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Investigations into 13-Ketoacyl-ACP Synthase ill and Enoyl-ACP Reductase of Plant Fatty 

Acid Synthase 

Hayley Diana Clarke 

Abstract 

An antisense transgenic approach was taken in order to assess the importance of 13-ketoacyl-ACP

Synthase Ill (KAS III) in regulation and initiation of de novo fatty acid synthesis in planta. The 

transgenic plants were generated in order to show whether alternative pathways exist to initiate 

fatty acid synthesis if the most direct route is lost. 

In order to develop such a study, a KAS lii cDNA clone of 1622bp was isolated from a Brassica 

napus embryo library. This clone was used to generate an antisense construct containing a strong 

double 35S promoter and a CaMV poly A tail. The antisense vector was transformed into both 

Brassica napus and Arabidopsis thaliana. Sixty-three antisense KAS IIIlines were generated in 

Brassica napus, along with 10 transgenic KAS m Arabidopsis thaliana lines. The open reading 

frame of the KAS Ill cDNA clone was overexpressed in E.co/i to yield a novel protein of 45kDa. 

It was subsequently purified and used to raise KAS Ill polyclonal antisera. This provided an 

immwtological tool that could detect KAS II1 in leaf and seed extracts in wild type Brassica 

napus. 

To analyse whether KAS m caused any pleiotropic effects on other F AS components such as 

down regulation of other F AS enzymes, a quantitative ELlS A assay was developed to Enoyl

ACP-Reductase (ENR). This was the first such assay for the detection of ENR in plants and its 

development has required careful consideration of sample preparation. Levels of KAS III, ENR 

and 13-Keto-ACP-Reductase (BKR) were assessed in developing leaf of wild type cultivars, along 

with total fatty acid levels in the growing leaf. 

Analysis oftransgenic KAS Ill lines was performed in conjwtction with the analysis oftransgenic 

sense and antisense ENR Brassica napus that had become available during the study. Transgenic 

KAS III lines were seen to be slower growing, but were still able to grow to maturity, flower and 

set seed. This suggests that the KAS Ill down regulation may lead to the use of alternative 

pathways in the synthesis of the initial condensation product acetoacetyl-ACP. Down regulation 

of ENR in some antisense KAS III lines suggest that a pleiotropic effect may have been exerted 

as a result of the lowering ofKAS m levels. The analysis of the Tl generations for both KAS HI 

and ENR during this study showed that certain lines possessed a phenotype which is characterised 

by a slower growing plant, where a change of seed morphology was observed along with a 

change in testa colour and a decrease in overall fatty acid levels in the seed. 
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Chapter 1 

General Introduction 

1.1 Fatty Acid Structure and Function 

A fatty acid is an organic compound consisting of a hydrocarbon chain and a terminal 

carboxyl group (figure 1.1). Fatty acid chain length is known to range from one to thirty 

carbon atoms but the most common fatty acids found in plants are between twelve and twenty 

two in length. Fatty acids are an essential component of all living organisms. They serve 

structural, metabolic and storage functions and are mainly found in the cell as constituents of 

lipids, prominently glycerolipids, sterols and waxes. 

Commercially and scientifically there is considerable interest in plant fatty acids and lipids. 

The reasons for this include the high variation of plant lipids which differ considerably from 

those found in animal cells. Mammals cannot synthesise many polyunsaturated fatty acids 

(e.g. a.-linoleic acid) and so certain plant lipids are essential dietary components for mammals. 

Plant storage lipids provide a large concentrated reserve that can be readily utilised and 

provide a good source of oil for both the chemical and food industries. It has been estimated 

that the chemical industry alone utilises 9,500 kilotonnes of oils and fats per year (Somerville, 
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Figure 1.1 Structure of a Straight Chain Fatty Acid. This organic compound consists of a 

hydrocarbon chain and a tenninal carboxyl group. 

1993). This source could also in the long term provide a suitable, renewable alternative to 

fossil fuels. 

