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Proteolytic Properties of Sarcodon aspratus on Beef Loin
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ABSTRACT

This study was conducted to investigate the proteolytic properties of Sarcodon aspra-
tus on meat proteins. The analytical condition for the measurement of enzyme activity
was determined and the effect of Sarcodon aspratus on beef protein and its fractions were
determined by SDS-PAGE and the spectrophotometric method respectively. Optimum
temperature and pH of Sarcodon aspratus were 73~78C and pH 8 respectively. However,
enzyme tended to be denatured at 50T for 10 min incubation. Proteolytic activity of
Sarcodon aspratus was higher than that of kiwi and pear 66 and 990 times by dry weight
respectively. It appeared that proteolytic activity of Sarcodon aspratus toward beef
protein by SDS-PAGE was prominent when compared to that of kiwi and bromelain.
Furthermore, Sarcodon aspratus showed the highest proteolytic activity toward all the
beef protein fractions, which was followed by collagenase and bovine protease. Trans-
mission electron microscopy showed the muscle fiber started to be degraded when treated
with Sarcodon aspratus(1,000 unit) for 10min at 25T. Ne distinct sarcomere, A-band, or
z-line was observed when treated with Sarcodon aspratus for 60min at the same condition.

Key words : proteolytic enzyme, Sarcodon aspratus, tenderizing effect, temperature
stability.
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o] 21 ¥ o} £E3 uiKhanna & Garcha 1986)7} 3}7](Sulkowska & Kaminski
1977)& 714 4} Eolt}. £3] otz &(lkekawa et al. 1968), &4 (Bose 1955), 1
23 F cholesterol T=8 A3HA|7]= A(HAE - F94 1992)E W] R3]l o
2 71 A 71w 24 A8 5o 4 Al Badge} gich

BAol Bshe Ade A9 Jis] A42 92A g, Hashimoto(1972)=
A8 WA F9] cellulolytic enzyme2] EAJo] disld R ustsly, Yamasaki &
Suzuki(1978)= FE W AlojA P-glucosidase®} glucoamylaseE 2] A8 1L,
Gavrilova et al.(1975)2 B]419] proteaseE &3l Tl sl 1 ¥ & 3
B3k &8 @53 dEoA APk olWAle o HRE 447 ofgow
fE&H 2 e, olelTH(1986)% A S(1988)2 oWl Folle §4o] AT
protease”} E-frs]o] gl o]+ alkaline protease U-& &3t} oleiF 5(1989)
< FolHAldA Ealdt FA] A7 4T 671947 B39 S o A4 B2
W35 x) ggton] o] A endopeptidased 7}HsAdo] thz 3HdTh urers](1982)
E FolwAle] AR oA casein® H-3]5H= protease?} ZA S BolEI T, &
B3(1989)2 Sl A proteasee] &4 41 tryptophanz} serine S 2. F73 51 th.
A o] FU(1990)F 2R 5(1989a) & WAl9 <] 2}-go) Bled A3 ©]
AH(1988) SolwAlel ol Asla) Al o 43} Rao] drtE vl e
o, 22 5(1988)2 FolHiAl F<] proteasert AlRET = BR T L3t
Bo} ol Zajjo] altta Bnatg on 574 5(1990)2 SoluiAl el vl E3)
BAE AsiH EA 9 Tl 7ol tisted FAESIATE o) dollA] Au] B ule} o]
Folvilel AT FE o riRel a4l BT AA|, ] 247 43l a4
249 Aol B3 Al I3 k. mEby B AP solwAe Sy
el 840 Y& AlSol AuiEln e o Bt} vlm A3kt
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B AEol AHE oAl 2003 Y% AFA4E A€ AT AlFeAN 74
R, 71A(FRAE), (@), AX7UEF)e ontEdA FlsiH o, =)
A H3E JF] A7 Hrl(FAT)E A FE TR T4 7
o Anrle sk 4 AR AMRsirt. 9l Ea 84S viwsdr] ¢
&l A]H proteaseQ] bromelain, papain, collagenase, chymotrypsin, bovine protease <
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FEL 105T At 719 A=z, ZA4re Soxhlet F&%, ZWH-& semimicro
Kjeldah§, 23]E-& 550C 714]3]3}, 2lo] AR+ Prosky et al.(1998)°)] 2] 7}
2 Y AOACH(1990)2.2 747 233tk 84 84 34E At 9 3
Fe Z2F A= Lowry et al(1951)9] W&, F#| &4+ Bradford et al.(1976)9] %

