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ABSTRACT

Canavanine content of the cotyledons of Canavalia lineata decreased gradually during
germination and growth of seedlings but continued to increase in roots and leaves. After
abscission of cotyledons, canavanine content of leaves depleted competely. The activity

of canavanase could be detected in leaves and roots, but not in cotyledons. High arginase
activity was observed in the cotyledons of seeds at the early imbibition period. During

the growth of seedlings, cotyledonary canavanine appeared to be tramsported to the
growing portions of the seedlings where it could be utilized through nitrogen metabolic
pathways. In crude cell-free extracts of leaves, maximum activities of canavanase or
arginase appeared in 30mM Tris-HCI buffer (pH 9, 0) or 30mM NaHCQj; buffer (pH 10.0),
respectively. The activities of these two enzymes differed from each other when treated
with Co®* or Mn?*. These results support the idea that canavanase and arginase might
be different enzymes.

& ]

Canavanine-2 jack beans] =xjeojeA A2 Lalg njgwlgdyg ofwjx 4o = (Kitagawa and
Tomiyvama, 1929) CanavaliaS v] 23l Papilionideae F=feo =4 9] 514 =) 3 v} (Bell ez al.,
1978; Bell, 1971). Canavanine& arginine®] guanidino-oxy -$AF# 24 dhg 8] ol B2 =
5 EAE o2 o= FEo4] A} A F-E-2 1beldl o (Rosenthal, 1977, 1982). =
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nined Eligolrt dadoz o8 £ §lvh(Rosenthal e al., 1976, 1977; Rosenthal and
Janzen, 1983).

Z7-¢] canavanine §-F3-L o u]-a]- o) 7t ¢l 21} (Bell, 1958; Rosenthal, 1982), jack
beand] 7 7 AAiwke 55% F& A Heohv e 95%% A3 3l (Rosenthal
and Janzen, 1983). A@e] A A= canavanined wolel -FA Lol A7 o] -§¥ v (Bell,
1960; Nakatu et al., 1964; Rosenthal, 1970), jack beano] A& Z7|¢}t dlo 29 ol FL£ 4
Arlx] et B 2o o] FL dorix kvl Ftr)(Rosenthal and Rhodes, 1984),

gk canavanineo] A Fo] o] 857 YA BA Al FHof Fhedop shEd A FAA &
#HZ) WE2 ¥ 9A Ea)F o] canalinez urea® = w 4] canalinef homoserine o Z
8] 7 ureas NH:¢ CO,2 wl3lth(Damodaran and Narayanan, 1940:; Rosenthal, 1983).
¥} capavanine £3e] FHE FaTH ATE vlzAH AV} HA G AAolh

o= 7] Canavalia ensiformiss} C. obtusifoliasq Qe 4 canavanaserl iz wlg e
(Damodaran and Narayanan, 1940), = % 72 oA canavanases} arginaser} 23 3
A =5 G ot (Downum ef al, 1983). 2} canavanineg o] £3}= Z2& (bruchid heetle larva)
o] 4] = arginaseo]| 2] s}e] canavanine;ﬁ] 23] =] =} (Rosenthal et al., 1977), Fabaceaes] A4
of A 5 arginaseo] o3}l 2 = hx ot} (Toepfer et al, 1970). Jack bean =}gejA
canavanineo| arginaseo] &]3}e] 23 = td= 1.3 (Rosenthal, 1970)7F 91& #b4, A<delA
B EEA g oo olFE F 9l arginased] o}e] R3] =etE Y“C-canavanines]
A% AT 3w e] 9lth(Rosenthal and Rhodes, 1984). w2 o} (Kihara and Snell,
1957) 9} 224 73 Al A (Kaysen and Strecker, 1673)el 4 &% arginases} canavanine

