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The PST-01 protease is secreted by the organic solvent-tolerant microorganism Pseudomonas aeruginosa
PST-01 and is stable in the presence of various organic solvents. Therefore, the PST-01 strain and the PST-01
protease are very useful for fermentation and reactions in the presence of organic solvents, respectively. The
organic solvent-stable PST-01 protease has two disulfide bonds (between Cys-30 and Cys-58 and between
Cys-270 and Cys-297) in its molecule. Mutant PST-01 proteases in which one or both of the disulfide bonds
were deleted were constructed by site-directed mutagenesis, and the effect of the disulfide bonds on the activity
and the various stabilities was investigated. The disulfide bond between Cys-270 and Cys-297 in the PST-01
protease was found to be essential for its activity. The disulfide bond between Cys-30 and Cys-58 played an
important role in the organic solvent stability of the PST-01 protease.

The PST-01 protease produced by the organic solvent toler-
ant microorganism Pseudomonas aeruginosa PST-01 is very
stable in the presence of organic solvents (16). It is a met-
alloendopeptidase and is stabler than subtilisin Carlsberg, ther-
molysin, and a-chymotrypsin, especially in the presence of
water-soluble organic solvents (14). The PST-01 protease cat-
alyzes peptide synthesis with higher yields and higher reaction
rates in the presence of organic solvents such as dimethyl
sulfoxide, N,N-dimethylformamide, and methanol than in the
absence of organic solvents (17, 18). In our previous study, the
PST-01 protease gene was cloned and sequenced (15). The
amino acid sequence of the PST-01 protease was found to be
the same as that of pseudolysin, an elastase from P. aeruginosa
PAO1, whose three-dimensional structure has been analyzed
(22). The amino acid sequence and overall three-dimensional
structure of the PST-01 protease were very similar to those of
thermolysin (1, 3, 6, 9, 11, 13, 15, 22, 23). One difference is the
presence of disulfide bonds in the PST-01 protease.

The presence of a disulfide bond at the appropriate location
is very important for enzyme stability in the presence of tem-
perature stress or attack by proteases, as demonstrated by the
introduction of disulfide bonds into enzyme molecules (2, 4, 7,
8, 10, 19, 21, 24–26). The PST-01 protease has two disulfide
bonds in its molecule; however its thermostability is not higher
than that of thermolysin, which has no disulfide bond. On the
other hand, the stability of the PST-01 protease in the presence
of organic solvents is higher than that of thermolysin (14).
Therefore, the disulfide bonds in the PST-01 protease mole-
cule may play an important role in the organic solvent stability
of the enzyme. In this study, the effect of the disulfide bonds on
the activity, pH stability, heat stability, and organic solvent
stability was investigated by substitution of cysteine.

MATERIALS AND METHODS

Organism. Escherichia coli JM109 (recA1 supE44 endA1 hsdR17 gyrA96 relA1
thi l2 D(lac-proAB) F9 [traD36, proAB1, lacIqZDM15]) (27) was used as the host
for the recombinant plasmids and production of the wild-type and mutant
PST-01 proteases. The transformed E. coli JM109 cells were cultivated on a
Luria-Bertani (LB) agar medium (20) containing 50 mg of ampicillin sodium salt
per liter, 1.0% (wt/vol) skim milk powder (Wako Pure Chemical Industries, Ltd.,
Osaka, Japan), and 1.5% (wt/vol) agar.

Plasmids. pPC1, which was constructed in our previous work (15) by cloning
the PST-01 protease gene, including its promoter region in the BamHI site of
pUC19, was used as a template for constructing other plasmids. It was also used
for producing the wild-type PST-01 protease. All the plasmids used are summa-
rized in Table 1.

