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Arginase Activity in Response to pH Change in
Canavalia lineata Callus
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ABSTRACT

As callus from Canavalia lineata L. (DC) was treated in pH 8 buffer solution for one hour,
arginase activity in its cell free extracts was twice higher than in pH 6. From the cell free extracts,
two forms of arginase, heavy and light, were appeared in Sephacryl $-200 gel filtration. One form
of arginase (heavy form) was estimated in 380 kD and another form (light form) was 179 kD in
Sephacryl 5-300 column chromatography. The heavy form at pH8 and light form at pH 6 were
predominant, respectively. However, even at pH6 the heavy form was mainly appeared by the
addition of 0.5 mM Mn?' in the callus floating solution. And the light form from the column was
easily transformed into the heavy form in pH 8. Arginase activity of light form was increased
to about same value of heavy form by the incubation with Mn?* for 30 min in wvitro, but heavy
form did not showed any increasment in its catalytic activity with additional Mn®*. In condition
of Mn** free assay system, K. and V. was estimated in 22 mM and 1.61 ymole urea-min~!-mg™!
protein of heavy form, and 30 mM and 0.79 pmole urea+min~ ' mg~! protein of light form at pH 9.7.

M B
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0.45M sorbitol)el] E&ale] 27°CelA 100 rpme 2 o}
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vine serumn albumin(60 kD)5 Ap&&tgdc)l
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dslgden] Byg a4 $AE va Hdsigich
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Agtoka-g dolRr] $1ete] AAEFR FE=AH(Model M-
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23yt pH55~7.08] Mes-Tris 2529100 mM, 1
mM MnCl, Z3)s} pH 7.0~859) Tris-HCl £H5-8-98(100
mM, 1mM MnCl, Z£3)o] pH7] 589 BE &%

EAN(B853 mg Bl T3S 3 A7 Bt AeE F

10% TCAE #7isle] AAE ulddg Ygadweisie] «
gdf_}, ez gz I HES Al peroxide oz B
gt F AAEE FEAE Mot e A kS Ages
of| 4 &R sleirHAllen ef al, 1986).
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A= fMT ¢ ik
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s}tl= R al(Boutin, 1932; Wright ef af., 1981)2 E 4,
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Fig. 1. Changes of arginase activity and protein content

during incubation in pH 8 buffer. O, arginase activity;
®-@®, protein.
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AL sle] BAEAA] o o4l Mool oA odakES
°]"]?>]— Aez A x5 o] A= pH6 AelA
Llel 0.5 mMe] Mn?t2 Ae)stz ulokdt & 229
argmasei} f-abekadct, zelu} pH8 Hel7el B)sted pH 6
+Mn?' HYFEREH 2% arginase’} FHEAA]
71lE Mt ol ofste] BA)Zrle] Fo] of 50~100% HE
o =24 vehe AlA 2R, pHedl =2 e zete
MnZ+ o] | E Y= Flxle]= Mn?' ] arginase2} 4 §}ts}7]
Jetel= = OB &7le] ZFolel dthe HE ¢ F
%lidf—} o) arginase Mnitel] 2]t FAJFFEH, o)
33]-& pHel nishs] ighste] pH 6ol A= 0.3 uM, 222
pH 84 & 0.08 WM K,ats zterte 23 (Kuhn éf al,
1991)e} wlws) ¥ o, £ A¥e] pHE Hz=r} Axaly
2714 Mn?* 3 arginasez} AHE ¢ e AdE #E
A7l Aztz s 4=,
pHel ®3}e] w2 Mn?* =} =& 49 gifaln)e] A5}
HES 2AY A7HFig 3A), pH7L Fobdss o
Zr} 22 Mn?* & 98dtx ole ZoE vEgen), o
A2 5B arginases} Mn®* 2] @r:}og:/\l-o] pH 3]
viet deba ¢ oleg 5% o gk B3 28498
F7149) Mo’ 8] Azhglel @) pHY 2elste] 3087
Helg F e ZAELY Ol 48 2x9 47
(Fig. 3B), pH7} & 7} w2 “H°ﬂ Bl §ke] of 50~60%
A5 #5717 el ol ZE 4N L] Mool
arginase®} ZA3ar AFE A2} MHH% Az e =
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Fig. 2. The effect of Mn?* on the arginase activity. Incu-
bation and reaction condition of each assay was described
in “Materials and Methods”. Preincubation meant that
reaction was started by addition of substrate since then
crude extract was incubated in reaction mixture for 30
min. Nonincubation meant that reaction was started di-
rectly by addition of crude extract into the reaction mix-
ture containing substrate. W, pH6; %, pH8;, O, pH6
plus Mn?*,



