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On the Proteolysis and Coagulation of Actomyosin Fraction of
Fish Muscle by Action of Bacterial Proteinase

Tomio HipAkA

Abstract

The auther studied on the enzymic action of alkaline proteinase produced by Bacillus
sublilis upon proteins of fish muscle. The results are as follows.

1) As to the enzymatic proteolysis of fish meat by the bacterial proteinase, actomyosin
fraction was hydrolyzed more readily than water extract fraction of fish muscle.

The products formed by action of the bacterial proteinase upon actomyosin were
mainly various polypeptides, but small amounts of amino acids were also formed.

2) It was found that actomyosin was at one time hydrolyzed and coagulated by ac-
tion of the bacterial proteinase. The optimum pH of the proteolytic activity lay at 9.2,
and its optimum temperature was 60°C. The most powerful coagulation was shown at
pH 8.0 and 40°C.

3) The actomyosin coagulated by action of the bacterial proteinase was changed into
an insoluble form in neutral salts solution, and was hard to be hydrolyzed in contrast to
raw actomyosin.

4) From these results, it was considered that the bacterial proteinase have effect on
post-mortem hydrolysis and denaturation of fish meat.
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Table 1. Physiological and morphological characterlstlcs of the tested organism.

Vegetatlve cells : Rods, 0.8 to 1.0 by 2.0 to 3.5 microns, with poorly rounded cnds Usuglly
single sometimes in pair. Actively motile with peritrichous flagella. Stain uniformly. Gram-

variable. On glucose agar, rods are usually larger.

Spores : 0.7 to 0.9 by 1.2 to 1.8 microns, ellipsoidal, thin-walled, central to para-central. Many
formed in 48 hours at 32°C.

Sporangia : Ellipsoidal, not distinctly swollen, frequently show bipolar staining.

Gelatin stab : Liquefaction crateriform to stratiform.

Gelatin agar streak plate : Wide zone of hydrolysis.

Agar colonies : Irregular, spreading, rough, opaque, dull, off-white to creamy white.

Agar slants : Growth abundant, spreading, rough, wrinkled, opaque, dull, butyricus to brittle,
cream-colored to light brown.

Glucose agar slants : Growth usually more abundant than on agar, yellowish brown.

Soybean agar slants : Growth usually more abundant than on agar,

Broth : Clear with heavy, wrinkled pellicle.

NaCl broth : Poorly growth in 7 per cent NaCl.

Milk : Peptonized.

Potato : Growth heavy, wrinkled to coarsely folded, spreading. Offwhite, yellow or brown.

Indole usually not produced.

Slight acid but no gas (with peptone as sourse of nitrogen) from glucose, xylose.

Starch is hydrolyzed.

Acetylmethylcarbinol not produced.

Nitrites produced from nitrates. No gas produced from nitrate broth nuder anaerobic con-
ditions.

Catalase produced.

Urease not produced.

Aerobic. Growth scant, if any, in glucose broth under anaerobic conditions. pH of 7-days
cultures is 7.5 to 8.5.

Temperature relations : Optimum growth temperatures lie between 28° and 40°C. The
maximum temperature for growth is usually 50°C.

Source : Isolated from ﬁsh
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Fig. 1. Proteolytic activity of the crude enzyme solution upon several proteins.

Proteins used as substrate (Protein-N 100~110 mg%): C; casein, M;
milk, H; hemoglobin, G; gelatin F; fish meat, A; actomyosin of
mackerel muscle

The activity measured at pH 8.0 and 30°C.
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Fig. 2. Proteolytic activities of the crude enzyme solution upon actomyosin

Actomyosin isolated from mackerel muscle (Protein-N 100mg2 ).
The activity measured at pH 8.0 and 30°C.

