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Studies of Lysosomal Enzymes in Fish Muscle Tissue-1IV
Distribution and Some Enzymatic Properties of Acid
Protease in White and Red Muscles of Mackerel

Ryuji UENO and Yoshishige HORIGUCHI

Faculty of Fisheries, Mie University

The present work was undertaken io investigate the distribution and some
enzymatic properties of acid protease in white and red muscles of mackerel.
The acid proteases, which had hemoglobin hydrolyzing activity and the op-
timum pH at 4.0, were separated into six fractions from mackerel muscles
by Sephacryl 8-200 gel filtration and SI-17 ion exchange chromatography. These
fractions of white muscle were disignated as WMs-1, -2 and -3, and those
of red muscle were as RMs-1, -2 and - 3. The proteases in WM-1 and RMs-
1 and -2 were inhibited strongly by pepstatin, and those of WMs-2 and -3
and RM-3 by leupeptin. Cathepsins B and C activities were not detected in
any of the fractions, but cathepsin A activity was sightly in WMs-1, -2 and
-3 and RM-1. Consequently, it might be that the proteases in WM-1 and
RMs-1 and -2 were carboxyl proteinase such as cathepsin D, and those of
WMs-2 and -3 and RM-3 were thiol proteinase such as cathepsins L and
S. The ratio of carboxyl proteinase activity to thiol proteinase activity in
mackerel muscle homogenates was 50 : 50 for white muscle and 90 : 10 for
red muscles.

Key words : acid protease, muscle lysosomal enzymes, distribution,
enzymatic properties, mackerel
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Fi& OTWHARE « BERIELS O T 307 077 — €13, SRR BbITY vV — AKEH
L, {lNEREHORBICERLEHER L TWA, Sipsrrr (1962) 3B Eicb~, £IF
DFERITB I SAHOHEETORLOERE LT, BEOFVBEToF 7€ (BF7v V)
TG AR Lo

FE S IEEAD LR EOIMARNIEET B ) vV — s OWE B X U7 OBEREE/ LN
R 2 BT, —HSOMEETR->TE L (LFS 1978, 1981, 1986), Z DFSHR, +/5%8
A8 & A P& S R O & - CHIFES I U728, Ao ) v V' — A0k E LTHL
feh 57y vDIEMESMERTIEE L, ¥ EATREVEIRERTERE2E. (L5 1986),
—, o4 MHEABLCMAERN (LS 1981), + v & a 8K (BirD et al. 1969) BLUFY X
F v IEEE (WARRIER et al. 1972) Tld, HERICE T 5 EIEOE WENERZ R TR 2H
ELTVW3, 5N s0FEMaNHEIC X 2HAMICEEST S5 57 7 v YDIRHRER O Bk
PRETH 3 LHER LT B, 208, v MHRMIC B 24 77y YDtk o B O FH i 1d
PEEXOEECEEICLEEELZ SN BN, £, 577V vDOBEFNMERCHEAT 2FA D
BT a57—¥ (AF7YYDESE) OHSHOEESRKEREREMREING, £ T, KE
BTRYSEERABLCNERIRBY 287 07 7 ¥ 0AHB LU » ZoBRFEHME Iz
WTH AT,

SEERMIIB K URERA &

1. SRERFTH

HERAE L TR OATE LD AR LD THE DR =473 Scomber joponicus %
o, B0 57—+, 4577V VA, BBIUCORHEE LTENEh~ES oY (Wor-
thington ), N-CBZ-L-glutamyl-L-tyrosine (CGT &B&d, Sigma #!), Benzoyl-L-argininamide
(BAALBET, Sigma B XU Glycyl-L-tyrosinamide (GTA &B&Y, Sigma ) ZH W,
7uF7—~EORERE LTEBEERTF FTHEERTRASF BP0 R7F v (RTFF
TR 2V oo hoBRE RS TSR EH Ve, Y VABRBLUA 4 vy o< b
757 4 —HiHAE LT Sephacryl 8-200 (Pharmacia #1) 3 & ¥ Polyanion SI-17 um (Phar-
macia #) EENENH W B8, A4 VSR 0= M7 57 4 —IHEEERE I o=+ 7
% 7 4~ (Pharmacia $) AR L1,