HE o] 88l 2Aslgon] EFEZAZE bovine serum albuming AHEE}IT)
2) XA FE U AREN BN
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A W20 27 &% FE HA 8] Y8l 1% hammersten casein(0.1 M 2144
¢hE-&, pH 8.0)8 | mLo] AAEG w2 MY 2N ImLE 7F8tar 50T
o A time course reactiong& HA|etal A9} 7149 AA whg Al 7HE AA ST
FalHE 7129 e 5% TCA &9 3mLE 71eted whe-& HR|Al7) 3 2,000xgo]
A 2083 QA Bl & Yl b RalE HEte]=o] & 280 nmolA F
329t Lowry et al(1951)9] Wi o2 AAsty 1 Az ABAHL HESYTH
ol o] FAL 2I|EE FA 1 BE 0.0019 FFE Z71E 1| unit2 3
DS =g

(3) | R0l 28| I 220 (5t =206 2 =5
%5 Kang & Rice®] #3(1970) o) me} 843, 48743, 84 didz
Stal Zt HEo] tigh FolwAle] ol Ra F
chymotrypsin, bovine protease 5] 49} vHlwatgict 7+ &L J17]9] 3ujdl &)
Fote 5 71eta nidistel 42 odg R 84 HE(water soluble frac-

tion), 12} 31 B2 ZAlel] 0.67 M NaCl £8& 713la] A8 ool S F8A4] 3 E(salt
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soluble fraction), 718] 31 F& S B84 3 H(insoluble fraction)S.& 3]t} 2t
YEES 572 1428 T 9A 9 100 meoll s Fshe IS sk 50 mM Q14
#4Z8N4(pH 80)——_‘5-’ F3letyct. o3bg 2zt g Rl 100 unit®] BAFE Hole
ol B BAE Avtet &9y B R4S Stk

(4) SDS-PAGE(| o8t SF HEA Zolied =&

FolHAl, 719 =& 429 2 bromelaing X 2|3t 7] iAo T3 FdE A
7} Bz vjudyh & Hn7) 25 2 gol Z4zke) 4 200 unitE Hriskn
25TollA] 1 AIZE HES-AIZ] 3 100ColM 5 83t 71 & 484 @A S H el
8 M urea, 2% mercaptoethanol, 2% SDS, 20 mM Tris HCI buffer(pH 8.0)2] -89l A
7h&sta kst 7] sl 01'9"3]"3‘4 %7196 Laemmli §(1970)e] &J 3t
10% polyacrylamide gel S ZAI3l] A1 or, A71QT ABE 320 pgo) Tl
AL loadingstsith. Ex}F 279 vlwE 9]3le] prestained SDS-PAGE ¥5E2
(Bio-Rad Co.)#} 8 -8 74J3}= myosin heavy chainz} myosin light chain &

