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@ Bile salts emulsify
dietary fats in the
small intestine, forming
mixed micelles.

@ Intestinal lipases
degrade triacylglycerols.

@ Fatty acids and other breakdown L;)»O
products are taken up by the 4
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&

intestinal mucosa and converted
into triacylglycerols.
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Fatty acids are oxidized
as fuel or reesterified
for storage.
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Apolipoproteins

FIGURE 17-2 Molecular structure of a H‘ulmmr.mn The surface is
a layer of phospholipids, with head groups facing the aqueous phase,
Triacylglycerols sequestared in the interior (yellow) make up more than

B0% of the mass, Several apolipoproteins that protrude from the sur-
face (B-48, C-lI, C-lI) act as signals in the uptake and metabolism of

chylomicron contents, The diameter of chylomicrons ranges from
about 100 to 500 nm.
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Epithelial cells

Each of the villi of the small intestine consists of a
layer of epithelial cells and a core of capillaries and
connective tissue. The outside (apical) face of each
epithelial cell is covered by smaller projections called
the microvilli or brush border.
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F.my acids diffuse across the brush border membrane
and into the ep:thehal cells. Therc, lhe fal.ty acids
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MECHANISM AIGURE 17-5

Conversion of a fatty acid to a fatty

acyl-CoA. The conversion i catalyzed

by fatty acyl-Cod synthetass and

inarganic perophosphatass, Fatty acid

activation by formation of the Fatty )

acyl-Cof derivative occurs in two - I-II'.-':"'I.II;.:'I'!.'II-_':-:'-: ik

steps. In step {EI:} the carboxylate ion '

displaces the outer two (8 and ) 0

phosphates of ATP to form a fatty i ) G:I_"_':I_
N i“

- - ]
acyl-adenylats, the mixed anhydride ~-0—P—0—P—0~  + iy g s a
£ {enzyme-bound)

of @ carboxylic acid and a phosphoric I,r'l

acid. The other product is PP, an
excellent leaving group that is Pyrophosphate CoA-SH
immediately hydrolyzed to tao P, fatty acyl-Cod @
pulling the reacticn in the forward e synthetass AMP
pyrophosphatase
|

direction. In stsp @ the thiol group of
cosnzymes A caries out nucleophilic P, Pt Fatty: eyl=Co
attack on the enzyme-bound miesd "

anbrgdride, displacing AMP and formirg L w S{;m&"

the thicester fatty acyl-CoA. The AG™ = —19 k. J/maol AG™ = — 15 kJ/mal

overall reaction is highly exergonic,  WWW.-Kaoyancas.net ifor the two-step process)

,{“C
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FIGURE 17-6 Fatty acid entry into mitochondria via the acyl-camitine/ A, fresing camitine to return to the intermembrane space trough the
carnitine transporter. After fatty ecyl-carniting is farmed at the outsr zame transporter, Acylransfersss | is inhibited By malomyl-Cod, the
membrane or in the intermembrane spacs, it moves into the matnx first intermediate in fatty acid synthesis (se= Fig. 271-1). This inhibiticn
by facilitated diffiusion through the tm“ﬂﬁﬁﬁj’kﬁtﬁ)&ﬁﬁ'&gﬁ'ﬂ?ﬁ“ﬂ- prevents the simultanecus synthesis and degradation of fatty acids.
In the matriz, the acyl group is trarsferred to mitochondrial cosnzyme
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Experiments (1904): fatty acids are degraded
by oxidation at the B carbon, 1.¢., } oxidation.

