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Modification of ribulosebisphosphate carboxylase (3-phospho-D-glycerate carboxy-lyase (dimerizing), EC
4.1.1.39) by diethylpyrocarbonate or rose bengal-sensitized photooxidation caused rapid inactivation of the
enzyme. The photooxidation proceeded following pseudo-first-order reaction kinetics showing a maximal value at
pH 8.0. The fully activated enzyme was more sensitive to photooxidation as compared to the unactivated
enzyme. The enzyme partially inactivated by photooxidation was fully sensitive to the positive effectors. The
photooxidised enzyme showed a characteristic increase in absorbance at 250 nm which was dependent on the
extent of inactivation. The kinetic analyses and correlation of the spectral changes with the activity indicated that
the inactivation by diethylpyrocarbonate resulted from the modification of an average one histidine residue/
70 000-dalton combination of large and small subunit. Sulfhydryl, lysine and tyrosine residues were not modified
by diethylpyrocarbonate treatment. Ribulosebisphosphate and some effectors of the enzyme offered significant
protection against diethylpyrocarbonate modification indicating that diethylpyrocarbonate was interacting with

the enzyme at or near the active site.

Introduction

Carboxylation of ribulose 1,5-bisphosphate is the
first step in the photosynthetic carbon reduction
cycle [1]. The important studies that paved the way
for definitive enzymatic studies were earlier reported
by Calvin’s and Horecker’s groups [2,3]. Ribulosebis-
phosphate carboxylase was shown to possess ribulose-
bisphosphate oxygenase activity [4]. The ribulosebis-
phosphate/oxygenase  (3-phospho-D-glycerate car-
boxy-lyase (dimerizing), EC 4.1.1.39) appears to
catalyse carboxylation and oxygenation reactions by
homologous mechanism and a common binding site
exists for the acceptor substrate ribulosebisphos-

* Deceased.

Abbreviations: Hepes, N-2-hydroxyethylpiperazine-N'-2-
ethanesulfonic acid; DTNB, $§,5'<dithiobis(2-nitrobenzoic
acid).

phate. The carboxylase enzyme from spinach has a
molecular weight of 557 000 and is composed of non-
identical subunits [5]. A 70 000-dalton combination
of large and small subunit is considered as a active or
a protomeric unit [5].

Even though the basic mechanisms for carboxyla-
tion and oxygenation of ribulosebisphosphate have
been proposed and some evidence in support of these
mechanisms has been obtained, the details of reaction
mechanism and active site chemistry of the enzyme
are not completely understood [6,7]. The earlier
reports [8—11] have suggested that lysine and sulf-
hydryl residues are essential for activity of the car-
boxylase enzyme. The presence of arginine at the
active site of bacterial [12] and plant enzyme [13]
has been demonstrated.

Using two histidine selective reagents, diethyl-
pyrocarbonate and an anionic dye rose bengal, we
present evidence to show that histidine residues of
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ribulosebisphosphate carboxylase are essential for
activity.

Materials and Methods

Materials

Rose bengal was obtained from B.D.H. (UK.).
NaH!'*CO; was a product of this Research Centre.
All other chemicals were purchased from Sigma
Chemical Co. Diethylpyrocarbonate was diluted with
ethanol to the required concentration which was
calculated using an extinction coefficient of 3 - 10°
M™'-cm™t at 240 nm.

Methods

Enzyme preparation. Ribulosebisphosphate car-
boxylase from spinach leaves was purified to homo-
geneity according to the method of Wishnick and
Lane [14]. Protein concentration was estimated by
multiplying 4,80nm in a cuvette of 1-cm light path by
a factor 0.61 mg/ml [5]. All spectrophotometric
measurements were done in an Aminco DW-2a spec-
trophotometer.

Enzyme activity. The activation of the enzyme
and assay of carboxylase and oxygenase reactions
were done according to the method of Lorimer et al.
[15].

Photooxidation of the enzyme using rose bengal.
The enzyme was irradiated in the presence of indi-
cated concentrations of rose bengal using a slide
projector (500 W lamp) at a distance of 12 cm. In
some cases samples were reactivated with 10 mM
HCO3 and 20 mM MgCl, after photooxidation. The
detailed conditions for photooxidation are given in
the legends of the respective figures.