F(Sigma Co)& AHE-3IXTh

(5) SOIHA protease?l ATl 2K oI L0 TS RSN 2@

Folwsle] &fe A7 FxE AYske FE 2 2EHFY 2l vjA =
JGFE Lopry] gotel =4 AT HIN(EARNE | mm'og A H3 o]
o] 1,000 unite] oA FEE 4 719 FE2E& SmLE 78ka 25TeA 10%
2 60 E7F HteA A B4 g4 28 1% hammersten casein(0.] M Q1438
o, pH 7.5) 4% 71W 2 & Yamaguchi §(1982)°] W& tha FA81d A8t
ok WERFoEe & 4o FFRFE 7t 59 oA Ao @R
3 45 AHEsA ¥ dEzey M Al8E 5% glutaraldehyde(0.1 M phos-
phate buffer, pH 7.2)2 4Coll 4] 12 A7t 3283l 1% osmium tetroxideZ § 17 g
3 30~100% olHEo 2 EA|7) 1 spurr resinC. 2 Euisle] A& 60 nme] AH &
uranyl acetate ¥ lead citrate 2 QG A3} 75 KVoi|lA F3h4 21 v 7 (Hitachi, Japan)
o7 TE3IHC)

n. 20 3 &

1. SO0IHAQl 2BidE
SolujAle] UK RS Table 10 VERG ule} o], 8 7.26%, Zohula
24.03%, ZA% 2.26%2 VEFTh o)A Al ‘&@375 18.7%3} =) u}star
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<Table 1> Proximate composition of Sarcondon aspratus (%)
Constituents Contents
Moisture 7.26
Crude protein 24.03
Crude fat 226
Carbohydrate 18.80
Ash 11.23
Total dietary fiber 36.42

1.7%9%) Ao vlaix B} tih =& Aoz eyt on)(Rural Nutrition Institute
1991), 4o} Af9] FFE 364%2 FFolHAR 19.0%c]} BolMAl 19.7%H ) &
kot EumAl 48.8%Ethe= WektHHwang 1995).

A skl 5(1980)2 el 2, ¥R Auidt FauHAle] drt ¥
o] ¢ ol 9 zxjuke vhlRolA ezt EaslAle] zkzt 24.50%, 1.83%,
el A AEl g 2 Zh2} 19.26%, 1.17%, ZdreiubsoiA] Ajuigt A} 19.25%,
0.76%2] Rt} @orch wald FolMAE A Eds) 7)ol nleba] ki Hol th
23 A% F=o wet xolvt & Ao Alsdrh
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AR 4 &), Fig 13} Fig. 29 272 238 28 Solu|Al gl B g i
5”"‘“ EE 27] $xd gaw 12 4k Al 1007, 28 wkg Ao 78T, 33

S Aol 3CY A& ¢ 4 ek 2} 70T o] 4ke] LmolA] mAe] BAo] A
6}% Hol #FHUouR o] F2F B Lm0 1083t incubationgt F Folg]
= f40 @4 248 4 R Ao A} 50T e LR MRE &9
WAo] o3 & 4 k. = 60ToA 2 BAlo] 40% A8t .on, 90T oA
= Ao} g4o] 3%z UePdthFig 3). mabA SolulAl vhll Ha) gio] 84 23S
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<Fig. 1> Time dependent peptide formation of crude proteolytic enzyme
from Sarcodon aspratus at different temperatures of 40~100T.
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<Fig. 2> Peptide formation rate of crude proteolytic enzyme as func-
tion of temperature.
(data are taken from Fig. 2 at Imin(T1), 2min(T2), 3min(T3))
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<Fig. 3> Effect of temperature on stability of crude proteolytic enzyme
from Sarcodon asparatus for 10 minutes incubation.

4 SRR S0T 0|3t L} Asicin BErET) £ pHo} Hhe] BAo

JEFS A1 A3 pH 80014 718 & BAS RATKFig 4).
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Relative activity (%)

<Fig. 4> Effect of pH on crude proteolytic enzyme activity from
Sarcodon aspratus.

