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Production and Some Properties of the Protease from Psychrotrophic
Bacterium, Pseudomonas azotoformans No. 400

(Studies on the effects of psychrotrophic bacteria

on milk quality:

part VIII)
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(Department of Animal Science, Faculty of Agriculture,
Hokkaido University, Sapporo, 060 Japan)
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Protease production in
skimmilk and in whey

Table 1.

Table 2. Protease production in
different media

Relative protease
activity® in %

72h 96 h

Acid wheyP 40.7 56.6

Rennet whey? 321 49.5

Skimmilk 100.0 156.2

10% Reconst. 1127 189.1
skimmilk

a) Protease activities were determined using
substrate (B); see text in detail.

b) Whey samples (pH 6.5) were prepared from
the same fresh raw skimmilk.

FE A 1009 L35 &, pH 4.8 TH 24 Vi ihlikE
L pH % 65 BIF Licigr=—, BILUOVv VT
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i, WERG 7 e T 7 - YOAERAME, 4 R
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LU, AEBUREL A EE LR X b bV EY
FL, BEEITIRV VAR y b0 AL TET T
—ERAEE LI,

BB ELE O b X h - BER OEME R 1007 &
LiBaw, Mot i cBRoBRER ST
BT 7 —CEROE AR L0 Table 2,TH %,
KUY F b RN ICGRICHERL T, Fhidimlic
W e ST IR R IR Liehy, Bk b
TLizk=—3 ABED a5 7 —E2EELRIE
& ok, 7+ vOBRd ALE SR O
57 b — AREMURERA ST, Wb EN R
FEL B S R, B PLY 1% #y<7t v,
05% BEF =% R, 2% 7 7 +—RA) e B Tira
TrFT —EREDHEREN T, Zhies LT, JEN-
NEss and KooPs i X % Salt solution®®) & &ipef
BEHL T, BITBBHLON 1207 v T 7 — YO EE
=¥ (oS

R At 1T B 7 R T T — O &
ORI LRy Fig 1 wiilie. B
FOAFITEORE KT B REHIH O3 3Hb DB
2B EFMOTMBEr T TUAE v, PIEBEHIELELE
¥ ote, BEREEORE D OB AOERIL, WHEET
FWT 5 & 10~11 L7 5B,

FERFEMIC BT B 7R T T —EOEENRED DI

Media and additives

Relative protease
activity® in %

10(w/v) % Reconst. skimmilk (A) 100.0
(A)+Polypeptone (Daigo, 0.5%) 105.9
10(w/v) % Reconst. whey 25.9
Rennet whey 14.1
Nut. broth?+lactose (2%) 2.7
Nut. broth-+lactose+gelatine 6.8
Heart inf. broth (Eiken)+lactose (2%) 2.4
PLY? 0.0
PLSe 1.2
Synthetic mediumf 48.2

a) Protease activities were determined using
substrate (A); see text in detail.
b) 1% Polypeptone and 0.5% meat extr.
¢) 05% Polypeptone, 0.5% meat extr, 2%
lactose and 5% gelatin.
d) 1% Polypeptone, 2% lactase and 0.5% yeast
extr.
e) 1% Polypeptone, 2% lactose and 05%
Soytone (Difco).
{) 2% Yeast extr., 7.6% lactose, 0.03% K,CO;
and salt solution.
1.0
y
AO
1"r et
=L
N =
= >
>~ 9 =
= >
Lo —
- 105 2
" i =3
(=) Lt
pots
o 5T w
— o
a5
3 1 9 1 1 o
12 24 36 48 72
TIME (HOUR)
Fig. 1. Growth and protease production of Pseu-

domonas azotoformans No. 400 in syn-
thetic medium which contains Jenness &
Koops’ salt solution 1 and II (2% each),
yeast extr. 1.88%, lactose 7.5%, and K,COj3
0.03% (pH 6.5). (®): Protease acitivity
assayed with Hagiwara’s method, and
(M ): bacterial count (CFU).
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Table 3. Protease production in
synthetic media

Relative protease

Media activity in %
Prototype of synth. mediuma 100
31b 27
£2 187
$2475% lactose 162
#3 55
$3+7.5% lactose 96
4 106
$4+7.5% lactose 21
£5 0
$5+7.5% lactose 0

a) 2% Yeast extr.,, 7.5% lactose, 0.03% KyCO;

and salt soln.

b) #1: (NH SO, 2%, NaH,PO4-2H;O 1%,
Nag-citrate 0.3%, CaCly-2H,0 0.156%,
MgCly-4H,0 0.16% and K3SO4 0.02%.

§2: (NH.),SO; 1%, NaHoPO,-2H,0 1%,

CaCly-2H, 0O  0.15%, MgCly-4H,0
0.16%, KySO, 0.05% and yeast extr.
2%.

#3: NH«Cl 1%, NagHPO412H,O0 1%,
KH2P04 0.2%, CaC03 0.1%, MgSO4-
TH,O 0.05% and yeast extr. 2%.

$4: (NHyHPO4 1%, CaCly2H,O 0.05%,
MgSO,-7H;0 0.05%, KCI1 0.05%, NaCl
0.1% and yeast extr. 2%.

£5: KH,PO, 01%, (NH,) H,PO; 0.15%,
Nag-citrate 0.3%, MgSQO,4+7H;0 0.05%,
NaCl 0.3% and yeast extr. 2%.

B, HHEROHLE L IAAT, Table 2 CHEH LI
D LR UHA RS T S h D BERTEM % 1009 & L
T, DML RO &Y, Ebrohb
157 b= ARHEINULHERBRICKT S 7 0 77 — €1
Pi% Table 3 iR Uic, IMOBERIGEM LR T §2 0k
HiTi3, Salt solution HEEPE Uik 2 fFicifivs
BERDEFENRDERID, T 7 b —ABNZ T
32 oA, TR b TEO RS IS iE
LaEBS ik o f

T r T 7 — R BT B EOMGIRR A TED DB
DI, B20KHIS 7 =R, Ara—2A, Fiiis
Na—REEML T, T OBREEY Ao Fig.
2ThbH, 7rT7—HEECRTHS 7+ — 2
BRI XIFERE LIRS, 0B BEiEmL < 28|

(=)
()

w
<

RELATIVE PROTEOLYTIC ACTIVITY (%)

-1 1

0 2.5 5 7.5 10
CONCENTRATION (%)

Fig. 2. Effect of sugar on the protease produc-
tion. The medium contains 1% (NH,)
SO, 1% NaH,PO,-2H,0, 015% CaCl,-
2H,0, 0.16% MgCly-4H,0, 0.05% KCOs,
and 2% yeast extr. (H): Lactose, (@):
sucrose, and (A): glucose.

Table 4. Effect of metal ion on protease
production in synthetic medium

Relative protease activity in %

Metal

0.1 mM 1 mM
Znit 118.3 114.0
Mn2+ 105.3 27.9
Baz+ 66.7 106.6
Fe?+ 9.4 34.3
Co?+ 32.2 335
Niz+ 21.1 24.6
Sr2+ 65.7 42.1
Sni+ 71.9 40.2

Basal medium®# 100.0

a) Consisted (g/f, pH 6.5) of (NH,)LSO4 20;
NaH,POQ,-2H,0, 10; Naj-citrate, 3; CaCly:
21‘120, 1.5; MgC12'4H20, 1.6; and KzSO4,
0.2.

EOMME R L CBE ol dd, AZ v — AT
75% DRI L b, B /4 F CETF Lic, vz
— ADMHRIRII I BICKRE L, 5% Mz il TT
v T T —EDEFERE L Thhia itoi,

Ca % Mg LSt o &@Eh it Ec bz » P8y B~
% fcdic, Table 3 wisi A ARSI § 1 23k
ELTERS{Tol, COEEY 10% L1, £EEE
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1 mM TN RE S E iz, Mn 041201 mM ¢

Do ORHESY BEioc bbb, 1 mM ClaBEo4

ERREJEEL L, hicdLTZn T, WTFho
BECS\VTH 7 r T 7 — AR T 5 REDR A B
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DEofER S, REALERLEVWEED T =TT
—CAFERANEMRE LT, Table 5 iBm3Hmod o
PARROEFE CIIRETH B LiER L,

Table 5. Composition of the synthetic
medium for protease produc-
tion by Pseudomonas azoto-
Sformans No. 400

(NH 4S04 10.0g
NaH,PO,+2H,0 10.0g
CaCl;-2H,0 15g
MgCly-4H,;0 1.6g
K250, 0b5g
ZnS04+7TH,0O 03g
Yeast extract 200g
Distilled water 1000 m4
pH 6.5

Sterilization 116°C for 20 min

% %=
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5, [EEEIckE B DAHLER & kL » T 1, Acromonas 12
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HE sk,

TaT T —EDEBEIETS Glucose effect K<
Rﬁ&b[‘o;}«l’f% 1943,84,126,128,168,183)’ i 7‘: 59 F—=2A i) 7L
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b, D7 w57 — YT AEICE ¥ -7, BOETH-
LING®) 3 Catabolite regression 235 h 38481
W BWAAERCR - TLEFR oD b i b4y
WINILNEHRELCWD, hiEEThE, AF
BB 5 Pseudomonas azotoformans No., 400 04
KT DT wT 7 —EOEBINEERED, bH\IHIEE
FR UG WEES CH DT, BTSSR
L HRREHIE Ul 981,

LB T = T T — ) FOREE 5155160205 Ty g
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DEIBC O TRRHBIT - 1chl I (Table 4) Tk, Zn
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RTHRCHEE L, LM77 v 2= 410g,
VVEELF b D v e 2KHE 108, LA v vy s s 20K
W 15g, Hafb~sxova -4k 16g, Bifgn U v
5 05g, GHEAHS - T/KHE0.3g, Ef=+220g, pH
6.5,
H2H BREECRBIBROXE
FEMELH ST, TOEETIHEL KBS
By, BEOTDIREIEL R inu . REM
HHLTWAEREFSMED Pseudomonas Thh,
HSHREOEBE L LTCO T 7 —BEER RS\ TER
FOEVR BB 5L 5 L0FEhB, TO
T DAFI T, & UTHIRA 2Rt AV CRER AL
CRIETHERS OB AR LT,
2B A&

AL & U CO ML TR OB
FLa KA T 10 % 113 16% (W/V) 0B ¥ L, pH
RFEEHe T roE AV, LA RTE TS
Lo bor@EHLE. chboBE - hd
116°C 20 4} [ C1T » 7o

BRI, B, FRBSESEr Ly, 25°Co
AR T » 7, BHE S X OIREIEHE T, BT
oV a vARR Y OB E Lk 100~200 mé 5 =F v
FA2EINEB00ml /R A7 5 A 2k iz, Bt
=7 5 A 2L 40~80md, | 7 5 A 21243 300 mé
FANTHERE L, BEIRFER¥TERNz v 10
i (R 28 mm) TfT -7, B REFFHT 500 méED
AHEY 222 @ERL, —HFoRicizy) 2 VAR Y
SEERL, o arbiBRERO ¥ 5 A GBS S,
FOENBIFECETH X HIRELRAAT, BELL,
AAHDZEK13.20x 150 mm OFEE ) T A% ERE RS
FETRE L, REB X CBEEE T, MEFEL
TRE LAY FTe L v 7Y o — 4 (eSS diol
type, SE#) 4> & 2000) %554 100 mé 2472 b 1 [ &H
EOHE THNL .

BESRIEME VTR & ARl Liess, EBE R
0.5 mM Ca 233673 % pH7.0 D50 mM F U A= LA

CVEE, ¥ Car S ¥V pHO8 D50 mM £ ) v

BV —=FDThrkfER L BEONE, BE
FRAMPH75 + v 2 - EEEZEW I 5mM © Ca g
i), F 7 v ViC X BB AR L, &4 T 30°C
15Ek s m e v 1 pg HSBEORBGYEE L KT 5 B
Gt % 1 BN (PU) &8 L, MEER 2500
DOFWETE L1,

B OB LRSS & B, SPC % (/4% APHA
ER L o7, Bz 30°C T 40 BEREIT - 7o

i ES

HEREN (R =% A% ETr) 8 X0 10% BTN
A thEhOmlFO=EF7 5 A 2HEL, L0
A b — 73100 rpm OIRERER Y, PRUTHIERE
T Phd 25°C Cff o, FORR, AEK X 5B
FEpEr Fig 3 wriT X 5w 24 B & cur kv B
Tl o felt, BRI BRI RS S0 B A ED S
HEMCRTL ISR TH T, FHEOEEY, B
NEFLEH CRIBER B D & W RS B E D 2 f%
ECT e T T - REE L, —F, ¥EREho%
BIRE X o CEERDOAEFEN TS EiE I Ui,

10% BIBNEFIZHC R L CHE Y =7 b v KAYHHE
{b2t), FEfE= A (Oxoid), ¥ kOB H ML,
T NHIREREER LI A OB E 2T (Fig. 4),
=A%z 5 &7 v T 7 —EERIThoks
HEECBWVC L 1/2 BT Ui Mo ¢it,0.5%
RY T b vE Nz B R EM R T LA,
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(PU/ML)

—

ACTIVITY

£

1001

ROTEAS

o
l

1

0 1 2 3 4
[1reE DAY

Fig. 3. Effect of shaking on the protease produc-
tion. (0) and (@): Synthetic medium,
() and (M) : 10% reconst. skimmilk. Sam-
ples of open symbols were shaken at
100 rpm, and of closed symbols were cul-
tured statically.

(PU/ML)

PROTEASE ACTIVITY

TIME

(DAY

Fig. 4. Effect of additives on the protease pro-
duction in shaking culture at 100 rpm
which contains 40 m# of reconst. skimmilk
(O) supplemented with 1 mM ZnSO, (Z)
(@), 0.5% yeast extr. (Y) (»), Y+Z (a),
0.5% polypeptone (P) ((J), and P+Z (A

In BT, T he Ry vz
Th, AEOFEBRIFNLE L 2% L BMOBE L5 &
Thb¥, R BELOATERE LTRESTHS
ZENRES I E o, Tds, WThoORBR BT

MCORBIA A~5 AR CRERERED Y~ 7 2R LT,
TRTCHENE L O BEIE 36 X UMD B O SIR T p o
Btedie, 10 %6 X U8 15% PR o % 0 B i FL% 200 mé
BEMA7 A1 40 41 80 mé F0MEL T 6 HH
¥ TR Ui, B0 BATIRM A D O RHBEOL -
40 mé 3 EORRIA, 80méDFh X b 245 Hgh
T b, WICPIEEL DU LR E e B2 e ot
(Fig. 5),

PRBEE T - (HEOR A ME ¢ 5 Z i Xk
h, TRTT —CHEEOEELZ ENAWELIRE 5D
©,15% BB A V- CRRIEHE 41T - 7o, Table 6

600

200+

PROTEASE ACTIVITY (PU/ML)

1
0 4 [}
TIME (DAY

Effect of medium volume on the protease
production in shaking culture at 100 rpm.
Eighly mé (open symbols) and 40mé
(closed symbols) of 10% (0, @) and 15%
(T, M reconst. skimmilk were shaken in
a 200 mé Erlenmeyer flask.

