
Ribulose-1,5-bisphosphxte (RuBk) carboxylase- 

oxygenase, preactivated with CO2 and Mg’“, is onPy 
active in the presence of oxygen. The removal of 

oxygen causes slow deactivation of both activities 
with similar kinetics_ The readdition of o_xygen 
reversibly activates the enzyme after a significant lag 

phase. The measurements of intrinsic proteini fho- 

rescence show that the d’eactivation and reactivation 
process is linked to a reversible conformational 
change of the enzyme md&les. 

The enzyme pretreated with RulP is not affected 
by oxygen removal. Fwthemore, the addition of a 

sulfhydryl reducing reagent such as @nercaptoethanol 

prevents the deactivation of the Mg2’-CO2 -preacti- 
vated enzyme during anaerobic conditions. 

RuBP carboxylase-oxygenase was isolated from 

spi~ch leaves. The enzyme was purified tQ hGiJJ0ge- 

neity by ammonium sulfate fractionation, Sephadex 
G-200 chromatography and a sucrose density gradient 
centrifugdtion step [ 11. The fractions with the highest 
specific activities (1 .I 5 barn01 CO1 fixedlrng protein. 

min; and Cl.13 pm01 O2 consumed/mg proteinmin. 
respectively) were pooled aPad used throughout all 
experiments. 

The enzyme was dialysed against 50 mpA Tris- 
sulfate buffer, (ppz! 8.8) with additions as indicated 

in tabIe 1. The dialysed enzyme (114.8 mg protein in 
4 ml)was gassed with argon or nitrogen in an oxygraph 
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cell (Rank BroPhers, Cambridge) with a gas flow of 
O.S-3 I/h;the oxygen content ofthe cell was recorded. 

Samples were taken and preactivaeed for II 5 min with 

10 mM MgCl, and 10 mM NaHCO, in argon atmo- 
sphere and iben assayed for RuBP carboxylase and 
oxygenase activity. The assay conditions for the 
carboxylase and the oxygenase reactions have been 
described 121. 

AP the end of the anaerobic treatment, the oxy- 
graph cell was gassed with oxygen until the oxygen 
content of the enzyme solution reached - 0.5 mM; 
enzyme samples were taken, preactivated, and anzdysed 

again for RI&P carboxylase and oxygenase activity. 
The intrinsic protein O~orescence was measured in 

a Zeiss s~ectrophotometer Q~~~QIH-z~F4-~~4QHII) 
equipped with a second monochromator QWH4QIHH). 
The exciting Iight beam (Zeiss Xe-lamp LX50 1, 
286 m-n) passed through a I mm slit; the fluorescence 

eJnission was recorded at 340 urn. The enzyme was 
diluted 80-fold with the incubation buffer. 

3. Res&s 

When RuBP carboxylase-oxygenase was pre- 
activated with Mg2+ and CO2 and then incubated 
with argon, ahe enzyme was s&~ely deactivated 
(fig.l). 

The dialysed enzyme fraction was gassed wifh 
argon af 2GC. After 20 min the oxygen content of 
the cell d~3pped to 3 nmol oxygen/ml; the ratio of 

enzyme molecules to measumbPe oxygen was-equivalent 

to w 2.IIJe analysis of the enzyme activities shwed 
that both E&BP carboxy1ase and oxygenase retained 
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Fig-1 _ The time coarse of deactivation and reactivation of 

RuBP carboxylase-ox-ygenase. Preactivated enzyme (IO mM 
MgCI, *I 0 mM NaHCO,) wasgassed with argon at 25°C. After 
180 min eqosure lo argon the enzyme was oxygenated for 
60 min and subsequently passed with argon again. Aliquots 
were taken and analysed for RuBP carbosylase (o-o), 
WuBP oxygcnase (a--a), and for intrinsic protein fluo- 
rescence (=----I); the osygen content of the incubation cell 
was monitored polarogray?hically (e-r). 

full activity_ Further gassing with argon caused a 
severe loss of both activities, which occurred with 
similar kinetics_ This loss of enzyme activities was not 
caused by removal of CO2 .from the incubation 

Table I 
Deactivation and reactivation of RuBP carboxylase-oxygenase during ak-argon-osygen 

transitions 

Enzyme incubation Enzyme activities in $X 

RuBP case RuBP oa~e RuBP case RuBP ease 

Additions 180 mir. argon 60 min oxygen 

No addition 100 100 100 100 
IO mM MgCI, 15 7 9: 100 
10 mM N&CO, 100 100 100 100 
IO mM MgCI, + IO mM NaHCO, 15 5 93 88 
IO mM MgCI, + IO mM NaHCO, + 73 84 79 80 

2 mhl p-mercaptoethanol 

1 mM RuBP 100 100 100 100 
I mM WuBP + 10 mM MgCI, 100 100 100 100 

The enzyme was dialysed against 50 mM Es-sulfate (pH 8.0); the specific activity after 
preactivation with 10 mM MgCI, and 10 ml’4 NaHCO, was 1 .I5 U/Q protein for RuBP 
carboxylase (RuBP case) and O-1 3 Ujmg protein for RuBP oxygenase (RuBP ease}, 
equivalent to 100% 

mixture during the continuous argon flow; the con- 
tent of [‘4C]bicarbonate was fairly constant in a 
simijlar experiment. After 180 min the RuBPoxygenase 

activity was reduced 13 only 5% of the original 

activity and the RuBP carboxylase was diminished 
to 15%. 

The change of the atmosphere to pure oxygen 
caused a rapid increase ofrhe activity after a significant 
lag phase; the reactivation of the enzyme molecules 
did not occur before 10 min. After 60 min of exposure 
to oxygen the RuBP carboxykse and oxygenase again 

reached 90-I 00% of the original activity, indicating 
the reversibility of this observed oxygen effect. A 
second cycle of gas changes yielded similar results. 

