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Fig.1. Isoelectric focusing of the alkaline protein-

ase 1.

10.8 ug of the enzyme eluted from CM-cellu-
lose chromatography was used and electrophore-
sis was carried out at 300V for 20.0 hr and a
final current flow of 1.1 mA. pH range of
Ampholine was used 3 to 10. .pH; —0~—,
proteolytic activity. Fractions of 2.7 ml were
collected.
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Fig.2. Isoelectric focusing of the alkaline Protein-

ase II.

190 g of the enzyme eluted from CM-—cellu-
lose chromatography was used and electrophoresis
was carried out at 300V for 21 hr and a final
current flow of 1.2 mA pH range of Ampholine
was used from 3 to 10. . pH ; —o—, proteoly-
tic activity. Fractions of 2.7 ml were collected.
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Fig.3. Separation of the alkaline proteinase 1 Fig.4. Separation of the alkaline proteinase II

from Ampholine on a column of Sephadex
G —100.

from Ampholine on a column of Sephadex
G—100.

5ml of the enzyme solution which purified by
isoelectric focusing was placed on the top of the
column (3.0x4.4cm) of Sephadex G—100 which had
been equilibrated with 0.0056M Tris—HCI buffer,

5 ml of the enzyme solution which purified by
isoelectric focusing was placed on the top of the
column (3.0X44 cm) of Sephadex G—100. Experi-
mental conditions were the same as those in Fig.

pHB8.6, containing 0.001M CaCl, and 0.2M NaCl. 3. —O—. proteolytic activity ; —@® —, absorbance
The flow rate was 36 ml per ‘hr and fractions at 750 nm ; - ,absorbance at 245 nm.
of 3.3 ml were collected. — O —, proteolytic ac-
tivity ; —® —, absorbance at 750 nm ; -+ , absor-
bance at 245 nm.
Table I Purification of the Alkaline Proteinase 1 and II from Streptomyces .
griseus ATCC 3463
Total Total Specific Yield
Fraction Protein activity activity
(mg) (unit) (unit,/ mg) (%)
Crude enzyme solution 1,050 132 0126 100
Ethanol precipitation 305 92 0.3 70
Sephadex G—100 chromatography 24 62 2.6 47
CM—Cellulose chromatography
Alkaline proteinase I 2.1 13.5 6.6 102
Alkaline proteinase 1I 3.4 253 7.4 183
Isoelectric focusing
Alkaline proteinase I 6.3 4.8
Alkaline proteinase II 175 132
Concentration with diafilter
Alkaline proteinase I 0.32 2.5 7.8 L9
097 8.1 8.3 3.3

Alkaline proteinase II

One unit of the proteolytic activity was defined as the amount of the enzymes that liberates TCA
soluble hydrolysate from casein corresponding to one umole of L—tyrosine per min per ml of the en-

zyme solution.
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Specific activity was expressed in units per mg of the enzyme solution.



FREZMFE /248
2. TLAY FaT  F—EOBEEFHEER
= A0 y
1 RUSER & RGER & ORIR :ﬂ{i
2EOFERT v n) T u Ty F=ELCDWT, BRE EE
=}
FEIC LCEERE 1  (HEES), pH 1000 Ev
S CEERPUL DR & £ B & OBFRIC D THRET L 2
BSHICR Lk, I 2 51E 4 YKIBICE W TAPase O
1 (3 58R% T, APase I I 3EERZCRGAER DO g:
BURMICHSI L T\ o %% cOBICET APase 3
=
1E SEMI 25 T LR b, 5
"
[a W
v - : v T oH
g
5
& Fig.6. Effect of pH on the activity of the alka-
e line proteinase I and II.
= 05t ] The reaction mixture contained 1.0 ml of the
(Lﬂ) - enzyme solutions (10.7 #g for APase I and 9.7 ug
<Z¢ for APase II) and 1.0 ml of substrate buffer sol-
g tion at various pH's. —0—, APase; —® —,
o APase II.
177}
)
<
0" il @R
pH10.0D2 % (HEILBEFL1% ) Sz n¥l %
INCUBATION TIME (hr ) AL L EBEC ST EEEEZHIE Lk, 2O
BRETHKRT L9 APase 1124 0C, APase T 1Z
50C ICENThEFBBENIRD bhi,
Fig.5. Relationship between reaction products iv BEORTEM L Catt Op

and reaction time.