Table 6. Effect of aeration on protease
production in eight day culture

heraion Figitee Fipale ot gy

(mé/min) (PU/m{) (mf) (Corrected?)
100 23.9 235 5617 (6477)
200 80.7 205 16544 (19449)
400 87.2 170 14828 (17963)
800 206.1 130 26793 (34213)

a) Initial volume was 300 mé.
b) Corrected by the volume of culture for
analyses.
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IRT & Dic, MREA TS ERALERES 1 ) ORFR
W ER L Cw5, B0 300 mé Th - Foks Ho Bt
8 HIMDR# I R HICHR L, SHACHK E R -
b Eo5 EBEE 800 mA/min OREEFCILIEEDS 130
MmO E T A Lcs & OB HRBHRIC OV THIIEL
o HRE M, SRS 200 mE & 400 mé T 4 D A
HHLRBLOO, FADMLAIE 800 m¢/min DHKHC
B TR DI T B 34,000 LD 7 m 77 — Ah
Bohi,

ChE COBFEEMNE pH 7.0 o EEEGCEL
TE, L LKETHLMET S X5, KABEDCE
W pH 1296 THBHDT, MBORRIGHONER pH
9.8 DILE (SIS pH 9.6) HRTIT D C L & L,

HEAIERED T e T 7 — PR RS T S b
DB e, 10% HITHMEFLE A 500 mé &4 m 7
5 & 21 300 mE S5 L, FORBEEA LT
8 HIfM % CHE Lic, TOfGE Fig. 6 wiid X 51,
140 rpm DWW TR Uik o B A 15 b h
Foo & O EKC IS B ik 100 rpm O fED 5 fELL
LOETH -1, WEHAY IS 160rpm F THINE
RSEIT L, BERIENE S 140 rpm i1t B K 0 b i
L7

b DEIREERE CHET BEROER O L/ Fig.
7ok L, 140 & 160 rpm i 38\~ T4 E % (CEU) 23
4 HRITRECEL CHET 10582, ThblE
RHA Lc, Shick LT, 100 rpm OB 3Es L% 6
HECE &/, CFURMNEECI DA —4—T

. 500F
-, 140 Rt
=
~
T 400
o 160 rri :
-
< 300
— O '
= 120 rers
w 200 3
<L
LJ
g

[ 100 Rrer
Do: 100 RPT
a- k)

L 1 1
0 2 4 0 g
TIME (DAY

Fig. 6. Effect of shaking speed on the protease
production in 10% reconst. skimmilk cul-
ture.

CFU/ML

0F

LOG

6 — 1 1 ]
0 2 4

Piwh Ay

Fig. 7. Effect of shaking speed on the growth of
Ps. azotoformans No. 400 in 10% reconst.
skimmilk.

BHoto, @iElE b 2 HEICHEE OB DL
oA, FERIERMEIL C O EDER b2 BT, AR
FAHER T3 5 BILL L oo# g B 7o (Fig. 6), 160 rpm
TIRBE LB O CFU L, BEO 7 e 77 —E4AER
Thhic 140 rpm DOBME L b i EE R L.

% 2

TSP O SR R DA R R TR T &
RS MBSRTE Y, MORIHARA |3 Pseudomonas @
TR T T — VDY aeration HREHE X g5 LWL,
B LTwb, R E LTOBTHEIL LT,
FRR O PHE 2 A S 3 o DI IR B RS 3R 4 1T - To AR SEER
DR (Fig. 3) 3 Lo ESAHTHEL T B, 1L,
BERt = AR R U BRI 5T, & Gl IR
BT rFT7 —YOEEYEOEI L. b, FUE
MEFLR A R LABE T, ZhicBE =+ X %M
LCRBETR L, RYUST L vhighEmE8ey LS fown
EMIBIIC, BERAPESK 12 b L (Fig. 4),
BERh=% AK€ 2 3 vE DR E0 REREDE
BHEATRD, CDZER, 7rF7 —COLENRE
REDLWB I LD TR, REEREL =21 F
—RENCBT AW H O 7 » 7 & —12 X o THHA I T
B2 L EYEE 5 Twb, DAINTY 549 13 Chromeo-
bacterium O 7 v F A F — A PRI EE LIS L 1R
RERNEE LT 2 ERMELT WS,

PED X5, BlEfEsHc B\ TR+ 581 5
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e L o CEHREESREEIRD T EMNW LR
D, ¥b7IA2EEEROLOKE VW OR
ARTREMIRS e D OEEMFEREOK XV LI LA
o (Fig. 5), #HAEBHRE LT DIl RE R YT
ol MRBITIRBERC ST LR RIKE L, %
KU EOREKS TN S L i Lic, Tihbb, Ik
W7 I A 3B TR A8 T 5 BREE 2 RABEY
L™ L LTRD, CheyeQBeiilds L, ks
BB UREDTEEDE S h BB T, B 1 me 24
F2 b 0.28 mé/min DESH T BB LA Z EWieD,
COPER IR BEREY 300 mé OB N M7 p 100
mé/min gD, 800 mé/min ¥ TOMHAIT » T
F a5 7 —EDLERE RS (Table 6),

FOE, BAEOHMtE - TREEDERRITHER
Lich Do, PR L CHRHBE AT 1 b OBEREE
P2 Y, B OMm&E: 800 mé/min OFRKTE 2,
REHEBRC ST AREBFREHEORM LR LR E
(Fig. 5 » 6 HFHHE) OBERIEN Lo hih -1,
CORRE LTI, BEOBIIEENE A AV R0
RERAZDARL L » T D, KHOBH2Thishr o
&, REAAKEIDS T TIAE Iah » 1z
BhDbHD o &, BHIOMREN Y = VRICAFELTHE
SEHERA T ic o IR AR H B 2 &, HDH L
225K FIA R X BRHUREOH KT (19 0.3°C) &
BEZLRD, Lirl, KEROKTE, ThbDN
DUFRDBEIE T H B IO TR S & g b
1

KRBT & 5 CABROTH pH 1296 THBHDT
=0 pH TRIE#Ti4 T 10% Bohiisslic ks v 51
VOHRE O RMA BIES U kE R, 140 rpm DIEH AR T
B, FhUEOEEEE CRBEEOAERI M L
(Fig. 6), %386 ARSI B T 7 —LiFH ¥ B &
B L7 ry b35E, Fig. 8 ikt X o hds
A s %,

AFEBREUT TS 160 rpm OIRE TL, TR 7 7
AaNOFMPERERE L L Eh T MET v o
L, #hEMBEOBTAIMThhiuWigETrngibh
foo L7cdl o T 140 rpm it 160 rpm TEEFR 0 48 B
B Ltcow, ch BRcHhs HfETCED, b L,
X DR oA TR, SHRSED S
BT —EREEINELDEELLbNRD, Lo Likh
5, bH5—20FxH, TihbREEBIEEE 140
rpm TH bRl THRMLTETH D,

WA OB, BENETE LB EDEEOH

Leg

400 ++

300 [

200 -

100 |

PROTEASE ACTIVITY (PU/ML)

A 1 ;)
100 120 140 160
SHAKING SPEED (RPM)

Fig. 8. Effect of shaking speed on the protease
production at 6-day culture in 10% re-
const. skimmilk.

MEhzz AL THE DS, ¥ B OLEENRE
i fe b & TRERAEZIIM SR LA ThhTu
B0, Fig. 7 wikLicF — &, T/ 140rpm L b
b 160 rpm i IsiF BAEER (CFU) 3% & W 5 R,
LD EHRBHEBIDTHS, —H, BEIPTICE
WL, £ OWOFIR U 58 CRER AR R D
THRE S5 LOIBEMOMESEAEHCETL, ©
N> T rT 7 - EIRS L 53R &8 4
Pseudomonas @oWCfThTnb, Bl Eo#iidE
RT3 50, 160 rpm & 3svF B EERIHM O T A Lk
DT~ ORKRCE S LD THD LERTH
L. DR OWEIER VA - THE &
ST b EHETDONREXETH BN,
BENEBEOSSGCRVTY, W2AMTCFUD 73
7 SR O DL, 1R IE T DOWE DB
REVRIRED EVOKR Fig ) i3, 207 m77—€
PGB TH B TR R TR LT b, T &
MiCLEE LA L 5, BOETHLING® i X huif Ca-
tabolite repression 23R 5H M ABEICITIE B I B4
NTHHEDOHBEILTERV, UL, RITPilsdlic s
FhoBAMch -, nifio Fig. 2 THLLD X
5y Catabolite repression (I < finvThs = & 2
By, K7 w77 - EOEKRIERTH LRI
W LBbhis,

3 #

Lseudomonas axotoformans No. 400 42 THiNEE
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BEMTHERL, Fei 7 — AR THERBREOR
Bhf~re, 107 BEBRFL 2 IRERE T 5 &, B
PED 2 5N Lice Shie R L, A ChEE L
AR TR, BB X > GlIcEED LB L
Too MBI L, BEl=% A, #I =7}y, &
X ORI S A B F il A b TIRL, hik
IRdRR U, B AR e ROR TR 1/2 1
FESRTEMEDMETT Ucbidbid, BIEFL 0 ZopByd & K7ED
Hobhlrhote, 108 IR 15% othilsglios
LG Efeh o oy, HE Al s UCRE Lok
B, Apsh o BN h oRSERIL 2 (FU L &
o] fCo

IR OB IR 2R U O i A TR R A i
BHLTC, Thll EoBEKER A UE SRR IM
B, BEEOBINCE - CEEEO RSN LY,
FADBEETH S 800 mf/min WAL Th, M
LAY e D O 7w T 7 — IR R R e b
27
RIS CRBR AL Lo, 1M0rpm &
CREEREOLENRIAL, 160 rpm TilHE L 9 LKL
%R Lichs, DR RHO FLEEC X 5 BB
RO EEOBREE O HHKSL b0 L#HEL L,
ELE B R e & CNCE B o B b3 B B A B o
BtE» S, KEOERET 2 7 w7 7~ CIXHBIERT
HHURPIEFFCEH DD THB LR LA,

FI1E (KEEH Pscudomonas azotoformans
No. 400 BEET I NF7—~EDHEE

B15 pHElbs KGERCHTERER

MBI B\ Tk Pseudomonas azoto formans No. 400
DI CR B 7 r 77 —~ TS - &R
Blte, L L, #VELTRREZT S EERITAEER
O F B e BEEA R TV T, PR
B DB I ES 1§ CREE LA g v 5
ZEE LT

ey 7 —COMLEEYBERT S, FEpoLs
WIS R F S, BERTEMIL T o Bk AT pH THlE S
HOMNEE LA, WEE CoEBRTIATEOEMN
BEX, Jich bR ki) 2 KEE S = 77 — EDfE
FEBRET 5 BRI, B EEYHEERE Lo
Fhieaty - pH 7.0 TEEREM 2 IIE L, TR & L1
B0 RECi, EROEAWERCS (e 77— &
OEEVHEL T LHE E, AV ARG
KB L& LT,

KEiCix Ps. azotoformans No. 400 O34 155
I B I LB DI U AR A VT
O % pH Z3R, il & pH e BT 2 BEtE Ll
N, B WEAREE L LT, BEOEKR BT 5%
T DT OMRETT - 720

X BB &

B0 A FEVL T 58 1 JCTEE LR S iiEs e Ps.
azotoformans No. 400 % EfE L C 25°C ¢ 5 HHEHIE
HaT5 2 LK DT o fc, HEOK I - T Bz 9600
x g, 4°C C 30 5y Hom Lo # CH AR E LI,

CORBERICHEE 7 v = v A GAEERR) % 56%
fif (356 g/6) Wi h X 5L THEML, IN-D1tA
V=& TpHZTO0CHE L T4C ClLERE L. %
D 3800 X g T 20 5y R O o) BERFT - TEEE & v -2
7B EILEEE, CoOXv, MEBNHEER 6 mM
DAL AN v Y AR ETI0mM ¥ A - g, pH 7.5)
IR Stk Mt LT4°C T2 A& & T
oo, HBHTE D IR O EY, 4°C T3000xg, 10
SRl LB 1T - T L1,

FEOBESEREEEL 0°C 2 TERL, chik o
Bk LAt s, O°C LLFRBHLILT7 & b v GRIEFR)
% 60% YT /c B E Tl oMz, # 10 5rEsBRHE
4°C ¢ 3800x g, 10 53D OorBEA 1T » oo ThilRF
P RRE AR 8T 4°C TR L T 2 0E0%E
WiDth, TIEOIEE 8000x g, 20 450307 Bk T
D E, ZOEBRYITOEREERKE L, Shiit
Bais e 01E Licth —25°C CHlUE L, UTFo—do
B3R LA L e

BRI O 2 v HoEme ThEREREET o
LOWRY ;] (BENSADOOUN and WEINSTEIN D¢
E199) T, Z OEERER I AINGY 7 L 7 3 v (Sigma
B & AT L,

HEA VBEED pH Y INSERE ¥ 03B v — &
CAFEDEC A Teth, EEKEML THEA VREE
1% L L, Zhics%E pH o 50 mM #Z## (2 mM o
WAL n vy sk Hl) REREM CREBKE Ui,
Fehrizss pH DI H IS WO 5 ml LEEHRIE (FEE L1oi8
SE R HEEY, 5aM o Cax 4 10mM Y R - <
VA VBB T L0 AR L) 1ml LR A
L, 30°C T10 5o RIGIc X BEFREEE 2 RlE L,
7ok, IEMBECH VL0 &, FEOKIGES
Wweox pH 2 isE L, = %M pH X LTiEkk o
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7wy L

%% pH (5.5~10.5) 1w it AR O EM BT+ 55
Bz o X 5T -t MK & LT EREHh 5 mM D
Ca & {45 pH © 20 mM {ZE 2 B L, FEMEREIR
D pH MR [IEEind & 545 oo, WEBRWEE
LTCitpH96 £ 98D50mM /U v vk % &ty
05% »EA vEWERB, FHREER pH 5.5~8.0 F
TR, 85~105 I D\ TIBEORE A L,
T X b RIGREO 92 pH 12 9.50~9.67 D & 7 -
Foo TG Ph VI 2 KBS A 4 pH OB FUBREE K € 10
fECRIR U, 40°C 20 2R % 7213 4°C 48 IR HF L
7od O 1 mé i IRE 5 mb &ML, 30°C € 10 4IRS
TR THE LI 7ok, 7 ey MaBEEYS pH oFR
IER CFRIR Ui b D 0HER pH w3 LTHF » 72,

BRI T Uil % —25°C G FE L,
FraE o i 15 0 I L < ofRmER IE L
foo RS « BIRARR D TR S WO RER OB
WEHEIEY F— (T 5 oo, el 43 L
RAEZBE L, & v % 2 HilRE% 500 ug/md & L,
—25°C COfish L C 24 B KR o CRE R A 470,
4°C i 1IN U et TROVES T 5 B ER R nali L
Too INEGLBE OBSET, MROR L IRERBR O BESE & Rk 0%
HRRE C 20 fF AR L, S hok 5 mé gEsriE L O
¥h& L, 30°C i\ Cit Come up time (ArEhEcH|
5 & TOMRD), 60 % X0 80°C CitFh i Come
up time-10 53 HIEREEL 72,

FESRIEE RS Le VB 0, B NIRRT IR C a2 it
ERAR LR o, CangihvEEE AV C
pH 9.6 (FUSHS), 10 530 RIGE4H e L, BRI
AT vy R GTIER LT,

7 S

EEARB DR R ER A B L L, iR LU07 &
b TSRS A (T otk A Table 7 L, £
10 Bl 0HHRD 5 b, FHIDBIFTH - 12015 [Elicous
ThdE, HMEREOLFEEY 1.0 & Ukl
3.23, FREUNERS 47.3% LED 5D T, DBO%ER
T DIFHEC X TS U 2Bl w R & Ui
THIEE LT,

AT a7 7 —EERD pH KIFE %Y, A BHORER
A BCCIE UekiRiz Fig. 9 iRz, Bkoig:
BpHI~10DMie b v, B pHIZBI*96ChHs
TEAYI LA, pH 10 %2 5 & 3EM ik A K 4
L7

Wiz 5.5~10.5 4 pH ¢ 4°C 48 I #5 X 18 40°C 20
ST, e RGBS LA OO ER R D T
3 (Fig. 10), 4°C 0¥k pH 83 fHE ¢, % 7-40°C
DY EX pH TS M T DR MR R E Y, *
R LD pH i s L RER AWML T L 2, pH
9.6 T isdo B F IS MO RRBICE 75 pH T 40°C 20 4
MR 5 &, BESFREL T ECERTT 20N
L, 4°C A8 IIFfE] AR Tl pH 9.2 - CIEMA R L &
Loledd, T Th nkEEofiid 1004 & LT 74%
DIEEDIRAE U, I pH fllicou T2 5.5 % -t %k
THBHH, Z O T pH OIE F ot fp e Zeh
DR Uik EF o,

AL L A HRE RS RE A —25°C ¢ 2 RIS R AE L
etk LT L, HORNRE CHERE L. &
OFHAEO A A RAE0 B & LT, 230 H ¥ CHisRAEL,
pH 7.0 DILE CFE ¥ A Ml 2 U7cih B, Table 8 wifd

Table 7. Partial purification of the protease of Pscudomonas azotoformans
No. 400 cultured in synthetic medium at 25°C for 5 days

Exp. Treatment Volume aclt(i)\sziltly Yield Sft?(\;llfti;f iPlgity
(md) (PU) (%) (PU/mg protein) neex

Culture sup. 14590 908957 100.0 141.9 1.00

Ia (NH,SO, 056 satn. 975 498420 54.8 176.9 1.25
Acetone 60% 875 430990 47.4 458.6 3.23

Culture sup. 14745 456770 100.0 43.6 1.00

1= (NH4)SO,4 0.56 satn. 1005 224768 49.2 60.5 1.39
Acetone 60% 885 176725 38.7 119.5 274

a) Five batches of precipitates obtained from 0.56 saturation of ammonium sulfate were pooled

for further purification.
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150

PROTEASE ACTIVITY (PU/ML)
é‘
I
I
./———.

