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2AA G 7 4282 w3t FEAA G BApNAase: purification fold7} 7750191 48 T%o]5len H|
FAHTE 775 uni/mgo] Atk BApNAased] 22432 200 kDo) n Azt Rs| &L Pgl Aoz HEFon 3
pHE 950191tk BApNAase®] Vo8t Kn ZH2H 155 unit/mg 16 mM2 HigE5r) 589 BEYPUET
7} vhEF vke whHe] N-o-benzoyl-DL-arginine p-nitroanilide(BApNAY thgh 714 AL 4uf 7ieF w3l
w3k, BApNAaser 1 mM9] phenylmethanesulfonyl fluoride(PMSF)o] ]3] 90%ut ZA 18 ¥ aprotinind]
AN E ZA IAHA g} EFaFe o2 serine proteinase® FEHPLH, EAFAAL CatF Mgt 99

tha Z7hsht Mo, Hg™', Zn®*ol 9§ a4 JAHA0

=g 0] endopeptidase, BApNAase, serine proteinase, 31F

482 endopeptidase(EP)e =3-3¢1 71N AR
H|EolA o2 B33l exopeplidases] 23 o}w]|:4ke]
A R8s Zoz d2A gokStorey, 1986) tHE A
gL 7142 Agse 9% WolgdE A4
= A7 $ivkBoller, 1986). =8k HWEAS 8493l
&4 T |y, dlgde Bg4s, 243 dudy
5§20l nAZe EP7L 7HAE VeS A9 EPE
A Rog AAHe Be A7/ APHIT YTHStorey,
1986). Leiv} EPE F77F cheta AHY 340) vtz
A3 eE HEL 9e]7|7t o] Eek(Shutov and Vaintraub,
1987). Wb, EPS] 43188 AJES 9e]7] 48 N-o-ben-
zoyl-DL-arginine  p-nitroanilide(BApNA),  N-acetyl-L-tyrosine
ethyl ester 59 #4712& olgstn gleT|(Storey, 1986)
BAPNAE ¥&4559 EY4 243 s8] st g
g0t A% EP 4 244 go] €451 Yo 1
842 uypsindike activityg F27]% gthDavies and Cha-
pman, 1979; Nielsen and Liener, 1984). Z12juh. B3 2
A Ao 4= BApNA7L dipeptidase, carboxypeptidase, ary-
lamidase & E#4lo] obd EPo| sjA Ee=ZE. UF
Ho 2 BAPNAE Rajdle 42 EFAHY 54 3h= A
A7) §l¢] N-a-benzoyl-DL-arginine p-nitroanilide hydrolase
(BApNAase)z} #Hth(Shibata and Doi, 1984; Wilson, 1986).
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bean(C. ensiformis)®) E2o) 4 1 insulin B chaing 33}
metalloproteinase®] £A7F B&7d vt 9l om(Dalkin et al,
1983), o} £91 S AR(C lineata) AFGol A 3] aminopep-
tidase %% wl Yvi(Yoon and Kwon, 1993). £¢, Canava-
lindy 29 vicilinA @MEQ) canavaline] EPAMo] 93}
Ba=ly 2 28AME0] i vived| Ao EajatEn Bl
frAkte EPAS fALS EP7F €A 2o AdH ¢
O KSmith ef al, 1982; Sammour e al., 1984; Koh e al,, 1991),
A7) canavalin 27| 2o E ERAY TAT 259 metal-
loproteinase7t Fojdh= S W vt 9rkKoh e al, 1993).
@}, DEAE-Sephacel Z2r}E 180 E canavalin 7%
HEa2S Zads FA A4 BApNAase &4 peak’} canava-
lin 272 a2 FRAFAYL AN peakst U
x3te], #3E g4 BApNAaser trypsin-like enzymed
F5Ae ANS F1 YrkKoh e al, 1993).
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NAaseZ F2RA 3} protease AAA ) 27} o] 28] T

zo NAL A3l EYAFY £ 475 HYh
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Fro)M 71 HUT FAE AGS A3t g 1]
10 mL9) 100 mM borate $5-&d(pH 80)& 713k =3
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Fig. 1. The changes of BApNAase activities (A) and elect-
rophoretic patterns of gelatin-degrading activities (B) in
the cotyledons of Canavalia lineata seedlings grown in the
dark. One-1200th of protein in each cotyledon pair was
loaded in each sample well. P\-Ps indicate the protease
zones in terms of increasing mobility toward the anode.
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Fig. 2. DEAE-Sephacel column chromatography of BAp-
NAase in the cotyledons of Canavalic lineatn seedlings
grown for 4 days in the dark. After sample loading, the
column was washed with 100 mM borate buffer (pH 8.0)
and the protein was eluted with a NaCl gradient (0-100
mM: —). Protein (OJ) and BApNAase (M) were assayed
in each fraction.
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Fig. 3. Sephacryl S-300 column chromatography of BAp-
NAase eluted by DEAE-Sephacel column chromatogra-
phy in Fig 2. The protein (O) and BAPNAase (M) were
assayed in each fraction.
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Table 1. Purification of BApNAase from the Canavalia lineata cotyledons