The definite lag phases of the deactivation and the 

reactivation process were also observe6 parallel to 

conformational changes of the enzyr?e molecules. 
Preliminary studies of the intrinsic protein fluores- 
cence and studies with the use of the fluorescence 
indicator l-aniline-8-naphthalinsulfonate indicated 
reversible changes_ 

In the following experiments the conditions under 
which the enzyme molecules could be protected 
against the anaerobic inactivation were studied. The 
results are summarized in table ! _ The enzyme is in 
the fully active state orlly in the presence of Mg” 
and CO2 [3-71; the addition of the substrate RuEP 

causes enzyme inactivation [8], which can $e reversed 
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by the addition of an excess of bicarbonate. There- 

fore, it was interesting to investigate whether a non- 
activated enzyme, or even a F&BP-treated enzyme 
sample, would show a similar response to kbe loss of 
oxygen. 

An enzyme f+tion with no additions of MgCl, or 
N&KY& was gassed wikh argon or nitrogen for 3 h 

then preactivated with 10 mM MgC12 and 10 n&I 
NaHGsld3. No loss of WuBP carboxylase and oxy- 
genase activity was observed. 

Similar results were obtained with an enzyme 
fraction which contained 10 mM NaHC03 or 1 mM 
RuEW’. NeiPher the RuBP carboxylase nor the RuBP 
oxygenase activities were lost during the exposure 

to argon, if the enzyme samples were preactivated 
with MgC1:, and NaHC03 prior to the assay. 

The question arose, whether only Mg*‘--CO2 - 
activated enzyme would be deactivated by removal of 
oxygen,or whether the presence of Mg*+ or eveu Mg2* 
and RUB?? would give a similar effect. For both 
experiments special precautions had to be k&en to 
avoid contamination by CO2 from air. AlI sol-&ions 
were freed of CO2 and stored with sodium asbestos. 

The addikion of M&Pa alone caused the Boss of 
both enzyme activities during anaerobiosis. However, 
In presence of MgCBz and RuBP no Boss of WuBP 

carboxylase and oxygenase ackiviky was observed. The 
procedure for both experiments was the same as 
above: the enzyme sample was gassed with argon for 
1 SO min then oxygenated for 60 min. Before and 
after gas changes samples were taken and preactivated 
wi.kh MgQ and NaMC03 and subsequently assayed 
for bokh activities. The c,ondusions to be drawn from 
these data are: 
(i) Mg2’ is important for the deactivation process 

due to oxygen mnoval; 
(ii) The binding of RuBP to the enzyme molecules 

prevents the Wag**-dependent deactivation 
process. 

The structural role of the cysteine residues of the 
enzyme molecules was studied in [9]; modifications 
of khese residues were linked ko a decrease of the 
enzyme activities. Furthermore, the enzyme should 
be protected against inactivation during the isolation 
procedure by the presence of sulfhydryl group 
reducing reagents. Therefore, ik was ofinkeresk to 

study whether khe presence of P-mercaptoethanol 
would bave a protective effect on khe enzyme activities 
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dunring the air-arg~.n--oxygen transition experiments. 
Prior to the, brealtnlc nt with argon, 2 nnM /3mercapto- 
ekhanol was adde6 to an enzyme fraction with II 0 mM 
MgCl* and B 0 mnM NaHCC13. Af2er 1 SO ruin the 
ackivikies of the l&BP carboxylase and the &BP 
oxygenase were assayed (table 1). Ru carboxylase 
was still active (73% of the original activity) and the 

oxygenase activity also remained very high (84%). 

RuBP carboxylase-oxygenase is ackivaked by P&g’* 
and COz [3-i’]. Recently it was shown that CO2 

may also bind to ali effector binding site, which is 
different to khs catalytic site(s) of the enzyme 
molecules [ 3 O]_ The resillts of 2his paper suggest that 
the enzyme activity is also controlled by the presence 
of oxygen; the removal of oxygen is related to the 
loss of both ackivikies. 

Tbe exact r~Ae of oxygen in this deactivation and 
reactivation process is unknown. There are at least 
two possibilities which should be considered: 

(i) Oxygen could bind to a specific binding site of 
the enzyme; 

(ii) Aukooxid’_zable groups of khe enzyme, pre- 
ferentially the sulfhydryl groups of cysteine, could 
be oxidized. 

The experiment with the preackivated enzyme 
(plus ME*+ and C02) revealed khak khe changes of khe 
enzyme activities occurred relatively slowly. The 
decline of the enzyme activities was first observed 
20 niin afker the complete removal of ‘free’ oxygen. 
The lag phase of this effect could be explained by 
the assumption that oxygen binds to the enzyme 
molecules and is lost very slowly. The loss of oxygen 
is relaked to a confomational change of the enzym? 
molecules. IIn this anaerobic form the enzyme has lost 
ahnost aI1 i2s ac2iirities. 0n the o2her hand, Phe addition 
of oxygen mzy again trigger a conformakional change 
which a83ows the eniyme molecules to react with 
oxygen, 2huns regaining full activities. 

These air-argon-oxygen transition experiments 
may be useful to study the interaction of 2he enzyme 
molecules with oxygen. Tne possibility exists that 
oxygen, like CC&, is involved in two ways: as an 
effeckor and as a substrate. The data presented here 
support clearly that RuBP carboxylase and oxygenase 



are affected similarly during the transition changes. 

Therefore, the speculation that two enzyme activities 
do not share a common molecule [l 1 ] would seem 
improbable. 

We are indebted to Dr P. V. Sane for interesting 
discussions, and the skillful technical assistance of 
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