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I. INTRODUCTION

An increase in the activity of alkaline phosphatase was observed in
an in vitro system containing soluble and particulate fractions from

Bacillus subtilis (Whiteley and Oishi, 1963). In order to determine

whether the increase was due to activation of preformed enzyme or enzymse
synthesis, a study of the properties of the enzyme was required. Although
alkaline phosphatase was found to be an exoenzyme in B. subtilis (Cashel
and Freese, 1964), little was known about the other properties of the
enzyme.

In contrast, the alkaline phosphatase of Escherichia coli has been
studied extensively. The properties of a highly purified enzyme, mechan-
ism of action, localization of the enzyme in the cell, 28 well as the
genetics and regulation of enzyme synthesis have been investigated. In
addition, in vitro synthesis of alkaline phosphatase has also been
reported (Bishop, et 2l.,1964; Manson, et al., 1965). Because of the
possible influence of these findings on the problem of enzyme activation
or synthesis in B. subtilis, information concerning the E. coli enzyme
will be reviewed briefly.




II. REVIEW OF THE LITERATURE

A. Properties and Mechanism of Action of E. coli Alkaline Phosphatase

l. Function.

Alkaline phosphatase was thought to provide the cell with inorganic
phosphorus by hydrolysis of phosphate esters (Torriani, 1960). In cul-
tures supplied with both organic and inorganic phosphorus, the latter was
used preferentially for growth. When the inorganic phosphate was exhausted,
alkaline phosphatase synthesis increased and phosphate was released from
organic esters. Mutants lacking alkaline phosphatase were unable to grow
on a medium containing glycerol phosphate as the only phosphate source
but grew normally when inorganic phosphorus was supplied (Levinthal, 1959).

2. Substrate Specificity.

The enzyme was found to be active on a wide range of monoesters tested
(Heppel, et al., 1962). Pyrophosphatase and ATPase activities were also
observed,but no diesterase activity was found. These reactions had
simjilar Michaelis constants indicating that the enzyme interacted spec-
ifically with the phosphate group, and other structural components of the

substrate molecule were unimportant.

3- Size and me‘ctEEEhﬁrﬂtic _S.EﬂiﬁSu
Purified -alkaline phosphatase was found to be a spherical molecule

of 80,000 molecular weight, sedimenting as a single peak in the analytical
ultracentrifuge with a sedimentation coefficient of 6.3s (Garen and Levine

thal, 1960). The enzyme was composed of two identical monomers (Rothman




and Byrne, 1963), each containing an atom of Zn** which was required for
enzynatic activity (Plocke, et al., 1962a,b). The enzyme traveled in four
or five bands when subjected to electrophoresis through starch gels (Bach,
et al., 1961), suggesting that the peptide chains making up the monomer
could exist in several s'tat.es with respect to net charge (Levinthal, et 2l.,
1962). All bands were thought to be products of the same gene because

they were altered to the same extent by a single mutation (Bach, et al.,

1961).

LI'- St&bilitﬂ °
The enzyme was found to have unusual stability with respect to

denaturation by heat, trichloroacetic acid, and proteolytic enzymes. In
crude extracts, the enzyme remained active after 30 minutes at 85°C while
the purified enzyme was unstable at the same temperature unless 0.01M Mg™
was present (Garen and Levinthal, 1960). Phosphate also protected the
enzyme against heat inactivation while salt (0.1M NaCl) reduced its
stability (Heppel, et 2l., 1962). Both intact enzyme and monomers derived
by reduction of the enzyme with urea and thioglycolate were resistant to
attack by proteolytic enzymes (Levinthal, et al., 1962). Precipitation of
dheu: enzgyme::s with 5% TCA resulted in only a 50% loss of enzyme activity
(Schwartz and Lipmann, 1961). Sixty per cent of the activity lost when the
enzyme was subjected to pH's between 3.5 and 6.0 was recovered when the pH
was increased to 8.0 (Pigretti and Milstein, 1965). Treatment of cells

with toluene or storage of cells had no effect on activity (Torriani, 1960).




5. Inbibitors.
In addition to end product inhibition by orthophosphate (Horiuchi,
et al., 1959), other inhibitors of enzymatic activity included Hﬁsﬂf

(Garen and Levinthal, 1960), CN , Co'', Po'"

, cutt, and chelating agents
such as EDTA and 1,10-phenylanthroline (Plockeand Vallee, 1962b). The
metal ions and chelating agents probably inhibit enzymatic activity by

displacing ZﬁHfrﬂm.the enzZymoe.

6. Mechanism of the Reaction.

The active center of the enzyme has been identified as a phosphate-
accepting serine residue (Schwartz and Lipmann, 196l; Engstrom, 1962), and
the amino acid sequence around it has been determined (Schwartz, et 2l.,
1963; Milstein, 1963). Studies on the binding of labeled orthophosphate
to this serine residue showed that incorporation was greatest at pH 4.0
and decreased with increasing pH, while the reaction velocity was maximum
at high pH (Engstrom, 1962; Schwartz, 1963). However, phosphate inhibited
the reaction at pH 8.8 (Torriani, 1960) where binding was minimal (Schwartz,
1963). From this evidence, Schwartz (1963) hypothesized that the enzyme |
had two sites: an iﬁnic'binding site, possibly containing Zatt, and a
site of phosphorylation, the hydroxyl group of serine. A phosphate ester
or orthopnosphate would be attracted to the bindingz site, then transferred
to the site of phosphorylation with the accompanying hydrolysis of the
substrate (or removal of the H ion), leaving the phosphate attached to
the serine. The final step would be the dissociation of the phosphate

from the enzyme.
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To explain the variation in the incorporation of P72 with changing
pH, it was suggested that the rate of transfer of the phosphate from the
binding site to the phospnorylation site was not favored at high pH due
to the negative charge on the phosphate inhibitinz the nucleophilic
attack by serine (Schwartz, 1963). Thus, at pH 9.0 phosphate could still
bind ionically to the enzyme and block the attachment of the substrate
but little phosphorylation could occur. The fact thatl more than one
mole of phosphate is bound by the enzyme suggests two active siles per

molecule (Pigretti and Milstein, 1965).
Be Genetic Regulation of Alkaline Phosphatase Synthesis in E. coli

l. Structural Genes.

Synthesis of alkaline phosphatase depended on the presence of the
requisite structural gene (P) (Levinthal, 1959; Garen, et 2l., 1961).
Mutations in this gene resulted in the synthesis of an altered enzyme,
detected by changes in the fingerprint patterns of tryplic digests of the
enzyme (Garen, et al., 1961). In some instances, mutant heterozygotes
(P-/P-) could produce active enzyme, presumably by intracistronic comple-
mentation (Garen and Garen, 1963b). In vitro complementation was also
demonstirated with mutant monomeres produced by treatment of CRM with urea
and thioglycolate or acid (Levinthal, et al., 1962; Schlesinger and
Levinthal, 196:’3: Schlesinger, et 2l., 1963). Since the combining of the
mencazres was found to be dependent upon the presence of Zn™ (Schlesinger
and Levinthal, 1963), and its release occurred when dimers were reduced
to monomeric form (Schlesinger, et al., 1963), it was proposed that the
dimer was held together by ionic bonds stabilized by Zn** (Schlesinger

and Levinthal, 1963). Intergeneric complementation was demonstrated



between the monomers of S. marcescens and E. coli, suggesting that although

the amino acid composition of the enzymes of the two organisms differed,
they had similar secondary structures and active sites (Levinthal, et al.,
1962).

