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Abstract-Two ormthme carbamoyltransferases were separated from pea seedlmgs on DEAE-cellulose The two 
enzymes have dlfferent pH-actlvlty curves Lmeweaver-Burk plots for both enzymes are lmear for carbamoyl 
phosphate and the Mlchaehs constants dre of the same order of mdgmtude The plot for ormthme wds linear 
for one enzyme but a concave down for the other m&catmg negative cooperatlvlty The presence of two ormthme 
carbamoyltransferases 1s consistent with the presence of two pools for ormthme (one catabolic and the other 
dnabohc) prevlouslq suggested to exl?t m plant mdterldls 

INTRODUCTION 
ORNITHINE CARBAMOYLTRANSFERASE (carbamylphosphate L-ormthme carbamoyltransfer- 
ase, E C 2 1 3 3) has been purified and characterized from different bacterial sources1-5 
as well as from mammalian liver 6,7 The presence of the enzyme m plants was also demon- 
strated8-lo and its physlologlcal role recently reviewed I1 In the course of the study on 
the regulation of argmme and uracll synthesis m pea seedlings, two ormthme carbamoyl- 
transferases were detected The present paper reports the separation of these two enzymes 
and presents results concerning their properties and kinetic behavlour 

RESULTS 

Separation of two ormthme carbamoyltransferases 

Solid ammomum sulphate was added to the extract slowly with stirring at 0” to give 
40% saturation (240 g 1-l) The solution was allowed to stdnd for 30 mm The precipitate 
obtained after centrifugdtion at 22000 y for 20 mm contdmed no significant enzyme dc- 
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tlvltg and was dlrcdrded The supern,~t‘mt ~‘1s brought to 60”,, sdturdtlon by further ,lddl- 
tlon of the salt (130 g 1 I) The preclpltnte obtained WLLS ccntrlfuged and dissolved m 0 1 
M potassium phosphdte buffel, pH 7 6 The solution was then dlnlysed ngamst 002 M 
potassium phosphdte buffer pH 7 6 

The dlalqsed prepnratlon w&s ,ipplled to d DEAE-cellulose column (2 x 40 cm) equlhb- 
rdted blth 002 M potdsslum phosphate buffer pH 7 6 Unddsorbed proteins were 
washed with the sdme buffer Proteins adsorbed to the column were then eluted by an m- 
creasing convex gradient of potassium phosphate buffer pH 7 6 The grddlent wds pro- 
duced m a constant volume mixing fldsk contammg 500 ml of 0 02 M buffer dnd fed from 
a reservoir contdmmg 0 5 M buffer The eluate wds collected m 2 5 ml frdctlons at d rate 
of 2 ml per mm Representative fractions were tested for ormthme cJrbamoyltrdnsferase 
activity 

The actlvlty was found m two portlons The first wns eluted between 0 09 dnd 0 13 M 
with the peak of dctlvlty nt 0 10 M The second was eluted between 0 32 dlld 0 39 ulth 
the peak dt 0 36 M The two peak\ of nctlvlty eluted with the low ,md the high buffer 
molarltiesdrc referred to ds 1 dnd 2 m the following sections Table 1 \ummdrizes the separ- 
dtlon procedure 

Extrdct 
Ammomum sulfate 

(40-60”; sdturdtlon) 
DEAE-cellulose 

enrymc 1 
en7yme 2 

850 46750 95 200 , 100 

26 6180 68 080 11 71 

62 96 zx 272 295 
40 52 5920 114 

vl 
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The effect of pH on mitral velocltles of the two enzymes was determmed The results 
are presented m Fig 1 It is evident that the two enzymes have different pH optima 
Ormthme CarbdmOyltrdnSferaSe 1 hdS d shdrp pH optimum at 9 whered5 the enzyme 2 
has a brodder pH optimum with mdximal dctivity dt pH 7 0 

I 
too- 

0 Potassium citrate 

0 Potosslum phosphate 

A Tris - HCL 
I I 
6 8 

PH 
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Prehmmary studies on the two ormthme carbamoyltransferases from pea seedlings mdl- 
cate a lack of specific metal ion requirement Addition of Mg2+, Co2+, Nl’+, K+, or Na+ 
at 1 x 10e3 M had no effect on enzyme activity Furthermore, mcluslon of neutral K- 
EDTA at a concentration of 5 x 10m4 M m the dialysis buffer or the reaction rmxture 
had no effect on the activity 

The presence of mercaptoethanol (2 x 10m3 M) m the dialysis buffer or the reaction 
rmxture did not affect the actlvltles of either enzyme 1 or 2, lmplymg that free sulfhydryl 
groups are not essential for activity 

Kznetlc studies 

The effects of varymg the concentrations of ormthme and carbamyl phosphate on the 
activity of ormthme carbamoyltransferases 1 and 2 were studied The Lmeweaver-Burk 
plots for carbamyl phosphate for the two enzymes were linear The values for Mlchaehs 
constants for carbamyl phosphate for the two enzymes are of the same order of magnitude 
(3 9 x 10d3 and 6 4 x 10m3 M for 1 and 2 respectively) These values are also of the same 
order of magnitude as those reported for the enzymes from Streptococcus lacks5 
(3 7 x 10e3 M) and from rat liver6 (3 x 10e3 M) They are, however, considerably higher 
than those reported for Streptococcusfaecaks’ (3 6 x lo-’ M) and Escherzchw cob 4 