1 1 1 1 I

6 7 8 9 10 11
PH

Fig. 9. Effect of pH on the protease activity
assayed at 30°C for 10 min. Buffer solu-
tions: Tris-maleate (0O), Tris-HCl (&),
glycine-NaOH (w), and bicarbonate-NaOH
(@)

Table 8. Effect of frozen storage at —25°C
on the protease activity

Storage time Relative protease

in day activity® in %
100.0
59.9
13 65.5
28 59.9
67 62.3
84 66.1
124 62.3
130 41.2
145 34.9
230 31.2

a) Protease actvities were determined at pH
7.0.

X 5 A DB T 60% R ¥ CIBHEAMETT L A B
BT HIRE L7 b, 230 AR D Tnds 3175 DEERIEM:
PRI LT

EHEEC KT AREAE UCTTFR LA - Al

150

(PU/HL)

100 A

ASE ACTIVITY

-
©

PROTE

6 7 8 9 10 11
P H

Fig. 10. Stability of the protease at different pH
after 20 min at 40°C (O) and after 48 h
at 4°C (»). Buffer solutions: Tris-male-
ate for pH 5.5-8.5, I'ris-HCI for 8.0-9.0,
and glycine-NaOH for 9.0-10.0. Assay
condition was 30°C for 10 min at pH 9.6.

IRDHEA TN 70, TikE - @Y TE TR DIRL
TR, 2EBUBC BV TILR EIEROE TR
e Ulshr ot (Fig. 11), Lo L 1[E B oA OESR
ERRERTTIO b O THLACE YRR DL R
1o BERE IMBADRICTRES - IfE R 1T - 1A, 30°C T
Come up time DOINETHE, FINBHGRHCRIFEL W
FEIEAE S it 60 F 72ut 80°C T4 10 Sy[E oo ngk ¢
ik, TEOWHE - B biEERb Lo e R
iz,
~

Z -3

HUEd, 4% Pseudomonas DMEPET B 7 v T 7 — ik
BB TEY, FLATIRIRTVDHDLH S
S, b OREROERN pH B R B &, RS
T B S DPRES LW iF i & 5362198, 709 ) il
KHDHE LW OPREZT LR RN KRR
B LBEROEZM pH I8 X F 96 THBZ LMWL 2
Wl oo, LasL Fig. 9 wBohs X 5w pH
T D ERAMCIEEORBIN B BT B Z &,
E PH T B TR O RV EECIRD T 572D ThH
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Fig. 11.

FREEZE-THAW REPETITION

Effect of freeze-thaw repetition during short period of storage on
the activity of the protease heated at different temperatures.

The

enzyme was frozen at —25°C, and thawed on the next day in running

tap waler followed by the storage for an hour at 4°C.

These treat-

ments were repeated once a day. See text for assay condition.

BEWBERIND, Lich - TG %A 5o 10 4
Hids b X 5B L, KIRONEE DL ERIET 2 b,
EHpH 396 LI EATHC & THENRS,

HiE % coREEFtllEc V-5 h TE R pH 7.0, 30
S &S FIGtcsvi, ohk Fig. 9 i@
LEbeTabde, RIGKEET 5 pH offnishh
BERTEM I L T 5 L EATRSh, FREREN
KEL R BTRELH B DT, RELEDOIERI 5T
EBEOEE R E, Bl pH TH 5 9.6 T 10 RIS
R Wb Rl By o

fEFo pH 27 A7 Y lo8E, 4°C ¢ pH
83 % T, 40°C TiL75 ¥ THETH -1h, Thlk
? pH TSR CARICEEAME T Lic, Lichi-
TEEFERFAEERD pH 22 0BG Ric K 3w T
75 LBELR, €pH BT L EHCOWTUL, &
FRTIL 55 ¥ CRENICERAETTS30D, Wi
RO BT IBNRE TH - o REIZRE
ot b, BT - 72 40°C 20 SRR O RE: (pH
7.0 CiEH:ARIE) MR i, pHbL0 Cille ik
DELSPEMT E B E Vbbb icwd, ThUTF TlE
Mg & T L, pH40 TFEMI TR E & ir o,
L7t T 40°C 20 S fAAEL 5 4 % 25 Sl 7 <
&L pHB50~70 D % = LIIFERTHBHLE 2
X9,

{EIREE b B\ L Pseudomonas O 7 w5 7 — X DREE

R4 IR O bk T b, —10°CID, —15°C1%),

_20°C41,90,128), _28°Clll)’ _30°C29), &)Kﬁﬁ%&l?bﬁ’_o
T %, &5k BOETHLING® i —70°C CfR 77 L 7=
B, Ps. maltophilia D7 w57 —EN6 HHAME O
BRI bR R e e ot EHE LT, L L
Aeromonas hydrophila O 3OS w77 X%
4°C, —20°C BRIV -T°CTHHETIER ST
AMBORSKI 59 {3, 7D 5 %0 1§ A —20°C TRFE
Lo e 57—l L 4 v 7 BENKEL
WA B EBIRL T B,

RERORAFE —25°C CfTv, M pH 7.0 CllE
Lics, SREHBEE 1B s? % [l EE (4 HEoO
395) AAKRIECAET Lz b#b63, Thlli A
DREEI A 5 TGO 1 fin L fn o7 (Table 8), %
DOFER, 230 HERF L &R 3o\ T BFRIA M
T 3 HIAERAE LT,

BRFSEREFR O 1 Al B DU CRERIEM: AL & (KT
L, ZOHBOE/IADIINE I bEAE, Fig 11 &
R LTS - BURORE DI LERIC B\ Th, TRl
1T -t 0T (DEAE- w4 m — A TR R 7-BHE
BIXORHOBIRALERO S TR L IR S e 77
—ERH R NEREE) el ThBEshiz&n
b, HOET R « AR EZ DS OHRETH B
LEz by, BERETO pH R 75 il L th
575, Fig. 10 26 3Mbn0 X5, 7oAV Hck
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WOIRR VBRSO TERC K E S EE TS, X
7- Fig. 11 OB &\, 30°C ¢ Come up time
D MEA AT o TR OBERER R IBAD L D < B
TREAENT E5 8, TRIBRAFRE L E R hfg L o
BUR OBERIEMME < 72 B R, BRSBTS
BEEAEPBRL TR, EL DR,

4°C 48 IO BRAFE Tl AR 2 T D IR\ pTT i B
TREM R R LD, WEAT - LR (DEAE- ¢
wm—ARROCTELFH L CBERE A R
i) X puE, AEEY 11 Ak b 4°C TRET S
&, 100 fEICHR U IcBER Tk 87% ¥ COFEME Tk
EF oot L, FRUILVGEE TRILOED 707
CECET L, 0o &EEETEof R EFR
B HME ELCHRBE LS L CNA L ERTREL
T3,

RIFRICBER 2 nEh L 73 (Tig. 11), INENRE & 1F
P s UGt oAb 2 3o bt iehd, A - a0
DR LEFT » CThH IR OBERIEC N C R - 1o
HOWMPIRS hieh oo ZOBE, MEBWHE OSSR
ELTHROACHBINRE DB B>l THH ED
HmbTxr i,

3 #

O RSRIRR A2 1o, FATREIC 1) 5 5%
FRBAHBFEL LT, 2hi 56% RN T ve="
AR IN60% 7k b v CHBE L icfER, MRS 3.23,
EIER 474% T7 v 77 — EOREH S h i,

T OFFSYREEIRER B AV CHILE U o RiE ik e

N

9.6 (10 SRR IE) CTiRDd BT, fix o pH wisld 58
FOEEMRBBEC L - TR D, B VAT
4°C 48 BB 2% pH 8.3 ¥ CHETHH DXL,
40°C 20 S RSARTR Lo Ak pH75 2B ¥ 2 LB
TR BB IR Uize K pH Tk 5.0 1 % Tidig
LIETH - 720
BEROTHRERAT Y ~25°C T - i R, B’
Bl B lE Ul VB T 2338 L <, #9 6 BIRE
FTHD Leds, FhBimdr 28 ey, 2300
#ied 3HOEEDIRIT Lic, AN « RO DR LE
ERTIL, s X of 30°C T Come up time Djfjzh
RFHC 30T, HRTEERC I L iT KT 2 B2 S h
foh3, 60 F 72i% 80°C T 10 /3 RALIE U 2o R Tl niue
FESHEET OZD DN, OGS S R0
SR LT RS - iRz o b O Tikion &
g Lic, B X aBREE O i, RERE -
W& & D EERRBEOEM L CWw5 o L E bR,

F28 REOEREREHLSUCMBABEDCHE

Pseudomonas %3 & L ABIRENEET AT v T 7
— R —ReiiEwtsriE <, UHT & FoEBai
5 T hFERTIIRNEGHEAL S i\ L3Ls 10 Ul &
ho OREED S K BPREORERK (10~60°C) i
WTHKIET B O SHEETH H0612U0, = n b OFER
PEBECERT5EHRE R, FREDC w77 -
HAT R0 35~45°C DRI Fa EA3 4y i LTV 55

57,194)

ARHETCUL Ps. azotoformans No. 400 DR FERL 7 =

/1Lu
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Activity curve of the protease at plf 9.6 at indicated temperatures.

Vertical bar indicates standard deviation of the average.
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YRR F MR 6% H1F

F7—-COEHRELALINCT S L EbiT, RIEEH:
TART B0°C, ¥ X UUEANCIRRIE L g\~ 80°C TINE L
TSRO, IRIRIC S0 B AR B O pHRFE
AT,

EBAHE
MR SITE OB IO L b o2 HEH L
Foo EEEWEMOMER, ThET0°C T CELTF
BERVIES, BRCTFHM v aN—vavETH
BB RIET BR/—NOD B2 &, BIUCRELRES
THPED Ry MR X CRIEET 04 TaEh o
HBTEMS, RETIRD X5 T,
K R Lz Cak & ¥\ 05% 71 €4 VIFK)
5mé & FIRE GmM © Ca w4 pH75 0 10 mM
D A= LA VEREEIR) 05 md L ERREAL, BIEOH
FET5 R T 5, CheBESRR 0l ml winx TE
BT V2T 4 v 7 A% —F— X DRI,
05 HoRExY S5, BT TCARE (8 v 28
WBASE) 5 mé 2Nz TS 1k, 30°C 15 Sy falikiE
DRCIBETT 5, ROBIEL, 8 158 1Mkl
UAeE8) 1t » TEE - PIEETT o, 7o B RIGHR
EA13°C B LU 0°C DBFRERDITEC L oz, ¥
T INEVABERER o pH AT RTET &Rk o JF e X
b, 30°C CHEHOWMEHTT - 720

& ®

JIGIREE 0°C 225 90°C % coowi AT 10 43 [ © BE 3R
RIG%4T - ey Fig. 12 wiRlLic. 30°C iz 5
EHARLE L, 40~50°C TRBREOME & L7 L
ML, Thbl bwwic s EMOEEIKECEL LD,
90°C 1. 30°C 5 D 3ENTH L IEA D hic, &
FoAKIRC I B EESRTENE 27 01 <, 0°C ik 30°C @
WO 4028 i3 B HEE R L.

50°C CIIBMA TS 8l s ekt LT 80°C T
TSRS LB BIG, BEEOmEME & SBIE LT
HEFHEINB DT, 50 % L0 80°C T4 10 430 (+
Come up time) OIIEEA G L 7-BEFHicou T 30~
80°C HFPH CIEMEDIRE 4 F # % 5k @ 7o (Fig. 13),
30°C CHl7E L o BSRTE T,  50°C MUBEESR 2 R K
WMl B B0, 80°C Thsh LB CIRiiiE © 8 1%
Wi OE CIEMA S S R, 50°C CiEMERlET % &
s & HIRCER Rafen’, WEREO LR > T
OEHEANE L 7o b, 80°C Cifll » 7oiEtER T H AT IEE L
<, 30°C CHllE UIclli T3 5 iRHEAGED B,

(PU/HL)

PROTEASE ACTIVITY

100
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1 ] 1
30 40 50 60 70 80
ASSAY TEMPERATURE (°C)

Fig. 13. Temperature dependence of the protease
activity after heating at 80°C (0) and
50°C (®) for 10 min.
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Fig. 14. Effect of exchange of heating order on

the proteolytic activity at 30°C and 80°C.
The difference at 80°C was not significant
in t-test (0.2>P>0.1).

BRI 3% 50°C & 80°C £ 10 4pfd D n#iL B %,
Z DOl 0°C 30 43fd] D &y M aBe A THBE L T - 720
T OfERE, MBAEF Y ANE 2 CTIT - To B R & &
b Fig. 14 ©iRL7c, 30°C CEEEFRMELHETS &
TELF E—B L1223, 80°C CHIE L iEM o8 E 1,
BN 50°C TR L iR DI A3 % D I T B
LIBER L 0 b 2« CiEa Bl L 1,

L OMBE X 5T B30°C e BT A R R S BTN, T
WP G Z IR D BT 215 5 o, 50°C ¢ 10 45
FEI D DnE LR A B L - B D\ T 4°C 64 F [l e B O
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Fig. 15. Stability of the protease heated at 50°C for 10 min.
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Fig. 16.

pH Dependence of the heated (for 10 min) protease.

Buffer solutions:

Tris-maleate (0), Tris-HCl (), glycine-NaOH (®), and bicarbonate-

NaOH (&),

12 25°C 10 A%, 0.01% O 7 oibr t v w o fF
FETFCF - LR EN Fig. 16 ThHB, 80°Creklr
BiEMEE, 25°C REOBR CIAFRARO B -
TP T L oo 4°C OB E12 32 0 Bic—B{K
FLA#64 B CBECER LTS, L2 L, D
fETEETH » CEB RBULLZ DELTE D,
32 [ B & OFEENENC LD, (KR OEMT
— B e e IR U, — 77, 30°C CIGE Lol
R 25°C O Lo KT Lcb oo, £ o dl&
A, RBRSEOB SRR RLT, B &
BARFEF A AR Liswn 2 EATER S i

5mM DAL vy auE pHT0 DESF TSV,

50 F o3 80°C ¢ N BV EL % 17 - 7B R O pH Ktk
%, 30°C CHIE LB cE LION Fig. 16 TH 5,
ZH pH XETEI ORIMEABR OBE (Fig. 9) X b b Hins
WAEL 9.0~95 HRL7eAY, »— TR B Tho
7o 7o, 50°C T 10 4FRAME L 1-BER T, VWTTho
PH I C HIEMSFR ERD LRI o T,

% 2

EREDENET AT T T — €2 v 0 BiolET
% ZE IR S AICE VR Tk 7e <, %k 25~50°C
@ﬁﬁkcbf:— 5T 33 D 2,5,96,115,130,161,195,196,207,209,223)’ %
DRHI1E 35~A5"CITRFHEL T B9, KRR
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FHEEL30°C fLizdh b (Fig. 12), kB f-qEH
EHErRohaffioflNcETh w5, $7230°C X

D HERM TR, SR TEVEE Y Re, 0°C
CRTAIERL0CCOTho 4 HofEdR L. Th
3 LR Tk 40~50°C TRIEE Y, SHIRE
OERE LD, MMRHESODORKE L TIIEEHRRE
HRRECEE -1

Z OB IEEEO AOHLem & LERESH B L
DrHEEESh DY, FRCERELOBBERRC XS
TH—tk BEED 7 e 77— o) ST
PABETE Vv, L LA D, KROZ AN 7
r 57 — EOREFRFM IR 55O Tini{, 4
TERTAERBEOBERLE LT e 77 —EDERLRE
BIszlwehrit, chUEd  m77~ERELT
DS REPFFROW TR I E I L &L,