The reaction mixture contained 1.0 ml of the
enzyme solutions (0.89 ug for APase I and 1.62 ug
for APase II) and 1.0 ml of 1.0% milk casein
in 0.01 M borate buffer, pH 1.00. The assay
solutions were incubated for various periods.
—0O0~—, APase I; —®—, APase II.
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Fig.7. Effect of temperature on the activity of

the alkaline proteinase I and II.

The reaction mixture contained 1.0 ml of
enzyme solutions (8.13 pug for APase I and 7.18
png for APase II) and 1.0 ml of 1.0% milk case-

in 0.01M borate buffer pH 10.0. —0—, APase
I; —®—. APase II. :
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Fig.8. Effect of pH on the stability of the alka-
line protoinase I and II.

The enzyme solutions (5.37 ug for APase I and
6.09 y4g for APase II) were preincubated at indi-
cated pH's for 3 hrat 22°C in 1.0 ml of 10 *M
( —)and 10 °M ( -+ ) CaCl, Remaining activity
was measured by the standand conditions as des-
cribed in the text. O, APase 1. ®, APase II.
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Fig.9. Effect of temperature on the stability of
the alkaline proteinase I and II.

The enzyme solutions (10.75 g for APase II)
were preincubated at indicated temperatures for
10 min in 1.0 ml of 10 *M( — ) and 10 2M( - )
CaCl,, and then immediatly cooled in ice water.
Remaining activity was measured by the standerd
conditions as described in the text. O, APase I,
®, APase II.
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5 AT h Caﬁ@ﬁﬁﬁzfﬁﬁi%ﬁb Lhice Activity of the Alkaline Protein-
ase [ and II.
1 zzzooceee- R e e PR Residual activity (%)
: O 7 Metal ions Alkaline Alkaline
; proteinase 1 proteinase II
&
E Frme O none 100 100
< NaCl 98 105
< 50
) Na 2S04 86 96
& NaNO 5 96 96
A MgC1» 99 92
§ AlCl1s 102 93
o 0 ) CaCly 68 74
1 2345 24 MnCl, 95 81
Fe SO 17 66
DAY S ¢ b
FeCls 62 98
CoCl2 69 71
Fig.10. Effect of Ca™ on the stability during .
. . . ) CuCl2 56 59
freezing of the alkaline proteinase I and
1. chlz 60 46
SrC1 82 88
The enzyme solutions (8.13 g for APase I and rhte
7.18 ug for APase I1) were freezed for indicated AgNOs 3 20
periods in 1.0 ml of 10_‘4M( — ) and 10 °“M( - ) CdCly 84 58
CalCl, Remaining activity was measured by the HgNO3 78 62
standard conditions described in the text. HgCl, 17 66

. APase 1, @, APase II.
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The enzymes (1.10 gg for APase I and 9.7 ug
for APase 1I) were treated with the indicated
metal ions at concentrations of 1X10 "M for 10
min at room temprature, in a total volume of
1.0 ml. The enzyme activity was assayed with
pH 7.5 casein (0.01M Tris—HC! buffer).
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BV REANCHUL LCiE SR #5434 5 DFP 34
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*1 NEM
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N —Ethylmaleimide /W4

*3  EDTA !Ethylenediamineteraacetate®i
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Table 1

Effect of Various Chemicals on the Activity of the Alkaline Proteinase

I and II.
Residual activity (%) )
Chemicals Alkaline Alkaline
proteinase I proteinase II

none 100 100
Diisopropylfluorophospate (DFP) 0 0
Tosyl—L—1lysine chloromethylketone (TLCK) 29 112
T osyl— L —phenylalanine chloromethylketone (TPCK) 165 104
Phenylmethylsulfonylfluoride (PMSF) 53 0
Protease inhibitor from potatol) 97 5
Trypsin inhibitor from soy beanl) 57 108
Sodium dodecyl sulfate (SDS) 59 83
Monoiodoacetic acid 85 97
@ —Chloroacetophenone 96 108
P—Chloromercuribenzoate (PCMB) 74 97
N —Bromosuccinimide (NBS) 0 0
Todine 0 0
Potassium permanganate 67 62
Sodium thiosulfate 97 104
Ethylenediamine tetraacetate (EDTA) 90 105