8.0 742 zt pH 2 &4 AL HES 27 pH 6.0 F3oA Hoje 242 el
WA o] Wie] L5 50ToA 2087 wgA|7] Axela stk oAl T
28 A 84 %38 pH 8.09 9538997 50T 258 A&3glh o=l @
W B giel o) BalE Hej=o dFE AHshe WHoZ 280 nmel| A 9] F
3% 9|3t P2} LowryH(Rural Nutrition Institute 1991)0l] o}t An}E v w3l
S o ABRBAZL )¢ FoKr=0.99) ¥4 Wgo] AT A4 280 nmoj A <)
F35 23oz o 2 aiho AL vtk

A 7124 myosin heavy chaine] F3] dAto] Uelydtl. &3] 7]9] 9} bromelain 2]
ol vlal o)Al A e Foll A myosin heavy chaine] ¥} A7} dAF AE B
& 4 dediFig. 5), ©] 22 FolAl o) R RBLrt ST Faljof Sold
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(Table 2> Proteolytic activities of pear, kiwi, Lentinus edodes and Sarcodon aspratus

Dry basis Fold
Sources
(unit/g) (Relative activity)
Pear 162 1
Kiwi 2,402 15
Lentinus edodes 2,417 15
Sarcodon aspratus 160,440 990

{Fig. 5> SDS-PAGE pattem of salt soluble protein from beef treated with various
proteases.
Lane 1 : Control.
2, 3 : treated with Sarcodon aspratus extract for 30 min and 1 hr.
, 5 : treated with kiwi extracts for 30 min and 1 hr.
bromelain treatment for 1 hr.
myosin heavy chain.

myosine light chain.

prestained molecular markers. (D, phosphorylase B 100,000,
@, BSA 73,000, @, ovalbumin 47,500, @, carbonic anhydrase
33,900, &, soybean trypsin inhibitor 28,800)

=B N R
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48 SDS-PAGE®|| 8] &t 23} myosin heavy chain, actin, tropomyosin % myosin
light chain$o] Ea&j® Zo] #ALUin slPon Al7te] ZALFHE myosin
heavy chain, actin "2 tropomyosin®] EajHE A Bl A& FolwAl Fie]

€ ¥ vissii

TolviAal ol Rl gao Suhwl RaYg A& a4T de o|8HI e
bromelain, papain®} AA|H G F A9l collagenase, chymotrypsin, bovin pro-
tease® 2 17]9] F8A, 9&A © B84 I Ed Uit TS HEER FEA
7] vl A7} Table 33} Zt}. Table 304 HE vie} o] BE -5 il g3
sl soltAle] EAdo] 71 Egkoen, th&-o 2 collagenase, bovine protease 4]
Ack. AKe] dulFd e Lo wakr £84, 484 € B8R UHoA L
Aol IA BAsthe AL FEAT E44 g sle DA o|tHYang et al.
1970). 2% AXE 7fAsl7] HafiA] 84 EE dWd B3 548 Hrtskd
44 2R D E S Fejsle] AN A)7|n B840 V1A 9NAE £
M A7 RS QA F) 48] A7 AL AFHER LR st nleAlF
Aelo] A3 e E whed 3l actomyosin type toughness} E-8449Q) &7]2 gzl
E3) Zeldle] 47} Yul2 wked st background toughnessZ UERdT] o= 3
ol & A 5% 7143ld o] & wo Az W ARAE e A HAG
gar)o) ¥g) 2 mz|dA ZA wriA dct asje2 &4 g ReEse
;7)o Bo] o] §dr}. FolwAloA F&3 AL THlA B 4 17]9
FeAT B84 & ozl 242 79.59F 98.5 univmin.o] A4S B AldsHe
Ag4a il B aLET 52 X E BT 984 YFde 294 R

L
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{Table 3> Proteolytic activities of various proteases on water soluble, salt soluble,

insoluble fraction extracted from beef (unit)
Fractions
Proteases
Water soluble Salt soluble Insoluble
Sarcodon aspratus 49.5 79.5 98.5
Papain 45 12.5 19.5
Bromelain 5.0 12.0 17.0
Collagenase 36.0 71.5 82.0
Chymetrypsin 7.5 11.0 13.5

Bovine protease 8.0 75 20.0
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ol @ 2EE F AthFig 6. ¢, d). T3 60 21 M 2] A2 Z-line, A-band
<} I-band7} 5 FalElo] SEE Elelr) ) ofellE Wk opel A thEe

