Taylor & Francis
Taylor & Francis Group

Bioscience, Biotechnology, and Biochemistry

ISSN: 0916-8451 (Print) 1347-6947 (Online) Journal homepage: http://www.tandfonline.com/loi/tbbb20

Overproduction and Substrate Specificity of 3-
Isopropylmalate Dehydrogenase from Thiobacillus
ferrooxidans

Hideyuki MATSUNAMI, Hiroshi KAWAGUCHI, Kenji INAGAKI, Tadashi EGUCHlI,
Katsumi KAKINUMA & Hidehiko TANAKA

To cite this article: Hideyuki MATSUNAMI, Hiroshi KAWAGUCHI, Kenji INAGAKI, Tadashi
EGUCHI, Katsumi KAKINUMA & Hidehiko TANAKA (1998) Overproduction and Substrate
Specificity of 3-Isopropylmalate Dehydrogenase from Thiobacillus ferrooxidans , Bioscience,
Biotechnology, and Biochemistry, 62:2, 372-373, DOI: 10.1271/bbb.62.372

To link to this article: http://dx.doi.org/10.1271/bbb.62.372

@ Published online: 22 May 2014.

\]
C;/ Submit your article to this journal &

||I| Article views: 10

A
& View related articles &'

Eal Citing articles: 4 View citing articles &

Full Terms & Conditions of access and use can be found at
http://www.tandfonline.com/action/journalinformation?journalCode=tbbb20

(Download by: [91.230.110.84] Date: 10 June 2016, At: 21:28 )



http://www.tandfonline.com/action/journalInformation?journalCode=tbbb20
http://www.tandfonline.com/loi/tbbb20
http://www.tandfonline.com/action/showCitFormats?doi=10.1271/bbb.62.372
http://dx.doi.org/10.1271/bbb.62.372
http://www.tandfonline.com/action/authorSubmission?journalCode=tbbb20&page=instructions
http://www.tandfonline.com/action/authorSubmission?journalCode=tbbb20&page=instructions
http://www.tandfonline.com/doi/mlt/10.1271/bbb.62.372
http://www.tandfonline.com/doi/mlt/10.1271/bbb.62.372
http://www.tandfonline.com/doi/citedby/10.1271/bbb.62.372#tabModule
http://www.tandfonline.com/doi/citedby/10.1271/bbb.62.372#tabModule

Downloaded by [91.230.110.84] at 21:28 10 June 2016

Biosci. Biotechnol. Biochem., 62 (2), 372-373, 1998

Note

A

Overproduction and Substrate Specificity of 3-Isopropylmalate Dehydrogenase

from Thiobacillus ferrooxidans

Hideyuki MaTsunami, Hiroshi KawacucHi, Kenji INacaki,™ Tadashi Ecuchr, *

Katsumi Kakinuma,* and Hidehiko TANAKA

Department of Bioresources Chemistry, Faculty of Agriculture, Okayama University, Okayama 700, Japan
*Department of Chemistry, Tokyo Institute of Technology, Yokohama 227, Japan

Received August 14, 1997

We constructed an overexpression system in Escherichia
coli of the leuB gene coding for 3-isopropylmalate de-
hydrogenase in Thiobacillus ferrooxidans. E. coli harbor-
ing the plasmid we constructed, pKK leuB1, produced
17-fold the enzyme protein of the expression system previ-
ously used for purification. The substrate specificity of the
enzyme was analyzed with synthetic 2R, 35)-3-alkylma-
lates. The 3-isopropylmalate dehydrogenase of Thiobacil-
lus ferrooxidans had broad specificity toward the alkylma-
lates.
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3-Isopropylmalate dehydrogenase (EC 1.1.1.85), a
key enzyme in leucine biosynthesis, catalyzes the oxida-
tive decarboxylation of the substrate 3-isopropylmalate
to 2-oxoisocaproate simultaneously with dehydrogena-
tion. The enzyme has been found in a wide variety of
bacteria and the amino acid sequences of the enzyme
from various microorganisms including yeasts are simi-
lar.'"'9 The catalytic mechanism of 3-isopropylmalate de-
hydrogenase may resemble that of bacterial isocitrate de-
hydrogenase. The X-ray crystal structure of Thermus
thermophilus 3-isopropylmalate dehydrogenase''™® is
like that of Escherichia coli isocitrate dehydro-
genase.*! Most of the residues that seem from crystallo-
graphic results to be key to enzyme function are found
in both enzymes.

We previously cloned the /euB gene coding for the 3-
isopropylmalate dehydrogenase of an acidophilic
chemolithotrophic bacterium, Thiobacillus ferroox-
idans, in E. coli'® and purified the enzyme to homogenei-
ty from E. coli cells harboring a recombinant plasmid,
pTFL101, containing the leuB gene.'” The properties of
the enzyme are similar to those of the Salmonella
typhimurium enzyme,'® except for substrate specificity.
The T. ferrooxidans 3-isopropylmalate dehydrogenase
utilizes malate as a substrate as well as 3-isopropylma-
late.'” The enzymes from an extreme thermophile, 7.
thermophilus,” and thermoacidophilic archaeon, Sul-
folobus sp. strain 7,%% also utilize the various 3-alkylma-
lates with broad substrate specificity.

