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Y=F Ribulose-1,5-diphoephate oxygenase activity of 
r bu oae-1,5-di@zoephate cerboxylase wea completely inhibited by 
preincubation of the enzyme with 5mM hydroxylamine in presence of 
the substrate ribulose-1,5-dlphos@ate. Inhibition by hydrowl- 
amine was uncompetitive with respect to rlbulose-1,5-diphospate 
and noncompetitive with respect to magnesium. Carboxylase 
activity was not affected by hydroxylamine. Thecee results suggaet 
that the two actlvitiea of the enzyme can be regulated differen- 
tially and that inhibiting the oxygenase activity doea not 
stimulate the carboxylase activity of the enzyme. The data 
further suggest that the iahibitlon by hydroxylamine may be 
thrmgh its interaction with oarbowl groups of the enzyme exposed 
on the binding of ribulose-1,5-diaoephate to the protein. 

Ribulose-1,5-dl&oaphate oxygenase activity is 
associated with ribulose-1,5-dlFhosEate carboqylaae (EC 4.1.1.39) 

and this catalyses the oxygenative cleavege of ribulose-1,5- 

diphosfiate (RuDP) to yield phoaphoglycolate and Fhosphoglycerate 
(l-3). Res It u 8 of Takabe and Akazawa (4) and also Badger and 
Andrewe (5) euggested that both enzyme activities share a common 
catalytic cite on the large subunit of the enzyme molecule. 

Wildner (6) hae proposed a reaction mechanism for oxygenase in 
which a cyeteine residue of the active oentre is ‘activated’ to 
thlyl radical and oltygen is reduced to superoxide anion. There 
have been a number of studies on the differential regulation of 
RuDP carboxylaee-oxygenase aotivitg (7-9). Chollet end Anderson 
(7) examined different chloroplastlc metabolitea for their action 
on these two enqme activities, however, none of the metabolites 
studied produced any differential regulation of RuDP carboxylaee- 
oxygenase reaotlom. Ryan and Tolbert (8) observed that several 
plaetld metabolitesl including fructose-l ,6-diaosphate (FDP) 
ribulose-T-phosphate, fructoere-6-aosphate and gluoosed- 
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pho8Fhate acted a8 effsctors of BuDP oxygenase activaty oppoaite 
to their previously reported effects on RuDP carboxylase. We 
have earlier presented evidence to suggest that the two acti- 
vities of the enzyme can be modulated differently by‘at least 
one chloroplastic metabolite viz. PDT (9). It was found that FDP 
preferentially inhibited wgenase function of the enzyme. In 
this report, we describe the effect of hydroxylamine on BuDP 

carboxy lase-orygenaae enzyme. Oxygenase reaction wa8 specifically 

inhibited by hydroxylatnine without affecting the carboxylase acti- 
vity of the enwyme. A8 it is believed that both csrboxylase snd 
oxygenase ahare the same catalytic site and also that 02 and CO2 
are competitive inhibitors in carboxylation and oxygenation 

reactions respectively (5), it is surpri8ing that only one of the 
reactions is inhibited by hydroxylamine. An attempt ha8 been 
made to explain the inhibitory effect of hydroxylamine on the 

oxygenase reaction. 

Materials and Method8 RtiDP oarboxylase wa8 ieolated from 
8Pinach leave80 The enzyme was purified according to the method 
of Paulsen and Iane (10). 
amide gel electrophoresi8. 

‘Ihe Purity wa8 adjudged by polyacryl- 

RUDP carbolcylaee and oxygenalae were assayed under 
identical condition8 of #I, w  and temperature after fully 
activating the enzyme with 2OmM MgC12 and 1OmM RaHCO5 ‘at #I 8.5 
for about 10 minutes. 

