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SUMMARY We constructed various chimeric PQQ glucose dehydrogenases
(PQQGDHSs) from an EDTA-sensitive PQQGDH from Escherichia coli and an EDTA-
tolerant PQQGDH from Acinetobacter calcoaceticus by homologous recombination of
their structural genes. The EDTA tolerance of the resulting chimeric enzymes was
investigated. Our results demonstrated that EDTA tolerance of PQQGDHSs can be
completely altered by substituting each corresponding region. The EDTA tolerance of
A.calcoaceticus PQQGDH is mostly within a region composed of about 80 amino acid
residues located between 45 and 56 % of the distance from the N-terminal region.
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Membrane binding glucose dehydrogenases (GDHSs), which possess pyrroloquino-
line quinone (PQQ) as the prosthetic group, have been found in variety of Gram nega-
tive bacteria (1). They have highly homologous primary structures, but the enzymatic
characeristics are strain specific. Although their tertiary structures have not yet been
studied, elucidation of the region responsible for each enzymatic character will be car-
ried out by homology analysis together with appropriate mutagenesis studies.

Two types of PQQGDH have been proposed (2), Type | PQQGDHSs, which are easily
inactivated by EDTA treatment, and Type Il PQQGDHSs, which are stable toward EDTA
treatment. Based on homology analyses between E.coli PQQGDH (Type 1) and A.cal-
coaceticus PQQGDH (Type 1), we previously reported a site directed mutagenesis
study (3) on the putative PQQ binding site (1), which resulted in the slight increase in
the EDTA tolerance, but far lower than that of A.calcoaceticus PQQGDH. Therefore, the

restriction of the much limited region responsible for EDTA tolerance, not only based on
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homology analyses, but supported by experimental results will be essential, prior to
systematic side directed mutagenesis studies. Recently, the construction and character-
ization of chimeric proteins within a gene family is recognized as a versatile and power—
ful method in order to elucidate the region responsible for each enzymatic character
4,5).
in this paper, we aimed to restrict the region responsibie for EDTA tolerance in

PQQGDHSs. For this purpose, we constructed various chimeric PQQGDHs from E.coli
and A.calcoaceticus enzymes using homologous recombination, and investigated their

EDTA-tolerance to restrict the region.

MATERIALS AND METHODS

Bacterial strains  Escherichia coli PP2418, the PQQGDH structural gene of which was
inactivated by insertion mutagenesis, was kindly provided by Prof. N.Goosen (Leiden
Univ., Netherlands) (6). E.coli JC8679 (ATCC47001) and Acinetobacter calcoaceticus
IFO12552 were abtained from the American Type Culture Collection and the Institution
of Fermentation, Osaka, respectively.

Construction of chimeric PQQGDHs  In order to construct chimeric PQQGDHs from

E.coli and A.calcoaceticus enzymes, we first carried out PCR amplification of each
structural gene according to the sequence data (6,7).

The E.coli PQQGDH structural gene was amplified as in the previous study (3,6), but
using the foliowing oligonucleotide primers to create suitable restriction enzyme sites.

Ecll; (forward)5'-GGCCATGGCAATTAACAATACAGGCTCGCGACGA-3'
Ncol

(reverse)5'-GGCCATGGCTACGCTAGCTGTGCAATCCATTGATT-3'
Ncol

Eclil; (forward)5'~-CCGGATCCGCAATTAACAATACAGGCTCGCGACGA-3'
BamtH!

(reverse)5'—GGA%(liCJICTACGCTAGCTGTGCAATCCATTGATT—S'
Hindlll

The A.calcoaceticus IFO12552 derived PQQGDH gene was amplified using oligonu-
cletide primers designed from the sequence data of the A.calcoaceticus L.M.D.79-41
PQQGDH-A structural gene (7).

