VU - MEDICI e

GASTROINTESTINAL SYSTEM

Lec. Title : Liver Metabolism Written By : Amira Otoum .

IF YOU COME BY ANY MISTAKE , PLEASE KINDLY REPORT IT TO
SHAGHAFBATCH@GMAIL.COM



DONE BY : AMEERA OTOUM

You can always win , but don’t be

Basic Medical

afraid of making decision © [ LINEER

A Clinical Approach




why do we study this lecture??

m—

+ We will talk about liver metabolism ,because the next topic
will be liver function and liver function test to determine if
we have problem in the liver (liver disorders).

* In general ,we talk about our GIT and we know that the
liver isn’t a major one or part of digestive system (is
accessory organ helps the digestive system to complete
the digestion ),thatis why we interested in the liver and
we are going to describe certain functions of the liver that
are related to digestion process.



* Two lobes, each containing
multiple lobules and sinusoids.

Liver lobule

To central hepatic vein
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’ canniculus

* 75% of its blood supply from the
portal vein
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Fig. 46.1. Schematic view of liver anatomy.



A. Hepatocytes:

B. Endothelial Cells
C. Kupffer Cells
D. D. Hepatic Stellate Cells

E. E.PitCells



A. Hepatocytes (parenchymal cells):

I. 80Y%of the liver volume

II.  Almost all pathways of metabolism

Ill. Replaceable



B. Endothelial Cells:

I.  lining cells of the sinusoid

Il. They allow for free diffusion of small molecules to the
hepatocytes but not chylomicrons-size

Ill. capable of endocytosing

IV. lack of tight junction




C. Kupffer Cells (tissue macrophages)

I.  Located within the sinusoidal lining

Il. % of liver lysosomes



D. Hepatic Stellate Cells (perisinusoidal or Ito cells)

I.  Lipid-filled cells (the primary storage site for vitamin
A)

'I. Involved in liver cirrhosis



E. Pit Cells

I.  liver-associated lymphocytes (are natural killer cell)

Note : all previous slides are not important for our exam
regarding to biochemistry questions as the doctor says ,but for
us to refresh our information.

But the next slides are so important so be alert ©






A. The Liver Is a Central Receiving and Recycling Center for the

Body.
-because the portal system is responsible for transportation for

all entrance molecules to the body that we absorb them
through GIT

Inactivation and Detoxification of Xenobiotic Compounds and
Metabolites .

- so we have huge numbers of molecules and we can’t imagine
that how many molecules introduced to our body that need to
be detoxified or inactivated in order to avoid certain drastic
conditions that could be developed in our body so it is very
important to be inactivated and this function will be performed
by our cytochrome system that we have in the liver.
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*if we go through the story of cytochrome system in our liver cells ,this
amazing mechanism for detoxification, tell us that we are already designed
for non formed molecules not formed molecules or compounds 2?

What that’s mean?

Due to the development of technology and biotechnology ,each day we have
new compounds and structures and the simplest example is drugs (we called
them Xenobiotic)->these compounds that we synthesis them by chemical ways
can be detoxified and recognized by our cytochrome system .

So our systems are designed to face unknown molecules so it is an definitive
evidence of evolution theory (this theory because of the process of exposures or
the process of neglecting something )
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*in the future we will develop other kinds of molecules and toxic metabolites
that will be metabolized by our cytochrome systems

SO CYTOCHROMES ARE THE GUIDE FOR THE GOD (a:‘n\ 3529 )
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C. Regulation of Blood Glucose Levels (HOMESTASIS )
- by gluconeogenesis or glycogen lysis or glycogen synthesis.

D . Synthesis and Export of Cholesterol and Triacylglycerol(lipids)
- because it is responsible for the formation of VLDL.
5ol LA Joda LG, agia Juan g add cililes agllaads o138l G agualials (o cilapdl) Js*
recycling of these molecules and J (& Jsiaa 25U g 2l oladily ) ga 5 0 49 g
exporting them as a new structures called LVDL

E. Ammonia and the Urea Cycle

- We will convert the ammonia into urea to be less toxic

F. Ketone Body Formation

- Because ketones are very important for certain kind of tissues during
starvation like CNS

G. Nucleotide Biosynthesis

-it is very necessary thing that we have to build in our body (adenosine
,guanine, cytosine , thymine also with ribose and phosphate group ->they are
called nucleotides )
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H. Synthesis of Blood Proteins

-for example alpha 1 antitrypsine

| . The Synthesis of Glycoproteins and Proteoglycans
- that can be used by other types of tissues

J. The Pentose Phosphate Pathway

- which is responsible for metabolism of glucose to
produce NADPH molecules as a reducing agents for
the anabolism.