2. Rezulatory Genes.
Repression of alkaline phosphatase synthesis by inorganic phosphate

was first described by Horiuchi and workers (1959). The synthesis of the
enzyme was under control of two regulator genes, RL amd RZ2, since mutations
were found to map in two different regions (Echols, et al., 1961). Because
these constitutive mutations were recessive in both the cis and the trans
positions, it was postulated that both genes acted through a cytoplasmic
product. The nature of the product of the Rl gene was suggested by the
fact that most Rl mutants produced much lower levels of enzyme than the
wild type or R2 mutants (Garen and Echols, 1962a). It was proposed that
the RL gene caused the production of an inducer which was converted by the
product of the R2 gene in the presence of high phosphate into a repressor.
The theory was further supported by evidence showing that phosphatase
negative nutations mapped in the Rl region and complemented with P~
mutations (Garen and Echols, 1962b).

The chemical nature of the repressor has been studied from several
aspects. In a genetic approach, the regulator genes were said to direct
the formation of proteins because some of the constitutive mutations could
be counteracted by a suppressor mutation mapping at a distant site (Garen
and Garen, 1963a). It was sugzgested that the suppressor mutation had
changed a nonsense amino acid code word to sense through a change in the
S-RNA. Thus, the suppressor mutation would only be effective if the pro-

duct of the repressor gene were protein.




Studies on the effects of inhibitors also supported the hypothesis
that the repressor is a protein (Gallant and Stapleton, 1964). Inhibit-
ing DNA synthesis in thymindless cells or using 5-fluorocuracil to inhibit
RNA synthesis had no effect on the repression of alkaline phosphatase,
whereas chloramphenicol apparently prevented the synthesls of the repressor.
Direct chemical evidence that the R2a gene specifies a protein was
obtained by Garen and Otsuji (1964). A specific "R2a protein” produced
in cells grown in low phosphate medium was isolated. Cells having mutations
in the R2a locus produced altered R2a protein. Since the regulation of the
protein was similar to that of alkaline phosphatase (produced in low but
not high phosphate medium), R2a protein could not be the repressor itself

but could be a precursor to the repressor or participate in some other way

in its formation.

C. Localization of Alkaline Phosphatase

l. Comparison of Enzyme Localization in E. coli and B. subtilis.
The E. coli enzyme was found to be primarily soluble (Bishop, et 2al.,

1964) with only 5-10% associated with the ribosomes (Yearbook Carnegie
Inst., 1960). The enzyme was localized between the cell wall and the
plasma membrane, and was released into the medium upon spheroplast formation
using EDTA and lysozyme (Malamy and Horecker, 1961, 1964) or EDTA alone

(Neu and Heppel, 1964a). However, the enzyme was not released when
spheroplasts resulting from penicillin treatment were formed (Malamy and
Horecker, 1964). Thus, the release of alkaline phosphatase was dependent

on the action of EDTA which_was reported to cause a change in the permeabil-

ity of the cell wall (Leive, 1965).




In contrast to the soluble E. coli enzyme, the B. subtllis enzyme
was associated mainly with the particulate fraction (Whiteley and Oishi,
1963). However, a lé.rge percentage of the total enzyme was reported to

be excreted into the medium during the logarithmic growth phase of B.

subtilis (Cashel and Freese, 1964).

2. Exoenzymes in B. subtilis.
Numerous degradative enzymes besides alkaline phosphatase have been

reported to be exoenzymes in B. subtilis: amylase (for a review see
Pollock, 1962), penicillinase (Pollock, 1961), RNAase (Nishimura, 1959),
proteolytic enzymes (Hagihara, et 2l., 1958; Rappaport, et 21., 1965),

and lysozyme (Richmond, 1959). The mechanism of liberation of these
exoenzymes is unknown (reviewed by Pollock, 1962). Some (g.Z., penicilline
ase; Kushner and Pollock, 1961) may be synthesized at the cell membrans

or be released from the cell wall (e.g., lysozyme; Young and Spizizen,
1963). ZAmylase appears to be activated just prior to its release (Yoshida,
et al., 1960a,b), with only small amounts of active enzyme being trapped
inside the cell by sudden chilling (Oishi, et al., 1963). The role of

the B. subtilis lysozyme and proteolytic enzymes in the excretion of
enzymes and other macromolecules such as RNA (Demain, et 2l., 1964, 1965)

is not known (Nomura, et 2l., 1958; Pollock, 1962).




ITT. METHODS AND MATERTIALS
Ao Strains

B. subtilis strain 6, a partial constitutive, was obtained from the
Department of Genetics, Institute of Applied Microbiology, University of
Tokyo. B. subtilis strain K, wild type, came from the Department of

Enzymology, Institute of Applied Microbiology, University of Tokyo.
Be Conditions of Cultivation and Derepression

Cultures were maintained on TSY slants, Derepression of strain 6
was optimal in nutrient broth, whereas straln K was derepressed maximally
in lactate medium (NaCl 3.0 g, Na lactate, 2.0 g, Bacto peptone 10.0 g,
Tris 3.6 g/l, pH 6.8). A1l cultures were incubated with shaking at 37°C.

Cells were harvested, washed once with distilled Hzo and frozen.
C. Preparation of Extracts

l. Sonic Oscillation.

For experiments with strain K, cell-free extracts were prepared by
subjecting cell suspensions to sonic oscillation at 10 ke in a Raytheon
sonic oscillator for 50 minutes followed by centrifugation at 27,000 xg
for 30 minutes to remove debris and intact cells. The resulting supernat-
ant fraction was used as the source of enzyme. When small samples were to
be assayed (for example, in experiments on the derepression of strain 6),
2 mls of a cell suspension were subjected to 10 kc in a MSE oscillator for
3 minutes.
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2. Toluene Treatment and Freezing and Thawing.

Cells were treated with toluene (0.1l ml toluene/l.0 ml cell suspension)
and incubated for the indicated length of time at 37°C before assayingz or

subjected to repeated rapid freezing at 10°C and thawing at 37°C.

3. French Pressure Cell.

Cells were usually suspended in TME buffer (0L01M Tris, 0.1M KCl,
0.01M Mg Acetate; Schaechter, 1963) and disrupted by passage once through
a French pressure cell. The resulting suspension was centrifuged at
27,000 xg for 30 minutes and the supernatant fraction ("crude extract")
was removed. For one exXperiment, TSM buffer (0.01M Tris, 0.004} succinic
acid, 10"41{ Mg Acetate; Aronson and McCarthy, 1961) was used instead of

™K.
D. Preparation of Ribosomes

- A crude extract was centrifuged at 27,000 xg for one hour and the
supernatant fraction was centrifuged further at 100,000 xg for 3 hours.
The supernatant from the second centrifugation, S1000 was usually dialyzed
against 100 volumes distilled water for 4 hours. The sediment from the
second centrifugation, P,5g, was resuspended in TMK buffer and usually
dialyzed against TMEK as indicated under the appropriate figures. For
some experiments, P,gg fraction was resuspended in TMK buffer and sedimen-
ted at 100,000 xg for 3 hours. The sediment was referred to as Plﬂo-é'

the supernatant fraction as 5;4q_»2-
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E. Localization

l. Celluler Distribution.