1 : Biuret colorimetry (Protein-N mg %)

: Cu-Folin colorimetry (Tyrosine mg %)

: Relative viscosity (/)

: Formol titration (Amino acid-N mg %)

: Ninhydrin colorimetry (Leusine mg %)
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Fig. 3. Proteolytic activity and coagulating
power of the crude enzyme solution upon
casein, milk and actomyosin.
Concentration of each proteins as substrate

was 100 mg% Protein-N.
The activity measured at pH 8.0 and 30°C.
——: Proteolytic activity
------ : Coagulating power
@ O: Actmyosin of mackerel muscle
A /\: Milk
@ | Casein

Activity (Protein-N mg%)
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Fig. 4. Proteolytic activity and coagulating

power of the crude enzyme solution upon
several protein fractions isolated from mack-
erel muscle.

(Protein-N 115mg %, pH 8.0, 30°C.)
——: Proteolytic activity

~~~~~~ : Coagulating power

& (O: Actomyosin

B : WeBeEr-EpsaLL soln. ext. fraction
A /\: Water ext. fraction
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TG0 S TEEERIC B TEE I v/,
&C6L77b\ﬂ//gﬁféﬁﬂ&@ﬁnﬁ%&ﬁﬁﬁsé & DSEEBRESRIR D1 B
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Fig. 5. Proteolytic activity and coagulating power of trypsin and several bacterial enzymes.
(Protein-N 50mg %, pH 8.0, 30°C.)

: Proteolytic activity
»»»»»» o---... : Coagulating power

}(to apply from Fig. 5 to Fig. 9)
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Hz—BE LTliED =, Z0WE4E ikns L.

D BEFEBEEIIEMEE <7 ry-FF2 b oA ER 18mm o 58 10ml 58
I, W, LEEE R LT 32~33° C THEREE L, MBI RE TS SN & RE S
& DRELERIRAEM 2 1o O EFTERE AT LI 2h & OIEMEE 2% L, = 0kiH3 Fig.
6D L TH-T, MGEHEE LEH2~3 HTAMICHEL, 3~6 B THiEALT
W7 BURIZA » TEEESE TS 2EHATS > 7. < OBEMERERIC DL TAER
15 s T
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Effect of cultivation period on the enzyme production.

The activity measured at pH 8.0 and 30°C, for 30 minutes.
Substrate : actomyosin of mackerel muscle, Protein-N 60 mg 2.

2) FEBICXBEMIEEEL <7 by-FE2 b Y v B 6 B EEBREE L2 bR
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B LR THRMT S 4, 7 v 3 —viT K - T 20~T7022 S4B fPH < i 1 S M s ekl 4 %
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DIE L T B 5

T DREBUREO B BT B80T, A REE I MBER IR 0 10. 81T, BRI IZ17. 551 J4HE
Entc. £ U THME LEBE ORI AL, HARETIEALHELEETH
STCH, T 3 — VIR X - TREEIOBEE O sE. L L oBED RS
BIT BT H R L EEB ST LTz,

3) fEM pH FEHEESRIR A T, REVER 048 pH i< 31 2 1EEE £ 15E