Phenyl acetate

Benzoate = Z—C acetyl growups

Conclusion: Phenyl products shown can only resulr if carbons are removed in pairs
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This bond
is cleaved.
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were localized in the mitochondria matrix.
Revealed by Eugene Kennedy and Albert
Lehninger in 1948.
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FIGURE 17-T Stages of fatty acid oxidation. Stage 1: A long-chain
fatty acid is oxidizsd to yisld acstyl residues in the form of acetyl-
Col, This process is called 2 oxidation. Stage 2: The acetyl groups ars
oidized to CO; via the citric acid cycle. Stage 3: Electrans derived
| fram the cxidations of steges 1 and 2 pass to Oz via the mitochon-
drial respiratory chain, providing the energy for ATP synthesis by
cxidative phosphoryd aticn.
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{a) Gram-positive bacteria and mitochondrial
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FIGURE 17-15 The enzymes of 8 oxidation. Shown here are the dif-
ferent subunit structures of the enzymes of B axidation in gram-positive
and grarm-negative bacteria, mitochondria, and plant peroxisomes and
glyoxysomes, Enzy is aoW-Col dehydrogenase; Enzz, enoyl-Cod hy-
dratess; Enza, L-8-hydroccyacyl-CoA dehydrogeness; Enzg, thiolase;
Enzs, o-3-hydroeyacyl-CoA epimerase, and Enzs, a!n.z'..-!n.z-an-:q.rl-ﬂcuﬁ. 50
meres2, (a) The four enzymes of B cxidation in gram-positive bactena

are separate, soluble entities, & are thosgg tkaohamcaynneteific
systern of mitcchondria, (b)Y In gram-negative bactena, the four enzyme

activities reside in three polypeptides; enzymes 2 and 3 are parts
gingle polypsptide chain, (e} The wry-longchain-specific system of
mitochordria is ako compossd of three polypsptides, one of which
includes the activities of ermymes 2 and 3; in this cese, the system is
bound to the inner mitcchondrial membrans. (d) In the perodisomal
and ghyoeeysormal g-oxidation systers of plants, enzymes 1 and 4 are
saparate polypeptides, but enzymes 2 and 3, as well as two auxiliary
enzymes, are part of a singls polypsptide chain, the multifunctional pro-
tein, MFF.
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table 1 /-1

Yield of ATP during Oxidation of One Molecule of Palmitoyl-CoA
to CO, and H,0

Enzyme catalyzing the NMumber of NADH Mumber of ATP
oxidation step or FADH,, formed ultimately formed®
Acyl-CoA dehydrogenase 7 FADH, 10.5
#-Hydroxyacyl-CoA dehydrogenase 7 MADH 17.5
|socitrate dehydrogenase 8 NADH 20

a-Ketoglutarate dehydrogenase 8 NADH 20
Succinyl-CoA synthetase 8!
succinate dehydrogenase 8 FADH- 12
Malate dehydrogenase 8 NADH 20
Total 108

*These calculations assume that mitochondrial oxidative phosphorylation produces 1.5 ATP per
FADH., oxidized and 2.5 ATP per NADH oxidized.

'GTP produced directly in this step yields ATP in the reaction catalyzed by nucleoside
diphosphate kinase (p. 578),
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Mitochondrion Peroxisome/glyoxysome

FIGURE 17-13 Comparison of ,E oxidation in mitochondria and in

R—CHy—CH—C peroxisomes and glyoxysomes. The peraxisomalglyoxysomal system
S-Lod differs from the mitochondrial system in two respects: (1) in the first

GE.DH ey~ PAD— ‘Y 0, oxidative step electrons pass directly to O, generating H;O,, and

(2] the NADH formed in the sscond oxidative step cannct be reoxi-
Hyl) - %ﬂ.g dized in the psroxisoms or glycxysome, so reducing eguivalents are
exported to the cytosol, eventually entering mitachondria. The acstyl-
oA produced by peroxisomes and glyoxysomes is also exported: the
acetate from glyoxysomes (organelles found only in germinating seeds)
sarves a5 a bicsynthetic precursor (see Fig. 17-14). Acetyl-Co& pro-
duced in mitochondria is further oxidized in the citric acid a:yr:!e
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FIGURE 17-20 Ketone body formation and export from the liver.
Conditions that promote gluconsogenesis (untreated diabetes, seversly
reduced food intaks) slow the citric acid cycle (by drawing off ox-

B alcacetate) and enhance the conversion of acetyl-CoA to acstcacetats.
KA@Pe38a8€H coenzyme A allows continued 8 cxidation of fatty acids.
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