An extract, prepared by using the French pressure cell, was centri-
fuged at 5,000 xg to remove intact cells, and then centrifuged at 27,000 xg
for 30 minutes to sediment "debris." The supernatant fraction was recentri-
fuged as described under preparation of ribosomes except centrifugation at

27,000 xg for 1 hour was omitted.

2. Protoplast Formatiocn.
Cells from cultures in the logarithmic growth phase were washed once

in stabilizing solution (15% lactose, 0.0LM MgCl,, O.1M NaCl, 0.01M Tris,
pH 7.3) and then resuspended in the stabilizing solution at a concentration
of 0.2 g wet weight cells per ml solution. This suspension was warmed to
4L0°C and an equal volume of stabilizing solution containing BOO*%er*ml
lysozyme (also at 40°C) was added. After 40 minutes of incubation with
occasional stirring, remaining intact cells and protoplasts were removed
by centrifugation at 5,000 xg for 20 minutes and resuspended in stabilize
ing solution lacking lysozyme. The suspension was divided into two parts
and the detergent lubrol (Imperical Chemical Industries, London) was added
to both to make a final concentration of 0.10% After 10 minutes of con-
tfact with lubrol, the cells were lysed and both fractions were centrifuged,
one at 27,000 xg for 20 minutes to sediment intact cells and protoplast

debris, the other at 3,000 xz for 20 minutes to sediment intact cells only.

F. Sephadex Gel Filtration

An attempt was made to fractionate the ribosomes present in a crude

extract by gel filtration using Saphadéx G=50 (Pharmacia, Co., Uppsala,
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Sweden). A column 20 cm long and l.5 cm in diameter was loaded with 2 ml
of crude extract and eluted with TMK buffer. The protein-containing
fraction was divided into two parts: that which was eluted in the first
3.5 mls following the void volume, "sephadex A," and that which was eluted
in the following 4.0 mls, "sephadex B." The fractions and the crude
extract were then centrifuged at 100,000 xg for 3 hours, the sediment
resuspended in TMK buffer, and analyzed by sucrose density gradient centri-

fugation.

.

G. Sucrose Gradients

If the ribosomal preparation had been frozen, it was first centri-
fuged at 27,000 xg for 15 minutes to remove aggregated materiais. One-
tenth ml of the prapﬁration was then layered on a linear 5 to 20% sucrose
gradient containing TMK buffer (the Hﬁ”bnncentratiqn depended on the
experiment) and centrifuged at 115,000 xg usually for 2.5 hours. The
tubes were punctured at the bottom and 2 drops collected in each fraction.
The fractions containing 10‘2M H£+wﬁre diluted with 1.0 ml of 0,01 Tris,
pH 7.4, and those containing 10="M Mg'were diluted with 1.0 ml of 0.0LM

Tris, pH 7.4, and 10~ Mge The optical density of the diluted fractions

at 260 mu was measured and the alkaline phosphatase activity determined.

H. Determination of Sedimentation Coefficients

by Analytical Ultracentrifugation

Ribosonal preparations or extracts were centrifuged at 50,740 xg at
20°C in a Spinco Model E analytical ultracentrifuge equipped with Schlieren
optics. Both single vector and wedge window cells were used. The obssrved

sedimentation coefficients were calculated by the moving boundary method
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using the formula S = '%:2 d lnx (Schachman, 1959).

dt

I. Fractionation of Extracts

All manipulations were performed in the cold. Protamine sulfate
(0.5 ml of a 2% solution per 10 ml of extract) was gradually added to a
crude extract with stirring and the resulting precipitate removed by
centrifugation at 27,000 xg for 20 minutes. The sediment was resuspended
in 2.9 mls of distilled water and combined with a crude extract that had
been treated with 20 ¥ /ml of both RNAase and DNAase for 20 minutes.
Fractionation of this mixture with powdered ammonium sulfate gave fractions
of 0-34%, 34-4h%, L447%, 47-50%, 50=55%, 55-62%, 62-75%. Fractions
between 34-47% saturation, containinz 65% of the enzymatic activity, were
combined and reprecipitated with saturated (HHL;.)ZSI}A_ solution, pH 8.0.
Approximately a 3-fold increase in specific activity was obtained through
the procedure.

Je Electrophoresis

S100 preparations from strains 6 and K, partially purified strain 6 |
enzyme (prepared as described under fractionation of extracts) and partially
purified E. coli enzyme (Worthinzton Biochemical Corp. BAP-SF 6145) were
subjected to electrophoresis through acrylamide gels using either 11% or
7.5% zel (prepared according to a pamphlet from Canal Industrial Corp.,

4935 Cordell Ave., Bethesda, Maryland). All enzyme preparations werse
layered as soluticms without polymerization on the large pore upper gel and
were subjected to a field of 4 amps per gel at room temperature. The gels
were stained for enzyme activity using the method of Allen and Hyncik (1963),
substituting Fast Blue for Nuclear Red, and fixed according to Levinthal

(1962).
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Ke Assay

The enzyme was measured by determining the rate of hydrolysis of
p-nitrophenylphosphate (NPP), in the presence of 0.6 Tris buffer, pH
9.4, and either 2.0 or 1.2 x 10™2M NPP, in a total volume of 1.0 ml. In
the case of the strain 6 enzyne, 10‘4H M£+was also included in the
reaction mixture. After incubation at 37°C for the desired length of
time, the reaction was stopped oy adding l.0 ml of elther 1.0N NaOH or
2.0M KoHPOy, pH 8.5. For some experiments (noted under the appropriate
figures) slight modifications of these conditions were used. A unit is
defined as the amount of enzyme preparation which gave a change in optical
density of 0.1l per minute. Protein determinations were made using the

method of Lowry and workers (1951).
L. Abbreviations

The following abbreviations are used in this paper: EDTA,
ethylenediaminetetraacetic acid; Tris, (hydroxymethyl) aminoc-methane;
PVS, polyvinylsulfate; NPP, p-nitrophenylphosphate; CRM, cross-reacting

material.




IV. RESULTS

A. Properties of the Reaction

l. pH Optima, Buffer Concentration and K, values.

The hydrolysis of NPP by crude extracts obtained from derepressed
strain K (wild type) was compared with that of an S 00 preparation (see
Methods) from strain 6 (partial constitutive). The reaction for each
preparation was found to be linear with time and proportional to the
amount of enzyme present. For the strain K enzyme, the concentration of
Tris buffer necessary for maximum activity was 1l.0M (figure 1). In con-
trast, the strain 6 enzyme showed maximum activity when the Tris buffer
concentration was 0.84. A pH of 9.4 was optimal for the strain K enzyme
while the strain 6 enzyme showed maximum activity at pH 10.0 (figurs 2).
The optimum substrate concentration for the strain K enzyme was approxia
mately 2 x 1074 and the Ky, 1.9 x 10=% (figure 3). In contrast, the
strain 6 enzyme had a much larger Ky of 2.3 x 10'3 and a biphasic curve

was obtained with increasing substrate concentration (figure 4).