Glycerolipid is the generic term for a variety of lipids that are esters containing a glycerol 

backbone to which three individual residues are esterified. One such important class of 

glycerolipid is the phospholipid. Phospholipids are the main structural components of cell 

membranes and fatty acids can be fow1d be at the sn-1 and sn-2 positions with a phosphate 

ester attached at the sn-3 position (figure 1.2 (a). Within the structure of a biological 

membrane, it is thought that most of the lipid is present as a bimolecular sheet with the fatty 

acid chains in the inner part of the bilayer. The lipid bilayer serves as an environment for 

insertion of membrane proteins due to the ionic interactions between the phosphate 

headgroups of the phospholipid and the membrane proteins. These interactions, plus 

hydrophobic interactions between the fatty acid chains and hydrophobic regions of the 

proteins, create an environment which can act as a physical barrier and at the same time allow 
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the membrane to serve as a selective filter and a device for active transport (Albert et al., 

1989). 

A second important glycerolipid group, which are of particular importance in plants, is the 

galactolipid (figure 1.2 (b). This class has a galactose residue at the sn-1 position and fatty 

acid moieties at the sn-2 and sn-3 positions. Galactolipids are a main constituent of 

chloroplastic membranes. The third main class of glycerolipid is the acylglycerol (figure 1.2 

(c). Acylglycerols are a major storage lipid, the most common of which is the triacylglycerol. 

Three fatty acids are esterified to the glycerol backbone and this molecule provides a high

density energy store which can then be easily utilised via P-oxidation. 

There are a variety of other diverse, less well defined functions involving fatty acids and 

lipids. In plants there is some evidence to show that lipid molecules play a key role in 

signalling and recognition in host range specificity of nodulating bacteria (Lerouge et al., 

1991). Slabas et al. (1992) have shown that there is significant homology of the amino acid 

sequence of P-ketoacyl-ACP reductase to the NodG gene product, which previously had no 

function assigned. Also NodE has been shown to be highly homologous to a condensing 

enzyme. These findings further indicate that it is likely that there is a need to synthesise fatty 

acids during nodulation (Hopwood and Sherman, 1990). Fatty acids can also act as pre-cursors 

in the synthesis of jasmonic acid (Vick and Zimmerman, 1984) and fatty acids are a main 

constituent of the epicuticular wax layer in leaves (Post-Beittenmiller, 1996), which can act as 

a barrier against fungal attack (Kolattukudy, 1987). 
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1.2 Fatty Acid Synthesis- Introduction 

Fatty acids are essential to the growth and maintenance of every cell and this has led to the 

extensive investigation of the fatty acid synthesis pathway. The basic biochemistry is similar 

in all organisms and the enzymes which catalyse the reactions are collectively known as fatty 

acid synthases. The de novo synthesis of fatty acids requires the co-ordination of several 

enzyme activities. The synthesis is seen to proceed in a cyclic manner with the fatty acid chain 

elongated by the sequential addition of two-carbon units (figure 1.3). 

Two types of fatty acid synthase (FAS) organisation are known. Type I FAS is found 

predominantly in animals (Amy et al., I 989) and yeast (Schweizer et al., 1984, Schweizer et 

al., 1986, Chirala et al., 1987). It is made up of one or two multifunctional polypeptide chains 

(Stoops et al., I 975, Witkowski et al., 1991 ). Separate domains on the peptide catalyse 

individual reactions of fatty acid synthesis. Type II F AS is found in plants and some bacteria, 

such as Escherichia coli, the enzymatic activities of this type of F AS exist as discrete 

monofunctional polypeptides. It is thought that the enzymes form a complex in order to 

synthesise fatty acids and each enzymic component can be readily dissociated and purified 

(Volpe and Vagelos, 1973). 

F AS in animals has been shown to be a homodimer of 450-550k:Da, with a subunit of 263k:Da. 

A subunit is defined as the acyl carrier protein site, with a 4'phosphopantetheine group along 

with the seven catalytic activities required to synthesise fatty acids. A model for Type I F AS 

in yeast has been suggested from the study of yeast FAS mutants (Schweizer et al., 1984). The 
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(Wakil et al., 1983). Although in plants acetyl-CoA is ultimately derived from products of 

photosynthesis, the way in which this pre-cursor is derived has been the subject of intensive 

investigation. 

Acetyl-CoA cannot cross membranes and so it must ultimately be synthesised in the plastid for 

use in de novo fatty acid synthesis. Although acetate has been shown to play a role in the 

synthesis of the acetyl-CoA pool (Ohlrogge et al., 1978) it may not be the direct precursor for 

plant lipid synthesis. Observations by Heintz et al., (1990) also see acetate as the preferred 

pre-cursor for fatty acids in developing barley leaves. Roughan (1995) analysed acetate 

concentration in spinach leaves and found that levels are two to three times higher in the light 

than in the dark. It was suggested by this study that these levels were high enough to drive in 

vivo fatty acid synthesis at maximum rates. 