o &Alz 4] A& =l A2 canavanineo] argininez} HAH oz Z-g3ls] = Fo

2 shv ol % e 24E9 %4 ATE % argiveser} canavanined an o4&

24 9 Avdol 9 ALz d42 + 9o 4 jack bean FoBRE 2o

AAH F4& AY A A (Downum, ef al., 1983) canavanaset arginine-s, arginase:®™
5

canavanineg 7|A =2 o] L& £ ¢gLo] e gm, Il b F (KDoA E& = arginasers}t
canavanined 7| AR o288 < ¢ -2o] ¢¥ w4 (Downum e al.. 1983) canavanases}
arginase®] F9A4 X5 18 Vv aT7HE 2od W& A5S 2asiA HYdh =%
dlolel AR AAE A AE canavanine?] o] o] golA 1A F23 2A 4] canava-
nined] E& 7} AEH Y o FHoA deolvie] ZEZ oy T fote] E&sF S
HeAd A& Ade dEe] #eA 9A & AdAolth zHAlA E ATdAE SdF
Za1e] urolsl $A] 29 AAe] gle] Aol Q& canavanined] o] fo #AF szA A
AL A7) et 259 2+ 24o] A canavanine &%, Az = Adizk, 2L
& g7 oln] 2k A3 T cell free extracto] 4] canavanases} arginase @ ureased] I
H& 24 skgder], B4 canavanase®l arginaser} & FE iAo Wiy ARE AEEFE
ol

wH O A%

Az EA4 998 AR A AF (19853) 5 &) v F (Canavalia lineata (L.) DC) &
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AE 4°Col Badtd A BE 4P ALk 270t 053 $48 A9 ohE %ot
A& A A7l F, plasticg] (118X 11. 8x 10. 9em) oke]l 12714 s}43ho] 25°C growth
chambere] A} 22 FoF o ol et Topsl FAEL §ZL plastic 279 Awe] zA
A7l lem 7€) polyurethane foame] Zx w}x 2¢ F¢t L&A FLoh7t 7, 000lux
(16:8)3fell A v Fh el AEAQl F71E hdA whoFsig ot A Fe] whE A4 canavanine
°]¢ HEE ZASHE A¥ 2 FHRFAA ARAF LA, T4 Aaehy Yo vmste
A 5.2 4 k-2 Hoagland ol 4] 44 5lg ),

FobF AT A Fel A canavanine, & fofobn] =4} F Dy 24 30 7
Aoz 44 sty rh. Canavanine®] %2 2 A =2 Rosenthal (1976)9] wh L wlgtow,
Zotu]mae] A2 glycined FF o 23 ninhydring (Plummer, 1978) 0= stg =, &
42] 32 microkjeldahl # o 2 &2 414 o

Canavanase, arginase 9 ureases] 4] =A% Heoid® A ABefA A2 cell-free
extractE AR-8-3}9 v} (Polacco, 1977). Canavanased] i2-21.2 (Downum et al., 1983) 0. 1mle]
30mM Tris-HCls] ¢ %-"11 (PHQ 0, 0. 1mle] 1mM DTT (dithiothreitol), 0. 1mle] 1mM MnCl,
2 0.4mle] FH-E EF FH odrlel 0.2mle] madL 2Aobsle] 15870 40°Col 4] FA
37l Fo 0. 1mle] 30mM canavanine (pH 9.0)¢ ~}8}e] 3087 4+2A A}  Arginase
¢l 24 & Downum et al., 1983) 0. 1mle] 30mM NaHCO; $+3<¥ (pH 10.0), 0. Imle] 1mM
DIT, 0.1mle] 1mM MnCle] &9 0. Iml§ 2749 & F55% 9ol 0.9ml} 54 @
T 1587 40°Col A ZAEA T 287 o7]e] (. 1ml¢ 50mM arginine (pH 10.0)%
7bete] 2027 WhEAH T QAR A7) A F F wrode] 1mle 2N H,80,4

HeE SAAGE o)® A ureant g 23l a0 FAL 423 Ureases]
A2 Polacco (1976)9] WL Y22 slQ2or], 7124 P9Ae e =4.¢ Bensadoun
#F Weinstein (1976)—5[ e fﬂ- b}, Canavanases} arginase] ;E;_é’:é}-zl AAzME =
48 SHAARLE Aetr] Ao 2 &8 e fetdel A 27 ko) Lo wWiEl
T4 HIx Z:f‘}ﬁ}%lﬂr.