2. Effect of NaCl, EDTA, and Mercaotoethanol.

In contrast to the E. coli enzyme (Wilson, et al., 1964), the strain
6 enzyme was inhibited 50% by 0.1M NaCl. However, like the E. coli enzyme
(Garen and Levinthal, 1960; Plocke, et 2l., 1962a), the strain 6 enzyme was
inhibited by EDTA, a concentration of 10~ producing 65% inhibition of
activity in a crude preparation.

Since mercaptoethanol was assumed to promote the formation of the

most stable configuration of the enzyme by increasing the ease with which

— -

I —
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stimulated by supernatant factors. At 10"1“M Mg, when increasinz amounts
of supernatant were added to a constant amount of a particulate preparation
during assay, an increase in activity was observed only after the super-
natant concentration in the reaction mixture reached a certain level

(figure 6). In contrast, at 10=-2f Mg™, activity increased when the

supernatant concentration in the reaction mixture was much lower (figure 7).

As seen from Table 2, the activities per ml of enzyme increased more in

the presence of 10-2M Mg* (73%) than in the presence of 10~ Mz (30%).
B. Electrophoresis

For comparative purposes, the electrophoretic species of alkaline
phosphatase from B. subtilis strains 6 and K and E. coli were examined
using disc gel electrophoresis. The E. coli enzyme migrated in 4 bands,
3 close together as reported by Levinthal (1962) and one closer to the

top of the gel. Three to four multiple bands were seen with both soluble

preparations of strains 6 and X enzymes and the partially purified strain
6 enzyme. However, an accurate determination of the number of bands was
not possible due to the difficulty in obtaining good separation of bands,
possibly because of interference from other protelns since very concen-

trated preparations were used. It may be tentatively concluded, however,

that the patterns of migration of the two B. subtilis strains were not

similar and that these patterns also differed from that obtained with the °

E. coli enzyme.
C. Localization
l. Extracellular.
It was reported that B. subtilis excreted alkaline phosphatase

quantitatively into the medium during the logarithmic growth phase.(Cashel

e o e e

e e ——
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and Freese, 1964). The possibility of such excretion in strain 6 was
examined by studying the appearance of the enzyme intracellularly and in
the medium (figure 8). Derepression began after approximately four hours
of incubation. At this time, most of the enzyme was present in the medium.
After the sixth hour, the amount of enzyme in the cells increased, but the
amount in the medium decreased. This loss of activity could have been

due to dilution or to the action of extracellular proteases (Hagihara,

et al., 1958; Rappaport, et al., 1965). By the eighth hour, the amount

of enzyme retained in the cells exceesded that found in the medium. After
25 hours of growth, a specific activity of 240 was attained; 71% of the

activity was found in the cells.

2. Cellular.

a. Permeability barrier. Both strains 6 and X z2ppear to have a
permeability barrier to the substrate (figure 9). The permesbility of
strain K cells changed after 2 min of exposure to toluene, the enzymatic
activity rising from 15 units/ml to 20.6 units/ml. However, the released
enzyme was partially inactivated during the subsequent incubation with
toluene. A slight rise in activity followed by a larger increase after
45 minutes of toluene treatment was observed with strain 6 cells. Figure
10 shows the increase in activity of strain 6 cells upon repeated freezing
and thawing. Cells frozen and thawed 8 times and then treated with toluene-
showed a decrease in activity.

b. Localization between the cell wall and cell membrane. An attempt
was made to determine whether alkaline phosphatase was localized between
the cell wall and cell membrane as in E. coli (Malamy and Horecker, 1961).
Cells were treated with lysozyme and the resuliing protoplasts were lysed

waen 14 lubrol was added (figure 11). The enzymatic activity of the
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protoplast debris was corrected for activity due to the presence of intact
cells. Whether the enzyme was localized between the cell wall and the
cell membrane could not be determined because most of the enzymatic
activity was lost durdng separation of the protoplasts from the super=
natant fraction contalning lysozyme. Released proteases or Mg*t present
during protoplast formation could have caused the inactivation. The
remaining activity was divided between the particulate and supernatant

fractions, suggesting that at least part of the enzyme was membrane bound.

3» Particulate Nature of Alkaline Phosphatase.

a. Intracellular distribution of enzyme. Previous work indicated
that much of the cellular alkaline phosphatase in strain 6 was associated

with the particulate fraction (Whiteley and Oishi, 1963). Following this
line of inquiry, a study of the cellular distribution of the enzyme revealed

that 80% was particulate, either bound to the ribosomes ( fraction)

P100
(44%) or associated with the debris (36%) (Table 3). The alkaline phos=
phatase associated with the rlbosomes was strongly bound; when the ribo-
somes were washed (Pygg.2)» specific activity increased, showing that

other proteins were more easily removed than alkaline phosphatase.

b. Ribosomes of B. subtilis. A study of the ribosomes of B. subtilis
was undertaken when it was observed that much of the cellular alkaline
phosphatase was assoclated with the Pygo fraction. The sedimentation
patterns of various ribosomal preparations are shown in figures 12 and 13.
The observed sedimentation coefficients of the rlbsomes in the crude extract
were smaller than those in the Pyyo_2 preparation due to the difference in
viscosity of these two preparations. When the observed sedimentation co-

efficients of ribosomes in the crude extract were multiplied by a partial

correction factor for viscosity, Eﬁ' (Schachman, 1959), the 54S coefficient
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was raised to approximately 70S, the 41S to 50S and the 795 to 100S. No
correction factor was made for viscosity in the P100.2 Preparations.

As observed with E. coli ribosomes (Tissieres, 1959), at 10-24 Mz*t,

705 and heavier forms were predominant especially in the crude extract
while at 10'4H2H3++. 505 and 30S were the main species present. However,
in contrast to E. coli, the ribosomes of B. subtilis appear to be fairly
unstable. Summarizing the results of approximately 20 sucrose gradient
centrifugations, degradation of B. subtilis ribosomes occurred in crude
extracts prepared with either TSM or TMK buffer (0.01l KCL) at 10~2} Hg++.
In contrast, E. colli extracts prepared in TSM buffer were stable for at
least 20 hours (Bolton, 1958). At a higher salt cunceﬁtratian (0.1M XC1),
and 10=2M HéTL?OS-and 50S B. subtilis ribosomes were more stable whereas
the 30S ribosome was degraded under these conditions (no 30S ribosomes
appeared in the Pjgp.2 preparation at 10-2M Mg*t). At 10~% Mg**, 30
and 50S units were more stable in low salt (0.01M KC1 in TMK buffer) or in
TM buffer.

c. Enzyme distribution on the ribosomes. When a crude extract cone
taining lﬂ'uﬂ Hg++'was centrifuged in a sucrose gradient, the pattern
shown in figure 14 was obtailned. By comparing this pattern of sedimen-
tation with that obtained with preparations analyzed both by centrifugation
in the analytical ultracentrifuge and in sucrose gradients, an estimate
could be made of the sedimentation coefficlents of the UV absorbing peaks
shown in this figure. The enzyme distribution tended to follow that of
the ribosomes, with peaks occurring in the 70S, 50S and 305 fractlons.
Most of the enzyme was found associated with the 305 ribosome.