The a88q mixture for eat&nation of RuDP carboxylase 
activity in 0.5 ml contained 5CUX Tricine-WaCXi (#I 8.5), 7WU 
MgCl 9 

4 
25mJU &EC0 

a protein. ?h 
(2 pCi of lV8H14COg) and 100 ug of activated 
e reaction ws.8 started by the addition of 

i%P to a final concentration of 0.7mM. !L'he reaction wa8 stopped 
by acidification with glacial acetic acid and the amount of carbon 
t4C eetimated. The protein fraction used throughout these experi- 
menta had a specific activity of 200 nmoles CO2 fixed per mg 
protein per minute. 

RuDPD oxygenase wa8 determined by measuring the oxygen 
consumption polarographically using Gilaon oxygra*. The reaction 
mixture in a total volume of 1.5 ml contained 5OmM !kicine-NaOEI 
(pH 8.5) l&M WC1 and 250 ~19 of activated enzyme protein. l’he 
reaction was startgd by injecting RuDR into the reaction vessel 
equilibrated at 30 C to a final ooncentration of 0.7 mM. Protein 
fraction used throughout these experiment8 had a speoific activity 
of 80 nmoles O2 consumed per minute per mg protein. 

Resulte ‘Ihe sensitivity of RuDP csrboxylase-oxygenate 
reaction to hydroxylamine was measured a8 a function of hydroryl- 
amine concentration. As shown in Fig. 1 the carboxylaee activity 

was not inhibited even at a concentration of 6mM hydroxylamine, 
whereas the oxygenese activity was inhibited to &out 53% at jmaa 
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20 - f?uDP oxygsnose 

1 
I 3 5 7 

HYDROXYLAMlpE (mM) 

Fig. 1 - Effeof of hydroqlamine on carboxylation and 
oxygenation reaction. Both the activities were asrayed aa 
dearcribed in Material8 and Methods. The levels of hydroxylamine 
indicated were added to the etandard assay mixture 2 minutes 
before l&e reaction was initiated by addition of BuDP. 

concentration of hydroxylamine. Wishnick and Lane (11) had also 
reported no inhibition of carboxylase activiiy at 5-1Omhl of 
hydroxylamine. In order to determine the optimum conditions for 
hydroxylamine inhibition, the effect of JS on hydroxylanine 
inhibition wars studied. The data in Table I show that maximum 
inhibition ~a.8 observed at pEI values of 8.0 and 8.5, this also 
corresponds to the broad B optima for the enzyme activity. At 
and above M 9.0, eventhough the control emyme was about 70% 
active, the hydroxylsaine treated emyme did not show appreciable 
inhibition. 
Characteristica of hydroxglamine inhibition The plotre of l/v 
ver8us seriea of inhibitor concentratione at two different BuDP 
concentratiolr, as illustrated in Fig. 2 yielded parallel lines. 
Hence inhibition by hydroxylamine eeeme to be uncompetitive with 
respect to BuDP. Kinetio analysis of the inhibition of RuDP 
oxygenase by hydroxylamine suggest6 that the enzyme BuDP complex 
reacts with hydroxylkuine to form an inactive ternary complex. A 
sjPPilar mechanism has been reported in case of cyanide inhibition 
of both carboxylase and oxygeaeee activities (3,111. It is 

likely that the inhibitor binds with the eneyme substrate complex. 
This will be supported by the preincubation data to be presented 
later. Inhibition by hydroxylamine with respect to Mg++ was of 
nonoompetitive nature having a Ki value of 4.3mR (Fig. 3). 
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Table I 

Rffeat of #I onhydroxylmiue inhibition of oxygenase nativity 

Hydroxylsmine 
(arU) Activity percent of control 

7.5 3 65 

8.0 3 40 

8.5 3 38 

9.0 3 72 

9.5 3 92 
----I----------------------------- u___--------- 

zdg;asas&ivity was measured aa deaozibed in the Materials 
. The activity at each of the pH value8 in the 

absence of hydroxylamine was considered as control. 