Lk o EE s CEEREM AR EBlh iy B0°C, &
TIHOEREAZD LIS X510l s 80°C trh X h
10 43 fihnEh U 7B o0, AR BT A &Y
&% & (Fig. 18), HIERE 50°C T3 & biGtEs %
EFDLRILVORIL, 30°C CHIE Lo 8 & i,
80°C nZhBESR DM 1 50°C IAEEFH O 8 f5 b DEL-
RN U, CIUTRMBEER = A\ e RISOIRER
it (Fig. 12) oM ShBE2BLTH 5,

—75, 653 XU 80°C THIRE L3 A1 50 7z > VN
80°C TIBAMLB LR L bRV EEEEL, e
80°C w351 BIGHIITE I UTITE L <, 80°C IBEE
D 30°C i %1 BIGMCITMES B ic, 50°C ekt a
W% O EIEHDBESRE O B CIEL (Autolysis) wik5< b
D EThE, EOTHEEEL30°C X bEnTEt b
EZrxobhb, LnL50°C CRHOHEEZRBZTETER
Bi¥, ZOBRETI0H5MOME AT A L - BEEDS,
80°C THIE L+ 30°C i IEfik 3 A 15 & i3 B ik
DR LB,

ZOBIGE RO WCHERT B, 50k X 0t80°C D
TARELEY, oMk 0°C 30 H5Ho®HiE ik A TH
BR LT » o8 (Fig. 14) w2, 80°C w51 BEMEN
RO VTR b, RT3, e 50°C ¢ hngk
Licthic 80°C M B 1T » e3hbns, +0olERF T
BAT-TbD L) bECPIEE R LTV B8, -
EERRAIER WHEECHEOEITRDE hith » 7,

GRIFFITHS %%6) 3 HTST (77°C 17 #) & 55°C 1 i
FRIALEE & %80 L (1T 5 ERc s ¢, HTST B %4
HE U IR 2 o ONEFF TR U 73R X b B BRAE
FHROBOPIEREL T30, HH0F—20hicd,

BRI X o TR OBRE R TEHAEPRZIbh 5,

30°C CHIE L BEEEte 55T, b L 80°C 10 4y
D g B 2 2 b4 B Lo i iEE D A SR
(Fig. 13) L{E@ET B bE, —E 80°C T Licz o
B, T 50°C CTEMEL CAFBEE T LR v
LDOLTEER B DKL, 50°C B A Z I FERH
TEWiE R R LT (Fig. 14), Tz &k, &z 80°C
BB A 22T 5 & LT L FORERE {, 50°C
TOTRIMBIC X o TR IIETH T L 2BHR LT
VWhe B0 X5 fesae it RSO EN DT 5
&, 50°C & 80°C & TLIMMEMC & » CHERD ThLThE
BB EZIB £ AL TH D,

=75, BloBA»L LEOMBRABE T LLT
x5, Tichb, KESERRSHEORETH HTFERT
BRI h T Wiy, Licdio T2 Lo Fe 77
— ¥ OIFET B EEMA D D, 80°C I ORI E
BREAETAEENG IR TVBZ LB LN,
FRREEE R L LT R T T A v R —
MEENTCBTHEELEETE Ly, MDD 2 5%%
B L2045 H3E LB A 1T 20E, 80°C TIESh o8
FiFtAHENcE 0L lbhs,

VR LT S AR B\ T i R TR
ELTAT rF 7RO -THD, EEhsEHR
N1 Thh 2R Thh, FeF7 —ERELTH
HOBEAEDLN D LWL eEETHB, Lic
Do CUHT AR EDARB T O L5 e st 3
BB S Ay, BRomT - RF R ksw
THEMERE s, 66~80°C AR ML TET
RRECHHEL, H5ETFHNBECERIATH
WREHE Th B, 50°C TIMEBABORER 30C° 1k %
EHRHFEE LD LR s - kFEERDS, MTARE
BB sRREE AR E LTHERL T 5 Z &,
5 Lo T TR A1 2A BN DR E X 5 E
R b2 B A TTREM AR O TH B, FHLEEER
HBGHOMT » B b s E I O HETEHEET N
EThHHH,

50°C THIELER U - BESR R M i T Y 7o TG
HAL AR - THE 210D 2L for 26°C ¢ 10 H [
LOV4°C T 64 ARORAE % 17V, 80 38 X UN30°C T
VA ISE Lo biR (Fig. 16), EEMA LR &, RF
WIADERART D AN ELE S hvfe, & DBRITRINER
b N 30°C Come up time WNEEEFE OFERE (Fig.
1) TROWIMAC—F LT\ 5, ML REER D
30°C 1 kit 5% M o0 pH e (Fig. 16) i3, 50°C 44
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Bogya e pH Cifta R &ieh » 7odd, 80°C Cingk
U 7B CLLR MBS o pH {7t (Fig. 9) ch &%
Ltz — &R LA, LALE#E pH I #E2r i Ku
9.0~95 ThH o7, Zoffix Fig. 9 Offi & il Ui
A, EMRRAER EEEETEIFRERCRF SEb R
Lo LHEEIND,

E #

BB SO D IR EEART M & R~ S, g iR 30°C
wh b, °ClRnTh 30°C 04 BN+ L
MR BT, F i 40~50°C TREKDOEE D,
ZThPEoRE CREOEENER T, 90°C 11 30°C
T HIHEOR 3 HofFHENE b R,

50°C & 80°C D W Jj % foid &b b h—T T4 10 43
DB AT » IERC OV T, FEREC BT HEEERT
P R~ R, 30°C st} BiEbkix,  80°C Hajihnah
OB CIECERAE S D i X L, 50°C Bl 4z
Tz e 80°C DInBEA Nt » fo kT, e I
FHZLAEDDHHDT, TR EVEELAELR
e o tze B0°C Wisid BRI C OB CIE <, —
Ji, 80°C BRI HEEREMIIV O A E AT A M L
TeRhe Js T 30°C ISt B % 7R L,

50°C CInE L BER 2R LR, 25°C 10 gR %
CTORFETIZ80°C B L 30°C CRIE LT iEME & b
Ehred L s, £CHREDEFIZV-THhL 64 HH
¥ CIEHE TARD bk o1,

80°C TIMBMIE & 1T - 7cFEFR D pH RAFME 13 2K i #4
BROTH EFRERETH - 1

Bhoz &nn, 50°C L 80°C OMBNTHIEERMN T
NEREDEBETT A XL,

F3E BEBCHISWMMERZSUICHBRREFL

BB s CRARRORERFLE 2, EooR
PR T3 40~50°C CLoEMIRIE LA LD
N Lz, & ORERIBEROMEWE & HECB#EL T
BT ENELLRLDT, AHLBNTIATrT 7 —
EOMREEC OV T E LM ERT A E L bic, K
e oMt Bk i3 2 BERIRE O 8 b O 4 RER
B+ % 7 w5 7 —ED 50°C M i) 535 f:4S
TR CDOWTEREY T - .

IR OEETSD 7 v 7T 7 — ¥R T hE 50°C ik T
MET B LI k- TRET BBV, FHRT
i)ﬂi’\ﬁ: J: 5 01?1 < 0)%&%75\% D 1,31,35,57,105,132,140,194)’
= O 4% BARACH 519 1 Low Temperature In-

activation (LTT) LIEACWABH, AR TRz heE
ZOE RN X v [HEMNEL] &fiTdo L
&ET R,

S

BERIEE DM H e & O B U B R s
A, FFRCL/RWIR D ATAi £ C LR TH D,

30~140°C % COHXMREL I BT B MHBGERBIIR D
X5 T o1 AHE3mm, P15 mm, £ X120 mm
T—¥i%k# Ulc Pyrex 5 A2 0.2 mé OFFRER =
AL, flsia @ L OkE L. Cha&REOEIRMY
#1¢ Come up time (CUT)+PrEkioingds, B
W 0°C ¥ THH LIz HivT 5 mM o Ca #4750 mM
DF YA VA VIREER (PH 7.0) T OFKBEAER
L, pH7.0, 30°C iess W CBEREME 2 I E L 7ee 7238
CUTRRILH 7 ABAEEH R IR cvAg vy y
My—xh » i EH A L, Leed & Northrup fo
Temperature potentiometer »{FEH L CilE L1z,
BRI E LT 30~90°C 3 Cidk AV, Thil ko
BEOHEIRTHE BV .

TN E COFEEENI0,1) 1 350 T4 B - 43 IR0
IRTEBED 5 L Pseudomonas group 1 @
5% 14§ (Ps. azotoformans No. 400 %4 1r) 38 L8
Enterobacteriaceae 2 #kDE5T 16 fpaFEA T, FO4E
BET5 7 r 77 — Lo 20 RT HE TR,
FEE L BIER AN T 25°C 24 W03 % 2 [alfk b
WU, 74 2 /R 25°C A REEE R L, =0
ANFy—D0b 1 ALHES 10 mé o 10% BITHi g IL
B gL, 25°C T4 AMOBBREY T o7, BER
13.10,000 X g T 20 S} HI DL B i, £ o BERHRL
BEFE & 1T 30, 50, F7oid 80°C T4 10 43l oL e
B Lctk, pH 7.0, 30°C CRESREM 2 HIE L 72,

5] ®

30°C 5 90°C FCoOLBRETEREH 1045 E o
IMBSABE A fi U R BER DAY Fig. 17 R,
40°C AU L BEEDOTEMIL 30°C D Eh LR E T b D
DX L, 50°C 10 23 IInE U 7o 3k B Cud i i 1%
PEAMET Lz IHRABRED LR -+5 L BEEET
HUEE b, 60~90°C n#iicis 30°C AEEF DK
A HICESE T 5SRO bR,

INEE DR R IC bl B BER O # i 2 35 X 5 1o
W, 7 ARECHA L ERE OB % 30~140°C O
#WEET CUT %4243 CUT +10 IO M B A 1T - T,
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Fig. 17. Low temperature inactivation of the
protease heated for 10 min at indicated
temperatures. Assay condition was 30°C
for 10 min at pH 9.6.

T OBFRERHE LRy Fig. 18 th 2, 104
RISy Fig 17 LB 50°C A5 TRED
fi% Bafchd, X o@EmiRcsts Fig. 17 0 X 5
40% LEHETHZ e, 90~100°C OINBUC =\ TL
#110% 2o ticlb EF otz, UL, fEhici Bk
REDICHERE TR E, 140°C kL T bERITITK
HeT, 207 w57 —ENEWREMERY Lo &HNE
B i, MBI O < My CUT O MnsdefE F ¢it,
TEME DRI 7 5 IR T~8°C BB M & 7 + LT,
Fig. 18 07— 21z €, EbABRE CEL
TR R > AR OB AL 2 Wl LT — £ 2

5, RWMECIT S D LR, EHICKEEEER k
REHE L0, ChaBEoUBic L7 v=y2S
® oy b Uk (Fig. 19) $558, Zihais 80 5 L 70°C o
2PN ERD &, ML= A L F — 13 40~50°C [Eint
540.9 kJ/mol ThH 2Dk L, 70~90°C [Tz % D
1/5 @ 110.7 kJ/mol T & - Fzo

AEH LEHC BT, GREF L IcEROFERII -z 0
HRREOE G EREPORENRE S ERREL
ey, BB BT HEERRE OBBRTE T A o,
BEA 10 mM F ) A SHEEREE R (pH 7.5, Ca % 5 mM
ats) TL0EETHR LB, ThFEh b0, 80, X
T 90°C ¢ 10 3fEinEL U CEBARE S 2 IE Lic, 0k
Bz Fig. 20 wiRkT X 5w, BERREOH VIR ELFD
BENKE, ZofEARVTROMBRE ST
FETH - oo

50°C L D MR CREIREM A RIS &7 B X 5 77 e
77 — R AET A EEEN £ OBREREET S v i
BB, A THHURKREOHRNE, A%
e HAd D Ps. azotoformans No. 400 %&ty Pseu-
domonas ® group 1 @4 % 14 Eikk, ¥ X O Entero-
bacteriaceae @ 2 Bkk, &5t 16 Bikic o v~ T 30, 50,
8 XU 80°C T4 10 IO MEE (T - 7t D BERE M
it Fig. 21 wiRd ko, &0 (168114
BT 50°C Chngh L o550 80°C JLBEEESE X b &
WiEMEE B,
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Fig. 18. Heat resistance of the protease. The enzyme was heated for 10 min (@) and

for come up time (O) at indicated temperatures and assayed at pH 7.0.
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Fig. 19. Arrhenius plot of heat inactivation of
the protease. Activities were assayed
at pH 7.0. K=2.303/D value.
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Fig. 20. Effect of the enzyme concentration on
heat resistance of the protease. Assay
condition was 30°C for 10 min at pH 9.6.

<5 120~121°CE2123170) Ly 5 g o R, X 52k 130°C
Pl ko> UHT B bt % b  pi 4 510475060101,
103,110,178,198,208)0 et h [‘9 7“ "5y — ’b@lfﬂf?ﬁjﬂév’iga LT
01 :hf Tbl%ﬁ@ﬁ:ﬁ?ﬁﬁﬁ@éﬁ § h «C L %)1’35‘57’105’132’
1019 iy, Z 9 LRV INEWE R RS E 0 %
S A% 40~60°C R EB MR S TIEIEL, BB
WIHEWTHEWME R RT ED E R Mb R T W B,
Fig. 17 B fo X 5 iR A% Bk B #v: -
& — vigb LIRERICiEv b D%, MORIHARASY i &

(%)

RESTDUAL ACTIVITY

30 50 80
TEMPERATURE (°C)

Fig. 21. Low temperature inactivation of prote-
ases produced by psychrotrophic bacte-
ria. Supernatants of 16 skimmilk cul-
tures were used as crude enzyme and
activities were assayed at pH 7.0.

S CHc 1957 dpe R Sh Tk Y, Tokbliv TH
19@#&%73,%%[??7}9 h T ;Q)26,30,44,77,99,112,116,120,190)0
COFEEM L RIBEEREREC L -TELELTH
%, REBROEA L Fig. 17 R L X 51250°C TH
B, THECRBEIRTUAHEFELHSCE PO L
L T 40"‘560(: K—E - Ty ‘6140’160’151‘166’195’196)o

BEUR I B B EB SR L, (K188 Pseudomonas
MC60 D7 a5 7 -t P TC—HOWRE L Tol
BARACH, ADAMS and SPECK %5 L O+ 0ILFIFfze%
2,4,15-19,217) 43 LTI (Low Temperature Inactivation),
ERTIUE MERAEE] & 5IR02 ek LT B,
COERE VA TIE RS ERBEO 1 2 - ik
KLTHBEDLHEMEhBD, AARETERT LS
ik, Pizrd HEREEER OEEAHL] &b, Lo
Lishb, MU MERE] W5 EEE 2EERE L TR
1E, WEAR CRESIREZR L5 30 LB/ RE
BB THD, Lihdo TR VT, 0B
T LTI O HAGERE LCIER ¢ h 2 [HERAR
el &P, TRRANEL] Lo FHEXER T 5
ZkETH,

B O it 23 NS T DI IR OB R T
A EA LT -7 Fig. 18 o%EsER T, Fig. 17
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DERE D A BID 8 — v EFR LI, T 50°C
OREREEBSIFE L ThB b Hib b 3, 60°C L
FoEEAFIB TR THE O LA LRV ETHS, &
OFREITIEEROERRE pH 235 b L0 b, B
FPEOBE L > Thiebahicb D LHEES RS,
Fhud, EBEREEOBLICH: 5 RERIER OB NI &N
BB o\ CHIE L Fig. 20 OfEENS AWM T
BBo FT TRWTROMEBMREC KT HEEHBED
BV EEEMEVWC & s, Fig 18 oW »NEHBE T
X 15, foks, 100°C LUF DR Ss1) 5 53508
BERAEME D DI 2 &, FERITE L b HRECE
HRBELEHIBH G, 140°C i B 5 £ Ot #i
PleVEVLD LRI,

T =y ATa y b OBHEEE A B YR S T
%, BREOMECSWTT s NBERE S &ic, &
7w T 7 — - EOMBGKIED R B k o5 BE & Xt
REOHH LT ey b Ui Fig. 19 oZ#iHIL,
50 B X UTT0°C 0 2R D & h e, 456~70°C [fo
B RWTL 8 DR TCoF— 4, %k Lot 30 5
¥ comas—2%2b tHELLLDTHDLL, &
R OB TR d CUT #88RE o Rk cE L
TR b, CUT % CoOMBERIPNC 1T 50 KE &,
ThUBFREEZ I N5 2 BREORIGHBRD 5 b, HE
DNTDF — X ThH 0TI = pfeE Hi i 2
BT OZE i S OERM T 2 do B 50°C 11 EFHEOR A AT
HHo®), FRMICCOBEGRIERL v S 7E#ED
Transition point™ THAHEEZ A LA TES,

