Kor. J. Appl. Microbiol. Biotech.
Vol. 18, No. 3, 305-308 (1990}

Molecular Cloning of the Gene Coding for 3-Isopropylmalate
Dehydrogenase of Kluyveromyces fragilis
Park, Sung-Hee, Dong-Sun Lee, Ju-Hyung Woo, Jong-Guk Kim and Soon-Duck Hong*

Department of Microbiology, College of Natural Science, Kyung-Pook National University,
Taegu 702-701, Korea

Kluyveromyces fragilis 2| LEU gene 2| Cloning

43 . O|SMH - R7Y - YER - B2H"

0ot

AEHS D XITSEt DI Estt

fan |

In order to clone the gene coding for 3-isopropylmalate dehydrogenase of Kluyveromyces fragilis,
a shuttle plasmid vector pHN114 was used. It can serve as a cloning vector in Saccharomyces cerevisiae
DBY746 for other Sau3Al-cleaved DNA segment of Kluyveromyces fragilis. Two cloned fragments wh'ch
complement the leu2 mutation of Saccharomyces cerevisiae and E. coli were obtained. Their length
was 4.4 kb an 3.5 kb, and their orientation was opposite each other. From the fact that the two recom-
binant plasmids were expressed in Saccharomyces cerevisiae and E. coli, probably the two inserts had
the promoter of Kluyveromyces fragilis and that of Kluyveromyces fragilis was efficiently assosiated
with RNA polymerase of Saccharomyces cerevisiae and E. coli. According to the result of Southern
hybridization, we thought that the cloned fragment has low homology with 3-isopropylmalate

dehydrogenase coding region of E. coli and Saccharomyces cerevisiae.

The LEU2 gene of Saccharomyces cerevisiae codes
for the enzyme 3-isopropyhmalate dehydrogenase (1).
This enzyme catalyzes the conversion of
3-isopropylmalate into -ketoisocaporate, the third
step in the leucine biosynthesis pathway. Unlike other
amino acid biosynthesis gene in yeast, the expression
of the LEU2 gene is specially repressed by leucine or
threonine (2).

Structural features of the 5’end (3) and 3’end of
the LEU2 gene, control mechanisms involving mRNA
secondary structure, and a leucine-rich leader polypep-
tide have been proposed (4).

In addition to serving as an interesting model
system for the study of gene expression, the LEU2 gene
is an essential component of yeast shuttle plasmid vec-
tor (5), that is, pYE(LEU2)10 (6), pJDB219 (7), YEp13
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(8), YIp26, YIp27 and so on. Because the LEU2 gene
can complement in vivo both E. coli lenB6 mutation
(6) and the leu2-3, leu2-12 mutation in yeast (§), it can
be used to select transformants of both hosts on leucine
deficient medium. The LEU2 gene mentioned above
is derived from Saccharomyces cerevisiae.

On the other hand, it is well known fact that
Kluyveromyces fragilis is superior to Saccharomyces
cerevisiae in secreting proteins into medium (9-11).

In the present paper, cloning of the gene coding
for 3-isopropylmalate deydrogenase of Kluyveromyces
Sfragilis is described.

Material and Methods

Strains and plasmid

E. coli strains used were JM109 (recAl, o lacpro,
endAl, gyrA96, thi-1, hsdR17, F-, traD36) to select
inserted plasmids and C600 (F -, thi-1, thr-1, leuB6,
lacY1, tonA2l, supE44, A-)to assay of cloned LEU



306

gene product. Yeast strains used were Kluyveromyces
fragilis Y610 and Saccharomyces cerevisiae DBY 746
(a, trpl-289, his3- 2~ 1, leu2-3, leu2-12, ura3-52) as the
recipient cell in the transformation. pHN114 (29) was
used as a cloning vector plasmid.

Media and culture condition

L-broth (1% polypeptone, 0.5% vyeast extract,
0.5% NaCl and 0.1% glucose) and Davis-salt minimal
medium (12) were used for E. coli strains. The syn-
thetic medium for vyeast contained 0.67% vyeast
nitrogen base, 2% glucose, 20 ,g/m/ of histidine and
uracil. YPED medium (1% yeast extracts, 2% glucose
and 2% bactopeptone) was also used.

DNA techniques

Kluyveromyces fragilis Y610 chromosomal DNA
was isolated by the method of Cryer (13). Plasmid
DNA was isolated and purified by routine Alkaline-
SDS method (14). Ligation of the partial digested
chromosomal DNA and vector plasmid was carried out
as follows; Kiuyveromyces fragilis chromosomal DNA
was partially digested by Sau3Al and fractionated on
agarose gel (0.8%) by electrophoresis. Then larger than
3 kb fragments were isolated, and used to ligate, Vec-
tor plasmid DNA was digested with BamHI and
treated with BAP, and also used to ligate. Other DNA
techniques were carried out according to the standard
methods (12).

Transformation

Transformation of yeast was based upon Li-acetate
method (14) and established condition by Hong (15).
That of E, coli was carried out by the conventional
Ca(Cl, method (16).

Assay of 3-isopropylmalate dehydrogenase

Enzyme solution: E. coli C600, containing cloned
plasmid was cultured to log phase, and cell pellet was
washed with phosphate buffer (0.05 M, pH 6.9) two
times, then the washed cell pellet was inoculated into
leucine (— ) minimal medium. Each O hr, 3 hr and 6 hr
incubated solutions were collected by centrifugation
at 12,000 rpm. for 10 min. The cell pellet was suspend-
ed in phosphate buffer and disrupted by sonication.
The supernatant obtained was used as enzyme solu-
tion. Protein determination was performed by the
method of Lowry ef al. (22) using bovine serum
albumin as a standard.
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Fig. 1. Expression of pJK104 and pJK106,

(A) LB, (B) Minimal medium for E. eolz (leu™), (C) YEPD,
(D) Minimal medium for yeast (leu™).