Acl; (forward)5'-GGCCATGGATCAACCTACTTCAAGATCAGGTTTAACG-3'
Ncol

(reverse)5'-CC§IC§AQTTATTTG‘!TATCTGGTAAGGCATAAGCCAC—3'
al

These oligonucleotides were synthesized using a DNA synthesizer (AB! Model 391).
PCR amplification was carried out using Tag polymerase (Promega Co.) under the
following conditions; denaturation; 95 °C, 1 min, annealing; 55 °C, 2 min, polymeriza-
tion; 72 °C, 3 min, 30 cycles, using genomic DNA obtained from E.coli DH5« and
A.calcoaceticus IFO12552 as templates. The PCR product was cloned into an expres—
sion vector, pTrc99A (Pharmacia, Sweden), after digestion with the corresponding re-

269



Vol. 211, No. 1, 1995 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

striction enzyme(s) (Ncot for Ecll, Bamtl and Hindlil for Ecllil, Ncol and Saf for Acl) and
was transformed into E.coli PP2418. Transformants were identified by their ability to
complement the PQQGDH activity of E.coli PP2418. Plasmids containing genes encod-
ing active PQQGDH were then taken up. The plasmids encoding the structural genes of
E.coli DH5 o PQQGDH were designated as pGEcll, pGEciil, and the plasmid encoding
the structural gene of A.calcoaceticus IFO12552 was designated pGAcl (Figure 1), and
they were sequenced using an automated DNA sequencer (DSQ-1 Shimadzu, Japan).
The Cloned fragment from pGAcl was digested with Ncol and Sal, made blunt-ended,
and inserted into the multi cloning site of pUC19 after Smal digestion (the Ncol site was
reformed by the ligation). The plasmid obtained was designated pUCAc (Figure 1).
Chimeric PQQGDHs were constructed according to Ogawa et al.(8). PQQGDH
genes from E.coli or A.calcoaceticus obtained as described above, were cloned in
tandem (pGEAc and pGACE; Figure 1). After digestion with appropriate restriction
enzymes (Kpnl and Smal for pGEAc, Nrul and Sall or Mscl and Sall for pGACE), linear-
ized plasmids were transformed into JC8679 for the homologous recombination. Plas-

Digested by Kpn |, Pstl Digested by Ncol , 8BamH |
Ligation Ligation

Smal Kpnl Hind W BamM| arq Hind 1

pGEACc(8.9Kb)
Digested by Kpn | & Hind Hll Digested by Aff | & BamH |
(Kpnl & Smal) (Nru) & Sall)

(Msc & Sall)

Transformation into JC8679(recBC sbcA)

plasmid Isolation

Transformation into PP2418(gcd , PTS)
Hind It

Neol Sall Neal
E.coll A.calcoaceticus 'A.calcoaceticus E.coll
(Chlmerlc GDH) Chimeric GDH

Figure 1. Construction of chimeric PQQGDH genes.
: ; E.coli PQQGDH gene.

; A.calcoaceticus PQQGDH gene.
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mids from transformants were then extracted, and transformed into PP2418. Trans-
formants containing active chimeric PQQGDHs were then selected using EMB agar
plates. Plasmids were isolated from each transformant and their PQQGDH sequence
were analyzed.

Multi-chimeric enzymes, such as E10A49E41, were constructed with basically the
same principle as above, but using the plasmid containing E10AS0 chimera, construct-
ed from pGEAc. This plasmid was digested with Psti and a Ncol fragment of pGEcli
containing the Ecll region was inserted, after it was made blunt ended. After Smal
digestion (for the construction of E10A87E3 and E10A74E16) or Sall and Mscl double
digestion (for the construction of E10A35E55 and E10A49E41), the plasmid was trans-
formed into E.coli JC8679. Muiti-chimeric enzymes were recovered similarly as de-
scribed above.

= EDTA-tolerance of each enzyme was
analyzed using a solubilized membrane fraction prepared from E.coli PP2418 contain-
ing either pGEcl, pGEcll. pGEclil, pGAcl, or from pTrc99A containing constructed
chimeric PQQGDHs. The membrane fractions were obtained using a French pressure
cell followed by ultracentrifugation. By adding 1 % Triton X-100, in a 10 mM potassium
phosphate buffer (P.B) pH 7.0, PQQGDHs were solubilized on ice for 30 min. After
ultracentrifugation, the supernatant was dialyzed against 10 mM P.B., pH 7.0, contain-
ing 0.2 % Triton X-100. The enzyme solution thus obtained was incubated in 10 mM
P.B. pH 7.0, in the presence of 5 uM PQQ, 1 mM MgCl, and 0.2 % Triton X~-100 at 25
°C for 1 hour to form the holo—enzyme. Holo—enzyme samples were then incubated in
the presence of 10 mM EDTA. After 30 min of incubation at 25 °C, the residual
PQQGDH activity was determined. PQQGDH activity measurement were carried out as
follows. Enzyme sampies were incubated in 10 mM P.B. pH 7.0, 0.6 mM phenazine
methosulfate (PMS), 0.06 mM 2,6—dichrolophenolindophenol (DCIP) and 0.2 % Triton
X-100. 198 ul of prepared sample was added to 2 ul of 2 M glucose. PQQGDH activity
was determined using the decrease in absorbance of DCIP at 600nm.