Fig. 19 &3\ T 40~50°C [0 {E#:Ab = % L+ — Ea
B U813 5409 kJ/mol 7c b, 50°C LIF ok
WHRIEE R EE LA B, Zhici L, 70~90°C
flo Ea 3. 110.7 kJ/mol &/N& v, AEEER MO 7 = F
7L N34, STEPANIAK and FOX 7% Ps.
fluorescens AFT 36 oo\ T 7{ETH 5 88.1 k]/mol
189) 4 %\ it ALICHANIDIS and ANDREWS 725 DPs.
fluorescens AR-11 CHBE L7 92.8k]/mol® k b i1k
%7z Ea CTH 575, RICHARDSON i X % DPs. fluorescens
B 52 Off 1043 k]/mol'™) wFa XL L, ks IER
CEVEETHD LD T ENTES,

FEARTEL OB S A AT F B o 16 Bkk w2 v
TH~Kk Fig. 21 ofR i, 78R (11/16) ko &
DEEFEDLNI, 202 LALLM TORAF
Bieh, BETHERE v T 7 — COE & % hiRRE
EAREAFGD D & 5 ERGICH TR THHZ &%
TFUTWB, FHEEr, 55°C C 60 4o sl 417 5

S eIt o C UHT Aot 2% +5 2 & T HE
TH5HET 5 DRIESSEN D) 2345 0, ADAMS &
3 1979 4R 423 % 50~50°C ¢ 5~60 4>, UHT (=
120°C) OB [ izt B L, FF P ol 7« 7
T—ERWET A LI Lo T UHTHD 7 U—0i—
KEGAIS L, HEELED5] LU 5 REEGD »18
b,

L L7chss, GRIFFITHS 560 (2o S i1zRic s i
WAL TS, 5 AR08 LS OMKER
YHVC, o Fe s 7 —UiElicxd 5 55°C sk o
B A USRS, ORI X o TR AT D
h, EBE 7 r T 7 —EOBTHZ ORBECHIGEFTHR
TRV EEW BN L, TORERmELT Too
55°C 1 I FEBHCA CIRBETE RV TH 5
51 LTV B,

7w 77— EOM B A BN X > T b Y B
B EBMBRT WS, ThbbBFKORMBEC L - T
Aods HUIT | hnshed 2 PR 0D N 123,189,190 o i i
i EOREHETLE DB Lvs, X5 IR
DA F — S EE— OB\ T H KR REND 2, K
BB LOEY THLALT D, Thh DS MR
RIg-> TR Y, RalfEmnihLs o ST bh
twz EEBbhs,

3 #

BEE DI EWE 2 I~ 5 12, 30°C 25 90°C ¥ ¢4
BIECehZh 10 3RO MBE T - iR, REORF
P11 50°C T B I, 60~90°C o i #T ik 30°C 4L B
BB OR 4 HOF/HAB S e, APFZE Tz o 50°C
R HAEHS L PRATE L EFRTHZ L& L,

IEHEOM MR B T 5 125, HUBRED e T
7 — kA T AR AL T 30~140°C @ £ B T
CUTH10 iy omEa 1T - 1o 8, KV ORHEY
MBS &R AR 24 — vl b e,
BITE ORI R AR~ R, W ThoRER
BOTHBRBEOBWZEIGFOHEAKE» -T2
Enb, WAk — OB CIBEREEDECHETS &
HEIhtc, LD -T, BRI TH2 S h b
HBEEBELBE, A7 w57 — 2o 140°C sty
LB hECS D EE L Hh b,

HFEDOT V= AT ry bk, 3E DR KIL0°C
TR D, 70°C TIREED 2 v 7 BB T LD £
U3 & AR 2 472, 40~50°C R oiF b= 2 v —
1%, 540.9 kJ/mol, 70~90C° Bl® # 4113 110.7 kJ/mol &
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VIR A EWCEERRL, ABHRIERIC VW THAEL
oz EREMT DRI,
IR AL DS e R PR fE R o KIRE 16 Btk
TOWCHANICHER, TE L ki 2 DIHENRD S
nie 2O L BrhRARTELOERMC DUV T DR
%ﬁof\io

FAW BREUSIUCREECHTIEREOHNR

ChE TORBC 8T 5EEROFROW/EORE, X
LI I EPEREE L E T, vy A (Ca) B8
DHEMTOBREZ OB - CE R, D%, Pseu-
domonas O 7 77 — T Ca s F Ol i F 5
LT B &0 5 HE16150.189) e b (i KBFGE O FRiE R
O RIS T IR DTHB, Caid Pseu-
domonas L o¢ O B DEFES 2 T e T 7 — Lo
THEOREBFELLIPE ST, E&L UTHEED
et X OYE L OB I AL - T B & EDVETD
ﬂfb\z)zo,m,lzs,lss,zos)o

FITIDOEAHER TR S v T 7 — X4 5
Ca DRV ANL Z L2 HNE L, BB
MR H 2 BEH S OCERLIT CoRFr RIZ
THELBER L, Sk Cato =&
WCHERETT -,

R K%

BRERC RIETRBROBRIC OV, kO L)
B TERET -7, BEHR % 4 M & BEItYD 0~
300 mM %3, 10mM U A - v v VEREREW (PH
7.5) T2 FERL, TOImbrfVTCasgdi
WEREBW CIERERRIEL, S heBRRIGRS OSSR
EECHL TSy b L,

Ca BT T dsid 2% o (&R R H 50T,
5mMCax&ir10mM U = - SR REH e (pH 7.5)
THHEY—TRECHER LI DR A E OISR 4°C ¢
Fo, Carg&¥ic iifis Mok BifvU#s
TEEERPEL I,

BESTEEENRDS, HBVRIEMLIECakF L —
FTBRIBDD=F LT VUEERS - 2 Na (EDTA)
11100 mM + ¥ & - 7V ViEEWE (pH 8.0) wiEst L,
B LR Lo M CRER BS LUV EDTA 23 20
B (EREERNg En s Carcxh+ 5 RIBRETRE) ©
5 X S REmLic. —EDFETFHFOME, pHT.5
D 10mM F U A - EBEHRCER LRI vy

ARDECIE CCRBRC D X5 g, EHEHED ||

SO U B BESR TGN B Bl X 5 wilIRE L,

#EEF X 5 HIERLER TR, BREEEDD
11 Ca%&Ei wpH75D50mM F VA« =LA Vi
BEWCHERL, ARCHEE L EDTA £/037'Y =
—AE—F AT 3 PR (GEDTA) %EERE fch
o Ca izt L 3.3 mM 3B iR in L € 30°C 5 55 Rl
Uik, FigEREE L s B BEAD Y RY
GEDTA &xf U 5.85 mM 8% 1= i %, 30°C 10 43-[Ei4%
R O IE Y B X 5 fT ok

AN b7 =D v ba) v (0-PHE) ¢ X b Ca st
DEBODREY TG, CaFAETTERE TS
e, 5mMCa%i & H50mMoDFYV AL gy
FREE I (PH 7.5) TEER R HR Lictk, RRKCBE LR
0-PHE # 0~2 mM BE I L, FREDFKRETREL
Thb Caw Il mM SUHEXAGIEREE Y # &
L,

¥ ®

Rt Ca 2 RIET5h R, TOEE 1 mM §ik
CiEEO E—- 7 05380 b hie (Fig. 22), 20—t
PR A & CalipE 1L.15mM iwh 543, 0.8~1.6 mM
FCREANCEDLL I WIERER L. Thil ko
Ca ZHMLUCHETILGEAIMET L, 475 mM T
AR ORI 1/2 LT T,

Callflo7Ar v &BE LT~ 73y A (Mg) %,
FRUBDOLBELTH Y ¥4 (Na) KA Y w2
(K) 2T, ZoBEERCRIETEELACER
3 Fig. 23 R Lie, C ORBRRIEHET AR T BMH
TIEEWRZ CaigEhTwbiwr, ERo4Ba ik
MU 7gvEBhC g C b 15 M Bl W e 42 .M D Ca
PEETDH Licinb, Lid»T Fig. 23 11 Ca o
BOXGETHRBET COEMEEOMREEL T %b
I Thb, 0PI Na ks XOK REEERE L L
BRERIEI DX L, Mgt Ca DREOTEM X
DIXFETeHiD, T e T T - EiG R ED L UIERRL
7o T OZMERIR Ca 0L CRLERENFE LicD iz
SR, 3SmM L EOE Mg RER BV TALR®EL
N,

ChEDEEFBRES SRR ER S 25
W OWTF v — MR X BRBR 1T 5 B b,
5mM @ Ca %41 pH 750 10 mM b Y = « Hajipig
R CABESEY T HRCE - C4°C THRFE L iRk
Bh EREDRE T, ToMOEkEA Fig. 24 @wiRd
L O L1 Th ot
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300

PROTEASE ACTIVITY (PU/ML)
L]

] ! 1 I
0 10 20 30 40 50
CALCIUM CONCEMTRATION (x10°3H/L)

Fig. 22. Calcium concentration dependence of the protease activity.
Assay condition was 30°C for 10 min at pH 9.6.
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METAL CONCENTRATION (x1073M/L)
Fig. 23. Effect of metal concentration on the protease activity under

coexistence of 42 #M of calcium. See text for the experi-
mental conditions.

110 Table 9. Effect of storage temperature on the
e EDTA treated protease activity
E 100 \v/—\. Storage® Relative protease
> temp. (°C) activity in %
= Control 100.0
< 90
= 0 0.6
> 4 0.9
= 80f 10 0.6
e 1 1 ) 15 0.3
0 1 3 5 7

a) Two mM excess of EDTA to the metal

content was added to the enzyme and the

Fig. 24. Stability of the protease stored at 4°C. mixture was stored for 6h at each tem-
See Fig. 22 for assay condition. perature. For assay conditions see text.

TIME (DAY
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Fig. 25. Effect of EDTA on the protease activity.
Two mM (@) and zero mM ([J) excess
of EDTA was added to the enzyme fol-
lowed by the mixture was stored for
indicated times at 4°C. See Fig. 22 for
assay condition.
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EXCESS CALCIUM CONC. (X1O_3M)
Fig. 26. Recovery of the protease activity after

24 b at 4°C with addition of excess cal-
cium to EDTA-treated (2 mM excess:
4°C 12h) enzyme. See Fig. 22 for assay
condition.

FL— 1 FE LCEDTA #FE W ik rhod Ca B
R LT 2mMBREICs X5 iliinl, 4MERET6IF
PR L Tze Z &R, Table 9 iR X 5 wiiEn
0°C LEWBER §, 6IFRIORIFT X o TEERIE X
ETFL, 4, 10, 15°C & TR THME 4L B B o &k
DG HUT &Mt

EDTA o L 54 Wk HL, TORERIV4LCr

100

90
80,

70

RESIDUAL ACTIVITY (%)

60

50 1 1 1

STORAGE TIME (DAY)

Fig. 27. Stability of the EDTA-treated protease.
The protease treated with 2mM excess
of EDTA was stored at 4°C (@) and 25°C
{{)) followed by 25 mM excess of calcium
was added to the mixture and assayed
after 27h at 4°C (@), and 24 h at 25°C
(). See Fig. 22 for assay condition.

Fi B MR E A 2L E g BRI W T MR T,
EDTA o8B 0 mM iz d, 10 Sl nm
Ko TIhbOBRERES EDIY ETL, 3%
MiFE @R 31 2.8% LT -t (Fig. 25), 2mM@FE o
EDTA il Lici&citzh X b bG8
Zha, 1057HT3%, 3IBETIL07HS wETFH -
Foo EDTA JUJE2% 0.83 35 X 08 3.75 mM D343, 2mM
O LT ER CBEOE R L

2 mM @0 EDTA % 4°C C 12 BBfE X 1218,
HIEHFIBEFED Ca BYINLC 4°C C 24 5 1 1o BE
WA Lk Ry Fig. 26 R L, 1.6 mM 0

T CalRBE T EDTA &z BHi0MEM:D 50% £ TL

DB Uieh o tehd, 14.2mM o Ca RN L-Baw
11855 wE TR 5T, Fic, EDTA %¥EINLEEES
4 %73 25°C CHRAEL, Ca R TIRIML T4 & fo13 25°C
THrER O R RC A 2 e Lie, Fig. 27 @Rl
f-k 5 2 mM BFE o EDTA HTF © 4°C 7 R 77
LicEEd, 256 mM BFE O Ca 2 ON% € 27 WHIF
LR OTEMIII0 D 862 1o & TRITE Lizad, 3 I
FroYs (Rsed) it bly ECEE L EE -
o, 2 mMOBEERE O EDTA %% € 25°C T Lic
Yidrwur, Ca OFRINC X 5 IGH: O EE L ER 447 3
X b b EH oo 7 HREMEAFOFE T, Ca 2 HiRIN
HBACT2RIH F 7L 25°C A RFHIR IR L7c b o D 3G
BWThd 58% Thot, Tads, Ca FIRINEOFERS
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Effect of metals on reactivation
of EDTA and GEDTA treated
protease®

Table 10.

Relative protease activity in %

Metals
EDTA GEDTA
Control? 100.0 100.0
Ca . 795 98.2
Zn 79.5 —¢
Mg 58.4 26.0
Co 88.1 —
Zn+Cad 82.8 —
Co+Cad 85.4 —

Buffere 40.8 15.8

a) Enzyme in 50 mM Tris-maleate buffer, pH
75, was incubated with 3.3 mM excess of
EDTA or GEDTA for 5min at 30°C fol-
lowed by the addition of 5.85 mM excess
of metals. After 10 min at 30°C the ac-
tivity was determined.

b) The activity before addition of chelating
reagent.

¢) Not determined.

d) 5.85mM (excess) each of both metals.

e} The blank test without metal.