I 3 5 

HYDROXYLAMINE (rM.4) 

Rig.2 - Dixon Plot for inhibition of oxygermse by hydroxylamine 
at two different RuDZ concentrations 

h---6 0.7~84 RuDZ',*----. 0.35mM RuDP 

~eiucubation studies It was observed that hydmqylamine 
inhibition cau be reversed by dilution if the enzyme was me- 
incubated with hydroxylamine but in the absence of substrate, 
however, in the presence of the substrate (RuDT) the inhibitor 
inactivates the enzyme substrate complex which is not reversed 
upon dilution (Table II). The carried over hydroxylemine as such 
had no effect on oxygenase reaction in the preincubation studies. 
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HYDROXYLAMINE (mhl) 

Pig. 3 - Dixon plot facr inhibition of oxygenme by hydroxylerPine 
at two different lag;++ ooncentratiorrr 

@.-- -0lcbnM MgC12, t--* 5mM Mgc12 

Table II 
Effect Of preincubation of the enzyme with hydroxylamine and 

BuDP on its oxygenaae activity 
----I------~--~------~~~~~~~~~~~~~~~~~~ 

Additipne to the preliminaxya) 
~*~ in...--- ------- ----I 

reaction mixture the aseg 
k Inhibition 

bfl 

1) Hone 0.5 Nil 

2) None 5.0 73 

3) 5df m2a 0.5 loll 

4) 5nafm2aI 1 

+ I 0.5 100 

RtlDP 

5) 5u m2a 

+ j 0.5 loo 

BuDP+Mg 

a) The preliminary incubation mixture consisted of 5QnM Tricine- 
Ram buffer (#i 8.5) and 2mg of enzyme protein in a total volume 
of lml. The variable additions were 5mM RR CH, 0.5&d RuDP, and 
l&M A&Cl aa indioated in the table. Aft& 10 minutes of pre- 
inoubatiog 0.11~1 of aliquote was removed and mseyed for the 
activity. 
b) The levels of hydroxylamine indicated in the table were 
added to the standard assay mixture 2 min before the reaction was 
initiated by addition of RuDP, In reactions 3-5 the concentra- 
tion of hydroxylamine was due to carry over RH20R from the 
preincubation stage. 
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Xt was also seen that Bag++ was not neceesary for hydroxylamine 
binding. Since the carboxylase activity was not affected by 
hydroxylsmine, we wondered whether the presence of bicarbonate 
affords protection against hydroxylaine inhibition. To test 
this, effect of bicarbonate concentration on hydroxylsmine 
inhibition of carboxylase and oxygenase activity was studied. 
'llhe data presented in fig. 4 show that preincubation of the 
enzyme with 5mM hydroxylamine at IEN bicarbonate reaulted in 
complete loss of cqgenase activity in less than 5 minutes in the 
presence of 0.5mM BuDP. When similar preincubations were done in 
the presence of 2.5 and 5mM bicarbonate, the oxygensse activity 
was inhibited to the extent of 85 and 80% respectively in 10 
minutes. Carboxylase activity was not affected even in the pre- 
incubation studies at apr of the bicarbonate concentrations used. 
5e presence of bicarbonate in the reactionmixture seemed to 
protect the oxygenase function of the enzyme against hydroxyl- 
amine inhibition to a limited extent because the plot of rate 

constant versus bicarbonate concentrations (calculated from the 
data of Pig. 4) showed that the protection provided by bicarbonate 
beyond 2.5mIU was negligible. 

Discussion Ehotorespiration significantly diminishes net CO2 
assimilation. It is, therefore, of interest to find substances 
which block photorespiration. It has been proposed that RuDP 
oxygenase is the major, if not the only source of glycolate, the 
substrate for tiotorespiration (1,3). In view of this, it will be 
useful if oxygenase activity is specifically inhibited so that the 
losses due to photorespiration are considerably reduced. Further, 
if it is shown that the oxygenase and csrboxylase activities can 
be regulated differentially it would be possible to search ways 
and means.to modify the genetic makeup of the plant such that 
oxygenase function of the carboxylase is minimised. 

