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_Acid-stable lipases: lingual lipase and gastric lipase >>

are Significant in infants and patients with pancreatic lipase deficiency or pancreatic insufficiency (e.g., cystic fibrosis)

_Two mechanisms of emulsification in the duodenum: |+ accuve Soecnse ol '»\N AGULS VI MABAT A <omad e »)Ae Iﬂ )Wﬂr,hf PQAJLM

) Peristalsis: mechanical mixing leading fo smaller droplets
1Conjugated bile salts (A&Pw " én&gwbl\ \ES qu\rw\\& w\z\am)

_The majority of digestion occurs in the intestine by pancreatic lipase. —=
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Fat droplets form in the

cisternae of the SER.

Absorptive

cell Long-chain fatty acids and other
prﬁucts of lipid digestion are
converted back to triacylglycerols,
phospholipids, and esters of

Apoli&cpmteins are synthesized in the

RRa\nten (except for apolipoprotein
A-l) move fo the SER, where they associate

pholip with lipid dmgleh, Ap Al B = S
cholesterol in the SER. associates with chylomlcmm in the Golgl Glycerol, short-chain, — S \
SRPATAD) and medium-chain - < &
fatty acids pass PN
~— through the enterocyte
Glycerol, short-chain, and SER _Golgi and enter blood
medium-chain fatty acids \ D} 9 capillary.
Mix{ad micelle (R l _ Lymphatic capillary
J Ck rotem fhcioel;
— Lysophospholip Chybmm Chylomicrons and
& _'f‘ —» Long-chain fatty acids VLDLs pass through
A > large interendothelial
44 ! é} g
RER L J channels of lymphatic

v
Unstirred water layer

Vesicles carrying

capillaries, and enter
the lymph.

—n—

Nascent chylomicrons and VLDLs arrive
at khe cis face of the Golgi apparatus. Here,
are glycosy

microns or

VLDLs bud off from

the rmns-Golg‘i
apparatus, and move

) W

Transport vesicles fuse with the
basolateral membrane, releasing
chylomicrons or VLDLs.

to the basolateral
puemibraneii
transport vesicles.

__ People with high cholesterol level are given statin, which decreases the blood cholesterol level by inhibits synthesis of it.

__The uptake of fatty acids across the enterocyte brush- border membrane occurs by passive diffusion and by

protein-mediated mechanisms.

__ Principal causes of steatorrhea:
1. Short bowel disease
2. Liver or biliary tract disease
3. Pancreatic exocrine insufficiency
4. Cystic fibrosis

—Celiac disease is an autoimmune response to gliadin Gluten is a protein composed of 2 poly peptide chains, glutenin and
gliadin. Gliadin is rich in proline and glutamine, making it resistant to digestion, resulting in inflammatory response( this
inflammatory response damages the enterocytes). Scientists found that patients with celiac disease have antibodies against
enzyme Known as transglutaminase. Celiac disease is an autoimmune disease. And Tissue biopsy: absence of villous surface

epithelial cells resulting in decreased nutrient absorption.
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—EXAM question, the first intermediate in glycolysis that glycerol is converted to is DHAP
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When ATP increases:

ATP inhibits isocitrate \_—>%D \\\PQ\\M( bﬂ‘”\\!\"r Can)WY o K-\{Q\OQSQ\\\WU&C

dehydrogenase
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Citrate is transported into
the cytosol

Citrate is cleaved into

oxaloacetate and acetyl —> ’A\NS Q\CC\Z‘_[)\ QQ»[\ \\I\Q\\‘ )\}\R \(\QQJ W Yh %\’3\1\\&*@&&

CoA by ATP citrate lyase

_ Synthesis of malonyl-CoA >> The reaction is a rate-limiting reaction. TR (’Lﬁr’ o o o o
Acetyl CoA carboxylase
(inactive protomers)
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_—Regulation of ACC synthesis >> long-term regulation

[)ACC synthesis is regulated by transcription factors:
—The carbohydrate response element-binding protein (ChREBP) :

— ChREBP is inactivated by phosphorylation by PKA and AMPK preventing its nuclear localization. ( MM i‘h@o(]aw Nevel)

_ It is dephosphorylated by excess glucose.

7) The sterol regulatory element-binding protein-1c (SREBP-1c¢)

_SREBP-1 is activated by Insulin. = 0 wdicne gead swmows & gucone

%Fatty acid synthase, glucokinase, ATP citrate lyase and liver pyruvate kinase are similarly regulated.

