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~Abstract-

Background : The endoplasmic reticulum (ER) plays an important role in quality control of newly synthesized
proteins. Proper folded, assembled subunits and modified proteins are allowed to enter transport vesicles en route to
the Golgi. Many misfolded, overexpressed and unassembled subunit proteins are retained and rapidly degraded in the
ER (or near the ER) without reaching the cis Golgi. To better understand the possible role of protease which may
be related to proteolytic processing or degradation in the ER (or near the ER), calpain like cysteine protease was
partially purified from microsomal fractions of porcine thymus and tested enzyme activities in the presence of inhibitors
such as N-acetyl-leucyl-leucyl- norleucinal (ALLN) and N-acetyl-leucyl-leucyl-methioninal (ALLM). Materials and
Methods : The microsomal fraction of porcine thymus prepared by sucrose density gradient centrifugation was used
as an enzyme source. The calpain like cysteine protease was purified from microsomal fractions using successively
DEAE-cellulose column and phenyl-sepharose CL-4B column chromatography and tested enzyme activities in the
presence of inhibitors, Results: The cysteine like protease activity of microsomal fraction from porcine thymus was
increased dose dependently and decreased in the presence of inhibitors. The cysteine like proteases of microsomal
fraction such as calpain I and II activities were found in 0.1 M and 0.25 M NaCl eluate fraction of DEAE-cellulose
column chromatography, respectively. When 0.25 M of NaCl eluate fraction from DEAE-cellulose column was loaded
with phenyl-sepharose column, calpain II activity was contained in the unbound fraction of phenyl-sepharose column.
The enzyme activity was significantly inhibited by the presence of cysteine protease inhibitors,
N-acetyl-leucyl-leucyl-norleucinal (ALLN) and N-acetyl-leucyl-leucyl-methioninal (ALLM). Though calpain II isolated
by phenyl-sepharose chromatography was not homogeneous form, enzymatic assay in vitro and other biochemical
properties were identical to calpains. Conclusion: Calpain I and II are well known calcium dependent cysteine proteases
and found mostly in cytosol fraction of various organs (ex. liver, kidney etc). The existence of calpain like cysteine
protease in the microsomal fraction of thymus tissue confirmed present work might be useful for the elucidation of
rapid and selective degradation of newly synthesized proteins in the cells.
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1. AJeF

B A&  AFE3F  leucyl-norleucinal(ALLN),
N,N-dimethylated casein, Iodoacetic acid(sodium salt),
leupetin, imidazole, sodium deoxycholate, PMSF,
EDTA, EGTA, dithiothreitol 2 SigmaiHUSA),
Phenyl-sepharose CL-4BE  Pharmacia  Co.Ak
DEAE-cellulose  (DE52)&  WhatmanAt  (England),
Folin-Ciocalten A]2F2 HayashiAH Japan), Bradford 2]
oF2 Bio-Rad 3}AF AF(USA)E, 7]e} &rjeb Unt
AleFe Junsei(Japan) Ab AlFY S5 A IFE AMES}
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2. A9 FA =A A microsomal & o]Ez]

ZZ oA oA Fejgde) 29
AAe o234 2L AFS AAAM Rsdey =
€ FAHL 4T ol3loiM 33

1) Crude microsomal ¥ 39} A=

HRle] FAZAANA microsomal 39l HEI:=
JeohnE™'5} Urade5'9) g2 okt Wysle Al%
it = A% 107E miRke] 01%] A (A F
100Kg ©jshe] Axd F4 =5& =4
2 F]jsted A € Fol &
= FAE SHsAT 300 g FA 23 4u)
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2) Microsomal #3839 A=

fo] D&M d2 JAHE EFL 027 M sucrose
2t 1 mM PMSF 2 10 uM®| leupeptin®] 48 10
mM Tris-Cl $FE8(pH 7.5) 45 mio] 28Al7l &
2.1 M9 sucrose7F FH 10 mM Tris-Cl =8
(pH 7.5)& 713t sucrosed] FHEEEE 12 ME X
A F FI7F 10 ml HA St9oh 294 Eg&
FEo} Tris-Cl(pH 7.5)o &3iA1x1 2 mie 20 M
sucrose, 1.7 M sucrose(4 ml), 1.45 M sucrose(4 mi),
12 M AE(0 ml), 08 M sucrose(6 mi), 027 M
sucrose(6 mh)E zHHZE 7F8ET 105,000xgol A 36A17F
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7.5) 10 mE 7isted BEFA1Z] ¥ magnetic stirrerE
AHEBte] 4 CollA 32 Ft &3iA1R. 38
AXA 3L 025% sodium deoxycholate®} 25 mM
2-mercarptoethanol, 1 mM EDTAZ} &/¥ 20 mM
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s T35l 105,000xgolA 1A17F B9 2Y4E
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e
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1) DEAE-cellulose column chromatography
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™ LKB fraction collector® AFE-3t] 30 mli/hre) &%
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2) Phenyl-sepharose CL-4B column chromatography

