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Abstract

Deterioration of fish muscle is known to occur more quickly in the dark fleshed fish than in the white fleshed
fish, causing by their high intestinal proteolytic activity. Muscle degradation which suffer post-mortem
autoproteolysis is affected by trypsin with its unique activation function towards other enzymes. To compare
physicochemical and enzymatic properties for the trypsins of the dark fleshed fish, trypsins from the viscera of
anchovy (Engraulis jiponica), and the pyloric caeca of mackerel (Scomber japonicus), yellowfin tuna (Thunnus
albacores) and albacore (Thunnus alalunga) were purified through ammonium sulfate fractionation,
benzamidine-Sepharose 68, DEAE-Sephadex A-50, and Sephadex G-75 chromatography. Two frypsins from
mackerel (designated mackerel trypsin A and mackerel trypsin B), and one each from anchovy, yellowfin tuna
and albacore were isolated as electrophoretical homogeneity. The purities of anchovy trypsin, mackerel trypsin
A and B, yellowfin tuna trypsin, and albacore trypsin increased to 78.1, 4.8, 9.3, 120, and 160-fold, respectively,
compared to crude enzyme solutions. Molecular weights of the trypsins from the dark fleshed fish estimated by
SDS-polyacrylamide electrophoresis were ranged from 22kDa to 26kDa. The trypsins contained higher amount
of glycine, serine and aspartic acid, and less amount of tryptophan, methionine, lysine and tyrosine. Optimal
conditions for amidolytic reactions of the enzymes were pH 8.0 and 45° C for anchovy trypsin, pH 8.0 and 50°C
for mackerel trypsin A and B, pH 9.0 and 55°C for yellowfin tuna trypsin, and pH 9.0 and 50°C for albacore
trypsin. It was supposed that the habitat temperature of the dark fleshed fish is slightly connected with the
optimal reaction temperature of the trypsins of the fish.
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Fig. 1. DEAE-Sephadex A-50 chromatograms of the BA-p-NA positive fraction obtained from the benzamidine-Sepharose ‘6B affi-
nity chromatography after salting-out by saturated ammonium sulfate solution in the range of 30~70% for purifying the

dark fleshed fish trypsins.
Flow rate and fraction volume : 30ml/hr and 5ml.
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Fig. 2. Disc- and SDS-polyacrylamide gel(PAG) electropho-
retograms of the purified trypsins from the anchovy,
mackerel, yellowfin tuna and albacore.

AT ; anchovy trypsin,  MA ; mackerel trypsin A.
MB ; mackerel trypsin B, YT ; yellowfin tuna trypsin.
LT ; albacore trypsin, M ; SDS-marker protein.
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Table 1. Purification of trypsins from anchovy, mackerel, yellowfin tuna and albacore

Anchovy Mackere! A Mackerel B Yellowfin tuna Albacore
Fraction S.A. Yield S.A. Yield S.A. Yield - S.A. Yield S.A. Yield
(U/mg) (%) (U/mg) (%) (U/mg) (%) U/mg) (%) U/mg) (%)
Crude extract 0.05 100.0 0.47 100.0 0.47 100.0 0.02 100.0 . 0.01 100.0
(defatted) (0.05) (0.29) (0.29) (0.07) (0.05)
Ammonium sulfate 0.34 20.4 0.71 98.0 0.71 98.0 0.14 86.0 0.14 96.0
fractionation (30~70%)  (0.34) (0.36) (0.36) (0.62) (0.41)
Benzamidine- - 1.36 7.1 0.99 33.0 0.99 330 097 64.0 0.91 50.0
Sepharose 6B (0.89) (0.54) (0.54). (1.06) (1.20)
_ 1.51 4.3
Sephadex G-75 (1.14) .
_ _ 2.38 3.2 1.77 6.0 1.77 12.0 1.11 270 1.12 37.0
DEAE-Sephadex A-50 374¢) ©95 0.74) (1.35) (1.31)
_ _ 2.27 2.5 2.39 10.0 1.15 15.0
DEAE-Sephadex A-50 (1.16) (124) (1.85)
_ 3.56 3.2 1.92 14.0 1.52 34.0
Sephadex G-75 (1.87) 2.01) (1.68)
Benzamidine — 4.38 9.7 2.32 21.0
Sepharose 6B (2.08) (2.03)

