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HWEH BEOBRGEAMEECOWT (Kol)
Bacillus. subtilis DERABSBEBEOT, ZoEcowv T

6 MHOBARSEMECOCT (Ko2)
Bacillus subtilis DEREFREBEEOREEHE OV T

' R B GaEmmrs
BACTERIOLOGICAL STUDIES OF SHIOKARA OR “SOUSED SQUID”

5. On the Proteolytic Enzymes of Bacteria. (Part I)
Some Properties of the Proteolytic Enzyme of Bacillus subtilis.

» 6. On the Proteolytic' EnzYmes of Bacteria. (Par‘r' )
On the Activator of the Proteolytic Enzyme of Bacillus subtilis.

Kiyoshi NAGAO
‘(Faculty of Fisheries, Hokkaido University)

The pr&ent author prepared a proteolytlc enzyme of Bac. subtzlzs Wthh was 1so]ated
from Shiokara, by using either lysis, lyophilization, or treatment with acetone and ether
The enzyme showed optimal activity at pH of 6.8 to 7.2 and temperature of 40°C. It is
of interest that the enzyme was not much affected by presence of a high concentrahon of
sodium chloride. The proteolytic activity of an enzyme prepared by acetone-ether treat-
ment was nearly the same to that by lyophilization, whereas that of an enzyme prepared
by lysis was lower than the others.

This enzyme was activated by either Mn**, or cysteine. When Mnt+ was added at the
start of hydrolysis, a deflmte lag phase was observed before the first order reaction took
place. When the enzyme was treated, however, with Mn** at 37°C. for about three hours
before the substrate was added, the hydrolysis took place without any lag according to the
first order reaction. This suggests that the activation may give rise as a results of combi-
nation of the metal with enzyme protein. The proteolytic activity ran parallel with the
concentration of Mn*+ within a certain range of the concentration. In case of cysteine, on
the contrary, a higher activity was obtained when it was mixed simultaneously with the
enzyme and the substrate. These experimental results are shown in Figs. 6,7,8 and 9.
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Maschmiann® |$302 M OBE KD b BB AES MR IO 2 BNATIRE L. X0 3 BOE
HESHEBELHTnw3, 8IS (1) Bac. pyocyaneus, Serratia marcescens DIEFEWENM . Egg
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Gelatin #4083 3 BEIZIR { £ { OB 7 L Bidwell®, Kocholaty®, Evans®, Ramon®,
Gorini® &P D 5., Kocholaty® yX Clostridium histolyticum OEZ# D5 Gelatin ¥ 438
FTAMRLB, TOMEOREKRFEA & v REX pH6.0~7.5 T, BEXXKEMNICH—ARHET,
A& o Tyrosine & Tryptophane ¥ &% . Fet* L SH{L&#ickoCTHMEAIL I LB, Gorini® X
Micrococcus lysodeikticus 3>t Gelatin 4 Casein L4 +238E Y 87, cOBEIZ0.01IM Ca++
iz s EEELINS