N

Canavanine2| 013, £ g-To] A-8d T Agel = 2% 10%e] 435t canavanine
of Tl fom ok A7 F 918 Aelel AGeA 2 o] A ARt A
dol BejA = A7 Cl~23L) FE = v F Agde] dolA|A] $gte] = canavanine dFe] zb
&7F vlu|stg om, ool canavanineo] $+ASE AEE ok A= Ao canava-
nineo] Fo} gloir}(Fig. la). ©] 28 canavanined] F3 #3l: SR LT 5 ofyl4
o ol Aot e AFA-S & dof(Nakatu et al., 1964). ==z o, Ja P F7)
o] A canavanine ¥k WEE M, ol canavanine &L o] wrEl & Az ke

Tt @A SopstE et Age] oA A/ FEE 1 go] FaEe AR 4AE &
A glen, £7]]A2] canavanined g2 T3 dgw A3 2L A7 &4A £4F g
22 Hee] 9l canavanine o2 o] €] ste] 2o oy} o] watw) mdAgle] 4

Y717k Sodel Ak F Atz delvtA ggwhFig 1a).
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Fig. 1. Dry weight(c) and contents of canavanine(a), free amino acid(b), and Llotal nitrogen(d)
in each plant part during germination and growth of Canavalia lineata. The arrows
indicate that cotyledons were detached. e, cotyledons; =, leaves; o, root, x, stems; 7,
whole plant. Free amino acids were estimated using glycine as a standard. Each value
represents the mean of three separate determinations performed with nine seedlings.

canavanine §eko] ¥4 &S & 4 Y7H@1Y, Fe; ~b8mg/g dry wt. o ; ~40mg/g
dry wt.). o]$} o] 7+ E$lo]A] canavanine?] 9FA Fzt7#F #WEE canavanine F-#-2-
Ao Wah e, 2dnE 445G o, E7] 8 $elo] £4)sH: canavanined 7
QonXE o)Ex Aow & 4% g@slr}t (Rosenthal, 1970; Rosenthal and Rhodes,
1984). & HRelA A& FFo] go] AgHL P 2ol AEA N canavanined
Ze 4% t2e] Ad sget, Feolw s S%Fg )& A9 B 7
A AololA vhete Wol o 4s E WA 9 ALE dekeh oHT fH ok
9 Fe 459 Az 438 AEeR sl AR UE FasE AolAL,
canavanines] ZFAshet vl e Aset s 2em 2 FAAY WHE g 7
©% Agstm WA canavanines] FAWI} HA4H AWE 2T AT LelA
canavaninedksh 3 obdlmateks] MIelE Az e 44 9t Aoz Hdht 5,
219 o)% QoA Dol vt canavaninee] Fat Ad oz Feo FFFRe] Aol
f8] olulxn4ts] il FHSAA 448 E FA=Z QG Deg AsA 3 (canavanine
& EHI FFEFAA et RoE & F g @4 FEelA canavanines] P4 2
st A 2A Aoy A7e) 018Y) U e el AF Dstgim Fig lesh
g AFF S0 $4K), 454 AAAA & fEolnl =4 WEsh A gowA

5 A AEE AL Dol A9 canavanine hE F Y2 o|FHgow =g HE 4

o1z} #e]e) canavanineyk & AZEZ L JFoz 3o vlzg nd (Fig. la,c) T
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Fig. 2, Activities of canavanase(a), arginase(b) and urease(c) and content of soluble protein(d)
from plant parts during germination and growth of Canavalia limeata, The arrows
indicate that cotyledons were detached. —e—, cotyledons; —o—, rools; —=—, leaves.
Each value repesents the mean of three independent assays.

Z AYgEE A&E g Lol £ 5t} (Rosenthal and Janzen, 1983; Rosenthal and Rhodes,
1984).

Canavanase, arginase 2 urease?| 2H& {5}, wolel e canavanine?] o] F=b o Al
stet vl AFE JEE 4] sty Al 252 ZF X4 o)A canavanase, arginase
3l urease TAL ZAMSFE . 7 FF canavanaseo] ¥4 (Fig 2a)¢ AGdA Az &34
HA gget °~]34' Heol e 25 24=9th Yol A canavanased] o] B R
o g 2 AoR velged oHd 2 B4 w I 98 canavanine Fko] By
o} wighe B_,_ Algde] Helzl & 9o canavaninezke] Helgli: =z R 0&0{7&]7{] kel
= AFAE AALA T ALE 4=l Arginased] FA S ¥ AFdAE 27 7]-71—
sl 19 A FH A Zeizlen A oel F4o] oA E FEet A= &
719 A A= v ng A FHAFig. 2b). ol#H@ AFdE ¥ Vidae fabe AFA
arginase®] &4go] doldt vEol HAHL F7HE Hohe ZFG =2A FEro] (Ruiter
and Kollsffel, 1983; Kolloffel and Dijke, 1975), #ed A% §2d=) 713 =& AL 1
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Q% 594 HEE ¥e e 7 Adh F AL FITelA aginaser FA FA A7
B 999 Aoz AZ=w (Dilworth and Dure 111, 1978), canavanase?} arginase2] ZAl
15 AR 54 A9 A A 4 9e AL B2e YolA o F nad B
A geo] 1:4591 9 u] gt Ll A= 1:259 A A3 cell free extractr)} 2 3 canava-
nineg 7| A= o] &5x Hglche AL olF F &4 AVEES tEZ arginaser}
canavanine2 7| A=z o] £%}x ZE& & £ 31+

