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Abstract

This study was performed to elucidate the purification and characterization of protease from saewoo-jeot, a
Korean traditional salt-fermented shrimp product. The protease in saewoo-jeot (Acetes japonicus) were ex-
tracted, desalted through electrodialysis and purified by ammonium sulfate fractionation, Sephadex G-100 gel
filtration and DEAE-cellulose column chromatography. Purified enzyme had specific activity of 8.4 unit/mg,
yield of 14% and purification fold of 9.8. Purified enzyme was confirmed as single band protein by po-
lyacrylamide gel electrophresis and the molecular weight was estimated to be about 24 kDa. The optimal pH
and temperature for the enzyme activity were 8.0 and 40°C, respectively. The range of its stability to the pH
and temperature were 7.0 to 10.0 and 30°C to 60°C, respectively. The activity of enzyme to synthetic sub-
strate showed BAPNA and TAME. The enzyme was activated significantly by manganese ions, while in-
hibited by STI, TLCK, metals (K*, Li*, Na*, Ca™, Co*, Cu*, Mg™, Ba™, Hg", Zn", Fe**). The Km value of
the enzyme was 5.1X 107 M to hammersten casein. It's suggested that purified protease from saewoo-jeot

seemed to be trypsin-like enzyme.
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Purified enzyme

Fig. 1. Procedures of purification of protease from sae-
woo-jeot.
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(MW : 24,000), soybean trypsin inhibitor (MW : 20,100),
o-lactalbumine (MW : 14,200) 5-& A}&3}¢i ).
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Fig. 2. Changes in chemical index during electrodialysis.
Saewoo-jeot was homogenized and centrifuged at 6,000X
g. The supernatant was used as a desalting sample. Elec-
trodialysis was conducted at flow rate 150 mL/hr under
7A condition. #—: total nitrogen, B-—M: amino-nitro-
gen, M—M: ammonia-nitrogen, ¥—W: NaCl, ®—@: pro-
tease activity.

Table 1. Summary of purification steps of protease from
saewoo-jeot

Total  Total  Specific

. OV . Yield Purification
protein activity activity

Purification

P T(mg)  (unit) (uniymg) (O (fld)

Crude 3540 3033 0.86 100 1
extract

Ammonium 756 2177 2.88 71 33
-sulfate

Sephadex 285 1478 5.19 48 6.0
G-100

DEAE 50 421 8.42 14 9.8
-Cellulose

1.5% hammerstein casein was used substrate.
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Fig. 3. Gel filtration chromatogram of protease from
saewoo-jeot by Sephadex G-100. The column (2.5X 100
cm) was equilibrated with 0.01 M sodium phosphate buff-
er (pH 7.0) and eluted with the same buffer. The flow rate
was 8 mL/hr and 5 mL fractions were gathered.

5 2500
4 2000 ,E
! E
E
— 1]
£ =
g3 1500 §
oo ~
o =
8 z
a2 _ =
g 1000 G
V]
[%Z]
g
1 500 E
0 . : pes 0

0 10 20 30 40 50 60 70 80
Fraction number

Fig. 4. Chromatogram of protease from saewoo-jeot by
DEAE-ceBulose. The column (2.5X30 cm) was cquilibrated
with the same buffer. The flow rate was 20 mL/hr and 7
mL fractions were gathered.
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Fig. 5. Polyacrylamide gel electrophoresis of protease
from saewoo-jeot. A) 10% SDS-PAGE pattern of purified
protease stained with coomassie brillant blue R-250. B) ac-
tivity staining pattern in skim milk plate.
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Fig. 7. Effect of pH on the activity of protease from
saewoo-jeot. The enzyme activity was measured at vari-
ous pH adjusted buffers.
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Fig. 8. Effect of pH on the stability of protease from
saewoo-jeot. The enzyme was incubated at 4°C for 24 hr
on each pH and the remaining activity was measured at
pH 8.0.
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Fig. 9. Effect of temperature on the activity of protease
from saewoo-jeot. The enzyme activity was measured at
various temperatures.
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Fig. 10. Effect of temperature on the stability of pro-
tease from saewoo-jeot. The enzyme was incubated at vari-
ous temperature and the remaining activity was measured
at 40°C.
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"C, mackerel pyloric caeca protease™ = 45~50°C, cod
pyloric caeca protease”™ = 46~48°C, shrimp muscleol]
4] B2)3) protease = 60°C, grass shrimp2] digestive
tract 2 §-8] 22lqF 43F2] protease™F 352 65°C, 1}
M2 182 55°C7F H A Sxolgdrka dtsict. o] 52

Aol Al & o o A2 HE] frelE) protease= A2
F2AYE 4 g £ A A" g4
%241 9] protease 24 1] 5=3F A2 Jehglr).

