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Studies on the thermophilic proteinase from Streptomyces griseus ATCC 3463
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Fig. 1. Chromatography of the thermophilic proteinase
on a column of Sephadex G-100.
The enzyme solution fractionated by ethanol
was placed on the top of the column(5 X 7cm)
of Sephadex G- 100 which had been equili-
brated with 0.005M acetate buffer, pH6.8
containing 0.001M calcium acetate. The flow
rate was 396 mf per hr and fractions of 6
mé were collected. Horizontal arrow indica—
ted fractions pooled. —— ultraviolet absor —
ption at 280 nm: —— | proteolytic activity
. ——o— | peptidase activity.
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Fig. 2. Chromatography of the thermophilic pro-
teinase on a column of OM~-cellulose.
The enzyme solution fractionated by chroma-
tography on Sephadex G-100 ‘was placed on
the top of the column (2X15em) of CM-ce -
llulose which had been equilibrated with 0.005
M acetate buffer, pH6.8 containing 0.001M
calcium acetate. The enzyme was eluted with
a linearly increasing concentration of NaCl
from 0 to 0.1M in the starting buffer at the
position indicated in the figure .
The flow rate was 69 mé per hr and fractions
of 7.5mé were collected.
Horizontal arrow indicated fractions pooled.
— ultraviolet absorption at 280 nm; —o—,
proteolytic activity at 60C; —e—  proteol-
ytic activity at 40C ; —{J—, peptidase acti~
vity ; —--—, concentration of NaCl.
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Isoelectic focusing patterns of the therm-
ophilic proteinase.

Isoelectic focusing patterns was obtained by
the method of Vesterberg and Svenseen (24),
using the pH range from 3 to 10. 220ug of
the enzyme was applied and electrophoresis
was carried out at 300V for 18.75hr.---, pH;
—o—  proteolytic activity. Fractions of 2.7

Fig. 3.

ml were collected .
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Fig. 4. Chromatography of the thermophilic prote-
inase on a column of DEAE —cellulose.
The enzyme solution fractionated by chro-
matography on CM~- cellulose was placed on
the top of the column (1.5 X 16.5cm) of
DEAE - cellulose which had been equilibrated
with 0. 005 M Tris ~HC 1 buffer, pH7.5,
containing 0. 001 M calcium chloride. The
enzyme was eluted with a linearly increasing
concentration of NaCl from 0 to 0.2 M in
the starting buffer at the position indicated
in the figure (}). The flow rate was 10.8mf
per hr and fractions of 3.8 mé were collec—
ted. Horizontal arrow indicated fractions
pooled. , ultraviolet absorption at 280

nm ;—o—, proteolytic activity of 60T
—e— | proteolytic activity of 40C; —--—
concentration of NaCl.
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Fig. 5. Chromatography of the thermophilic prote-
inase on a column of CM~-Sephadex.
The enzyme solution fractionated by chro-
matography on DEAE-cellulose was placed
on the top of the column (1.5 X 14.5¢m)
of CM-Sephadex which had been equilibra-
ted with 0. 005 M acetate buffer, pH6. 8,
containing 0. 001 M calcium acetate. The
enzyme eluted with a linearly increasing con-
centration of NaCl from 0 to 0.15M in
the starting buffer at the position of indi-
cated in the figure (}). The flow rate was
7.8 mé per hr and fractions of 3.1 mé were

collected. Horizontal arrow indicated fra-

ctions pooled . —, ultraviolet absorption
at 280 nm ; —o— ,proteolytic activity at
60 CT; —e=—, proteolytic activity at 40C]
-—--— concentration of NaCl.
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Table 1. Purification of the Thermophilic Proteinase from

Streptomyces griseus ATCC 3463

Total Total Specific Yield
Fraction Volume activity protein activity (1% )
(unit) (mg) (unit,/ng)
Crude enzyme solution 854 286 1830 0. 16 100
Ethanol precipitation 30 200 436 0.46 70
Sephadex G-100 85 145 31 47 51
Chromatography
CM~ Cel lulose 50 69 18 38.3 24
chromatography
DEA E - Sephadex 56 55.7 12 45.8 20
chromatography
CM-Sephadex 18 43.6 0.7 62.0 15

chromatography

One unit of the proteolytic activity was defined as the amount of the enzyme that
liberates TCA soluble hydrolysate from casein corresponding to one mmole of L —
tyrosine per min per mf{ of the enzyme solution. Specific activity was expressed in
units per mg of protein of the enzyme solution.
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Fig. 6. Isoelectic focusing of the purified thermo- I"ig. 7. Standard curve for assay of the proteolytic
philic proteinase. activity by the casein =275 nm method.
780 ug of the enzyme was applied. The The reaction mixture contained 1.0mé of 0.2
conditions of run were the same as those per cent milk casein in 0. 01M borate buffer
illustrated in Fig. 3. -+ , pH; —o—, pH 10.5,and 1.0mf of the enzyme solution of
proteolytic activity of 60C ——— pro- various concentrations. Incubation was carr-
teolytic activity of 40 C. [ractions of 2.7 ied out for 30min at 60T .
mé were collected.
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Fig. 8. Effect of substrate concentration on the

activity of the purified thermophilic prote-
inase.
The reaction mixture contained 1. 0mé of the
enzyme solution (0. 448 ug of protein) and
1. 0mé of various concentration of milk casein
0. 01 M borate buffer, pH 10.5.
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Fig. 9. Effect of pH on the activity of the pur—
ified thermophilic proteinase.

