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ABSTRACT We developed a method for rapidly generat-
ing thermostable enzyme variants. Our strategy is to introduce
the gene coding for a given enzyme from a mesophilic organism
into a thermophile, Bacillus stearothermophilus. Variants that
retain the enzymatic activity at the higher growth temperatures
of the thermophile are then selected. This strategy was applied
to kanamycin nucleotidyltransferase, which confers resistance
to the antibiotic kanamycin. B. stearothermophilus carrying the
wild-type enzyme is resistant to the antibiotic at 47C but not
at 55C and above. Variants that were kanamycin resistant at
63°C were obtained by selection of spontaneous mutants, by
passage ofa shuttle plasmid through theEscherichia colimutD5
mutator strain and introduction into B. stearothermophilus by
transformation, and by growing the thermophile in a chemo-
stat. The kanamycin nucleotidyltransferases purified from
these variants were all more resistant to irreversible thermal
inactivation than is the wild-type enzyme, and all have the same
single amino acid replacement, aspartate to tyrosine at position
80. Mutants that are even more heat stable were derived from
the frt variant by selecting for kanamycin resistance at 70C,
and these carry the additional change of threonine to lysine at
position 130. This strategy is applicable to other enzymatic
activities that are selectable in thermophiles or that can be
screened for by plate assays.

The ability of some microorganisms to grow at extreme
temperatures (1) implies that their enzymes are stable and
active at these temperatures. This is largely borne out when
enzymes from thermophilic sources are studied in vitro; such
enzymes are indeed more thermostable than the equivalents
isolated from phylogenetically related mesophilic organisms
(2). Correlations between an increase in the proportion of
hydrophobic residues and the degree of thermostability have
been observed (3-5). Internal electrostatic interactions (6)
and disulfide linkages (7) have also been proposed as features
that stabilize proteins. However, the role of individual amino
acid residues in enhancing the resistance to thermal dena-
turation of an enzyme from a thermophile is not known.
We wish to understand the contributions of individual

amino acids to the overall stability of a protein's structure.
Comparisons between enzymes from mesophiles and
thermophiles are complicated because these proteins, al-
though homologous, usually differ in more than one residue.
More precise inferences can be based on comparisons of
temperature-sensitive mutations which encode, as a result of
single amino acid changes, proteins that retain activity but
are less resistant to heat denaturation than the wild-type
counterpart. Thus, for example, many temperature-sensitive
mutations of phage T4 lysozyme have been studied with the
aim of correlating the changes in stability with changes in the
protein structure (8). However, an x-ray crystallographic

study of one of these mutant enzymes (9) revealed that a
variant in which a histidine residue replaced an arginine in the
wild type nevertheless had a three-dimensional structure
identical to that of the parent protein, suggesting that the
forces that govern stability are subtle.
Mutant enzymes that are more thermostable have been

isolated in a few genetic investigations. For example, a
mutant of the Escherichia coli tryptophan synthase a subunit
(10, 11) and one of the phage X repressor (12) are more heat
resistant than their wild-type counterparts. These mutant
enzymes were identified by enzymatic assay or by circular
dichroism of the proteins purified from a large number of
candidates, most of which were less thermostable than the
wild type. Obviously a technique that directly identifies
thermally stable mutants would reduce the number of can-
didates that must be examined. Recently, such mutants ofT4
lysozyme were isolated by assay on lawns of infected E. coli
after incubation at a temperature that inactivated the wild-
type lysozyme (13). However, screening systems are not as
powerful as a direct selection for thermostable variants.
We have developed such a selection. Our strategy consists

of cloning a gene encoding an enzyme from a mesophilic
organism, introducing the gene into a thermophile, and
selecting for the enzymatic activity at the higher growth
temperatures of the host organism. We used Bacillus
stearothermophilus as the thermophile to test the feasibility
of this approach and kanamycin nucleotidyltransferase
(KNTase) as the enzyme to be modified to higher thermo-
stability.