9 DA e 025 M NaCl 82 d=&
o AgZ n)lg] FHE3FAIZ] phenyl-sepharose CL-4B
column(1.2 x 8 cm)®l] loading 3 Th2 Y=8d A=

£ AFg. &4E8H A2 £ZF2] phenyl-sepharose
CL—4B°“ A B §EHe ¢z £8& =
o}A] amicorn concentratorE ARS8t FEA|Z ¥ F
A& s &@rle 100 mM CaCl¢ 1 mM
leupepting 7Fete] ©)&9) HFFEIF ZF 1 mMF 20
uMe] SA 23sTh

3). Calcium dependent phenyl-sepharose CL-4B
column chromatography

A9 2) oM 3§29 S 3589 BQ0 mM
Trs-Cl, pH 7.5, 1 mM CaCl2, 25 mM 2-mercaptoethanol,
20 M leupeptim)® HF3} A1 20 mie] phenyl-
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AHE-ste] 3087 ZALYA EE FEE E
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calpain 13} calpain 2] QA AQ ALLNT ALLMS
7VetAE W &4 =T oF 40 % TAIHS S
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microsomal H& o= cysteine protease family$l
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Fig. 1. Cysteine protease activity of purified microsomal
fraction from porcine thymus. Calpain like cystein protease
activity of microsomal fraction (6.8 mg protein/ml) was

determined as described in Materials and Method. One unit
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of enzyme activity was defined as the amount of enzyme
required to give an increase of one absorption unit at 720
nm.

04

02 [

Control ALLN ALLM

Fig. 2. Effect of ALLIN and ALLM on cystein proteasee
activity of ER fraction. Enzyme activities were assayed in the

presence of ALLN(20zg) and ALLM(10 zg).

DEAE-cellulose column #3¢ dma
iad g4x 54

Microsomal 88 DEAE-cellulose column®]] loading
3 & 0.1 M NaCl®} 025 M NaClo] ghg-5 2b=g-of
BE ©AACE &£EAZE W@ T peakE UEIRS
H(Fg. 3) Z} FgA %S Hoto 4589 CE
2 28T calpain®] BAES
M NaCl E3& calpain 1o] SelEjon] g4
100 E FH3IY calpain®] QAEZES ALING ug
m)E 7¥sted WA S Afole 849 EAET}
oF 45%0)¢ A8 FAHJUHE 4). £ 025 M
NaCl ®¥&8oj&= calpain 17} g5 ¢Jom(Fig 3),
FA-718 ke A §499 100 e HEA calpain
o AASZES ALLME FEEE FUIEGE W
ALLMOl 98t a4 SA4w7t @43 Z48g
FA3IAHFig. 6).

5 025 M NaCl
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Fig 3. DEAE-cellulose columnchromatography of microsomal
fraction from porcine thymus.

50 100 200(ut)  ALLN

Fig. 4. Calpain I activity of 0.1 M NaCl eluate fraction from
DEAE-cellulose column chromatography. Enzyme eluted
from DEAE-cellulose by 0.1 M NaCl (1.5 mg protein/ml)
was assayed for calpain I activity at concentration of 50 £M
CaCl2 and ALLN (20pg). Phenyl-sepharose CL-4B
hydrophaobic column chromatography
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phenyl-sepharose 4B column®] loading 3}31 &8¢
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50 100 200(z8)

Fig. 5 Calpain 1II activity of DEAE-cellulose column
chromatography. Enzyme eluted from DEAE-cellulose by
0.25 M NaCl (1.3 mg protein/ml) was pulled and assayed for
calpain II activity in the presence of 1 mM CaCl2.

08
0.6 L
04
02 r

Control ALLM 1 ALLM 2 ALLM 4(uf)

Fig. 6. Effect of ALLM on calpain 1I activity of 0.25 M
NaCl eluate fraction from DEAE-cellulode column
chromatography. Enzyme eluted from phenyl-Sepharose 4B
column by 5 mM EGTA (5.6 g protein/ml) was pulled and
assayed for calpain II activity in the presence of ALLM.
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Fig. 7. Calpain II activity of Phenyl-sepharose 4B
hydrophobic interaction column chromatography. The
unbound fraction from the column was pooled and assayed
for calpain II activity.