Consumes approximately 20% of the body oxygen
(huge amount of 02 )-»mean that liver do a lot of
functions..




The principle forms in which

energy is supplied

*these molecules can be generated by the liver or other typ 3
energy currency (mean we can use these molecules in order to catalyze
certain reactions because they are energy currency molecules )

Note : however, reduced NADPH isn’t an energy currency ,but it is
synthesized by the liver as well as Acyl-CoA thioesters.(these two molecules
are helping in the anabolism)

1. Adenosine triphosphate (ATP). Note : first three molecules are energy
currency and the remainder two
2. Uridine triphosphate (UTP),. molecules are reducing agents ,but all of

them (these five molecules) responsible

of anabolism in the liver.
3. Guanosine triphosphate (GTP). anabolismin iver

4. Reduced NADPH.

5. Acyl-CoA thioesters.



Because of an abundance of insulin-

The liver responds to high blood glucose levels : "
by increasing the phosphorylation of glucose by |n|sen9|lwe G:;UE'Q ﬁ'uﬁ“e transporters,
glucokinase, which has a high Km for glucose. glucose uptake by the hepatocyte is
hot rate limiting.
Glycogen ~
LIVER
Glucose 6-P (—— P G|ucose ' Glucose
f{ ? - (from gut)
HMP Pyruvate Amino acids Amino
? acids
(from gut)
Acetyl CoA
BTN TCA % Protein
Fatty acid < 6 Chylomicron
remnants BLOOD
VLDL <€=(=Triacylglycerol

Fed state

VLDL (to adipose tissue)

Figure 24.3
Major metabolic pathways in liver in the absorptive state. [Note: The acetyl CoA is also used for cholesterol synthesis.]

The numbers in circles, which appear both in the figure and in the text, indicate important pathways for carbohydrate
fat, or protein metabolism. Blue text = intermediates of carbohydrate metabolism; Brown text = intermediates of lipid

metabolism; Green text = intermediates of protein metabolism.
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*  According to metabolism liver has two status:
1)Well fed state (there is nutrients(diet state))
2)Starvation state

So if we classify these processing according what we will say ,will be more much
easier to understand the function of the liver

*in fed state the blood is going to supply the liver by these two molecules (glucose
from carbohydrate and amino acids from proteins ) also chylomicron (from lipids
after digestion by our digestive system or our cells we will have remnant )

*so basically,

GLUCOSE:

1)glucose is going to be converted to glycogen (because we have well fed state so
the glycogen synthesis is going to be active%

2) as well as we have glycolysis process (this is important and amazing that we have
anabolism and catabolism and we will understand why is that)

3)as well as HMP(hexose monophosphate pathway, it is another mechanism for
NADPH generation because the NADPH is very important for the anabolism))

Note ; our cells either do catabolism or anabolism ,while the liver has these two
options




« AMINO ACIDS: \

1)The amino acids either will converted to proteins (which are an important
future source to produce VLDL)

2)Some of these amino acids are will going to metabolize to produce certain
metabolites (some hormone or other forms of amino acids) and due to this it
will release ammonia and these ammonia molecules need to be detoxified by
ammonia cycle

3)And some of the amino acids can be degraded to produce acetyl CoA or
pyruvate or certain components of the krebs cycle due to digestion

* And eventually the carbohydrate molecules and amino acids will be
converted to fat ,why ? Because we have oxidation of acetyl CoA

*  And why we are generating fats in the liver?

Because one of the major functions of the liver is to produce fats to fuel the
body with energy

So as a result we will use all of these component to produce fat as well as the
glycogen synthesis
* These fat will exported as VLDL and then will be sent to the adipose tissue .

