Chem 30B

Ch24: Lipid Metabolism
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Digestion of Triacylglycerols

Dietary
triacylglycerols

Mouth and stomach l

Undigested, in droplets

Bile acids and

Small intestine pancreatic lipase

Glycerol and soluble
fatty acids enter
bloodstream

Insoluble acylglycerols
and fatty acids
enter micelles

Absorption through
small intestine lining
Triacylglycerols in chylomicrons

Absorption into
lymph system |

Triacylglycerols in chylomicrons

Delivery into
bloodstream

Y

Triacylglycerols in chylomicrons
ready for delivery to cells
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Lipoproteins

Fatty acids from
storage in adipose
tissue
TAGs
Lipids in diet synthesized
in liver

Digestion—
emulsification

by bile acids

Cholesterol
synthesized
in liver

Cholesterol

from
dead cells

Transportby = Transportby  Transport by
chylomicrons serum albumin VLDLs

Bloodstream
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[Handout] Oxidation of Fatty Acid

H HoO FAD FADH, 0 H,0 OH cgsc A
11 _ A AL
Ri=CH,CHy € —C~C-SCoA A 5 R=CH,CHy C= G~ C-SCoA — > 5 R-CHLCH,C Goemske

- Enoyl-CoA hydratase
Fatty acvl-CoA Acyl-CoA dehydrogenase y y
Y acC) 1 0
NAD* NADH/H* o 0 H-SCoA 0 0
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Further rounds of $-oxidation



Oxidation of Fatty Acids

B carbon atom

Step 1. A double bond is
introduced by enzyme-
H H O

catalyzed removal of two
| | | | hydrogens from carbons 2

and 3. The coenzyme FAD
Fatty acyl-CoA FAD is needed for this step.
\1% FADH,
(ﬁ ﬁ acyl-CoA dehydrogenase
R—CH,CH,—C—SCoA + CH;—C—SCoA o
Step 4. A carbon—carbon [
bond is broken to yield H - /C —SCoA
acetyl-CoA and a chain- H—SCoA 4 CcC=C
shortened fatty acid. il N
Further oxidation R—CELCH, i
acyl-CoA acetyltransferase =
O O (repetition of Steps 1-4)
| | ) enoyl-CoA hydratase
R— CH,CH, —C—$-CH,—C—SCoA 10
- Step 2. Water adds to the
5 3 O double bond to yield an
Step 3. The alcohol group NAD"

| | alcohol.
is oxidized to a ketone. The
coenzyme NAD™ is used.

B-hydroxyacyl-CoA dehydrogenase
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Energy from Fatty Acid Oxidation

1. Activation: —2 ATP [One-time loss for the whole fatty acid molecule]
2. B-Oxidation:

2 ATP (from 1 FADH,) + 3 ATP (from 1 NADH) =5 ATP/ B-oxidation
round

(5 ATP/ B-oxidation round) x No. of B-oxidation rounds = No. of ATP
from all B-oxidation rounds

*Note: Repeat B-oxidation for each 2-carbon unit EXCEPT for the last 2-
carbon unit, since last oxidation cleaves 4-C unit into 2 acetyl-CoA.

3. Citric acid cycle:
No. of carbon atoms in fatty acid/2 = No. of acetyl-CoA

(12 ATP / 1 acetyl-CoA) x No. of acetyl-CoA = No. of ATP from all acetyl-
CoA

TOTAL: Net ATP from three steps above.



Energy Yield from Glucose vs. Fatty Acid

* 1 mol of glucose (180 g) generates 38 mol
of ATP.

* 1 mol of lauric acid (12:0, 200 g) generates
95 mol of ATP.

» Fatty acids yields more energy per gram
than carbohydrates:

Carbohydrates = 4 Cal/g (16.7 kJ/g)
Fats and oils = 9 Cal/g (37.7 kJ/g)