410 Korean J. Bot. Vol. 36, No. 4
A Table 1. Effects of external cyanide and procaine on ar-
0.4F ginase activity in callus of Canavalia lineata
R Tris-HCI o
- PO Relative activit
g 0al "‘_r ¥
< i MesTris o Chemicals pH 6 pH 8
= Q\g/"*‘—g none added none added
02+
| Cyanide, 0.1 mM 100 78 207 107
01 Procaine, 1.0 mM 100 223 181 265
B ,.-"".
2_ o6l Tris-HCI - ol= pH8 #2)7} 1 mM=2] procaine #z]Etle yo}
%% ‘ AExAe pHE =9 ZH}e]x, pH 8¢l procaine-¥ #z]|3l
22 oal > ¢ welle ok o AxAe] Pelsd Az o4,
gg MesTris =3 procained pH6XT pHS8e| Hzjslade W H77}
£ oz} ; 2 vhehd Ae pHeel &% WA E7sh ool
_ pH7} =2 W7l 2 o Bolx procaines)] 3 AT AL
%555 6 65 7 75 8 85 9 GRS Ao 3A velilr] fEes Bl
oH (Felle, 1987). & <o Z(Fig. 2)¢} vlZsf 2 o, A=

Fig. 3. Mn-protein binding versus various pH (A), and
change of arginase activity after incubation in those pH
(B). Incubation and reaction condition of each assay was
described in “Materials and Methods”.

arginased] #FAFAd] s £83% H¥€S ¥ Aoz
A, 7k arginase’s pH o] B3] 2l7keted
A#)3 pH AWl e Mn?tell ol o] &4 Z712
dez & glew(Kuhn ef al, 1991), streptozotocing
gt E7)718] arginases 2 Fo| 243717 b=
ol AEAo) A free-Mn?to| arginaseo} A3 Aslelw
stk Bond et al., 1983). o123 AREn & Agse] A
F2XH in vivoo]| = Mn**e] Hite] arginases] 4
F7He Yo 4 g3ler arginase-Mn?'¢] Ag pH 4
Bhef] o okr]® F gL A4F F gl

pH effectore] Fal. pH7} th& shfofo)x] Az
29] pH7} 97 #eh=xlg 48| Eatgot 4
e pHE WA 4 Uk effector§ AHgstel, 2
Azp2Re pH8 Aels} AEde pHE A5 ¢ 9]
= AL kAR Z29slaal sl Effector®=
procaine¥} cyanideZ AHE3lg=d], procaine Sinapis
alba®] He|RIAEe] M EAL dzha)lAF e cyanide
= AAEES deogiths R oo} glchFelle, 1987). A%
T effectore X5 arginases] #HAel <132 Fr] ¢o-2
in vitroo) 4 &AF F Aol Algstginy. 2 ZAFTable
1) pH 601l effecters A 2]s}x] e 7 2T s
o, procaine A=)& 2.2w]¢] &A4Zr}r} el pHE A
g]Ale] 189 el 288 =4 velgher], pHSe 1 mM
procaine2 A IEHHE w9 278 vl A vehgoh

ol dfeHdE 285 Mot AT 4 ol 2
7ol =e] B} @ arginasevt #4358 2 4 qlgl, 22
a3} arginase®] &/de] ZA Fr1R Aoz Pzgich
Cyanide®] 7% pH8Y of 0.1mM<e] KCN2 A=)3pd
278 vlagt #4935 veon tFFo] cyanided A
galg-g wele 23] 22%) R E7) Lelyd) o]:
cyanidez} pH 8 Hz|d| &&] Fr}ak Azx4de) pHE s}
A|7 arginase®] Z4]Z7}el & v 3] 2§ Ho) 7,
pH 6ol Hejsi2 of o] 3ld 72 Mn* 3 2
9l arginaser} AEAo] ikAdlgeow aldle] Mptg
$3 &Ae] AstE AH(E 4]