Fraction Total activity Total protein Specific activity Recovery  Purification
(unit®) (mg) (unit*/mg) (%) (fold)
Crude extract 1327 1328.0 0.10 100.0 1.0
Ammonium sulfate precipitation
(30-60%) 1055 162.0 0.65 79.5 6.5
Acid precipitation 89.1 78.0 1.14 67.1 114
DEAE-Sephacel chromatography 564 127 444 425 444
Sephacryl 8-300 chromatography 93 12 7.75 7.0 715

“One enzyme unit is defined as AAyp 0.1/min under the assay condition.
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Fig. 4. Gelatin-degrading activities (A) and its diagram
(B) of crude extract (C) and partially purified BApNAase
(P) from the cotyledons of Canavalia lineara seedlings
grown for 4 days in the dark.
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o FANA Pl AEHA goWAM BApNAase 40l
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Addo] ThE BApNAaseV} EA13H 29 Ao s4ss
dl, &AW A= dipeptidase, carboxypeptidase, arylamidase
TE BAPNAE Fdlsie o8 49 Ao ofst s
et glvk(Wilson, 1986). mhebA, 4419 2ol A
geE R8s Piol 335 BApNAasedto] 2A|3184] £
£ Z7o 2Ash= BApNAase7} Zo] EAddge £
APzAN e AAE Aoz dddd.
Sephacryl $-300 gel filtration®. 2 Z743 BApNAased] &
A& 200 kDZ(Fig. 5), =815¢) Bal(Hordeum vulgare) 9
oA cysteine proteinase® Z=AME BApNAase(EP)2] ¥x}3o]
283 kDO AFE ZA = Miller and Huffaker, 1981),
BAPNA Fajdhe FHAT HUF AFe)A canavaling
ek Aoz ¢4 metalloproteinase?} FAH5HETHKoh
e al, 1993). L&) 3, pH 30-1102] T7bel A pHE $5-galo]
e &4dusE 4% 23, H3 pHrE 9509 Tris-HCI
&AM o8] B& Ao B YelydtiFig 6). 0133
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Fig. 5. Native mol wt determination of BApNAase by
Sephacryl S-300 gel filtration. Apoferritin (443 kD, A), B~
amylase (200 kD, B), alcohol dehydrogenase (150 kD, C),
BSA (66 kD, D) and carbonic anhydrase (29 kD, E) were
used as molecular markers.
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Fig. 6. Effects of pH on the activity of partially purified
BApNAasc. 100 mM citrate-phosphate  buffer (H) was
used from pH 50 to 7.5, 100 mM Tris-HCl buffer (@)
from pH 7.0 to 9.5 and 100 mM borate buffer (A) from
pH 90 to 110.

cysteine proteinase’™ 32| pH7} 5.5-5.7¢]vHMiller and Huf-
faker, 1981) Simmondsia chinensis A52] serine proteinase=
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Table 2. Effects of protease inhibitors on BApNAase puri-
fied partially from Carnavalia lineata cotyledons. Non-enz-
ymalic and spontaneous color was determined in parallel
assays and has been substracted from the reported values.
The activities were expressed relative to the activity in
the absence of protcase inhibitors

Concentration Relative activity
%
Control None 100
Aprotinin 0.6 TIU* 91.8
30 TIU 90.1
PMSF 0.1 mM 1023
1.0 mM 116
DAN 1.0 mM 1023
100 mM 953
Pepstatin 0.1 mM 104.7
1.0 mM 107.0
Dipicolinic acid 1.0 mM 1232
100 mM 1604
Phenanthroline 1.0 mM 1093
100 mM 100.0
pCMB 01 mM 83.7
1.0 mM 107.0
IAA 0.1 mM 1033
1.0 mM 72.1
DTT 1.0 mM 1033
100 mM 93.0
B-ME 1.0 mM 98.0
100 mM 90.0

“One trypsin inhibitor unit is defined as the decrease of
the activity of 2 trypsin units by 350%.

H7 pH7} 802 2(Samac and Storey, 1981), Simmondsia chi-
nensis®) serine proteinase®t H|WA FARIGE T 5 it
723 Y52 serine proteinase’} & pHolA ) AL
Jehlls A7 925t 2 BApNAase¥ serine proteinased
Aoz 425 thBarreit, 1986).