*so in general consumption of these molecules will cause obesity in the future
by the help of liver itself (because liver cause metabolism of these molecules )



Glycogen
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Figure 24.11

Major metabolic pathways in liver during starvation. [Note: The numbers in circles, which appear both in the figure
and in the corresponding citation in the text, indicate important metabolic pathways for carbohydrate or fat.]



other hand we have fasting state or star :

1) so we are going to consume our glycogen to produce glucose ,as well as we have to
do gluconeogenesis so we have catabolic pathway and anabolic pathway (opposite of
the well fed state),but still the liver can do anabolism and catabolism in order to
produce glucose molecules for other tissues to preserve these tissue

2)The pyruvate molecules that is going to converted from your amino acids which are
basically presents in solutions due to digestion of lipids in our body (because during
starvation we start to break down our lipids and generate these molecules (glycerol and
lactate) and these molecules are going to converted to pyruvate and acetyl CoA and
eventually we will generate ketone bodies and these ketone bodies during starvation is
very important )

Note :

diet J (o b s amal a8 starvation J Al 8 Leadaaiy L saal
* At theresult,all of these component are going to supply the production of either the
glucose or ketone bodies ,why we are important to synthesis these molecules during
fasting ?
Because these molecules are very important for certain types of tissues ,specifically
nerve cells ,they rely on and can use ketones as well as glucose.
But ,When there is fasting and after a period of time ,glucose will be decreased ,so they
will rely on ketones bodies which are produced due to accumulation of acetyl CoA
accumulation due to fat digestion
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+ We will talk about the accessory organs that is
associated with the digestive system and the most
important one is the liver so we will talk about
specific issues about the liver (metabolism of
macromolecules)



A. Carbohydrate Metabolism in t

Liver
Table 46.4. Major Fates of Carbohydrates in the Liver

* Storage as Glycogen
¢ (Glycolysis to pyruvate
* Followed by oxidation to carbon dioxide in the TCA cycle
* Precursors for the synthesis of glycerol-3-phosphate (the backbone of triacylglycerols
and other glyceolipids), sialic acid, and serine
¢ Entry into the TCA cycle and exit as citrate, followed by conversion to acetyl CoA, mal-
onyl CoA, and entry into fatty acid synthesis and secretion as VLDL
= Synthesis of phospholipids and other lipids from triacylglycerols
* Conversion to mannose, sialic acid, and other sugars necessary for the synthesis of
oligosaccharides for glycoproteins, including those secreted into blood
* Synthesis of acid sugars for proteoglycan synthesis and formation of glucuronides
¢ Oxidation in the pentose phosphate pathway for the formation of NADPH (necessary for
biosynthetic reactions such as fatty acid synthesis, glutathione reduction, and other
NADPH-utilizing detoxification reactions)




C sl L) e gl oSa
Storage as glycogen

In liver ,there is glycolysis to produce pyruvate if we are talking
about well fed state and conversion of carbohydrates to other
types of carbohydrates or monosaccharides in order to face the
demand of the body for these carbohydrate .

synthesis of these sugars and proteoglycan (specific types of
sugars) .

Pentose phosphate pathways presents in all cells to produce
NADPH which is required for many functions ,one of them is the
anabolism or glutathione reduction in the future in order to face
the oxidative stress that we could have in the body or in our cells



B. Glucose as a Fuel

\

The Km for (GLUT2) and glucokinase is so high (approximately 10 mM).

Note : we have GLUT2 transporter as abundant transporter in liver cells
as well as glucokinase and they have approximately high KM value which
mean that we are going to deal with high concentration of glucose
(either GLUT2 or glucokinase ).

Glucose will enter after its concentration rises to 10 to 40 mM in the
portal blood.(for example after meal )and it :

1)Glycogen synthesis will be increased
or

2)Glycolysis will be increased as usual
And

3)F. A. Synthesis will be increased(for certain extent ) that is why we will
form fat when we take carbohydrate



|r Glucose ‘-4
(lﬁ GLUT-2 PLASMA MEMBRANE
Glucose CYTOSOL
Glucose b ,,‘
6-Phoiphate NUCLEUS
Fructose M‘g -
6-phosphate
Glucokinase
Gluco-  "eguatory
= ruvate kinase (GK)
3 (mactlve) {endits),