Several other models for other possible pre-cursor substrates have been put forward, the first 

of which involves the use of cytoplasmic acetate (Liedvogel and Stumpf, 1982, Murphy and 

Stumpf, 1981 ). Acetate was incorporated into fatty acids at three times the rate of pyruvate 

and is preferentially used in the synthesis of fatty acids in spinach leaf. Mitochondria have an 

active pyruvate dehydrogenase (PDC) and it has been suggested that acetyl-CoA is 

synthesised here and hydrolysed to acetate in order to cross the mitochondrial membrane. It is 

then converted back to acetyl-CoA once it has been translocated into the plastid. 

A second model involves the production of acetyl-CoA from pyruvate and CoA catalysed by 

the chloroplastic form of pyruvate dehydrogenase (PDC). Chloroplastic PDC activity has 
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been demonstrated in pea (Camp et al., 1985.), maize and spinach (Treed.le et al., 1986). 

Further studies by Kang and Rawsthorne (1994) have showed that a range ofsubstrates can be 

used for starch or fatty acid synthesis by plastids isolated from the embryos of oil seed rape. 

This work showed that pyruvate was the most effective for fatty acid synthesis. It is possible 

that different synthesis of acetyl-CoA occurs in different tissues in the plant. 

Masterson et al. ( 1990) have also attempted to answer the precursor problem. The experiment 

tested four precursors that had the potential to create acetyl-CoA for fatty acid synthesis in pea 

leaf extracts. From the four precursors, the study suggested that L-acetylcarnitine was the most 

likely precursor. L-acetylcarnitine is converted to acetyl-CoA in a readily reversible reaction 

catalysed by a carnitine acetyl-transferase. Mclaren et al., (1985) have reported the existence 

of a chloroplastic carnitine acetyl transferase in pea and Burgess and Thomas ( 1986) have 

demonstrated the existence of a mitochondrial form in pea. The model suggests that the acetyl

CoA in the mitochondrial matrix could be converted to L-acetylcarnitine and then exported 

out of the mitochondria via a carnitine:acetylcarnitine translocator. This molecule could then 

enter the chloroplast via a carnitine acetyltransferase. However, further experiments carried 

out by Roughan et al. (1993) have implied that acetyl-carnitine is not as an important 

precursor of acetyl-CoA as first thought. They found that 0.4mM L-acetylcarnitine could not 

compete with 0.2mM acetate as a substrate for fatty acid synthesis. In addition to this they 

were unable to detect carnitine acetyl-transferase activity in chloroplast preparations. 

The use of malate has also been explored as a substrate for lipids (Smith et al., 1992), where it 

has been proposed that once sucrose is imported into developing endosperm, it is converted to 
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malate. Smith et al. (1992) showed that in leucoplasts of developing castor endosperm malate, 

and to a lesser extent pyruvate, gave the greatest rates of fatty acids in vitro. Eastmond et al., 

( 1997) examined the processes by which malate and pyruvate are taken up across the 

leucoplast envelope and propose that leucoplasts from developing castor endosperm contain a 

malate/Pi translocator that imports malate for fatty acid synthesis. Malate enters the plastid 

and is subsequently converted to pyruvate and then to acetyl-CoA by PDH. Kang and 

Rawsthome (1994) have also proposed glucose 6-phosphate (G-6-P) as a potential pre-cursor 

for plastidial acetyl-CoA. They showed that G-6-P was used at 70% of the rate of pyruvate in 

fatty acid synthesis. 

Ohlrogge et al., 1993 suggested that the involvement of ATP:citrate lyase in generating acetyl

CoA should be investigated further in plants. Wurtele et al. (1998) have recently identified 

two Arahidopsis cDNA clones for ATP:citrate lyase (ACL). Upon Northern analysis, these 

two cDNAs were seen to be upregulated during silique development. The m.RNAs 

accumulated in flower buds and developing siliques as well as in epidermal cells of growing 

organs. It was observed that the pattern of accumulation was similar to that of cytosolic 

