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Neutral protease of B, subtilis NRRL B3411 has been highly purified by
chromatography on hydroxylapatite, and compared with B. subtilis var. amylo-
sacchariticus neutral protease and thermolysin. On the basis of activity
against macromolecular substrates no differentiation was possible. Tmmuno-
chemical and stability studies as well as amino acid composition distinguished
thermolysin from the other proteases which were indistinguishable.

Although microbial neutral proteases have been well differentiated from
the alkaline proteases (1), and some specificity comparisons made (2), they
have not been grouped or differentiated as have the alkaline proteases (3).

It has been claimed that the neutral protease of B. subtilis var. amylosac-

chariticus (4) is different from the B. subtilis neutral protease (5), altho
both enzymes apparently have the same specificity (4, 6, 7) as thermolysin (B.

thermoproteolyticus enzyme) (1, 2, 8). The analogous situation of the amylases,

especially the thermostable amylase produced by a thermophilic Bacillus (9),
has already been questioned (10) and it seems that a detailed examination of
the Bacillus neutral proteases would be timely.

EXPERIMENTAL

Isolation of the B. subtilis NRRL B3411 Neutral Protease

The starting material was a crude enzyme mixture obtained from Inorganic
Chemicals Division, Monsanto Co., St. Louis, Missouri. The mixture also con-
tained ane¢-amylase, alkaline protease and pigment. Since the o(-amylase also
adsorbed onto hydroxylapatite and eluted with the neutral protease, the amylase
was removed prior to chromatography by either of the following methods:

a) Pigment was removed from a solution of the crude enzyme by batch treatment
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with DEAE-cellulose (acetate form, pH 6.5). The protease was concentrated by
ammonium sulfate fractionation (0.45 - 0.65 saturation). Residual amylase was

removed by stirring with pulverised wheat starch in the rresence of 12% ethanol.

After reprecipitation of the enzyme in the filtrate by acetone, the enzyme was
dissolved in 0.1% calcium acetate and dialysed at 5° against 0.1% calcium acetate
b) Protease was isolated essentially free of amylase by solvent fractionation
in the presence of 2% calcium acetate w/v. The 50-67% acetone precipitated frac-
tion was redissolved in 0.1% calecium acetate solution and treated batchwise with
DEAE-cellulose (acetate form, pH 6.5) to remove pigment.

The amylase-free solution of proteases in 0.1% calcium acetate solution
was applied to a column of hydroxylapatite {BioRad) in 0.1% calcium acetate at
5° and washed with 0.1% calcium acetate solution. After the unadsorbed alkaline
protease and some impurities had passed through the column, some inactive pro-
tein was eluted with 0.01M potassium phosphate pH 7.2, and then the neutral pro-
tease was eluted with 0.045M (or stronger) potassium phosphate pH 7.2. Phos-
phate was removed from the eluted protease by addition of solid calcium acetate
L% w/v while the pH was maintained at 7.0 by addition of N/1 NaOH solution.
After dialysis against 0.1% calcium acetate solution the enzyme could be fur-
ther purified by retreatment with DEAE-cellulose to remove last traces of pig-
ment, or passage through a column of G-100 Sephadex prior to lyophilisation.

QOther Materials and Methods

B. subtilis var. amylosacchariticus neutral protease and B, thermopro-

teolyticus protease (thermolysin) were obtained from Miles laboratories, Elk-
hart, Indiana and Daiwa Kasei Company, Osaka, Jepan respectively and were used
without further purification (other than dialysis in certain experiments).
Protease activity was determined by a modification of the method of Anson (11)
using casein as substrate. FAGLA (furylacryloylglycylleucine amide) activity
was determined by the method of Feder (12).

Antiserum to enzymes was prepared by injecting the enzymes (8 mg, mixed

with Freunds adjuvant) into mature rabbits. Bleeding was commenced after the
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third weekly injection. Amino acid composition was determined on dialysed

enzyme preparations with extrapolation to zero hydrolysis time for the serine
and threonine values. Molecular weights were determined in the ultrscentrifuge
after dialysis against the reference buffer. Zinc was determined by atomic
absorption spectroscouvy.

RESULTS AND DISCUSSION

The hydroxylapatite elution pattern of the B. subtilis NRRL B3411 neutral
protease is shown in fig. 1, and a flow sheet for a purification is shown in
table I. This method of isolation has been found to be more reproducible than

methods using ion-exchange resins.
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FIG. 1 Hydroxylapatite Chromatography of WRRL B3L1l Keutral Protease.
Amylase-free material from S5g crude enzyme mixture was applied to a
1.9 x 6.0 cm coluwm at SO, fractions of 5 ml were collected.