Numericals in parentheses represent the caseinolytic activity
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Fig. 3. Estimation of molecular weights of the trypsins from
the anchovy, mackerel, yellowfin tuna and albacore
by gel filtration.
Molecular weight markers described below were used
as the molecular weight standards for gel filtration.
Mp : aprotinin (6,500 Da).
Mc : cytochrome ¢ (12,400 Da).
Ma : carbonic anhydrase (29,000 Da).
Mb : bovine albumin (66,000 Da).
Regression equation :

YIMW) =100, 1=0.9960
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Table 2. Comparison of amino acid compositions of anchovy, mackerel, yellowfin tuna and albacore trypsins*'

(residue/ mol-protein)”

Amino acid Anchovy Mackerel A Mackerel B Yellowfin tuna Albacore
Non-polar .
Ala 1" 14 1" 15 12
lle 10 13 12 1" 1
Leu 15 13 12 18 . 17
Met 3 4 1 6 6
Phe 5 5 4 7 5
Pro 1 15 14 12 12
Trp? 2 5 6 2 1
Val 16 19 17 19 17
Polar
Negative charge Asp 32 21 23 18 20
Glu 24 20 20 24 24
Positive charge Arg 6 7 15 7 7
Lys 6 6 6 6 5
Uncharged atpH7  Cys® 5 15 16 13 18
Gly 28 25 23 25 26
His 9 10 12 9 9
Ser® 30 23 25 19 16
Thr 14 12 12 10 10
Tyr 8 3 2 8 8
Total residues 235 230 231 229 223
Total amount 29629 28208 28951 28690 27988
Corrected M.W. 25399 24068 24793 24568 23974
Acidic A./Basic A. 4.67 3.15 2.05 3.23 3.67
Avg. hydrophobicity®
(kcal/residue) 0.86 0.99 0.93 1.04 0.99

*' Amino acid compositions were exhibited by determining the highest values in the results of 24hr, 48hr and 72hr hydrolysed

samples

" Molecular weights of the trypsins adopted in the analysis of amino acid composition were based on the values determined by

SDS-PAGE method

» Tryptophane was determined by analysing the alkaline-hydrolysed sample

» Cysteine was analysed in accordance with the method of Spencer and Wold >

* Serine was determined by extrapolation of the values analysed the 24hr, 48hr and 72hr hydrolysed samples
% Average hydrophobicity was calculated by the method of Bigelow *
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ol F AAEL 9714 obvlAtel dij 444 elvlx
Are] 2714 vl gol M= HA trypsino] 4.67, i
Z-of trypsin A2} B7} z}z} 3.159} 2.05¢) .o, g}l
o] trypsino] 3.23, 22] i ‘g7l c}el o] trypsino] 3.67 %
A 247t 3polrl B S & 5 AT

Simpson3} Haard”7} ¥.328 1= o7 (Gadus
0ga0)9) trypsing 7]4 ofvlxAbe] gt A4 o}w|
xALe] A7) w7} 5.24, 2] 3 Kiel'sl] 2 Aj-$¢
trypsin®} $=o}X] trypsin 7.633} 4.652.4 o] 5 H]| &
o2 AR e AYA R, EHHelql Tl o
ol 2] trypsino] |7]A] elwAtel] At AtA] ofvl
xAke] A7) Bl A A SR G AL o] AAE
o] At pHZoflA] EbAstA] | o] fal-g vt
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HF4£54-L D3| trypsino] 0.86kcal/residue, ;15
o] trypsin A%} B= Z+z} 0.99kcal/residues} 0.93
kcal/residue, 3}c}e§o] trypsino] 1.04kcal/residue, L
232 drlichelo] trypsine] 0.99kcal/residuezA] 3t}
2 o] trypsine] 7} Estel.

