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Lipids are water insoluble,

FATTY ACIDS
heterogeous molecules %o
TRIACYLGLYCEROL
O  CH,0-C
A)Functions C-0-C-H g
a) compartmentalize cellular esc
components and biochemical PHOSPHOLIPID
pathways: membranes o CHZ-O-g
b)storage of metabolic energy C-0-C-H o )
C) coenzymes CHZ—O-g_-O—CHZCHzN (CHg)s
d)signaling molecules and effectors STEROID

B)Hydrophobic, lipophilic

C)Major factor in obesity, diabetes,

atherosclerosis e
GLYCOLIPID
3
C=0
Hlll OH
Carbohydrate H H
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Fatt)’ Acid Structure Hydrophobic Hydrophilic

hydrocarbon chain carboxyl group
(ionized at pH 7)
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B- B )
C-0 C-0

I. Vary in total number of
carbons in the acyl chain.

2. Can contain double bonds
(normally found in the cis

<«<—— Saturated ——>

configuration), but are bond
usually unbranched. Unsaturated ——>
' bond
3. Always amphipathic due to (cie conffguration)

invariant carbonyl end.
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“A” nomenclature locates double bonds:
counting from the carbonyl end

e.g. cis-A(9)-octadecenoic acid

{Oleic Acid}

Oleic Acid
cis-.delta.9-Octadecenoic acid
cis-Delta(9)-octadecenoic acid

cis-delta(sup 9)-Octadecenoic acid
<i>cis</i>-9-Octadecenoic Acid
Oleic acid (8Cl)
(9Z)-Octadecenoic acid
9-Octadecenoic acid, (Z)-
Oleic acid-9,10-t
9-Octadecenoic acid (9Z)-
nchembio.|103-compl 6
9-cis-Octadecenoic acid
(Z)-Octadec-9-enoic acid
Emersol 220 white oleic acid
9,10-Octadecenoic acid
9-Octadecenoic acid (9Z)- (9Cl)
cis-9-Octadecenoic-9,10-3H2 acid
cis-.delta.(sup 9)-Octadecenoic acid
9-Octadecenoic acid (Z)-, sulfurized
9-Octadecenoic acid (9Z)-, sulfurized
9-Octadecenoic-9,10-t2 acid, (Z)-
4-02-00-01641 (Beilstein Handbook Reference)
9-Octadecenoic-9, 10-t2 acid, (9Z)- (9Cl)
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“A” IUPAC nomenclature
locates dbl bonds: counting
from the carbonyl end

I. cis-A(9,12,15)-
octadecatrienoic acid

2. n-Hexadecanoic acid
3. cis-A(9)-octadecenoic acid

4. cis-A(9,12)-octadecadienoic
acid

- (
. ‘fy o-Linolenic acid | 18:3(9,12,15)
(

Fatty acids with chain lengths of
four to ten carbons are found in
significant quantities in milk.

Structural lipids and triacylglycerols
contain primarily fatty acids of at
least sixteen carbons.

COMMON
NAME STRUCTURE

Formic acid 1
Acetic acid 20
Propionic acid 3.0
Butyric acid 4.0
Capric acid 10:0
Palmitic acid 16:0

-
T

Palmitoleic acid | 16:1(9)
Stearic acid 18:0
Oleic acid 18:1(9)

1 Linoleic acid 18:2(9,12)

Arachidonic acid| 20:4(5,8,11,14
Lignoceric acid | 24:0
Nervonic acid 24:1(15)
[Precursor of prostaglandins
Essential fatty acids|
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“W” [omega] nomenclature marks the first
dbl bond from the opposite, or, methyl end

I. w (omega) carbon
numbering — terminal
methyl group is always
the omega carbon.
Begin counting at omega
carbon (#1); most common
are w-6 or N-6 or n-6
(linoleic) and w-3 (N-3; n-3)
(linolenic) fatty acids. These
two are “essential”
fatty acids.
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Double bonds between carbons
numbered from carboxy carbon

(5-6)
(8-9)
(11-12)
(14-15
HE HH dH
HOOG(CHy);C=C- CHy C=C ~CH,y~G=C-CHy~G=C(CH,),CH

Double bonds between carbons
numbered from methyl (») end

(15-16)

(12-13)

(9-10)

(6-7)

HHOHH R
HOOC(CH2)3C:C’CH2'C:C'CHz'C:C'CHZ_C:C:CH2)4cH3

L
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Examples of essential fatty
acids:

(w-3) linolenic acid, all-
cis-9,12,15-octadecatienoic
acid

(w-6) linoleic acid, cis-
cis-9, | 2-octadecadienoic acid

Saturated Fatty Acids
have higher melting
points

I.An example of this includes Olive oil
versus candle wax.