When ribosomes at 102} Hg++ wara_cantrifugad in a sucrose gradient,

!

again most of the enzyme was found in the 305 fractions with lesser
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amounts in the 50S and 70S fractions (figure 15). The multiple enzyne
peaks in the 305 region may indicate breakdown of the ribosomes resulting
in the formation of components with coefficients in the range of 25S and
2lS as well as 30S. The largest peak of enzyme ribosomal bound enzyme
activity coincided with the lightest breakdown product, suggesting that
the enzyme might become more active as the ribosomes disintegrated.

de Activation of ribosomal bound enzyme by changesin @g++ concene
tration. The activity of the enzyme on ribosomes prepared at 10~24 Mg*t
(but assayed at IO‘uM HE) was compared with the same preparation dialyzed
to a Mg** concentration of lﬂ'hﬂ. When equal amounts of the two prepar-
ations were analyzed by density gradient centrifugation, activation of
the enzyme was observed in the 10~ Hé“praparatinn in all fractions
except those containing soluble RNA (figures 16 and 17). If the activated
preparation was redialyzed against 10‘2HLH3++..mnst of the activity dis-
appeared except for that in the 30S fractions (figure 18). These effects
of Hg++ cﬁncantratian on the activities of different ribosomal fractions
are summarized in Table 4. The striking increase in activity when the
Hg++ concentration was changed from 102 to 25 X lO'QH was most clearly
seen with the 805.100S fractions (a 9-fold increase). Increases in
activity were also noted with the 70S (a 4-fold increase) and 50S
fractions (a 3-fold increase). The activity of 30S ribosomes was least
affected by changes in Mg'" concentration, perhaps because most of the
enzyme was already fully activated. The slight activation that did occur
was in the heavier portion of the 30S region suggesting that more latent

enzyme was present on intact 305 ribosomes than on partially degraded ones.
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The amount of soluble enzyme also increased in the 10~ Mg™" preparation
but was reduced again when the preparation was dialyzed at 10=2M Mg.”

An attempt was made to repeat this effect by assaying a P100-2
fraction for enzymatic activity after it had been dialyzed at 10~2M Hg”
and then at 10="M Mge' As seen from Table 5, dialysis at 10~"M HgHand
incubation at that Mg"concentration had little effect on activity of the
particulate enzyme. The 10% increase in the activity of the soluble
enzyme upon dialysis at 2.5 x 10~*M Mg'" would not account for the large

activation in the previous experiment.

é. Activation of ribosomal bound enzyme by PVS. Preliminary evidence
indicated that activation may occur when ribosomes prepared in TSM buffer
at 10'4H1Hg++ are dialyzed in that buffer in the presence of polyvinyl-
sulfate (PVS) which was added to inhibit RNAase (figures 14, 19, 20). Since
the crude extract and the ribosomes dialyzed without PVS had nearly the
same activities, the effect was not due to inactivation of the preparation
without PVS during dialysis. Thus, interaction between the anion and the
basic protein may have caused some activation, suggesting again that even
at 10""}( Mg*™ some enzyme on the 30S ribosome may be in latent form. An
alternative explanation for this phenomenon would be that PVS facilitated
the removal of enzyme assoclated with the 50S ribosome and its transfer to
the 30S units since the 505 fractions had less activity than the controls.

f. Fractionation of enzyme bearing ribn;umes. A preliminary study
has indicated that the 30S ribosomes bearing enzyme tended to be separated
from other 30S ribosomes during sephadex gel filtration. Sedimentation
analysis of fractions in sucrose gradients indicated that ribosomes with
enzyme attached were filtered more rap;dly through the gel, i.e., were
excluded more completely from the gel (figure 21). The first fraction (A)
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had 1.7 times more activity associated with the 30S units than the second (B)
fraction. Little fractionation should occur because of the high molecular
welght of the ribosome; bound protein would not be expected to influence
filtration. This effect remains unexplained and will be explored in
future experiments.

g+« Nonspecific binding of alkaline phosphatdse by ribosomes. Pre-
liminary evidence indicated that the enzyme binds nonspecifically to the
ribosomes. Strain K ribosomes (Pygo preparation) from repressed cells
(fully repressed strain 6 ribosomes could not be obtained since strain 6
was a partial constitutive) and strain 6 ribosomes (Plﬂﬂ fraction) from
derepressed cells were incubated with approximately 340 units soluble
strain 6 enzyme (Sygg prepsration) in TMK buffer containing either 10™24
or 10=4 Mg*™. Since the enzyme in the S100 preparation was known to be
stable in TMK buffer, the amount of binding of the enzyme to the Py,,
fraction was estimated by measuring the decrease in activity of the
supernatant fraction after the particulate fraction had been removed by
centrifugation. Repressed strain K preparations bound more enzyme than
the derepressed strain 6 Pjgg fractions (Table 6). The washed particulate
preparations (Pygo.2) retained most of the enzyme bound especially at high

Mg** concentrations.



V. DISCUSSION

A« Comparison of E. coli and B. subtilis

(strains 6 and K) Alkaline Phosphatases

A comparison of same of the properties of E. coli and B. subtilis
alkaline phosphatases is made below (Table 7).
TABLE 7
Comparison of E., coli and B, subtilis Alkaline Phosphatase

Prﬂperty Eﬁ- ﬂﬂli El SU.htriliE
strain K strain 6
Effect of: |
0.01 M Mg" none™ stimulation inhibition
Q.1 M NaCl stimul ation** - inhibition
EDTA inhibitory* = inhibitory
toluene none* inhibitory inhibitory
Opt. conce Tris 1.6 Mxx 1.0 M 0.8 M
Op'bt pH 8.0-11-0** 9&4 10.0
' +
Ky 1.2 x 10-5 1.90 x 10™% 2,36 x 10=3
(dilute NPP)
Localization soluble™ particulate particulate
Permeability none* present present
barrier

_T_ strain W
strain K12
** Worthington Biochem. Corp.
Perhaps the greatest difference between these enzymes was their

localization; in the particulate fraction in B. subtilis, in the soluble
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fraction in E. coli. Another major difference was the effect of Mg*t on
these enzymes. The E. coli enzyme only required Mg'™ if the Tris buffer
concentration was below 0,01M. For B. subtilis strain K, Mg™" was required
for optimal alkaline phosphatase activity, and a Tris buffer concentration
of 0.6 would not eliminate this requirement. In contrast, Mg**inhibited
the B. subtilis strain 6 enzyme in 0.6M Tris buffer.