To study the influence of various positive effectors
on the photooxidised enzyme, the irradiations were
done at 1 mM HCOj3 and 10 mM MgCl,. Rose bengal
was used at a concentration of 0.01 mg/ml. The
enzyme was irradiated until 30% residual activity
remained. Control and photooxidised enzyme
samples after suitable dilution with ‘CO,-free’ buffer
were preincubated with 0.1 mM NADPH, 0.1 mM
phosphogluconate, and 5 mM P; in 50 mM Tris-HCl
(pH 7.5) for 10 min. The enzyme activity was assayed
at 1 mM HCO3. The reactions were initiated by addi-
tion of 20 ul enzyme and were terminated after 30 s.

Chemical modification using diethylpyrocar-

bonate. The fully activated enzyme in either 20 mM
Tricine-KOH or Bicine-KOH buffer (pH 8.0) con-
taining 10 mM HCOj3 and 20 mM MgCl, was used for
the modification studies. The modification of the
enzyme with diethylpyrocarbonate was either done in
Hepes-KOH, pH 6.1, or Tricine-KOH, pH 7.0.

For studies on protection of the enzyme against
diethylpyrocarbonate modification, the enzyme was
preincubated with various effectors for 5 min at pH
8.0 and the diethylpyrocarbonate modification was
done at pH 7.0 in Tricine-KOH buffer.

The total number of histidine residues modified
was calculated from the absorbance at 240 nm
(A€240=3200 cm™'-M™) as described by Miles
[16].

Reversal of diethylpyrocarbonate inhibition. The
enzyme (6 uM) was modified by diethylpyrocar-
bonate at pH 6.2 in Hepes-KOH buffer/10 mM
HCO3/20 mM MgCl, until 30 or 48% residual activity
remained. To one batch of control and diethylpyro-
carbonate-treated enzyme was added 0.4 M NH,OH,
pH 7.2 (final concentration)/2 mM dithiothreitol and
incubated for 16 h at 4°C. All samples were passed
through Sephadex G-25 column to remove NH,OH
and assayed for both carboxylase and oxygenase
activity.

DTNB titration of sulfhydryl groups. The titration
method was basically that of Ellman [17]. A molar
extinction coefficient of 13600 at 412 nm was used
for calculating the number of -SH groups blocked per
557 000-dalton protein.

Spectrophotometric determination of Schiff base.
The aldimine formation between pyridoxal phosphate
and ribulosebisphosphate carboxylase with and with-
out diethylpyrocarbonate modification was deter-
mined according to the method described by Paech et
al. [30]. A molar extinction coefficient of 5800 was
used for calculations.

Pyridoxal phosphate protection of lysine residues
and reversal of pyridoxal phosphate inhibition after
diethylpyrocarbonate modification. The fully acti-
vated enzyme in 20 mM bicine-KOH (pH 8.0)/10 mM
HCO3/10 mM MgCl, was used for modification of
the enzyme by pyridoxal phosphate. The enzyme
solution was diluted after pyridoxal phosphate
treatment with an equal volume of 100 mM Hepes-
KOH (pH 6.1) buffer/10 mM HCO3/20 mM MgCl,.
Diethylpyrocarbonate modification and reversal of



pyridoxal phosphate inhibition was done as described
in the legend to Table I. Appropriate controls were
included to check reversal of pyridoxal phosphate
inhibition by NH,OH.

Results

Photooxidation of the enzyme sensitised by rose
bengal. The carboxylase activity was strongly inhib-
ited by rose bengal-sensitized photooxidation of the
enzyme (Fig. 1). The inactivation followed pseudo-
first-order reaction kinetics. Rose bengal had no
effect on dark controls nor was the enzyme affected
by light in absence of the dye.

To ascertain the specificity of rose bengal-
sensitized photooxidation the following experiments
were done.