FRITHEEOBBEARLMEENICHIA L TR, - RICAABHEEBLLETHEACKR., AR
B7 I 7BRCETCHMIN, TRBERAMINENWIE DN TS, 73 VERZHMBEOBEC XD
REBMPRT < 7 SNTHHT 3, L b COBRERSTICECTHA T 3 BERZ OB D
BONIBMERILUVRARRTONE 3O LEZ2 LD, FHIHEOMRCHEHET 3HESWhAS
W VEORLYART A0, BEENE O Peptide &0 W 38T, Exopeptidase Td» 39
Endopép’cidase THBZIEH, Wik B Peptide 4 %‘:ﬁ'ﬁﬂj‘ AL EHAL, E FC)&A/"C*T JBRD
S, 7 JREEOBE L B LY,
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T (Gelatin 0% 7 3 VB2 B2, Glycine 25.5% , Proline 19.495, Hydroxyproline 9.4% .,
Arginine 9.1%, Alanine 8.7% . Leucine 7.1% . Lysine 5.9% , Glutamic acid 5.8%C® 3, )
SMIND L NHik X b LCOOHE L £ EFB 0 R IZAE L LT Gelatin A L 0T,
OBFFEICH ) Gelatin ¥ BREUZEEICS . - NHe 3 X D 4 a-COOHE Y £ £F2 L BEbRZDT
Formol fEZEICHK ) HIE L CRANKHEDEENTIET, £ \AEMTH 2 OTHEREKL 2,
EERFER ¥ Fig. 2.3RR Lz, DL EOEREREM L Bac. subtilis OB/RHAEHFEEEORBKE
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J‘\:'I Fig. 2 The effect of pH on the
hydrolysis of gelatin by the
proteolytic enzyme from
B. subtilis. Enzyme solution
was prepared by - treatment
with acetone and ether.
0.9857g. of bacterial powder
in 50 cc of 75% glycerine.
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Fig.3 The effect of pH on the
hydrolysis of gelatin by the
proteolytic enzyme from
B. subtilis. Enzyme solution
was prepared by treatment
with acetone and ether.
0.8485g. of bacterial powder
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in 50 cc of 75% glycenne. 0.020 -
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Fig. 4 The effect of temperature on the hydrolysis
of gelatin by the proteolytic enzyme from
B. subtilis. Enzyme solution was prepared
by treatment with “acetone and ether.
0.9335g. of bacterial powder in 50cc of 75%
glycerine,
Optical density was measured thirty minutes
after mixed. .
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0.1%Gelatin¥is# 8¢, Bufferiks<(pH
7.0), BERWAC LR, £BBEOMERX
it s, 80404k, LitRmIco%
K5 D Gelatin ¥ B\~ 7 © NHe-N
B % FolinicCaER Uk,

ERWERE L Fig 4R/ L2, BLED
SERFER X Y Bac. subtilis DEEES
SRR O BEREE X 40°CHBE TS 3,

(V) BERMIEOXRIGK 28R

1B D HEER )

213 B. subtilis UKL HEEE
1§ % 1F Acetone-Etherd; fic & b 456,
NEERBE E 752 Glycerine I IC A
o\ Tl U7 BRI R Of Lysozyme ICf&

DU L\ BB O E I L
7o, BRI FSHKE A & o BENE
D& L FEE, B URERE 37°C, pH
7.0 Tfiok, $BOESMEISE RS
FRIGEKET 3 L, FHHERXROEIC
UTERT23HBHEKS,

K=ylog 2 6=l
K : First order velocity constant.
a : Total NH:-N in mixed
" solution. (hydrolyse with HCD
X : NHa-N after t min. in mixed
solution, ) '
t: Time. (min.) »
Cs : Proteolytic ”c"oefficient.
E : Enzyme concentration. (mg.
Nitrégen per cc) )
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Table 1 Comparison of the Proteolytic Activity of the Enzyme Prepared by Acetone-
Ether Treatment, Lyophilization and Lysis Method from B. subtilis.

Time Acetone~Ether Treatment * Lyophilization ** ‘ Lysis Method *¥*

‘ (Min,) Opticml' NHs-N Optical NH«-N Optical NHs-N
Density mg, Density mg. Density mg,
0 0.000 0.000 0.000

10 0.018 0.006 0.022 0.008 0.004 0.002
200 0.032 0.012 - 0.036 0.014 0.009 0.004
30 - 0.041 0.016 0.046 0.018 0.013 0.005
40 | 0.046 0.018 0.051 0.020 0.022 0.008
" 60 0.046 0.018 0.051 0.020 0.032 0.012

* 0.8825g.~0f bacterial bowder in 50 cc of 75% glycerine, 0.0122mg-N per 1 cc of enzyme
solution, 0.0048mg-N of enzyme per 2cc of mixed solution, a=0.1080mg NHs-N in 2cc
of mixed solution. -~ ° —

** 1.0988g. of bacterial powder in 50 cc of 75% glycerine, 0.0156mg-N per 1 cc of enzyme
solution, 0.0062mg-N of enzyme per 2cc of mixed solution, a=0.1092mg NH:-N in 2cc
of mixed solution.