2. Degree of saturation of fatty acids
greatly affects membrane behavior.
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Triacylglycerols (TAG’s) are the storage
form of fatty acids

CH, CH,

o o
|. The majority of our fatty acid aiyero
intake is from our diet S acyaeeral

0« 2 CH; 0
Sc-0” ch “o—C7

2. When cellular energy is O(:>
plentiful, fatty acids can be X
synthesized de novo

3. The acyl chain on carbon | of
a TAG is usually saturated,
that on carbon 2 is often
unsaturated, and that on R R
carbon 3 can by either.

TAGS don’t form membranes, and they
cannot be directly absorbed from food
(aggregates are too large)
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Fats are broken down to forms that can

passage into intestinal mucosal cells

Dietary lipids
:
H
H
H
*duunnnn
MOUTH

Fatty
H,0 acids
Cholesteryl
esterase L.

,NTS:;-'{#.E Most of the CE, PL, TAG,

and some short- and
medium-chain fatty acids

TO BLOOD

H
Bile salts emulsify,
and pancreatic

9
R-C-O
Cholesteryl ester (CE) Cholesterol
©
CHOCAAAAAAAA 2Fatty CH,-OH
| acids
(o} 2H,0
FE=EAAA/ Y EVAA HCRO
9 Lipases (")
CH,0P - OCH,CH,N*(CHs) CH,OP - OCH,CH,N*(CHg)g
o

© Choline
Phosphatidyicholine

(a phospholipid = PL) Glycerylphosphorylcholine

T enzymes degrade
dietary lipids
(
- (L
.
.

CHYLOMICRONS V
(LYMPH)
1\ PRIMARY PRODUCTS
Reesterified) . | _ | Free fatty acids
= 2-Monoacylglycerol
Cholesterol
Remaining pieces of
]
Y

ZF':’ny

[o) acids

W 2H,0

RC-OGH Qe
CH,-0-C-Ry A

Triacylglycerol (TAG) 2-Monoacylglycerol
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The critical players for the

uptake of fats from

are: pancreatic lipase and

bile salts

the diet

Glycocholic acid
(a bile salt)

Cholic acid Glycine
(a bile acid)

T e ———

Copyright @ 2008 Wolters Kiuwer Health| Lippincott Williams & Wilkins
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Mechanism of lipases resembles that of
chymotrypsin, with a catalytic triad

0. - 5 ’ -

o ~ H,0 y [o] 0. H,0 0
TR e CH,0H
Lol o \__/ ol J/ L
R O=—C=H R O=—C=H O R Om—C~H
H i

CH,OH CH,OH

ch\‘O"/ )

Triacylglyceride /lL Diacylglyceride Monoacylglycerol

http://www.angelo.edu/faculty/nflynn/Biochemistry/CT%20Catalytic%20Mechanism.htm

Digested fats form mixed
micelles in the intestinal lumen

|. Fatty acids, monoacyglycerol and
cholesterol can be absorbed by intestinal
mucosal cells.

2. After absorption, triacylglycerols are re-
formed and cholesterol re-esterified.

3. These [very hydrophobic] compounds are
packaged by apolipoproteins into
chylomicrons for transport throughout
the body via lymphatic and, subsequently,
blood stream.

4.Short and medium chain fatty acids can be s
directly absorbed by intestinal mucosal l;

cells.