Effect of pH. The effect of pH on photooxidation
of the enzyme is shown in Fig. 2. The pH profile of
the inactivation rate by photooxidation is explicable
in terms of ionization of a group having a pK, value
about 7.0, possibly histidine. However, reasons for
decrease in the rate of photooxidation above pH 8.0
are not clear.
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Fig. 1. Time course of inactivation of the enzyme at different
rose bengal concentrations. The enzyme (6.1 uM) in 50 mM
Tris-HCl, pH 7.8/10 mM NaHCO3/20 mM MgCl, /1075 M
EDTA was irradiated with 2.5 ug/ml (28), 5 pg/mi (e), 10
ug/ml (X) and 20 ug/ml (o) of dye for the indicated time
period. An identical sample kept in dark was taken as 100%.
The enzyme samples were reduced with 1 mM dithiothreitol
after photooxidation.
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Fig. 2. Effect of pH on rose bengal-sensitized photooxidation
of the enzyme. The enzyme in Tes-KOH buffer/10 mM
MgCl, /10 mM NaHCO3/10™5 M EDTA was photooxidised
using 7.5 ug/ml rose bengal at the indicated pH values. The
carboxylase activity was determined after 3 min irradiation
of the samples. An identical sample for each pH value kept in
dark serves as control.

Effect of activation of the enzyme. The enzyme
activated with HCO3 and Mg?* was more sensitive to
photooxiation as compared to the unactivated
enzyme (Fig. 3). Since in the absence of CO, and
Mg?* the carboxylase is essentially inactive [1], it
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Fig. 3. Effect of activation state of the enzyme on the rate of
photooxidation. The enzyme with (©) and without () activa-
tion by 10 mM NaHCO3/20 mM MgCl, was photooxidised at
0.01 mg/ml rose bengal. Aliquots withdrawn at the specified
time intervals were assayed for the carboxylase activity.
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Fig. 4. Correlation of 250 nm increase in absorbance with
percent inhibition of the enzyme activity following photo-
oxidation by rose bengal. The enzyme (1.3 mg/ml) was
photoxidised at 0.01 mg/ml rose bengal. The aliquots with-
drawn at the indicated time intervals were assayed for
enzyme activity and 250 nm increase in absorbance after
removal of the dye using a Sephadex G-25 column.

seems that the residues involved in photooxidation
were more accessible in the active conformation of
the enzyme.

Spectral characteristics of the photooxidised
enzyme. At 278 nm the changes in the spectral
characteristics were not observed, however, at 250
nm the photooxidised enzyme showed a distinct
increase in absorbance as compared to the dark con-
trol. Increase in absorbance at 250 nm seems to
relate to the number of histidine residues photo-
oxidized [18]. The correlation observed in Fig. 4
between the increase in absorbance and the extent
of inactivation of the enzyme suggested that the loss
of enzyme activity by photooxidation may be due to
the modification of the critical histidine residues.

Substrate protection and influence of effectors on
photooxidised enzyme. At 1mM concentration
ribulosebisphosphate offered 30-40% protection
against rose bengal-sensitized photooxidation of the
enzyme.

A vpartially inactivated enzyme with 30% residual
activity was fully sensitive to positive effectors such
as NADPH, phosphogluconate and P;. These are

known positive effectors of the enzyme at low HCO;
concentrations in the presence of Mg? [19,20].
When the partially inactivated enzyme was pre-
incubated with these effectors, the observed activa-
tion was 1.4-fold with NADPH, 1.8-fold with phos-
phogluconate and 2-fold with S mM P;. The enzyme
kept in dark containing the same amount of dye
showed a similar activation pattern with these effec-
tors. These results suggest that photooxidation did
not alter the regulatory interaction of the enzyme
with these effectors.

Chemical modification using  diethylpyrocar-
bonate. Diethylpyrocarbonate at slightly acidic pH
values has been shown to modify histidine residues in
proteins with considerable specificity [21]. This
reagent was also used in the studies to show that
histidine residues are essential for activity in the case
of ribulosebisphosphate carboxylase/oxygenase.

The enzyme rapidly lost its activity when
incubated in the presence of diethylpyrocarbonate
at 25°C at pH 6.1. The inactivation followed pseudo-
first-order reaction kinetics. The time course of
inactivation of the enzyme at different diethylpyro-
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Fig. 5. Time course of inactivation of the enzyme at different
diethylpyrocarbonate concentrations. The enzyme in 50 mM
HepessKOH (pH 6.1)/10 mM NaHCO3/20 mM MgCl, was
incubated with the indicated concentrations of diethylpyro-
carbonate. At the indicated time intervals aliquots were
removed and quenched in a buffer system containing 20 mM
histidine. Enzyme containing an equal amount of ethanol
was taken as 100%. Ethanol had no effect on the enzyme.
o———0, 0mM; X X, 0.5 mM; c——o, 1 mM;
o———>0,2mM; 56— 3mMand e———e, 5 mM,
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Fig. 6. Log [1000/¢,, (s)] against log (diethylpyrocarbonate)
plot of the data in Fig. 5. n = 1.22.