_Metformin (trade name : Glucophage) is given to pre-diabetic individuals which are susceptible of having diabetes

_Metformin lowers plasma TAG through Activation of AMPK, resulting in inhibition of ACC activity METFORMIN
(by phosphorylation) and inhibition of ACC and fatty acid synthase expression (by decreasing § “;".:2,"""
ChREBP and SREBP-1c). ||
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_Sources of molecules

OAcetyl CoA from Pyruvate
2)NADH (for oxaloacetate to malate) from Glycolysis

3)NADPH from Pentose phosphate pathway and Malate to pyruvate

—Further elongation

) s o
\_Il,x)mj &W_s,lm_

|) Location: smooth endoplasmic reticulum
Different enzymes are needed.
Two-carbon donor: Malonyl CoA
Source of electrons: NADPH
No ACP or multifunctional enzyme is needed.
Note: the brain has additional enzymes allowing it to produce the very-long-chain fatty acids ([VLCFA] over 22 carbons)
1) Location: mitochondria
Two-carbon donor: Acetyl CoA
Source of electrons: NADPH and NADH
Substrates: fatty acids shorter than 16



_Chain desaturation

__Enzymes: fatty acyl CoA desaturases

—Substrates: long-chain fatty acids

— Location: smooth endoplasmic reticulum

— Acceptor of electrons: oxygen (02), cytochrome b5, and its
flavin adenine dinucleotide (FAD)-linked reductase

—Donor of electrons: NADH

_The first double bond is inserted between carbons 9 and

10, producing oleic acid, 18:1(9), and small amounts of
palmitoleic acid, 16:1(9).

Palmitate (16:0)

alongaﬂy

V@ w}oq& Stearate (18:0) Palmltolelc Acid (16:1)

= Dewveew 9_jp
desaturalior/ &ongallon

Oleate (18:1) () Longer Saturated
with = baween ot Fatty Acids

Fatty Acyl-CoA
Desaturase

Humans have carbon 9, 6, 5, and 4 desaturases but cannot introduce double bonds from carbon 10 to the w end of the
chain. Therefore, the polyunsaturated w-6 linoleic acid and w-3 linolenic acid are essential

Triacylglycerol structure
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Synthesis of triacylglycerol

?HZOH R ?H-‘,OOCR P—— <|3HZOOCR
CHOH Cyltransierase CHOH Cyllransierase CHOOCR'
| FA-CoA FA-CoA
CH,0POzH CH,OPO3H CH,0PO3H
glycerol-3-phosphate ) lysophosphatidic acid % phosphatidic acid
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\ ) osphatase
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o \ (IZHOOCR e
) CH,0H ()
| Adipose tissue

diacylglycerol

Stored as lipid
droplets FA-CoA lAcyItransferase
—— Yo ocm Jﬁp
clg B-100 CIHZOOCR by m
cii . S Liver CHOOCR'
- Little storage CH,OOCR"
C- "" 4 Mainly packaged in VLDL 2
triacylglycerol
VLDL —_—
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Glucose ADIPOSE TISSUE

GLYCOLYSIS

Glucose

Dihydroxyacetone phosphate

NADH ~{ Giycerol 3.phosphate
NaD* <] dervarogenase

GLYCOLYSIS

Dihydroxyacetone phosphate
NADH %Glywm/ 3-phosphate

GLUT4
ADP ATP
Glycerol 3-phosphate [0 AP

Glycerol kinase

Nap* <] dehvorogenaso

Glycerol 3-phosphate

Insulin

In addition to these two pathways (as in the liver), TAG is
synthesized via

the MAG pathway in the intestinal mucosal cells.
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Hormonal regulation (’Wlb, J%\;&mm\

\u\o\@u( epinephrine —
Wi Dy or glucagon

_HSL is under regulation of protein kinase A (PKA) which is
activated by cAMP and its level increases when there is
ARRRARARARY

Hﬁnﬁﬂ epinephrine or glucagon.
bty i

Uyyyyyyg _triglycerides become diglycerides by an enzyme called

/ oL ot a:;:.’.':." AT { ATGL (adipose triglyceride lipase) and releasing 1

s neric I o e o oy fatty acid >> diglycerides become monoglycerides by an

receptors )Td«m é =24 a a
N enzyme called HSL and releasing 1 fatty acid >>

will ‘oe &LHUMZJ\ A Glycogen monoglycerides become glycerol by an enzyme called MGL

ooy e g 4@‘ RBSROVESE (monoacylglycerol lipase) and releasing the last
Monoacylglycerol ADP Hormone- Adipose triglyceride Fa”y acid
lipase ensitive lipase lipase