U NTESTINAL 7 4%
\_  MUCOSALCELL Y,

Copyright © 2008 Wolters Kiuwer Health | Lippincott Williams & Wilkins
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Resynthesis of triacylglycerides and cholesteryl
esters at the ER of intestinal mucosal cells

INTESTINAL MUCOSAL CELL Amino acids —>» —>» —> Apolipop B-48 Phosp p x
Fat-soluble
Acyl CoA Acyl CoA
2.M S > T
'Y N 7 L 19ty
Mcu
9 Fatty acyl-CoA synthetase ('?
RC-O" v r > RC-CoA
Long-chain fatty acids CoA ATP AMP + PP; Fatty acyl-CoA
CoA
c LoplEi > C yl ester
TO LYMPHATIC SYSTEU
~-
Copyright © 2008 Wolters Kluwer Health | Lippincott Williams & Wilkins

|. Fatty acids are activated by fatty acyl CoA synthetase
[requires ATP].

2. Triacylglycerol synthase re-joins 2-monoacylglycerol with
two fatty acyl CoA

3. Cholesterol is re-esterified with fatty acyl CoA by Acyl CoA
cholesterol acyltransferase

16
M4 Y
Chylomicrons transport TAG’s and Cholesterol-

esters to peripheral tissues

INTESTINAL MUCOSAL CELL Amino acids —>» —>» —> pop B-48 P

Fat-soluble x

Acyl CoA Acyl CoA
ylgly M\/ > Triacylgly
CoA CoA
o o
Ré» o Fatty acyl-CoA synthetase > Ré- CoA
Long-chain fatty acids CoA ATP AMP + PP; Fatty acyl-CoA
CoA
. Acyl CoA > C yl ester
' TOLYMPP-{TAJTIC?SVSTEU
Copyright © 2008 Wolters Kluwer Health | Lippincott Williams & Wilkins
I.Mature Chylomicrons contain TAG's, cholesterol, cholesterol
esters, phospholipids and apoliporotein B-48.
2. The apolipoprotein stabilizes the particle and increases its
solubility. It also prevents multiple particles from coalescing into
a large mass.
17
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TAG’s in chylomicrons are broken down
primarily in the capillaries of skeletal
muscle and adipose tissue

|. Lipoprotein lipase degrades TAG’s into free
fatty acids and glycerol

2. Free fatty acids can be absorbed by neighboring
cells or transported to other sites by the carrier
protein, albumin.

3. Glycerol that is released from triacylglycerol is
used primarily by the liver to produce
glycerol 3-phosphate which can by utilized by
glycolysis or gluconeogenesis

18

Unsaturated bonds are typically in cis
configuration

o 57/z

Oleic acid Elaidic acid

19
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trans fatty acids can also be incorporated
into TAG’s and phospholipids

HO -\_‘”//\.\/"\V/I\J/‘\, \4,’)\//\/ N N CH,y

Elaidic acid
versus

CH,

o o . O ’\\,/\ \/\/’F\\/ - A\/ J\“\,/’
Palmitic acid 7 -

Why are trans fatty acids unhealthy?
|. epidemiological studies
2. biochemical studies

W \Ffucwse 1,6-bis-P /— Glyceraldehyde Fructose 1-P
< i "

Glyceraldehyde i Glyceraldehyde 3 P =, Dihydroxyacetone-P

Glycolysis L

1,3-bis-Phosphoglycerate Glycerol-P «—— Glycerol

7 | |
3-Phosphoglycerate
lT %—»Triacylglycerol

2-Phosphoglycerate T
V1 Fatty acyl CoA <« Fatty acids
Ala.] _—> Phosphoenolpyruvate ) Triacylglycerol
Cys ! T synthesis and
Gly degradation
Ser Lactate < Pyruvate Malonyl CoA
Thr co CO/ Leu
ﬂ [’ Phe
NH co Tyr
3 2 Acetyl-CoA € < Acetoacetate «— T!p
A t [
Carbamoyl-P 5':} o \\ =
y << 3-Hydroxybutyrate
Aspartate €5 Oxaloacetate Citrate

L Citrulline /v \'\\

/ \& Malate copmpswmry  Isocitrate Gin

R Arglnmosucclnate Ir :céﬂ! }’002 ij Pro
rithine Elimarate o o-Ketoglutarate < Glu «<— His

