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Lipids are water insoluble, 
heterogeous molecules

A)Functions
a)compartmentalize cellular 

components and biochemical 
pathways: membranes

b)storage of metabolic energy
c)coenzymes
d)signaling molecules and effectors

B)Hydrophobic, lipophilic

C)Major factor in obesity, diabetes, 
atherosclerosis

    

Fatty Acid Structure

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

2. Can contain double bonds 
(normally found in the cis 
configuration), but are 
usually unbranched.

3. Always amphipathic due to 
invariant carbonyl end.
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“∆” nomenclature locates double bonds:  
counting from the carbonyl end 

e.g. cis-∆(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 (8CI)
(9Z)-Octadecenoic acid

9-Octadecenoic acid, (Z)-
Oleic acid-9,10-t

9-Octadecenoic acid (9Z)-
nchembio.103-comp16
9-cis-Octadecenoic acid

(Z)-Octadec-9-enoic acid
Emersol 220 white oleic acid

9,10-Octadecenoic acid
9-Octadecenoic acid (9Z)- (9CI)

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)- (9CI)
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“∆” IUPAC nomenclature 
locates dbl bonds:  counting 
from the carbonyl end 

1. cis-∆(9,12,15)-
octadecatrienoic acid

2. n-Hexadecanoic acid

3. cis-∆(9)-octadecenoic acid

4. cis-∆(9,12)-octadecadienoic 
acid

“ω” [omega] nomenclature marks the first 
dbl bond from the opposite, or, methyl end

1. ω (omega) carbon 
numbering – terminal 
methyl group is always 
the omega carbon.  
Begin counting at omega 
carbon (#1); most common 
are ω-6 or N-6 or n-6 
(linoleic) and ω-3 (N-3; n-3) 
(linolenic) fatty acids. These 
two are “essential” 
fatty acids.
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Examples of essential fatty 
acids:

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

(ω-6) linoleic acid, cis-
cis-9,12-octadecadienoic acid

Saturated Fatty Acids 
have higher melting 

points

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

2.Degree of saturation of fatty acids 
greatly affects membrane behavior.

oleic vs stearic acids
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Triacylglycerols (TAG’s) are the storage 
form of fatty acids

1. The majority of our fatty acid 
intake is from our diet

2. When cellular energy is 
plentiful, fatty acids can be 
synthesized de novo

3. The acyl chain on carbon 1 of 
a TAG is usually saturated, 
that on carbon 2 is often 
unsaturated, and that on 
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

The critical players for the 
uptake of fats from the diet 
are:  pancreatic lipase and 

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

Mechanism of lipases resembles that of 
chymotrypsin, with a catalytic triad

Digested fats form mixed 
micelles in the intestinal lumen

1. 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 
directly absorbed by intestinal mucosal 
cells.
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Resynthesis of triacylglycerides and cholesteryl 
esters at the ER of intestinal mucosal cells

1. 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

Chylomicrons transport TAG’s and Cholesterol-
esters to peripheral tissues

1.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.
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TAG’s in chylomicrons are broken down 
primarily in the capillaries of skeletal 

muscle and adipose tissue

1. 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

Unsaturated bonds are typically in cis 
configuration

Oleic acid Elaidic acid
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trans fatty acids can also be incorporated 
into TAG’s and phospholipids

versus

Elaidic acid

Palmitic acid

Why are trans fatty acids unhealthy?
1. epidemiological studies
2. biochemical studies
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Fatty acid degradation 
provides metabolic energy in 

several ways

1.Via breakdown of acyl chains into a 
number of Acetyl-CoA molecules.

2. Via recovery of Glycerol-6-
phosphate from triacylglycerols.

3.During starvation, hepatocytes divert 
Acetyl-CoA from the TCA cycle 
(which is driving gluconeogenesis) 
towards production of  Ketone 
Bodies (primarily Acetoacetate).