2. BERKRORE

HRBROBFEREL D WEA, MAREZNZFNEEL 72, HHR%E 1 9% NaClTHifi,
EEANORM Y o 57 7 — ¥IENM & KBGFR Y 2 ERORKEMA, 7Y v I TL vy —
(EARRY R T20MAeYF 4 Xk, THIT Triton X-100%0.1%1C78 % & S iTii
4°C, 3053THRE Lo BLABERIS S0 LIS EBERIE S LT,

3. Sephacry $-2001C & B4 L 5B

Ho5H L, 0.1m NaCl EEL0.01m Y »HREEER, pH 7.0, TH#{kic & 1z Sephacryl #
54 (HRR 2.6X80 cm) ICBERH20 nlZ 0L, HM0.4 nl, minTHEH LUl AEEEIZ10 nl
TH»-To

4.81117 ASALILLBAA VIO T b IS5T 4~

HoHw LY, 0.00m U VERIRITK, pH7.0, TEMHL& i SHT 474 (HEL X10cn) Ff
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S 5 mlARINL, EREOBAEEREE AR Lok, 1M NaCl 280 ER THIRE ARA H
BFTI = Foo WEHIE2.0 ml/ min, HEEEIZ 20l TH -0
5. BRiEMRRE

Btk 7 o 7 7 — IR OBIT LTI » 7o BRI 0.5 nl W2ABRILA~E S m ey
1.5 ml, pH 4.0, &hnA, 37 °C, 2 WG, 06 M b U 7 o VEEEE (TCALBET) 2nl MR
Rib%E#EIE Uiz, 37°C, 200 BHRER, £ UALHBESBL, BONATCARBESS = L 5
(1978) I L BEEHETRIE Lice #5777V vAREREE & LTCOTEH VY, MAKINODAN and
Ikepa (1976) OHHEIC L » TRIGE S, WiHtd 57 3 / B%Yemm and Cocking (1955) @ =
ve R vk > TRIE Lze 7577 Y vBE & UCHEM I MakinopaN and Ikepa (1971)
k- TRIE Y, WL 7 v =724« A (1960) OFEIC & - THE L,
6. BHEONE

BEE%R Lowry #H (Lowry et al. 1955) CRIE L.

& S

1. Sephacryl $-200 [2& B35 ILA1B

W SEHER B & CIEH A S8 7 BEEIE % H W T Sephacryl 5-200 I & 34 W ABEITE » 1o
ZOkR%E Fig. 1R U7, Bl 07 7 — ¥R 2fNcmENOBNE <, £/, 20F
HEHE b BT OEMNED SN, £ T, 2707 7 — EiEHENEED, ROERIH L,
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2. 817 ASLAFUERIOAT VIS T 4~

EBOL I L TRONBMET 0 F 7 — CERESZ BN ABIc L » T L, 52 PD-
10 5 & (Pharmacia ) 1T & » TIREFRASHEITIE - 7o, B84 & VMG TH B SI-1T 7
5AEROTEHEERREI o< b 757 4 =% »7, £ OREE, Fig. 2 I0RT & 5l
WTIE0.6M, 0.9MBEU I MONaClEE CIAHE N 3= 20Ok 7 0 5 7 — YIEMEE 4 (WMs-
LBXT -3 &FT) BE SN, MANTIE, 0.15M, 045 MB LT 1 MONaCLEE A S
BEDSDEBET 07 7 — EIEHES (RMs-1, - 2850 -3 &M9) B ohi. 22T, oh
SOEMTDE, =« ZOBMESFHBE AT,

Red muscle

~{x8)

80

40~

1.0

J
%
A

(x1) ~

HaCl (M)

1
o
IS

Protein (OD at 280 nm/tube)

80~

400

Acid protecase activity (Relative fluorescence at Em 475 nm, Ex 390 nm/0.1 mi

Tube number

Fig. 2. Ion exchange chromatography of acid proteases in mackcrel muscles
on SI-17 column.
column: 1 X10cem, eluent: 0.01 M phosphate, pH 7.0 and the same buffer
containing 1w NaCl, flow rate: 2 ml/min, sample volume: 2 ml,
fraction volume: 2 ml.
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Fig. 3. Effect of pH on the activity of acid proteases in mackerel muscles.
Incubation was 37°C for 60 min. Acetate buffer (0.05M) was used.
@ : WMs- and RM-1, A :WMs- and RM-2, O: WMs- and RM-3
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Fig. 4. Effect of temperature on the activity of acid proteases in mackerel
muscles. Incubation was at the desired temperature for 60 min.
@ WMs- and RM-1, A:WMs- and RM-2, O: WMs- and RM-3
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5. BrOLEEROR