carbonate concentrations is shown in Fig.5. The
order of reaction with respect to diethylpyrocar-
bonate was determined according to the method
employed by several workers [22—25]. In this type
of plot a straight line is expected with a slope equal
to n, where n is the number of inhibitor molecules
reacting with each active (protomeric) unit to
produce inactive  enzyme-inhibitor  complex
{22—24]. When the data of Fig.5 were plotted on
this basis, an n value of 1.22 was obtained (Fig. 6).
Ribulosebisphosphate carboxylase from spinach, as
mentioned earlier, is composed of eight protomeric
or active units of 70000 daltons each [31], and
since the n value refers to the reaction of an inhibitor
molecule with each active unit of an enzyme, it is
concluded that on an average one diethylpyrocar-
bonate molecule was bound to each 70 000-dalton
protomeric unit when inactivation occurred.

Relation between activity and number of histidine
residues modified. The extent of modification of
histidine residues by diethylpyrocarbonate was con-
veniently determined by absorbance maxima in dif-
ference spectra [26]. The data presented in Fig. 7A
show a characteristic absorbance band having a peak
at 240 nm following the reaction of diethylpyro-
carbonate with ribulosebisphosphate carboxylase.
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Fig. 7A. Difference spectra of diethylpyrocarbonate-modified
enzyme. The spectra were run at different time intervals after
addition of diethylpyrocarbonate to the sample cuvette, The
reference cell contained all ingredients except diethylpyro-
carbonate but had an equal amount of ethanol. At the end of
45 min 04M NH,OH was added to both sample and
reference cuvettes and spectra recorded at several time
intervals. Solid line, spectrum taken 45 min after diethyl-
pyrocarbonate addition. Broken line, spectrum taken 30 min
after NH,OH addition to the above sample. Dotted line is
taken as base line for calculation. B. Relation between the
number of histidine residue modified with percent of initial
activity remaining. The enzyme (2.9 uM) was incubated with
0.25 and 0.5 mM diethylpyrocarbonate in tricine-NaOH
buffer (pH 7.0)/ 10 mM NaHCO3/20 mM MgCl, . Difference
spectra run at several time intervals after diethylpyrocar-
bonate treatment of the enzyme. At each time interval an
aliquot was removed and the enzyme activity determined.
The data of two different experiments done at two different
diethylpyrocarbonate concentrations are shown here in dif-
ferent symbols.
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The relation between the activity and number of
histidine residues modified calculated from the
absorbance at 240 nm is depicted in Fig. 7B. The
complete loss of enzyme activity resulted from the
modification of 9.5 histidine residues per 557 000-
dalton holoenzyme. In other words, per 70000-
dalton combination of large and small subunit, modi-
fication of 1.18 histidine residues caused complete
loss of enzyme activity. This is in agreement with the
data on kinetics of inactivation (Fig. 6).

Reversal of diethylpyrocarbonate inhibition by
NH,0H. Hydroxylamine at 0.4 M concentration
caused a considerable reversal of diethylpyrocar-
bonate inhibition with a concomitant decrease in
absorbance at 240 nm indicating a nucleophilic
attack on NV-carbethoxyhistidine (Fig. 7A). The modi-
fied enzyme having 30 and 48% residual activity was
reactivated to 78 and 85%, respectively, following
16 h treatment with 0.4 M NH,OH. The diethylpyro-
carbonate-modified enzyme in the absence of NH,OH
did not show any increase in residual activity.

Specificity of diethylpyrocarbonate inactivation.
Diethylpyrocarbonate is also known to react with
amino acids such as cysteine and lysine in a model
system. The formation of N-acetyltyrosine has only
been rarely reported [16,21]. It therefore became
necessary to eliminate the possibility of the inhibition
being due to the modification of the residues othe:
than histidine.