BApNAase®] 42-& FojH7] fisle] A 5745 =
At tiTable 2). 22 2, 10 mM dipicolinic acide 23]2]
60%8] E7S 2ol ¥ 1 mM PMSF= 90%v ZAl 94
oM, 1 99 protease GAA L EFe wdEHTE o]
#3 A3 PMSF7} serine proteinase®] ¢l A o]
7)1 b YR cysteine proteinaseE JA| s ALE YHA
9lo] E BApNAaset serine proteinase EE cysteine protei-
nased AL E HAE 4+ 9ok Ryan and Walker-Simmons,
1981), cysteine proteinase A A¢] pCMBs} [AAd] oj gk 214
gyt & B ooha} cysteine proteinase 42 £718=
DTTS B-MEQ E# % Yolr E BApNAase+ serine protei-
nased o2 desch 2uk EAR] EFA AAAR
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Table 3. Effects of divalent cations on BApNAase purified
partially from Canavalia lineata cotyledons. Non-enzymatic
and spontancous color was determined in parallel assays
and has been substracted from the reported values. The
activitics were expressed relative to the activity in the ab-
sence of divalent cations

Concentration Relative activity
(mM) %
Control None 100
CaCl, 1 1133
10 117.8
MgCl, 1 1178
10 1289
CoCl, 1 35.6
10 222
CuCl, 1 86.7
10 711
CdCl, 1 88.9
10 6.7
MuCl, 1 156
10 0
ZnCl, 1 111
10 6.7
HeCl, | 6.7
10 6.7

aprotininel] 9§ ZA AAEA od= AL Ho} EFMA=
£ serine proteinase 34 % Y tHWagner, 1986).
39, 27} ko] L0] BApNAase 840l t|A) = F7E ZAMG
AiTable 3), Mn?*, Zn¥f, Hf' & @& SEME §4%

© AL 90% o4 AAFFg oy, Cd, Cott, Cute 10 mMoA

Z¥zF 95%. 80%, 30% A% AASEL | mMolAE Co’ o]
45% 7} A wEe] Curt 3} Cd¥e Ede HYoh w
Fo] Ca* 3 Mg &7} vl ofabA| ek Fx7h S7H3tel et
B484L i F7MTE AR eyt olgd FAs
2z 9¢ EP,7 EPMiller and Huffaker, 1981), L& 1 jack
beand] metalloproteinase(Dalkin et al., 1983)9} W] uahe] B,
o]T EAET 2 BApNAasedf Zo| FE Zole glent
Ca™3} Mgl 98 £33t tgh £ BApNAages} 37

2 72 Kel9 EP,& cysteine proteinaseZ 5 mM Cu?*o]
23 100% AAHA 10 mM Mn*te] &8 JAFHI} @
okom EPy& serine proteinased Z o8 #AAHEH 5 mM
Cu™# 2 mM Zn?*o] af 10% A= &A= 5 mM Mn®
of 93 AA a7} Yokl jack bean?] metalloproteinases>
5 mM Mn™o <3 85%ut FAH 5 mM Cu'tel 93
100% A= AAHA} webA, Mg # Ca™* 9] &3 BP9
250 m2M tia gEAT 848 s ZFYol e
Aoz Holn 1 o]9]g] 27} ol EPe] TR/ wt 2
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Fig. 7. Lineweaver-Burk plot for BApNA with partially
purified BApNAase (M) or bovinc-pancreatic trypsin ().
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Characterization of BApNAase in Cotyledons of
Canavalia lineata Seedlings
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Department of Biology, Cheju National University, Cheju 690-756, Korea; and
'Department of Biology, Seoul National University, Seoul 151-742, Korea

ABSTRACT

.IN-o-Benzoyl-DL-arginine p-nitroanilide hydrolase (BApNAase) was partially purified and cha-
racterized from the cotyledons of Canavalia lineata. The overall purification and final recovery
were 77.5-fold and 7%, respectively. The apparent mol wt of the native enzyme was estimated
as 200 kD from the gel filtration and this enzyme was revealed as one of the gelatin-hydrolyzed
proteases by activity staining with gelatin-containing gel. The optimum pH for the hydrolysis
of N-a-benzoyl-DL-arginine p-nitroanilide(BApNA) was about 9.5. This enzyme catalyzed the
hydolysis of BApNA with Vmax of 15.5 unit/mg and Km value of 1.6 mM which were different
from them of bovine-pancreatic trypsin. The catalytic activity of this enzyme was strongly
inhibited by phenylmethanesulfonyl fluoride (PMSF) but insensitive to aprotinin, indicating
that it was a serine proteinase but not a trvpsin-like one. And this enzyme was slightly stimula-
ted by Ca** and Mg®™ but remarkably inhibited by Mn**, Hg** and Zn?'.
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