RESULTS AND DISCUSSION
The residua) activity of PQQGDHSs was examined after 30 min of incubation in a buffer
containing 10 mM EDTA. E.coli PQQGDH (Ecl, Ecll and Eclll) showed no activity after
the incubation, therefore they were sensitive to EDTA treatment. In contrast, A.calcoa-
ceticus PQQGDH was EDTA tolerance showing more than 80 % of initial activity after
the EDTA treatment.

Therefore, we further utilized these structural genes as starting materials for the
construction of chimeric PQQGDHSs, in order to investigate the regions responsible for
EDTA tolerance. Using homologous recombination , 12 types of chimeric PQQGDHSs
were constructed, including 8 types of EA chimeras possessing the N-terminal region
of E.colf and the C-terminal region of the A.calcoaceticus PQQGDH structural gene,
and also 4 types of AE chimeras possessing the N-terminal region of A.calcoaceticus
PQQGDH and the C-terminal region of the E.coli PQQGDH structural gene. The amino
acid sequences and the sites of recombination are shown in Figure 2. The EDTA toler-
ance of the constructed chimeras are listed in Figure 3. The EDTA-tolerance of these

chimeras demonstrated that 4 of them, E10A90 (composed of 10 % of the E.coli
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Figure 2. Alignment of sequences of E.coli PQQGDH and A.calcoaceticus PQQGDH.

show the sites of recombination in each chimera.

shows the region responsible for EDTA tolerance.

PQQGDH N-terminal region and 90 % of the A.calcoacsticus PQQGDH C~terminal

region), E32A68, A21E79 and A45E55, showed remarkable properties with regard to

EDTA-tolerance. Although, other chimeras containing the N-terminal region of E.coli

PQQGDH did not show EDTA-tolerance, E10A90 and E32A68 showed EDTA-toler—

ance. In contrast, A21E79 and A45E55 showed EDTA sensitivity, whereas the rest of

the chimeras containing the A.calcoaceticus PQQGDH N-terminal region were EDTA-

tolerant. E10A90 and E32A68 retained more than 70 % the initial activity, at a similar

level to PQQGDH from A.calcoaceticus, Acl. In contrast, A21E79 and A45E55 com-

pletely lost activity, as did PQQGDHSs from E.coli, Ecll and EclIl.

These results indicated that by substitution of each corresponding region of the

PQQGDH, EDTA-tolerance was completely altered. Focusing that E32A68 gained

EDTA tolerance but as both A45E55 and E56A44 were EDTA-sensitive, the region

responsible for EDTA-tolerance may be located between 45 and 56 % of the distance

from the N-terminal region of A.calcoaceticus PQQGDH, corresponding to about 90

amino acid residues (Figure 2).
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Figure 3. EDTA tolerance of chimeric PQQGDHSs consisting of the E.coli PQQGDH
and A.calcoaceticus PQQGDH genes.
* Residual activity after 30 min of incubation in the presence of 10 mM EDTA.

In order to confirm the importance of this region, we further constructed following 4
different multi-chimeric PQQGDHs based on E10AS0; E10A87E3, E10A74E16,
E10A49E41 and E10A35E55. Among these 4 multi-chimeric PQQGDHSs, only
E10A35E55 was EDTA-sensitive, whereas 3 other chimeras were tolerant. These re-
sults suggested that the region responsible for EDTA tolerance may be located between
45 and 59 % of the distance from the N-terminal region. This region, composed of
about 112 amino acid residues, included the previously mentioned 90 amino acid resi-
dues. Therefore, we propose that the region composed of about 90 amino acid residues
is responsible for EDTA tolerance of A.calcoaceticus PQQGDH.

In conclusion, we have succeeded in restricting the region responsible for EDTA
tolerance in PQQGDHSs. Further systematic site directed mutagenesis studies are

expected based on the elucidated region.
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