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Abstract—Two ornithine carbamoyltransferases were separated from pea seedlings on DEAE-cellulose The two
enzymes have different pH-activity curves Lineweaver-Burk plots for both enzymes are hinear for carbamoyl
phosphate and the Michaelis constants are of the same order of magnitude The plot for ormithine was linear
for one enzyme but a concave down for the other indicating negative cooperativity The presence of two ornithine
carbamoyltransferases 1s consistent with the presence of two pools for ornithine (one catabolic and the other
anabolic) previously suggested to exist in plant matenals

INTRODUCTION

ORNITHINE CARBAMOYLTRANSFERASE (carbamylphosphate L-ornithine carbamoyltransfer-
ase, E C 213 3) has been purified and characterized from different bacterial sources'—>
as well as from mammahan liver ®7 The presence of the enzyme n plants was also demon-
strated®1° and 1ts physiological role recently reviewed !!' In the course of the study on
the regulation of arginine and uracil synthgsis in pea seedlings, two ormithine carbamoyl-
transferases were detected The present paper reports the separation of these two enzymes
and presents results concerning their properties and kinetic behaviour

RESULTS
Separation of two ormithine carbamoyltransferases

Solid ammonium sulphate was added to the extract slowly with stirring at 0° to give
40% saturation (240 g I'!) The solution was allowed to stand for 30 min The precipitate
obtained after centrifugation at 22000 ¢ for 20 mun contained no significant enzyme ac-
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tivity and was discarded The supernatant was brought to 60° saturation by further addi-
tion of the salt (130 g1 ') The precipitate obtained was centrifuged and dissolved 1 0 1
M potassium phosphate buffer. pH 76 The solution was then dialysed against 002 M
potassium phosphate buffer pH 76

The dialysed preparation was applied to a DEAE-cellulose column (2 x 40 cm) equilib-
rated with 002 M potasstum phosphate buffer pH 76 Unadsorbed proteins were
washed with the same buffer Proteins adsorbed to the column were then eluted by an -
creasing convex gradient of potassium phosphate buffer pH 76 The gradient was pro-
duced 1n a constant volume mixing flask containing 500 ml of 0 02 M buffer and fed from
a reservoir containing 0 5 M buffer The eluate was collected mn 2 5 ml fractions at a rate
of 2 ml per min Representative fractions were tested for ornithine carbamoyltransferasc
activity

The activity was found in two portions The first was eluted between 009 and 013 M
with the peak of activity at 0 10 M The second was eluted between 032 and 039 with
the peak at 036 M The two peaks of activity eluted with the low and the high buffer
molaritiesarc referred to as 1 and 2 1n the following sections Table | summarizes the separ-
ation procedure

TABLE | SEPARAIION OF ORNITHINI TRANSCARBAMYLASIS FROM Prsun satit tm Skt DLINGS

Total Total
Volume protun activity Sp act Recovery
Fraction (ml} (mg) (units) (units mg) ()

Extract 850 46750 95200 N 100
Ammonium sulfate

(40-60°; saturation}) 26 6180 68 080 11 71
DEAE-cellulose

enzymec 1 62 96 28272 295 16

enzyme 2 40 52 5920 114

Properties of the separated enzymes

The effect of pH on nitial velocities of the two enzymes was determined The results
are presented in Fig 1| It 1s evident that the two enzymes have different pH optima
Ornithine carbamoyltransferase 1 has a sharp pH optimum at 9 whereas the enzyme 2
has a broader pH optimum with maximal activity at pH 7 0

100~

ol

Relative activity

© Potassium citrate
O Potassium phosphate

& Tris ~ HCL

I i |
6 8 10

pH

FI1G 1 DEPENDENCE OF PEA SLIDLINGS ORNTHINE € ARBAMOYL TRANSFERASES ON pH
Final buffer molarty was0 1M

N -



Ornithine transcarbamylases of Pisum sativum seedlings 101

Preliminary studies on the two ornithine carbamoyltransferases from pea seedlings indi-
cate a lack of specific metal 10n requirement Addition of Mg?*, Co?*, N1?* K*, or Na*
at 1 x 107> M had no effect on enzyme activity Furthermore, inclusion of neutral K-
EDTA at a concentration of 5 x 107* M 1n the dialysis buffer or the reaction mixture
had no effect on the activity

The presence of mercaptoethanol (2 x 1072 M) 1n the dialysis buffer or the reaction
muxture did not affect the activities of either enzyme 1 or 2, implying that free sulfhydryl
groups are not essential for activity

Kinenc studies

The effects of varying the concentrations of ormithine and carbamyl phosphate on the
activity of ornithine carbamoyltransferases 1 and 2 were studied The Lineweaver-Burk
plots for carbamyl phosphate for the two enzymes were linear The values for Michaelis
constants for carbamyl phosphate for the two enzymes are of the same order of magnitude
(39 x 107%and 64 x 1073 M for 1 and 2 respectively) These values are also of the same
order of magnitude as those reported for the enzymes from Streptococcus lactis®
(37 x 1073 M) and from rat iver® (3 x 1073 M) They are, however, considerably higher
than those reported for Streptococcus faecalis* (36 x 1073 M) and Escherichia coli *