Copyright ® 2014 Wolters Kluwer Health | Lippincott Williams & Wilkin
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*after glucose inter by glut transporter (it happens in all cells ,but liver has special case
Of metabolic point view ),glucose continue in entering the cells until it reach to
concentration equal to the external one ,we will face a problem of diffusion backward .
e ity JE 13y Jill Ailae 43 5 ) 330 38 55 (5 sbass LAY gm0 38 55y Lo 2l ) sl Jay iy ing
ol Ly Lo sl 23D 138 5 )l J85 s 30 =) concentration gradient J
*we want to keep glucose to be transported from the plasma or blood to cell and that
is why glucose will be converted to another molecules in order to reduce the diffusion
force (this force depends on concentration gradient because this transporter is
concentration dependent transporter ),and in order to do that we need certain
enzymes which is irreversible enzyme that is known as glucokinase which belongs to a
group of enzymes that known as hexokinases (enzymes that is responsible for
conversion of glucose to glucose 6 phosphate and other carbohydrate as well) ,and
glucokinase is a special type of hexokinases
other hexose sugars &= Jdabsis s Wil Y S sall specific s« 13 glucokinase JI : adas3le
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This enzyme (GK) do its role in regulation by localization = can be localized either in the
cytosol orin the nucleus (can be localized in both directions)

*can bein the cytosol in its active form and transform the glucose to glucose 6
phosphate orin the nucleus and bind with regulatory proteins known as glucokinase
regulatory proteins

* This localization of GK depends on : 1) the concentration of glucose

2) Conversion of the glucose 6 phosphate to fructose 6 phosphate

These (1,2) are helping to convert the GK to the binding form and localized in the
nucleus .

Note : the enzyme (GK) is always present



Glucose

* The major regulatory S onase
step for liver glycolysis is - Glucose—6-P 4— Fructose—6-P
the PFK-1 step. ATP

phosphofructokinase -1
*# AMP, F-2,6-bisP
(= ATP, citrate
ADP
Fructose—1,6-bis P

:

Glyceraldehyde—-3-P
A

Pi

NAD*

NADH + H*

\J
1,3-Bisphosphoglycerate
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* Usually the regulation depends on phosphorylation or
sometimes to feedback inhibition of certain products

* In glycolysis we have rate limiting stem is catalyzed by
Phosphofructokinase 1 and this enzyme:
1)Activated by low energy molecules (AMP, F-2,6-bisP).
2)Inhibited by high energy molecules (ATP, citrate ).

ganaa (Sall 5 Loyt | sleny dlied glycolysis Jae! (ola (e 48l aie ()5 W

. glycolysis Jael s ddla (b 1

Note : we have feedback inhibition of hexokinase or GK by glucose
6 phosphate molecule itself rather than the localization of the
enzyme.
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Glucagon —
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*in the last step we will convert the
phosphoenol pyruvate (PEP) to pyruvate
by pyruvate kinase .
This enzyme is going to be regulated by
phosphorylation and dephosphorylation
and it will be inactivated by
phosphorylation .
Glucagon hormone will activate signaling
pathway that is responsible for the
phosphorylation .
Note : glucagon represents the low
glucose level (fasting state) and in this
process there is no sense to complete
the glycolysis process so it is logic to stop
the glycolysis by phosphorylation by

| glucagon.



HORMONAL REGULATION OF GLYCOLYSIS

*insulin is responsible for the activation
of first, third and last step, while
glucagon is responsible for the
inactivation or inhibition of the same
steps.

Note : these steps are irreversible and
controlling the glycolysis process

Glucose

o <~ EEEEED
=P G | cagon

Glucose 6-P
N

Fructose 6-P
(PP VONY |Insulin |
(RPN G |ucagon

Fructose 1 ,S-bisphosphate

7 R
Glyceraldehyde 3-P =5 Dihydroxy-
lT acetone-P

Glucokinase

Phosphofructo-
kinase

1,3-Bisphosphoglycerate
1

3-Phosphoglycerate

2
2-Phosphoglycerate

1
Phosphoenolpyruvate
IR Insulin__
[P Glucagon |

Pyruvate
1

Lactate

= ruvate
inase
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Regulation of GLYCOLYSIS

