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The nucleotide sequence of a chromosomal DNA fragment located upstream
from the cysPTWAM operon of Escherichia coli was established. Sequence
analysis indicates the presence of an open reading frame which has been
designated ucpA (upstream ¢ysP). The potential protein product exhibits strong
sequence homology to the members of a large protein family, short-chain
dehydrogenases/reductases. Involvement of Crp, FruR and IHF in the regula-
tion of ucpA transeription in vivo was demonstrated.

Short-chain dehydrogenases/reductases
(SDR) constitute a large protein family con-
sisting of about 60 members sharing 15-30%
of overall amino-acid sequence homology [1,
2]. Many of the first known SDRs were pro-
karyotic but recent additions include both
animal and plant enzymes [2]. Several of the
family members have been detected from
nucleotide sequence just as open reading
frames whose predicted products can be as-
cribed oxidoreductase functions by homology
analysis.

Alignment of these proteins revealed clus-
tered similarities indicating regions of spe-
cial functional and structural importance
[2]. Strongly conserved N-terminal halves,

where a common GlyXXXGlyXGly pattern
occurs, are responsible for coenzyme binding
[3]. Several recent results suggest that the
specificity for NAD(H) or NADP(H) can be
determined by the presence of Asp or Arg
residues, respectively, in the C-terminal end
of Bap-fold of the nucleotide binding domains
of dehydrogenases [4-6]. The C-terminal
halves of SDRs presumably have individual
functions. In spite of variability in this region
some similarities were noticed, e.g. TyrXXX-
Lys pattern located close to the center of the
proteins chains is strictly conserved [1, 2].
Site-specific mutagenesis of Drosophila
melanogaster alcohol dehydrogenase con-
firmed the importance of that pattern and a
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catalytic mechanism based on these residues
has been proposed [7]. Conservation of the
critical residues suggests that the short-
chain dehydrogenases/reductases are func-
tionally related, while remaining overall
residue similarities also suggest their struc-
tural relationship [2].

In this paper we describe cloning and se-
quencing (Fig. 1) of the chromosomal Esche-
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age [9] revealed the presence of an ORF of
789 bp (Fig. 1) designated by us ucpA (up-
stream cysP). The predicted amino-acid se-
quence consists of 263 residues with calcu-
lated molecular mass of 27.9 kDa. It shows a
significant sequence homology with all mem-
bers of the SDR family 1, 2]. The presence of
the Asp residue at the C-end of a Bap-fold of
the nucleotide binding domain (Asp-37) sug-
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Figure 1. Nucleotide sequence
and deduced amino-acid se-
quence of uepA.

The potential binding sites for Crp
(crp-1and crp-2), FruR (fru) and ITHF
{ihf-1 and ihf-2) are underlined. The
following consensus sequences has
been used for localization of the po-

= tential binding sites:
sso  ANTGTGANsTCACANT for Crp
» [12], RSTGAAWCSNTHHW for

1020

1080

FruR [13] and WATCAAN,TTR for
IHF [14]. The letter codes for nuclec-
tide ambiguity are following: N, any
nuclectide; R, Aor G; S, CorG: W, A
orT.H,AorCorT.

richia coli region located on 52 min, up-
stream of cysPTWAM operon [8] and a par-
tial overlapping of this sequence (from posi-
tion 764) with the sequence M32101 is ob-
served. We did not identify in EMBL/Gen-
bank Sequence Libraries any sequences
overlapping 5° end of the sequence reported
in this paper. The sequence analysis using
the Genetic Computer Group software pack-

gests that the protein functions with NAD(H)
as a coenzyme [5]. A molecular phylogenetic
tree of most known members of SDR family
(including a hypothetical product of uepA
gene) was constructed (Fig. 2) with the pro-
gram Clustal W [10]. The tree shows that the
UepA is phylogenetically closest to the follow-
ing SDR proteins: FixR from Bradyrhizo-
bium japonicum (FIXR BRAJA), N-acylman-
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nosamine l-dehydrogenase from Flavobac-
terium sp. (DHMA FLAS1), sporulation-spe-
cific protein SPX19 from Saccharomyces
cerevisiae (SP19 YEAST), cis-1,2-dihydroxy-
3,4-cyclohexadiene-1-carboxylate dehydro-
genases, involved in aromatic hydrocarbons
catabolism from two bacterial species:
Pgeudomonas putida (XYLL PSEPU) and
from Acinetobacter calcoaceticus (BEND
ACICA) and two hypothetical proteins of un-
known function: Yjgi from E. coli (YJGI
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ECOLI) and Ynt3 from Anabaena sp. (YNT3
ANASP).

The analysis of the nucleotide sequence pre-
ceding ucpA revealed no typical —-10 and —-35
regions of o' -dependent promoters. It is
known that sequences of positively controlled
promoters deviate significantly from the con-
sensus: TTGACAN17TATAAT [11]. In fact,
the potential binding sites (Fig. 1) for three
global, pleiotropic bacterial regulatory pro-
teins: Crp [12], FruR [13] and IHF [14] have
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Figure 2. Phylogenetic iree of the proteins demonstrating the best scores of similarity to UepA.

The database (SWISS-PROT) searching was performed with FastA program within the GCG sequence analysis
software package [9] and the tree was constructed with the program Clustal W [10].
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been identified. The effects of the mutations
in genes encoding these regulators on expres-
sion of the transcriptional ucpA-lacZ fusion
constructed by us were studied and are
shown in Fig. 3. It appears that both Crp and
FruR are required for full activation of ucpA

In summary, we present here the nucleotide
sequence of an ORF encoding a new member
of a short-chain dehydrogenase/reductase
family. Franscription of the ucpA gene is
positively controlled by Crp and FruR and
negatively affected by IHF.
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Figure 3. The effects of erp, fruR, ihfA and ihfB mutations on the expression of uepA-lacZ fusion.

The fusion has been constructed in vitro and then introduced into bacteriophage lambda attachment site (aztL) of
E. coli chromosome using the method of Simons et al. [15]. Mutations orp, fruR, ihfA and ihfB were introduced
into the strain containing ucpA-lacZ fusion by P1 transduction. Bacteria were grown in LB or LB supplemented
with 0.5% glucose (LB gluc). Assays of p-galactosidase were performed in logarithmic cultures as described by
Miller [16] and are shown in relation to the enzyme activity of the LB-grown ucpA-lacZ fusion strain in wild-type
background (designated as 100%).

transcription. We observed about 8- and 2-
fold lower activities of B-galactosidase in the
erp or fruR mutants, respectively, in com-
parison to the wild-type strain (Fig. 3). A

We thank Drs S. Adhya, M. Saier Jr. and
M. Freundlich for bacterial strains. We are
grateful to Dr M. Gniadkowski for his help

slight FruR effect is in agreement with the  with API tests.
data indicating that the genes exhibiting

minimal FruR dependence are usually

strongly dependent on other transcriptional REFERENCES

regulator(s) [13]. In our case Crp would be
the “major regulator” of ucpA transcription.

In ihfA and ihfB mutants devoided of o and
P subunit of IHF, respectively, the expression
of ucpA-lacZ was almost 2-fold higher in
comparison to the wild-type strain; it sug-
gests that THF negatively affects the expres-
sion of ucpA.

Our attempts to identify the metabolic
pathway in which the potential UcpA protein
is involved by phenotypic characterization of
a deletion-insertion ucpA mutant using API-
32E tests (Biomerieux) were unsuccessful.
The exact function of this gene remains to be
characterized further.
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