Ureases] #4432 »e (Fig. 2¢) arginased] 229} 7+A4] =83z E3514 (Dilworth and
Dure III, 1978) %} o] % (Polacco et al., 1982)9] A LA = ZA 9 2H AYat §-2o urease
7b 999 Aol Brddly, wold QA wil A gAgAe Fraote 85 (Kollsffel
and Dijke, 1975)3}E ureases] AW} sjwele] =A] 2ate), & =)o) o] A] urease] Al
o otz el AHHA 2A AsAg o, Ut £ uresse FAH ¥ 2
ARAom A ARG 2de AaAAY el FAY U} Rl A o ma
FAo] e RNoz Hol, A A ureased] FrAlo] FL Aol FAH2 canavanine ¥ Ak
of & doslr] wlFe ol A vl zHZ AFelA sE4 gz ko] dopf 15UH
2y HAFFoz Ao Fig 2d), A9 FA4FF 0% ARt BEAH ol v
Aoz Hol(Fig. 1d), #A<4o]A4 canavanined |53 AFAE AE7 F4E A ]&
HA XEE ¢ T A

Jack bean(Rosenthal and Rhodes, 1984)¢] A1 =2 < catavanineo] Uo = o|F = &
arginases] 13he] A ARTE Sglot,  AFNAE AG canavanines] Uzt FoE
o] FxE m, w3 AL A3 2+ Xeofs] arginases} o}yl canavanasee] 2]&ke] < AL7}
AAHE Aoz 490, 293 A4S canavanines] U3t PAR ol FP F A4 HE
A& allelopathicdt =o] 4 = oS- 8% Aoz AE8 o} (Whittaker and Feeny, 1971).

o ‘E —im re,

i

Canavanase? arginase® AEH[IL, A5t Ao 9 cell-free exiracte] canvanasee}
arginases] 27 H97 A+ 2AA 274 kol o] A% BARHE o} B Cana-
vanase$} arginase= %3] 40°Cel 4] o] 42 vielyg Fd (Table 1) o|z3 A=
Canavalia ensiformiss} C. obtusifolia®] AQN A F Fi£E 7°CHAEFHA L5304 ¢
22 918y &35 ¥ (Damodaran and Narayanan, 1940; Downum et al., 1983)s} A2 <
A&lg o, 25°Ce A #38 LxE 2= Helianthus tuberous®?] arginases}= =A| 23hr}
(Wright ez al., 1081). €ld 5= pH<S 27 canavanase 9. 0o 4 =8 3 arginase® 10.0
A A2 Fu)e BA-e Je vk o] g canavanased] 542 A pHr} 7, 70] 2= jack
beans] canavanase(Damodaran and Narayanan, 1940; Downum ef al., 1983)¢tE= =LA 2
2itl, 3F# arginase: jack bean¥} Vicz’a Sabad 4 pH 9,702l ¥ x(Downum et al.,
1983; Kollsffel and Dijke, 1975) ¢+ A Hst= A o2 Beolth Kot Vi 27 canavanase
= 22, 2mMaz} 2, 89pmole urea+smin~t.g ‘lf wigd o™ arginase: 16. 13mMz} 20,62 pmole-
ureasmin~leg™f wtz F| A HE F &4 AAd Ae]s Gl E canavanases Tris-
HCl st o] A =22 = arginasew NaHCO; §t&3H o] 4 77k 2o o] 4L et =, ionie
strength= “£3] 30mMo] FA oz vtelgd=d, o|2g 2=+ jack bean =} 2] canavanase
7} 50mM Tricine 9+Zoll, arginases} 50mM glycine-KOH st&f o4 Hd o #AL g
Wt B3 (Downum ef al., 1983) 8t 28} A 2o wat 849 Ao 42 ogs ¢
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Fig. 3. Effects of divalent cations on the activities of canavanase (o) and arginase (o) in
cell-free extracts from leaves of Canavalia lineate grown in Hoagland solution.
Table 1, Some properties of canavanase and arginase in cell-free extracts of Canavalia limeata
leaves
Canavanase Arginase
Optimum temperature 40°C 40°C
Optimum buffer 30mM Tris-HC1 30mM NaHCO;
(pH) (pH 9.0) (pH 10.0)
Km 22, 20mM 16. 13mM
Vmax 2. 89% 20. 63*%
Rate of inactivation
at 0°C, 2hr 20% 18%
at 40°C, 2hr 32% 40%