L7513 Fig. 7T Ic/R9 I Th 5.

40

W
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T

Activity (Protein-N mg %)
5 S
T T

pH
Fig. 7. Influences of pH on the bacterial proteinase activity.

The activity measured at various pH and 30°C, for 30 minutes.
Substrate : Actomyosin of mackerel muscle, Protein-N 105mg 2.

C DB, & pH o fEEIZ pH5 ~ 8 TREMREER, pH 7~11TIRMBR—RERY — &
R, PH 1213 —rtk v — SRR A B L. C ORSE, SVeE S EERS s T
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BETREEEORD I, pPHI2 KL T RAFRHEORK® 15 % MOETICIFE -
7o, —IRHEEICH > TiE pH8. 02 v — 7 L9 2% &, pHB.0 L DETOBETS
ZOEHEE K TFIREET, pH6.0 MR, pH 11 Bl ETI2EE L.

4) (ERIREE  HBREBERWoSW, BEEWER O 2 ERREOE#: Fig.8 o
ELTH-1z.

PH 8.0, {EMRHI1553 D SIGE&LETOEFADOEBRE IR 178 DE L 60°CTdh - 7205,
FERRCTRIEARED4°C U ETREET 7 + 3 4 v v ORGE ST DN, EEERE
RTEIELIEE. WAICZOREEOREMMRIRHBEDO D TH-T, 40°Clce— 23
»Hoic,
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0 1
2O 1 R [V SHal - e 210 JAR T 10 30 L0 50 60
Temperature °C Temperature °C

Fig. 8. Influences of temperature on the bacterial Fig. 9. Heat-inactivation curve of the bac-

proteinase activity. terial proteinase activity.
A ; Changes in activity of enzyme solution
ity o e PRI 0 and ymons exposed to various temperatures for 15

temperature, for 15 minutes. minutes.

Substrate : actomyosin of mackerel muscle, Pro- The activity measured at pH 8.0 and 30°
e ] C, for 15 minutes.
tein-N 80 mg%.

Substrate: actomyosin of mackerel muscle,
Protein-N 95mg%.

43 &Ik > THRERTIZ50° CTl0%, 55°C T20%, 60°C Tl00% =< nikiE L7
B8, BRI A REFIC L U Tt 285 < 40°C, 45°C, 50°C T=h£h33%, 75%,
10025575 U 7z,
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BT, EGEREDSE L, K0S OHIETERENT 7+ 34 v v 2E50R BB 9 E
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Fig. 10. Proteolytic activity of the bacterial proteinase upon actomyosin
denatured by heating.

(Protein-N 82mg2, pH 8.0, 30°C, 30 minutes)
* Changes in amount of raw actomyosin exposed to various tempera-

tures for 30 minutes.
TIROBET 7 b 34 v VT UBGERET 7 b 24 ¥ JICid 2 RO 01 R -
MIEDET I 5T ESFRE i,
T 7 b3 Ay ARSI, Bl 21 KCLo0.4M Bl EDERICHE ST 5 58, KCL 530, 1
MUTICE 3 EETTICHh I - 7ophili e LTHIB LT 3. COEEBELBRO b0, 35
Activity (Cu-Folin; Tyrosine mg%)

10 20
T T

Raw actomyosin

Ordinary (0.6M KCI) -+oocvveviiinnienn.
Water suspension (0.002M KC1) -.-......

Actomyosin coagulated by
action of the enzyme

Water suspension (pH 8) .-................