Our experiments shoa that hydroxylamine specifically 
inhibits oxygenase reaction but doee not affect cerboqlation 
reaction. However, under in vitro conditions, inhibiting the 
oxygenase reaction by glycidation (12) or by hydroxylamine, 
as in the present case, does not stimulate carboxylation 
reaction. 
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CARBOXYLASE 

I .O mM NoHCO3 

Q 2.5mMNaHC03 

x 5.0 mM NoHCO 3 

OXYGENASE 

I 3 5 7 9 II I3 

PREINCUBATION TIME ( mh ) 

Fig. 4.- Inacfivat ion of RuDP oarboxylase-oxygenmae with Ume as 
a function of bicarbonate concentration at 5mM hydroxywlne. 
Phe enzyme (2mg) was weincubated in a mixture containing 5&M 
!Pricine-IfaCH (@ 8.51, 5mM hydroxylamlne, 0.5&d RuDP, 1QnM I&Cl2 
em!icarbonate concentration as indicated in a total volume of 

Aliquots were removed at different times as indicated 
Ad &syed for enzyme activity under standard conditions. 

Kinetic and preincubation studies suggest that hydro- 

xylemine reacts with RuDP oxygenase only in the presence of the 
substrate RuDP to form a catalytically inert complex. A eirailar 
observation was made in case of cyanide inhibition of both 
oarboTylase and oxygenase aotivitiea (3,ll). Aa cyanide inhibits 
both the activities, the mechanism of inhibition of oxygenase 
activity by hydroxylstnine rnq be different. The most plausible 
explanation to the specific Mibition of the oqgenase aotivity 
would eeem to be that the Interaction of the oxygenase molecule 
with the RuDP generates a site on the enzyme molecule which ia 
susceptible to nucleoailic attack by hydroxylamine. Onoe 
hydroxylamine binds to this site oxygenation oannot proceed. 

Participation of carbonyl groups associated with the 
protein seem to be necessary for the catalytic activity In the 
aase. of RuDP oxygenase, since carborqrl reagents like hydroxylemine 
and semicarbazide (unpublished observation) inhibit the activity 
speoifioally . Participation of sulfhydryl group6 in the oxygenate 

and carboxylaee reactions is suggested (12). Rydroxylamine maY 
not be inactivating sulfhydryl groups because oarboxylase activity 
is not mibited. Sulfhydryl groups are implicated In RuDiP bind- 
ing and me essential for both carboxylase and oxygenaae reactions. 
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Ureaee has previously been shown to be inhibited by hydroqlamine 
(13) however, the inhibition was revereed by meroaptide r-en*. 
No such reversal wa6 obsemed in the c-8 of oxygen-e inhibition 
by hydroxylenine. Uthough the SH groupe may not be inactivated 

w lQy% the possibility that RR208 binding to the protein 
induaes a conformational change such that XR group6 cannot parti- 
cipate in tie reaction mechanism must be left open, 

It has been recently shown that BuDP biding site 
apparently involves, lysine (14,15). If so, the moat likely 
binding of BuDPwould be through formation of a Schiff base 
between e-amino groupe of lyaine and the keto group of RuDP. 
However, inactivation of the Schlff base cannot explain 
specific inhibition of oxygenase activity by hydroxylamine 
because any compound that affect8 BuDP binding must inhibit both 
the activities. 

The data presented in this communication suggest 
that the activities of RuDP carboxylase-oxygenaae can be regula- 
ted differentially when assayed under identical conditions.. !Chie 
perhapa indicate that either the catalytic centres for the two 
activities are not identical or mechanism by which these reac- 
tiona are catalyaed are different. T%e data further suggest that 
CO2 and O2 may not be merely competing for the same reaction 
intermediate in carboxylation and oxygenation reactions respec- 
tively. 
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