/5>co, Arg

rglnme Succinate Succinyl CoA «— Methylmalonyl CoA

Urea \—// T
[l
/ Meet ——> Propionyl CoA
Phe] Val Acetyl CoA
Tyr Thr Fatty acyl CoA
(odd number of carbons)
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Glyceraldehyde 3-P

)
Fatt)’ aCid degradation 1,3-bis-Phoi;}hoglycerate Glyjerol-P — GlycTeroI
provides metabolic energy in e B ohycorol
[ v
Several Ways 2-Phosphoglycerate 1 |
W Fatty acyl CoA <« Fatty acids
~» Phosphoenolpyruvate /1 m«ml
s
ictate <5 Pyruvate Malonyl CoA
|.Via breakdown of acyl chains into a 5 4 I,coz S ks A
number of Acetyl-CoA molecules. Y . o
Acetyl-CoA S & Acetoacetate «<— r
2.Via recovery of Glycerol-6- (_@e N 2
phosphate from triacylglycerols. |- - -Hydroxybutyrate
Xaloacetate itrate
3.During starvation, hepatocytes divert ~ // N\
Acetyl-CoA from the TCA cycle Ma'ra'e 'S°C‘$:aéeo Z'.g
(which is driving gluconeogenesis) n£,a,e Sy u-Ketoglutarazte S Glu «— e
towards production of Ketone \ />co, Arg
BOdieS ( rimar’il Acetoacetate) Succinate Succinyl CoA <— Methylmalonyl CoA
P Y ) S~———" ;
Met — Proplor}yl CoA
Val > Acetyl CoA
Thr Fatty acyl CoA
(odd number of carbons)
FATTY ACID BIOSYNTHESIS MITOCHONDRIAL MATRIX
. o . OAA Acetyl CoA
|.Sites - major (liver, lactating mammary gland) cetyl Co
and minor (adipose tissue, kidney) Citrate synthase Naw coa
2.Precursors and cofactors — acetyl CoA, ATP,
NADPH, CO, ™ Citrate
3.Main site of synthesis is in the cytoplasm ' 1 <
4. Cytoplasmic acetyl CoA is from transported ‘ [ , ‘
mitochondrial acetyl CoA ’ : Z |
\__,—:w - (“v’/'
|. Citrate shuttle transports acetyl CoA from INNER MITOCHONDRIAL MEMBRANE
mitochondria and to cytoplasm (Fig. 16.6) - J\/L
mitochondrial citrate synthase (OAA + Acetyl Cittats
CoA) — citrate — cytoplasm — cytoplasmic Coa—y| arp
citrate lyase (OAA + Acetyl CoA)
. . . ATP-Citrate lyase
5.acetyl CoA is precursor for fatty acid synthesis; ADP + P,
enltlergy charge (ATP levels) must be high in the OAA Acetyl CoA
ce
CYTOSOL
Figure 16.6
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Production of cytosolic acetyl CoA.



o0 00
o0 00
Acetyl CoA carboxylase
(inactive dimer)

6. Carboxylation/decarboxylation — provides

energy and mechanism for synthesis (Fig. 16.7) Citrat A e
irate - \f» nn r

— acetyl CoA carboxylase (covalently bound fatty acyl CoA

biotin); ATP; CO,; product is malonyl CoA (3
carbons)

7.Regulation of acetyl CoA carboxylase (rate-

limiting, committed enzyme) Aceg::g\‘,’: p‘ﬁ;‘;?:r};lase
o : ? -0 0
a) short term - polymerization of dimer CHy-C-S-CoA C~CH,-C-S-CoA
(protomer) is stimulated by citrate; inhibited | Acetyl CoA O Mmalonyl CoA
by malonyl CoA and palmitoyl CoA (Fig. 16.7) %(IN) (1)
co, 1]

ATP ADP + P;
(2) (1)

1

Figure 16.7

Allosteric regulation of malonyl CoA synthesis by acety/ CoA

carboxylase. The carboxyl group contributed by dissolved
COy is shown in blue.