Differences in the conditions for optimal activity with respect to
pH and Tris buffer concentration were also noted with the different
enzymes. A pH optimum of 9.4 was observed with B. subtilis strain K
enzyme while 10.0 was the optimal.for the strain 6 enzyme. Alkaline
phosphatase from E. coll exhibited maximum activity in the pH range of
8.0 = 11.0 (Wilson, et al., 1964). A high concentration of Tris buffer
was necessary for maximum activity of the E. coll enzyme. This requirement
was explained as due to the participation of the buffer as a phosphate
acceptor in a transphosphorylation reaction (Wilson, et al., 1964).
Possibly this mechanism also occurred in the B. subtilis enzyme catalyzed
reaction since high levels of Tris buffer were necessary for optimum
activity of both B. subtilis enzymes.

Studies on enzyme kinetics also revealed differences between the
three enzymes. For the E. coli enzyme, a plot of 1/V vs. 1/S yielded a
biphasic curve, with dilute substrate concentrations (below 10=2M) giving
K, values of approximately 10~2, while substrate concentrations above
10-3M gave higher K, values (apprnximataly'lﬁ'j; Heppel, et al., 1962).
Higher K, values were obtained in dilute substrate concentration and

biphasic reciprocal plots were not found with the B. subtilis enzymes.
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Be Extracellular Enzymes in B. subtilis

The increase in enzymatic activity observed in the medium during
late log phase could be explained by lysis although there was no notice-
able decrease in the optical density of the culture at this point. Cashel
and Freese (1964) noted similar results with B. subtilis under conditions
in which little lysis occurred. This suggests that a change in permeabil-
ity may occur during late log phase; amylase and lysozyme were also

excreted at this time (Nomura, et al., 1958).

C. Enzymes Bound to Ribosomes

ls Possible Explanations for the Presence of Enzymes on the Riboscmes.

All proteins are associated with the ribosomes during their synthesis
and are usually released as soon as completed (McQuillen, et al., 1959).
However, certain degradative enzymes; RNAase, DiAase (Elson, 1959),
B-galactosidase, alkaline phosphatase, D-serine deaminase, acid phosphat-
ase, L-threonine deaminase (Aronson, et al., 1960), B-glucosidase (Kihara,
et al., 1961), and leucine aminopepidase (Bolton, et al., 1959) are
associated with E. coli ribosomes and, like B. subtilis alkaline phos=
phatase, they resist separation from these particles.

The presence of these enzymes on the ribosomes could be explained in
several ways. Some of the enzymes are probably nascent protein that has
remained tightly bound to the enzyme. The small percentage (5-10%) of
the cellular alkaline and acid phosphatases, D-serine deaminase, and
L-threonine deaminase bound to the ribosomes suggests that these enzymes
are nascent protein (Aronson, et al., 1960). A fraction of the ribosomal
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bound B-galactosidase has been shown to meet the kinetic requirements of
nascent protein (Zipser, 1963), whereas ribosomal bound B-glucosidase in
yeast was shown to be a direct precursor to the soluble enzyme (Kihara,

et al., 1961). Because of the large percentage of alkaline phosphatase
assoclated with the ribosomes (44%) in B. subtilis, it seems unlikely that

the bound enzyme is nascent protein.
Some degradative enzymes may have a function associated with their

localization on the ribosomes. Regulation of B-glucosidase was shown to
be dependent on the controlled release of nascent enzyme from the ribo-
some; during repression the amount of ribosomal bound enzyme increased
(Hauge, et al., 1961). At 10~2M Mg, a cysteinlyglycinase was found
specifically assoclated with the heavier ribosomal aggregates, suggesting
that it had a function in protein synthesis (McCorquodale, 1963). Tri-
phosphatases were also found to be specifically associated with the poly-
some fractions and were released to 505, 30S and soluble RNA fractions
(Raacke and Fiala, 1964). Thus it was suggested that the polysome could
bind proteins that could not attach to the separated 70S ribosomes.
GTPase activity has been found to coincide with the ribosomal frace
tions where maximum amino acid incorporation occurred, suggesting a GTIP
split was connected with protein synthesis (Conway and Lipmann, 1964).
GTP was shown to be a requirement for the release of nascent protein
from reticulocyte ribosomes (Morris, 1963). The reversible dissociation
of DNAase from the E. coli 70S ribosome also suggested that the enzyme .

may have a function in protein synthesis (Tal and Elson, 1963).
Some of the associations of enzymes with ribosomes probably result

from methods used in the preparation of extracts. The quantity of



28

B-galactosidase bound to the ribosomes depended on how the cells were
broken (Boezi, et al., 196l). The association of all of the cellular
RNAase with the 30S ribosome could have occurred during extract formation
due to nonspecific binding of the basic protein to the ribosome, a
phenomenon which has been observed in vitro (Neu and Heppel, 1964c).
The enzyme was reported to bind very tightly to the nucleoprotein,
remaining attached to it during electrophoresis and DEAE cellulose chroma-
tography (Elson, 1959) but could be removed by incubation of the ribosomes
in 0.5M NH),Cl (Spirin, et al., 1963). An RNAase with different chromato-
graphic properties than the ribosomal bound enzyme was released from the
cell within a few minutes after treatment of the cells with EDTA and
lysozyme (Neu and Heppel, 1964a). Further study showed that there were
two RNAases, one assocliated with the ribosomes and the other with the
debris (Anrahu and Mizuno, 1965). These enzymes differed not only in
elution position on DEAE cellulose but in rates of reaction and activity
against different substrates. However, the debris RNAase still could bind
to the ribosomes in vitro suggesting that its presence in the debris depend-
ed on how the extract was made.

Alkaline phosphatase in B, subtilis resembled E. coli RNAase in its
tendency to nonspecifically bind to the 30S ribosome. In contrast to
the ‘RNAase, B. subtilis alkaline phosphatase also was bound in small
amounts to other ribosomes. Thus, it will be pertinent to determine
whether the soluble and particulate alkaline phosphatases are identical
in B. subtilis and whether the amount of binding depends on the method

of preparation.
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2¢ Activation.

Evidence was found for the existence of a partially latent alkaline
phosphatase associated with the B. subtilis ribosomes. Increases in
activity were observed when the PlOO fraction was incubated in the pres-
ence of the Sgp fraction or when the Py, , fraction was dialyzed from
10-24 Mg** to 2.5 x 10=%M Mgtt.

Other ribosomal bound enzymes have been detected in latent form
in E. coli. An aminopeptidase was activated by chymotrypsin, trypsin or
RNAase (Matheson, 1963). Similarly, ribosomal bound RNAase was revealed
only upon ribosomal degradation (Neu and Heppel, 1964c). B-galactosidase
was activated while attached to ribosomes by the addition of specific
antisera (Cowie, et al., 1961). An increase in tryptophan synthetase
activity was observed when low molecular weight ribosomes were incubated
in the presence of the supernatant fraction (Marushige, et al., 1964).
The latter was interpreted as an activation of preformed enzyme on the
ribosome rather than protein synthesis, since the process was insensitive
to DNAase, chloramphenicol, and streptomycin. In vitro complementation
between mutant subunits of B-galactosidase occurred faster if one sub-
unit was still attached to the ribosome (Zipser and Perrin, 1963).

