The colipase bindsto the dietaryfatandto
the lipase, thereby increasinglipase activity.

Short- and medium-chain fatty acids (C4 to
C12) do not require bile salts for their
absorption.

Digeste lipidsare absorbed by lactealsof LN

Compared to proteins,carbs,nucleicacids
Lipids differ in their solubility (hydrophobic)
Water soluble molecules are easily digested
by enzymes(water soluble)

Lipids hydrophicity acts as obsticle/barrier for
enzyme function>thisis why we need bile
salts/acid

Bile salts :bile conjugated to Na for ex as
aprecipetate

In case bile is a solute its in acidic form



From page 33 :cholate or cholic acids are responsible for emulsification of lipidsin order to to facilitate the
digestion process by the formation of micelles (not only circular >they have globular structure ,it can have

irregular structure means soluble in water In the end)
From page 34:reformation of large lipid molecules called nascent chylomicrons,CM :rejoin what we

digested from fats(reformation of TG),there is conjugation of lipoproteinswhich serves to increase the

solubilty
Bec chylomicronsare large they are transported by exoicytosis rather than diffusion

pancreatic esterases and phospholipase A2.
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Fiz. 32.5. Action of pancreatic esterases (A) and phospholipase A2 (B).



We have different kinds of phospholipaseslike PLA2,PLC,PLD (A2,C,D)
The result of PLA2 is lysophospholipid and free faty acid
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Fig. 32.06. Reowycocling of bile salts. Bile salts are synthesizcad in the liver, stored im the gall-
bladder, scecreted imnto thhe smmall intestine, resorbhad im the ilewumnmy, and returmyad o thhe liver wis

the enterohepatic circulation. Five percent or less of Iuminmnal bile acids are excreted in the

stoao]l wreder mormmmal circuMmstances .

Bile salt can be reabsorbed from the intestines >we have 95% as secondary bile salt

The one thatis secreted by the liver or gall bladderis called primary

Bile salt is inhibitor for the lipase (how eventhough it emulsifies lipids to be more soluble ?)d e g2 dulls
Jl dadss slag gy Jeww 2 Zlizes Ul JWLSE Y oY 0391 Jgweg Jeww bo o 092 COLIPASE



Protein Digestion and Amino
Acid Absorption



Proenzymes (zymogens) » Active enzymes

H+
Pepsinogen » Pepsin
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Those are pancreatic

HCl Stomach

enteropeptldase> Trynsin prqtea ses ,all of them are i,
activated by trypsin except .
trypsin ,its activated by g Pancreas
— .
ShindiGainogeh rypsin o EHiRssin enteropeptidase  { Peplides
Each protease has specific
: HCO;
peptide bond to break )
t i chymotrypsinogen
Proelastase e » Elastase proelastase
procarboxypeptidases
AandB
Small
. trypsin " intestine
Procarboxypeptidases » Carboxypeptidases

Fig. 37.2. Activation of the gastric and pancreatic zymogens. Pepsinogen catalyzes its own
cleavage as the pH of the stomach drops. Trypsinogen is cleaved by enteropeptidase in the
intestine to form the active protease trypsin. Trypsin then plays a key role by catalyzing the
cleavage and activation of the other pancreatic zymogens.

aminopeptidases

Blood
Di- and tri,Edi- andti- . \

peptides 2_Peplidases _ " ids ,
+ Amino

Amino Intestinal epithelial cell / ' acids




There is inactive form of pepsin (zymogen/pepsinogen ) that are activated by HCL to form pepsin
Also there is self activation for pepsin for itself
Pepsin has a broad specifity rather than specific site

Proenzymes (zymogens) » Active enzymes

mwm

Pepsmogen » Pepsin

parietal cells

In carbs we have a polyglucose molecules ,the bond between them is very similar alphal-4 glycosidic bonds so we need
one enzyme type unless we have branches

In proteins we have different amino acids so we multiple enzymes in order to match the bond

For ex a bond between alanin and alanin differs from that between alaninand glutamic acid

In the end we have aminopeptidases,dipeptidases,tripeptidases inorder to absorb single amino acids in the end (we only
absorb monomers not dimers(dimers and larger molecules are antigenic they cause sensitivity ))



Digestion of Proteins by Brgmesfrom the Panaess

Titskione enteropeptudase’ Ty

trypsin
Chymotrypsinogen d L » Chymotrypsin
Click to add text

e

Proelastase dd » Elastase
trypsin

Procarboxypeptidases L » Carboxypeptidases

Fig. 37.2. Activation of the gastric and pancreatic zymogens. Pepsinogen catalyzes its own
cleavage as the pH of the stomach drops. Trypsinogen is cleaved by enteropeptidase in the
intestine to form the active protease trypsin. Trypsin then plays a key role by catalyzing the
cleavage and activation of the other pancreatic zymogens.
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Pepsin and aminopeptidases
>pepsin has broad specifity
from the figure you have to know that there is specific locations in the peptide

aminopeptidase breaks any peptide bond followed by
phenylalanine,tyrosine,glutamic or aspartic acid at the n terminal end ( right to
it) (it digests the peptide bond when these amino acids on the right side of it
/downwards)

pepsin digest peptidebond when Asp,tyr,phe,trp on the left side of it
carboxypeptide :it digest the c terminal end
there sth related to c terminus and some to N terminus