6. Carboxylation/decarboxylation — provides
energy and mechanism for synthesis (Fig. 16.7)
— acetyl CoA carboxylase (covalently bound
biotin); ATP; CO,; product is malonyl CoA (3

carbons)

7.Regulation of acetyl CoA carboxylase (rate-
limiting, committed enzyme)

a) short term - polymerization of dimer
(protomer) is stimulated by citrate; inhibited
by malonyl CoA and palmitoyl CoA (Fig. 16.7)

Ahmad et al., |BC 253, 1978
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b) phosphorylation — glucagon and
epinephrine stimulate phosphorylation =
inactive; high insulin and carbohydrates
promote dephosphorylation = active (Fig.
16.8)

c) long term - enzyme levels; increased by
high carbohydrate, low fat diet (high citrate
activates); inhibited by low carbohydrate,
high fat diet. Same is true for fatty acid
synthase

Protein phosphatase

P;
Acetyl CoA Acetyl CoA
carboxylase- P carboxylase
(inactive) (active)

cAMP-dependent
protein kinase

[+

ADP ATP

Glucagon
Epinephrine

Figure 16.8

Hormone-mediated, covalent regulation of acetyl CoA carboxylase.

Cysteine
residue

Fatty acid
synthase

o

\ FATTY ACID

SYNTHASE

Acyl carrier protein domain with
4"-phosphopantetheine (ACP-SH)

.s ~C-CH=CH-CH, (81

NADPH + H*

| multifunctional enzyme
with seven (6) different
catalytic activities.

2.1t is composed of a single “

polypeptide chain!

NADP*

.s -C-CH,CH,~CH, NG

Four-carbon, satu
fatty acyl-ACP (bu

3.1t has a special domain, the
ACEP, (acyl carrier protein)
which covalently binds a 4’-
phosphopantetheine

CHy-C-$-CoA
SH  Acetyl CoA SH
—am 9 )
SH V] S-C-CH,

€00 added by acefy!
CoA carboxylase

o c CH,~ c S-CoA
s-c‘cn, M-Ionyl CoA S C CH:
—
2 SH 131 s c cH2 &
co,

s NADP‘ NADPH + u
Q oH
s»c-cu,—g-cn, s c CH,- c CHy
H

& c CH,- Heemers
S-C-CHCHCHy © _Malony Con s c C“z C"z CHy
SH l3l s C- L:H2 &

rated co,
tyryl-ACP)

.s C- CH: CH, CH; CH,-CHy

molecule.

NADP* NADPH H,0 NADP*  NADPH(=oy
SIS S N b
] (6% 5 ACP4S-C-CH,-C-CH,-CH, CHy

Six-carbon, saf
fatty acyl-ACP

\

(hexanoyl-ACP)

Repeat steps "\ SH H,0 SH
o R=17 - R
ive times more S-paimitate SH

turated

Sixteen-carbon, saturated
fatty acid (palmitoyl-ACP)

PALMITATE

Copyright © 2008 Wolters Kluwer Health |

Lippincott Williams & Wilkins
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Domain | [substrate entry]

(1) malonyl/acetyl transferase
(2) 3-Ketoacyl-ACP synthase

Domain 2 [the reduction

unit]

(3) 3-Ketoacyl-ACP reductase

(4) 3-Hydroxyacyl-ACP
dehydratase

(5) Enoyl-ACP reductase

Domain 3 [the palmitate
release unit]
(6)ACP (acyl carrier protein
domain)

Palmitoyl thioesterase

Monday, September 21, 2009

Cysteine COO™ added by acety/
residue CoA carboxylase
Q o, 2
CHy-C-S-CoA SC-CH,-C-S-CoA o
S_ C:\CHG
(o)
n -0
S-C-CH,-CZ
2"Co-

(o} =
SH  Acetyl CoA SH") S-C-CH, ° Malonyl CoA
e [} > R -
H U] s-c-cH, @ SH O]
(4

(7]

FATTY ACID
SYNTHASE
co,

Acy! carrier protein domain with
4-phosphopantetheine (ACP-SH)