°|2iqt ZAZ2=4E pHE AEEe Axde pHE =y
T 9l Al 242 obate] 8= arginasest Mn?* & A7
Eol P L ZAA A EHr 22 Q3] DAl FAo)
27H 7oz 45k

pHOl M k2 arginase2] EhMH|i0. pH6 == 8%
A 2 A A2 e 53 2E A AL Sephacryl S-
200 gel filtrationdl =] A X3} r|EEZSa]ole]] 2E
(Kollofell and Dijke, 1975; Yu, 1991)8}= arginasee] -
ool A arginaser} £F% AR A4 stk 2 43}
(Fig. 4) 77+ 5 718 peak7} vJelyti=d] pH 6 A5 A-$
(Fig. 44), E7}3F0] #h& Zo] 2 A3lgl 21} pHE 2] 529
73 -+(Fig. 4B), 2.3]8] EAl=ko] 2 o4 AT AL
2} F peake] B#=F2 Sephacryl 8-300 gel filtration
ZEreEaNAE =i A2(Fig 5) 27} 380 kD3 179
kD2 viebydch. =3t o)2jgt T peak Alele] Abehzql
4829 o]yl pH WEd g8 doid 5 gler] o
o}k #A3KFig. 6), 179 kDY arginase’= 22} pHellA 380
kD2 arginase® HMolg = 9)&-2 o 5= glgict miehA
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0 ia : q:‘;'_"_ 0 Methods™. O—C, arginase activity; @—@®, protein.
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Fig. 4. Elution profile of arginase activity on Sephacryl
S-200 gel filtration chromatography. The crude extract
was extracted from callus incubated in pH 6 (A) and pH
8 (B) buffer as described in “Materials and Methods”.
(O—(, arginase activity; @—®, protein.
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Fig. 5. Molecular weight determination of two forms of
arginase on Sephacryl 5-300 gel filtration chromatogra-
phy. A, apoferritin (443 kD); B, B-amylase (200kD); C,
alcohol dehydrogenase (150 kD); D, BSA (660 kD).

F 5(1988)0] g oz BE] Ea)dl arginases] Exfuke]
180kD) Zis} ®lwslfh 2@ 3F AR 3)e) argi-
naset Az Y o F2 =22 Exjeke) A2 Esiz
2 L. =3 pH il ©2 o|zjd &
2hke] Wee ¢le] ZAalel vms) 2 of arginase} Mn®"
o] Ziled Rl 2s) o]y Az 2T £ gledr)
X F7A] BoE ) EEe] arginase= Mn’* &E4dqld
Mn** £ arginase 3 @431z & 248 RAAA F

ot ol) 2l (Garganto and Bond, 1986; Green ef al., 1990;
Vielle-Breitburd and Orth, 1972) &-A4glhaiale] 3 4zl
F2EFA e o Fesbcd(Carvajal ef al., 1971; Green et
al,, 1988, 1990, 1991). Yeast4] arginase= EDTAZ =]
e o sbekHr) ekl 2 88 4 9la(Green ef al.,
1990), ¥ F29 arginaset= A7)93E A #7]4s}e] A
Mn**-2 fojd]z ¥} zhe =7)9 oligomers ¥i-d]
(Boutin, 1982), 15 F 4% 25 8 Fm o
4L 23 glen Mnltel] £]8te] t}4] native arginase =
g = 9lokw slgdckh o2 A arginase Mn?te] )
o fo wel o F2E P £ Uk odT T2
W3 pHell 2s) A= w)salA veld ¢ 9le, Evernia
prunastri®] 735 pH gt wat Az o] 71538k 330
kD&l 180 kD& % o] &z)s}ej(Martin-Falquina and
Legaz, 1984), &9 7H(Vielle-Breitbund and Orth, 1972;
Hosoyama, 1972)l4% B $UE&) Ee](dissociation)
3 #3association)e] pHeE Mrf*el 2j3) deiid 4= 9l
iy Bl v} Qlrh eole} £ AAg b= w ohE &
Aol 52 g-galactosidase®] -2 pHe) ¥sle) ot
ABRUES] Fgte] el Balgke] Frhale] el it
Az} Z]"Ro] Aol WA Hw(Porter ef al., 1992),
217k insulin receptor= k=] pHell4 Mn/Mg ATP2]
EAA] Tz Hale] s w|TAe] FAP e HF
hx shodcHWilden ef al, 1989). umhebs] B g e]
°|#i¥t arginase®] £xt% WS pH Hstel 22 AT
Mn?" 2] Zgo] R 25t Huf)Ee] 3o Ao wigd
el el dA4o® &