7|EE0|d

Aei7b A7 e B YA BHE
A3 Z 3= Table 29} o] Trypsin?] 4374l
BAPNA<2} TAME®] o3&} specific activity+= z}z} 7.28
units/mg, 8.52 units/mg 22 vjef} 743k A8 e}
W2} gk chymotrypsin®] §HA17]#1ql ATEE, carboxy-
peptidase 2} 471211 HPAC = &4d0] 3§ vfep}
2| edskeh A7 A"l HEF vhSAdo] Rt By 2=
grass shrimp?] digestive tractol] 4] £2]= 432} pro-
tease®™ &= 3F 3} milk fish muscle protease'” & 13
7}zr TAMEo]| #A1-8- tepio] trypsin-like enzyme 2
2 RIYPR FF{o] F HA|, 15l sdoye], ¢
7Hetedol el trypsin® % BAPNA, TAMEd]] 23 &
AL Bt

Table 2. Substrate specificity of protease from saewoo-
Jeot

Substrate" Specific activity (units/mg)
BAPNA 728

TAME 852

ATEE 0

HPA (]

"BAPNA: Na-benzoyl-DL-arginne-p-nitroanilide, TAME: p-
tosyl-L-arginine methyl ester, ATEE: N-acetyl-L-tyrosine ethyl
ester, HPA: hippuryl-L-phenylalanine.
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Fig. 11. Lineweaver-Burk plot for hydrolysis of ham-
mersten casein by purified protease from saewoo-jeot.
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137} o] HAF 42 Kmzhd 5.1x 107 MZ <SR
protease®9] Kmg}t 1.6x 10° M, = =] =] 2+ protease2]
Kmgt 2.67x10° M3} o A vpeh} 2 A2 o
AEre FARZE AU w8 71" 7e] 2s}o)
FS 42 AR

w5 ol &2 Ayl A Ba E 84 v)x
Zo] Mn"& 60% AT #2 3
7FA 2} Lin, K*, Na*, Ca™, Cu™, Co™, Mg™,
Ba™, Hg", Zn", Fe™" 52 &4 848 Aal)s)sdc}
B AYOIHE Muol] ofa] Fs BAo] WAS =
Pebe BAE wated ot Muvol 2 A E o}
epdck s 2 73} Doke 5992 shrimp muscle protease,
Jiang 5""¢] milk fish muscle trypsin-like protease,
Honjo 5-°"¢] shrimp hepatopancreasol| 4] £2|% 2%
2] trypsin-like enzyme}i= AHub=El A2 Lpehyg] o
W Z 52 Moo 23] &ago) Zrha 15 e}
tiefo} rypsinhe YA AnE B}

o
olN

Xeix el HE

AAE N Aol dsks g A
Table 42} o] ZJAE F 4= IAA (inhibitor of thiol-
protease), TPCK (inhibitor of chymotrypsin)el] 2]a}j4]
& 3 %-E A] kAl STISE TLCK (inhibitor of ser-
ine protease, trypsin-like enzyme)ol] 2]al z+7+ 8%,
75%% A al|Elo] fxstA 2843} 9] om EDTA

Table 3. Effect of metal ions on the activity of purified
protease from saewoo-jeot

Metal ion (1 mM)

Relative activity (%)

Control 100
Li 52
K 47
Na* 64
Ca” 51
Co™ 51
Cu™ 63
Mn™ 160
Mg 48
Ba™ 49
Hg™ 45
Zn"" 48
Fe™" 78

Table 4. Effect of some inhibitors on the activity of pu-
rified protease from saewoo-jeot

Some inhibitor” (I mM)

Relative activity (%)

Control 100
TPCK 100
TLCK 25
1AA 81
STI 12
EDTA 39

Metal ions was preincubated at 37°C for 60 min and the en-
zyme activity was determined.

Inhibitor was preincubated at 37°C for 60 min and the en-
zyme activity was determined.

"TPCK: N, -tosyl-L-phenylalanyl-chloromethyl ketone, TLCK:
N-tosyl-L-lysyl chloromethyl ketone, IAA: lodoacetic acid,
STI: soybean trypsin inhibitor, EDTA: ethylene diamine te-
traacetic acid.

(inhibi- tor of metallopeptidase)ell 23} 61%2 #]3)%
Ak Wb B A 43 trypsind} v]<% bind-
ing sited Zr= serine”| 2] trypsin-like enzyme S 2 A}

=3t}
2 %

M-3Rl A proteaseE- 33, " A|slo] o)) F st
A 545 Akl A9 protease & 2%, 217]
Ao 2 =9, ammonium sulfate 2 w28 23 1)
¥ Sephadex G-100 column chromatography2} DEAE-
cellulose column chromatography 2 8)3}e] % ) 5)ed o
o A Aae 719454 e band2 eyt oo
EAVES 24 kDa, 8- 14%, B]8A 971 8.4 unit/
mg, 4 AWl ez 9.801%dch. HA E 2] #A pHE 8.0

ol9a pH 7.0~10.09] slel4 <kxstalch whua
23 52 e HA Xt 40°Co]9] 1 30~60°C2)
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Km7}-2& 5.1x 107 Mo]gic). & o]Lo] ofsko 21=
Mn™*3to] 84do] Z7bx]gin b 24 o] &5 o))
A= A=k, AaiAle] Eobel| 4= STI?F TLCK
off olafl A atA HaEldct. o) ko] Aaloa af$-
Alell4] #-21%] proteasey= serine 2] trypsin-like enzy-

me2 o8 = 2] 51045}_
ZAel 2
2 AdFE FUSA SYAT Aol Aos
AWEY /1% A A9z S5 A7 Ate]
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