*Ex Wet bacterxa (dry Welght 0.4262g.) in 60 cc of water, 0. 0062mg N per lcc of enzyme
solutlon, 0. 0024mg—N of enzyme per 2cc of mixed solution, a=0. 1025mg NHo—N in 2¢c
of ‘mixed solution.

9%@%”%1 b Acetone-Ether E’ZL%?% %Fﬁaﬁilﬂeﬁ&tﬂ%ﬁ?fs Kﬁofﬁkﬁiiﬁo C E:é%k
ca, C#5 G &-ﬁ‘mf G = 0.20, C¥= 0.21, C&= 0:18 "
@BAwmmﬁmaﬁﬁﬁké#ﬁéﬁ&%fmﬁﬁﬁdﬁa&ﬁLTbok# WHRICKOTE
kﬁ%ﬂk’@?ﬁ ﬂ%u*‘l_%kckh L%3, it zohbsk rcfakorf%fcﬁ%?ﬁ XKW S b Glycerine
WRCHUREBRS L | HELTh e %@Kﬁtj% i'c kc48ﬁ?Fa‘! g Lot b“C\r«ch%,ﬁ% - ﬁﬁxﬁ? 153
RBHLBbNS,

“(V) BHOMEIOWC

m%#mmﬁw~m/®ﬁmﬂ%ﬁéh1wz ﬁ%@%&h%ﬁf%ﬂ%m S AR I
ﬁﬂ% LEbNS, AERICHM LI Bac. subtilis m%ﬁ‘%xiﬁ%rp I DSRELEETH B30T, AR
& D Lkﬁ%@?i&%@ﬁﬁ%‘*’ﬁf%%ﬁmﬁ L"C Mﬁém&‘ < f’FFﬁ“J‘% LE ibfhs DT, '
.H‘Fz.a),.. T gHA Uk,

0.1% Gelatin ¥ 8 | 0.067M $4%: Buffer ¥i# (pHT.0) 8, Eﬁﬁ& 4“ 5‘:15‘:%!1 ZDRAW
I} U NaCl B 251025 % (°159% % ¥ 3401 { NaCl (L2 Esfﬁﬁn‘b‘/":, NaClﬂﬂ%ibﬁimo%AEﬁﬁﬁ’
RE 2 UTHo%, TNEDORHEETC @E?ﬁﬂ(@tﬁ s SN 305}% “‘IE%J:EEZEZ& 2 jeo ak
S0 Gelatin ¥ 7= 1> NHo-N £ ¥ Folin ¥kicC ptasi & Uiz, '

KR L Fig. 5 KR L7, M@%Eﬁﬁ%& IR ﬁtf»tﬁimﬁé'ﬁtﬁl Uﬁ%ﬁbk% m%ﬁi&&
DR IS I»Eﬁ”b*c;& BET, ﬁiﬁ&fmz EWHRL, IO/KtZﬁﬁiﬁﬁ:ﬁnz kigkﬂﬁ‘%?ﬁ
H%mﬁkaﬁimt%ow/mﬁéﬁmﬁﬁkmzkiﬁmﬁLTm CCTELERE T B,
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”/*. Fig.5 The effect of the concen-
1§ tration of NaCl on the hy-
w ‘ ‘ L , drolysis of gelatin by the
0.040{" s — . proteolytic enzyme, from
B.subtilis. Enzyme solution
was prepapared by treatm-
ent with acetone and ether.
0.9275g. of bacterial pow-

