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Proteases in the Fish Sause “Shottsuru” Mash

in Fermentation

Michiaki Y amasurra*!, Tateo Fugir*? and Shiro Konacavya*!

Abstract : Japanese traditional fish sauce is processed by fermentation of whole fish
components on saturation with salt. Microbial proteases may be responsible for
the degradation of protein into amino acids and peptides. The present study deals
with the characterization of proteases in the mash of the Japanese fish sauce,
“shotturu”, in fermentation. The presence of several different proteases was shown
in the mash. Most proteases belonged to either asparatic or serine protease. Their
molecular weight differed in the range from 15 to 30 Kd. One aspartic protease
which showed the highest activity had a molecular weight of 30 Kd and optimal pH
at 5.5 by casein hydrolysis, while a serine proteases with the highest activity had a
molecular weight of 30 Kd and optimal pH at 9.5. The overall proteolytic activity
in the fish sauce mash showed dependence on NaCl concentration. It was most
active at slightly below 1M, and 5M NaCl showed 92% inhibition of proteinase
activity at pH 5.5, this being near pH that of the mash. The present findings lead
to the conclusion that proteclysis in fish sauce mash proceeds extremely slowly
under the strong inhibition by salt.
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ShTWaY Y, SEBRICET 2 BHEREE, &L THEY 70577 - €It X 3 RHA
NED S v REEZELZTRIBEVWEVWTH S D,

EHERZ, <47 EEHOBRKBRICEIS 7077 —EORENEWFSHITTED, B
RHOL & -0 2EKGO 7077 —EE2REL, TOBERNHEERIILZODTH S,

2 B A5 &K

stE RERICHE L 2 Bukh o < 4 7 > (Sardinops melanostictus) L & » 2 5% (3 4E
R RFEEMIBIETO L B o fEEZ ., ERESZROBKLEBITKEY F A
XL, EOEE (6,000x<g, 204D LTEohi biEE L x o 36WmHEK @ERERR
ELTUTOERICHL 72,

FoF7—EEROIE 5% #¥4 > 0.2ml 0.1 MEERF b v A8EK (pHS.5)
$701301MFoEEF MY o LEEHK (pHO.0) 0.4ml, FEHMH®E 0 2ml 2EBA&L, 30C
T1IBA v+ 2 x— 1, 10% Y 2 o ofi#g 2 ml TRIGEFEIEL oo CORBYIEFS
L, #OFKICOVT, & vy 3% #-Folin kY It &k - T, o N Kz =~
EFY vEYTERLE, FAENOHETREBL AL ZOBREME @H-Folin B3 3
Arspam BBWVIE =V E F ) VERICB T S Asn) 2EEL, EHBA (unit) & LTHV,
4+1bb, H-Folin Eick3EME 7o7 1« F—¥iFH, =ve F) vk EHERT
F & —EiEMEE L TRLI,

FIFRELUAFUT®IOTITST 4 — L& -0 b8EWHHE 5 ml % Sephadex
G-75# 9 & (2.6X90¢cm) ick®, 0.2M NaCl 2% 0.01 M Kefg 7 + U v gk (pH
6.0) ZAVAF VFABIHEL /.

4 & v o= 57 4 —13, CM-Sepadex C-50 ¥ & U DEAE-Sephadex A-50 # 5
A (2%10cm) 2HAVWCERB L7, $4bb, #HkmHEE 0.2M NaCl 288 0.01M Y
VEEF b ) o AR (pH5.0) &, CM-Sephadex # 3427 0=t 757 1 —icftL,
1.LOMNaCl ic & W BREWBE AR L, & T TE SN CM-Sephadex WEH S % A B4
L&, & 5iT, CM-Sephadex &Y 4% pH 7.0 1cFi$% DEAE-Sephadex 77 7 &
sa< bS5 7 4 —iftL, BEWHEE 1.0M NaCl THEH L, T2 TH 50 DEAE-
Sephadex & Hisr % B B4y & &fH1) 7o £7:, CM-Sephadex ic & DEAE-Sephadex i< &3
|EDOESAES C L2/ 07 Tho A B, COEESEZhENRAFEE YM-10 (7
tavid) FROTIERL Gmd, S5k LARREHETTY VRRICMNL .

HEBLUEER

L& o DB3HEKRDORTFY —EEHOD pH EFKE

FaF 4+ —CEM, R7F ¥ EiEHD pH KEME Fig. 1 WRT, VI bREEHER
pH 9.5 fHEicEB» iz hs, BEP O L & -2 5#WD pH, 3 40hH 555K (pH 5~6)
EBWTARTFF—CERO/NSRE— 7 BB aNnT, T pH-EEHROED» S, &

* BB GKEEKETD
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Fig. 1. Effect of pH on the proteolytic activity in fish
sauce mash. The relative activities against
casein were determined with Cu-Folin method
(O, A: proteinase activity) and ninhydrin
method (@, A : peptidase activity). The buffers
used for the reaction mixture were 0.1 M sodium
citrate phosphate (O, @) and 0.1M sodium
borate (A, A).