ACCase and distinct from plastidial ACCase (section 1.4.1). This study also included an 

investigation of two mechanisms which may be involved in plastidic acetyl-CoA synthesis; 

pyruvate dehydrogenase (pPDH) and acetyl-CoA-synthetase (pACS). Both cDNAs were 

cloned from Arabidopsis and pPDH mRNA was seen to accumulate during the heart and 

torpedo stages of embryogenesis, indicating that it may play an important role in the 

generation of acetyl-CoA within the plastid. Conversely pACS mRNA accumulated at low 

levels. Acetyl-CoA synthetase has been purified from spinach (Zeiher and Randall, 1991) and 
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seen to be localised in the chloroplast and as well as being inhibited by the accumulation of 

acetyl-CoA (Kuhn et al., 1981 ). Hence this enzyme has been assumed to play a key role in 

chloroplastic acetyl-CoA synthesis. As pACS mRNA expression levels in Arabidopsis were 

reported to be low, it is possible that alternative pathways to plastidial acetyl-CoA synthesis, 

other than acetyl-CoA synthetase, exist. However, Northern analysis may indicate when 

transcripts are present but may not necessarily correlate to enzyme levels or longevity of the 

enzyme within the cell. 

Therefore the debate into acetyl-CoA synthesis and its likely precursor in fatty acid synthesis 

still continues and currently there is no consensus opinion for this pathway in plants. Due to 

the high demand of acetyl-CoA in the synthesis of such phytochemicals as flavonoids and D

amino acids, as well as fatty acids, it is highly likely that plants have a number of mechanisms 

in order to synthesise this important molecule. Indeed Wurtele et al., (1998) suggest that the 

multiplicity in acetyl-CoA generating systems could enable plants to differentially regulate the 

supply of this pre-cursor to each biosynthetic pathway which requires it. It is also possible that 

acetyl-CoA is synthesised in a various differing ways according to the plant species and tissue 

type. 

1.4 The Individual Enzyme Reactions 

This section will discuss the individual reactions required to make a fatty acid, particularly 

those of the type II F AS enzymes. The overall biochemistry is the same for both type I and 

type 11 F AS complexes. Due to both E. coli and plants containing the type II F AS, research into 
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In E. coli ACCase consists of four independent dissociable components; the biotin carboxyl 

canier protein (RCCP), a biotin carboxylase sub-unit and the carboxyl-transferase component 

that is composed of an a and f3 sub-unit (Magnuson et al., 1993). In E.coli cell extracts, the 

overall acetyl-CoA carboxylase reaction is lost as the enzyme easily dissociates and only thl! 

separate BCCP-biotin carboxylase and carboxyl-transferase components are detected. The 

overall reaction can be reconstituted in vitro by using high concentrations of the purified 

components (Gucehait et al., 1974 and Polakis et al., 1973). The genes encoding BCCP, biotin 

carboxylase and carboxyl-transferase subunits have been cloned (see table 1.1 for list of all 

fatty acid synthesis genes from E.coli). Genes designated accB (BCCP - Li and Cronan, 

1992a) and accC (biotin carboxylase - Li and Cronan, 1992a) have been shown to be eo

transcribed. Kondo et al. ( 1991 ), also independently observed that the accC ORF was located 

just downstream of the accB gene. The accA and accD genes which code for the a and f3 

subunits of the carboxyl-transferase are not closely located to each other or to the accBIC 

operon (Li and Cronan, 1992b). The regulation of E.coli ace genes is unclear, accB and accC 

are eo-transcribed and transcription of all four genes appears to be under growth rate control 

(Li and Cronan, 1993 ). This dissociable ACCase is commonly known as the prokaryotic form. 

The multimeric form of ACCase is not only present in E. coli, it is also present in the plastids 

of many plants and the multimeric form of ACCase has been isolated from the chloroplasts of 

pea (Alban et al., 1994). There has for sometime been much confusion as to the type of 

ACCase that was found in plants, although because of the need for malonyl-CoA in non

plastid reactions it was long thought that subcellular isoforms existed (Harwood, 1996). This 
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examined the isofonns of ACCase, of which there are seen to be five, and observed that a 

possible transit peptide motif is present on a clone which encodes for an ACCase I isozyme. 