A2 4°C T2 R & 0 S RVEB A BT, TR BE
BELMEER R LI (BB,

EDTA (& U — b 4E85EH log K : Ca 10.95, Zn 16.50)
CHIERFTREROER Y, CaAtofiErns z £ T
@18 X 218 H IOV T - R R R % Table 10
FLTc. EDTA @ X A48 A 30°C 5 43l i Fesdic,
S REAERMUI A S G i 41% £ °IT

Lk & ofc, Ca XHE$H (Zn) w3t 802 % Clal’

Bxaiohs, Mg RN 58% ¥ CLEE LS
foo Fto, At (Co) HnxicBaicd 88% Ly
ftiz Bar, —J5Zn & Ca, 7213 Co & Ca & [lliic
Mz TH 80% Ll Lo EELERD b I,

Z XL T GEDTA (log K: Call.00, Mgb5.21,
Zn 14.5) TUE O, Ca ZFHEMNLABHFCIL 8% &
& CREEEM: EIE L 224, Mg O®RMC X » T
13 LT o 26% ¥ T LEHE Lish -7 {Table 10}

Cablst o &g L RER* v — r&E5 o-PHE (log
K: Ca05, Zn 6.4) % Ca B\F4 1 & h 54 T T8
L7 Fig. 28 OFEE T, o-PHE % 2mM % CThix
€4 30°C T 54 B AL EE D B5¥C i3 799 OiEMEN R -

100 o=
050107, 30°0)
>
—
=
o 50
Q
~J [ ]
=
oD
2 80°C
(%]
Ly
(a4
1 ] 1
0 5 10 15 2
TIME (MIN)

Fig. 28. Effect of ortho-phenanthroline on the
protease activity in the presence of
5mM of calcium. See Fig. 22 for assay
condition.

foo WUBEINGRETA 10 SRl IER 5 & 427 $CIRT L
25 X5 20 53R E CIER L C L BRAAEN R 4% B D,
T Eolbw Bl ofe, ¥, QUBIEE4 40°C
F 7213 80°C (4% 10 /30 F) & Cridb B8 1 S BE R
FRFERA3Y F1d 38% BEAF L, Callhto &M
R ER BFh EIRAE S A e S BRI N e
DG TR T EAVRERT,

z %=

&R, i Ca PEABNABROLTREL > T
B ERBLMBR TR DRBIBIE, F o nF 7~
DDA SR EIRTELIEDH R T 52018
W0, ThHHDEERL LURNLSBIBEEEL Y S
HHEWE R R LTBHID,

AEEEOBA (Fig. 22) 11 Ca B Y 1 mM ©REE
B0 v — 7R Bb e, Thil EoREE ciaiEss
KEAET Lz ShITPES vEEHEELTHBLT
WhLd T, Cad F VOB LB A LS vOEssTFL
Fhot 3w ATBAGE E BT &g i AH08,210,205)
Rkt Mg 1242 1M @ Ca BT £ i) X % 4
WiBHCERAL, Mg EBENE - ThHigER
W Uit otz, &5 Uiz Mg offf %13 Table 10 735
IS mo X 5 siew Ca LB EMR D Z LRI RET
55, O EirGEDTA % i\ #2525 (Table 10)
CXoThEMT ORI, RROEREMAF R s Tk
EDTA iFIMAEC X 5L AT R TRV, Thic
Co 45L& OMI< T, £/ Zn ) Ca LRI
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BThHDH8HE CiErRE Lz L3, Ca s oL g
DR OB LB 2 R Ebe b,

L — MNEICRIEX T Pscudomonas 7n 77—
OHEEMEILIL ST Zn 2 Co e ED 2 i@ H %) ¢
BB ECSIERL HHINEBIBIN, KEEFRD LY
wCoCa k D HHEDECH LML T W B, %
T CabiDEGEA R LB LR E LTI D B D
i o-PHE # R\ 7o E 8% % {7 -7, MORIHARA and
TsuzukIlss) 11, FEEPCHEBECEEFh W5 Ca st
DG EIPHHROEETICHE B 2 HF-TC\v 5%
%, CaPBRICHEETHEMT T o-PHE 2z 5 &,
BEENIER I RE TR E AR LT 5, A
B 5\ T 2 mM £ €0 o-PHE & Lca b
SEDEERE L, 30°C 10 fpHCTHRAKMEICE L 225,
BRI 20 43R E CRRE LT b 4 SILL EoofE M 2 R
Sht- (Fig. 28), AEfE R, EDTA ofimzhg
5 o-PHE X » 13 < Blh A1k % < A6 ) 17,118,160,166,
190) BARACH St iEE o o-PHE X -»T4 50%
D EoEEI BET S o7 7 —EXBD T35, —
¥, ch&dtc o-PHE w X aME» EDTA kv i
KEVCHELHE SR T B, ‘

Ll bodige, EDTA CBERA M T2 LG 21 %
Ehbi s o & (Table 9 % L8 Fig. 25), Xbi o-
PHE o{UBEEEA 10 ¥ 713 80°C ¥ CRA X R IES
TR X ieiE oA RS b iy, T bk
KENTFbhics & (Fig 28) 2382 6te5 L, KD
LowHETAZ ENRNTED, ABRCR VT CaitE
L LTEERCHEELTuAY, ARk 2 Ca l3E#
EMORBIC LBRL TR S B, Lo Linh
B, ZOFEz i Calito&BErEEIRMcBIS LT
VB EVIRROREELTET SO TH B, MOKEH
TRIEFOABEROLAT, BROBESEIRT
WhIHIED X aRFEIE U EFRT A LT
&5,

—F, Ao EDTA M8k LU Ca FyRIMALERL,
R G TR & R & DN e S huie (Fig. 26,
2N, ThbbERNTS Ca O:BREENR 5 mM ¥ T
L, BEORN & &S IERORIEERS ER Ui, i
EDTA MEEE & KR CRF L&, Ca DWik
Mic X - TR BfRe < 7 B CisiERER
CIEMEAEIE T B DK L, 25°C CRAF L A Tk
o & & b @ERMET LA (Fig. 27), Z hit
ik X 5, BEORERCES TS CarBERST
DOEFN < CHAEL, FHHETALOREI T FORE

HEAENTCD EKELICEE, ABRENEHi
> EDTA 2EMHM s B dl@TzoesL, Kl
TRERBLYET LD THB LB MTEBIA
ZoZ LB LT STEPANIAK 5,190 L3l o $f 45
LT\ 5,

BERiEte 45 Ca OB B R~k R, 1mM o
Ca TEADEW L E LN, Thll o E s\ Tt
WEHAVE T Lice CORKEREEE L THG LS v
WA BHHT DD EHEE IR, MED CafEt
Tioks T Mg (XBEREE2 I S o, Ca Bl %
BurBedogEmBrikiiicrot, Na sl K ¢
B DERB BRIk o R,

EDTA %z o\ EFEIIA°C C7THMECHRELT
LIEMOIE TR X e o Fed e X L, EDTA % 2 mM
SBEC I U411 0°C 6 BRI T 1% LI F i a5
Blt, 20 EDTA MBI L AERET IOz hue
Ca # RN LICEGOBEEEILE WThbz o 4E
WEE, BBHR, BEXOEDTA ¥/:3 Ca DR
a3kt

EDTA QBT 2 [MidE 2 i L cEa o iE i E
BRI, BEO Co2i88% %7RL, £hLITiz CotCa
>Zn+Ca>Zn=Ca>Mg D JH TH 7. GEDTA T
Cat¥ L — OB CaZ®THRINTH & 98Y ¥ TLD
FEMLE LS, Mg OBS T 26% CTh -7,

Ca TS BTN AEHE T C o-PHE % 2 mM ¥
UckER, BRERES4-PBTE L, COBaN
BREA 80°C ¥ TEHTH, ThIEDOERETEE: O
PRFRBBsh o,

P EDEREBRE LT, CalniBRORE ‘TS
LTW5hDEHE LT

FHE MBCKIBERY vV EDE(L

e W TABEFILCaic X - TRELIhB D L
PIRERD, KBRS =T 7 — €t #i#: 4 7 Ca
DHTEFRINDZ LML R TV 5, BARACH
510 13 149°C CEER A ME L 7354, Ca & AKRE
OVEEOL BRI E TV RO THThsZ LR
L. ¥7z STEPANIAK and Fox!89) 3, 100°C 30§
Mo 17 5 B4 it 2 mM o Ca pWETEETHIERS
TR, T it 100 mM % i 2 A FRf & [FIRREE it #h
HELRBEZ EXELMIT L, X5 MORIHARAIS)
2 Ca DFEMIC L Y, EEOBKIC L HEEVELT A
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ZEEHEDT B,

R ERBUC, Ps. fluorescens M5 7R F T —
DFEL Ca il LB BLRERDOHMIBL ORI &
5HEL HB1), ¥ 8HOEREO S rT T —HiT
2T RICHARDSON and TE WHAITI i, 149°C
30 WO B K- 5 it Bk 2 MEL s & EDTA i+
LEFMENE O ERR LA, —F, ABEOIRET
DMK IV T, 60°C Pl EDERC g Ui B4
CHEEROBABEMNBE I, ThLERITRT 2
KiEEOBEERENI®HLOTH A,

AE TR LD 2 AixtiErns~L, AEEOLSEY

A“

PROTEASE —

PROTEASE —

30 40

Fig. 29.

50 60

EDTA CF v — b LICIRFECME L 7BER i 2\ T,
SDS ¥LEZKBE LU v A7 BOER, Tl
FIEOME D H T OELEBR L. 51T, Hikingk
2T 5 BB oW THEREN & ORdiic kT
EBEYRARIL,
2R A E

EDTA EEEZOEMRAIEIRDO L 5 2 {Fo1s b
YRy v REB R (100 mM, pH 8.0) &M L -

EDTA %, 2mM 0B # /s & 5 CERRTHRMNL
TACI2 MR L%, 10mM b U & - SEEREHT

70 80 90°C

SDS disc gel electrophoresis of the protease after heat treatment

with(A) and without EDTA (B).
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(PH7.5) C20 fFeFmW Lic, BV CHIBETERER
1043/ (+CUT) omsha iy, [ AR B L <
H5 CawAHBRIBEIC /5 I5REMLTHL, X
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2 VS P BEOFERBRIATS L LW, YEwErnr
T T LOWRY (K1) 47 » 12,

SDS # A BLHKENT WEBER 528 OJk CF - 1o,
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10 43/, PN 4°C T 1 AN b 2mA o T i e
LB, Tem B B 4 % F TIF v, Coomassie
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THLFROBHE % b » CRERBEOEAME & L
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ton X-100149 T bk &, X 6Hic @ Triton % & i
BTEHE-TE, Amm DEXCATA ALY AH
LB LAEE 7T 7 v a vieownTd, BiEcEEREN:
HREL T, EOFEMBEHIHER L .

¥l BRI ARE €105 (+CUT) mzL, %
HoHK, EHc5mm Dy S5 A AT 550 nm O EA
AVCTERTREEXELCEBELL, Zhyf#Eo
BREORE L L,

& £

bbb T ELZLNL CaDFETCEBEL XL,
b Hb b, 50°C DB X » CHREAREL (3
) BEs bR E0h, KB TILEDTA © R
L0 Cawry 7 LIAHTICRG 58 RO MR
Itz Fig. 29 A 13 2mM BH o EDTA »idifid o
D, FHMETMEL R 2 BRI X ¥ v DG HE
THDo WMHFRED v F ORI ABERE R
&SP E AR X o THEAD LR T B RInD
B 5 hte X 5, 50°C CINZNL C 4 FEHEHS o 3 B i3
LT, 90°C CHEMCED LT BDRTH B,

—F, CagiEhTvaIRETIALEED Fig
29BChH b, AEFEIFHO Fig 17 R LB H# Gtk
DOH—FIEHIE LT, G OEEREL LT B,
CDOERE S D@ s vy BRECH T ARG R T v
bA g = TEW LR Fig. 30 Th 3, 50°C o
B CRAEDTIRE & /e b, bkako Fig 17 LIEF
BKBLTVDE LD,

BB D4 & v o2 7 BEABIE USRS Fig. 31
ThHH, EDTA ML A madiErE w X %

100

(%)

A OF PROTEASE BAND

[e)
Qs
“r
30 40 50 60 70 80 %0
TEMPERATURE (°C)

Fig. 30. Proportion of the area of active protein
band to the total protein after SDS disc
gel electrophoresis of heat-treated (with-
out EDTA) protease.
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Fig. 31. Protein content of the enzyme prepara-
tion after heat treatment at indicated
temperature with (@ : X20 dilution) and
without 2 mM excess of EDTA (ll: X20
and A : X100 dilution).
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PAEDRDE Rl e Thuek L, EDTA Bz 37
Ca OFFFET H4MT TNERTT 5 &, BERRE R W
B COEHR) Tk, MY s e AR CHIRLES 4
VR PR B0°C Lo X o TR A Lice L
LT IeME kIR OB (100 575 iz Z OBIR R
BHHRT, W BMBRE CUEL Chb—ED £ V8
7 BRI,
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Fig. 32. Recovery of the proteolytic activity of
EDTA-2 mM excess at 4°C for 12 h) plus
heat-treated enzyme 24 h after addition
of calcium at 4°C (&4 : 14.2mM excess,
® : 28 mM excess, and [J§: no addition).
Assay condition was 30°C for 10 min at
pH 9.6.
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Fig. 33. Effect of enzyme concentration on ag-
gregation of the protease by heating at
80°C for 10 min () and 50°C for 10 min
(@)
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Fig. 34. Aggregation of the protease by heating
with (®) and without 2mM excess of
EDTA (2).
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Fig. 35. Effect of calcium and EDTA concentra-
tion on aggregation of the protease
heated at 80°C for 10 min (@) and 50°C

for 10 min (&),
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DB DS LT, 50°C By CilBE OB E < 2
Dol -1 VT 2B HR U BRIV
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z 2

T 77 —EOBEER Ca ks AL, F0
BOSREEITWB T &k OFEHET X - TR
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L, 20RO h AHRROB I LURFH s v
2RI BOSRCONTHIE LT,
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WO TVER T3 20T, ThETRDEHOPRE
AT TV 5%, COUSIN® DI 1T 5—EHK, £
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7B RIE (%) & LI

F 4 A2 FAEL N ORNSTEIN and DAVISIS®)
DFE T ot 02% 8- A0 F b= /) — B L
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TTER & > oo @ IMEAIREESE : RO —1F (1.9 mé)
kb, ThicED 140 BORRIE A ML T 75°C 15§
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Dz 37 BMEORE LD, W7 3 /B
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AEERR 20 mé AWk, F R WA VTR E L,
REEMEX 403, RIE)F — X 10 g i 50°C O A % AL
< U V3L &b TKE RS 2 i, Zhiig
DR LTS, ERA 100mbic 2 A7 » 7 LCHREE L
oo DLE OB THL 2% 7= Y — 5%
T FEREACHF R L, LOWRY 19 = k - T 750 nm i
BIHBREELHEL, hiiBhg cirE L s n
VNS E TR L,

b e

HEOHEH A vieH L, AEEYRGRESR O
mé 247 b 3.6 PU QPR CIEH S ¢ kiR 4 Fig 36 %
YOt Fig. 37 i Lic, °C B\ T H XA VO
RIS (Fig. 36), FTCL f-H LA vize- 7
A D21 EOEY R, 3HEHET86% p3 0 L
Tro TAUCEANTIL asi- D EAL Y OLSMMHISEL, ALY
3BT 56% 1Rt L 12, 25°C CYER X o (Fig. 37)
AT AR R ISTREE D 0°C I =Tl - 7o t, D
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Fig. 36. Degradation of caseins by the protease

at 0°C. Caseins (0.2% in 50 mM Tris-
maleate buffer, pH 7.5) were incubated
with 1% volume of the enzyme (3.6 PU
in the reaction mixture). Degradation
(%)=100X Ageo of the TCA-filtrate/Ageg
of the casein itself.
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Fig. 37. Degradation of caseins by the protease
at 25°C. See Fig. 36 for experimental
conditions.

Table 11. Effect of temperature on
proteolysis of caseins®

Per cent of proteolysis

Temperature
€C) ZZS};?Le asi-casein  f-casein
°C
0 9 9 27
25 37 60 81
25°C/0°C 41 6.7 3.0

a) Casein substrate was incubated with 1%
volume of the protease for 20 min.

. 0°C 20 SRR NFE L TR, “hi 25°C o5 —
& Loyt Table 11 Ths, 25°C &£ 0°C Eogy
FEHRE DD f- 1 €4 T 3.0 THAHDIEH L, as-
HEA VTR 6T L2 EDERRL, 0 Lk p-
HEA VHIMER SV TIEFROMEhLT VI &% E
BRLTuw3,

£= h A VICRBEE YR S e Bh, AERR TG
kb BicdifEE Lo & v -5 7 B ik B ES Tk
BASEL2C IR S TEREBR L TLE S 1,
B RIEFR DRIEHI AT TH »Tee LnL, Fig 38 @
74 A2 VBRI BT, 15°C 1K % 7013.30°C
10 FREDIERK & » T k- P EA vORESHBIR I h
TWBZ LB, LD k- HEL ViTz, E
D asi- XL ED 7 ¥4 vH 15°C 5 KR ¥ foi2 30°C
1Mo X » TR THZ & b ¥ 7o, Fig. 38 »»
LHLMTHSD,
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15°C o 30°C

CONTROL  1H 5H 10 MIN TH

Fig. 38. Degradation of whole casein by the protease. Twenty mé of
whole casein (0.5% in 50 mM Tris-maleate buffer, pH 7.5) was
incubated with 0.1 m# (ca 40 PU) of the enzyme. The samples
were analyzed with disc gel electrophoresis containing 0.2%
of B-mercaptoethanol and 4.5M of urea.

Table 12. Effect of Pseudomonas azotoformans No. 400 protease on
the cheese ripening

Green Total Water soluble Mature index FAAQ and
cheese rotein® fraction® (100X B/A) peptides®
yield (%): A (%): B (%) (%)
(%) 3wk 6wk 3wk 6wk 3wk 6wk 3wk 6wk
Exp. 1
Rawe 11.0 4.79 5.40 0.59 0.76 12.3 14.1 0.43 0.38
Heated? 11.0 474 4.92 0.58 0.79 12.3 16.1 0.36 0.34
Control 114 5.11 5.18 0.60 0.82 11.7 159 0.43 0.37
Exp. 11
Raw 12.7 5.10 4.94 0.54 0.73 10.7 14.7 0.22 0.31
Heated 12.5 4.95 4.99 0.54 0.72 10.9 144 0.23 0.29

Control 12.5 4.80 5.25 0.58 0.71 12.0 13.6 0.23 0.29

a) Unheated enzyme was added to the milk before RENNETTING.

b) Enzyme heated 75°C/15sec was added to the milk before adding STARTER.
c¢) Estimated by Lowry’s method and expressed as tyrosine equivalent.

d) Free amino acids.

