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Background
Polyunsaturated fatty acids synthases are large enzymatic complexes that produce PUFAs, such as eicosapentaenoic acid (EPA, 20:5w3) and
docosahexaenoic acid (DHA, 22:6w3). These !-3 fatty acids are essential for the human health and nutrition. In general, w-3 fatty acids are
found in fish, seeds, and some unicellular organisms like marine Gammaproteobacteria, Myxobacteria or Schizochytrium. The bacterial PUFA
synthases are analogous to polyketide synthases (PKS), which are proteins involved in the bacterial antibiotic production mechanism.
Understanding the enzymology and biochemistry of PUFA synthases continues to be rudimentary.
The system contains a main conserved long protein known as PfaA, which features multiple acyl carrier protein (ACP) domains. The initial
biosynthesis reaction in LC-PUFA synthesis is likely to be the activation of ACPs of PfaA from their inactive apo-form to their active holo-form
by the PPTase activity of the protein PfaE (Chan and Vogel 2010). After, PfaA acetyl transferase domain (AT) promotes the binding of malonyl-
CoA to the ACPs. Then, the KS domain catalyzes the condensation of the ACPs by the Claisen reaction. Consequently, the keto group would be
reduced by a keto reductase domain (KR), which would form a hydroxyl moiety. Then, the hydroxyl moiety is dehydrated by a dehydratase
domain (DH) that forms a trans-double bond, followed by a reduction to form a saturated C-C bond or an isomerization.

Hypothesis
As described in the literature, ACPs can be self-acylated with
malonyl-CoA but not with acetyl-CoA. Similarly, the KSAT
domain promotes the binding of malonyl-CoA to the ACPs but
not acetyl-CoA. However, the opposite is observed in the active
site mutant AT-S703A. We propose that some other polar
residue could be performing the role of AT-S703A. Also, we
wanted to optimize the observation method of the mutants of
AT domains.
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Methodology 2. Site-Directed Mutagenesis
1. Protein Overexpression and Purification.            
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INTRODUCTION 
In vitro site-directed mutagenesis is an invaluable technique for 
characterizing the dynamic, complex relationships between protein structure 
and function, for studying gene expression elements, and for carrying out 
vector modification. Several approaches to this technique have been 
published, but these methods generally require single-stranded DNA 
(ssDNA) as the template1–4 and are labor intensive or technically difficult. 
Our QuikChange II Site-Directed Mutagenesis Kit* allows site-specific 
mutation in virtually any double-stranded plasmid, thus eliminating the need 
for subcloning and for ssDNA rescue.5 In addition, the QuikChange II site-
directed mutagenesis kit does not require specialized vectors, unique 
restriction sites, multiple transformations or in vitro methylation treatment 
steps. The rapid three-step procedure generates mutants with greater than 
80% efficiency in a single reaction (see Figure 1). The protocol is simple 
and uses either miniprep plasmid DNA or cesium-chloride-purified DNA. 
For long (~8 kb) or difficult targets, we offer the QuikChange II XL Site 
Directed Mutagenesis Kits (Catalog #200521 and #200522). 
 
 

 
 

FIGURE 1 Overview of the QuikChange II site-directed mutagenesis method. 
 
 
* U.S. Patent Nos. 6,391,548,  5,923,419,  5,789,166,  7,132,265, and 7,176,004. 

Transformation
Transform  mutated  molecule
into competent cells for nick repair

Dpn I Digestion of Template
Digest parental methylated and
hemimethylated DNA with  IDpn

Mutant Strand Synthesis
Perform thermal cycling to:
1) Denature DNA template
2) Anneal mutagenic primers
    containing desired mutation
3) Extend primers with
     DNA polymerasePfuUltra
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Results & Discussion
1. Purifications of PfaA KS-AT and ACPs

Purification of the KS-AT
domain of PfaA. KS-AT
domain has a molecular
mass of 130 kDa.

2. Gel Electrophoresis of ACPs 3. Radioactivity Assays

4. Constructions of One-Point Mutations 5. Purification of AT-S703A 6. AT-S703A  Radioactivity Assay  

Purification of 1ACP of the
ACP domain. 1ACP has a
molecular mass of
approximately 11,35 kDa.

Purification of the 5ACPs
of the ACP domain. 5ACP
has a molecular mass of 55
kDa.
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17,5% native urea-PAGE gel
electrophoresis of Apo and
Holo-forms of ACP at different
concentrations of DTT (2mM
and 50mM, respectively).
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The functionality of Apo- and Holo-form
of the ACP domains was the main study
in this work. A series of experiments
were performed to identify the different
species of ACP. However, there was no
visible difference in molecular weight
between both active and inactive forms
of the single ACP.

Radioactivity assay of Apo- and Holo-forms of ACP. 

Apo Holo 

Radioactivity assay of KSAT and 5ACP. 

In accordance with other authors the ACP protein can exist in two
forms, the Apo-ACP, that is not activated so there is no presence of
the PPT arm, and the Holo- ACP, totally active and able to be
malonylated (2). We observed that it is necessary that the ACP
carries the PPT moiety in order to load the substrates of the pathway.
We also study the interactions between KSAT, 5ACP, and the
substrates. It was determined that KS-AT promotes the binding of
malonyl-CoA but no acetyl-CoA.

Purification of ATS703A mutant of the AT domain. ATS703A has
a molecular mass of 130 kDa that is observed in the fractions 3,
to12. The first three wells of the gel were loaded with the protein
marker (M), the pellet (P), and the flow through (F), respectively.
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Radioactivity assay of KSAT, 5ACP, and
ATS703A.
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To study the substrate specificity of
the AT domain, the serine from the
active site was mutated to an
alanine (ATS703A). Strikingly,
analyzing the ability of the mutated
AT domain to bind radioactive
substrates, we observed a change in
the substrate binding specificity of
the AT, which transferred an acetyl
residue to the ACP but not malonyl.

AT                         KS

Structural model of AT-S703A, AT-S607A, and AT-S863A
mutations on the AT domain of the di-domain KS-AT. The
mutation AT-S703A is represented in the figures by a pink
sphere in the center of the active center of the protein. The
green and yellow spheres represent the AT-S603A and AT-
S863A one-point mutations respectively. The mammalian
FAS (ID: 2VZ8) was used as the structural template.

Conclusions 
• It was determined that ACPs self-acylate with malonyl-CoA but not 

acetyl-CoA. We have proved that KS-AT promotes the binding of 
malonyl-CoA to the ACPs but not acetyl-CoA. 

• When the serine active site of the AT domain is mutated (AT-
S703A), the AT domain transfers an acetyl-CoA residue to the ACPs
instead of malonyl-CoA.

• This change in substrate binding specificity presents a new result to
understand the specificity of AT domains.
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