L ——

e Figure 8.17

(low

) | Insulin Gluca%on S '

i T | TTTITTTITIINS
Activation of many enzymes .'I ‘:‘;g’,ggg’ \"v s
High insulin/glucagon ratio causes ATP cAMP
[ decreased cAMP and reduced levels of A Ji
BEAING Piotain kinese ': Active protein kir;;se A '_‘.‘_'_'_‘_'_'."i
_ i Decreased protein kina.se A activity
Glycelysis Fructose 6-phosphate —) Fructose 6-phosphate ?}_—’;rz/ggg_‘g BpbGHEohios

Glucose 6-P y_ Glucose ATP
v

Fructose 6-P

4 Phosphofructo-
7 Fructose 1,6-bis-P kinase-1 FBP-2 , PFK-2
Glyceraldehyde 3-P <5 pHAP ADP (inac“ve) (inacﬁve)
W

1,3-Bisphosphoglycerate

1
3-Phosphoglycerate
2
2-Phosphoglycerate

"

Phosphoenolpyruvate |

Bifunctional enzyme

Fructose 1,6-bisphosphate

Fructose 2,6-bisphosphate

3 Dephosphorylated PFK-2 domain is active,
whereas FBP-2 is inactive which favors
formation of fructose 2,6-bisphosphate.

Elevated concentration of fructose 2,6-bisphosphate activates
PFK-1, which leads to an increased rate of glycolysis.
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* We are going to regulate the phosphofructokinase 1 either
by activation or deactivation:

* it is activated by similar enzymes called
phosphofructokinase 2

* Generally we want to know the function of insulin and
glucagon in the signal transduction in the liver ,they are
activate phosphorylation (if there is glucagon)or
dephosphorylation (if there is insulin%, and both of them
depend on the presence of glucose molecules .




Table 36.2. Flowchart of changaa in Liver Metabolism

When blood sugar increases:
Insulin is released, which leads

to the dephosphorylation of:

* PFK-2 (now active)

Pyruvate kinase (now active)

* Glycogen synthase (now active)

Fhosphorylase kinase (now inactive)
Glycogen phosphorylase (now inactive)
Pyruvate dehydrogenase (now active)

Acetyl CoA Carboxylase (now active)

Which leads to active

Glycolysis
Fatty acid synthesis
Glycogen synthesis

When blood sugar decreases:

Glucagon is released, which
leads to the phosphorylation
of:

o PFK-2 (now inactive)

¢ Pyruvate kinase (now inactive)

* Glycogen synthase (now

Inactive)
Phosphorylase kinase (now
active)

* Glycogen phosphorylase (now
active)

* Pyruvate dehydrogenase (now
Inactive)

o Acetyl CoA Carboxylase (now
Inactive)

Which leads to active

* Glycogenolysis

» Fatty acid oxidation

* Gluconeogenesis

Notes about the table :
*Phosphorylase kinase and glycogen phosphorylase now inactive because we don’t
want to break down the glycogen because we have glucose .

*acetyl CoA carboxylase is responsible for synthesis of fat .
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Long-chain fatty acids are a major fuel for the liver
during periods of fasting

PEROXISOMAL OXIDATION OF VERY-LONG-CHAIN
FATTY ACIDS

Similar to beta oxidation ,but it is the peroxisomal
one which is some how different from it

Note : beta oxidation for short and medium fatty
acids ,while peroxisomal responsible for long chain
F.A.



DE NOVO SYNTHESIS OF FATTY ACIDS

®)

CHy- C-S-CoA
Acetyl CoA

O o O
O O o

o
Acetyl CoA carboxylase

(inactive protomers)

Citrate ~".—> ©)|@ < Long-chain
fatty acyl CoA
Y
OO0O0O0O0O0O00000

Acetyl CoA carboxylase
(active polymer)
. -
_C -CH,-C-S-CoA
O  Malonyl CoA

CO,

ATP  ADP + P,




*in general if we have well fed state we wi
eventually lipids and this process requires rate limiting enzyme
during the fatty acid synthesize which is acetyl coa carboxylase
enzyme which is responsible for the formation of malonyl coa
from acetyl coa .

*acetyl coa is very well known molecules that will be generated
from either carbohydrate or from amino acids and eventually will
be converted to malonyl coa and fatty acids .