Therefore the role and position of the two ACCase isofonns is now further complicated and it 

is possible that both ACCase forms play a role in fatty acid synthesis depending upon the flux 

of malonyl-CoA required by the plant. ACCase I is known to supply malonyl-CoA to the 

secondary pathway of flavonoid synthesis. Flavonoid levels were seen to be affected by the 

down regulation of ACCase I as observed by the lack of accumulation of anthocyanin 

pigments in the testa of the seed (White et al., 1998). It is possible that this is an observation 

that malonyl-CoA in the cytosol is being directed to the more important primary fatty acid 

synthesis pathway in the transgenic lines in order to synthesise essential fatty acids or that the 

antisense of ACCase I is also affecting another isoform of ACCase I which may be targeted to 

the plastid. 
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Gene Protein 
aas Acyl-ACP synthetase 

accA ACCase - Carboxyltransferase a-subunit 
accB ACCase - BBCP subunit 
accC ACCase- Biotin carboxylase subunit 
accD ACCase - Carboxyltransferase 13 subunit 
acpP ACP 
acpS ACP synthetase 
jab A 13-Hydroxydecanoyl-ACP dehydratase 
fabB 13-Ketoacyl-ACP synthase I 
fabD Malonyl-CoA:ACP transacylase 
fabF 13-Ketoacyl-ACP synthase ll 
fabG 13-Ketoacyl-ACP reductase 
fabH 13-Ketoacyl-ACP synthase Ill 
fabZ 13-Hydroxyl myristoyl-ACP dehydratase 
_I!fsB sn-glycerol 3 phosphate acyltransferase 
plsC 1-acylglycerol 3 _phosphate acyltransferase 

Table 1.1 The genes mapped in E. coli that are involved in fatty acid synthesis. 

There is currently considerable investigation into ACCase, as it has long been thought to be a 

regulatory enzyme in the synthesis of fatty acids in animals (Wakil et al., 1983) and it is 

thought that a regulatory step in the de novo fatty acid synthesis in plants is highly likely to be 

exerted by ACCase (Post-Beittenmiller et al., 1992). Studies by Page et al. (1994) used the 

herbicides fluazifop and sethoxydim to alter the activity of ACCase and measure the changes 

in flux through the lipid pathway. This demonstrated that ACCase exerts a strong flux control 

over lipid synthesis in plants. The vast interest in this enzyme has led to isolation of a variety 

of genomic and cDNA clones of ACCase isoforms from a number of plant species including 

Arabidopsis (Elborough et al., 1994a) alfalfa (Shorrish et al., 1994) maize (Somers et al., 
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1993) and Brassica napus (Elborough et al., 1994b). The enzyme has been isolated from many 

plant tissues including maize (Egli et al., 1993) and wheat (Rendina and Felts, 1988). This is 

discussed in more detail in the reviews by Harwood (1996) and Topfer and Martini (1994). 

Studies into regulation of ACCase have shown that this enzyme is regulated by light in a 

possible redox modulation (Sauer and Heise, 1983). This was shown by incubating 

chloroplasts in both dark and light and observing the activity rate of the two samples. 

Continuation of this work to prove that the ACCase is regulated by a redox reaction had until 

quite recently failed to demonstrate this, however studies by Sasaki et al., (1997) using 

dithiothreitol and thioredoxin as reductants in in vitro assays showed that plastidial ACCase 

was activated in the reductants presence. They suggest that the light directly regulates a site on 

the plastidial ACCase and the stromal pH and magnesi urn ion concentration, two other factors 

known to affect ACCase activity, are regulated by proton pumping in photosynthesis. 

1.4.2 Acyl-Carrier-Protein 

Acyl-Carrier-Protein (ACP) was the first protein involved in the synthesis of fatty acids to be 

purified from E.co/i (Majerus et al., 1964) and plants (Simoni et al., 1967). It is a small 

molecule which varies from 8-lOkDa depending up on the organism it has been isolated from. 

ACP is necessary to synthesise all de novo fatty acids and as its name suggests it is required to 

carry the growing acyl chain during the entirety of its synthesis. A thiol ester linkage attaches 

every fatty acid to an ACP molecule; this in turn activates the fatty acid and allows its 

involvement in metabolic reactions within the plastid (Majerus et al., 1965). 
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In order for ACP to bind to an acyl chain it must be in its ho/o fonn. This requires that the 

ACP is attached by a serine residue to a 4'phosphopantetheine group. A thiol group connects 

the acyl chain. If the ACP is present in its apo form (i.e. minus the 4'phosphopantetheine 

group), then it cannot be utilised in fatty acid synthesis. Holo-ACP synthases have been found 

in both the cytosol and plastid of plants (Elhussein et al., 1988, Femandez and Lamppa, 1990). 