The purification of the T. ferrooxidans 3-isopropylma-
late dehydrogenase from the E. coli transformant was

not enough for further investigation, for example, crys-
tallography, because the E. coli was grown in minimal
medium at a low cell yield. Because of the high demand
for 3-isopropylmalate dehydrogenase, we undertook to
construct an overexpression system. In this paper, we
describe an construction of the overexpression plasmid
and report the substrate specificity of the 3-isopropylma-
late dehydrogenase from 7. ferrooxidans purified from
E. coli using the overexpression system.

The T. ferrooxidans leuB structural gene was am-
plified by PCR with the synthetic oligonucleotides
5'-GGAGAATTCATGAAAAAAATGGCC-3’ and 5’-
ATCCCCGGGTCAATCCTTCAGGTT-3’. The under-
lined sequences are restriction sites of EcoRI and Smal,
respectively. The amplified fragment was blunted with
DNA polymerase I and phosphorylated with ATP and
polynucleotide kinase. The phosphorylated fragment
was ligated with pKK223-3 (Pharmacia LKB Biotechnol-
ogy Inc.), which had been digested with Smal, and then
dephosphorylated. The ligated plasmid was digested
with EcoRI and ligated with itself, giving pKK leuBl1. E.
coli JA221 harboring pKKleuBl had high 3-
isopropylmalate dehydrogenase activity: 17-fold that of
E. coli HB101 harboring pTFL101 (Table I). Earlier, we
purified the enzyme by three kinds of column chro-
matography, DEAE-Toyopearl 650 M, butyl-Toyopearl
650 M (Tosoh Corp.), and hydroxyapatite.!” However,
with this overexpression system, purification was done
with only two kinds of column chromatography,
DEAE-Toyopearl 650 M and Q-Sepharose Fast Flow
(Pharmacia LKB Biotechnology Inc.) (data not shown).

The T. ferrooxidans 3-isopropylmalate dehydro-
genase utilizes malate as a substrate as well as 3-
isopropylmalate.'” The substrate specificity of the
enzyme was analyzed with (2R, 35)-3-alkylmalates syn-
thesized as described previously.?? Table II lists the ki-
netic constants K, and k.., for several alkylmalates of 7.
ferrooxidans 3-isopropylmalate dehydrogenase. All of
these alkylmalates served as a substrate of the enzyme,
so its substrate specificity seemed to be broad. The K,
value decreased with increasing hydrophobicity? of the
alkyl group at position 3 up to 3-ethylmalate and in-
creased afterwards, and k../K. increased up to 3-
ethylmalate and decreased afterwards. This result coin-
cides with those for enzymes from 7. thermophilus'®
and Sulfolobus sp.”® The relationship between the cata-
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Table I. 3-Isopropylmalate Dehydrogenase Activity of E. coli Transformants
. . . IPTG? Specific activity” Total activity®

Strain (plasmid) Medium (1 mm) (units/ mg) (units)
JA221 (pKKleuB1) LB + 8.56 810
JA221 (pKKleuBl) LB - 5.65 514
JA221 (pKKleuB1) minimal - 6.74 150
JA221 (pTFL101) minimal - 2.53 49.6
JA221 (pTFL101) LB + 0.12 7.71
HB101 (pTFL101) minimal - 2.84 48.4

a Isopropyl-B-D-thiogalactopyranoside.
b Specific activity is defined as umol of NADH formed per milligram of protein per minute.
¢ Total activity is defined as activity per 100 ml of culture.

Table II. Kinetic Parameters for the Catalysis of (2R, 3S)-3-
Alkylmalate by Thiobacillus ferrooxidans 3-Isopropylmalate De-
hydrogenase

Substrate 7 (nli;\“/l) (fﬁa,') (sf‘c?tr{lﬁnl')
malate® 0 7.7 5.0 0.65
3-methylmalate 0.50 0.050 28 560
3-ethylmalate 1.00 0.013 38 2900
3-isopropylmalate 1.30 0.015 28 1900
3-tert-butylmalate 1.98 0.074 2.7 36
3-isoamylmalate 2.30 0.11 20 180

hydrogenase and the isocitrate dehydrogenase for the
substituent at C-3 of malate.
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Fig. 1. Relationship between the Hydrophobicity of the Alkyl

Group and K,,, k.., and k ./ K, for the Catalysis of Alkylmalate by
3-Isopropylmalate Dehydrogenase.

The data were replotted from the values in Table II. Energies are
in kcal/mol. The n values are the Hansch constants for the alkyl
substituents.?
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