*so malonyl coa will be converted to F.A and these F.A if they are
found in high concentration will inhibit the action of the enzyme
by inhibiting the action of polymerization by acetyl coa
carboxylase enzyme ,while citrate will activate that .

*THE RESULT : we could convert the carbohydrate and amino
acids to acetyl coa and then to FATS .

Note : malonyl coa is the precursor for fat synthesis



DE NOVO SYNTHESIS OF FATTY ACIDS

Glucose
GLYCOLYSIS
droxyacetone phosphate iGLYCOLYSIS

Dihydroxyacetone phosphate
NADH %Glycerol 3-phosphate

NADH ~ Giycerol 3-phoshate
dehydrogenase
NAD* e

ADP ATP NAD* dehydrogenase

Glycerol 3-phosphate

Gly?erol 3-phosphate Glycetol

Glycerol kinase

ers Kluwer Health | Lippincott Williams & Wilkins

*We need the fatty acids that are generated by fatty acid synthase(4lusléi (e LiSa W)
*the glycerol molecules are important to synthesis the TGA(we need to synthesis it
fatty acids as well as the glycerol molecules in the active (glycerol3 phosphate)).

*in liver : we have two sources responsible for formation of glycerol 3 phosphate ,one
by glycerol 3 phosphate dehydrogenase enzyme and the other one is glycerol kinase
which can deal with glycerol (naked glycerol if you would).

*in adipose tissue : we have one route for synthesis of glycerol 3 phosphate..

Note : fat is 3 fatty acids bind with glycerol 3 phosphate..



KETONE BODIES: AN ALTERNATE FUEL
FOR CELLS (continued)




* *we do oxidation process for many mole
acids ) including the fat ,and oxidation of these molecules generate
what we called ketone bodies (acetoacetate , acetone(volatile
molecule), 3-hydroxybutyrate),these molecules are generated in the
liver when there is oxidation of fat specifically when we have starvation
conditions or when we have diabetic conditions .

* And these ketone bodies will be transported to other tissues in order to
supply them as a flue molecules specially the CNS and other types of
cells that rely on ketone bodies.

* Note: liveritself can’t metabolized ketone bodies by itself
thiophorase 4eul a3y Al A<Y a3y d8Uall jaalS pgaddioy Han La ey

*so generally speeking ,most of the tissues can deal with ketone bodies
because they can convert them back to acetoacetyl coa and then to acetyl
coa in order to enter the kreb cycle because these cells have thiophorase
enzyme which is responsible to convert of acetoacetate to acetoacetyl and
this enzyme doesn’t presentin the liver.



KETONE BODIES: AN ALTERNATE

FUEL FOR CELLS

we have starvation condition

so we don’t have glucose so
the insulin in lower
concentration compared to
glucagon and epinephrine and
the situation will cause
lipolysis so more fatty acids
and it will be converted to
acetyl coa and accumulation
of acetyl coa will cause the
generation of ketone bodies
and eventually will cause
ketoacidosis .
s DM or starvation J s 8 age*
. ketoacidosis J dlas! agss

Insulin fjEPinephrin
glucagon

.

Lipolysis

!

T Free fatty acids ]
in plasma

T Hepatic output ]
of ketone bodies

| Ketoacidosis '
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will be a good doctor in the future
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Table 46.2. Nitrogen-Containin

Products Produced

the Liver

Creatine

Glutathione

Purines

Pyrimidines

Sialic acid (NAMNA), other

amino sugars

Sulfated compounds

Taurine

Glycocholic acid, and
glycocheno-Deoxychalic
acid

Sphingosine

Heme

Glycine conjugates of
xenobiotic compounds

Miacin

One-carbon methyl

Arginine, glycine, and

S-adenosyl methionine (SAM)

Glutamate, cysteine, glycine

Glycine, glutamine, aspartate,
carbon dioxide,
tetrahydrofolate, PRPP

Aspratate, glutamine, carbon
dioxide

Glutamine

Cysteine

Cysteine
Glycine, bile salts

Serine and palmitoyl CoA

Glycine and succinyl CoA

Glycine, medium-size
hydrophobic carboxylic acids

Tryptophan, glutamine

Glycine, serine, histidine,

Liver

All tissues but highest use in
the liver

Liver, small amounts in brain
and cells of the immune
system

Liver, small amounts in brain
and cells of the immune
system

Maost cells

Liver and kidney produce
sulfate

Liver
Liver

Liver, brain, and other tissues

Liver, bone marrow

Liver, kidney
Liver

Most cells, but highest in liver

Forms creatine phosphate in muscle for
energy storage. Excreted as creatinine.