FATTY	
  ACID	
  BIOSYNTHESIS

1. Sites	
  -­‐	
  major	
  (liver,	
  lacta2ng	
  mammary	
  gland)	
  
and	
  minor	
  (adipose	
  2ssue,	
  kidney)

2.Precursors	
  and	
  cofactors	
  –	
  acetyl	
  CoA,	
  ATP,	
  
NADPH,	
  CO2

3.Main	
  site	
  of	
  synthesis	
  is	
  in	
  the	
  cytoplasm

4.Cytoplasmic	
  acetyl	
  CoA	
  is	
  from	
  transported	
  
mitochondrial	
  acetyl	
  CoA

1.Citrate	
  shuHle	
  transports	
  acetyl	
  CoA	
  from	
  
mitochondria	
  and	
  to	
  cytoplasm	
  (Fig.	
  16.6)	
  -­‐	
  
mitochondrial	
  citrate	
  synthase	
  (OAA	
  +	
  Acetyl	
  
CoA)	
  →	
  citrate	
  →	
  	
  	
  cytoplasm	
  →	
  cytoplasmic	
  
citrate	
  lyase	
  (OAA	
  +	
  Acetyl	
  CoA)

5.acetyl	
  CoA	
  is	
  precursor	
  for	
  faHy	
  acid	
  synthesis;	
  
energy	
  charge	
  (ATP	
  levels)	
  must	
  be	
  high	
  in	
  the	
  
cell
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6.Carboxylation/decarboxylation – provides 
energy and mechanism for synthesis (Fig. 16.7) 
– acetyl CoA carboxylase (covalently bound 
biotin); ATP; CO2; 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)

8.	

 	



(1~) (1~)

(1~)(2~)

6.Carboxylation/decarboxylation – provides 
energy and mechanism for synthesis (Fig. 16.7) 
– acetyl CoA carboxylase (covalently bound 
biotin); ATP; CO2; 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)

8.	

 	



Ahmad et al., JBC 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

Fatty acid 
synthase

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

2. It is composed of a single 
polypeptide chain!

3. It has a special domain, the 
ACP, (acyl carrier protein) 
which covalently binds a 4’-
phosphopantetheine 
molecule.
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Domain 1 [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
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the interactions and linking of functional sub-
units. Notably, animal FAS invests only ~9% of
its total sequence for linkers (Fig. 2, A to E) and
an additional 16% for the lateral noncatalytic
YME and YKR domains (Fig. 1A). No scaf-
folding insertions are found in the catalytic cores.
This is in contrast to the fungal FAS, the other
megasynthase for which a high-resolution struc-
ture is available (2, 4, 13). In that multienzyme,
almost 50% of the total sequence forms a com-
plex structural matrix of numerous inter- and
intradomain insertions, which define the spatial
organization of the catalytic domains. The only
structured linker domain in mFAS connects the
KS and MAT domains [KS-MAT linker domain
(Fig. 2A)] and is composed of amino acids 420 to
490 between KS andMATand of residues 809 to
837 joining MAT and DH. It includes two short
a-helices facing the KS and a three-stranded anti-
parallel b sheet on the MAT side and acts as an
adapter, preventing any direct interaction between
the KS andMAT domains. Similar linker domains
were recently found in the KS–acyl transferase
didomain structures of two PKSmodules (18, 21).
Although an additional helix is inserted in the PKS
linker domains (fig. S1), the relative positions of
the transferase and KS domains remain essentially
the same in mFAS and PKS (fig. S2).

The connection between the condensing and
modifying part of mFAS is provided by residues
838 to 858 between the KS-MAT linker domain
and the DH domain (Fig. 2, D and E). Again, the
conformation and position of this linker closely
resembles those observed in KS-acyl transferase
didomain structures from PKS modules, even
though these didomains are derived from mod-
ules with a considerably different sequence con-
text, containing only KR domains for b-carbon
modification (18, 21). Besides the linker itself,
only very limited contacts are formed between
the condensing and modifying parts of mFAS
(with an interaction area of 230 Å2). It is even
possible that some percentage of molecules in the
crystal have an alternative connectivity between
the two parts (equivalent to a rotation of the upper
portion of the molecule), which would escape
detection by crystallographic methods (figs. S3
and S4).