MATERIALS AND METHODS
Bacterial Strains and Plasmids. Plasmid pUB110 was iso-

lated from Bacillus subtilis strain 1E6 from the Bacillus
Genetic Stock Center (Ohio State University, Columbus,
OH). Plasmid pBST1 was obtained from B. stearothermo-
philus 1102 from the Northern Regional Research Laborato-
ries (Peoria, IL), as was B. stearothermophilus strain 1174.
Media. Media used for growth and transformation of B.

stearothermophilus are as follows: TSY (2% Bacto-tryptone/
1% NaCl/1% yeast extract, solidified with 2% agar when
required) was used to grow the organism. SMM buffer was as
described (14), andSMMX contained the components ofTSY
medium, SMM buffer, and in addition 0.5% glucose and
0,05% bovine serum albumin. Medium DM3a for the regen-
eration of B. stearothermophilus protoplasts was similar to
DM3 (14) except it contained 0.15 M sodium succinate and
2% agar rather than 0.5 M and 0.8%, respectively.

Transformation of B. stearothermophilus. B. stearothermo-
philus were transformed by using a modification of the
method used to transform B. subtilis protoplasts with plasmid
DNA (14). Cells of B. stearothermophilus strain 1174, which

Abbreviations: KNTase, kanamycin nucleotidyltransferase; KanR,
kanamycin-resistant; kb, kilobase(s); Mes, 2-(N-morpholino)ethane-
sulfonate.
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does not carry pBST1, were grown in TSY at 550C to 108 cells
per ml, harvested at room temperature by centrifugation, and
resuspended in 0.1 vol of SMMX. Protoplasts were formed
by treatment with lysozyme (50 gg/ml) for 15 min at 370C,
washed twice with SMMX by centrifugation at 1400 x g for
7 min in a clinical centrifuge at room temperature, and
resuspended in the same volume of SMMX. The transfor-
mation reaction was carried out by adding 0.5 ml of
protoplasts to DNA in 40-100 y4 of SMM buffer, followed by
the addition of 1.5 ml of 40% polyethylene glycol 8000
dissolved in SMM buffer, prewarmed to 470C. The mixture
was gently shaken at 47TC for 2 min, and the polyethylene
glycol was diluted with 5 ml ofSMMX. The protoplasts were
recovered by centrifugation, resuspended with 0.5 ml of
SMMX, and incubated with gentle shaking at 470C for 1 hr
before plating on DM3a agar. Kanamycin-resistant (KanR)
transformants were selected by incorporating kanamycin in
the regeneration agar at 25 ,ug/ml. The efficiency of
protoplast regeneration to colony-forming units was 1%o.

Other DNA Methods. Standard methods were used to
transform E. coli, to prepare plasmid DNA from this orga-
nism, and to construct chimeric plasmids (15). Rapid screen-
ing of transformants of E. coli or B. stearothermophilus for
plasmids was done by using an alkaline extraction procedure
in which a phenol extraction step was incorporated (16). This
procedure yielded pBST16 from either species capable of
transforming the other. Large-scale (2-liter) preparation of
plasmid from B. stearothermophilus was carried out by
alkaline extraction and CsCl/ethidium bromide gradient
centrifugation. Oligodeoxynucleotides were prepared by the
method of Caruthers et al. (17), using an Applied Biosystems
model 380A DNA synthesizer. The gene coding for KNTase
was sequenced by the dideoxynucleotide method (18).
Subclones of pBST2 were made in M13 mp8 and mp9 phage
and sequences generated by extension of the universal M13
pentadecameric primer. From the sequence obtained from
these subclones, a set of eight oligodeoxynucleotides, each
complementary to a portion of the KNTase gene and approx-
imately 250 bases apart, in both orientations, were synthe-
sized to permit sequencing directly from the plasmid. This
strategy obviated the need to construct sets of overlapping
subclones of the wild-type gene and also allowed rapid
sequencing of the thermostable mutant genes. The primers
were 5'-labeled with [32P]ATP and mixed in equimolar ratio
with linearized plasmid carrying the KNTase gene. After
denaturation by boiling, the mixture was cooled slowly and
dideoxynucleotide incorporation reactions were catalyzed
with reverse transcriptase (Boehringer Mannheim) at 46°C
and analyzed by gel electrophoresis in the standard manner
(18).

