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a b s t r a c t

This study devised a pathway in Escherichia coli for direct production of long chain hydroxyfatty acids
(HFAs) from glucose. This is first report on the biosynthesis of HFAs from renewable sugar, without the
need of exogenous fatty acids. By employing thioesterases BTE and ‘TesA to tailor the composition of free
fatty acids (FFAs) and using fatty acid hydroxylase P450BM3 to convert FFAs to HFAs, high-specificity
production of C12 and C14 HFAs was achieved. By further knocking out the endogenous fadD gene of
E. coli, an engineered strain capable of producing 117.0 mg/L HFAs was finally obtained, representing a
high HFA production in shake flask. This study indicated an attractive metabolic strategy for the biosyn-
thesis of HFAs directly from renewable carbohydrates resources.

� 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Long chain hydroxyfatty acids (HFAs) as the intermediates are
widely used in the production of biodegradable plastics, cyclic lac-
tones and pharmaceutical agents (Pohl et al., 2008; Rawlings,
2003; Vandamme and Soetaert, 2002). Given that HFAs have great
commercial potentials, many endeavors have been made to
produce HFAs chemically or biologically. Though HFAs can be
prepared through a variety of organic synthesis, the expensive
starting material as well as the complicated procedures precluded
their industrial application in commodity plastics (Lie Ken Jie and
Lam, 1977; Metzger, 2009; Metzger and Bornscheuer, 2006).
Alternatively, HFAs can be produced through bio-routes with
different biocatalysts like yeast (Lu et al., 2010), Pseudomonas
(Wallen et al., 1962), Bacillus (Kuo et al., 2002; Lanser et al.,
1992) and Escherichia coli (Boddupalli et al., 1992; Schneider
et al., 1998a). However, all the studies towards bio-HFAs reported
require exogenous addition of fatty acids as a substrate. The HFA
biosynthesis will be more economic if the whole-cell biocatalyst
can directly utilize renewable sugar as substrate. Therefore, it is
of great importance to develop a whole-cell biocatalyst that can
efficiently convert glucose to the desired HFA products.

E. coli is a candidate model for direct production of HFAs from
sugars. First, it can utilize the inexpensive renewable feedstock
and easily reach a high cell density. In addition, it has been previ-
ously genetically modified effortlessly to produce a variety of valu-
able platform chemicals and biofuels (Antoni et al., 2007; Hu et al.,
2010; Kang et al., 2011). However, wild-type E. coli is incapable of
accumulating fatty acids and further converting them to HFAs. To
theoretically reach the goal of converting glucose to HFAs by met-
abolically engineered E. coli catalysts, it is needed to (1) overpro-
duce free fatty acids (FFAs) by overexpressing a thioesterase,
which can release feedback inhibition caused by fatty acyl-acyl
carrier proteins (acyl-ACPs), (2) convert FFAs to HFAs with an exog-
enous fatty acid hydroxylase, (3) integrate the two pathways above
mentioned into one metabolic route.

For the first step, in an effort to overproduce fatty acids in E. coli,
it is essential to find a thioesterase capable of efficiently releasing
FFAs from fatty acyl-ACPs. ‘TesA, a leaderless version of the endog-
enous thioesterase TesA of E. coli, is capable of releasing feedback
inhibition caused by long-chain fatty acyl-ACPs and giving signifi-
cant levels of FFAs (Cho and Cronan, 1995; Jiang et al., 1994). BTE, a
medium-chain acyl-ACP thioesterase of Umbellularia californica, is
also used to accumulate of medium-chain fatty acids (Voelker
and Davies, 1994). Furthermore, as it is well known, the released
FFAs can be degraded via b-oxidation pathway (Overath et al.,
1969; Perkins et al., 1963). In this pathway, the conversion of fatty
acid to fatty acyl-CoA is the acknowledged rate-limiting step,
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