0.020 | . -,
der in 50cc of 75%glycerine.
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Mn** & (f Cysteine Ic4k 3 i ALIcD 2 BR E/TOR a |

 fEk Willstitter —F1DBfIC XOT Proteinase & Peptidase L8130 % ) KB 6 . BIAILE

AFORBROEHRICOMEB LT L Polypeptide i< & T 28K T, Peptidase BRRD
EHHICH U TRIER LA WS < D Polypepude}’u;t D1pept1del(d"ﬁﬂ§‘f5 LorEZLNTNWE,
U L M. Bergmann 2513193248575 L\» Polypeptlde DR KIE E%% L é%{@ Polypeptide i
B LR, & N4SDAR Polypeptide O Ic RAERRAOEREEOH ILMERT 3 L B2 b
T\ Proteinaselc L OCTRS ICAHEE N5 b DM A S Nie, Bergmann X E B3R & Exo-
peptidase (iEzkOMM: I ICHE LY Peptide 54 L 483 5838) X Endopeptidase (Proteinase x
LR\, BEEO Peptide g OPIEE L BIBT 7 3M3R) LI Tn B, h
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cine 25 CH» 2, HEOHFEH ULEEEN Gelatin PR3 235, Gelatin 0)1‘%5&7 D 5%%‘3‘
ne. %ﬁop& L 7Bt Leucine aminopeptidase, Glycyl-L-leucine. dipeptidase, Prohdase
% Prolinase &FfE LT 5 LEBRINA, LY EESR> BN ZED Exopept1dase =
Mn*++ PCHSEO'C IEHAL & LB BEDEN D LT\ BEVELENED Maschmann %Dﬁﬂ%ﬁ%?&ﬁ 35 BT'
47Gi3 Cysteine »SEEMEHME % UCHRRT 5 ﬁ>§ﬁ>rﬁiﬁr&t01m 2ETHBOT, EFFIX Mn*+
%, Cysteine Icik 3 WO 2 RRE[FORKRATH 3,
| Mn*t SICKOTERIL LAMTSREEE, Mot ABEREHE DRIICR OB RARIR & K
Favbi’ﬁbn 20 | SRETX Apoenzyme X IF LB (2208 OFS A ORAIHRL (Coordmatlon
center) &% F3 o MER— %ﬁ?ﬁ‘*ﬁmmf By Pi—"T"C @ﬁiOEE{.ﬁ&F’A L. f5 TR



Peptide DM L#5ET 5. ZOBICLTHALA(Chelate ring) 37k 2 #1, Peptide 58 DET
BEENIKMRETT 5 BREICL — RICE LB OTH 3 @06

o . , R=CH-NM, g
P 3 Mnt+ 2> ++ P 5 ’ “\\ g 1\ *
rotgm +» Mn rotein ¢ Q M ) E
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NH
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BB Mot LR R BONIIE R S R o B e 2 CAML AL 0L, AR Mot LEEER U
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4 10~°M, 10-°M, 10~*M, 10~°M, 10~*M, & % 31 { % MnCle % (¥ CysteineZ iz , 8 BE87°C>
HRAERICTRIGE /%%, 0.1% Gelatin ¥E#ks & & IcpH7 .00 258 Buffer ¥ayke<% mz , 37°C
By, RUTE S EFCR K 2 10 2 RGO Gelatin i\ Wk fo NHe-N& % Folin i T
ER U, R 2 IR Buffer ¥k 4 X F & OEHKIC Mn* +, Cysteine BBk =« 10 M X &
34i1<-, MnCls P30 Cysteine iz . FRFICHER Buffertidk 6 & 0.1% Gelatin ¥5#K 8 ¥z %
b DR UMn*+, Cysteine & 248/ 2 B\~ TIT07 b DICD 2 BT EEED 5 5T NH-N £ % ik Lz,
Fig.6,7,8, 9 XERGERERRULLDOTH 3,
0.100 Fig.6 The effect of concentration
. of Min**on the hydrolysis of
gelatin by the enzyme from
B. subtilss. :
The enzyme was treated with
. Mn++ at 87°C. in.the presence
of .0.067M phosphate buffer
for about three hours before
the substrate was added.
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Fig.8 The effect of concentration
of cysteine on the hydrolysis
of gelatin by the enzyme
from B. subtilis. The enzyme

.was treated with cysteine
at 87°C. in the presence of
0.067M phosphate buffer for
about three hours before the
substrate was added.
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x No Addition.