Assay for KNTase. KNTase activity was assayed by cou-
pling the release of PP1 from ATP to the reduction ofNADP.
Incubation mixtures contained 50 mM sodium 2-(N-morpho-
lino)ethanesulfonate (Mes) at pH 6.1, 5 mM MgCl2, 1 mM
dithiothreitol, 1 mM ATP, 100 ,uM kanamycin, and the
following coupling reagents: 0.5 unit of UDP glucose
pyrophosphorylase, 1 unit of phosphoglucomutase, 0.2 unit
of glucose-6-phosphate dehydrogenase, 0.2 mM UDP-glu-
cose, 2 ,tM glucose 1,6-bisphosphate, and 0.2 mM NADP.
The reactions were carried out at 37°C and continuously
monitored at 340 nm. One unit of KNTase activity is equal to
1 nmol of PPj released per min as measured by the production
of NADPH. All chemicals and coupling enzymes were
obtained from Sigma.

Purification of KNTase. A crude extract ofE. coli harboring
pBST16 was prepared by a French press, and the supernatant
free of cell debris was chromatographed on DEAE-cellulose
as described (19). The active fractions were precipitated with
ammonium sulfate (70% saturation) and dialyzed versus 50
mM Na Mes, pH 6.1/5 mM MgCl2/1 mM dithiothreitol/50

mM NaCl. The dialyzed extract was applied to a kanamycin
affinity column (prepared by attaching kanamycin to epoxy-
activated Sepharose 6B from Pharmacia) which was then
washed with 50 mM Na Mes, pH 6.1/5 mM MgCl2/1 mM
dithiothreitol/200 mM NaCl, and the KNTase was eluted
with a gradient of kanamycin from 0 to 10 mM in the same
buffer. The enzyme was purified to homogeneity (as judged
by NaDodSO4/polyacrylamide gel electrophoresis) by the
use of a hydrophobic interaction column (Bio-Gel TSK
phenyl-5-PW from Bio-Rad). The affinity-purified material
was applied to the column in 50 mM sodium 3-(N-morpho-
lino)propanesulfonate, pH 7.1/5 mM MgCl2/1 mM dithio-
threitol/0.5 M (NH4)2SO4 and eluted with a reverse salt
gradient to the same buffer without (NH4)2SO4. Protein was
measured by the Coomassie blue method (20), calibrated by
using the extinction coefficient of the wild-type KNTase as
calculated from the predicted protein sequence. Bovine
serum albumin was utilized as an intermediate standard.
Thermal Denaturation. Experiments were performed after

dialyzing aliquots of the enzymes vs. 10 mM sodium
piperazine-N,N'-bis(2-hydroxypropanesulfonate), pH 8.0.
The pH of this buffer remains above 7.0 at the temperatures
used; the thermal stability of the wild-type enzyme was
independent of pH above this value.

RESULTS

Cloning in B. stearothernophilus

The KNTase gene is carried on the Staphylococcus aureus
plasmid pUB110 (19) and confers kanamycin resistance. This
plasmid, which transforms B. subtilis (21), was used to
develop the B. stearothermophilus transformation proce-
dures. Transformants arose at a frequency of 4 x 104 per ,ug
of plasmid DNA when selected at 47°C on protoplast regen-
eration plates containing kanamycin at 25 ,ug/ml.
Although pUB110 was maintained in B. stearothermophil-

us at 47°C, it was lost at higher temperatures and thus would
not maintain cloned genes at the growth temperatures where
selection for thermostable mutants would be conducted.
However, we found that many strains ofB. stearothermoph-
ilus carry large [approximately 80-kilobase (kb)] cryptic
plasmids even in cells grown at 70°C. One plasmid, pBST1,
was isolated from the kanamycin-sensitive strain NRRL
1102. A chimera carrying the presumably heat-stable origin of
replication of pBST1 and the kanR marker of pUB110 was
constructed as follows. pUB110 was digested with Taq I,
which inactivates its origin of replication but leaves the kanR
gene function intact (22), and pBST1 was digested with Cla
I. The pUB110 and pBST1 fragments were ligated with T4
DNA ligase and the products of this reaction were used to
transform B. stearothermophilus. KanR transformants were
selected, grown on plates without the drug at 70°C, and
replated on kanamycin-containing plates at 47°C. Transform-
ants carrying only pUB110 lost this plasmid during the
high-temperature growth, but a chimeric plasmid (pBST2)
was obtained from a thermally stable transformant. When
analyzed by restriction endonuclease mapping and Southern
hybridization (23), pBST2 was found to contain a 1.4-kb
DNA fragment from pBST1 as well as the three Taq I
fragments corresponding to the complete pUB110. Restric-
tion endonuclease mapping indicated that these Taq I frag-
ments which carry the origin of replication of pUB110 were
rearranged in pBST2 (Fig. 1). Furthermore, in contrast to
pUBilO, which is present in B. stearothermophilus at ap-
proximately 40 copies per cell, pBST2 is present at 1 to 3
copies per cell. We believe that the 1.4-kb fragment from
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FIG. 1. Plasmid constructions. The construction of the chimeric
plasmids pBST2 and pBST16 is described in the text. The pBST1
fragment cloned in pBST2 is bounded by Taq I sites and also contains
seven Taq I sites, which are not marked in the figure.