BT o 57— EiEkic B L8 TREA OLERR OB >V THN, ZDHR% Table 1
WR Lo SR OBE, WM-3 Tl Zn? iext LT 33 BOMHEEZ S /oA, Na¥, K, Co?*,
Ni**, EDTA BLU KON & L TWEFh Ol S EHELEEEZ I - ko SHERIX TH
BYRAF 4V, 2—=ANAT LS ) —VTRWM-3 TEHETFOHELST A %R L SHE
ETHB PCMB ® [AA TROTHOENTHERD ZHELEZI BRI -1 —F, MERDE
&, RM- 2 TNI* e UT32H DIHEAE I fohs, —liB LU 2 flig)f 1 &+ v REDTAR LW
NOEEZ I - KCNTIRRMs-1 BLU -2 BEFEM/LS N BEEER Ui Y274
VRL—ANAT I Y -~ VEBIUPCMBRIAATE, RM-3T2-A 087z v/ —nicst
L32% DIHE AT 7245, RMs- 1% -2 TREGOBEBRERED SN -1,

Table 1. Effect of chemical reagentss on the activity
of acid proteases in mackerel muscles

Reagents WM RM
1 2 3 1 2 3
% control

NaCl 96 90 96 95 101 90
KCl 92 90 91 98 105 99
ZnCl, 102 98 67 93 102 91
CoCl: 95 97 94 102 100 94
NiClL 04 92 93 105 68 80
EDTA 93 103 103 98 105 o7
KCN 98 92 91 121 112 99
Cys 109 90 72 95 99 86
2-ME o1 93 62 91 105 68
PCMB 86 86 80 100 96 82
IAA 95 94 91 102 100 94

The enzyme solution containing 1 mM chemical
reagents was preincubated at 37°C for 3 min.
Incubation was at 37°C for 60 min.

C 6. HEIEMRTF FORE

B o7 7 - CIe BRI THEIEERTF FOBEBIIOWTHRE Lz, # D85 % Figs. 5
BILUGIRLE.

YEADEE, WM-1TlER72 5 F v iciEi{ HES N, WMs-2& -3 TIRE » 7o JHE
Eniotes Eo, WM-1TlROA4 _TFF ¥ 0.5mM KBV THOROTEESHEE N TV
M, WMs-2 & -3 TREBEAEHEBINTL .

MERDEE, RMs-1 & 2 TRERT R F vick - T BEE N 45, RM- 3 Ti20.5mMmic
BOTHIUDOHELLEDONE Lo F72, RMs-1, -28 LU -3 Tlroa 7°F iz
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Fig. 5. Effect of pepstatin and leupeptin on the activity of acid proteases
in mackerel white muscle. The enzyme solution containing various
amounts of the peptides was preincubated at 37 °C for 3 min.
Incubation was 37°C for 60 min. @ : WM-1, A:WM-2, O: WM-3
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Fig. 6. Effect of pepstatin and leupeptin on the activity of acid proteases
in mackerel red muscle. The enzyme solution containing various
amounts of the peptides was preincubated at 37°C for 3 min.
Incubation was 37°C for 60min, @ : RM-1, & :RM-2, O:RM-3
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7. KA T 34580

Bt 7 o 7 7 — ¥ Ofi 4 ORREB I T BRI > WTT~Nc, T DR, Table 210RY
L, WFhOBNTE~NES o VR L TL RIESEER Uiz, BB, ¥A vigdd 2
TKEETEME I WM- 2 TR B WEER L2

Table 2. Specificity against protein substrates

Substrates Frs WM RM
2.49
(2.4%) Activity (%)
1 100 100
Iie’;"flg)bm 2 100 100
P 3 100 100
. 1 37 20
G, 1w
i o 3 16 38
Albumin ; g g
(pH 4.0) 5 0 7

The parentheses show the pH in the reaction
mixture. Incubation was at 37°C for 60 min,