Replacement of Cys-58 by Gly. The replacement of cysteine at amino acid 58
(Cys-58) of the PST-01 protease by glycine (C58G) was performed by replacing
thymine at nucleotide 756 position (T-763) of the PST-01 protease gene with
guanine (T763G) using the technique of splicing by overlap extension by PCR
(5). The first PCR was performed using pPC1/HindIII as a template, 59-TGC
CGA CGA ACT GAA AGC GAT C-39 and 59-TGT AGG TGT TGG TCG
GGC C*GG CGA AGC GGA-39 (the asterisk indicates a mismatch) as primers,
and Z-Taq (Takara Shuzo Co., Ltd., Kyoto, Japan). The second PCR was per-
formed using pPC1/HindIII as a template, 59- TCC GCT TCG CCGp GCC CGA
CCA ACA CCT ACA-39 and 59-AAC AGC AGA CTC ATG GCA GGA C-39
as primers, and Z-Taq. The first and second PCR products, which were purified
by agarose gel electrophoresis using a QIAquick gel extraction kit (Qiagen
GmbH, Hilden, Germany), were used as templates of the third PCR with 59-
TGC CGA CGA ACT GAA AGC GAT C-39 and 59-AAC AGC AGA CTC
ATG GCA GGA C-39 as primers. Repeated cycles of thermal denaturation,
annealing, and extension/termination were performed using a GeneAmp PCR
system 2400 apparatus (Perkin-Elmer Co., Norwalk, Conn.). The purified third
PCR product was cleaved with BbsI and NotI and ligated with the 4.2-kbp
fragment of pPC1 which was cleaved with the same restriction endonucleases.

Replacement of Cys-270 by Gly and of Cys-297 by a stop codon. The replace-
ment of cysteine at amino acid 270 (Cys-270) of the PST-01 protease by glycine
(C270G) was performed by replacing thymine at nucleotide 1399 (T-1399) of the
PST-01 protease gene by guanine (T1399G) using a QuikChange site-directed
mutagenesis kit (Stratagene Cloning Systems, La Jolla, Calif.) with two primers,
59-ACA ACA GCG GCG CCGp GCG GGG TGA TTC GCT CGG CGC-39 and
59-GCG CCG AGC GAA TCA CCC CGC CpGG CGC CGC TGT TGT-39. The
replacement of cysteine at amino acid 297 (Cys-297) of the PST-01 protease by
the stop codon (C297Stop) was performed by replacing cytosine at nucleotide
1482 (C-1482) of the PST-01 protease gene by adenine (C1399A) using the same
kit with two primers, 59-CGG CGT GAC CTG ApCC GAG CGC GTT GT-39
and 59-ACA ACG CGC TCG GTpC AGG TCA CGC CG-39.
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Identification of the mutated gene fragment. Clones containing the mutated
gene fragment were identified by restriction enzyme analysis using NaeI and the
nucleotide sequence of the full inset fragment from the genomic DNA of
P. aeruginosa PST-01. The nucleotide sequence was determined by cycle se-
quencing (12) using a Thermo Sequenase fluorescence-labeled primer cycle-
sequencing kit with 7-deaza-dGTP (Amersham Pharmacia Biotech Ltd., Upp-
sala, Sweden) with the following fluorescein-labeled primers: 59-fluoresc
ein-CGC CAG GGT TTT CCC AGT CAC GAC-39 (universal M13 forward
primer), 59-fluorescein-GAG CGG ATA ACA ATT TCA CAC AGG-39 (uni-
versal M13 reverse primer), 59-fluorescein-AGC AGA CTC ATG GCA GGA-39,
59-fluorescein-CCA AGC GAC ATA AAG CAG CCG CCC-39, 59-fluoresc
ein-GCG AAT TGG CCA ACA GGT-39, 59-fluorescein-GCC GCG CAT ATA
GAA CTC GGC AGC-39, 59-fluorescein-CCC GTA GTG CAC CTT CAT-39,
59-fluorescein-CTT CCC ACT GAT CGA GCA-39, 59-fluorescein-CGT ACG
CCG TTG TGG AAT-39, 59-fluorescein-AGA AGG AAC TGC ACT CCC-39,
59-fluorescein-AGG GGA GTG CAG TTC CTT-39, 59-fluorescein-CGC TAC
GAG CAA TTC CAC-39, 59-fluorescein-AAC GTC TCC TAC CTG ATT CCC
GGC-39, 59-fluorescein-GCA ACC AGA AGA TCG GCA-39, 59-fluoresc
ein-GTT CTA TCC GCT GGT GTC GCT GGA-39, 59-fluorescein-CGT TCT
ACC TGT TGG CCA-39, and 59-fluorescein-GAG TCC TGC CAT GAG TCT-
39. Denaturing polyacrylamide gel electrophoresis, detection of fluorescein, and
signal analysis were performed with an automated fluorescent DNA sequencer
(DSQ-2000L; Shimadzu Co., Kyoto, Japan).