The plots for ormthme revealed an interesting lfference between the two ormthme car- 
bamoyltransferases of pea seedlings The double reciprocal plot for enzyme 2 was linear 
The Mlchaehs constant for that enzyme was calculated to be 4 7 X 10u3 M which is of 
the same order of magnitude as the bacterial and liver enzymes ‘-’ The plot for enzyme 
1 was not linear but a concave down One of the possible explanations of such a plot 1s 
the presence of negative cooperatlvlty m the mteractlons of the sites for ormthme l2 
Clelandhas suggested’ 3 that negative cooperatlvlty permits the apparent Michaelis constant 
to be adjusted to the physlologlcal concentration, thus the enzyme always operates in the 
region of proportional control 

DISCUSSION 

The differences observed m pH optima and m kinetic properties of the two ormthme 
carbamoyltransferase actlnfies separated on DEAE from pea seedhng extracts suggest 
that they are two distinct enzymes 

The occurrence of a catabolic and an anabohc ormthme carbamoyltransferase m Pseudo- 
monas fluorescens was demonstrated by Stalon et al 2 The two enzymes were dls- 
tmgmshed by their actlvltles as a function of pH and by the regulation of their synthesis 
One enzyme was found to be subJect to repression whereas the level of the other enzyme 
increased m the presence of argmme In contrast to the results presented here, Ramos et 
al ’ reported that the reciprocal plots for ormthme were linear for the two enzymes and 
the Mlchaehs constants were of the same order of magnitude It should be pointed out, 
however, that the highest ormthme concentration shown m then plots was 5 x 10m3 M 
for one enzyme and 1 x 10e2 M for the other 3 In this concentration range, our plots are 
linear for both enzymes 

The separation of two ormthme carbamoyltransferases from Baczllus bchenzformzs was 
also reported I4 One of the two enzymes wds repressible and the other inducible Unlike 
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the two enzymes reported m this work nnd those of P~udomor~~s,’ 3 the enzymes from 
BLIC~//US had the Cdrne pH optimum No klnetlc studies were reported for the Btr~rlllr~ 
en7ymej 

In plants. there 1s some evidence for the presence of two ormthme pools Labeled drgmme 
was converted to prohne” ” dnd thl$ converaon ~‘15 more evident m cot\ldon\ of get- 
mmatmg peas which dctlvely metabolize argmme ” The enzyme ormthme-kctodad 
ammotransferase which conkerts ormthme to glutamme-y-semldldehyde, has also been 
detected m plants l1 This enzyme wns shown by Ddvls ‘md Moral” to be prmapally a 
catabohc enzyme involved m argmme degrdddtion m ,VLWTOS[I~!~ Furthermore M‘izehs’” 
shovced recently thdt ormthme-cr-ketoglutarlc ammotrdn\ferasc of peanuts mcredsed con- 
siderably durmg germmation Bdsed on the Idbehng studlcs and on the presence of olnl- 
thme-ketoacidammotransfera$em plants, 0,tks and Bldwell’ ’ suggested the prcscnce of two 
ormthme pools m plant mdtetl,ll\ J pool contllbutmg carbon to drgmme ‘md one contnb- 
utmg carbon to prohne or glutdmlc ,lcld Thus exogenous arglnme could be converted 
to prohne vid the sequence drginme -+ cltrulhne + ornlthme -+ glutdmil7e-j~-semidIdc- 
hyde -+ A’-pyrrolme-5-cnrboxylate ---f prolme The presence of ttio such o~mthme pools 
was shown more conclusively m studies with wild type dnd auxotrophlc mutnnts of ;\Ic~rr- 
OP$Ol n 18 20 21 

The possible existence of two ormthme pools m plants” I’ ‘- together with the sepdr- 
atlon of two ormthme carbC~moqltransfelases reported here suggest that m pe‘t seedling? 
as m P.wudorr~ona~’ 3 dnd B lrt hcn~formr 9. ” the enzymes play different roles 

EXPERIMENTAL 
PI epcric~t~o~ of OYUUCZ) /to/11 ,W w~//uIc/~ Pc‘t WC& (C‘LI Llttle Marvel) wake obtained horn the Eg>~t~n 

MInIstry of Agriculture The seeds were planted Ii mm deep ,md grown fol 15 ddqs m n greenhouse The nerd- 
hngs were washed with HZ0 and froren dt -20 for 7 hr The seedhngz were homogemrcd (3 x 20 bet) m cl 
Warmg blendor (osterlrer) ulth ‘icetone (IO ml g) precooled to -20 and cont‘umng 10 mM merLaploethdnol 
The slurry was filtered and the c,tke rc\usptndcd in acLtone~merc~ptoethano1 ‘It - 20 The suspcnslon ud\ re- 
homogemred (3 x 20 ieL) dnd the filter Lnke dt {cd dl room temp for 3 hr The powdcl \hd\ \tored .It - 20 PI Ior 
to use the po%der wdsextrdctcd jn fold 0 1 \I potdwum pho\phdtc buflLr pH 7 6 for 10 mm follo\$<d b) clntt?- 
fUgdtlOn dt 22 000 9 for 70 rn~n 

ASFUI~ of orflrthr~~r ~arhornov/t~c~r~~f~‘~ub~ The enzyme wds assdved dt 10 by medsurcment of Cltrutlme 

~Mutrr~c~~z DEAE-~tllulose wds purchdsed from &o-Rdd Ldbordtorle\ (Richmond C,illtornl,l I \I1 othcl 
mnterlals were obtamed from Brltlsh Drug House Co (Poole Fnglnnd) 