1+,
& H,0 o NADP*  NADPH + H o
0 PN — o o N J o o
$-C-CH=CH-CH, 161 $-C-CHyC-CH; 5] $-C-CH,~C-CH,
H
NADPH + H*

NADP*

o
O5¢-cH,-G-5-Con

0 o o
SHD - S-C-CH,~CH,-CH; m|°||3y.| CoA S‘?AC"{C";-CH,
5-C-CH-CH,-cH, 121 SH 13 $-C-CHy-CZ
AL SOl

44
Four-carbon, saturated co,
fatty acyl-ACP (butyryl-ACP)

SH NADP* NADP‘K H,0 NADP* NADP:K ovolsH
o NSl S Nl o o
S-C-CH;CH;CH,~CH,-CH, ] 6% 5 ACP4S-C-CH,~C-CH,~CH,CH,
\

\ Sis bon, saturated Si; rbon, saturated
fatty acyl-ACP fatty acid (palmitoyl-ACP)
\ (hexanoyl-ACP) o (pa Y )

Repeat steps
. 1217 \\ - W> ' paLmiTaTE
e Umes moro, S-palmitate SH

Copyright @ 2008 Wolters Kluwer Health | Lippincott Williams & Wilkins
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29

Fatty acid synthase ACP domain with
phosphopantetheine prosthetic group

Phosphopantetheine
group

’

Acyl carrier protein Coenzyme A

30
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H)C/'C"\c)]\s/“”
2) ketoacyl synthase e

31
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Malonyl ACP

ACP + coz/

31
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Malonyl ACP

/ Condensation
ACP + €O,

Monday, September 21, 2009
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|. transfers short chain acyl-CoA
to ACP domain

2. uses both acetyl-CoA and
malonyl-CoA with equal
efficiency

3. can also utilize propionyl-CoA
to form odd-length fatty acids

malonyl transferase domain

v

o

'

If malonyl transferase really can’t
distinguish between acetyl-CoA
and malonyl-CoA, what happens
if it binds and transfers several
acetyl-CoA’s in succession to
ACP, instead of malonyl-CoA?

Monday, September 21, 2009
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3-Ketoacyl-ACP-
synthase

|. catalyzes the committed
step in acyl chain
elongation, but is not
rate-limiting for fatty acid
synthesis (acetyl CoA
carboxylase)

2. somehow measures the
growing chain and
terminates elongation at 16
carbons.

34

The deep pocket within ketoacyl
synthase, in combination with
thioesterase, are postulated to limit acyl
chain length synthesis to |6 carbons

acyl pocket

PP pocket

35
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(o) o]

il 1 1
ACP-S.C{CH,),CH, + KAS-S* <—> ACP-$.C-{CH, ), CH, [€——> KAS-5-C-(CH; ),CH, + ACP-S°

7
KAS

o o HCO, o

il n 0} I
ACP-$-C-CH,C-0- €— ACP-S-C-CH,” € ACP-S-C=CH,

[ o o |

o
1 il i i T
ACP-S-J:-CH,' * KAS-§-C-(CH,).CH, €—> |ACP-§-C-CH,-C-(CH,),CH, €—> ACP-§-C-CH,-C-(CH,),CH, + KAS-S"

KAS J

Summary of fatty
acid synthesis
8 acetyl CoA + 14 NADPH + 14 H+ + 7 ATP

L
Vs

palmitic acid (16:0) + 8 CoA + 14 NADP* +
7 ADP + 7 Pi + 7 H20

I. The major suppliers of NADPH for fatty
acid synthesis are:

a) the hexose monophosphate shunt

b) cytoplasmic malate dehydrogenase

Monday, September 21, 2009

Oxaloacetate

+
Cytosolic naph- |~ NAPH +H
dependent malate
dehydrogenase

i NAD*

2
Cc-0°
H-GC-OH
cHe
’/c\
o 0
Malate

COo,
NADP*-dependent

malate dehydrogenase NADP*

(malic enzyme)
NADPH =y
+H*

o
c-o
¢-0
CHjg

Pyruvate

Reductive synthesis of
fatty acids, steroids, sterols h

Cytochrome P450 system h

Detoxification of reactive
oxygen intermediates h

Copyright © 2008 Wolers Kiuwer Health | Lippincott Willams & Wilkine
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Summary of fatty acid synthesis

Acetyl CoA is produced
a in the mitochondria and
source of the mitochondrial step in the gluconeogenic
acetyl CoA to be used for pathway. form citrate, the first step
fatty acid synthesis. It also in the acid
produces cytosolic reducing cycle.
equivalents of NADH. Pyruvate
enters the mitochondria.