g arginase AE8UES F3te x| uwel Zv)
ZAde] HE 7 d=A dolRr] Hste] F Fee arg-
naseo]| thste] of=7| 1L r|ARE K, F Voo s &AL
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Fig. 7. Lineweaver-Burk plots of two forms of arginase.

Reaction condition of each assay was described in “Mate-
rials and Methods”. A, 179kD; B, 380 kD.

005 0 005 01

sgdtiFig. 7). 2 A7 K. 179 kD Fig. 7A)] A& 30
mM, 380kD#Fig. 7B 22mME AEEHUR
V™ 22 0,79 unit-mg ! protein®} 1.61 unit-mg™! pro-
teino 8 A&F o], A FEuel|4 380kDH ] arginasez} -$
AstA EASRE 27, & Mot 3 A3 5 e e
pHY o arginase®] &Adeo] ZA &€ o d5S &

a5t
olatel WnEd B ol Axg Fg l] 2 o, argi-
nase FZH0Z o8] B HAYL F glud, ol

pH #3}} chelating agentsll &]s] 422 < glvh Z#}
olg|§t RE 7= Wale Mn?ta) e F&o]Ld| 2
FEFo)x)= A4S & 4 glok =3 Mn®' o] arginase)
T 4 viAE de= pHrl dds] zstA
atgslAd =He, 2 A#E arginased] AL ITZA Y
= A Hoh B d7e] A xE ole) fAkglt A
7} deizl =4, pH 82 AzAL J7d=ta A arginaser}
Mn** 3 Z2ggd 4 e T #7532 AFsA A 2
A FzxAql HE, F HEfEY FHite] o) &
Aol ZA Z71R Ao FfHRAcl 2y o]eg pHa
#Hrl v EZxgo}e] arginased]® 2EL & 5 U
A £ 472 & 7 9927, arginase?] o]H T &
2 FARs AdFE A Eer] WAFe] &-Z canava-
nines AANeF o8 o A sl ¢@v]
stz ¥} Al d7vE 9o Hem 7ok

o Q2
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M F(Canavalia lineate L. DC) Aol 4] F=3t e~
5 pH8 F-&<4el 7 A7 5ot A=)shd pH 64l A
B} arginase®] Aol oF FF wiE Frlth el
ol 2. arginase®] HEAANL Sephacryl $-200 #HE o)A
»3)5bW 2x1eke] Zk2zh 380 kDT 179 kDO 2 viehykd]
wARpe] F arginased] ¥ pHS8 Ao, 2ejm
Areo] AL arginases] #8-2 pH6 Aol zbz
A} Hz_}_ca_ o] vielwrh 283 pH 6 0.5 mM Mn** &
715} WX 380kD arginase?] EHo] =A el
o, pH6 HeloflA 22 179kD arginase 2o pHS
#28] 2 319 380 kD Trﬁ,gf_ A4 Rl 4= 9lglr) pHE
Hz] & 23 arginasei= Mn?te] Hrl2 FTAJe] =7

HI

Zrlsle] pH8 Ae] 5 FE&3 arginases} wldlt F4&
Belu}, pH8 A8 F %3} arginase’= Mn?' 8] 7l
o] o4l A FrIE Rolx] ggkth Mn*Te] glv =4
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