\aSa scould occur to group of AA with similar properties



1. Aminopeptidases, located on
the brush border, cleave one
amino acid at a time from the
amino end of peptides.

Also carboxy peptidases

2. Intracellular peptidases act on
small peptides that are
absorbed by the cells.



Individuals with genetic defi-

tase complex show symptoms
of sucrose intolerance but are able to
digest normal amounts of starch in a
meal, without problems. The maltase
activity in the glucoamylase complex, and
residual activity in the sucrase-isomaltase
complex (which is normally present in
excess of need) is apparently sufficient to
digest normal amounts of dietary starch.

They will have indigestion of sucrise only but
other sugars are perfectly digested
Causes are genetic mutationsin these enzymes

ciencies of the sucrase-isomal-

The epithelial cells of the kidney,
which reabsorb glucose into the
blood, have Na'-dependent glu-
cose transporters similar to those of intes-
tinal epithelial cells. They are thus also able
to transport glucose against its concentra-
tion gradient. Other types of cells use mainly
facilitative glucose transporters that carry
glucose down its concentration gradient.




The erythrocyte (red blood cell) is
an example of a tissue in which glu-
cose transport is not rate-limiting.
Although the glucose transporter (GLUT 1)
has a K, of 1 to 7 mM, it is present in
extremely high concentrations, constituting
approximately 5% of all membrane proteins.
Consequently, as the blood glucose levels
fall from a postprandial level of 140 mg/dL
(7.5 mM) to the normal fasting level of 80
mg/dL (4.5 mM), or even the hypoglycemic
level of 40 mg/dL (2.2 mM), the supply of
glucose is still adequate for the rates at
which glycolysis and the pentose phosphate
pathway operate.

Numbers are not required

The most abundantglucose transporterin the RBCs is GLUT 1

andits insulinindependent

It has very strange Km (1-7) which means there is a broad

range of Km(strange as its normally a constantvalue)

This leads to special ability to take glucose even if the blood

glucose is low



Al Martini has continued to abuse alcohol and to eat poorly. After a par-

@ ticularly heavy intake of vodka, a steady severe pain began in his upper

mid-abdomen. This pain spread to the left upper quadrant and eventually

radiated to his mid-back. He began vomiting nonbloody material and was brought

to the hospital emergency room with fever, a rapid heart beat, and a mild reduction

in blood pressure. On physical examination, he was dehydrated and tender to pres-

sure over the upper abdomen. His vomitus and stool were both negative for occult
blood.

Blood samples were sent to the laboratory for a variety of hematologic and

chemical tests, including a measurement of serum amylase and lipase, digestive

enzymes normally secreted from the exocrine pancreas through the pancreatic ducts
into the lumen of the small intestine.

Alcoholicpatient,eat
poorly,he has
vomiting,diarrhea and
some sort of pain

Read It to take an idea of
his historv



Al Martini's serum levels of pancre-

atic amylase (which digests dietary

starch) and pancreatic lipase were
elevated, a finding consistent with a diagno-
sis of acute and possibly chronic pancreatitis.
The elevated levels of these enzymes in the
blood are the result of their escape from the
inflamed exocrine cells of the pancreas into
the surrounding pancreatic veins. The cause
of this inflammatory pancreatic process in
this case was related to the toxic effect
of acute and chronic excessive alcohol
ingestion.

At the end due to elevation
in pancreaticamylase he
has pancreatitis
(inflammation of
pancreatictissue )

When he was finally able to toler-
ate a full diet, Al Martini's stools

became bulky, glistening, yellow-
brown, and foul smelling. They floated on
the surface of the toilet water. What caused
this problem?

ANS:He have
steatorrhea(fatty stools)
due to inability to digest
lipids as he has enzymatic
problemsbec of
pancreatitis

For your knowledge the
cause for enzymatic
problems could be other
than pancreatitis



Al Martini’s stool changes are char- . <145 LS ole
et " lasyi o)1 gy bS]

acteristic of steatorrhea {fat.iaden PRI eﬂbfwﬁe

stools caused by malabsorption of sue red ae 31 3 &Y

dietary fats), in this case caused by a lack of ﬁ“:‘f S Sl

pancreatic secretions, particularly pancreatic

lipase, which normally digests dietary fat.

Steatorrhea also may be caused by insuf-
ficient production or secretion of bile salts.

Therefore, Michael Sichel might also develop
this condition.