TRTT7 —EEHEMLTEE LT — X045 iR & S BERE, WPThd 11~16% OREEFIC S - o
Table 12 Th B, 2+ ) —AfF-ERD 5 b, K A=) = RXDF - K@ E I & o o B R & 43
EERTIUD 7)) —vF—AWEHRDLIEDR D o L, HBF—-X &7 077 —EHEMF - A LDECE -
LALE YY) — AATIRNBF - X EDERBERDD THEDRAIIRD ORI o, BT I /B 7
hizd ofco KBRS O v 27 B+ 5HEY FF, Tibht 12% TCA TBRHEIEF v < v REEE Rl
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Table 13. Degradation of caseins in

cheese

Casein ratio (Alpha-s,/Beta)}®

3wk 6 wk

Exp. 1
RawP? 0.56 0.33
Heated® 0.51 0.29
Control 0.60 0.33

Exp. 11
Raw 0.49 0.35
Heated 0.49 0.34
Control 0.45 0.35

a) The ratio in whole casein was 1.15:40.07
(SD, n=9).
b) and c) See foot note in Table 12.

YT BRI, FER LT 3ERM X Y b 6 EEEE 0T
AT BRI R R L7,

F— AOBBEAETCH S K » LA VO RLRREYMD
FedE, BEILITF 4 A2 FA BT VY b A =2 —Th
v, FO an—/f- h S ViEERIE L C Table 13 R
Lo BT - THRIZVTRLET L
ST — X & OB BEEEIR DS Rich -,

E E

- HEA VREEFhABFEILLI VDS, f-HE
A e LUERE 7 7 7 7 — EMERNCERT 5 &
(7N 5i&%bigﬂl\5,35,48,110,116,140,176)0 Lﬁ‘ L—%jﬁlw:l of
BT LD B- P EA VR ELSEIND LV O R
T3\ o STEPANIAK BNV 2 Py, fluorescens AFT
36 TIL k- asz=>p->asi- HEAL VOIEF & fen Tk
h19), PATEL LOERTIEH LA 68KD 5 b, JE
Ligh ol 1R VERBTOE a-% 8- H X1 v
I h LB LI, ¥ COUSIN and MARTH®
LR X - CTHBOFFINRARD Z LR LT 5,
X5 McKELLAR!ZD (37 n T 7 —EREH I TH
#h XA vORERIEHPEE LI ERHE LT,

KEEBRDFER T, 0°CHIU025°CovTFh ol g
T f->aa->Whole (@) 7 €4 vl E Tt -
7273 (Fig. 36 % X ¢ Fig. 37), 2@ xolbiiEe
Yo TREDZ ERPLITTE » .7 7ed s Table 11
WRLIc k5, KRTE 8- 7184 vOSRE © K

T A vichRCIER e <, 25°C/0°C DIk
ECRZEXDP T ElcoTw b, COZ EFFIOT
FRTBE, 2 VR0 B REDNS0Y  ie B IH A
Fig. 36 & 37 nbaRkdTHRE LA, aa- B EAL v
TR 0°C 238 25°C ~DREE EF - T 152 73 [
1555~ &R Y10 w@m s hi-orest L, - H €1 v
TEHHYT B E v, ZDZ &3 B-HES

VAR TIRRE, v — L LTHEET A Sk &
FRThBEZ2bRD, HEELTCHES vEHAVS
FERE BT, ZOHETRSEEEL LT hilid
AR

= N LA VOSREFERCTHGLTT R LTk
EBRTEETH D, BOH¥A vERETHE LI TE
oo tehy, Fig 38 wiid ko, RV 727 VA7 3
FaRAGCIT 4 A7 r VBRI OFER» HRERIFA O
B p- A v EEQ RIS R B T EHERIT
Bobhic, k- 71€4 VO RY ERINOIET B 12D
AL BIDEER T CIT 5 LER D B,

ABEE R RN U CRLE L BT 9 — XU B 52ER
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MLTHEE LcF — X TiE, &< OBERNER DT
554,72,146,164)D L?’J’L, LAW BIOG) 1L {&fﬁ%ﬁi 107/mZ
FTHERFLF TR L Td 5 = £ —F - XDOIREILH
FOFEEEL I EREL T 5,

Table 12 mBEMLD X 5, KEROHERLBUL
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HOFME BT 2EMRDbRD L 5 bim, 20
PU/C &9 b B EoBEYFRICRMT oL 8RS S
L5,

FEF— XA 2T 4 A2 S AE LR, B



46 JeEE KRBT H16% H1F

BT AR 55/ asi~/B- D H ¥ A VILEEIE LIRS R
(Table 13), 0.3~0.6 DHIAPN DOHAE & 75 b, Bseds
E XD Lice 777 —EiGollEc 5%
- B A vOBRGIKYH N SFFH Lfiln 115 Thsb
DT, KF— XTI asi- 7 -EA YHEERGC S F E h
feERisd o &ncE ki,

F R BT B EN LA VDY AR — K XL
3Ot B R B, LINDQUIST and STORGARDS!S
ks a B, B-F, BIOIERMAERT, BED
F— XL asl~ A VORI B~ A XA vDERLD
bREWa-BITHD LT T BU8D, REEF
IBHEL VOGS IREL B-HEA vAME R EIh A b
57 (Fig. 36 X037, -~ XRABOBRIKTIOK;
SECIIRIE & FHEC asi- A ¥ A VAR ELTHM I h
Foo TOZ LS ER, AEMTHR L BRIEE LT
— R a g 8o L SR BT T B,

FRRERIEE D 20 PU/M 11 Fig. 36 35 L U837 i L
P U B IREED 1180 TH B, F— X~DUEM
R LT 2 DR AR Lic Dk DRl 2 Syt
Bo Tiedoh, FERAEEDBERMMERE L SRk L T
0.5% BEfE L, 25°C C 24 RSB+ % £ 5920 PU/mé
DT rTF T =Y ENS, 4§ TNETHYAE EFE
L, Z001% EXNFHEAFFITEA L EE L&
@@;jgigg;ﬁi 20 PU/é Elc b,

KREAEEL CFr — X2 G T 558 BT
o UEREORFLAIM SN, & vy B iEID
ETHHEE 5 L Ebn%, Uh bR ShicBREA
BEHE LECR L X5 & pH ClARgEs o7 K
Ve DT, HABEEA X — 2 —PEFECTCBER
D, HEA VERCHEMTO pH CRERATEEFH S
BIHBE L DI 2 v BRI RRTLO
EHBZBND, AFERO X 5 CER 2 FERILCEERM
L, SEYEE L r — A L8R AE L
FE Uk hiEnbiv. LarLl, Wi LTHER
P 1T B8 pH OB MR A = Ll Db, Dir
DERE 7 v 77 ~EREN LS ET F - A0 %
EETBHERRDO N0, DBl ks
DEHEEN D,

2 #

AEEZNE- H A VRO DT BRSIERT B
BB, El N LA R LT 3.6 PU/mé DREET
BEERIRMLCRIG S &, £OHRE, 0°C 8 X 1825°C
DWTHOBEZ BT f->as->4- 21 VO

FCx s 2 BRI WA B D LR, iR
B s BEE R & o T, - I EA Vi3 3.0, as-
WA N 6T RFEL, WEIMERIC S\ CIEM I BEE
TEREZT TV RSN LT sl H A VD
SRR R I TN EARTTHE T h - 7o,
74 AV TREKIKB DK, - H ¥ A v &R SOS
R B A R ERRICIE X e,

ERRRED 1180 AT A BOBE L R B D F
¥, FIINBA U B BRI RN L T — A
LIckER, 70 —vF— XU, P, 731 /.
TF RO TR BT IRS — A & DxE3iln
b, PEOEEE 7 T 7 — Y F — A s
Lz E2VHII L e,

T4 A2 S VBZIKECHONOE, F— Ao
PRV asi- HE A VI B A VICEBRELTORER D
ZERRER, MO T an-/f- H EA O
0.29~0.35 & 72 572,

SHOAEXME T 2YA, iRl
EWAENTEAE N E ER TV AD T, WELRE, K
MNUTHELh D, TiESFREECH 4 O 4 & 4
&, BEREILLN oLt X s TEASh DL,
BRI E 2 PEALLIE DA FIRBEHT X » T
ELEREND, BHEFC S TR Y KRIRGET D1
2% LURFFIFRLY, RO ELAED R TV 5SS
H, DBIcle~<Cofimd ame b . % & CHREHPIC
A UBEENAEOENERSRA Z Eek b, 20
ERRFR O EBC S L, TOFER L -
TWBORMERE TH 5,

TRIRBEIFLA B L ORI AT 0 & i 2 IRERE A D AR
FLUCRA LBO0), 2D e b B H O K X 7EE 2 5
DTED, ERGBIREO LA k- ThREEEHD
KIFCHMT 519, ZofER, KREO&ET 5REE,
Tihehbt, 7aF7—-UER) —Xi Lo THE V2
BRI AR Eh, 0SB0 T I -
TR B, AHETREHEED 2B, Fr /e 577 —¥C
EHEYCHT EE LT

DT eT T —EOARIBEOHE e X - T
REIhB D & IE2H), KECEILVRET B
CILBE OB R M b iy, F i, EIFRMOH
HLLoTF a7 7 — B SRR, Shat
el 2 DETH - ThMo RERERRCRA L&
L, BESROERRIC It B BRI E i (B8 1T
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B 3E) GRS h oK DI vBE& T UHT 4
TP, (LL 4-9L5%) sl 238, ke ¥ o koK A
&7 B TREME S B 550 140)

FaTT —UREE IR BRI L 5 CTRED D
Do, 25°C 24 [T 20~100PU/mé TH3 (HlE1
e 4, CORKOBREIEE SR ERKEL, &5
D1 P URTBECEER & LEE, 20
BEFRROIFAIC & » TR AT Elez Sh
HHEERAMESS 2 ETx v R B MOBRELTD
VBN (MiFetHEREasR) Basin amilxsE L
BB &, 30°C THY6H MM & 7 B, EE LB MRS
PEEHDTHE LRI DZ ENTHRINDLN, 20
T4 FAPER OEATIR T I} B 4 A HI D B
WEPEE - T B, SHLRBRTHREFETEL SRS LL
HFLOFHAOL AR, BABEE LTS HA SR
EREE DI HE FV, TE 512 BB F|
b E CORFERMEERI s - LT ECHB, D
X5 ARSI AER T 5Bt & vt 2 B R
AR TR Z 2T Hb LT, DTeil~5 X5 7%y
BRI VERN LT - AR il Lo,
ORPERBICHR L 0FIBD LR o EEIIE6
#)s

EC, AR VCTIESE LCHARI R 5 EB
1, TibbEHANBA» bAALLOFRREpE L LT
DT rTT—=EEOWT, FERETHL T AERY
o CEEPThh T %, [T 2B &
LEDRKDOBHBICLSDTHB, BEEDRE X485
THEIERIERR T, —T, TTREZRIE bR X puo g
BEEATHEEPEECH S, L LAPBROSEA L
Lo Y5 wERRR» S 4 F e ks T w7 —
COEMXHE Z XA E LT3, BRER X
TBEROBECT, babEHFEL TV 5% 0 kMY
(92— ig K REOBF R, T{TEYE, RH
WHIE) BRI TLE S, FOEER, Afoh
LOYENPIET D Z I X o THEAPRITE LR
ThAHHMEIERN, 0 X5 kb BE#4 A Lk
BEIzZBdbhis{itb. Lok o CHIAP CERE
X o THEIRILTT R 7 —EOXENE M5 fe bt
BESEORBIE DI AL LAEE L & o 5o i

Mok MEREERT L E LR,

AEEROEH pH 13 9.6, FBRIGRE L 30°C TH b
By o (Ca) BN EThH S BEIIEL 2, 4
e TG LU D B VILERIC RV B EEE O RE: (75
MR Clmiads:) R (RREC X5 82T %

(BBIEL 3 58) 2 &hb, ZhbOXRETERSY
BRIFH B\ T IE L 1A OREREEOR A2 B THIL
kBt o L HEGE L 12205922

A7 r T 7 —CORNBEIIEE <, 140°C D hns
B A LT S BERIEYEDERAR L, 90°C ¥ T MB TRk
ERIGORERE IR b hi BRI, 7v
=W ATy FInbiE, 70°C £ CBER & v 2 EICHE
BEfeolEE s o LR SR B IIESH) iy
HHF, 80°C B TEEFRER B L h T3 (BT
E2H0), SOz kik, 100°C LIF O sk Cl s in
2 CTHOMED R nsz L 2RBLTW5%, —H,
AP EEE R ThH & eBr b L, CORK
P32 FEIALL DB ORI SV TV BTERAE L &
LEXBD, HLSBoRicfEilnb i,
L LR SERANLBEREZBEL L5E, KBRS
80°C CHEMEAE THBROBRIEKRTH D, 4. -
LB BT 5 TERRE L Lo MTABTRES, o
BECE L b ShaBE, L LbMEKEE
THT R 7T —EREETIE xR0 BRSEE
RBZ LB LTHB,
ERMCEBRARROGROMNHEI, LdoXi
140°C CIMBA X FLicBER A 30°C e i) AR & &
T2 ETHD, BERNECRTHTHADE L A120
~130°C CHEMHOBELELYH S h Tk H, SHIC
LL 230 & & 7ouid 140°C Mg omii chn s h sz &
By, ABEEILI RGO X » ThESIE
WL, LT, fe LLAF oA ERT
E IR T 5 WHEED S o dIT, T DM FLoEE
B UTRE RS b EORME T Sl $HRE &7k
;Q)1,14,21,24,31,35,46,57,105,108,132,140,194)0

B2 ISR B o0 3 B HIBA P9 C 13 50°C i Tl b 16 Pk
PMET Ui (58 1132 348) = O RAHLL KR
W eT77—ER oW THHCHLDH R TH D & 2
J19:120,177,189) ke TR iz ks W T A LRSI B b hic
(%5 11 2 5 i), 50°C (2 ABER O B O ok efThh
HEEEL S T Lic e B, LA L, STEPANIAK and
FOXI8) O - 1RO, 55°C TTELTH—
HEALEFRERE LW EBEHb it 8T
D, OB LGRRFPALEL MRS,
—F, SEREi Apams 2%, UHT Mg C45L
% 50~60°C "¢ 5~60 /3 fmE L CZ DR F L E LT
EHE WS REETF 2B TN, ZORKELT
GRIFFITHS 5%) 13, HOMEEIC L » x5 L
RN CHD T ERIEHML TV %,
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T rF 7 - COBKEW R RT3 R Ca it
LT3 & 5 3REILE { 2012,185,200 ) ZnfyElir Ba-
RACH and ADAMS®) & X hi¥, native fp& .27
s rigTsiwvs X 0 b, Cakfsr v v HE
PHEVER L CA&#EH»DIEMEr renaturation #f T
FeDTH B EVH, L L MARSHALL and MARSTIL-
LER2) i3, S5 OERE T 7 77 — €Tk Caic X B8
WEtIE L bR E LTS,

AEEEOPE I Ca BRI HE L Cnb L)
ERAES R (3 ILFE 4, 555, BEi% 60°C LLEDR
BomsT 2 & Ca OFET CRERE vV HOBEE
KL (BEORR), O Enb, KEEEI EWR
EeadkiER R LEV o, SRTERE TS T
LW X o CHER & v A 7 BOBKREIELL, 3
Cap'\Bi5 L THERTI SR L, TORKREL CHH
DOFERTE N REEZI DD THL LfEEShs 1
E5H). chicxl, KiSRed v— r%RENnL %
B FEREFEEARRT, Lk, THOHLE bR ET,
FREHEETHHRANELES BRShitv, LirL, Th
wHEO Carinz n LEEREEAIHDOR S X5 %
(B ILES5E), Do, CatBROLXEHEOH
e FEMTAC LB TS L T BT L RHEbes b
DTHBD, ZORISHEOWRCERL

L= H XA VOXRELRI DO ED, f-FEA TN
LCABRIMO £ vics+5 X b I fEAL
too TOERAOC KBV TL RO L, ER T 8-
HEA VR T DR RENEE o7 (BILE6H), K
HE v T 7 —EOBBELT, 20k KRB
HEHEEEAE VR L HbL T, el X 5k
FLICABEE 2RI L RIS Ule s — KO D &
RETLLT (HIE6H), F—ACECCRABHE
Ag =z, BRIEAYELATHER, HicpH oD
BFAT R T 7 — CHERICE B LT 5 0 LHEN
Ihiz,

% £

B3 X 0l LIRS T A TR T T — YO
WEY, BABRECRST RO ERYRLE
LCEBR L.