((pH -8) s

W-E soln. suspension

Fig. 11. Proteolytic activity of the bacterial proteinase upon raw actomyosin and that
coagulated by action of the bacterial proteinase.

The activity measured at 30°C., for 30 minutes.
Concentration of protein as substrate was 90 mg% Protein-N.
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K OBEABESRE D 2 v o 7 BEINC & > THE U RER S 2 2 S NED BRIgE L T
FERIC—ERETIHRE L, TN oicdd 258 B 5 Mo S EAZME L cRRIE Fig.
11 Th 3.

MEALTRT 7 b 3 A4 v v S (RIEEE RN T 7 + 2 A4 v VI & TIRETE AR, BERL
BHTHRE, TD 2 v o7 OYBIEIRIC KX BENH 205, BEBFLBAEGEHT 7 b 3
AV ERBARL., CTNODOMREOET 7 b 314y it 20ERESALTH -
72, CTOR, BRRREE T HREE & OREZLIIBESRIERIC X 2 D ICRIE & 78 5 K 5 733%
WAEZ IS o7, RICHE B EROERCXYBETH LT 27 F 34y vakElR
W-E iR Lzt 0BLP 20RO pH 242 7o b FITxs 2 LEABESRIK D 701
EAHE LR TIR, CNOREWRZET 7 F 34y v OU~LYUDSRE LHRET, H
WHREOERC L DEET 2 LIk > TRE LGB LEC B2 L 2Bwic. TDT 7
b Ay EBEPIEEEO pH 2 9.0LL Eics 3 &0 3HANSS - 72D T, BB
@ pH A2 ZTH7zh3, coOBEPH 29, 10Ic#lfidsctick-TpH8 LB 2L0%
DREINFG<30, pHI0 I Lcb 0k pH8 0 =D 2 RO E AR Licws, <
NTHET 7 P34y Vi USROS EETH -7, PH11 © W-ERICEE LD
TR, FROMEREDL, COHic D ZEEYO SRS X O EHBERO/ER pH Lo
B TR I M A 2 L.

% =

HABOES

REICIER T 2 MBI RERZ 2 7 BODRICME D TH 215, ThITR & v
EEDRT B POBERFEAET 2 ENBZIONDH, FATIMEO T~ Tics v
NI BEDBRLUTRT v, RYIRTF v F, T3/ BCEREZYEETICT 2 —E0
YERABELSFERET 25D TRE, BHOETRSEOE LA L TIER L, & 3Hi
gy HEGM L, MOREMBEICZNES MO TELE SDIKFIRT 2 LD X5 15iFESE
NEGIEHOBNTH 3. DD b2 ey BOMOEREEE 3 % i3 Bacillaceae, Pseu-
domonadaceae, Enterobacteriaceae D% 28T 5, COEMIREE L TEMRICMI N
TCHEEIMERIC L > TRINEHDT, TR 2 v s FFBMBERICEERE LEBRERHE
DLRIIFERTH 5. AEBRTO HINEIZNEZLOFBRIIC BT £ v oo s BICEHT 2
HTHB., TOBNCE 2 v 7 FROFENENRBE TS 2 €7 7 »lAHE B3
€7 F v OWAERNT LbMIBEIERAZ 6 2T L 2ERT 36D TIEKEL, £5F
ZHALLTh va—vy P RIGEREDICE TROMHKEST L Db H 5. bILAICERERL
HEWpONnTWLAE, Proteus vulgaris, Pseudomonas fluorescens, Achromobacter sp., Escheri-
chia coli FITDOWTE T F vtk # €4 v BRAZHE LD, ChoBHEETDN
ZHEOEADHENIUICHEABEDOZN I DBOHEEIE LN, ThEDELDBRIN:
S OB EIC N T 2 R 2 D STIC B 5 TH 3.

FRIRIF&EEZE IR, BFICHEREICREZRO 7 v 7 4 & — 55T 2SS <, B
K OHEHIN T, REBICEIIN-EHEE & 58E Bacillus subtilis OFEBETH
- 7. T DBEMEELT B proteolytic enzyme ZYED 2 Vo HETH B H X4 v, K



HEEB M o7 F—FIL20T 35

NEIHREY, ¥I TV, FUERGICHHL, $E2 v s IHTHLART 7+ 3 4
Yy OBRZBIHW U, Tno0R R Fig. 7 0T L T As ) flicEE pH b 0,