Calcium dependent  phenyl-sepharose  CL-4B
column chromatography
0_27
0.154 = 0.6
0.1 4 L 04
0.10 - 0.2
1
0 10 20 30 40

Fraction Number

Fig. 8. Calcium-dependent phenyl-Sepharose 4B column
chromatography of calpain 1I. Enzyme eluted from
DEAE-cellulose by 025 M NaCl was applied to
phenyl-Sepharose column in the absence of Ca++. The
unbound material from this column was adjusted to 3 mM
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CaCl2, 20u4M leupeptin and mixed for 30 min with
phenyl-Sepharose and then packed into column. After
washing to remove unbound material and leupeptin, the
bound enzyme was eluted with EGTA. Samples were assayed
for calpain activity in the presence of 1 mM CaCl,.

Phenyl-sepharose  CL-4B column chromatographyA)
column®]] ZA¥EA gy &&2d L2 1 mM
CaCl27} 32 phenyl-sepharose CL-4BS} &3l
2A 28A ¥8A12] ¥ column©l packingdly 93
_g_o}! B %%)\]9‘-1 column°ﬂ @6‘1-3].;(] o}_o_ 1:]-13}121
8L AASA 997]e] 9A] 5 mM EDTA7Z} &
#e 938 BE £2A91A L peak7t BREY

o L

t}. o] peak?] 7 BBL F2YP0F AMEIA calpain
I 84S 233 A7 5 mM EGTA7 &¢9 o=
€ B £ddA Tao] E40] BAHA 2T column
of A¢eHA] ¥ i REIGME g4 FAHE
7t 2R FrhFig. 8).
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< FAZZA 2] microsomal &= cysteine protease
8= calpain 13} calpain 17} &0 YL 2n
o 22 ZZ microsomal B8 FAgog 3o
cysteine THlA H3 9§49 calpain [# calpain [E o
2] Fe)] column chromatographyS o839 X3}
A SRth Microsomal #8&  DEAE-cellulose
column chromatography A] 0.1M NaCl £Zdo=
calpain [°], 0.25M NaCl ¥3)= calpain 17} -5
of UFE 549 FHE AT o) fd Holg
AAANE F7rd AFelM BESANFg. 4, S, 6).
%3+ DEAE-cellulose column chromatography 2] 0.25
M NaCl 39 ohla Bl g4 specific activitygE &
2 A oF 109 /¥ 23y 0.1 M NaCl
F8ole calpain 1 ©°]9fol] calpain 19 AAQ
calpastatin®] FAle] RZHEEHY o] FHAA <]
specific activity &AL A3ttt DEAE-cellulose
column®] 0.25 M NaCl €& #3-& phenyl-sepharose
4B columnd] loading 3}3l SEEW AR {LZA|H
calpain 119] &4 AHAEE =H3)9 L W calpain 119
24%7} columnol] AfeHA] 43 £EHE £2A9)
A EASHAKFe 7). o] AFZA}= Calpain I

o] £, AAZS A3 column chromatography A] &2
]
]

o JP> i

Al @F-goe Ca2+o] TFEZA] gAY e FE
ol X+= Calpain II7} phenyl-sepharose 4B$} 72 3§ta}x]
o, CaZ+o] Calpain 19 &4 RS =2AH
Calpain 119} phenyl-sepharose 4BS] ZAFL Lol3HA
doie d7Ezst  4xsgot® ages
Phenyl-sepharase  4Boll ZA@sIA] %o fF oA
calpain IZ AA|3}7] Y3t phenyl-sepharose 4BE 1
mM CaCl27} g8 94389 BE BFIA7)1 &5
Ng Ejdete dWAESS ZAFAI F columnd]
packing8}3. 1 mM CaCl2 th4le] 5 mM EGTA7Z} &+t
d #45LN BE {EAIAS H(Fig8) calpain 19 &
FE7F 5 mM EGTA Rl ERIFHAKFAEFH
3. o213t A3 AIAE calcium ionE©] calpain 1I
duidel A FAE =EAA  calpain 17}
phenyl-sepharcse  4B$}e}  ZA¥S  BolsiA B,
calpain 17} calcium ion®] ZEAR3lolA AL Jehd
T AU calcium YEY E4YL ofujgich
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