Protection against free radical injury by
reduction of hydrogen peroxide and lipid per-
oxides. In liver and kidney forms
mercapturic acids.

Adenine and guanine nucleosides and
nucleotides. DNA, RNA, and coenzymes, and
energy-transferring nucleotides.

Uracil, thymine and cytosine

In the liver, synthesis of oligosaccharide
chains on secreted proteins. Most cells, gly-
coproteins, proteoglycans, and glycolipids.

Many cells use sulfate in blood for formation
of PAPS, which transfers sulfate to proteogly-
cans, drugs, and xenobiotics

Conjugated bile salts

Conjugated bile salts are excreted into the bile
and assist in the absorption of lipids and
fat-soluble vitamins through the formation of
micelles

Precursor of sphingolipids found in myelin and
other membranes

Heme from liver is incorporated into
cytochromes. Heme from bone marrow is
incorporated into hemoglobin.

Inactivation and targeting toward urinary
excretion

NAD, NADP coenzymes for oxidation reac-
tions

Choline, phosphatidylcholine, purine and
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pyrimidine, taurine, sphingosine , heme ,and other molecules can be generated from the
metabolism of amino acids

Note :

*purine and pyrimidine are nitrogen bases that we used them in nuclic acid synthesis
(DNA,RNA) .

*taurine is going to be produced by cysteine in the liver

*heme is going to be produced by glycine and succinyl coa.
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Table 46.3. A Partial List of Proteins Synthesized in the Liver

Blood coagulation Blood coagulation factors: fibrinogen, prothrombin,
Factors V, VII, IX and X. Also a-2 macroglobulin.

Metal-binding proteins Transferrin (iron), ceruloplasmin (copper), haptoglobin
(heme), hemopexin (heme)

Lipid transport Apoprotein B-100, apoprotein A-1

Protease inhibitor aT-Antitrypsin

Other things that are synthesized by the liver is blood coagulation factors and certain
transporter like transferrin for the iron and ceruloplasmin , haptoglobin and hemopexin

and these are in general metal binding proteins because they contain metals like iron and
copper.

Also lipid transporters
Note : alpha 1 antitrypsin is working as elastase inhibitors .
So these molecules synthesize in the liver and doing certain vital functions .
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Fig. 42.15. Flux of amino acids after a high-protein meal.
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*how the liver is going to metabolize the amino acids, actually the major source or the
pool of amino acids are going to be metabolized by the liver includes either alanine
which is generated from the metabolism of other amino acids or BCAA( brand chain
amino acids ) and other amino acids, all of these amino acids regardless to their source
are going to be metabolized by the liver in order to produce glucose molecules and
these amino acids are known as glucogenic amino acids .
*why the liver is interested to synthesize or to convert these molecules to glucose?
Because the liver is responsible for the supplying the body of glucose and that is why it
is selective in choosing certain amino acids to produce glucose .
Then glucose molecules are going to metabolized again and assumed that it is going to
be localized again by muscles cells and muscle cells will generate alanine again so we
have a cycle of alanine glucose .

dand (o3 Laie e NS ) s 4agall L) e g CNS J) ez B mallly e 58 slall

.glucose alanine cycle

*the byproducts which is toxic products of these process is ammonia which is
mandatory to be converted to urea as non toxic products
* So we don’t prefer amino acids and proteins to produce energy because they
generate nitrogen as ammonia so we convert it to urea.



Fig, 42,12, Glucose-alanine cycle. The pathway for transfer of the amino groups from
BCAA in skeletal muscle to urea in the liver is shown in blue,

* we have cycle of glucose which will be
transported to peripheral tissues and after
the metabolism of these tissue we will
generate the alanine and amino acids that
will be transported back to the liver and
again will produce glucose so this is known
as glucose alanine cycle.