FoF7—FIcHTIZETOF7—EM v EEY—DES

FHhbho7ruoF7 —EREHICTTARBEToF T - EEMA v e vy —OEEEFE NS T
Lick T, BRPICELAT S 7077 —€OERIEHA 7 (Table 1), B (pH5.5) i
BIs7a5 4 F—EEHER, Y YyToFT—EAL YEEY-THBEFA XY T
EEY—, Tz xH YR 7AF ) F (PMSF) 8XU e ~X7F v TED30~50
% PBHESH, TASLVF 492 70FT7—€A VEES—THERTRIF ATHH4S
% BHES N, T, RT7FFV—LiEHIzF L v Y7 3 UK (EDTA) 2 & - TH 35%
MEXN, THODERLD, Li-»25#E%O pH (pHL.5) THEHAL 7o F7—€¥L L
Tie) v 7aFr7—E¥BLUTANNT 1 v 7 7aFT7—¥OEENELLN, FhAso
44 TFORTFF—EOHEESTEEINT,

—F, g ah g GHY 0 kkBwTl, ) vy Fuosr7—¥AL vy —ThboA
RTFFVBIUFTARI ) Py v A v e By -tk > TEENIEIEALERR2EFEShLE
5, TOpH TIEHEEBEZELTEE) v 54 7OBENFETHILEL 6N LIL,
L-trans—TR*x v A7 v=naf V7 3IFA4-0r7=Y7 75 v (E-64) B8LUEDTA I
Lo THEHOHESRS M LI}, DRBOVAFA v TuF7T—¥OREEETTHDT
HA9,
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Table 1. Inhibition of the proteolytic activity in fish sauce mash. Proteinase and
peptidase activities were determined by Cu-Folin and ninhydrin methods, re-
spectively. The activity is expressed as a percentage of that without addition
of any of inhibitors.

Relative activity

Inhibitor Concentration pH 5.5 pH 9.0
(e M) Proteinase  Peptidase Proteinase  Peptidase

Control 100 100 100 100
Soybean trypsin 0.1 64 53 69 6
inhibitor

PMSF 100 47 32 n.d. n.d.
Leupeptin 100 C73 62 19 16
E-64 100 100 86 84 78
Pepstatin 100 55 56 100 100
EDTA 1000 95 66 100 72

n.d. : not determined.
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Fig. 2. Gel filtration of the proteases in fish sauce mash on a Sephadex G-75
column. The flow rate was 10 mi/h and 3.0 ml of fractions were collected.

O : proteinase activity (Cu-Folin) ; @ : peptidase activity (ninhydrin).
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3 Eicky, BHOFERY - sk n (Fig. 3), BHIK (pH5.5) TEMLE 7o 7
4 F—EDS bk bmWiELEZ, CM-Sephadex iT & DEAE-Sephadex iZ 4 IEBREDES (H
5 C) ONFRIKk ICHNT ZESIcEbN I, ABEHEORE pH 135.5, X7ZXIF VT
EHMSHEENIZIEDDS, TRV TF 4 v 2 7077 —BIBENES NI, 55700 )
(pH9.0) THEME FoF 4+~ H¥DHBELBOIEMIL, CM-Sephadex BEHE S (H5 A)
OHTR K YT ZENCEbhiz, AMEORE pH 39.5, oA <FF¥, §4X
FY) T4 veEE S —, PMSF itk » TiEHAHEFEEI N DS EY v T T 7 —EIC
A& i, %7, CM-Sephadex B&EME ST (s A) 1T ZMMEE TREMESL <~ 7 F & — YigH
#5& <, DEAE-Sephadex W&H4Y (H5r B) B & UIEREES (E C) 37 va )T
TEHEIE R T F ¥ — Y EHESED - 1,

pH5.5 pH 9.0
43K Z;K I;K I;K 43K 25K 17K 14K
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Activity (units/ml)
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Fig. 3. Gel filtration of the fractions obtained by preceding ion exchange chromato-
graphy. Proteases in the fish sauce mash were separated by a series of
chromatography on CM-Sephadex C-50 (pH®5.0, 0.2M NaCl), DEAE-
Sephadex A-50 (pH 7.0, 0.2M NaCl) and Sephadex G-75. An adsorbed
fraction on the CM-Sephadex column (A), that on the DEAE-Sephadex
column (B), and an unadsorbed fraction on both CM- and DEAE-Sephadex
columns (C) were applied to the Sephadex G-75 column. The symbols are
the same as in Fig. 2.
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gk pHO.5 o8B F 3iEH (Fig. 1) OKREAVEBDO L Hica M RTFFrBLY
FAXPY TV A veEy—THESNBZI 0O, pHI S TREEHERT EEMER
CITERON Y Yy TR FT—E¥THBEEIONS, —H, FidOLIKE, Le->D25HE
o pH izt pHE.5 KB I 3EHR LY v o737 —¥BLVTRVTF 1 v 7 7OFT
—FickdEELIONBY, TOERE, EELTIITEShAL 2EEOBRICE>TWVS
oS EZ S B,

ToF7-EEHCRIITREREOEE

ZkHE O 7o 5 7 — E2EEICHT A REOMEEFA~NS (Fig. Vo 7’07 1+ — £
W, ~7Fy¥—EEREVThS, BIEEE IMEESRLBEL LY, B hOoLs-25
O&HETF (5MNaCl, pH5.5) T3, F7o7 4 +—EEHD 2%, ~7F 75— EEHD 95
% BHES N, BESEMECHRT sBRodIcE, BREVRBIC 2M U EORIEE
SEETZ5DLHOATHENY, Le-23FWbo7nsy7-¥REEML->TEL
AHEINAEVIWEERL 1,

PIEOsER®S, Ls-2508KBERR pH~6 THITTZI LA, Blboy v
7SR EE L TBBMEYHROE Y v 7P F T ¥ B LU TASNNT 4 v 2 FOFT — ¥
DIEFAICEL B D EEZ LN BN, ThoOFEENFREORE L - THF LIRS

100
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Activity (%)
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Fig. 4. Effect of NaCl concentration on the overall
proteolytic activity in the fish sauce mash. The
reaction mixtures differing in NaCl concentra-
tion were run, and hydrolytic products were
determined by Cu-Folin (O) and ninhydrin (@)
methods. The degree of inhibition is expressed
as relative activity when the highest activity was
taken as 100%.
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