Fig.2 THIO N/ kD IKHE 2 v o7 B4 0.2M =HHALEEBBTIEEOIE 2 v e MpEIic
THRT BT F v FiIEEOBHRDOSRERNTH>T, =¥ FRTF 4 —ERHOIEA
THEI. CTNODFHRIDBZ, GAEEAET 5. proteolytic enzyme (Z1>h W B
T m T4 F—€TH-T, FHPRRORELRILICEET 254, SHROPYE FEH
Ha KRG L CTRBCETTO IR A1 LI 2 C &b otz

SREBEOREEN

—#IC T OFE proteolytic enzyme [FREWED 4 v ooy HEICK U TIRVEA L & 29
EONTHY, FIZE Y 7Y YRERRO 2 v 0 BICH L TR ZOERAREHDTIHEL,
BWrv73y, MEIrar) v, ~=2oerZEE3BLLEL, LELnbD & viey
EIEE DD T ET—EEMEIE B LT HPDITHKGET 2, =03 2 v res
BT 8T 4 7 — €2 VEH S SERBICTT 2MLIERDH E DIER TR OO IR #
YR IHER LN 72O TH A D EEE LT3,

FEBEFERICET 2 Fig. 1 »oo4EARZOT TORERMORE €4 v, ~ES 0
EY RO STMESNPEOESC EBASNIZA, L LECERAD SHHESM LT 2 +
VAV YEIRRZTOEE LD SHAROAMETH - 72, )5 Fig. 4 © < &  fUAD kil
HXGET 7 b 34 v v & HETRATEODMRE DT BHME:, < i CARRT,
L bEDRETH > Th, RAMRKRS v s BoHITiZhd 3HE5EIC L -» THESRE
ZubD L, FEINHC D ENS BT EpFISN, Bicfl%E, &K, W-E &
HXG 77 r 34 vy, KX, SR e —< 000 [/ Ty s e
HEETHRUIFERTE, 2 te—=BRe0MInE, KOTT2 3ty y, W
EWHHXsy, SRRT, KHXS SR DME MO ETH -7, o & 3HRE
Rz v BORTRBEWED 2 + v —= RO DMINEL, MS>BIcra 7y vz v
ITHBT 7P IAYYETAT I v HBATHE I AX v ETHORMENRLC AR
BREROERTH - 12,

Fig.3 T7 7 } $ & v v RUSISGH L BEICRETH ST 25804 50, Chic
B L THRABBIC DL TRBEANHEABMA SN TS, THLBEIAEEE LT v= v
BFoNTHED, vy=vitBROT Ty v DPEZDOMHEL DT o7 4 F—EHHER, (H+E4
¥) KLU TREICT 2. 4Rc Ly v =v% pHb5.0~5.8 TS H7- 8 &
enzymatic stage & non enzymatic stage & d 2 DB H B EAHSNTED, R
EBOBRETH €4 Y BEDIKDIEINT T H€4 2 &80, RIC/$T H+4 v Ca 4
FYDFECHBNTCa- T H €4 54 FEROEFT 2 EHTEINTL B |

PEABSRIIC L 57 7 b 2 A& ¥ V53R & E O BIEEEIC S WD TRAICEZ 5h 3 0138k
D& HIT, proteolytic enzyme H34: 2 ooy BICIIVER LS, 2D bT 2 b3 4o
DT EEEZ v/ I OEBREAERS YR &, TTHEL 00 B[SO TEE:L
7t DT BEEVSBETH S, bisAic Christensen (I ) 7o v SRIGDFIEE I
BWTF+ 5 25—+ (denaturase) FEF%E & - T3 & A&FIEL, Linderstr¢m-Lang
T DEAEZRFH LT DY, %7 Ottesen 2513 Bacillus Subtilis O —REDEELS 2 70 5
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4 F — €% native albumin ICVEFA LT, DG TFO—%5H L TH® % v <274 plak-
albumin ([ Z{td 3 C & EZHEL T 39,

TDEIEEEREROFMENSEBEITNEL, T 77 14 Y OO0 EEEED MG
RERFIEE 2L L & CRERS RS GENL TR BErs Rt s e & (Fig. 3,4,
5), FThMHBERICI > TRERH LT Z b33y v RBEET 7 F 34V v BET 2
FIAY XD SEEBRRICL 3MESHESETT s &b LT (Fig. 10, 11), 5f#
EFICE SR BET T/ 34V v EEHLTCNEZDMULPT 75 &0 5 BERIERILL
784,

Ao, BEEMERO —, ZoWEE2 LB Lic s & A TR, B3 H BT MR M