Expression of PST-01 protease and its mutants in E. coli JM109 and their
purification. E. coli JM109 cells transformed with pPC1 (E. coli JM109/pPC1) or
pPC1-T763G (E. coli JM109/pPC1-T763G) were cultured in LB liquid medium
containing 50 mg of ampicillin sodium salt per liter. The medium was adjusted to
pH 7.2 using 1 M NaOH. A 500-ml baffled Erlenmeyer flask containing 200 ml
of the medium was inoculated with the transformed cells and incubated at 37°C
with rotary shaking (150 rpm, 7-cm-diameter shaking). The culture supernatants
were prepared by removing the cells in the culture by centrifuging 2,000 ml of the
culture at 10,000 3 g at 4°C for 5 min. The precipitated cells were resuspended
in 200 ml of a Tris-HCl buffer (pH 7.5) and disrupted by ultrasonic disintegration
using an ultrasonic disruptor (UD-200; Tomy Seiko Co., Ltd., Tokyo, Japan) at
97 W for 5 min intermittently in an ice bath. Cell extract was obtained by
centrifugation at 10,000 3 g at 4°C for 5 min. After incubation at 30°C for 2 h,
solid ammonium sulfate was added to 40% saturation. The precipitate formed
was removed by centrifugation at 10,000 3 g at 4°C for 5 min. After further
addition of solid ammonium sulfate to the supernatant to 75% saturation, the
resulting precipitate was collected by centrifugation at 10,000 3 g at 4°C for 5
min. The collected precipitate was dissolved in a 10 mM borax-HCl buffer (pH
8.5) containing 1 M ammonium sulfate. The PST-01 protease and its mutant
contained in these crude cell extracts were purified by hydrophobic interaction
chromatography with a TSKgel Butyl-Toyopearl 650M (Tosoh, Tokyo, Japan) as
described in our previous paper (15).

Measurement of proteolytic activity. The protease activity was routinely de-
termined by the casein hydrolysis method (16). A reaction mixture of 5 ml of a
50 mM borax-HCl buffer (pH 8.5) containing 0.6% (wt/vol) Hammarsten casein
(E. Merck, Darmstadt, Germany) and 0.1 ml of an enzyme solution was incu-
bated at 30°C for 10 min. The reaction was stopped by the addition of 1 ml of a
trichloroacetic acid solution consisting of 5.44% (wt/vol) trichloroacetic acid, 6%
(wt/vol) acetic acid, and 5.46% (wt/vol) sodium acetate. The mixture was further
incubated at 4°C for 30 min and then filtered using a no. 5C filter paper (Toyo
Roshi Kaisha Ltd., Tokyo, Japan). The concentration of digested casein in the
filtrate was determined by measuring the absorbance at 280 nm using tyrosine as
a standard. One unit of the proteolytic activity was defined as the amount of

enzyme which produces the casein digest equivalent to 1 mmol of tyrosine in the
filtrate per min at 30°C.

Measurement of the activity of peptide synthesis. As the acid and amine
components of the substrates for the peptide synthesis, N-a-carbobenzoxy-L-
arginine (Cbz-Arg) (Nacalai Tesque, Inc. Kyoto, Japan) and L-leucineamide
(Leu-NH2) were used, respectively. Leu-NH2 was prepared by the following
method. L-Leucineamide hydrochloride (30 mmol; Nacalai Tesque, Inc.) and
0.033 mol of NaOH were dissolved in 50 ml of distilled water. Leu-NH2 was
extracted with 200 ml of dichloromethane and recovered by evaporating dichlo-
romethane with a rotary evaporator at room temperature. About 0.027 mol of
Leu-NH2 was recovered, and it was identified using a 200-MHz nuclear magnetic
resonance spectrometer (Gemini-2000; Varian, Palo Alto, Calif.).

The reaction mixtures (pH 6.8) containing 130 kU of protease per liter, 10 mM
Cbz-Arg as a carboxyl component, 500 mM Leu-NH2 as an amine component,
and 50% (vol/vol) dimethyl sulfoxide were incubated at 30°C.