8. EESHOAFTL VA, BELUCOTEE
BHSPORE T 0 F T -0 E, AREBEHCTHAOLF Y RTF 5~ CEROELEE
HEIZ O WTHRE LTne FOFE, Table 3IRT LD, WENOHESICOBAAENRT B H 57

Table 3. Presencee of cathepsins A, B and C in the fractions of
acid proteases separated from mackerel muscles by ion
exchange chromatography on SI-17

. WM RM
Peptides Frs NH; liberated (ng)
BZ—arg—NH, ! 0 0
(5H 6.5) 2 0 0

pE ® 3 0 0
Gly—L~—tyr—NH. ! 0 0
(pH 6.5) 2 0 0
pH® 3 0 0
Tyr. liberated ( umole)
CBZ—L—glu—~L~—tyr ! 15.0 2.0
(pH 5.5) 2 4.3 0
I o 3 2.2 0

The parentheses show the pH in the reaction mixture.
Incubation was at 37°C for 17 hours.
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v VB, GTARDRET B HF 7V vCOFEREZRED SNEh ot —FH, COTENRT I HF TV
VAR, WERAOEEVTROES L RSN, & IRWM- 2 KEBWIEEER L, &R
B4, RM- 1 KEEELELESE SN, BoESTRIBEASTTEESED ShiEh -7,

E &

BEE TGS SR VHEN TV AR o7 7 — Y REL L SEESH SN TS A VE
FNFUF 4 F—ETHEEZNF Y VYDEBIUEDAR, FA~AVT0F 4 F—~¥THBEI VY
YD A 577 S (Turnsek et al, 1975), 5w PFIE® 72 % ¥ v~ insesitive protease
(pr MARTINO et al. 1977) BLU A F 7Y vL (KirscHKE et al. 1977) K EBDH 5, KHFE
BWTH A EEAE L CIMAAL B N ENENE>O/MEY 0 7 7 — EiEEES VL IFh
b 4.0 IcEH pH, 50~60 CicEFREE L, MONES o VvKEELTE T 3 H W ICHE
LB % &o0, ik OLFRROMBERNE A, HTOWEOEESED SN, Lip
LEAS, ThSOENROWTN AR, BT o5 7 —YORHERET 5 T & HH
WTH-To —F, TEMREICL D BOHENAEIERRTF FTHERTRAFF vPoq <
TFVIRTaF T — R CERNICIEEYT 500, ZoEBIIERAE TV S (Aovaal and
UMEZAWA 1975)s T5b B, —RIE 7RI F ViEAALEF VLT F 4+ —€%R, vl T F
VRFA-NTOF 4 F—EEEETE, £IT, HAEEERTF FORED S EEA PO
o5 7 —EOERIERA T, THLE, WM-1BLU RMs-1& -2 TRRTRASF VILL-T
MHESNB I Lh OB R F 7Y VDBERT HEELONS, WMs-2 & -3 B L URM-
3T, B RTF UL > T HESNBI EDSF A — VT aF 4 F—EOFEEBEL OGN
%o WiBAMSE LN o F 7 - EIEEEAD S B, ECRWM-2HICE WA 77 Y VATE
W ENIze W F TV VAR RIERT R F itk - THESIN B, WM-2 TlIR72 %
FUERRMURICbphb Y, BT o7 7 —CElNE EA EMHIE ATV I EH SWM-
3IALENBFF AT UF 4 F—EDT A VHFAL LATREOHEHTEENS,

HoMERTIC BT B3 F A~ LT O F 4 > — BOEEICOWTIREE, FHo* (1983) oh 577
O USHERERPIRM S (1985) DA 77y VIBBEESHRE S N TW AL, ThoDoBERVWTh
AWMU N ObDTH Y, FHIEBRENEEERATS 5, hil, 5%/ Y EHEK
LD ABEERKL, PROTHOFA - VT uF 4 F - LD OVWTRENT 2260 TH
%,

B, A4 Vo ae b s 74—k THEESNCIVRF VLTS OF 4 F—HEF 4 —
nraF 4 F—EOMPBHRICE T 2IEHOREEET 2 L2l o F 7 - EiEEE100E L
F3BA, WA TS0 : 50, MIAWTIZ0: 10THy, HorHREcB) 287 F7—+¥
DA OWEMNED S,

WHIEE R DHE « SOFRORER - SRS - BIE R INGSER HAKESIERSMNEER, p. 155
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