The explanation for the activation of ribosomes which had been
dialysed from 10‘2H Mgt to 10~ Hg++ prior to sucrose gradient analysis
is not clear since the increase in activity could not be noted by directly
assaying Py49_2 fractions for enzymatic activity: 10-3M Mg** slightly
inhibited the particulate enzyme. This observation procludes the possib-
i1ity that the differences in activities of the two preparations could be

due to changes in the amount of Mg*" present as a result of the 10=2
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preparation binding more Mg**t than the 10~ preparation. Perhaps soluble
conmponents activated the latent enzyme in the 10~4H Mgt P100.2 Prepar-
ation. OSoluble factors were not present in the individual ribosome
fractions from the sucrose gradient. Possibly the ribosomes in the
activated 10=*M Mgt preparation were partially degraded before the assay
and therefore had higher activity than the ribosomes of the Pygg.p fraction
at 10-%M Mg*" which were intact as shown by sucrose gradient analysis.

The observed activation of the particulate fraction by the soluble
fraction in B. subtilis could be the result of release of the ribosomal
bound enzyme by supernatant factors, as in the case of tryptophan synthe-
tase (Marushige, et al., 1964), or could be caused by the combination of
soluble monomers with ribosomal bound monomers, as with B-galactosidase
(Zipser and Perrin, 1963). The difference in the activation at 10=2M Mg++
and 10~ Mgt suggested that Mg*™* may stimulate activation as was
observed with the enzyme catalyzed release of hemoglobin from reticulo-
cyte ribosomes (Morris, 1961). The possible relationship between this
activation and the previously reported in vitro increase in enzymatic
activity in B. subtilis (whiteley and Oishi, 1963) or in E. coli (Bishop,
et al., 1964; Manson, et 2l., 1965) will be investigated in future experi-

ments.
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TABLE 1

The Effect of Mg* on the Soluble and Particulate Enzymes of Strain 6

Mg concentration % inhibition % inhibition
\ soluble enzyme particulate enzyme

10=2 M 67% 86%

5 x 102 M 57% | 68%

10=7 M A% 11%

10=% M 0% 0%
10=2 M 16% 0
0 26% -

Soluble enzyme (3100 fraction) was prepared as indicated in Methods
except that dialysis was against 100 volumes of distilled Hy0 for 4
hours with hourly changes of Hy0s: The particulate gnzyue (Pioo fraction)
was dialyzed against 200 volumes of TMK buffer (L0=4 M Mgtt).

TABLE 2

The Effect of the Supernatant on the Activity
of the Particulate Fraction at Different Mg*t Conocentrations

'Hﬁ"annnantratinn amount supernatant activity in units/ml

10=-% M 0.1 ml 241
0.2 \ 1.9
0.3 2.0
0.4 24
0¢5 2.6

10=2 ¥ 0.1 15}
0.2 1.6
0.3 15
O.4 1.8
0.5 1.9
6 and 7

Conditions as described in figures
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TABLE 3

Localization of Cellular Alkaline Phosphatase in Strain 6

fraction total units % recovery sp. acte
whole extract 21,000 100 34.8
supernatant 14,500 69 38,
debris 7,500 36 39.4
5100 3 -1150 22 294 6
PS:ngg 9, 203 63 261
00-2 9 L 2+3
1002 6,400 70 867

Fractions were prepared and assayed as described in Methods.

TABLE &

Relationship between Mg Concentration and Activity on Different Ribosomes

figure activity (units/ml
-100s 70s 50s 308

16 10=2 .21 .20 17 .79
17 2.5 x 10=4 1.8 77 | .98
18 10-2  ,18 008 .09 .90

Conditions as described under figures 16, 17 and 18.




The Effect of Dialysis and Incubation at Different Mgt
Concentrations on the Activity of the Enzyme

Preparation

P100-2

10-2

10-%

5
.
g
i -
. &

102

10=4
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TABLE 5

Mg*t concentration
of dialysis

time

incubated
at 10=2M Mgt

time

incubated
at lOTBM

18

15

18

15

Mg+t

Activity

10.90
10,72
10.10
10.45
10.38
10.90
10,38
8,66
7.98
8.16
7.88
7.88
9. 84
8.90

The Pygp-2 and 54 fractions were prepared as described in Methods. The

fractions were dialyzed against 200 volumes TMK buffer containing the

indicated amount of Mg** for 4 hours.
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TABLE 6

Binding of Alkaline Phosphatase by Particulate Preparations
from Strains 6 and K

Strain Preparation Mg'conc. % Enzyme % Enzyme retained
removed from by Pypo fraction
S 00 frac. after washing
K P100 10-2 59% 88%
" Pao 10~* 69% 83%
6 P200 10-3 L6 79%
0 PlOU 10'4 42% ?5%

Pyoo fractions were prepared as described in Methods and dialyzed against
200 volumes TMK buffer at the indicated Mg** concentration for 4 hours.
The fractions were incubated with an S50 preparation for 1 hour in the
cold and then centrifuged at 100,000 xg for 3 hours. The sediment was
washed by resuspension in TMK buffer at the indicated Mg'" concentration

and recentrifugation at 100,000 xg for 3 hours.
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100 I~ . o
®
| - : strain K -- )
% 80
mﬂx- r #
. activ-
ity
-- Strain 6
60 |-
oA
N I | _ |
20 0.5 0.8

M TI"iE. pH 9-1"'
Figure 1. The effect of the concentration of Tris buffer on the activ-
ities of the enzymes of strains K and 6. A strain K extract and
a strain 6 5100 fraction were prepared and assayed as described in
Methods.




L2

8.0
|

-= strain K

6.0 |-

Figure 2. The effect of pH on the activities of the enzymes of strains
6 and K. A strain K extract and a strain 6 Sgp fraction were pre-
pared as described in Methods.
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132 -
o 24"
V
units/
ml
16" 6. 0+
1/v /
3.0 2"
081
R I !
& 8
1/s
. . W . . 3
L 12 20
M NPP x 10-%
S

Figure 3. The relationship between substrate concentration and reaction
velocity for strain K enzyme. An extract was prepared and assayed

according to the Methods section.



|
12.0
8.0
Vv
units/ —10.6
ml o 1fv
4.0 / = 0!3
/v ]
/ 3 1/ 9
| I |
6 14 22
M NPP x 10=%
S

Figure 4. The relationship between substrate concentration and reaction
velocity for strain 6 enzyme. Soluble strain 6 enzyme (8100 frac-
tion) was prepared and assayed as described in Methods.
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1!5 ~ \

sl |
20 Yo

M Mgt x 10=3

Figure 5. The effect of Mgﬁbn the activities of strains K and 6
enzymes. Extracts were prepared from strains K and 6 cells
using sonic oscillations and assayed as described in the
Methods section.



16.0

units/ml ;rffﬂffffﬁ
i, _ 100 * S100
- 8.0

Lo

Figure 6. The effect of the supernatant fraction on the activity of a
particulate fraction at 10=" Mg™. The soluble enzyme (5100 frace
tion) was prepared as described in Methods. The particulate enzyme
(31,0) was prepared from an extract containing IG*RH Mg*™ TMK. The
extract was centrifuged at 27,000z for 30 minutes, the supernatant
removed and recentrifuged at 100,000g for 3 hours. The sediment was
resuspended in 10=%M Mg* TMK and dialyzed against 200 volumes of that
buffer for 3 hours. The enzyme preparations were assayed as described
in the Methods section except the reaction mixture contained 10=2y

mercaptoethanol. ,

5100

0-2 Ollu'
mls supernatant



12.0 |

units/ml
8.0
4,0
7 5100
0.2 0.4

mls supernatant

Figure 7. The effect of supernatant fraction (ﬁéﬁﬁ) on the activity

of a particulate fraction (Pyyq) 2t 10=2M Conditions were
the same as in Figure 6 exnep% the particulate fraction was pre-

pared at 10=2M Mg™" TMK and dialyzed against that buffer.