The pathway p i ial
pyruvate, which is the primary (OAA) is produced by the first
condenses with OAA to

CYTOSOL

MITOCHONDRIAL MATRIX

Glucose 2 Pyruvat 2 Pyruvate
RY Palmitate
NADH A
co, H,0
NADP*(\(’“A N0
2
napPH—|
ADP + P, 4 AP N - NAD*
NADP* ;
L Malale N ATP ADP + P.‘J > NaoH
NADH j
Acetyl
ADP + P‘ CoA

llrale
Citrate leaves the mitochondria
and is cleaved in the cytosol to
produce cytosolic acetyl CoA.

Cytosolic reducmg equlvalenls (NADH)
urln

the reduction ol NADP lo NADPH

needed for palmitoyl CoA synthesis.

The carbons of cytosolic acetyl CoA are
used to synthesize palmitate, with
NADPH as the source of reducing
equivalents for the pathway.

Copyright © 2008 Wolters Kluwer Health | Lippincott Williams & Wilkins

|. Additional two-carbon units can be added to
palmitate by separate enzyme systems contained in
the ER and mitochondria.

2. Certain cell types in the brain can add up to a total
of 24 carbon units to an acyl chain

3. Enzymes present in the ER (mixed-function
oxidases) are responsible for desaturating fatty
acids using NADPH as a cofactor

Monday, September 21, 2009
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Humans do not have the enzymes
required to introduce double bonds
(desaturate) past the number 9
carbon of fatty acids.

Therefore, linoleic and linolenic acids,
both important precursor molecules, ¢
are considered essential fatty acids R

Synthesized fatty acids can be
stored as TAG’s

The fatty acid chains must be activated by fatty acyl CoA
synthetases.

a) This enzyme is located on the outer mitochondrial
membrane.

b) It utilizes ATP to form an acyl adenylate intermediate.
Cleavage of the resulting pyrophosphate makes the
reaction irreversible

Glycolytic intermediates must be tapped to produce
glycerol phosphate (the liver (only) can also do this via
glycerol kinase.

Acyltransferases can build TAG’s from activated fatty
acids and glycerol phosphate.

Monday, September 21, 2009

CH,OH
HO -(IJ =[ 9
CH,-0-P-0"
o
Glycerol phosphate
o
CoA-C-R,
Acyliransferase

CoA

(7_4

e
CH,-0-C-R,
HO *(]) -H 9
CH,=0-P -0
o
Lysophosphatidic acid
e
CoA-C-R,
cyltransferase

CoA

<

o
O  CH,-0-C-R,
R;C-0-C-H 0O
CHp=0-P -0

e}
Phosphatidic acid (DAG phosphate)

H,0
hosphatase

Py

<

0
O CH,-0-C-R,
Rp-C-0-C-H
CH,OH
Diacylglycerol
o

CoA-C-Ry
Acyltransferase

(74

CoA

2
O  CH,-0-C-R,
R,-C-0-C-H ©
CH,-0-C-Ry
Triacylglycerol

40 2008 Wolbre Kaw s Hesli Ligpineoll Wilins & Wilkine
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Fatty Acid Synthase Activity in Tumor Cells.

Little JL, K

While normal tissues are tightly regulated by nutrition and a carefully balanced system
of glycolysis and fatty acid synthesis, tumor cells are under significant evolutionary
pressure to bypass many of the checks and balances afforded normally. Cancer cells
have high energy expenditure from heightened proliferation and metabolism and often
show increased lipogenesis. Fatty acid synthase (FASN), the enzyme responsible for
catalyzing the ultimate steps of fatty acid synthesis in cells, is expressed at high levels
in tumor cells and is mostly absent in corresponding normal cells. Because of the unique
expression profile of FASN, there is considerable interest not only in understanding its
contribution to tumor cell growth and proliferation, but also in developing inhibitors that
target FASN specifically as an anti-tumor modality. Pharmacological blockade of FASN
activity has identified a pleiotropic role for FASN in mediating aspects of proliferation,
growth and survival. As a result, a clearer understanding of the role of FASN in tumor
cells has been developed.
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