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Purification of Recombinant Ribulose-1,5-bisphosphate Carboxylase/Oxygenase
Large Subunits Suitable for Reconstitution and Assembly of Active LgSy Enzyme'
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ABSTRACT: Ribulose-1,5-bisphosphate carboxylase/oxygenase (RubisCO) from Anacystis nidulans was
reconstituted in vitro from extracts of Escherichia coli strains that separately express large and small subunits.
This reconstitution system was shown to be useful for monitoring the appearance of dissociated or fractionated
subunit preparations. Recombinant large subunits were purified to a state of homogeneity and retained
reconstitution capacity in the presence of added small subunits. The purified large subunits appeared to
be in the form of an octamer, probably an Lg structure, and showed 0.15% of the carboxylase activity of
the purified LgSq enzyme. Purified large subunit octamers are disrupted by nondenaturing PAGE; however,
the octamer is stable to electrophoresis in the presence of exogenous protein.

Ribulose-1,5-bisphosphate (RuBP) carboxylase/oxygenase
(RubisCO)! is an important enzyme which catalyzes the initial
reaction of the two competing metabolic pathways of photo-
synthetic CO, fixation and photorespiratory carbon oxidation
(Tabita, 1988). This bifunctional enzyme catalyzes both the
carboxylation and the oxygenation of RuBP. Considerable
research on this enzyme has given productive information
about its catalysis and structure (Andrews & Lorimer, 1987).
In plants, algae, and most bacteria, RubisCO is a hexade-
cameric protein (LgSg) which is composed of eight large
subunits of about 55 kDa and eight small subunits of about
13 kDa. While the large subunit bears the sites for activation
and catalysis, the role of the small subunit is not fully un-
derstood despite its requirement for full enzyme activity
(Andrews & Ballment, 1983). In the case of the LgS; enzyme,
the small subunits are attached to the top and the bottom of
the large subunit octamer (Andersson et al., 1989; Chapman
et al., 1988). In plants and green algae, the large and small
subunits are encoded by the chloroplast and nuclear genomes,
respectively. Unlike the situation in most eucaryotic organisms,
the large and small subunit genes of RubisCO from the cya-
nobacterium Anacystis nidulans, which performs an oxygenic
photosynthesis, are linked together and cotranscribed (Shi-
nozaki & Sugiura, 1985). Because of the procaryotic nature
of the Anacystis RubisCO genes, active and correctly assem-
bled recombinant hexadecameric enzyme may be synthesized
in Escherichia coli (Christeller et al., 1985; Gatenby et al.,
1985; Tabita & Small, 1985). When the large subunit gene
was separately expressed in E. coli, large subunits were syn-
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thesized, presumably in the form of Lg octamers (Andrews,
1988). This crude Ly RubisCO showed weak but measurable
RubisCO activity; however, the protein was labile and resisted
further attempts at purification.

In this investigation, we have shown that recombinant large
and small subunits from separately expressed rbcL and rbcS
genes of A. nidulans were active in reconstitution of RubisCO
activity in vitro. Furthermore, the large subunits were purified
to homogeneity in a stable Lg form.2

EXPERIMENTAL PROCEDURES

Bacterial Strains and Plasmids. E. coli strain MV1190
[A(lac-pro AB), thi, sup E, A(sri1-recA)306::Tn10(tet")[F'tra
D36, pro AB, lacl"ZAM15])] was used as the host strain for
plasmids employed in this study. Plasmids constructed for this
study were derived from plasmid pCS75 (Tabita & Small,
1985). E. coli MV1190 was purchased from Bio-Rad,
Richmond, CA. Plasmids pTZ18R (Mead et al., 1986), pUC9
(Vieira & Messing, 1982), and pUC18 (Yanisch-Perron et
al., 1985) were used as vectors for cloning.

Cell Culture and Preparation of Crude Extracts. E. coli
plasmid-containing strains were grown for 8-9 h in Luria-
Bertani medium (Maniatis et al., 1982) containing 100 ug/mL
ampicillin; 5§ mL of this culture was used to inoculate 1 L of
Luria~Bertani medium containing 100 ug/mL ampicillin. This

! Abbreviations: RubisCO, ribulose-1,5-bisphosphate carboxylase/
oxygenase; IPTG, isopropyl 8-p-thiogalactopyranoside; TEM, 25 mM
Tris-HCI, pH 8.0, | mM EDTA, and 5 mM p-mercaptoethanol;
TEMMB, 25 mM Tris-HC], pH 8.0, | mM EDTA, 5 mM g8-mercapto-
ethanol, 10 mM MgCl,, and 50 mM NaHCO;; SDS-PAGE, sodium
dodecy! sulfate-polyacrylamide gel electrophoresis; DPM, disintegrations
per minute; L, large subunit(s); S, small subunit(s).