A 2 . 6. 22} thick filament7} 2o 9l= A-band9]
A8t ATHFig. 6. e, 3HEHE). 71912 A3
gafo] EAEIL 2L HE TS

7}
o] RaEA ARH 2§ Aol FulE el wolmelm A chiol
= 6
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ol B3} dde AR A Adee] §F77F s 3 Sl E doldt
Gann & Merkel(1978)-& <A & 2 317] wiA2& o] +2 WIS wasiiA] A}
F 48 AjZbol) Z-line¥} I-band®] FHEHoA AAR/71 3= 71 AZFE AT AR
216 Aj7bo)] Z-lineo] €+A3] BeEovin B st ojglsl A2 Z-lined} I-band
Atolel]l EA) 3} filament -2 connectine]e} B2l w4 ol é‘ol o] &%
zlo] B8 85}A Fr}e Takahashi & Saito(1979)2] K 310 o]af 2H1% e} kg
2(1986)2 ficin 2 elA| 2] myosino] WA Hal=7] AlZ}atelom actin
v A QhYsldctal B ustel 1, Choe & Park(1996)S v whl¥-a8) & 47} myosin
heavy chaine] H&]& Zxslgvin Rpsiich

SHH Youn & Yang(1974)2 mhuigle] 24 Ralg HHstdou Az <+
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<{Fig. 6> Transmission electron micrographs of bovine muscle cell treated with 1,000
unit of Sarcodon aspratus at 25T for 10 and 60 mins.
(a) and (b): Longitudinal section of control treated with water at 25°C for 60 min, which
shows muscle fiber composed of sarcomere,A-band(A), I-band(l), Z-line(Z) and M-line
(arrow). (c) and (d): Longitudinal section of muscle fiber treated with Sarcodon aspratus
for 10 min at 25C. Z-line(Z) and A-band(A) appears thinner than control. (e) and (f):
Longitudinal section of muscle fiber treated with Sarcodon aspratus for 60 min at 25T.
No distinct sarcomere, Z-line, and A-band is shown, but M-ling(arrows) was observed.
Magnification: a-c (x 11,000), d-f (x 25,000)

Aok A dekan A fole 8o 2D Basiich Telu ol
Al ohall Bal] § 45 29955 P48 actin, myosind} connecting B} £3F 2
AEF Sl S Bolste] Ao @ A e da n, bt §22E FEyA
st Ao R AlgETh g A 5(1985) ficin A 2jA] -89 22)8HAQ1 ¥islE
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B, FAENA 3 B3 dojid o fAd An M 21 dwE e At
of Aol et BYAN BYHRe] A4z ehdn openingup F3o] Yolu A
w3 o Z9HdF DN E S A9 sarccomere®] Ao}t ZojA]p] M-lineo] 3]u]
&R 3L Z-line2] I-band7} #oix] AT 3K fragmentation)=| T 3l
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aled 282 i SA43 H5ld Frlet 2 28 E4S AEsIAT. SolHA
FZ2E9 9 F3 HLE pH 8.094 Ho 84E Uehilen, 50T o9
Exox WAdshe AES VeI ol O Fa) Ei4e 719, i) A
o W] g Eajso] 253100, SDS-PAGEY] 93 7195 A8 A %
dllo] g o §4 A FolHAlo] Sttt 53] FoluAle s walE

& H3719 £84 BE 49.5 univmin R} GLA3T B84 gl s 22 79.5
9} 98.5 unitvmin F2 AT How, AlgEE J§ 549 papain, bromelain,
collagenase, bovine protease B.U} =] el E3Ax& 0| H o] o8 oA 3x
wE A3}, FolH (1,000 unityE 25T A 1083 Ml P& o 294 F DA o]
el AlAskden, 6083 M2l Al 24, A-band, Z-line 5% W3 FEE F
He A= ZYARY 3 ddo] dABT
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