These enzymes are thought to play a role in the production of holo-ACP as well as have a 

protective role by re-forming holo-ACP that has lost its prosthetic group. 

ACP has been purified from a variety of plants, including avocado mesocarp and spinach 

(Simoni et al., 1967), barley (Hoj and Svedson, 1983) and oil seed rape (Slabas et al., 1987). 

Slabas et al. (1987) demonstrated that ACP activity in oil seed rape was correlated with the 

deposition of storage lipid. The ACP activity rises rapidly and reaches a maximal rate but does 

not fall away again (at 46 DAF ACP activity is approximately 5.5dpm x 10-4/seed). Lipid 

accumulation was observed later in the developing seed and at 46 OAF lipid deposition ceases 

to yield approximately 1.1mg of fatty acid per seed. As ACP activity was shown to increase 

with the onset of storage lipid biosynthesis this has suggested that the ACP genes could be 

regulated both in a tissue and temporal specific manner. 

Protein purification and Western blots have unveiled the vast complexity of ACP isoforms in 

plants. Barley has been shown to contain at least three isoforms in the leaf alone (Hoj and 

Svedson, 1983). Comparison of the amino acid sequences of various ACPs reveals high 

sequence homology. Amino acid sequence information enabled the protein to be the first 
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central F AS component to be cloned from a number of plant species including spinach 

(Scherer and Knauf, 1987) and B.napus (Safford et al., 1988). However, when Brassica napus 

seed and leaf ACPs were compared on a northern blot only the embryo RNA was highlighted 

by the embryo ACP cDNA probe (Safford et al., 1988). This demonstrated that although there 

is strong homology between amino acid sequences from different species it is not reflected at 

the nucleotide level. 

A genomic clone for ACP has been isolated from Arabidopsis thaliana (Post-Beittenmiller, 

1986) and two from B. napus (de Silva et al., 1990). The analysis of the clones revealed all of 

them to be nuclear encoded based on the observation that no sequences were seen on a tobacco 

plastid genome (Ohlrogge et al., 1991). 

Overexpression of ACP in transgenic tobacco has shown that high ACP levels do not appear 

to cause any alteration in lipid components (Post-Beittenmiller et al., 1989). The study also 

demonstrated that the overexpressed apo-forrn was seen to be present in the chloroplast and 

therefore a phosphopantetheine group was not necessary for ACP uptake. However, 

experiments on the import of phosphopantethenylated precursor-ACP into spinach 

chloroplasts showed that if the chloroplasts were incubated simultaneously with pre-apo-ACP 

and pre-holo-ACP, that pre-holo-ACP was imported more efficiently (Savage and Post

Beittenmiller, 1994). 
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1.4.3 Malonyl-CoA:ACP Transacylase 

In order for malonyl-CoA to be used in fatty acid synthesis the acyl group must first be 

transferred to ACP. This reaction is carried out by malonyl-CoA:ACP transacylase (MCAT). 

MCAT was first cloned from E.co/i by complementation cloning (Verwoert et al., 1992) 

utilising a heat sensitive strain known as the E.coli fabD mutant. MCAT has been purified 

from a variety of plants including spinach (Stapleton and Jaworski, 1984) and soybean (Guerra 

and Ohlrogge, 1986) and recently the isolation of MCAT cDNA clones from rape and maize 

has been reported (Simon and Slabas, 1998). The crystal structure for bacterial MCA T has 

been solved and shows that this protein belongs to a class of folded proteins of a/13 type (Serre 

et al, 1995). Shimakata and Stumpf (1983a) showed that MCAT is highly active in spinach 

leaf and therefore is not thought to be a rate limiting step. This statement was supported when 

E.co/i MCAT was overexpressed in oil seed rape (Verwoert et al., 1994). Despite the level of 

MCA T activity increasing by as much as 55 times that of wild type, it did not did not effect 

the accumulation of storage lipid nor change the type of fatty acids produced. 

1.4.4 The Condensing Enzymes - J3-Ketoacyi-ACP Synthases 

The first condensation reaction in plant and bacterial fatty acid synthesis was originally 

thought to be between acetyl-ACP and malonyl-ACP; the acetyl-CoA being converted to 

acetyl-ACP by acetyl-CoA:ACP transacylase (ACAT). The condensation reaction was 

established by isotopic experiments that showed that the acetyl groups from acetyl-ACP are 

exclusively located at the methyl end of a fatty acid (Gurr and Harwood, 1991). Initial studies 
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