2 A preliminary report of this work has appeared (Tabita, 1989).
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culture was grown at 37 °C with vigorous shaking, treated with
0.5 mM isopropyl 3-D-thiogalactopyranoside (IPTG) at an Agy
of about 0.4 to induce the lac promoter, and allowed to grow
for 12-13 h prior to harvesting. Harvested cells were washed
in TEM buffer (25 mM Tris-HCI, pH 8.0, 1 mM EDTA, and
5 mM B-mercaptoethanol), resuspended in TEM buffer con-
taining | mM phenylmethanesulfonyl fluoride at 1 g (wet
weight) of cells/mL, and then disrupted by sonicating 7 times
for 20 s at 20-s intervals on ice. The extracts were centrifuged
at 12000g for 10 min to remove cell debris and ultracentrifuged
at 100000g for 1 h to yield a crude soluble extract.

Small Subunit Preparation for Reconstitution. The crude
extract of E. coli MV1190(pBGL535) was precipitated by
ammonium sulfate between 25% and 45% saturation. The
resulting precipitate was resuspended in TEM buffer and
dialyzed against this buffer overnight. This preparation was
used for reconstitution studies.

Purification of Large Subunits of RubisCO. Using anti-
bodies to the recombinant holoenzyme and rocket immuno-
electrophoresis (Jonanneau & Tabita, 1986), it was determined
that the large subunits represented about 6% of the total
soluble protein of induced E. coli MV1190(pBGL520). This
crude extract was loaded onto a green A-agarose column
(Jouanneau & Tabita, 1986) equilibrated with TEMMB
buffer (25 mM Tris-HCI, pH 8.0, | mM EDTA, 5 mM g-
mercaptoethanol, 10 mM MgCl,, and 50 mM NaHCO;). A
gradient of 0—1 M NaCl in TEMMB buffer was used to elute
the bound large subunits. Fractions containing large subunits
were detected by carboxylase assay after adding small subunits
from E. coli MV1190(pBGL535) to reconstitute the activity.
Those fractions capable of reconstitution were pooled and
precipitated by adding ammonium sulfate to 70% saturation.
The precipitate was resuspended and dialyzed against TEM
buffer. The dialyzed material was then loaded onto a 0.2-0.8
M sucrose step gradient (Tabita & Small, 1985); fractions of
1 mL were collected, and portions were assayed for carboxylase
activity after adding recombinant small subunits. Fractions
from the sucrose gradient that were active in the reconstitution
assay were subsequently loaded onto a Pharmacia (Piscataway,
NJ) Mono Q column equilibrated with 20 mM Tris-HCI, pH
8.0. A gradient of 0-1 M NaCl in 20 mM Tris-HCI (pH 8.0)
was passed through the column, and fractions were collected
with a Pharmacia FPLC apparatus. In every purification step,
the purity of the large subunit preparation was monitored by
sodium dodecyl sulfate—polyacrylamide gel electrophoresis
(SDS-PAGE) in 0.75-mm 14% polyacrylamide slab gels
(Laemmli, 1970). If necessary, one more step of Mono Q
column chromatography was performed to obtain a homoge-
neous preparation. Finally, the purified fractions were desalted
by using an Amicon concentrator (Danvers, MA) and stored
in aliquots at =70 °C after addition of glycerol to 20% (v/v).

RubisCO Assay. The RuBP-dependent incorporation of
14CO, into acid-stable 3-phosphoglyceric acid was employed
according to previously reported procedures (Whitman &
Tabita, 1976). Protein concentration was determined by the
Lowry method (Lowry et al., 1951). Specific activity was
expressed as nanomoles of CO, fixed per minute per milligram
of protein in crude extracts or nanomoles of CO, fixed per
minute per milligram of purified holoenzyme, or purified large
subunit. When recombinant large or small subunit prepara-
tions were added in the reconstitution assay, the mixture was
incubated at 30 °C for 5 min prior to activating the enzyme.