We mentioned this before

Bile salts inhibit pancreatic lipase
activity by coating the substrate and
not allowing the enzyme access to
the substrate. The colipase relieves the bile
salt inhibition, and allows the triglyceride to
enter the active site of the lipase.

The exocrine pancreas secretes
phospholipase A2 in an inactive
zymogen form, prophospholipase
A2. The enzyme is activated in the intestinal
lumen by proteolytic cleavage by trypsin.
Pancreatic lipase, however, is secreted in its
active form, and only needs to bind colipase
and substrate to be active.

Trypsin activates also
phospholipase A2 whichis
phospholipid digestion
enzyme



Elastase is also found in neutrophils, white blood cells that have the job of

mcteria. Neutrophils frequently act in the

lung, and elastase is sometimes released into the lung as the neutrophils work.
In normal individuals, the released elastase is blocked from destroying lung cells by the
action of circulating «-1-antitrypsin, a protease inhibitor synthesized and secreted by the
liver. Certain individuals have a genetic mutation that leads to the production of an inac-
tive «-1-antitrypsin protein (a-1-antitﬂpsin deficiency). The lack of this enzyme activity
leads to the development of emphysema caused by proteolytic destruction of lung cells,
which results in a reduction in the expansion/contraction capability of the lungs.



The pancreas synthesizes and
stores the zymogens In secretory
granules. The pancreas also syn-
thesizes a secretory trypsin inhibitor. The
need for the inhibitor is to block any trypsin
activity that may occur from accidental
trypsinogen activation. If the inhibitor were
not present, trypsinngen activation would
lead to the activation of all of the zymogens
in the pancreas, which would lead to the
digestion of intracellular pancreatic proteins.
Such episodes can lead to pancreatitis.




Intestinal epithelial
pinocytosis,

Trace amounts of polypeptides pass

into the blood. They may be trans-

ported through intestinal epithelial
cells, probably by pinocytosis, or they may slip
between the cells that line the gut wall. This
process is particularly troublesome for prema-
ture infants, because it can lead to allergies
caused by proteins in their food.



Adults cannot increase the amount
of muscle or other body proteins
by eating an excess amount of pro-
tein. If dietary protein is consumed in excess
of our needs, it is converted to glycogen and
triacylglycerols, which are then stored.

Excess proteins and muscle mass

Can we increase our
proteins by just amino
acids ?

No,in fact these amino
acids are residues that can
be converted to
carbohydrate molcules that
can be transformed to fats
but they could make
proteinsif you are
practicing excercises



Pepsinogen -------------ccccccccccceeaa- > Pepsm
(MW 40.,000) (MW 33,000)
Autocatalysis
Inactive zymogen: Active enzyme: pepsin
pepsinogen

sequence

At the molecular level we activate zymogen to active enzyme by cleaving some part of the zymogen(asking
sequence )



Meuntral Amrmimno Aciduarnna (HHartmup DMsease)

Transport functhons. hike enzvmatuc fiunctions. are subject to modification by muatations. An
example of a genetic lesion 1 epathelial armino acard transport 1s Hartnuap daisease. named
afier thhe famnmmnly 1 wihach the dasease entity resultimes fivomm the defect was farst recogmzaed.
The disease 15 charactenzed by the mabilitsy of renal and mmitestinal epathelhial cells to absorb
newutral amiaino acids from the lonmen. In the kandney . i wihach plasma amano acuds reach the
Ihuomen of the prozamal tabule throungh the nlrafiltrrate. the nmability to reabsorb amano acuds
manifests 1tself as exoretron of amuono acads 1 the vnne (anmnmmno acuduonma). The mmtestaanal
defect results 1 maalabsorption of fircee amuano acids froan the daet. Therefore the climacal
syrmptoss of pattents with thas disease are mamlwy those due to essential anmaino aciud amnd
miconnamiide deficiencies. The pellagra- like featares (see p. 11 21) are explammed bw a
deficiency of v ptophan. whach serves as precursor for mucotmmammade. Investagations of
patients wiath Hartnuap disease revealed the existence of intestinal transport systermnms for da-
or mipeptides. which are different firomm the ones for free amaino acids. The genetnic lesion
does not affect transport of peptides. wihich remains as a pathhway for absorptuon of
protem digestion produacts.

Si1lk. I B A Dhisorders of mnatrogen absorption. In- J. T Hames (BEd ). Cifrmrics i
Gastrroenterologyv: Familial Inbherired Abnormmalities. Wol. 11: London: Sauunders._
1982 pp. 47—73.

Hartnup disease:named after tha family which have this disease ,they have neutral amino acid malabsorbtion so its called neutral
amino aciduria (amino acidsin the urine)

The transportersin kidney works for general classes not single AA (one transporter is for acidic AA another for neutral AA and so
on).Due to the loss of these amino acids in urine(normally there is no AA,glucose,TriG in urine )

Babies may have glucose in their urine as the threshold of glucose is relatively low

This condition leads to pellagra:J«sl (de 8)u8)l pue Jgos-



