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SUMMARY

Extracellular enzymes, such as cellulase and amylase,were found predominantly in

the membrane-bound polyribosome fraction from Pseudomonas fluorescens var. cellulosa,

whereas cellobiase and B-glucosidase known as intracellular enzymes were found

almost equally in both the free and membrane-bound polyribosome fraction.

Cellulase and amylase were synthesized also in »itro by membrane-bound poly-

ribosomes preduminantly, while cellobiase and B-glucosidase by both types of poly-

ribosomes at nearly equal rates. These results suggest that there are distinctive

membrane-bound polyribosomes which form the secretory enzymes in prokaryotic

cells as in the case of eukaryotic cells, and that polyribosomes are indistinctive which

form the intracellular hydrolytic enzymes.
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INTRODUCTION

In bacterialt), plant® and animal® cells, poly-
ribosomes exist both in association with mem-
branes and free in the cytoplasm. A characteristic
function has been suégested for each of these
populations of polyribosomesé~®. Indeed, it is
generally accepted that in mammalian secretory
cells membrane-bound polyribosomes synthesize
secretory products, whereas free polyribosomes
synthesize proteins which remain in the cells7-12),

The mechanism of secretion of extracellular
enzymes in prokaryotic cells, which do not
possess developed secretory apparatus as in
eukaryotes has been studied with much interest,
but little is known. Recently, iz vivo formation
of amylase by the membrane fraction of Bacillus

amyloliquefacienst$,14) and alkaline phosphatase by

the membrane-associated polyribosomes of
Escherichia colil® was reported, both the enzymes
being proved to be extracellular. However, there
are no reports which dealt with the possible
relation between the two types of polyribosomes
and the syhthesis of exportable or non-exportable
proteins in a single species of microorganism.
The localization of some intra- and extracel-
lular enzymes in Pseudomonas fluorescens var. cellulosa
has been already demonstrated®), The present
report deals with the localization and formation
of two groups of enzymes in the free and
membrane-bound polyribosome fractions prepa-

red from this bacterium.

MATERIALS AND METHODS

Culture conditions—The same strain of Pseudomonas
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Sfuorescens var. cellulosa as in a previous paperl?
was grown in a 500-m! flask containing 400 m!/

of the basal medium with 1% (w/v) carboxy-

methyl cellulose (CM-cellulose) or 0.5 % glucose

as a carbon source at 37°C on rotary shaker.
The extent of bacterial growth was estimated
by measurment of turbidity at 610 nm.
Preparation of free and membrane-bound polyribosomes
—~Cells harvested at a late logarithmic phase of
the culture were fractionated principally accord-
ing to the method of Carpenter and Barnetti®,
The washed cells were suspended in 0.02M Tris-
HCI buffer, pH 7.8 (T-buffer) containing 10 mM
EDTA. At this step the suspension was made
up to one-twentieth the volume of original
culture. After standing at room temperature for

10 min, the cells were spun down and resuspended
in T-buffer containing 0.32M sucrose and

lysozyme (2 mg/ml). The mixture was shaken
gently at 30°C for 30 min, and the resulting
spheroplasts were separated by centrifugation at
10,000 x g for 20 min. They were washed twice
with T-buffer containing 0.32M sucrose and
frozen in liquid nitrogen. The frozen spheroplasts
were thawed and suspended in T-buffer contain-
ing 10 mM MgClg and 70 mM KCl (TMK-buffer).
This suspension was homogenized with one stroke
of a Teflon homogenizer and centrifuged twice
at 14,000 g for 20 min to remove the intact cells
and unbroken spheroplasts. The supernatant

fluid was centrifuged at 30,000X g for 20 min to

separate the membranes and cytoplasmic frac-

tions. The cytoplasmic fraction was recentrifu-
ged, and free polyribosomes were obtained from
the resulting supernatant by centrifugation at

105,000x g for 2 hr.
washing with TMK-buffer, were treated with

0.5% DOC (sodium deoxycholate) in TMK-buffer
for 40 min and centrifuged at 30,000Xg for 20