(a) 5 BEMCIRE Pseudomonas azotoformans No.
400 B3 7 m T 7 - EERAET AR E U R A
BB L D b ER TR Y, AR TRIV-H Y 5 Glu-
cose effect I X » CEROAEIMIM S iz, FH K
B & UCIROM A A Zhic, 14 DiimET

ve=wallg, U VEELF YDA -2KELg, HE
Aoy <2k 15g, b~z vy s 4K
16g, WiE» Y vs05g FEEGSH - 7K 03g, B
Fpx= 2 20g, pH6S5,

(b) WiIRFLESG CIREETR 1T O &, LESINDHEER
B2 FEm U2y, PEEE A ERH
WY Uteo BRIGFLES N 3810 2 Bk D RER A IR B
140 rpm TFRDH B I I,

(c) ApRBHis 3% 1L B, 56% M7
vea=w A, BLU60% 7Tt vk Ay CRERK
3.23, [ENNEK A74% 7 T T —ERHAREE Shi,
ZOEEFEORAER Y pH 96 b b, pH 7.5 T 40°C
20 4y Bl R CRERTRE R AT IR Uz, BESR O ults
(RAEIR B O ORES - BUBEORR vl LSBTGS
Bk E B LI, ThUBOBHEET @S L
-7

(d) BERGOEMBELICph, 0°Citk v
T 30°C © 4 B OBEFIEMAGED B ke, 40~50°C T
ARIEDE L7 LDkt L, 60°C DAL Tl TBOEEH
BE o, 50°C OINEILER A HE U fcEEEL, 30°C TRE
FREMERWET B LG ERHR SRS v b EhL T,
80°C CilllE 3% & inie b DIEWIR B LRI,

() AV mF 7 —HOMEMIBREECHEI R
TemIEE TS L, 140°C T L T A FEHESABRE L A,
LFEF—2DT Loy AT r .y bhLRRREEOREX
2 50°CImh b, 40~50°C R D ¥ M fb= k& — ik
5409 kJ/mol, 70~90°C o> % h 1. 110.7 kJ/mol L&}
Hahie, (KRB 16 Ekc oW CRE AR F LR RN
FER, LRIz oBIRARD G I,

(fy BERE s v a1 mMERET 5
B Al % 57 L 72 2%, EDTA % Caxf LT 2mM
SBEN I 2 FBET, 0°C 6 B RFRe X DigEkE» 1%
DT Uiz, EDTA %z Co, Zn, Ca, Mg %
TR 5 & BERTEMEI R 88% (Co) ¥ TR L 7o
XL GEDTA, A4+ 7 =7 v ey vEHAWER
LA LT Ca RABROWEREEL L TW5 LY
W L7ze

(g) CadFHETELRIFFETCR W TABREH
R TMEL, SDS BRIk b e 2 vy HEE
BT - AR D D, PRAE IR v 7 B0EE
MR S<CRETHD LER LI, $h, CafFET
60°C LI Lo mBc ds\ T HEE S H BRI OW b oL, B¥
Fx v BOBIM LA ChH D EHEER LIS,

(h) KBRS 724 veBRIBMERAL, “hic
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T asim, @ LA VOWEF T V3 7 BORHBAT
bhile, f-2E4 A3 0°C mB THEBEREH T 2 &
XA K E <, 25°C/0°C DFP I aa= HE A VD367
THDHOEHL, B~ H¥A 13 30 BRI, REERD
0PU/M #FERFLEEML s — X a8E L, TOH
6B E CTHE LR, WRF—XE0BIADL
Ry, 7 ARSI B 5 R CRABENG | Ei
TpHEK FEDERI L v, VPEOBENFLELTD
B 8 52 foo Z EAVEI L7

Eil B

ARRXIENC BT DY) s SIFE L CBE, &6
2 ZE B0 57 W - fe bR K R R B S
I EEECEO X VR R L RS, o ER
R UCHEB O 5o ZHREE D, Dt
Wb o T IRMOF s & b i At RSN
WY BERRET R B M oBYE TS, b
RECED JRE & WS e SRR - 1ok
BEARFE R YRR S — B R 7 b R %
L5,

APRET ~ =% F)D LT MNP D REACESD T
168 & TR - 1o dbimE KRB HER - BIFESLNR
BRFEYTAEBRSEROBK D B L - T
EF & hice BOPbLRIMEILEH LEF V.

SHEARINIEE LR HROHR LT - BT E
2L R & T REREREE, £ 0k EOME
B A RBEEN T AR PR B R E RS I O B AER
HERE XD & T 5HEE, BERNFIIRHERRRER
B#EEE, LR EYTRLTT & - kEERMRE
FRBEOEBRBEBEE, FHE—AREL, RIRECE
DO THWHOWH E U THER LIz T RELREHT K
BThb, I, AMEO—IMITIER 44 TR 5k &
LBRERNSC L - Tt
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Summary

During past few decades the studies of psychro-
trophic bacteria have been focused in dairy indus-
tries on its proteolytic and lipolytic natures.
Recently, the defects of bitterness, sweet curdling,
and off-Aavor in dairy products especially in UHT-
treated products such as long-life milk have been
recognized that these are due to the action of
protease produced by psychrotrophic bacteria.

The aim of this study was to investigate the
production conditions and characteristics around
heat resistance or thermostability of the protease
produced by an psychrotrophic bacterium, Pseudo-
monas azotoformans No. 400, isolated from raw
milk. Partially purified enzyme preparation was
used throughout the experiments; because the
enzyme produced in milk by psychrotrophic mi-
croorganisms may act on milk protein not as a
sole enzyme but as the enzyme system, in other
words, several enzymes.

I-1. Skimmilk produced more amount of pro-
tease from Ps. azotoformans No. 400 than did
whey as a medium. Synthetic meidum was supe-
rior to natural media other than skimmilk for
enzyme production. Sugars added to synthetic
medium inhibited production of protease in the
order of glucose, sucrose, and lactose. After the
commencement of the enzyme synthesis at late
logarithmic or early stationary phase of bacterial
growth, rate of enzyme production increased rap-
idly. Zinc was chosen from cationic metals as a
stimulant for the production of protease, and a
semisynthetic medium containing following com-
ponents was developed : (NH):SOy, 10 g ; NaH,POy-
2H,0, 10 g ; CaCl,-2H,0, 1.5 g; MgCl,-4H,0, 1.6 g;
K804 05g; ZnSO,7TH,0, 03g; yeast extract,
20 g; distilled water, 1£; pH 6.5.

[-2. Effect of oxygen supply on the production
of protease in reconstituted skimmilk was studied.
Shaking culture using 10% reconstituted skimmilk
as a medium gave a double amount of the enzyme
compared to statically incubated culture. In con-
trast, the amount of protease produced in semisyn-

thetic medium decreased by shaking. Shaking
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culture in reconstituted skimmilk supplemented
with yeast extract yielded a half amount of pro-
tease compared to the medium without yeast
extract, whereas Polypeptone and/or zinc sulfate
did not affect the yield in shaking culture of
skimmilk. No difference was observed between
10 and 15% reconstituted skimmilk cultures. Pro-
ductivity of the enzyme, however, increased more
than twice as high per unit volume of reconsti-
tuted skimmilk by decreasing the volume of
medium for shaking culture to a half of the con-
trol sample.

The amount of enzyme produced in skim milk
medium increased by the bubbling of air. How-
ever, the yield per unit volume of medium at the
maximum air supply (800 m# per min) in bubbling
culture was lower than that of shaking culture.

The results and the relationship between enzyme
production and bacterial number indicated that
protease of this bacterium could be inferred as
the extracellular enzyme.

1I-1. Partially purified enzyme was prepared
from the supernatant of semisynthetic medium
by successive precipitation with 56% saturated
(NH4)»S0,4 and with 60% acetone. This prepara-
tion showed purity index of 3.23 and recovery of
enzyme activity of 47.4%.

A maximum activity of enzyme was observed
at pH 9.6 (10 min-measurement). Stability of
enzyme varied with its holding temperatures; in
alkaline pH, 4°C/48 hour-treated enzyme was stable
even at pH 8.3, and 40°C/20 min-treated enzyme
quickly decreased its activity at pH above 7.5.
However, in acidic pH, it was stable at pH above
5.0 in both treatments.

Although the initial rapid decrease of enzyme
activity followed by the slow decrease was ob-
served during frozen storage at —25°C, about 30
per cent of activity remained after 230 days. The
result indicated that initial decrease was not due
to the freezing and thawing itself.

A similar result to that mentioned above was
found in the experiment of repeating freeze-thaw
treatment on the protease which was unheated or
heated momentally at 30°C. However, no decrease,
except the reduction due to the heating, of enzyme
activity by the treatment was observed on the
samples preheated for 10 min at 60 or 80°C. Upon

frozen storage of enzyme preparation, it was sug-

gested that not only the storage temperature and
time but also enzyme concentration might affect
the change in enzyme activity.

1T-2. The effect of temperature on enzyme ac-
tion was investigated. An optimum temperature
of proteolysis was 30°C, and then dropped to a
minimum at 40~50°C. At temperatures above this
range, the activities increased again. The activi-
ties obtained at 0 and 90°C were comparable to 40
and 30% of the maximum at 30°C, respectively.

Higher activities determined at 30°C of the
enzyme were obtained when it was heated only at
80°C, whereas lower activities were dominated on
the samples heated at 50°C, so as heated at 50 and
then at 80°C, and at 80 and then 50°C. All the
activities determined at 50°C were the lowest, and
activities at 80°C showed the values similar to that
at 30°C.

During the course of storage at 25°C for 10 days
of the enzyme preheated at 50°C, there was slight
decrease in the activities determined at 30 and
80°C. However, no decrease of activity was ob-
served when the enzyme was stored at 4°C until
64 days.

pH dependence of the enzyme preheated at 80°C
was identical to that of non-heated enzyme.

These results demonstrated that heat treatments
at 50 and 80°C had different effects on the proteo-
Iytic activities of the enzyme system of psychro-
tropohic bacteria.

II-3. Heat stability was estimated by heating
enzyme for 10 min at temperature range from 30
to 90°C. Enzyme was the most unstable at 50°C
but remaining activities of the enzyme heated at
60~90°C were about 40% of that treated at 30°C.

The author proposed to call the inactivation of
enzyme at 50°C {so called Low Temperature Inacti-
vation: LTI) as Medium Temperature Inactivation
(MTT). To avoid confusion of the terms between
“low temperature inactivation” and “psychrotroph”
(low temperature microorganisms in Japanese) in
which two words “low” mean actually different
temperatures each other, the author throught that
MTI is better than LTI in Japanese.

The heat stability over broader temperature
range was investigated by heating the concentrated
enzyme sealed in the pyrex capillary tubes at 30~
Results
indicated a different thermal stability curve from

140°C for come up time plus 10 min.
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that of diluted enzyme. The discrepancy was
attributed to the difference in enzyme concentra-
tions used, since in another experiment of concen-
tration dependence of heat inactivation, the rates
of inactivation were always high in concentrated
enzyme at any temperature. Therefore, it should
be noted in a practical standpoint that the ther-
mostability of the enzyme could be sufficiently
high even at 140°C.

Arrhenius plot of the inactivation data demon-
strated that the maximum inactivation took place
at 50°C and that the conformation of enzyme pro-
tein was changed at 70°C. Activation energies (Ea)
of the enzyme inactivation at 40~50°C and 70~
90°C were calculated to be 540.9 kJ/mol and 110.7
kJ/mol, respectively. This proved that enzyme
could be resisted against inactivation even at high
temperatures.

Distribution of the LTI was surveyed on 16
psychrotrophs. Based on the results that about
70% (11 strains) of the organisms represented the
LTI, practical meaning and application of this
treatment was discussed.

1I-4. Effects of calcium and other metal ions
on the enzyme activity were studied. A maximum
activity was obtained in the presence of 1 mM of
Ca but higher concentrations above the optimum
decreased the activity. This decrease might be
due to micelle formation of the casein substrate
with Ca. Magnesium also stimulated proteolytic
activity in the presence of trace amount of Ca,
though its maximum activity was lower than that
obtained from the addition of Ca only. Sodium
and potassium did not show stimulatory effect on
the activity.

The addition of 2mM excess of EDTA to the
enzyme solution including Ca resulted in a de-
crease in activity to less than 1% of the initial
one after 6 hr-storage at 0°C, whereas the enzyme
activity without addition of EDTA did not de-
crease even after storage for 7 days at 4°C. The
decrease as well as restoration of activity induced
by Ca re-addition after EDTA treatment were in-
fluenced by the treatment temperature, treatment
time and concentrations of Ca and/or EDTA.

Proteolytic activity of the EDTA-inactivated was
restored by metal ions in the order of Co, Co
plus Ca, Zn plus Ca, Zn=Ca, and Mg, among
those, restoration of 88% by Co of the original

activity being the best. On the other hand,
enzyme activity after chelating Ca by GEDTA
was restored to 98% of its initial activity by addi-
tion of Ca but only 26% by Mg.

o-Phenanthroline in the presence of Ca dimin-
ished activity by about 40%, though its effect was
independent of the treatment temperature. Above
mentioned results suggested that Ca could con-
tribute to the enzyme stability.

II-5. Turbidity of enzyme solution and degrada-
tion of enzyme protein in the preparation which
had been heated at various temperature with and
without Ca were examined. Protein content of
enzyme preparation in the presence of Ca de-
creased by heat treatment, whereas no change was
recognized, when Ca in the preparation was che-
lated by EDTA. This decrease paralleled with
the enzyme activity after heating.

LTI which usually observed at 50°C disappeared
when Ca was added to EDTA-treated and heated
enzyme.

These results and all previous analyses led to
the conclusion that LTI of protease was ascribable
to autolysis of enzyme protein. However, it was
not clear, whether Ca could contribute to stability
of the active site of enzyme as an essential com-
ponent or not.

Changes in turbidity took place at high-tempera-
ture heating of the enzyme. It depended on
enzyme concentration and did not occur at 50°C.
The facts suggested that this phenomenon was
supposedly due to the association of enzyme pro-
tein upon its heat denaturation. Furthermore, the
experiment on the effect of Ca on the changes in
turbidity of the enzyme after EDTA treatment
showed that Ca was necessary for the association
of enzyme.

II-6. A 3.6 PU/m{ of enzyme was added to the
fractionated casein solutions to elucidate which
fraction of whole casein might be susceptible to
hydrolysis by the enzyme. Caseins were degraded
by the enzyme at both 0 and 25°C in the order of
B-, @s1- and whole-casein. Ratios of the degrada-
tion rates at 25°C to 0°C were 3.0 and 6.7 for S-
and as;-casein, respectively. This indicated that
the former could be more easily decomposed by
the enzyme than the latter at 0°C. Proteolysis of
r-casein could not be quantitatively determined
by the present method but was qualitatively dem-



=00 . Pseudomonas azotoformans No. 400 © 7w 57 — & 61

onstrated by disc gel electrophoresis. The result
indicated that the degradation occurred at initial
stage of the reaction like in the case of f-casein.

Heated or unheated enzyme was added to the
milk, and cheese was manufactured experimentally.
Yield of green cheese, mature index (ratio of
water soluble fraction to tatal protein), and con-
tent of amino acid plus peptide fraction of the
experimental cheese were not different from that

of control cheese, suggesting that a small amount
of protease from psychrotrophic bacteria did not
exert influence over cheese ripening.

Incidentally, disc gel electrophoresis showed
that ag-casein degraded predominantly over f-
casein during cheese ripening and that the ratio
of ag)-/8-casein was found to be 0.29~0.35 after 6

week-ripening.