Bigelow™ ¥ Hazel3} Prosserdl] o}3}d, £ 7]%
o] chifd F-xiel o Iy AES DAL 294
o BE2) oAl vt FFaFHe] Fra B
g ] gel w30, WA 9 trypsind Friefolrg ¢
et e] 8 trypsinell A Kot @A o] vha P
trypsing B-$-3}x glslow, g9 RnyE 7o B
AL vy

=3}, Bigelow™& 50°CH} 1 o] 49 LR E A
AgHe AEA7} Fo] EAFH, o5 AE EA &
e F 250 e At d kAol ¥
a2 siglen, 7 JAdL FAF R 228 2%
4 Ad o] B} 75 A A8 EA1H QA Zle=
22319 =4, o] ¥ 39} #& 5o Simpson=} Haard?”
€ - A= A9 trypsind HF £F40°] 0.86k
cal/residuedct} i 3}¢]3, = Simpson = thA]eF
)+ (Gadus morhua)?] 2448 0.846kcal/residue
gti sl =d), ol & A o] FrEe] £ A7 &4
A3 o4 o Ko trypsinol vjste G
TAEFAE B HL 99 Bigelow™2] A22} AU
e AAd S 4 4 A

Sl Eal

AAE 7} Gl ofdted BA-p-NAS] Ralel vl
£ pHe] 3% Fig. 49 Yhepulglc}. pH 50004+ 5
%9 84 =¥ A& el A st on, o] F pHe
Z7}el wel $A S F71sto] FA trypsin, Z50
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Fig. 4. pH dependence on the hydrolysis of the BA-p-NA sub-
strates by the anchovy trypsin(a), mackerel trypsin A
(D, mackerel trypsin B (M), yellowfin tuna trypsin
(+) and albacore trypsin (x).
Buffers used in the reaction mixtures : pH 3.0~4.0, 0.
1M glycine-HCl : pH 4.0~6.0, 0.1M sodium acetate-
acetate : pH 6.0~8.0, 0.1M Na2HPOs — NaH2POa : pH
8.0~9.0, 0.1M Tris-HCl : pH 9.0~10.0, 0.1M glycine-
NaOH : pH 10.0~12.0, 0.1M NaOH-NaHCO:.
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olg} 3 3t} &, Simpsoni?} Haard”= 2@ =4k
o724 trypsin BA-p-NA7Z| A ol tjd}ed pH 7.5¢] 4
18] 1 casein 7)Ao} di3}od = pH 9.0~9.5 o) A
o] 845 vepdda 32, Genicot 592 ¢
o] (Paranotothenia magellanica Forster), $o}2} 4o}
A1 9] trypsinel] t3lo] A7 o] W} 3 A4 A3 9
ulel FE B el A BA-p-NA 7] A o gt &3 pH
€ Al B4 2F pH 8.00]2tx g2, A48
2| Aol AAH A i Basig)

oAbl WREN B AYY AANE £ o,
trypsin®] BA-p-NAZ]A o) digt 24 pH=Z-& pH 7.
6~9.0 Y& & 4 slsich

Fig. 52 A48 o v|xj= 2% 43L& Aty &
o g HxA trypsind 45°C, IL59] trypsin A, B 2 ¢
7R}l o] trypsind 50°C, 2] 3}l e} trypsind
55°CellA] ztzt Hoje] $4& vehiigdc) W x
20°Coll A 2] A &2 P3| trypsing} 5] trypsin
A 18%, 359 trypsin B 25%, 3}l o] trypsine
29%, d7/0ek=o] trypsind 43%2] A& Byl o,
65°CAME 559 Kx BF A9 BAo] vhehix]
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4 AA2AE oFF & o F trypsing] B

Relative activity

Temperature , °C

Fig. 5. Temperature dependence on the hydrolysis of the
BA-p-NA substrates by the anchovy trypsin(a), ma-
ckerel trypsin A([0), mackerel trypsin B(H), yellow-
fin tuna trypsin(+) and albacore trypsin(x).

The used buffer in the reaction mixtures was 0.1M
Tris-HCl, pH 8.0.

o314, ¥lej(Mallotus villosus)®] trypsing trypsin |13+
7} 23 pH 8.0~9.0, 42°C4ichx slgo0y®, ad
E A7 trypsin ¢] -9 BA-p-NAZA 71 A o] Ht
A4 HAx7 o] Caroll o3t F& A& e,
g EAF o Car'e] §1& W= pH 7.5014 30°C,
Ca*e] 20mM H = EAF W= pH 7.5414 35°C,
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o, Ca®*o] yh-g-A ol §-E3 FEo o} A
E 27 4ol =cha HH.
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A2, FFo19 A9 pH 8.0¢14 60°CHrtz B
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75 A oA} A2cte gy o uhye 43 2
S ZEE = 229 trypsin(AL59] trypsin AS} 715
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