RESULTS

Plasmid Constructs. The subclones were constructed from
plasmid pCS75 (Tabita & Small, 1985) which had previously
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FIGURE 1: Plasmid constructions used in this study. All plasmids
were derived from”plasmid pCS75 (Tabita & Small, 1985).
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FIGURE 2: Nondenaturing polyacrylamide slab gel electrophoresis
of E. coli crude extracts. Polyacrylamide slab gel electrophoresis was
performed in 5% acylamide gels with about 200 ug of each crude
extract using the Laemmli (1970) gel system in the absence of SDS.
Crude extract was obtained from E. coli MV1190(pBGL710) (lane
1), E. coli MV1190(pBGL520) (lane 2), E. coli MV1190(pBGL535)
(lane 3), and E. coli MV1190(pTZ18R) (lane 4). The arrow points
to the position of the recombinant LgSg or Ly RubisCO.

been shown to contain the rbcL and rbeS genes behind the lac
promoter (Figure 1). Plasmid pCS75 was subsequently found
to contain an extra 0.24 kilobase pair (kbp) Pstl fragment.
The 2.2 kbp fragment, which codes for the large and the small
subunit of RubisCO of A. nidulans, was liberated from pCS75
by digestion with PstI and subsequently cloned into pTZ18R.
The 1.5 kbp fragment containing the large subunit gene was
liberated by partial digestion with HindIIl and cloned into
pUCI18. The 0.7 kbp HindI11/Pst] fragment containing the
small subunit gene was cloned into pUC9. In all plasmid
constructs, neither the large nor the small subunit gene was
found in the same reading frame as the 3-galactosidase gene
so that the expressed gene products are considered to be
nonfusion wild-type proteins.

Reconstitution of RubisCO Activity from E. coli Extracts.
Crude extracts were prepared from plasmid containing E. coli
strains, and nondenaturing PAGE was performed with each
crude extract (Figure 2). The large subunits from crude
extracts of E. coli MV1190(pBGL520) assembled to a position
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Table I: Reconstitution of RubisCO Activity in Crude Extracts of
Escherichia coli

nmol of CO, fixed

crude extract source min~! (mg of protein)™

E. coli MV1190(pTZ18R) 0.0

E. coli MV1190(pBGL520) 0.8

E. coli MV1190(pBGLS535) 0.0

E. coli MV1190(pBGL520) + 20.0
E. coli MV1190(pBGLS535)*

E. coli MV1190(pBGL710) 3200

2Equal amounts of protein from each crude extract were mixed; no
attempt was made to use saturating amounts of small subunits in this
initial attempt at reconsitution,

Table II: Relative Activities of Recombinant RubisCO Preparations

enzyme source? specific activity

purified LgSg 2470.0%
purified Lg + crude S 310.0¢
purified Lg 3.6°

@The LgSg and Lg A. nidulans RubisCO proteins were purified as
described under Experimental Procedures. The small subunits were
prepared as described under Experimental Procedures and were sup-
plied at saturating concentrations. °Specific activity is expressed as
nanomoles of CO, fixed per minute per milligram of enzyme. °Specific
activity is expressed as nanomoles of CO, fixed per minute per milli-
gram of L.

that approximated that of the holoenzyme in this gel system
(Figure 2). Carboxylase activity was determined in each crude
extract, and a trace amount of carboxylase activity was found
in the E. coli MV1190(pBGL520) crude extract, but no ac-
tivity was detected in E. coli MV1190(pBGLS535) (Table I).
When equal amounts of protein from E. coli MV1190-
(pBGLS520) and E. coli MV1190(pBGL535) were mixed,
considerable carboxylase activity was detected (Table I).
Extracts from cells not containing small subunits did not
stimulate activity. These results indicated that the active
holoenzyme was reconstituted from the separately expressed
recombinant large and small subunits. This reconstitution
system was also employed to localize large or small subunits
on sucrose gradients of crude extracts obtained from E. coli
MV1190(pBGL520) or E. coli MV1190(pBGL535), respec-
tively (Figure 3). Compared to the sucrose gradient profile
of the L3S; holoenzyme, large subunits were slightly displaced
toward the top of the gradient, consistent with the expected
position of octamers of large subunits (van der Vies et al.,
1986). Small subunits were detected as a broad peak at the
upper part of the sucrose gradient and were readily apparent
in these fractions after SDS-PAGE.