The enzymes (11.0 ug for APase I and 9.7 ug for APase II) were treated with the indicated
chemicals at concentration of 1X10 "M for 10 min at room temperature, in a total volume of

1.0 ml
1) 10 pug.
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%7 APase 3 TL CK CHEZN 525 TP CK®
THEBERIF PMSF I TORBL G L, b
) 7D X 9 L-Lysine # &4 7 F ME HFREY

23, L — Tyrosine,

*1
*2

NBS : N—Bromosuccinimide? %

TLCK : Tosyl— L—lysine chloromethylke-
tone DM

Tosyl— L—phenylalanine chlorome-
thylketone Mg
Phenylmethylsulfonylfluoride D%

TPCK :

PMSF :

The enzvme activity was assayed with pH7.5 casein (0.01 M Tris—HCI buffer).
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Fig.11. Effect of substrate concentration on the Fig.12. Molecular weight estimations of the alka-

activity of the alkaline proteinase I and line proteinase 1 and II by 'gel filtration.

1. The column (3X44cm) was equilibrated with 0.005

M acetate buffer, pH 6.8, containing 0.001M calcium
acetate and 0.1 M NaCl. 4 ml of each alkaline

The rections mixture contained 1.0 ml of the
enzyme solutions (19.5 ug for APase I and 10.7

ng for APase II) and 1.0 ml of various concentra-
tions of 0.01 M milk casein in 0.01 M borate

buffer, pH 10.0.
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, APase I, —® —,
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proteinases were placed on a top of the column
and eluted with the same huffer. The flow rate
was 11 ml per hr and fractions of 2.1 ml were
collected. Standard proteins are serum albumin

(bovine), ovalbumin, and cytochrome ¢ (horse).
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Table W. Comparison of some Properties between Alkaline Proteinase I,

., Thermophi-

lic Proteinase and Alkaline Proteinase which Reported by Ouchi (2, 14)

Alkaline proteinase

Enzyme Thermophilic Alkaline proteinase
Properties Proteinase I I reported by Ouchi
Optimum pH 110 9.5 9.5 11.0
Optimum temperature (°C) 80 40 50 45
Optimum substate concn. 0.2 0.3 0.4 1.2
pH stability 5-11 510 1.5&11.5 2.5&10
Effect of Ca*ton the stability ++ - + —
Thermostability (70°, %) 100 0 45 0.
" (100°) 68 0 0 0
Inhibitors DFP DFP DFP pIp*
PMSF TLCK PMSF 1,
p1p” NBS p1p* NBS
I, I, I,
NBS NBS
Effect of metal ions
(inhibition) HgNO 4 AgNOs  AgNOs HgCl .
FeSOy4 Fe S04 FeSO4
Isoelectric point (p I) 8.8 9.6 8.8 9.8
Molecular weight 23000 18500 15500 20000
Km (%) 0.045 00425 0.040 —

* The abbreviations used are : PIP, protease inhibitor from potato ; other is the same

as those illustrated in Table II.
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(ATEE) RU 4 »O&BEHTH 5 a~benzoyl -

L— arginine amide (BAM) # L<{/K#LA, L% L
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Summary

l.  Two alkaline proteinases [ EC 3.4.4 group ] were isolated from the filtrate of

culture of  Streptomyces

griseus ATCC 3463 by a method using the fractional precipitation with ethanol, gel filtration on Sephadex

G-100 ,

proteinase 1 and II

chromatography on a column of CM - cellulose,
were purified about 62 and 66 fold,

and isoelectric focusing., The purified alkaline

respectively.
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2. The purified alkaline proteinase I had optimum activity at pH 9.5 and 40°C, and was stable from
pH 5 to 10, and inactivated with DFP, TLCK, NBS, and I.. The molecular weight and isoelectric
 point of the enzyme were estimated to be about 8,500 and pH 9.6, respectively.

3. The purified alkaline proteinase II had optimum activity at pH 9.5 and 50°C, and was stable at
pH 15 and 115, and inactivated with ~DEP, PMSF, protease inhibitor from potato, NBS, and I.
The molecular weight and isoelectric point of the enzyme were estimated to be about 15500 and pH

8.8, respectively.
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