Hormone-sensitive lipase

) e,
diglycerides triglycerides ﬁ %
L

RoREERE
/ =
fatty acid fatty acid ) fatty acid —> e Yurer Y 40]’ &4 J\ \2 J\ ‘c

it will be WOSQNWW \Qg OYD avd e acre
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glycerol monoglycerides

o Bioogy

Perilipin (in red) coats fat droplets
blocking HSL. It is phosphorylated
by PKA releasing it.
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Glyceroneogenesis

Fatty acid B-oxidation

Notes: this takes place in the mitochondria (mitochondrial matrix), fatty acid
. synthesis takes place in the cytosol (there is a separation o ese two
* Purpose: regulating the ynthesis takes place in the cytosol (! i paration of these t
levels of FAs in blood. opposite pathways)

+ Glycerol leaves the
adipocytes into the liver.

* Failure in regulating
glyceroneogenesis may
lead to Type 2 diabetes.

https://youtu.be/ jfFQPB61jfO0?si=ngEB-f-0Q00Ge21- W O

https://youtu.be/mvPGq8tdT_Q?si=SDIImDgvstq8zer3 pm{\\\ YWo
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MCAD deficiency

g
-An autosomal-recessive disorder
—Most common inborn error of B-oxidation (1:14,000 births worldwide) MQ\‘O\in&W\
-Higher incidence among Caucasians of Northern European descent
Decreased ability to oxidize MCFAs (lack of energy)
—Severe hypoglycemia and hypoketonemia
—Treatment: avoidance of fasting

Oxidation of odd-numbered FAs
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Intramolecular

rearrangement ot __People with B12 deficiency may have neurological manifestations
SuccinyI-CoA i defic I n L- Methylmalonyl-CoA . ) ) )
theae] activated, and metabolic acidosis because of the accumulation of L-
C"“‘VN‘A Metabolicacidosis and

methylmalonyl-CoA.

Kreb's cycle neurologic manifestations

Monounsaturated fatty acid g-oxidation
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Polyunsaturated fatty acid g-oxidation

(o]
10 Fatty acyl-CoA
D S-CoA trans-A?cis-a*
7
NADPH +H*
2,4-dienoyl-CoA "
reductase NADg

Fatty acyl-CoA
trans-A®

s = Y e i s
\semNRewn sy (=) <= (22)
o e lo ey (prs debw (= Geas
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_in polyunsaturated FA there is loss of electrons twice, first is in the reduction using the reductase, and the second is by

skipping the step.

Peroxisomal B-oxidation
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Note: Loss of electrons

+ Zellweger syndrome: a per
biogenesis disorder H0, EnoylCoA hyd alase
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across the peroxisomal membrane s ShpdronyacyhCon
dehydrogenase

NADH.
o

— o
A A i 7
ccumulation of VLCFAS R=C—CHy—C—5Con
HSCoA:
3 Ketoacyl-CoA thickase
8 g
aHy-C—scon +| R-C—sCon Mitochondria

wl')orhgm)mg) sbal cile di Yo L <

Peroxisomal a-oxidation is basically the metabolism of chlorophyll
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When fully degraded, it generates 4 byproducts

formyl-CoA,propionyl-CoA,acetyl-CoA,2-methyl-propionyl-CoA.

Refsum disease is an autosomal-recessive disorder caused

by a deficiency of peroxisomal PhyH.

MITOCHONDRIA
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w-Oxidation is a minor pathway of the SER, It generates dicarboxylic acids.
HO—C OH It is upregulated in certain conditions such as MCAD deficiency.

dicarboxylic acid

TAGs are the body’s major fuel storage reserve.
The complete oxidation of fatty acids to CO2 and H20 generates 9 kcal/g offat (as compared to 4 kcal/g protein or carbohydrate)

Exercise and sources of energy

ATP Wiacl 1e of e
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Aerobic metabolism
(Chapters 17 and 18)
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Creatine phosphate

Energy —

)

4th source : Aerobic metabolism ( needs

=
s fovog?ouml whca T un S Anaerobic oxygen ) to produce more ATP and the Aerobic
wuscle wil g p e Aok wifz metabolism metabolism is
e ad e il 325607 (Chapter 16) important for runners to run long distance for
long time without exhausting and this is why
?@» RS runners
exercise more and more to have more oxygen
1 | to make Aerobic metabolism to produce more
Seconds — Minutes — Hours — ATP to run

long distance for long time .
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ketone bodies

-

2x acetyl-CoA

!