Comparative assay and analytical data on the NRRL B3411, amylosacchariticus

enzymes and thermolysin is shown in table IT and clearly no distinction can be
made on the basis of molecular weight, or activity against macromoclecular
substrates. Thermolysin has a higher activity with FAGLA substrate than the

other two enzymes, and also a much higher heat stability in addition to possess-
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TABLE I1

Properties of Bacillus Neutral Proteases

Molecular weight, literature
liolecular weight, found
€, literature
€, found
Zinc _,ug/g
Protease (Anson method (11))
/g, pH 7, casein
u/g, pH 7, hemoglobin
FAGLA Assay 10°k/E, sec™’ mg/ml—1
FAGLA/casein (10%/E)/(107¢ /g)
Protease (McConn method (5))
u/g, pH 7.3, casein, literature
u/g, pH 7.3, casein, found

% activity after 30 mins., 70°C

B. subtilis

B. subtilis var.

BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

NRRL B3411 Amylosacchariticus Thermolysin

Lk ,700 33,800 37,500

35,100 40,500 -

13.6 13.8 17.6

12.1 12.5 15.2

1,36 1,450 1,450

18.0 x 100 * 12.8 x 10° 13.3 x 10°

2.7 x 10° 1.9 x 10° 2.4 x 10°

6.7 5.1 11.5

0.37 0.41 0.86

13.6 x 10° 12.6 x 100 -

11.0 x 106 wx 9.7 x 108 12,6 x 10°
0 0 86

¥* assay on enzyme immediately after isolation
#* assayed after 4 months storage at -5°C

ing a broad pH optimm (6.0 to 9.0) for activity, whereas the other two pro-

teases have a sharp pH optimum at pH 7.3 for activity.

This differentiation is clearly marked in the hydroxylapatite (re)chroma-

tography of the enzymes (fig. 2).

Thermolysin is not adsorbed by hydroxylapa~

tite, 96% of the enzyme activity being found in Peak A, whereas the NRRL B3411

and amylosacchariticus enzymes are adsorbed, Peak B containing 96 and 86% of

the activity in each case, no activity being found in either A peak.

Neither the NRRL B3411 or amylosacchariticus proteases crossreacted with

anti-thermolysin serum on Quchterlony plates, nor did thermolysin crossreact

261



Vol. 36, No. 2, 1969 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

o7} THERMOLYSIN

—_— ]

osr 0. M

K,HPO,
pH 72

0.5+
04 L

oaf
azt
o1t

asf

04f ‘NRRL B34l
O.SL
0.2+

O.lf A B

of
0.5

|
|
1
R. SUBTILIS }
|
|
|
I

Absorbance, 280 mpu

R_SUBTILIS VAR. |
04f AMYLO SACCHARITI_(%US

0.3¢

0.2 |
ol A

[29)

TUBE NUMBER

FIiia 2 Hydroxylapatite Chromatography of Weutral Proteases.
10 mg engyme in 5 ml 0.1% Ca(OAc), applied to a l.L x 7.5 cm column,
3 ml fractions collected at 5° and pooled peak fractions assayed for
protease by the FAGLA method.

with anti-amylosacchariticus protease serum. But the KRRL B3411 crossreacted

with the amylosacchariticus antiserum, the precipitation pattern indicating

that the two enzymes were immunologically indistinguishable.
The quantitative immunological identity of the NRRL B3411 and amylosac-

chariticus enzymes is shown in the parallel precipitation of protein and loss

of enzyme activity with increasing addition of anti--amylosacchariticus serum

(fig. 3) and the equivalence points of the two enzymes (fig. 4).

Clearly thermolysin is quite distinct from the other enzymes. In the
case of the alkaline proteases the immunological difference between the two
types of enzymes was confirmed by the differences in amino acid composition

between enzymes of the two groups (3), and a similar result was observed with
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FIG. 3 Quantitave Precipitation of Protein and Enzyme Activity of Neutral
Proteases by Anti-amylosacchariticus Serum.
0.5 mg enzyme in 0.25 ml physiological saline, antiserunm and/or
physiological saline to give a total volume of 1.5 ml. After 30
minutes at 37  and overnight at 5°, precipitate removed, washed,
dissolved in 2 ml O.1N NaOH for protein determination. Serum
supernatant was diluted for agsay by the casein digestion method.

the neutral proteases (table III). The composition differences between NRRL

B3411 and amylosacchariticus enzymes sre probably insignificant when the prob-

lems of autolysis and hence contamination are considered.
It is clear from this evidence that the B. subtilis NRRL B3411 and var.

amylosacchariticus neutral proteases are indistinguishable by these methods

and until more convincing evidence is presented it must be concluded that
there are only two types of neutral proteases produced by Bacilli, namely
thermolysin and the B. subtilis NRRL B3411 type enzyme. Apparently the muta-
tion to produce g-amylase instead of «-amylase does not involve any change in

the type of alkaline or neutral protease produced by the organism.
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i Determination of the Equivalence Points of Neutral Proteases to
Anti-amylosacchariticus Serun.
Enzyme in physiological saline (0.1 or 1.0 mg/ml) was added to
0.5 ml antiserum and the mixture diluted to 1.5 ml with physiological
saline. After 30 minutes at 37° and overnight at 5°, the precipitate
was collected by centrifugation, washed with physiological saline and
dissolved in 2 ml O.1N NaOH for protein determination.
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