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Proteolytic Digestion of Boiled Pork by Soused Shrimp
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= ABSTRACT =

This study was devised to elucidate whether soused shrimp exhibits a digestive
action on boiled pork meats, and the mechanism by which sousing with a high
concentration of sodium chloride preserves nutrients in foods for a prolonged pe-
riod.

Protease was isolated from soused shrimp using a combination of ammonium
sulfate fractionation, DEAE -cellulose ion exchange chromatography and gel filtra-
tion. The isolated protease had specific activity of 1,560 units, 210 purification fo-
Id with an yield of 389%. Its optimum pH and temperature were 8.0 and 43, re-
spectively, The molecular weight of the enzyme was 35,000. The Ky value of
the enzyme for casein was 1.6 x 10 "5 M. The enzyme required the presence of cu-
prie ion to exhibit its full activity. Eighty eight percent of the enzyme activity was in-
hibited by 3.5M NaCl showing a reversibly linear decrease of the enzyme activity
as NaCl concentration increased. The nature of the inhibition by NaCl was rever-
sible and noncompetitive. The protease activity in soused shrimp was well preser-
ved with the elapse of time at least in part due to NaCl induced suppression of
autodigestion. The enzyme was depatured by acid easily, i.e. 1% of the original
activity remained after staying at pH 2 for 10 minutes, which is within the norm-
al range of pH of the human stomach. Soused shrimp was observed to be one of
those containing the highest protease activity compared with the other soused foo-
ds such as soused oyster, squid, clam, and Pollack intestine with respect to spec-
ific activities of dialized 1:4 whole homogenates(w v} in 5 mM sodium phospha-
te-2.4 mM f-mercaptoethanol buffer, pH 8.0. Casein and boiled meats including
pork, beef, and chicken appeared to be the good substrates for the protease. Cas-
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ein was the best.

Therefore, the ingestion of boiled meats including pork together with soused sh-
rimp would help digestion of boiled pork in human not only by increasing appe-

tite also by the direct proteolytic digestion of boiled meats by soused shrimp to

some extent. And a high concentration of sodium chloride inhibited the protease

activity reversibly in a remarkable degree, which ensued in a significant retardat-

ion of autodigestion of protein in foods by proteases, and hereby contributed to

the preservation of foods for an extended period.
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Fig. 1. The effect of casein concentration on the
activity of protease from soused shrimp.
A plot of v(change of 0.001 A at 280nm
per min per incubation mixture) versus
substrate concentration was obtained us-
ing casein as substrate, The enzyme pre-
paration used was 0.8mg of protein of
70% ammonium sulfate precipitate. Incuba-
tion was conducted for 30 min at 37C pH
&.0.
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Fig. 2. pH profile of protease from soused shr-
imp. Protease from soused shrimp was
incubated at varied pH from 6.5-85 at
37 C using phosphate buffer and casein
as substrate.
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Sephadex G-100 column chromatography 2 & 4
2 U8 A48 ¥ (Fig 5) 3U¢ column & Cytoch
rome C({MW. 12400), Carbonic anhydrase { M. W,
29,000), Bovine serum albumin (M.W. 66,000), Alco-
holdehydrogenase (M W. 150,000), Blue dextran (M.
W. 2,000,000} -2 A}&5lo] calibration 3} o] Fol
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Fig. 3. Temperature curve of protease from sou- 4). #%9 AR FEY U B 2 Y
sed shrimp. Protease from soused shrimp HNEF v Ase] UUARH T4 FAL ¥ s
2 2]

was incubated at -vaned t.emperatures 15- T Table 24 miuel go] oA, AN, =
477 at pH 80 using casein as substrate.