pBST1 cloned in pBST2 is acting as the origin of replication
of this plasmid, although other functions cannot be excluded.
The stabilities of pUBilO and pBST2 at various tempera-

tures were measured by growing cultures for 20 generations
in the absence of kanamycin, then plating in the presence of
kanamycin at 25 jzg/ml. As shown in Table 1, the chimeric
plasmid is markedly more stable than pUBilO, even though
initially present at a lower copy number. The stability of
pBST2 is comparable to that of naturally isolated drug-
resistant plasmids found in thermophilic Bacillus species
(24). pBST16 was constructed by joining pBST2 with the E.
coli plasmid pBR322 to allow shuttling between the two
species. This plasmid construction is shown in Fig. 1.

Table 1. Plasmid stability in B. stearothermophilus

Growth % KanR colonies*
temp., 0C pUBilO pBST2

47 99 100
55 36 95
59 27 95
63 1 58
67 1 46

*At 470C, after 20 generations in the absence of kanamycin.

B. stearothermophilus carrying pBST2 or pBST16 is not
phenotypically KanR at temperatures above 55TC, even
though the plasmid is present. (The antibiotic itself is stable
and inhibits growth of B. stearothermophilus up to 72TC, the
highest temperature at which this organism grows.) A mutant
resistant to kanamycin at 63TC was obtained by plating 108
cells carrying pBST2 at 63TC in the presence of kanamycin at
25 ,ug/ml. The plasmid was isolated from this mutant (TK1)
and found to be indistinguishable by restriction analysis from
the wild-type pBST2. When used to transform B. stearo-
thermophilus lacking experimentally introduced plasmids,
pBST2-TK1 conferred kanamycin resistance at 63TC, indi-
cating that the high-temperature drug resistance was plasmid
borne.
Mutant TK1 was isolated without the use of mutagens. To

increase the frequency of mutagenesis the plasmid-borne
KNTase gene was passaged through an E. coli mutDS
mutator strain (25). The effect of the mutD5 mutation of E.
coli, which alters the editing function ofDNA polymerase III
(26), is to increase the frequency at which spontaneous
mutations are generated. The shuttle plasmid pBST16 was
used to transform E. coli LE30 (galU strA aziR mutDS), and
plasmidDNAs were prepared from individual colonies grown
up under mutagenic conditions (27). Each ofthese DNAs was
then separately used to transform B. stearothermophilus and
a single transformant resistant to kanamycin at 630C was
saved from each transformation to avoid the isolation of
sibling mutants. Such mutants, represented by strains TK3,
TK4, and TK6, arose at frequencies of 1 x 10-4 per
transformant.
To investigate the possible effect of sequential mutations,

each of which may confer increased thermal stability to
KNTase, mutant TK13 was generated by continuous growth
in a chemostat. The continuous culture was inoculated with
the wild-type strain and growth was initiated at 47°C in the
presence of kanamycin. The temperature was increased
slowly while the medium flow rate was adjusted to prevent
washing out the stressed culture. At the indicated harvest
temperature (Table 2) the culture was allowed to equilibrate
fbr at least 50 generations before a single colony was isolated.
Sequential mutations were also obtained by plating TK1 in
the presence of kanamycin at 25 ,g/ml at 69°C (generating
TK101, which arose at a frequency of 1 x 10-7) and by
starting the continuous culture with TK1 (generating TK108).
Table 2 lists the mutants and the way each was obtained.

All of these were plasmid borne, as shown by the ability of
the respective plasmids to transform plasmid-free B. stearo-
thermophilus to high-temperature kanamycin resistance. Be-
cause the chemostat-derived mutants may have changes in
addition to mutations in the plasmid-borne KNTase gene, the
enzymes coded for by these mutants were prepared from
retransformants.

