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Screening of fatty alcohol dehydrogenase and its application on
alkane production
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Bio-alkanes, which are produced from biomass and designed to share the same chemical
composition as gasoline, are expected to serve as the next-generation biofuel. Alkanes are
produced by many organisms in nature, including plants, insects, and microorganisms,
where in most cases, fatty aldehydes derived from fatty acid metabolism are converted to
alkanes through a decarbonylation reaction mechanism. It has been reported that
heterologous expression of cyanobacterial fatty acyl-ACP reductase (AR) and aldehyde
deformylating oxygenase (ADO) resulted in alkane production in Escherichia coli.
However, the alkane titer was limited by the endogenous aldehyde reductases (ALR) which
are active in converting fatty aldehydes, the precursor of alkanes, into fatty alcohols. This
thesis describes discovery of a fatty alcohol dehydrogenase, PSADH, from a soil isolate of
Pantoea sp., its characterization, and introduction of the enzyme into engineered E. coli,
resulting in improved alkane production.

Chapter 1 describes the selection of alcohol-oxidizing bacteria from the natural
environment and characterization of an alcohol dehydrogenase, PSADH, from a selected
bacterium, Pantoea sp. 7-4. It has been reported that ADO converts medium-chain fatty
aldehydes into medium-chain alkanes, which can be used as jet fuels. To utilize alcohol for
alkane production, an enzyme capable of oxidizing medium-chain fatty alcohols to fatty
aldehydes remains in need. This chapter describes screening of 1-tetradecanol-assimilating
microorganisms. The screening was started with the isolation of microbial strains from soil
samples and was followed by optimization of the resting cell reaction using 1-tetradecanol
as the substrate. Among the 355 strains screened, 19 strains showed the activity to produce
tetradecanal, while 41 strains showed the activity to produce tetradecanoic acid, including
14 strains that produced both. Regarding that this study aims to select an aldehyde-
producing enzyme, the strain Pantoea sp. 7-4 was chosen since it showed the highest
tetradecanal production.

To identify the enzyme involved in the alcohol-oxidizing reaction, the cofactors used by
Pantoea sp. 7-4 was investigated, and then, Pantoea sp. 7-4 was found to possess a NAD'-
dependent dehydrogenase. Next, the target enzyme was purified from Pantoea sp. 7-4 via a
series of column chromatography, and its single protein band on SDS-PAGE was subjected
to N-terminal amino acid sequencing. By applying the obtained sequence to BLAST
analysis, whole sequence of the dehydrogenase gene which showed 100 % homology with a
putative alcohol dehydrogenase from Pantoea sp. MSR2 strain was revealed. The target
protein from Pantoea sp. 7-4 was named as PsADH. Furthermore, PsADH was
heterologously expressed in E. coli Rosetta 2(DE3), and the recombinant PsADH was
purified and used for the characterization of its biochemical properties. The results
suggested that PsADH is a NAD"-dependent dehydrogenase. The optimal reaction pH of
PsADH was pH 9.0 when catalyzing oxidation reaction of alcohols, while the optimal
reaction pH was pH 7.0 when catalyzing reduction reaction of aldehydes. Besides, the
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optimal reaction temperature was found to be 40 °C, which is also the highest temperature
where PsADH showed sufficient thermal stability. In PsADH catalyzing oxidation reaction
of 1-tetradecanol, Km value of 0.17 mM and kcat value of 29 s! were revealed. PSADH
showed activity to oxidize alcohols including C6 — C18 primary alcohols as well as
secondary alcohols and unsaturated alcohols.

Chapter 2 describes the application of PSADH to alkane production from fatty alcohol. To
evaluate the potential of PsADH on alkane production using E. coli as host, PSADH was co-
expressed with a cyanobacterial aldehyde deformylating oxygenase together with a reducing
system, including ferredoxin, Fd, and ferredoxin reductase, FNR, from Nostoc punctiforme
PCC73102. After inducing the gene expression in the transformed E. coli with IPTG, the
production of each target protein was confirmed by SDS-PAGE. The activity of induced E.
coli cells was checked by resting cell reaction, and the results showed that the E. coli
harboring PsADH-NpAD-Fd-FNR genes successfully converted I-tetradecanol to
tetradecanal and tridecane, while the E. coli without PsADH gene could not convert the
alcohol substrate to alkane. The products produced during the resting cell reaction were
confirmed by GC-MS. Optimum reaction conditions for obtaining efficient conversion rate
of 1-tetradecanol to tridecane with E. coli cells harboring PsADH-NpAD-Fd-FNR were as
follows: pH 7.5 and 30 °C with 80 mg of washed cells. Under the conditions, 2.0 mM 1-
tetradecanol was converted to 1.0 mM tridecane in 24 hours. The conversion rate of alcohol
to alkane was increased to 52 % after optimization of the reaction conditions. Furthermore,
the substrate specificity was revealed with resting cells of the E. coli transformant harboring
PsADH-NpAD-Fd-FNR using fatty alcohols ranging from C6 — C18 as substrates. The
results demonstrated the broad product spectrum of this biosynthetic pathway, in which
alkanes ranging from C5 — CI15 could be produced from their corresponding alcohol
substrates. The production of C17 alkane and alkene was detected when using cell-free
extracts as the enzyme source, indicating that substrate permeation limited the specificity of
the resting cell reaction.

Chapter 3 describes application of PsADH to the alkane fermentation process. The bottle
neck of fermentative alkane production using E. coli as host is due to the endogenous ARs
which are active in converting fatty aldehydes into fatty alcohols. To utilize these alcohol
byproducts, the alcohol dehydrogenase, PsADH, was further introduced to the alkane
fermentation process. This was achieved by co-expression of a fatty acyl-ACP reductase,
SeAR, originated from cyanobacteria Synechococcus elongatus PCC7942, with NpAD and
PsADH using E. coli as host. The alkane production by fermentation was performed in 2.5 L
of 2xYT medium in a jar fermenter for 6 days, and the time course of the production were
analyzed. As a result, with the strain expressing PsADH-NpAD-SeAR genes, the
concentration of alkanes, including tridecane, pentadecane, and heptadecene, in the culture
medium reached 1.3 mM, and the concentration of alcohols, including 1-tetradecanol, 1-
hexadecanol, and oleyl alcohol reached 2.1 mM. On the other hand, with the control strain
without PsADH genes, the concentration of alkane and alcohol reached 0.36 mM and 4.4
mM, respectively. The results indicated that PSADH was effective in reducing alcohol
byproducts and facilitating the fermentative alkane production.
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