The plots for ornithine revealed an interesting difference between the two ornithine car-
bamoyltransferases of pea seedlings The double reciprocal plot for enzyme 2 was hinear
The Michaelis constant for that enzyme was calculated to be 47 % 1073 M which 1s of
the same order of magnitude as the bacterial and liver enzymes !~7 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 cooperativity in the interactions of the sites for ornithine !2
Cleland hassuggested! ® thatnegative cooperativity permits the apparent Michaelis constant
to be adjusted to the physiological concentration, thus the enzyme always operates in the
region of proportional control

DISCUSSION

The differences observed in pH optima and 1n kinetic properties of the two ornithine
carbamoyltransferase activities separated on DEAE from pea seedling extracts suggest
that they are two distinct enzymes

The occurrence of a catabolic and an anabolic ornithine carbamoyltransferase in Pseudo-
monas fluorescens was demonstrated by Stalon et al? The two enzymes were dis-
tinguished by their activities 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 1n the presence of arginine In contrast to the results presented here, Ramos et
al ? reported that the reciprocal plots for ornithine were linear for the two enzymes and
the Michaelis constants were of the same order of magnitude It should be pomnted out,
however, that the highest ornithine concentration shown n their plots was 5 x 107> M
for one enzyme and 1 x 10~2 M for the other 3 In this concentration range, our plots are
Iinear for both enzymes

The separation of two ornithine carbamoyltransferases from Bacillus licheniformis was
also reported '* One of the two enzymes was repressible and the other inducible Unlike
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the two enzymes reported 1 this work and those of Pseudomonas,” * the enzymes from
Buacillus had the same pH optimum No kinetic studies were reported for the Bacilius
enzymes

In plants, there 1s some evidence tor the presence of two ornithine pools Labeled arginine
was converted to prolme!® 1® and this conversion was more evident 1n cotyldons of get-
minating peas which actively metabohize arginine !’ The enzyme ormithine-ketoacid
aminotransferase which converts ornithine to glutamine-y-sermaldehyde, has also been
detected m plants !' This enzyme was shown by Davis and Mora'® to be principally a
catabolic enzyme mvolved m argmine degradation in Neurospora Furthermore Mazels'’
showed recently that ornithine-x-ketoglutaric amimotransferasc of peanuts increased con-
siderably during germination Based on the labehng studies and on the presence of otni-
thine-ketoacidaminotiansferasein plants, Oaksand Bidwell'! suggested the presence of two
orntthine poolsin plant matetials a pool contitbuting carbon to arginine and one contrib-
uting carbon to proline or glutamic acid Thus exogenous argimine could be converted
to proline via the sequence arginine — citrulline — ornithine — glutamine-y-semialde-
hyde — A’-pyrrohne-5-carboxylate — proline The presence of two such ornithme pools

was shown more conclustvely m studies with wild type and auxotrophic mutants of Neus-
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The possible existence of two ornithine pools 1n plants together with the separ-
ation of two ormithine carbamoyltransferases reported here suggest that i pea seedlings
as m Pseudomonas® ® and B lichemfornus,'* the enzymes play different roles

EXPERIMENTAL

Preparanion of extracts from pea seedlings Pea seeds (var Little Marvel) wae obtained trom the Egyptian
Ministry of Agriculture The seeds were planted 13 mm deep and grown for 15 days in a greenhouse The seed-
hings were washed with H,O and frozen at —20 for 2 hr The seedhngs were homogenized (3 x 20 sec) i a
Waring blendor (osterizer) with acetone (10 ml g) precooled to —20 and contaimng 10 mM mercaptoethanol
The slurry was filtered and the cake resuspended i acctone-mercaptoethanol at —20  The suspension was re-
homogenized (3 x 20 sec) and the filter cake diied at room temp for 3 hr The powder was stored at -20 Prior
to use the powder was extracted m cold 0 1 M potassium phosphate bufler pH 7 6 for 30 nun followed by centri-
fugation at 22000 g for 30 min

Assay of ornithine carbamoyltiansferase The enzyme was assaved at 30 by measurcment of citrullme
formed 22 The reaction mixture (final vol 2 ml) contamed dilithium carbamyl phosphate (20 gmol) ornithine
(20 umol) K phosphate bufler (200 gmol pH 7 6) and the ensyme The 1eaction was started by the addition of
the enzyme Ahquots (0 5 ml) were withdrawn at intervals of ime and mixed with 25 m] of the H,SO,-diacetyl
monoxime-diphenylamine sulfonate nuxture > The tubes were kept 1n 1o until the determination of citruliine
was completed The sampling times were chosen so that « hncar formation of citrullme was observed during
the whole period Blanks containing the assay mixture but no enzyme and assay mixture without ornithine were
routinely made The extracts were dialysed agamst 002 M K phosphate buffer before issav Speatic ac-
tivity 1s expressed as gmol of atiullinge formed pu hr per mg of protein Protein was detcinmuned-® using
crystalline bovine scrum albumin as the standard

Materials DEAE-cellulose was purchased from Bio-Rad Laboratories (Richmond Califormia) Al otha
materials were obtained from British Drug House Co (Poole Fngland)
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