The amount of the produced Cbz-Arg-Leu-NH2 was analyzed by the following
procedure. Aliquots of sample solutions were taken from the reaction mixture
after 0, 30, 60, 90, 120, and 180 min of incubation and diluted with an eluent
(acetonitrile–50 mM sodium phosphate buffer [pH 3.0], 80:20 [vol/vol]) to 1:20
for high-performance liquid chromatography. After the enzymatic reaction was
quenched by adding the eluent and the mixture was stored at 220°C, an aliquot
of the mixture was analyzed by reversed-phase high-performance liquid chroma-
tography using a Shimadzu CL-10A chromatograph system equipped with a
DGU-12A on-line degasser, an LC-10ADvp solvent delivery unit, a SIL-10ADvp
autoinjector, a CTO-10Avp column oven, an SPD-10Avp UV-VIS detector, and
a C-R6A Chromatopac integrator (Shimadzu Corp.). The column used was an
ODS column packed with Cosmosil 5C18-AR-II (4.6 by 150 mm) (Nacalai
Tesque, Inc.). The flow rate of the eluent was 1.0 ml/min. The oven temperature
was 35°C. The eluted reactants and product were detected at a wavelength of 257
nm. The retention times of Cbz-Arg and Cbz-Arg-Leu-NH2 were 4 and 14 min,
respectively. The product yield was calculated based on the amount of the
limiting substrate, the acid component. The initial rates were calculated from the
slopes of the curves of amount of product versus reaction time.

Measurement of the organic solvent stability of the enzyme. The 10 mM
borax-HCl buffer (pH 8.5) containing about 5 U of the purified PST-01 or
PST-01-C58G proteases per ml was filtered with a cellulose acetate membrane
filter (pore size, 0.2 mm). A 1-ml volume of an organic solvent was added to 3 ml
of the filtrate in a test tube (16.5 mm in diameter) with a screw cap and was
incubated at 30°C with shaking at 160 strokes per min. The time courses of the
remaining proteolytic activity were determined by the casein hydrolysis method.

RESULTS AND DISCUSSION

Construction of the mutated PST-01 protease and its activ-
ity. The amino acid sequence of the PST-01 protease was very
similar to that of thermolysin. The homology of the primary
structure was 33%, and the overall three-dimensional structure
of the PST-01 protease was very similar to that of thermolysin
(1, 3, 6, 9, 11, 13, 15, 22, 23), as shown in Fig. 1. One difference
was the presence of the disulfide bonds in the PST-01 protease.
The PST-01 protease has two disulfide bonds between Cys-30
and Cys-58 and between Cys-270 and Cys-297; however, ther-
molysin has no disulfide bond in its molecule. Therefore, mu-
tant PST-01 proteases from which the disulfide bonds were
deleted were constructed by replacement of amino acids in the
PST-01 protease by using site-directed mutagenesis.

Five mutant plasmids, pPC1-T763G, pPC1-T1399G, pPC1-
T763G-T1399G, pPC1-C1482A, and pPC1-T1399G-C1482A,
were constructed (Table 1). The PST-01-C58G protease, in
which Cys-58 of the PST-01 protease was replaced by glycine,
was produced with pPC1-T763G, in which T-763 of the PST-01
protease gene was replaced by guanine. Similarly, the PST-01-
C270G protease, in which Cys-270 was replaced by glycine, was
produced with pPC1-T1399G, in which T-1399 was replaced by
guanine. The PST-01-C58G-C270G protease, in which Cys-58
and Cys-270 were both replaced by glycine, was produced with
pPC1-T763G-T1399G, in which T-763 and T-1399 were both

TABLE 1. Plasmids, proteins, and activities of transformants

Plasmida Proteaseb Activityc

pPC1 PST-01 1
pPC1-T763G PST-01-C58G 2
pPC1-T1399G PST-01-C270G 2
pPC1-T763G-T1399G PST-01-C58G-C270G 2
pPC1-C1482A PST-01-C297Stop 2
pPC1-T1399G-C1482A PST-01-C270G-C297Stop 2

a pPC1 was constructed in our previous study (15). All the other plasmids were
constructed in the present work.

b Proteases produced from the transformants harboring each plasmid are
shown.