Table 2. Isolation of thermostable KNTase mutants

Plasmid Isolation Temp., Kanamycin, Parent
Mutant carried method 0C pzg/ml strain

TK1 pBST2 Plating 63 25 Wild type
TK3 pBST16 mutDS 63 25 Wild type
TK4 pBST16 mutDS 63 25 Wild type
TK6 pBST16 mutD5 63 25 Wild type
TK13 pBST2 Chemostat 63 25 Wild type
TK101 pBST2 Plating 69 25 TK1
TK108 pBST2 Chemostat 71 200 TK1
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Table 3. Purification of wild-type KNTase from E. coli
Total Total Specific

protein, activity, activity,
Fraction mg units units/mg

Crude extract 1008 305 0.30
DEAE-cellulose 147 1500 10.2
Affniity column 1.48 1900 1280
Hydrophobic column 0.195 488 2500

Isolation and Characterization of KNTase Mutant Proteins

Mutant enzymes were characterized after being purified to
avoid possible artifacts caused by, for example, proteolytic
or ATPase activity. The purification method was developed
by purifying to homogeneity the enzyme from E. coli har-
boring pBST16 (Table 3). These conditions were then used to
purify the enzymes from the B. stearothermophilus strains
carrying wild-type or thermostable mutants. The enzyme
preparations were homogeneous as determined by NaDod-
S04/polyacrylamide gel electrophoresis and were ofidentical
mobility. Irreversible thermal denaturation kinetics for these
activities were measured at several temperatures, and the
points were fitted to a first-order curve. Half-lives were
calculated by using a nonlinear regression least-squares
program and are listed in Table 4. It is apparent from these
data that the mutant enzymes are all more stable to heat
denaturation than is the wild type. Furthermore, the mutants
may be grouped into those with denaturation characteristics
similar to those ofTK1 and others with characteristics similar
to those of TK101, with the latter class being more stable.
This result correlates with the KanR phenotypes of the
mutants, because TK101 is resistant at 69°C, whereas TK1 is
resistant only to 63°C. There were no significant changes in
the Km, Vm, or kcat values for the mutant enzymes assayed
at 370C.

Sequence of the KNTase Gene

The sequence we determined for the wild-type KNTase gene
is identical to that reported by Matsumura et al. (28). The
sequences of the mutant genes were obtained from the
respective plasmids by using the oligodeoxynucleotide prim-
ers. The single change of aspartate to tyrosine at position 80
was found in TK1, TK3, TK4, TK6, and TK13. Mutants
TK101 and TK108 had an additional change of threonine to
lysine at position 130. Fig. 2 shows the regions of the gene
adjacent to the positions of the mutations, as well as the
nature of the base changes. Both mutations occur in regions
predicted to form a-helices (29).

1

Table 4. Thermal denaturation properties of mutant and
wild-type KNTase

Half-life, min

KNTase 500C 550C 600C 650C
Wild type 17 1.9 <0.3 <0.3
TK1 Stable >60 16.5 <1
TK3 Stable >60 17.5 <1
TK4 Stable >60 15 <1
TK6 Stable >60 21 <1
TK13 Stable >60 20 <1
TK101 Stable Stable >60 15.2
TK108 Stable Stable >60 12

Stable denotes no loss of activity in 60 min.

DISCUSSION
In general, enzymes from mesophilic organisms are less
thermostable than the equivalent enzymes from thermo-
philes. We have demonstrated that variants of an enzyme
from a mesophile with increased stability towards heat
denaturation can be obtained in a thermophile by introducing
the gene coding for this enzyme into the thermophile and
selecting for the activity at the higher growth temperatures of
this organism. Furthermore, because we are selecting for
enzymatic activity, we avoid the possible generation of
variants in which the enhancement of stability was made at
the expense of catalytic efficiency; the mutants of KNTase
we obtained have specific activities at 37°C equivalent to the
specific activity of the wild-type enzyme.
The isolation of a mutant enzyme with increased

thermostability in B. stearothermophilus has been previously
reported (30). In this case the activity is an endogenous
restriction enzyme that fortuitously is not active in vivo at
high growth temperatures; mutants that prevented phage
infection were isolated and found to have an enzyme that is
more resistant to thermal denaturation. The ability to intro-
duce foreign DNA into B. stearothermophilus by our method
greatly extends the range of enzymes whose thermostability
can be increased by selection in this thermophile.
Only one mutation was isolated from the wild-type meso-