BRWEABLZR UEATH - 7 (Fig. 6), flucoEHOZE pH 3 9.2, EHEEO=R
56 pH 128.0, % 7o Ve O MR E1260°CTH - 7o s E T3 i Lo v — 2 $40°C
Th b, BEBRRDITHDMERIC R U Ciif2ikss50% Fig.7,8, 9 0=, =ZDPEEIC
MHEEBSRHENZ, 2o ORED SR E BEE & ZHEOR L« OMRIERICX 5
DO EEMRES T, LrLCTHBlIcIRsC &3, EETHET 7 b I4 Y vy PE
PEL P4 v o7 EHTH - T pH 2L, BEELICHUETH 0, BERIERIC# Y 2 pH, iR
EREARICEET 7 P34V Y e OREOCHEBABZ 5L THD. 1cEZET 7 b
LAY Y OERERERO PpHICK > THFE LLZEILL, pH 23db 28D 7 v 4 Y fllT
RBEBERRE SHEROEETH 553, BEMNTRERS pH5.0~5.510E 3 IC20 THE
[REEMSIBA T 5., 205 AHIC, BROEATEERHLZT 2 34> vid pHI B ED
T ) fITRES SRS AEEsH D, KEBEATIRES»PIZELERON
7. BEICE-Td, Fig.10 »58H o5 L5 50°C LILEDRETIREERT 7 F 34
v v B EEEE U C, BMEOIERIC L 2BEERFEITENIRMT S50 5, T5 Lick
BT b4y yAEOEIMERECHEREICHEST S, oDl &b, TITERAR
NISIREE LB R EoEHEETH O, WERICEN /AR, pH dh#REE O
BOWENZ O F ZHNNEHETS - T, WIEASBRENREERICT 5 2 DOBRE
PicEBeDEELBCLREEHTHAS.

PNCERIR AT, Ty, Troa— it X30EBHICE->TH4D LT AMEMRAD
TR DD 3 C LRHERh o &R, T2 P14 YD DS, BEBERIL,
Fig. 5 ofERAD< & HARHBRROBREYETRELC LELEIAEYT, 773ty
MORVERIC L OO IKDIREIND C LICk > ToRMICHEE T LT3 8BS
B, Tk MERIZEBES —EOMHBNIGTH 3 IS N A D8, £ 0 BIEE: D 22 B
FOXV—EHEEORBMY, TBEOERICLOEERETZ2T 7 r3dvrDr vy
HACERHREHEONCT B LICE > THEIRR - S EFHBESTONE EBDbN S,

WFNICLTH COEME 7 2 7 1 + —ERRO RELGETOHICERR 2 v 37,
ELRFERASTHZT 7 b 34 v v OFGIKGHE, ZHITHIE D REBEEZERED T
T EDBBHLNI.

= #
HBEEMD & € 5 7 v iALMED #v> Bacillus subtilis ©—Z5#EZ0HE L, HEESFEHT A

HL



HEES Ml 7 F—EitDnT 37
HET T4 F—LDBAD R vy E, BICRAZ v BITHT 2EERE L., =
OFHRIRDO T EL TH-7z.

PR EET 2B T 0 7 4 F —Hid, HEAL Y, ~ESOY, €5 F, L
LTINS EBRICHRE LI, AL v 7 IKHIEAT 20, REHERZ v <7 B
TR b —=R70 7Y YHEATH BT 2 F 14 v v BSMINE ,T»fsy
2y BTHBIAT Y RTOFMBEINMESC EMBHSNI, CDZ vy SHRIZ
MEﬁﬂﬂﬁ@ﬂ%%@#5VN&WWE@$&@k%wﬁ,&f%vFﬁﬁwﬁﬂﬁd@
U

HEBRRERART 7 b 34 v VITERS S84, DBICHHT L CEEAEE BT H L
7o, TOSEROZER pH 3 9.2, BENOZR pH (3 8.0, % /-4 MRVEA O a2
60°C, BEETIDRH EOREMER 40°C it e — 2 2 & 5, BEIOT MO YE I g L it
BPERZIFED T, Zo R EOMEICHE)SS Steds, &k MVERIZ B —BEo
HHEARIG T3 3 C & 12 HERIHSE -

AR ERIC & > TR LcT 2 b 3 A Y v RBKREHD T 7 + 34 v v &3
PRI IS 9 2 VAIREE, BRI 7 m 7 4 >+ — € OSRYERIC X B BRI IT AT © o A
MEHEI N,

WINICE L, COBME T e 7 4 F — L BRAONELIGETIICERR 2 v o]

DOEII DK, ZEPETDIE DR EBEBEEFE O T B C &b SNz,

& DICAPIIEZETT 51224 O 82 ) - 7 A S BB I R O i E %3 5
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