' /.,-""&"" 220 Epl aﬂt-

/ A 80-units/ml

> 70-units/ml

Qs Do —£0 unitsfml

—50° units/ml

Hours Gmwth_

. Figure 8. Derepression of strain 6. Samples were collected and assayed:

as described in Methods. & —=0.D.) mu. a-a specific acltvity of

‘cells, e— = acotivity of cells in me « —« activity of medium,
x—x activity af cells.
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14
units/ml
10
6.
e el Vs et /\\“‘_—- "
¥ ' “strain 6
|

I —_
15 30 45
time in mimutes

Figure 9. The effect of incubation with toluene on activities of strain
6 and K cells. Cells were treated with toluene and assayed as in
Methods, x = gotivity before treatment.
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3.0
units/ml p

1.0 =

5 7 .
times frozen and thawed

Figure 10. The effect of freezing and thawing of cells on their activity.
Cells were frozen, thawed and assayed as described in Methods. After
the eighth time of freezing and thawing, a portion was treated with
toluene (45 mins. incubation) and its activity indicated by x.




intact treated cells 130 supernatant containing lysozyme
cells 1lysozyme and protoplasts e

20
Y
1150 200 \ intact

treatment diluted .1@F% lubrol /cells
325 —— 300 - > 268
resuspended cells \
and protoplasts 320
protoplasts

l J0% lubrol

NG

168 debris 187 supernatant

Figure 1ll. Localization of alkaline phosphatase. Activity given in
units/ml. Conditions as described in Methods and Materials.
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Figure 12. Schlieren patterns obtained with extracts at 10=% (top)
and 102 (bottom) M Mgtt. Extracts were prepared in TMK containe-
ing 0.5 mg/ml bentonite. Observed sedimentation coefficients
(top, left to right): 54S, 41S, 27S; Bottom: 79S, 545, 41S, 25S.
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Figure lgf Schlieren patterns obtained with a Py4q_o preparation at
10=2 and 10="M Mg™. The Pygp.2 fraction had been prepared from

an extract made with 10=%4 Mg™ TMK. After washing, the preparation
was diﬂ}ded in half, with one part dialyzed against 500 volumes TMK
at 10=" (top) and the other part against 500 volumes TMK at 10~2M
Mgtt, Observed sedimentation coefficients (Top, left to right):

48s, 308, 22S; (Bottom): 82S, 653, 485, 22S.
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% volume collected

Figure 1l4. Ribosomal pattern and enzyme distribution at 10~ Mg*™ in
a sucrose gradient. A crude extract was prepared in TS{ buffer
(10~%M MZ), dialyzed against 200 volunes of that buffer for 3 hours,
and subjected to sucrose gradient analysis as described under Methods.

Ko enzyme ¢+ QD 26013&
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Figure 15. Ribosomal pattern and enzyme distribution at 1044 Mg™ in
a sucrose gradient. A Pygp fraction was prepared in THK buffer
containing 10=24 Mg as dascribad in Methods except it was not
dialyzed. The time of centrifugation in the gradient was 90
minutes. s Oebe 60101 £« —A gnzyme



56

10.0 /

610 B ’/ - 3-0
4, 9D 552 0K ! units/ml

% volume collected

Figure 16. The effect of preparation at 10=2M Mg on enzymatic activity
of ribosomes in a sucrose gradient. A Pygq_o pPreparation was dialyzed
against 200 volumes TMK buffer containing 20—2}1 Mg¥+ and 0.1 ml layered
on a sucrose gradient and centrifuged for 90 minutes. *=¢* 0eDepgpo
« —¥ anzyme
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505 -

| |
12.9" / [ —16,0
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10X : 30S
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4.0

20 %) 60 80
4 volume collected

Figure 17. The effect of dialysis from 10~2M Mg™ to 2.5 x 10=%M Mgt on
ribosamal bound enzyme activity in a sucrose gradient. The ribosomal
preR;ratinn from Figure 15 was dialyzed against 300 veclumes of 2.5 x
10-"M Mg'T™K for 4 hours and 0.1 ml layer=d on a sucrose gradient and
centrifuged for 90 minutes. e 0sDs 260101 £ —¥ enzyme
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10.0- / \1 —| 5.0
/
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i
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80

Figure 18. The effect of dialysis from 2.5 x 10="M Mgt to 10~2M Mz'on
ribosomal bound enzyme activity in a sucrose gradient. The ribo-
somal preparation from figzure 20 was dialyzed against 750 volumes
™K buffer (10-2{ MZ) for 4 hours and 0.1 ml centrifuged in a
sucrose gradient for 90 minutes. X—X enzyme ® O.D.zédl.ox
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2.0 L - "j‘_‘\ | -~ .80
A\ A
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4 volume collected

Figure 19. Sucrose gradient analysis of an extract dialyzed at 10"‘4}[ Mg""'
in the presence of PVS. The extract to which 100¥/ml PVS had been
added was dialyzed against 200 volumes TSM buffer containing 100 ¥/ml

PVS for 3 hours. +—+ 04Dspgg/* x—x enzyme
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Figure 20. Sucrose gradient analysis of a crude extract prepared in
10="M Mg** T buffer. Conditions as described under Methods.
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Sucrose gradient analysis of Sephadex fractions.
tions were prepared as described in Methods.

The frace

. A= 01 ﬂ- 260le
Sephadex A; x-» enzymatic activity, Sephadex A; mu
-=== 0¢Dspgom 10X, Sephadex B;

Sephadex B.

enzymatic activity,
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SUMMARY

The properties of alkaline phosphatase from two strains of B.

subtilis, K and 6, were compared with those reported for the E. coli

enzyme. Differences in the conditions necessary for optimum sctivity
(Tris buffer concentration and pH), in the effects of inhibitors such
a6 Mg++ and Hat and in the Michaelis constants were observed between
the three enzymes.

The localization of alkaline phosphatase was studied in B.
subtilis strain 6. During logarithmic growth phase, most of the
enzyme was excreted into the medium while during stationary phase
most of the activity was retained inside the cells. Eighty per
cent of the enzyme within the cell was particulate with L4% ribo-
samel bound and 36% membrane bound. Most of the ribosamal bound
enzyme was associated with the 30s riboscme. Preliminary evidence
suggested that the enzyme was nonspecifically bound to the ribo-
samese. Activation of the particle bound enzyme was cobserved when

it was incubated with a soluble fraction or when it was dialyzed

L

from l‘-'ili-E M l-ig-H' to 10 M Mg-H' and centrifuged in a sucrose gradi-

ent. Possible mechanisms for this activation were discussed.
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