Purification of Recombinant Large Subunits. Large sub-
units were purified from E. coli MV1190(pBGL520) crude
extracts. Crude extracts were fractionated by green A—agarose
column chromatography, sucrose density gradient fractiona-
tion, and FPLC column chromatography using a Mono-Q
column (Figure 4). A single 4,5 peak from the FPLC
column contained purified large subunits as shown by SDS~
PAGE (Figure 5). However, on nondenaturing gels, the
purified large subunits did not exhibit a distinct band like the
one observed in E. coli MV1190(pBGLS520) crude extracts,
without the addition of either bovine serum albumin or E. coli
crude extract (Figure 5). In the absence of exogenous protein,
dissociation of the Lg protein was observed from purified large
subunit preparations, which appeared as a diffuse area at the
lower part of a nondenaturing gel (Figure 5B, lane 10). It
is not clear, at this time, what causes the apparent dissociation
of the large subunits during electrophoresis in the absence of
added protein.

Lee and Tabita

A) 20000 4

= 8
o <
30
Fraction no.
B) 20000 4
3 g
(] <
C) 20000 4
I
4 L 3
L
(-1
E 10000 - L 2 S
o <
L1
0 ! 0
0 40

Fraction no.

FIGURE 3: Localization of the large and the small subunits after sucrose
gradient fractionation of E. coli crude extract containing recombinant
large or small subunits. (A) 22.5 mg of E. coli MV1190(pBGL710)
was loaded onto a 0.2-0.8 M sucrose step gradient. Fractions of 1
mL were collected, and samples were assayed for RubisCO activity.
(B) 25 mg of E. coli MV1190(pBGL520) was loaded onto a sucrose
gradient, and samples of each 1-mL fraction were assayed in the
presence of 20 uL of E. coli MV1190(pBGL535) crude extract (43.0
mg/mL). (C) 25 mg of E. coli MV1190(pBGL535) crude extract
was loaded onto a sucrose gradient, and samples of each 1-mL fraction
were assayed for RubisCO activity in the presence of 20 uL of E.
coli MV1190(pBGL520) crude extract (31.0 mg/mL). RubisCO
activity was expressed as dpm of “CO, fixed (#); (&) absorbance
at 280 nm.

When increasing amounts of crude small subunit prepara-
tions were added to purified large subunits, a saturation effect
on RubisCO activity was noted (Figure 6). The L3S, holo-
enzyme was purified from E. coli MV1190(pBGL710), by
using the same procedure as that employed for large subunits,
to a specific activity of 2470 nmol of CO, fixed min™! (mg of
enzyme)~! (Table II). By contrast, the specific activity of
purified large subunits was only 3.6 nmol min~! (mg of large
subunit)™!, but increased to 310 nmol min™' (mg of large
subunit)™! in the presence of saturating amounts of crude
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FIGURE 4: Purification of large subunits. (A) Green A-agarose column
chromatography of E. coli MV1190(pBGL520) crude extract: crude
extract from a 4-L culture of E. coli MV1190(pBGL520) was loaded
onto a green A-agarose column. A 300-mL gradient of 0—-1 M NaCl
in TEMMB buffer was passed through the column. Fractions of 5.5
mL were collected, and portions of each fraction were assayed for
RubisCO activity. (B) Sucrose gradient fractionation of green A
fractions containing large subunits; samples of each 1-mL fraction
were assayed for RubisCO activity. (C) FPLC Mono Q column
chromatography of sucrose gradient fractions containing large subunits;
samples of each 1-mL fraction were assayed for RubisCO activity.
In all cases, assays were performed in the presence of 10 or 20 uL
of E. coli MV1190(pBGL535) crude extract (37.3 mg/mL) for 10
min. RubisCO activity was expressed as cpm of '*CO, fixed (¢);
(@) absorbance at 280 nm in (A) and (B); (—) absorbance at 280
nm in (C). The diagonal lines in (A) and (C) represent gradients
from 0-1 and 0.25-0.58 M NaCl, respectively, used to elute large
subunits.