The membranes, after

min. From the supernatant from the DOC-
treated membrane preparation, polyribosomes
previously bound to the membrane were c.ollected
by centrifugation at 105,000 Xg for 2 hr. These
polyribosome preparations were washed once
with TMK-buffer by centrifugation at 105,000 X g

for 2 hr and used for either the determination of
enzyme activities preformed in vivo or the enzyme
synthesis in wvitro. All operations outlined above
were carried out at 0-4°C unless otherwise stated.
Preparation of S-100 fraction—The S-100 fraction
was prepared by the method of Nirenberg and
Mathaeil® from glucose-grown cells, which had
been proved to contain little or only negligible
activities of the enzyme concernedi?.
Determination = of enzyme activities and RNA—
Activities of cellulase (CM-cellulase, CM-
cellulose liquefaction; Avicelase, Avicel-sacchari-
fication),

amylase and B-glucosidase (p-

nitrophenyl-B-glucosidase) were assayed as
described previously,2) and expressed as each
enzyme units: CM-cellulase was determined as
the increase in specific fluidity per hr, Avicelase
as the increase in specific fluidity per hr, Avice-
lase as the increase in reducing power in terms
of absorbancy at 660 nm per 3 days, amylase as
the decrease in blue value (after treatment with
I3) per 30 min, and B-glucosidase as the increase
in p-nitrophenol in terms of absorbancy at 400
nm per 18 hr. Cellobiase activity was assayed by
measurment of glucose liberated from cellobiose
per 3 hr, using a glucose oxidase-peroxidase
system and expressed in terms of absorbancy at
400 nm32,

Ribonucleic acid was estimated by the orcinol

method and absorbancy at 260 nm.

RESULTS

1. Enzyme activities associated with free and
membrane-bound polyribosomes.

Cellulase and amylase are typical extracellula:
enzymes of this bacterium, whereas -glucosidase
and cellobiase localize intracellularly!®). In order
to infer the sites at which these enzymes are
formed, activities of the preformed enzymes in
two types of polyribosomes were investigated.
The results are summerized in Table I. Cel-
lulase activities, assayed as either CM-cellulase
or Avicelase, in the membrane-bound poly.

ribosome fraction were apparently higher than
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those in the free polyribosome fraction. A
similar situation were also found for the activity
of amylase. On the contrary, no significant

difference was observed in the activities of
B-glucosidase or cellobiase between the two

types of polyribosome fractions.

Table I. Distribution of enzymes in free and
membrane-bound polyribosome fractions.
Preparation of free and membrane-bound
polyribosomes were treated with 5mM
EDTA to liberate the nascent proteins
and the enzyme activities were assayed.

Enzyme activity lt\)/f)?lrrrllgraor}e-
(units/mg RNA) ribosompesy-
Enzyme Free Membrane-| kree
polyribo- bound poly-| polyribo-
somes ribosomes | somes
CM-
cellulase 20. 8 44,1 2.12
Avicelase 4.9 13.4 2.73
Amylase 21.2 31. 4 1. 49
Cellobiase 5.8 5.3 0.91
B-
Glucosidase 17.7 13. 4 0.76

2, Enzyme formation in vitro by free and membrane-
bound polyribosomes. ‘

Free and membrane-bound polyribosomes
were tested for their abilities to incorporate
radioactive amino acids into nascent proteins,
and to form particular enzymes in a cell-free
system using S-100 fraction, which were prac-
tically free of these enzymes. Under our con-
ditions where T-buffer containing 70 mM KCI
was used, essentially no difference was observed
between specific radioactivities of free and
membrane-bound polyribosomes. As shown in
Fig. 1, free and membrane-bound polyribosomes
showed a similar time course of amino acid in-
corporation and reached a similar maximum
level of incorporation during first 10 min, the
level being maintained even after 30 min of in-
cubation (not shown in the figure). These
observations are consistent with findings by
Coleman??, that the specific activities of free and

membrane-bound polyribosomes for protein
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Fig. 1 Time course of [#C]-amino acids in-
corporation by free and membrane-

bound polyribosomes.

[14C]-labelled chlorella protein hydrolysate
(0.4 #Ci, 40.7 CGi/mmol) was added to the same
incubation mixture as for Table 2. At the end
of incubation at 30°C, proteins were precipita{:ed
by adding 5ml of 5% TCA (trichloroacetic
acid) - containing 0.5% casein hydrolysate.
Precipitates were washed twice by centrifuga-
tion and heated in a boiling water bath at 92°C
for 30 min. Each suspension was filtered and
the radioactivity was measured with a liquid
scintillation counter.