The reaction mixture contained 1. 0mé of the
enzyme solution (0.48 ug of protein) and 1.0
ml of substrate buffer solution at various
pHs. —%— 0.2 % milk casein in 0. 05 M
phosphate buffer, pH5~ 8, —— 0.2 %
milk casein in 0- 1M Tris—HC1 buffer, pH
7~10; —a—, 0.2 % milk casein in 0. 01
M borate buffer, pH9~13; —o— 0.2%
hemoglobin (denaturated with 1.2 M urea)in
0. 0IM borate buffer, pH8 ~ 13,
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Fig. 10. Effect of temperature on the activity of

the purified thermophilic proteinase.

The reaction mixture contained 1.0 mf of
enzyme solution (0. 448 ug of protein) and
1.0mé of 0.2 per cent milk casein in 0.01
M borate buffer, pH10. 5. The assay solu-
tion was incubated at various temperatures
for 30 mn ——, in 2 X 107°M calcium ion ;
—o— in 1 X 102M calcium ion.
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Iig. 11. pH stability of the purified thermophilic
proteinase.
0. 448 ug of the enzyme was preincubated
with the buffer at the indicated pH's for
3 hroat 22T in a total volume of 1.0 mé.
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Fig. 12. Thermal stability of the purified thermo -

philic proteinase.

0.448 ug of the enzyme was heated at
indicated temperature for 10 mn in 1. 0 mé
of 2x107°M ( —e— ) and 1 X 1072 M
( —o— ) calcium acetate, pH6.8, and
then immediately cooled at 0 C.
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Fig.13. Effect of concentration of calcium ion on
the thermal stability of the purified the-
rmophilic proteinase.

0.448 ug of the enzyme was heated at 90
C for 10 mmin 1. 0 mf of various concen-
tration of calcium chloride, pH®6. 8 and
then immediately cooled at 0 C.
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Table I, Effect of Metal lons on the Activity of
the Purified Thermophilic Proteinase

Me tal ions Residual activity @)
NaCl 100
NaNOs; 112
Nas2SO4 97
MgCl» 100
AiCls 43
CaCls 99
MnCl, 68
FeClg 107
FeCls 7
CoClg 63
CuCl, 47
ZnCl, 11
SrClz 99
AgNO3 30
CdCl1. 16
HgClg4 0
HgNO3 10

0.448 ug of the enzyme was treated with the indi-
cated metal ions at concentrations of 1x107° M{(pH
6.8) for 10mmnat room temperature, in a total volum
of 1.0mf. The enzyme activity was assayed by the ca-
sein digestion method (12).
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Table M. Effect of Various Chemicals on the Activity
of the Purified Thermophilic Proteinase

Chemicals Residual activity
Diisopropylfluorophospha te (DFP) . 0
Phenylmethylsul fonylfluoride (PMSF) 0
Protease inhibitor from potaté 7
Trypsin inhibitor from soybeaé 70
Tosyllysine chlorome thylketone (TLOK) 61
Tosylphenylalanine chlorome thylke tone 90
(TPCK)

Ethylenediamine tetraacetate(EDTA) 9
8 ~Hydroxyquinoline 8
Monoiodoace tic acid 8
w~Chloroace tophenone 6
p —Chloromercuribenzoate (PCMB) 109
N- E thylmaleimide (NEM) 107
Potassium cyanide (KCN) 100
L —Cysteine 0
Semicarbazide 106
N~Bromosucc inimide 4
Todine 0
Potassium permanganate 0
Sodium thiosulfate 100

0.448 ug of the enzyme was treated with the ind-
icated chemicals at concentrations of 1 X107 M(pH
6.8) for 10min at room temperature, in a total vol-
ume of 1.0mf. The enzyme activity was assayed by
the casein digestion method. 1) 6 X107 M,

2) 10 ug.
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Summary

1. The purification of Streptomyces griseus ATCC 3463 alkaline proteases from the culture filtrate
was attempted by the fractional precipitation with ethanol, chromatography on a colum of Sephadex
G-100 and CM-cellulose. We achieved a success in the separation of alkaline proteases, namely , the
thermophilic proteinase, alkaline proteinase [ and 1I.

2. A single thermophilic proteolytic enzyme was isolated from the media supernatant with 15 4
yield and 397-fold purification by means of stepwise alcohol fractionation with ethanol, Sephadex
G-100, CM-cellulose, DEAE-cellulose and CM-Sephédex.

3. The purified thermophilic proteinase had optimum activity at pH 10.5 and the isoelectric point
at pH 8.8 The enzyme had a remarkable thermostability, and the proteolitic activity decreased
gradually to about 70 % for 10 minutes at 90 C.