0 0
Hy—C—CH, CHy~C~CH,~CO0" (MW)SPG\H lo )\Q\om'

OH
CH3—CH—CH,—COO~
~Hydroxybutyrate

Advantages:
Soluble (no carrier is needed)

Fast
Spare glucose

o,
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ketone bodies is responsible in generating
@ At wake-up time: 3-4% of energy
@ Prolonged fasting:30-40% of energy

The longer the starvation period the greater the dependence on
ketone bodies
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(HMG) CoA synthase
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D-fi-Hydroxybutyrate

Use of ketone bodies

FATTY ACID

AMINO ACID
CATABOLISM OXIDATES

LIVER GLYCOLYSIS

2 Acetyl CoA
CoA

CoA  Acetyl CoA

Acetoacetyl CoA

3-Hydroxy-3-methylglutaryl CoA
} Acetyl CoA

HiC——C——5CoA

Acetoacetate Acetyl-CoA

| 3-hydroxybutyrate
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PERIPHERAL TISSUES
(for example, muscle)

2 Acetyl CoA
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There are 2 types of cells that can NOT utilize ketone bodies:

1.RBCs, they dont have mitochondria.

2. liver, because liver cells dont have thiophorase enzyme, so they stick in the point where they have just acetoacetate and

hydroxybutyrate.(exam question!!!!)

Under glucose-poor condition,

When cellular glucose is low, oxaloacetate is
diverted into gluconeogenesis. In addition,
1. Excess FA breakdown produces large

amounts of acetyl CoA.
2. Acetyl CoAinhibits pyruvate dehydrogenase.
3. Pyruvate is diverted toward oxaloacetate by
pyruvate carboxylase.
4. Oxaloacetate is converted to malate,
5. and then back to oxaloacetate in the cytosol
6. Gluconeogenesis is activated and
oxaloacetate is depleted.
7. Acet oAis diverted into keto

nesis

Diabetic ketoacidosis

‘\\N\QQ‘Q\QN\\ WNORY e
Normally, <’~)
Levels of ketone bodies: <3 mg/dl ;

NAD+:NADH is 10:1

3HB:AcAc is T1:1

Under uncontrolled diabetes,

Levels of ketone bodies: 90 mg/dl and urinary excretion of ketone
bodies may be 5,000 mg/24 hours.

The end-results:

Acidemia (ketoacidosis), Dehydration and Fruity odor of breath
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Alcoholic ketoacidosis 2

o
There is also, g
Acidemia (ketoacidosis) Butf, 3HB:Ac is ~3:1 ‘2
The ratio gets back to 1:1 after a few hours Gluconeogenesis is suppressed.
Pyruvate is converted to lactate leading to hypovolemia, heart failure, and sepsis. o ; ; 1'2 1'6 2'0 2'4

Hours of Therapy
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phosphodiester

Classification of Glycerophospholipids

W(J Does)F  <— Phosphatidic acid - -H
‘ 3 Plasmalogens
Phosphatidylethanolami Ethanol — CH;~CH;—NH,
C-C-N
Phosphatidylcholine Choline 9 = CJ_I,—QI,—.\'(EH.[. either bond
( lecithin S . e
Phosphatidylserine Serine C ~ CHy~CH—-NH, H2C— o- (‘: L"J R1
C-c-N 00
o |0
Phosphatidylglycerol Glycerol — CH;~CH—CH,—OH HC—0- C— R, «— Ester bond
- —c_ sl H (o}

. H o-® HL-0~
Jo__af

1
Phosphatidylinositol myo-Inositol 4,5 N 6" l}l H AN
4,5-bisphosp bisphosph b f Phosphodiester
El 2 H (?ll HO /6—@) bond
off = g
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Sources of choline and ethanolamine

Choline and ethanolamine are obtained from diet, synthesized, or re-cycled from the turnover of pre existing phospholipids
Diet is still essential since demand > supply

1)the backbone (the Diacylglycerol)
CDP-Diacylglycerol + glycerol >> phosphatidylglycerol + CMP
> CDP-Diacylglycerol + inositol >> phosphatidylinositol + CMP
2)the head group
CDP-choline + Diacylglycerol >> phosphatidylcholine + CMP
CDP-ethanolamine + Diacylglycerol >> phosphatidylethanolamine + CMP

Synthesis

Location: smooth ER
Except for ether lipids
Activation by CDP is necessary.

Lujain Ahmad