TABLE I

Tyrosine, sulfhydryl and lysine groups. No
decrease in the difference absorbance was observed at
278 nm in the case of diethylpyrocarbonate-modified
enzyme (data not shown). The number of total
titratable -SH groups of the enzyme with and without
diethylpyrocarbonate modification were found to be
the same under both native and denaturing conditions
(8 M urea), indicating that -SH groups were still
available for modification even after diethylpyrocar-
bonate treatment. After protecting the essential
lysine groups by pyridoxal phosphate the subsequent
modification of the enzyme by diethylpyrocarbonate
showed that the site of action of diethylpyrocar-
bonate is not lysine residues (Table 1), moreover the
number of lysine groups of the enzyme reacting with
pyridoxal phosphate with and without diethylpyro-
carbonate modification were found to be the same
(19 residues modified/mol enzyme).

Protection of the enzyme activity against diethyl-
pyrocarbonate inactivation. The results presented so
far indicate that the inactivation of the enzyme by
diethylpyrocarbonate is due to the modification of
essential histidine residues. Substrate (ribulosebis-
phosphate) and several other effectors of the enzyme
offered substantial protection against diethylpyro-
carbonate inactivation (Table II). Various ligands
used to prevent diethylpyrocarbonate inactivation
had no effect on the formation of N-carbethoxy-
imidazole in a model system.

EFFECT OF PYRIDOXAL PHOSPHATE ON DIETHYLPYROCARBONATE INACTIVATION OF RIBULOSEBISPHOSPHATE

CARBOXYLASE ACTIVITY

Diethylpyrocarbonate inactivation was done as described in Materials and Methods. Samples 3—6 were first preincubated with
1 mM pyridoxal phosphate in the dark for 10 min. To samples 4 and 5 after a 10 min period 1 mM diethylpyrocarbonate was
added. They were preincubated in the dark for an additional 10 min. To samples 5 to 8 were added 10 mM NH;OH and they
were preincubated for another 2—3 min. All samples after activation were assayed for oxygenase and carboxylase activity. All
control without diethylpyrocarbonate had an equal amount of ethanol. The enzyme used in all the experiments had a specific
activity of 1.5 units/mg protein and 0.1 units/mg protein for carboxylase and oxygenase, respectively.

Preincubation conditions

Percent activity remaining

None

. Diethylpyrocarbonate (1 mM) 10 min

. Pyridoxal phosphate (1 mM) 10 min (dark)

. Pyridoxal phosphate + diethylpyrocarbonate

. Pyridoxal phosphate + diethylpyrocarbonate + NH,OH
. Pyridoxal phosphate + NH,OH

NH,OH

. Diethylpyrocarbonate + NH,OH

100
13
2

0
20
90
90
10
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PROTECTION OF SPINACH RIBULOSEBISPHOSPHATE CARBOXYLASE/OXYGENASE AGAINST INACTIVATION BY

DIETHYLPYROCARBONATE

The percent activity remaining was compared with control lacking diethylpyrocarbonate but contained the same amounts of pro-
tective agents and ethanol. Diethylpyrocarbonate concentration was 1 mM in all the experiments. All the samples were reactivated
with HCO3 and Mg?* after diethylpyrocarbonate treatment and before assay.

Additions Concentration % Activity remaining after 10 min incubation
(mM)
Carboxylase Oxygenase

None - 100 100
Diethylpyrocarbonate 1 6 8
Ribulosebisphosphate + diethylpyrocarbonate 2 55 42

Fructose 1,6-bisphosphate + diethylpyrocarbonate 25 51 54

Phosphoglyceric acid + diethylpyrocarbonate 5 50 50

Phosphate + diethylpyrocarbonate 20 62 65

Ribose 5-phosphate + diethylpyrocarbonate 25 6 8

Discussion

Histidine residues have been implicated in the
catalytic mechanism of several enzymes [16,18,
25-27]. Our data show that ribulosebisphosphate
carboxylase/oxygenase was rapidly inactivated by
two histidine-selective reagents.

Even though rose bengal offers greater specificity
for histidine at the active site [26], photooxidation
of other amino acid residues like methionine, tyro-
sine, cysteine and tryptophan is possible. We had
routinely used dithiothreitol and thioglycollate to
reduce protein after photooxidation, and since the
oxidation products of methionine and cysteine can be
reduced by these reducing agents, the possibility of
the inhibition being due to oxidation of methionine
or cysteine may not exist. No modification of
tyrosine residues was observed as indicated from the
spectral analysis of the photooxidised enzyme. The
intrinsic fluorescence intensity of the protein after
photooxidation was not found to be any different in
the time periods used in these studies. This observa-
tion indicated that tryptophan residues were not
destroyed by photooxidation. Given these observa-
tions, we may conclude that the inhibition of the
enzyme activity by photooxidation was due to the
modification of critical histidine residues of the pro-
tein.