c The proteolytic activities of the transformants harboring each plasmid were
tested on LB agar medium containing skim milk.
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replaced by guanine. The PST-01-C297Stop protease, in which
5 amino acids at positions 297 (cysteine) to 301 (C termi-
nus) were deleted, was produced with pPC1-C1482A, in which
C-1482 was replaced by adenine. The PST-01-C270G-C297Stop
protease, in which Cys-270 was replaced by glycine and 5
amino acids at positions 297 (cysteine) to 301 (C terminus)
were deleted was produced with pPC1-C1399G-C1482A, in
which C-1399 and C-1482 was replaced by guanine and ade-
nine, respectively. The wild-type and mutant PST-01 protease
genes were expressed in E. coli. E. coli containing pPC1 and
pPC1-T763G formed clear zones on LB agar media containing
skim milk. However, E. coli containing pPC1-T1399G, pPC1-
T763G-T1399G, pPC1-C1482A, and pPC1-C1399G-C1482A
did not form clear zones on LB agar medium containing skim
milk (Table 1). These results indicated that the disulfide bond
between Cys-270 and Cys-297 was necessary for exhibiting the
proteolytic activity of the PST-01 protease. Therefore, E. coli
containing pPC1 and pPC1-T763G were cultured in a liquid
medium and the expressed proteases (PST-01 protease and
PST-01-C58G protease, respectively) were purified by hydro-
phobic interaction chromatography.

The specific activities of the proteolytic reaction using casein
as a substrate, the initial rates of the peptide synthesis cata-
lyzed by the PST-01 protease and the PST-01-C58G protease,
and the equilibrium yields are summarized in Table 2. Both the
specific activity of the proteolytic reaction and the initial rate
of the peptide synthesis catalyzed by the PST-01-C58G pro-
tease were one-fourth of those of the reaction and synthesis
catalyzed by the PST-01 protease. These results showed that

FIG. 1. Comparison of the three-dimensional structure of the PST-01 protease with that of thermolysin. Solid ribbon diagrams of the PST-01
protease and thermolysin are shown. a-Helices, b-strands, active centers, and disulfide bonds are colored red, blue, green, and yellow, respectively.
The magnesium and calcium ions are shown as gray and brown spheres, respectively. The diagrams of the PST-01 protease and thermolysin were
created using MSI WebLab ViewerLite with the structure data of the elastase from P. aeruginosa (PDB code 1EZM) and thermolysin (PDB code
1LNF), respectively.

TABLE 2. Activities of the proteolytic reaction and the peptide
synthesis catalyzed by the PST-01 and PST-01-C58G proteasesa

Protease Activity of proteolytic
reaction (kU/g)

Peptide synthesis

Initial rate (mmol/
min/g of enzyme)

Equilibrium
yield (%)

PST-01 35.3 6 3.0 330 6 2 74.9 6 0.3
PST-01-C58G 9.27 6 1.0 82.1 6 1.5 73.7 6 0.6

a The wild-type (PST-01) and the mutant (PST-01-C58G) proteases were both
purified by ammonium sulfate fractionation and successive hydrophobic interac-
tion chromatography steps using a Butyl-Toyopearl gel.
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replacing Cys-58 with Gly resulted in a decrease in the specific
activities of the proteolytic reaction and the peptide synthesis.
However, the equilibrium yields were almost the same irre-
spective of the protease.

Effect of pH on the activity. The effect of pH on the proteo-
lytic activity of the purified PST-01 and PST-01-C58G pro-
teases was investigated using 50 mM McIlvain buffer (pH 3.3 to
6.9), 50 mM Tris-HCl buffer (pH 6.3 to 9.2), 50 mM borax-HCl
buffer (pH 7.7 and 8.9), 50 mM borax-NaOH buffer (pH 9.8
and 10.4), and 50 mM sodium phosphate buffer (pH 10.6 and
11.9). The relative activities at various pH values are shown in
Fig. 2, in which the activity measured using the 50 mM Tris-
HCl buffer (pH 8.1) is taken as 1. No difference in the pH
dependency of the activity was observed between the PST-01
and PST-01-C58G proteases.

Effect of temperature on the activity. The activities of the
PST-01 and PST-01-C58G proteases measured at pH 8.5 and
various temperatures are shown in Fig. 3, taking the activities
at 30°C to be 1. Although the maximum activity of the PST-01
protease was observed at approximately 55°C, that of the PST-
01-C58G protease was observed at approximately 45°C. The
optimum temperature at which the maximum activity was ex-
hibited decreased due to deletion of the disulfide bond be-
tween Cys-30 and Cys-58 of the PST-01 protease.

Effect of temperature on the stability. The heat stability of
the enzymes was studied by assaying the residual activities after
10 min of incubation at various temperatures at pH 8.5 and is
shown in Fig. 4. Although the PST-01 protease was stable up to
70°C, the PST-01-C58G protease was stable only below 55°C.
The temperature at which the enzyme is stable decreased due

to the deletion of the disulfide bond between Cys-30 and
Cys-58 of the PST-01 protease.

