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Acetic acid bacteria catalyze the two-step oxidation of ethanol to acetic acid using the membrane-bound enzymes;
alcohol dehydrogenase (ADH) and aldehyde dehydrogenase (ALDH). Although the electrons generated by the
action of these ADH and ALDH are transferred to ubiquinone in the membrane, intramolecular electron transport
in ALDH is not understood. Moreover, the physiological role and chemical nature of the prosthetic groups associated
with ALDH remains a matter of debate. In 1994, one of our genetic studies concluded that the prosthetic group of
ALDH is not PQQ (1). Later, in 1997, Thurner et al. (2) had determined the nucleotide sequence of the aldFGH
genes that encode for ALDH and suggested that the ALDH prosthetic group is molybdopterin cytidine dinucleotide
(MCD). But in 2010, a research group from Mexico purified ALDH from Gluconacetobacter diazotrophicus strain
PALS and characterized the biochemical properties of the purified enzyme. From biochemical study, they reported
that the prosthetic group of ALDH is PQQ (3). Their purified ALDH composed of only two subunits and its c-type
cytochromes were not reduced by the substrate. Moreover, it did not show ubiquinone reduction ability. That
Mexican research group in 2015 (4) reported that ADH produces acetic acid from ethanol on its own in vitro,
without the accumulation of acetaldehyde that was inconsistent with ours another study (5). Thus, we had three
unanswered issues regarding the mechanisms of ALDH and ADH of Ga. diazotrophicus PALS. The first is whether
ADH itself, without any contribution from ALDH, is sufficient for acetic acid fermentation in the PALS strain (4).
Second, whether ALDH is dependent on PQQ (3) or molybdopterin (2). Finally, ALDH have ubiquinone reduction
ability or not in PALS strain, if have then how intramolecular electron transport occur between each subunit of
ALDH complex upon acetaldehyde oxidation. In this study, to understand those queries in PALS5 strain, we
developed a markerless gene disruption method to produce a variety of multiple gene deletion mutant strains and
performed classical biochemical and genetic engineering study. There are two molecular species of ALDH in Ga.
diazotrophicus PALS5 genome, aldFGH and aldSLC. We deleted the aldFGH and aldSLC gene clusters, the adhAB
operon codes for ADH, the pggABCDE gene cluster for PQQ biosynthesis and moad and moeA genes (the product
of which is important for molybdopterin biosynthesis) from Ga. diazotrophicus PALS genome. We observed that
the ALDH activity in PALS strain is derived from three enzyme complex; aldFGH, aldSLC and adhAB where
aldFGH gene products are the major ALDH and plays an essential role for efficient acetic acid fermentation in this
microorganism (6). Furthermore, deletion of the PQQ biosynthesis gene cluster (pggABCDE) abolished ADH

activity completely, but did not affect ALDH activity. Instead, the molybdopterin biosynthesis gene deletion
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derivatives lost ALDH activity. Thus, we concluded that the AIdFGH and A1dSLC complexes of Ga. diazotrophicus
PALS require a form of molybdopterin but not PQQ for ALDH activity (6). Next, we tried to understand how
AldFGH ALDH works through classical biochemical approach and genetic engineering for functional analysis of
each subunit. We succeed to purify the AIdFGH intact complex from the triple deletion derivative (AaldSLC AadhAB
APQQ) of Ga. diazotrophicus PALS strain which lacks the genes for AIdSL.C and ADH to avoid contamination of
ALDH activity and the genes for PQQ biosynthesis. The purified AIdFGH complex showed
acetaldehyde:ubiquinone (Q2) reductase activity. C-type cytochromes of the AIdFGH complex (in the AIdF subunit)
were reduced by acetaldehyde. Then, we genetically dissected the AIdFGH complex into AIdGH and AldF units and
reconstituted them. The AIdGH subcomplex showed acetaldehyde:ferricyanide reductase activity, but not Q2
reductase activity. The ALDH activity of AIdGH was not found in membranes but in the soluble fraction of the
recombinant strain, suggesting that the AIdF subunit is responsible for membrane binding of the AIdFGH complex.
AldFGH complex reconstituted from the AIdGH subcomplex and AldF showed Q2 reductase activity. Absorption
spectra of the purified AIdGH subcomplex suggested the presence of an [Fe—S] cluster, which can be reduced by
acetaldehyde. We propose a model in which electrons from the substrate are abstracted by a molybdopterin in the
AldH subunit and transferred to [Fe—S] cluster(s) in the AldG subunit, followed by electron transport to c-type
cytochrome centres in the AldF subunit, which is the site of ubiquinone reduction in the membrane.
In conclusion, this study confirms the essential role, prosthetic group of ALDH and hypothesized the molecular
mechanism (intramolecular electron transport) of ALDH in acetic acid fermentation of Ga. diazotrophicus PALS.
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