" Enzyme solution was prepared
by treatment with -acetone
and ether. 0.8925¢. of bacterial
powder in 50cc of 752 glyce-
rine,
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‘Activation of the enzyme by

. Mn*+. When Mn** was added

at the start of hydrolysis, a
definite lag phase was obser-
ved before the first order reac-
tion took place.. When the
enzyme was treated, however,
with Mn++ at 87°C. for about
three hours before the subst-
rate was added, the hydrolysis
took place without any lag
according to the first order

‘ reaction.

® 10°MMn++ +Enzyme,
Preincubated.

% 10—*M Mn+++Enzyme+
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. Simultaneously.
O No Addition
"Enzyme solution was prepared‘
by treatment with acetone
‘and ether. 0.9346g. of bacterial
powder in 50cc of 75% glycer-
ine,
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0.060 Fig.9 Activation of the enzyme by
‘cysteine. When cysteine was
added at the start of hydro-
lysis, hydrolysis took place
without any lag according to
the first order reaction, When
enzyme was treated, however,
with cysteine at 87°C. for
about three hours before the
substrate was added, adefinite
lag phase was observed before
the first order reaction took
place. . :

-® 10-°M Cysteine+Enzyme,
Preincubeted.

O 10*M Cysteme-l—Enzyme
+Substrate,
Simultaneously. .
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by treatment with acetone

) and ether. 0.8925g. of bacterial

. owder in 50cc of 75 lyce-
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3 X ) 538 U7 B. subtilis OBREES HREROBEKTF A + v IREL DH6 .8~7 . 2HBETH 5,
BoEBER0CHBETD 5 , MiEH 1Kk X D EESE il 5 3 H Ik OERIC X BHEROMHE 0% ¥ I
LTR3 L &HEAE ML Acetone-Ether ¥ i3 CIZFhA E 2L R IO, Lysozyme ok b
Ve UBSE B T3 HIRIE P \ MERICH L TH 3B TH 375, COHIEICHKO TR RBEE R
#TH Y., Glycerine WHICI L AL ERAL . WH U TH o ERICHT 3 2 TR zRSEL T
7, WHENETULREIDOLEDNS, BERBIRHF R X DA L% 1Héﬁi%§®§iﬁucfdb
BIELTE B, WbEME M2 AVWEEE m/mh%ﬁmﬁm%mztgﬁmﬁTa@&Emﬁa
EXBRE B\, 15/K&5ﬁﬁﬁﬁ2ﬁﬂfck£ﬁkcﬁb Tk, ®VIEEERETT 3,

O U 7BESEE Mn*+ & (f Cysteine Itk b it S 3, & LR LR Gelatlnl(i%
REBAET, *OEEBR T 2 /@2@ Glycine, Proline, Hydroxyproline, % LeucineZsCd b , %
OB URBERIZES { SROBEEAFHHEORE Lic b DL EbiL 3, Gelatin 0L LD
HRT 2 7B bEETNEEROMH LxEEKE Leucine aminopeptidase, Glycyl-L-leucine
dipeptidase, Prolidase, 4 Prolinase #4342 LT\ 3 b D L BRI N5, U b B> H/( 61N
#2450 Exopeptidasel&Mn* + IC O TIEHAL S 412 FASHI 5 LT\ 3 DADELENE0. | g e ik
B Mot oo CiEHE:ALE L 2BEER 2 & { Leucine aminopeptidase, Glycyl-L-leucine dipepti-
dase, Prolidase 4 Prolinase #:® Exopeptidase TH A > L Bb 3 27, RERGENLEBET I
B2 K\~ Endopeptidase s Mn* + ik b ifthAL E L 7D > b &t &\~ L8k 3L Endopeptidase
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& ExopeptidaseDiliz# s Mn* + 1otk b M LE R b kv, OMIEOWT mAﬁJz peptide
LERL, BCHRLEDZFETD S,