Liver is the principle site of amino|j

acid metabolism in humans.

1. The liver contains all the pathways for catabolism of all of
the amino acids and can oxidize most of the carbon
skeletons to carbon dioxide.

2. It contains the urea cycle.

3. After a mixed or high-protein meal, the gut uses dietary
aspartate, glutamate, and glutamine as a fuel (during
fasting the gut uses glutamine from the blood as a major
fuel).



Liver is the principle site of amino ‘

acid metabolism in humans.

4. The branched-chain amino acids (valine, leucine, and
isoleucine) can be used by most cell types as a fuel,
including cells of the gut and skeletal muscle.

5. Most tissues transfer the amino acid nitrogen to the liver
to dispose of as urea

6. The liver uses amino acids for the synthesis of proteins
that it requires as well as for the synthesis of proteins to
be used elsewhere.
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Fig 38.1. Fate of amino acid carbons and
nitrogen. Amino acid carbon can be used either




peripheral tissues

NADPH NADP*

Fig. 38.11. Synthesis of glutamine in peripheral tissues and its transport to the liver. Within the liver, glutaminase converts glutamine to gluta-
mate. Note how a-ketoglutarate can accept two molecules of ammonia to form glutamine. GDH = glutamate dehydrogenase.



Mitochondrion
CO. + H:O

2 ATP carbamoy
phosphate
synthetass |
(CPSI)

2 ADP + P, o
r
) )
----- |
H,N=C=0=P=0"
L LELE I
o
Carbamoyl
phosphate

H-= l'.I] =NHz
COOH
Ornithine
ormithine
transcarbamoylase
“NH. -
et
C=0
I
(I]HE- MH
|
CH,
I —_—
CH,
1
H=C—=NH,
|

COOH

Citrulline

Cytosol

et =4 Ll rine
s
Uea C=0 : I;IHE:
|:""_'- ) ‘-_::---I-
INH, _ H0 G =NH;
(5 ) CH, = NH
|
arginase CH:-
|
CH,
|
[I.‘-HENHE H -fli =NH,
— G COOH COOH
?HE Arginine I-HII
H=C—N i
boon o \
argininosuccinate COOH
U'I"I"I"h"'lﬂ |:|'E|.EE Fl.l"llirite
s TNH COOH
= i | BT
(|:: a C=HMNH=- E:-H
- AR
ﬂi'."-HE NH ?HE - NH ?Hz
CH
;e (I]HE CO0H
e CH
P ?HE
A=G—NA; H-C—NH,
EDDI . argininosuccinabe ]
Cltrulll synihetase COOH
uiiine Argininosuccinate

ATP  AMP : PP,
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Urea CyC|e : \

*the urea cycle is localized in two locations (cytosol as well as the mitochondria
because we need certain enzymes that are localized in the mitochondria and some
other enzymes that are localized in the cytosol ).
*in the mitochondria we start the urea cycle by the conjugation of co2 with h2o to
generate carbonic acids or bicarbonic molecules in this case and it will be converted
to carbamoyl phosphate and this is catalyzed by carbamoyl phosphate synthetase 1
(this process two ATP molecules we use them to calculate the energy
consumption that we will use in urea cycle)
) (e Sl e Lie cnsind carbamoyl phosphate ) (o sS8 canit A58 3 shadll 11 ddaadle
L salY) iy 5
Ju J2a 4l W1 Sl 5 carbamoyl phosphate synthetase 2 4wl (S6 a3 53 (g2ie 1 2 ddaadle*
urea cycle.
*then the carbamoyl phosphate is going to conjugate the ornithine which is
another amino acids to form citrulline (pee Ui 3 shall sla & & 1Y)
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*the citruline is going to transported to cytosol and converted to argininosuccinate

by conjugation of aspartate

* The argininosuccinate has two ammonia molecules ,one from the citrulline and
the second from aspartate

*by lyase enzyme this molecules will be converted to fumarate and arginine which

contain the two ammonia molecules

*and arginase enzyme (¢<) will convert the arginine to ornithine by releasing two
ammonia molecules with the carbon that is previously conjugated with the
ammonia as a urea and the urea will be transported to urine and excreted outside
the body as well as certain amount of ammonia
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