Table 1. Protease purification from soused shrimp

Purification Purification Specific activity Total enzyme Yield

steps (fold) (unit /mg of protein) Activity (unit) ( %)

Whole homogenate L0 7 3,730 100

Supernatant at 1.7 12 3,130 84
105,000 x g

70% Ammonium 5.5 41 2,600 70
sulfate precipitate

FEluate from DEAE- 42,4 314 1,570 42

cellulose
Eluate from 210.8 1 560 1,410 38

sephadex G-100
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Fig. 4. Elution profile of the protease on DEAE- Cellulose column. Step gradient was
applied, The arrows indicate application of new buffer A with different concentrat-
ions of NaCl: 0,0.2, 0.3, 0.4 M, respectively. The enzyme assay was conducted using
1% casein as substrate. The enzyme activity(@®) and absorbance at 280 nm((Q) are
lustrated as above.
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Fig. 5. Sephadex G-100 column chromatographic pattern of the protease from soused

shrimp. The enzyme assay was conducted using 1% casein as substrate. The
enzyme activity (@)and absorbance at 280 nm(() are shown as above,
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Fig. 6. Calibration curve of Sephadex G-100 gel filtration chromatog-

raphy using Cytochrome C{MW. 124 x10%), Carbonic anhyd-

rase(M.W. 2.9 x 10*?), Bovine serum albumin{MW. 66 x 10 4y

as standard proteins.

Table 2. Protease activities of various soused
foods L5 A5 F 104, 209, 0
o
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Table 3. Change of protease activity in shrimp
with the elapse of time after sousing

Specific activity of protease

Soused shrimp (unit /mg of protein)

10 days elapsed 78
20 days elapsed 7.3
30 days elapsed 74
60 days elapsed 7.2

26.7 pM of casein was used as substrate in the
assay procedure described previously in the me-
thods.
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Fig. 7. Effect of substrate concentration on the rate of shrimp protease
~ catalyzed reaction. Substrate concentration curves were drawn
on a plot of substrate concentration(mg of protein of substrate
per incubation mixture of 1 ml) versus initial rate(change of
0.001 absorbance at 280 nm per min}. The substrates used for
comparison were casein(()), homogenates of boiled pork(@®).
boiled beef(A), and beiled chicken(m) to assess relative sub-

strate efficiency.
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9) EDTA ¢} Cu, Mg, Cd5e] 23589 9%

1 mM disodium ethylene diamine tetraaceticacid

Table 4. Relative efficiency of various proteins
as substrate for protease from soused

shrimp
Protein used as substrate % Efficiency
Casein 100
Boiled pork homogenate 28
Boiled beef homogenate 28
Boiled chicken homogenate 57

One hundred percent enzyme activity represents
maximum rates of proteolysis when casein is used
as substrate for the protease. Relative efficiency as
substrate was calculated by comparing maximum
rates of proteolysis of various food proteins used
as substrates with that of casein

(EDTA) A &tol M 2848 23359e 9 EDTA
7h & oo Hate 37%¢] TABHL Yehigon
1mM EDTA ¢ 7] 2 2mM CuCl, & -2 7l 2
o Za84e] 127% 84 YUk of o

20
e
3]
a$
g
g‘lO - .
=
25
0 v v .
1 2 3 35
Concentration of NaCl in incubation
mixture, M

Fig. 8. Inhibition of protease from soused shrimp
by NaCl. Protease from soused shrimp
were tested for inhibition by NaClL NaCl
concentration of reaction mixtures varied
0-3.5M. Incubation was carried out at 37
T pH 80 using casein as substrate.

Table 5. Effect of ™EDTA and various cations
on the protease activity

Concentration of *EDTA

. . . Percent of the
and various cations in

. . enzyme actvi
reaction mixture ¥y ty

Free of *EDTA and cations 100
1mM TEDTA and 37
1mM "EDTA and 2 mM MgCl, 37
1mM *EDTA and 2 mM Cu(l 2 127
1mM *EDTA and 2 mM CdCl 2 37

*EDTA represents Disodium ethylene diamine

tetraacetic acid. The enzyme activity obtained by
the reaction without *EDTA or cations addition
is presented as one hundred percent enzyme act-
ivity. Sephadex G-100 column eluent(3ug of pr-
otein) was used as enzyme preparation in the as-
say procedure and casein was used as substrate.
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Fig. 9. Effect of NaCl on the protease activity. Casein concentration
was varied from 2.7 to 26.7 uM. The concentration of NaCl
used: OM(®), L5M(O). Sephadex G-100 eluate(3ug of pr-
otein) was used as the enzyme preparation in the assay pro-
cedure described in the methods.

ol aa stvtg AARe 1 43¢ =A% ded
casein® A 17] 59 §7 vH e v LaAg

ol gelit FE § ol2 9] Hrte EDTAC ojdle] o
e FLTAHL B =i-§ FA 3 (Table

5).
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