recombinant small subunits and ranged from 200 to 400 nmol
min~' (mg of large subunit)™' with different preparations.
Thus, the reconstituted RubisCO activity was not as great as
that obtained with the native recombinant enzyme. Either the
purified large subunits were not as functional as the large
subunits of the octameric core of the LgS; holoenzyme or the
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FIGURE 5: Gel electrophoresis of purified large subunits. (A)
SDS-PAGE using 14% acrylamide gels of (lane 1) purified holo-
enzyme and (lane 2) purified large subunit. (B) PAGE, using 5%
acrylamide gels, of purified large subunits in the absence of SDS: lane
1, purified holoenzyme; lane 2, 8.4 ug of purified large subunits and
200 pg of bovine serum albumin; lane 3, 200 pg of bovine serum
albumin; lane 4, 8.4 ug of purified large subunits and 200 ug of boiled
E. coli MV1190(pTZ18R) crude extract; lane 5, 200 ug of boiled
E. coli MV1190(pTZ18R) crude extract; lane 6, 8.4 pug of purified
large subunits and 200 ug of E. coli MV1190(pTZ18R) crude extract;
lane 7, 200 ug of E. coli MV1190(pTZ18R) crude extract; lane 8,
8.4 ug of purified large subunits and 200 pg of E. coli MV1190-
(pBGL535) crude extract; lane 9, 200 ug of E. coli MV1190-
(pBGL535) crude extract; lane 10, 8.4 ug of purified large subunit.

Small subunit preparation added (ul)

FIGURE 6: Carboxylase activity of purified large subunits in the
presence of various amounts of small subunits. Carboxylase activity
was measured after various amounts of E. coli MV1190(pBGL535)
small subunit preparation (37.4 mg/mL) were added to a fixed amount
of purified large subunits: (@) 1.7 pg of large subunits; (¢) 3.5 ug
of large subunits; (W) 7 pg of large subunits; RubisCO activity was
expressed in terms of the dpm of 'YCO, fixed.

crude small subunit preparation introduced an additional
complicating factor. Thus far, we have been unsuccessful in
attempts to purify the recombinant small subunits (Lee and
Tabita, unpublished results), and attempts to obtain purified
small subunits from the A. nidulans LS holoenzyme by the
mild acid separation procedure (Andrews & Ballment, 1983)
have not succeeded (Rai and Tabita, unpublished results). Yet
this procedure was successful in our hands for separating small
subunits from acid-treated RubisCO from Agmenellum
quadruplicatum strain PR-6, an organism very similar to that
previously employed for the in vitro isolation of small subunits
(Andrews & Ballment, 1983). Despite the lower specific
activity in the reconstitution assay, the purified large subunits
obviously retained the capacity of reconstituting RubisCO
activity by binding to small subunits. In the absence of small
subunits, purified large subunits exhibited weak carboxylase
activity, equivalent to about 0.15% of the activity of the LgSq
holoenzyme. The activity of the purified large subunits showed
a linear dependence on the amount of protein and the reaction
time (Figure 7). This activity was inhibited by the addition
of the transition-state analogue 2-carboxyarabinitol 1,5-bis-
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FIGURE 7: RubisCO activity of purified large subunits. (A) Carb-
oxylase activity was measured for 10 min with increasing amounts
of purified large subunit. (B) Carboxylase activity was measured with
8.4 ug of purified large subunits at various reaction times. All assays
represent RuBP-dependent fixation into acid-stable product. The dpm
of %CO, fixed is plotted on the y axis.

phosphate. To measure this trace RubisCO activity, high
specific radioactivity NaH'4CO, (152.5 Bq/nmol) was used,
analogous to a recent report which reported that crude L,
preparations contained 0.5% of the activity of the native LgSy
enzyme (Andrews, 1988).

When compared to purified LgSg holoenzyme, the purified
large subunit preparation migrated through a Superose-6
column at a position consistent with an Lg structure (Figure
8). Unexpectedly, a second A,g4-absorbing peak was noted
in the elution profile of the purified large subunit preparation
and to some extent in the elution profile of the recombinant
LgS; enzyme. However, this second peak was found not to
contain protein, and spectrophotometric scanning of this
material showed a maximum absorption at 256 nm, indicating
that it may be some form of nucleotide. Only the first 45
peak of the large subunit preparation showed RubisCO activity
in the presence of added small subunits, and only fractions
from the first peak contained large subunit polypeptides, as
noted by SDS-PAGE (Figure 8). When the purified holo-
enzyme and purified large subunit octamers were scanned in
the ultraviolet, they showed a somewhat similar absorbance
profile (Figure 9).