The KR domain acts as a central connector
for the modifying part of mFAS and interacts
with the DH, ER, and noncatalytic YME and
YKR domains (Fig. 3, A and B, and table S3). In
contrast, neither the DH nor the ER domain
interacts with either of the noncatalytic domains,
and the contact between the DH and ER domains
is very weak. The KR domain interacts with the

second hot dog subdomain of DH, forming an
800 Å2 interface. The contact between KR and
ER is less intricate and extends over an area of
400 Å2. About 10% (or 1100 Å2) of the KR
surface is involved in a contact with the YKR
domain, mimicking one of the two major
dimerization interfaces observed in the tetrameric
KR of bacteria (fig. S5). The YME, which has
the highest mobility based on atomic displace-
ment parameter analysis (fig. S6), protrudes from
the mostly planar body of mFAS. It is docked via
interactions with the KR and the YKR domain,
the former providing 20% (200 Å2) and the latter
80% (800 Å2) of the docking area.

Most of the linker regions in the modifying
domains are solvent exposed (Fig. 2). An impor-
tant exception is b strand–forming regions at the
N terminus of theYKR-ER linker (residues 1513
to 1518) and the C terminus of the DH2-YME
linker (residues 1117 to 1123). These are buried
between the KR, YKR, and YME domains and
have an important structural role, as discussed in
the next paragraph (Fig. 2C).

The Nonenzymatic Domains
The KR character of the mFAS YKR domain,
which has approximately half the size of the
active KR domain, is maintained only in the

Fig. 1. Structural overview. (A) Cartoon representation of mFAS, colored
by domains as indicated. Linkers and linker domains are depicted in
gray. Bound NADP+ cofactors and the attachment sites for the disordered
C-terminal ACP/TE domains are shown as blue and black spheres, re-
spectively. The position of the pseudo-twofold dimer axis is depicted by
an arrow; domains of the second chain are indicated by an appended

prime. The lower panel (front view) shows a corresponding schematic
diagram. (B) Top (upper panel) and bottom (lower panel) views,
demonstrating the “S” shape of the modifying (upper) and condensing
(lower) parts of mFAS. The pseudo-twofold axis is indicated by an
ellipsoid. (C) Linear sequence organization of mFAS, at approximate
sequence scale.

5 SEPTEMBER 2008 VOL 321 SCIENCE www.sciencemag.org1316

RESEARCH ARTICLES

Fatty acid synthase ACP domain with 
phosphopantetheine prosthetic group
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1) malonyl transferase

2) ketoacyl synthase
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3) ketoacyl reductase

4) dehydratase

31

31
Monday, September 21, 2009



5) enoyl reductase

6) thioesterase
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1. 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

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?

malonyl transferase domain
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3-Ketoacyl-ACP-
synthase

1. 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.

The deep pocket within ketoacyl 
synthase, in combination with 

thioesterase, are postulated to limit acyl 
chain length synthesis to 16 carbons
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Summary of fatty 
acid synthesis

8 acetyl CoA + 14 NADPH + 14 H+ + 7 ATP

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

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

a) the hexose monophosphate shunt

b) cytoplasmic malate dehydrogenase
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Summary of fatty acid synthesis

1. 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
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1. Humans do not have the enzymes 
required to introduce double bonds 
(desaturate) past the number 9 
carbon of fatty acids.

2. Therefore, linoleic and linolenic acids, 
both important precursor molecules, 
are considered essential fatty acids

Synthesized fatty acids can be 
stored as TAG’s

1. 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

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

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