philic parent in our KNTase test case. The repeated reiso-
lation of the TK1 mutation (Asp-80-+Tyr) by several routes
may be due either to the presence of a mutagenic hotspot at
that site or to the limited number and kind of changes in this
protein that both preserve activity and enhance heat stability.
At least one alternative mutation that confers increased
thermal stability to KNTase is known; an activity from a
naturally KanR thermophilic Bacillus species was described
recently; this enzyme differs from the pUB110 enzyme only
in the replacement of threonine by lysine at position 130 (18).

80 130 253

Wildtype GTG AAT GGA CCA ATA ATA ATG ACT AGA GAA GAA AGA .... AAT TTT GAT AGC GAA... .GCC CAA ACG TTC CAC....ATA CCA TTT TGA
(f)Met Asn Gly Pro Ile Ile Met Thr Arg Glu Glu Arg Asn Phe Asp Ser Glu Ala Gln Thr Phe His Ile Pro Phe

TK1
TK3
TK4
TK6
TK13 I
TK101
TK108

TAT
Tyr

TAT
Tyr

AAG
Lys

FIG. 2. Sequence of thermostable KNTase mutants. The complete sequence of the wild-type KNTase gene is given in ref. 28; thus only the
portions relevant to this work are presented. The starting codon of the gene was aligned according to the sequence of the amino-terminal 12
amino acids of the pure enzyme (sequencing performed by Al Smith, University of California, Davis), and the positions and nature of the
mutations that yielded thermostable variants are shown.
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From the reported data we calculate that the Lys-130 mutant
has a half-life of approximately 9 min at 550C, whereas the
TK1 enzyme is essentially stable at this temperature. The
Lys-130 mutant may therefore be insufficiently stable to
survive the selection conditions we used.

Nevertheless, it is evident that Lys-130 in combination
with Thr-80 results in a variant that is more resistant to
thermal denaturation than either mutation alone. This addi-
tive effect is seen in mutant TK101, which was isolated at
690C in the presence of kanamycin from a strain already
carrying the TK1 mutation but unable to grow under these
conditions. We suggest that the separate changes at positions
80 and 130 act independently and additively to stabilize
KNTase from thermal denaturation.

Protein stability is clearly the sum of multiple intramolec-
ular interactions, many of which may be affected when even
a single amino acid residue is altered. Thus attempts to
predict enzyme variants that are more stable may be subject
to unforeseen complications, such as the loss of the desired
activity. In contrast, our method, based on biological selec-
tion, accounts for all variables of activity and structural
stability simultaneously and requires no assumptions regard-
ing the outcome. Furthermore, since the method does not use
predictive strategies, we can isolate thermostable enzyme
variants without structural information on the protein, and
therefore without the time-consuming research needed to
obtain this information. The sequential isolation of variants,
each more thermostable than its predecessor, under labora-
tory conditions that are more extreme than natural ones,
demonstrates that our method is able to generate enzymatic
activities with properties unlikely to be found in natural
sources. Lastly, even though we used an enzyme whose gene
is naturally carried on a plasmid and whose activity is
selectable in B. stearothermophilus to demonstrate the fea-
sibility of this approach, the strategy can be readily extended
to cloned genes and to screen for mutant proteins whose
activities are not selectable.
Using thermostable enzymes in industrial applications

offers the benefits of increased rates of reaction, higher
substrate solubilities, and lowered risk of microbial contam-
ination when reactions are carried out at higher temperatures.
Thermostable enzymes also generally have longer shelf lives
at normal storage temperatures. The enhancement ofthe heat
stability of other enzymes by our method will greatly extend
the repertoire of industrial tasks that these catalysts may
perform.
We thank Michael McDonell for expert advice in the construction of

the plasmids; Larry Forney for setting up the chemostat experiments;
Amy Moore Geis for the initial M13 sequencing; Pradip Bandyopad-
hyay and Tom Gleason for the synthesis of oligodeoxynucleotide
primers; and Patrick Shannon for helpful discussions on the properties
of enzymes. The selection strategy described in this paper was first
suggested to the authors by Larry Gold.
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