DISCUSSION

In this investigation, we have demonstrated that RubisCO
activity may be reconstituted by using extracts prepared from
E. coli strains that separately express large and small subunits.
Using these parparations, it was convenient to localize large
and small subunits on sucrose gradients or gel filtration col-
umns, particularly in situations where the holoenzyme disso-
ciates, as recently observed for various mutant forms of Ru-
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FIGURE 8: Gel filtration column chromatography of purified holo-
enzyme and purified large subunits. (A) 110 ug of purified holoenzyme
was loaded onto a Pharmacia FPLC Superose-6 column and eluted
with 25 mM Tris-HCI (pH 8.0) containing 0.1 M NaCl. Fractions
of 1 mL were collected, and portions of each fraction were taken for
carboxylase assay. (B) 84 ug of purified large subunits was chro-
matographed on the same column, and fractions of 1 mL were col-
lected; portions of each fraction were taken for carboxylase assay in
the presence of 20 uL of E. coli MV1190(pBGL 535) crude extract
(43.0 mg/mL). RubisCO activity was expressed in terms of the dpm
of “CO, fixed (#); (@) absorbance at 280 nm. (C) SDS-PAGE,
using 14% acrylamide gels, was performed on fractions 13-23 of the
column in (B).

bisCO (Lee and Tabita, unpublished results).

In crude extracts of E. coli MV1190(pBGL520), a distinct
band was observed which migrated to a similar position as the
LSz holoenzyme on nondenaturing gels. However, purified
large subunits which eluted from gel filtration columns at a
position consistent with an octameric structure (Lj) failed to
exhibit a distinct band on nondenaturing gels and showed
evidence of dissociation. The fact that the addition of ex-
ogenous bovine serum albumin or crude E. coli extract was
capable of stabilizing the structure of Lg octamers on
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FIGURE 9: Ultraviolet absorption spectrum of purified holoenzyme
and purified large subunit. (A) Holoenzyme from fraction 14 of Figure
8A. (B) Large subunit from fraction 15 of Figure 8B.

nondenaturing gels suggests that interactions with heterologous
proteins might be important to maintain the large subunits
in the Lg structure. Perhaps, small subunit binding sites on
the large subunits, when exposed to solvent, contribute to the
loose association of the large subunits under the conditions of
electrophoresis. Under normal conditions, both subunit genes
are cotranscribed in procaryotes, and the L¢S; enzyme is as-
sembled immediately into a stable holoenzyme (Tabita, 1988).
Thus, the effects we have observed here with the purified large
subunits undoubtedly reflect the ability of small subunits to
maintain the enzyme in its most stable conformation.
Various large subunit preparations, which retain the capacity
to reconstitute with small subunits, have been obtained after
stripping small subunits from large subunit octamers under
rather gentle procedures (Andrews & Ballment, 1983; Asami
et al., 1983; Incharoensakdi et al., 1985; Jordan & Chollet,
1985). However, all of these preparations appeared to retain
residual amounts of small subunits. Andrews (1988) was able
to show that recombinant large subunits prepared from ex-
tracts of E. coli catalyzed weak RubisCO activity, conclusively
demonstrating that small subunits are not absolutely required
for activity. In this earlier study, however, the large subunits
were unstable, perhaps because of poor expression, and were
not successfully purified. The procedures described in the
current investigation, using E. coli cells that express over an
order of magnitude more large subunits than obtained by
Andrews (1988), result in stable and homogeneous prepara-
tions. This preparation will be employed in future investiga-
tions of the catalytic capacity of the Lg core and should prove
invaluable for investigations of the role of the GroEL and
GroES chaperonin proteins (Goloubinoff et al., 1989a,b) in
mediating assembly of the Lg core. Recently, the structure
of the LgSg enzyme from plants has been described, and various
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residues on the large subunit which appear to be important
for assembly with small subunits have been identified (Knight
et al., 1989). The X-ray structure of Lg, in the complete
absence of small subunits, as well as site-directed mutagenesis
studies, should provide information relative to the conformation
required for assembly and give insights to molecular changes
that occur when small subunits interact with the Lg core.
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