Our data on the inactivation of the enzyme by

diethylpyrocarbonate show that the loss of enzyme
activity was due to the modification of histidine
residues at or near the active site. This interpreta-
tion is supported by following observations. (1) At
pH 6.1 modification by diethylpyrocarbonate is
highly specific for histidine residues. (2) A direct cor-
relation was observed between the number of histi-
dine residues modified with the rate of inactivation of
the enzyme. (3) Sulfhydryl, lysine and tyrosine
residues were not modified by diethylpyrocarbonate
treatment. (4) Decarbethoxvlation by NH,OH also
showed that amino groups were not modified. (5)
Substrate and other effectors substantially prevented
inactivation of the enzyme indicating that diethyl-
pyrocarbonate was interacting at or near the active
site. (6) The inhibition was faster at pH values of
6.2—6.6 as compared to pH 8.0 [27].

Diethylpyrocarbonate has been shown to react
specifically with a single histidine residue in certain
proteins (class A), in other cases the modification of
activity has been correlated with the modification of
one or more histidine residues despite possible modi-
fication of other residues (class B). Qur data discus-
sed here show that the enzyme ribulosebisphosphate
carboxylase belongs to class A according to the clas-
sification of Miles [16].

Tyrosine residues have so far not been shown as
essential for activity in the case of ribulosebisphos-
phate carboxylase. O-Carbethoxy-N-acetyltyrosine
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ethyl ester is 4-times less reactive with NH,OH than
carbethoxyimidazole [16]. These observations along
with the results presented in this paper indicate that
diethylpyrocarbonate inactivation of the enzyme may
not be due to the modification of tyrosine residues.
N-Acetylcysteine is quite unstable as compared to
N-carbethoxyimidazole and also the number of
titratable -SH groups were the same as control in the
case of the diethylpyrocarbonate-modified enzyme
suggesting that diethylpyrocarbonate treatment did
not modify -SH groups of the enzyme under the
experimental conditions used in these studies.

It has been shown by several workers that 16
amino groups of lysine are essential for activity of
ribulosebisphosphate carboxylase [8,28,29]. These
lysine residues from Schiff base with pyridoxal
phosphate. This observation was used in protecting
the essential lysine residues during diethylpyrocar-
bonate modification. The pyridoxal phosphate
inhibition is rapidly reversed by NH,OH, however,
the pyridoxal phosphate-protected enzyme after
diethylpyrocarbonate  treatment could not be
reactivated with NH,OH. This suggested that the site
of action of diethylpyrocarbonate was other than the
essential lysine residues. Since the total titratable
lysine residues were the same as control even after
diethylpyrocarbonate modification of the enzyme
and as these residues fall in the domain of the active
site of the enzyme, particularly the binding sites of
CO, and ribulosebisphosphate, we believe that
diethylpyrocarbonate modification does not affect
ribulosebisphosphate or CO, binding sites.

Saluja and McFadden [27] have indicated the
presence of histidine residues at the active site of
ribulosebisphosphate carboxylase. They have sug-
gsted that inactivation of the enzyme results from
modification of 2-3 histidine residues per 70 000-
dalton combination of large and small subunit. These
workers had used Tris-HCl buffer for the modifica-
tion studies. It is known that Tris-HCI accelerates the
decompasition of diethylpyrocarbonate and also
reacts with it as a nucleophile. Inorganic phosphate
has been shown to prevent diethylpyrocarbonate
inactivation of the enzyme (Table II), this is another
buffer system used by these workers for the correla-
tion studies.

In the present studies we used two chemicals to
modify the enzyme. The correlation of the activity

with number of histidines modified, determined by
two different methods, showed that inactivation
resuited from the modification of a single critical
histidine residue per 70000-dalton combination of
large and small subunit.

Paech et al. [28,29], have indicated a possibility
that lysine or sulfhydryl groups may be involved in
proton transfer in the reaction mechanism of
ribulosebisphosphate  carboxylase/oxygenase. The
evidence presented in this paper suggests that histi-
dine residues may be essential for catalysis making
them a better candidate as a basic group which would
abstract protons at C-3 of ribulosebisphosphate to
initiate enediole formation.
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