Mn*+* QEEROBRHNB L BEERL . LRG58 T, Mot LESEY 3 Bifilis7° Cle T
MEertk, 2EL Iz 7286, Mnt+ LEERCLEYRBRCN: 286 X ) L MERKTD
3, MEOREAEOMR YV ICHERHEE Mot & 3K 87°C Iofe i S 824k, BEEEMZ REAK
X, Mot AESERCGEEYRRICZ 2B L TEHERRA LT Ok, DLEORE & VEEE—EK
BERICR T, Mn** Z—5 TSRO R L A L . 175 Tk Peptidet 2 & 56 L, Peptide
HEDOETHENMASH LT > BRERL — X ICENRBICIASHEIEEE e b DL Ebi
3, AMnt* O & SR ERAIT 3, Mn** OREFPATS 5 HEh e NH:-N Rz AT 3
A3 BICET 3 Ladic NHeN S84 UTw 3, 2R8I N7 2/ BHSE cERLEWicsy
RENRBLEDN 228, BEOFORFolin iR 7 = VHLUMOME T 26T 2 L ONEL .
HERO—ET I vR7 I BREABRECERL, Tve=7, —, ZROEHBDO7T s v 21D
REINZ, 2EOMESEHESMERIICERENESE, ZEOYMEOYEL T TE 3%
CAEZDT, ZORICOWTRBICHEMICHIET 2 FETD 3,

ZICK L Cysteine itk D ML E M2 B AIclE, Cysteine LEEEL AR ¥ ARG 2 RBA X
—FiEHALEN B, BEFE L Cysteine 37°C T 3 FRlifEH 2 ¢ k. HEE Wz 2B CIXATRICLL
ULEMBERETLCw 3, X Cysteine DR & 75t ERERMT 3,

Mn*+ & f Cysteine LM Cot+,Zn*+, Mg*+*, Ascorbic acid &tk 3 BB oW CILXBRICH
ETBFPRETD 5,
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FEHDHIER X D538 UTe B. sublilis OEKR X ) Acetone-Ether S35 K O d ki sL2S9 RALER (4R
DT X VBRI L, xlwmwmeKT%WE%%bﬁiﬁ&%ko4%@%%@
Gelatin #RE: ULAEEDOEEKEA + v B pH6.8~7.2, BSEEEE 40°C M]‘;E“C@% b=
BEDO NaCl ¥ 8H LT3 KB LT EAT 2., ZRERECRBICHE LS L bz,
Acetone-Ether AL & @B RE ISR IC kO CHB MR OEY: BT A &%&i)\tﬁxokﬁx Lysd~
zyme I CHEE L TARBEEOREER S \ETFTLTWk, “

F B LB Mnt + X Cysteine (@ ) #51:/L S L5, Endopeptidase 752 4k wot: #r8L
I D ML S M7 ds . BEEIK 13572 LT\ 5 Exopeptidese 3%i@ ML & f7e%bs, ®Rix Endo-
peptidase & Exopeptidase DFiE 3/t 2 NG HBEDRRWTD 2, Mntt Bk OB A E & 48
IBICER L, (LEAMICKE 3 280T, Mot LEESRE g8 Buffer ¥k & 3tic 8RBT CIc TR &
Brtk, BEY Nz 2881, Mntt, Bk, B Bufferifi RO RE 2 Rz 2885 X L5
BHRATH 3, IMntTOREE L ENERERSIT 3, 2K LT Cysteine ik b #5H: b Nn3EE
icixCysteine, MERAUCEEEZ F‘]Bﬁfﬁmﬂnz 7&%/*72»—-%% HALEN B, ‘
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