Organic solvent stability. The effect of various organic sol-
vents on the stability of the PST-01 and PST-01-C58G pro-
teases was studied. Figure 5 shows the typical time courses of
the remaining activity of the PST-01 and PST-01-C58G pro-
teases in the presence of 1,5-pentanediol and acetone. Deac-

FIG. 2. Effect of pH on the proteolytic activities of the PST-01 and
PST-01-C58G proteases. The wild-type (PST-01) and mutant (PST-01-
C58G) proteases were both purified by ammonium sulfate fraction-
ation and successive hydrophobic interaction chromatography steps
using a Butyl-Toyopearl gel. About 5 kU of these purified proteases
per liter was used. The activities of the PST-01 (open symbols) and
PST-01-C58G (solid symbols) proteases at 30°C were measured using
50 mM McIlvain buffer (h, ■), 50 mM Tris-HCl buffer (‚, Œ), 50 mM
borax-HCl buffer (E, F), 50 mM borax-NaOH buffer ({, }), and
sodium phosphate buffer (ƒ, �) with casein as the substrate. The
activities at various pHs relative to that measured using 50 mM Tris-
HCl buffer (pH 8.1) are shown. The error bars on the symbols indicate
deviation. The absence of a bar indicates that the deviation was smaller
than the symbol.

FIG. 3. Effect of temperature on the proteolytic activities of the
PST-01 and PST-01-C58G proteases. The wild-type and mutant pro-
teases were both purified by ammonium sulfate fractionation and suc-
cessive hydrophobic interaction chromatography steps using a Butyl-
Toyopearl gel. The activities of the PST-01 (E) and PST-01-C58G (F)
proteases (about 5 kU/liter) at various temperatures were determined
using casein as the substrate at pH 8.5. The activities at various tem-
peratures relative to those at 30°C are shown. The error bars on the
symbols indicate deviation. The absence of a bar indicates that the
deviation was smaller than the symbol.

FIG. 4. Heat stabilities of the PST-01 and PST-01-C58G proteases.
The wild-type (PST-01) and mutant (PST-01-C58G) proteases were
both purified by ammonium sulfate fractionation and successive hy-
drophobic interaction chromatography steps using a Butyl-Toyopearl
gel. Solutions containing the PST-01 (E) and PST-01-C58G (F) pro-
teases (about 5 kU/liter [pH 8.5]) were incubated at various temper-
atures for 10 min. The remaining activities were measured at 30°C and
are shown as the values relative to those before incubation. The error
bars on the symbols indicate deviation. The absence of a bar indicates
that the deviation was smaller than the symbol.
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tivation of both proteases in the presence of organic solvents
obeyed the first-order kinetics. The half-lives of the activ-
ities of both proteases are summarized in Table 3. The
PST-01 protease was stable in the presence of water-soluble
organic solvents or alcohols such as 1,4-butanediol, 1,5-pen-
tanediol, ethanol, methanol, dimethyl sulfoxide, 2-propanol,
and N,N-dimethylformamide. Inactivation of the PST-01 pro-
tease in the presence of these organic solvents was not ob-
served at all during the 15-day experiment. These results were

in good agreement with those of our previous study (14). How-
ever, the half-lives of the PST-01-C58G protease in the pres-
ence of organic solvents were much shorter than those of the
PST-01 protease in the same organic solvents. Therefore, the
disulfide bond between Cys-30 and Cys-58 of the PST-01 pro-
tease plays an important role in exhibiting the organic solvent
stability of the PST-01 protease.

In this study, the effects of disulfide bonds, which are present
in the PST-01 protease, on the heat and organic solvent sta-
bilities of the protease were studied. The disulfide bond be-
tween Cys-270 and Cys-297 was necessary for exhibiting the
proteolytic activity of the PST-01 protease. However, the di-
sulfide bond between Cys-30 and Cys-58 played an important
role in not only the heat stability but also the organic solvent
stability. To our knowledge, this is the first experimental dem-
onstration that the disulfide bond has played an important role
in the organic solvent stability of an enzyme. Although further
extensive research on the organic solvent stability of the mu-
tant enzymes as well as of the wild-type enzyme is needed, the
present work should lead us to a fuller understanding of the
organic solvent stability of enzymes and to the development of
new organic solvent-stable enzymes.
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