synthesis were closely similar under the optimal
conditions.
In contrast, the enzyme-forming activities of

the two polyribosome preparations were quite
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Table 2. Enzyme formation by free and
membrane-bound polyribosomes. The in-
cubation of polyribosomes for protein
synthesis was carried out essentially as
described by Nirenberg!®. The mixture
containing, per ml/, 80 gmoles Tris-HCI
buffer at pH 7.8, 8 pgmoles MgCly, 50
p#moles KCl, 6 gmoles f-mercaptoethanol,
2.5 pmoles ATP, 0.5 pmoles GTP, 2.5
gmoles PEP, 10 #g pyruvate kinase, 0.08
pmoles each 20 L-amino acids, 0.5 m!
polyribosome suspension in $-100 fraction
from glucose-grown cells was incubated
at 30°C for 20 min. Upon incubating
with [4C]-amino acids (0.4 #Ci), the
radioactivities incorporated were 40,132
and 43,000 cpm/mg RNA for free and
membrane-bound polyribosome mixtures,

respectively.
Increase in enzyme g([)ir:llgra;le-_
activity(uits/mg RNA) ribosorrlzesy
Enzyme Free Membrane- | Free
polyribo- |bound poly-| polyribo-
somes ribosomes | somes
CM- ‘
cellulase 3.96 21.78 5.50
Avicelase 1.53 6.75 4.41
Cellobiase 2.61 2.70 1,03
Glucosidase 7.38 3.96 0.54

o
N
1

o
—

CM—ceIIuIase(uniﬁ-) o—0

different (Table 2). The amount of cellulase
(CM-cellulase and Avicelase) produced per unit
RNA of membrane-bound polyribosomes was
more than four times the amount formed by free
polyribosomes.  Cellobiase was synthesized
equally by both types of polyribosomes, and §-
glucosidase slightly more by free polyribosomes.
Thus the distribution of enzyme-forming abilities
in the two types of polyribosomes agreed essen-
tially with that of the enzymes preformed in vivo
(Table 1).
3. Sucrose density gradient centrifugation analysis,
Sucrose density centrifugation was done with
membrane-bound polyribosomes which were in-
cubated with [1#C]-amino acids in the system for
cell-free protein synthesis (Fig. 2). Both cellulase
synthesis and amino acids incorporation were
most active in a region where larger polyribo-
somes should be sedimenting. Thus the data
suggested de nove synthesis of cellulase in this

polyribosome preparation.

DISCUSSION

The results in this paper. indicated that the
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Fig. 2 Sucrose density gradient pattern of membrane-bound polyribosomes
incubated with cell-free protein synthesizing system.

The polyribosome fraction incubated in the same incubation mixture as
for Fig. 1 at 30°C for 5 min was layered on a 15 to 30% continuous sucrose
density gradient containing TMK-buffer and centrifuged at 105,000 x g for
2hr. The arrow indicates position of monoribosome (70 8).
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extracellular enzymes, cellulase and amylase, are
synthesized predominantly by membrane-bound
polyribosomes. Such an inclination has been
reported for amylase in Bacillus amyloliquefaciens'®
and for alkaline phosphatase in E. coli®®). Amylase
produced by a membrane fraction was five times
as-much as that formed in a soluble fraction,
and 70 to 809% of alkaline phosphatase nascent
polypeptide chains were detected on membrane-
associated polyribosomes. These results suggest
at least the existence of distinctive polyribosomes

participating in the formation of secretory

prdteins in bacterial cells as well as in eukaryotic

cells.

On the other hand, the present results show
that the intracellular enzymes, cellobiase and
B-glucosidase, are synthesized equally by free
and membrane-bound polyribosomes. Thus, no
distinctive polyribosomes seem to occur for the
formation of intracellular hydrolytic enzymes.
With respect to this fact, there may be several
possibilities: !. Cytoplasmic enzymes are formed
both by free and by membrane-bound poly-
ribosomes. 2. There are two types of cytoplasmic
enzymes, one being formed by free polyribosomes
and the other by membrane-bound polyribosomes.
3. All polyribosomes are naturally associated in
some manner with membranes: Those forming
secretory enzymes are more tightly bound to
the membrane than those forming intracellular
enzymes or located in special membrane sites as
suggested by Schlesinger!®, and free polyribo-
somes are rather artifacts during the preparation.
Our Pseudomonas strain possesses both free and
' This fact

would have a relation to the second possibility

bound forms of pg-glucosidasel®,

mentioned above.

There arises a question as to what causes the
differential function between free and membrane-
bound polyribosomes with respect to discrimina-
tion of the messenger RNAs for secretory and

cytoplasmic enzymes. Several lines of studies

showed that an additional protein is contained
in either free® or bound™ ribosomes, and
initiation factors of translation discriminate the
messenger RNAs#~2), These findings will have
an important role in further studies of this

subject.
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