Enzyme assay: 3-Isopropylmalate dehydrogenase
had been assayed as follows (17-19); The standard reac-
tion mixture contained 0.1 m/ of 0.01 M MgC(Cl,,
1.0 M KCI, 0.2 m/ NAD* (0.01 M Nicotinamide
dinucleotide), 0.3 m/ of potassium phosphate (1.0 M,
pH 8.0), and 0.3 m/ of 0.01 M citraconate in 1 m/.
One unit of enzyme activity 1s defined as the amount
of enzyme which gives one micromole of the product
per min. at 37°C. This method is based on titrating
product of -ketobutyrate converted from citraconate
as substrate instead of 3-isopropylmalate (20, 21).

Southern hybridization

The hybridization was performed according to
Southern (23) and detected by Biotinyl-11-deoxy UTP
labelling method (24, 25, 26).

Results

Cloning of 3-isopropylmalate dehydrogenase gene
E. coli IM109 was transtformed with the ligation
mixture, and plated onto selective plates consisting of
X-gal medium, Then Saccharomyces cerevisiae
DBY746 was transformed wit selected plasmid. As a
resulf, two recombinant plasmids which complements
the leu2 mutation in Saccharomyces cerevisiae and
leuB mutation in E. coli (Fig. 1) were obtained.

Restriction mapping of cloned fragment
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Fig. 2. Restriction maps of recombinant plasmid.
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Fig. 3. Activity of 3-isopropylmalate dehydrogenase in
the cell extract of E. coli C600 carrying pJK104 (A),
pJK106 (B).

e—e: Ohr., 0—7: 3 hr.,, ma: 6 hr. inducted time in
(leu™) medium. See the text.

Subcloned plasmids were analyzed by agaroge gel
electrophoresis with several restriction enzymes, the
small one was designated as pJK106, cosisted of
pHN114 and BamHlI, Sall, Sau3Al, EcoRl, HindllI,
Stul, Bglll, Sphl. According to the result of restric-
tion mapping, the inserted fragment had inserted dif-
ferent directions to each other.

Expression of cloned LEU gene

Activity of 3-isopropylmalate dehydrogenase from
E. coli C600 carring pJK104 and pJK106 was shown
in Fig. 3. In the case of pJK 104, when the cell-free ex-
tracts of E. coli C600 were incubated for 0, 3 and 6
hours, the activities were 25.4, 102.7 and 64.7 umole
product/mg protein, respectively. On the other hand,
the activity of the enzyme encoded from pJK106 was
10.9, 68.1, 49.5 mol product/mg protein, respective-
ly. It show that the activity of cloned 3-isopropylmalate
dehydrogenase is inhibited by accumulation of leucine,
product of biosynthesis. The reason that the activity

307

- 1.58 kb

A B

Fig. 4. Southern hybridization.

Chromosomal DN As were digested with Bgilll. Probe DNA
was prepared from pJK104 digested with Bglll and Sall
(1.58 kh).

A : Gel electrophoresis (0.8% agarose)
B : Nitrocellulose filter

1 : Kluyveromyces fragilis DNA

2 : Saccharomyces cerevistae DNA

3 : E. colr DNA

of the enzyme encoded from pJK104 is superior to
pJK 106 is, perhaps, due to addition the enzyme of the
activity of lac promoter expression.

Hybridization

To confirm that the inserted fragment is original-
ly come from Kluyveromyces fragilis DNA, Southern
hybridization was carried out. Total DNA of
Kiuyveromyces fragilis, E. coli and Saccharomyces
cerevisiae was digested completely with Bgl/ll and Sa/l,
and was carried out on agarose gel; then the DNA
fragments were transferred to a nitrocellulose filter.
The 1.58 kb Bg/ll and Sea/fl fragment of pJK 104, labell-
ed with biotinyl-dUTP was hybridized as a probe to
the nitrocellulose filter. Fig. 4 shows that the inserted
fragment is hybridized to DNA of only Kluyveromyces
fragilis. It was concluded that the cloned fragment was
originated from Kluyveromyces fragilis DNA, which
would complement te leuB mutation of E. coli and the
leu2 mutation of Saccharomyces cerevisiae.

Discussion

To construct host systems for Kiuyveromyces
cerevisiae, we cloned a LEU gene of Kiuyveromyces
fragilis. As a result, we obtained two cloned fragments
which had inserted in pHN114 in different direction
to each other.
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There are several reports about orientation-
dependent expression by Loison ef al. (27), using the
URAI1 gene of Saccharomyces cerevisiage in E. coli
(pyrD~) and by Kawamura et a/. (28), using a LEU
gene of Candida maltosa in E. coli (leuB~). Accor-
ding to the reports, LEU gene expression in E. coli
was found to depend on the orientation of the inser-
tion. If the Kluyveromyces fragilis DNA segment is
inserted in the same diraction onto E. coli promoter,
the expression of the pJK104 would be superior to that
of pJK106. It also should be taken into consideration
that 5’ and 3’ flanking region of pJK104 is longer than
that of pJK106.

Nevertheless pJK104 was still expressed in E. coli
and Saccharomyces cerevisiae. It means that the in-
serted fragment has its promoter sequences of
Kluyveromyces fragilis, which are funtional in E. coli
as well as yeast.

In addition, we are investigating about homology
of cloned gene with other LEU gene through the
nucleotide sequencing analysis.
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