#unit; pmoles urearmin~l.g™! fresh weight
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* gk

g 10-3M Mn*+&- canavanased) arginase®] A& A2 R FAAFer, CoE
FEZE7 ] wel Fi29 4L FAAHLM 107°Mo| A& arginased] FAHo] 2357
10°Mo# B} A s geh. Cd*, Fert 4 Ca?*2 42z F=9 Aole glovt BF T &
&9 FA4Y 548 b4 gen, Zn?t, Mg™, 9 Niv*& tizo] gl we F &4
9 @40 ZAAGAA B £2 FAAE B B4 A%E 2geh olSwe] HE
019] arginase: FE&] arginaser} Mn?*, Co?', Ni** B8l Fe*d] &3] o] Z=+&
A 7} (Damodaran and Narayanan, 1940; Greenberg et al., 1956) & oA wyx, ¥
solA Ao B4Y AdE AEEA 909 FEob o A9 59z 23T F gk
3] canavanaseT. QYA 0 2 arginasedt 72 @AY wWEE mgon, Es Mn*td £
HAE 5LBA 0] 7A =A £z =] ZE canavanased] A o)A Mn?to] HrHE <]
4.2 o £ g9d (Downum et el., 1983). ZEZE o] L 3 FAWMIAYLEZ =
canavanase$} arginases} A2 o-& ZAJAE ¢T 4 glort, 107°M Co*te] Ezhel Mn®

9 £} F madd dEde FEAE F2A 2o

L5 wE F F4Y dAAL 21 0°Cel A 24 7k F-9ke] canavanases} arginaseo] I
e 2z 20%} 18%9] Fo8, 23 40°Coll Al 32%9)F 40%] So0E FA8 24 E
BelA], o|F F fit AR 4z Aol ot AldA w238 mLdA A
Aol L& AL ¢ T+ I

AEAHo 2 s} Fe AL canavanases) arginased] Aol FAF o} AfeA=

canavanase®] @4¢) FAHA GgrtE AdFA, oF F A4 A pH, Km, 3 Vi
7b wskm mE Co*sh Mn?te] ¥ F &40 Wl B AT P4, ool
canavanases$} arginaser} A thE A YL 4F5F 5 g AR Asgr ey B
% g ALe Fozd QA A FH=el 4 Aelet

# =

1 Z (Canavalia lineata (L.) DC) #A-4¢ canavanine- Fotel A Aet= 54 2 o) Z‘j;?]- 2 A
# Hglet ol oA edld 2 % 171-‘3}9511‘-} a2y 49 canavanine® Aol @elR

= A7 5H FaEHds A5 G436 4= Zo] A AE= Z¢ canavanases] F4Jo] A
o A= WetR ket o A= FHE H]"’q ol argmase—] g4 $F27EH A e
wE Ao muel AAstE Edkd A9 9 canavanined 7 8 ol Fd & dA=EE A 2k Cell-

free extracte] canavanaser 30mM Tris &3 (pH 9. 0) < A-], :LE1 = arginase= 30mM NaHCO; &%
4o (pH 10.0) el A A7 A9 44 2goH, Cortel Mn*el dste] F 249 42 5449
ok o2 Axel i 9elAd Holsk g clEd B Fad AAReld AGQelA canavanased]
@Fe] 2AHA FL AAoA olF F Eal AR ¥wAd EAdE & F ok

2 % xR
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