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An electron paramagnetic resonance study of the binding of manganese

to ribulose 1;5-diphésphate carboxYlase—-irﬂlibitiori by magnesium

D. K. CHU, R. CHANG*, and L. E. VICKERY**
Laboratory of Chemical Biodynalnics, Lawrence Berkeley Laboratory,

University of California, Berkeley, California 94720 (U.S.A.)

SUMMARY

Electron paramagnetic ré_so'nahce (EPR) was used to measure the extent
of binding of Mn2+ to ribulose 1,S—diphosphate carquylase purified from
spinach 1eaﬁes. ~In the an+ COncéntration range 0.60 mM to 0.04 mM only
a singie Mn®* binding site having 4 = 0.06 mM was observed. Mgz+ was

. ’e

found to Competitively' ir_xhibit the binding of Mn® , and K‘d = 0.54 m was

calculated for Mg2+ ,: ,

D-Ribulose 1 ,VS—diphos:phate carboxylase (3-phospho-D-glycerate car-
boxylase [dimerizing] EC 4.1.1.39) cataiyzes the carbuxylation of PuDP

to yield two moles of 3~D-phosphog1ycefate in the primary carbon fixa-

tion step'of photdsynthesis. The reaction has an absolute requirement

for a divalent metal ca'tionl, and it has been suggestéd that control of
metal ion activation might play a role in the regulation of the enzyme's

activity in vivo®. Little is known, however, about the stoichiometry of
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Williamstown, Mass. 01267.
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.
.the_metél.ion—enzyme‘iﬁteraction, the natufe of the groups on the protein
infolVed in'thé interaction, or the mechanism of thexactivation. In '

. fact, the 6nly cases where binding of metal ions to the enzyme has beeﬁ
studied involved inactive ternary cdmplexes of the enzyme with a sub- ' .
strate analogde or complexes with'CYaﬁideS. Putativé évidence for the

2

existence of,an’enzyme-COZ—Mg * has also been repdrted4.

We'have‘uéed electron parémagnetic resonaﬁce techniques to study
the bindiﬁg of.Mn2+'to_the enzyme, Free Mn?* ion in solution has an |
intense isotropic EPR spectrum, but the EPR of Mn?* bound to small mole-
cules and proteins is'often broadened and undetectable providing a con-
venient means of measuring binding constants® . Electrophoretically
pure RuDP carboxylase was isolated from spinach leaves as previously
described8 with the following modifications: thé heating step m@é no
longer ﬁsed and.0.0Z M sodium phosphate, pH 7.4,'r§placed tris-HC1 and
Mgz+ during purification. Freshly prepared enzym¢'Was concentrated by |
| preéipiféfioﬁ withiammoniﬁm sulfate, resuspended in 0.05 M Tris, pli 7.8,
and exhéustively dialyzed against this buffer. Protein concentrations
were detefmined spectrophbtometrically, taking the absorbancy at 280 nm
to be 0.61v(cm—mg/ml);1'and assdming a molecular weight of 557,000 9,
X-band EPR spectra were recorded on a‘Vafian E-S_spéctrometer;

When RPuDP carboxylase_was added to solutions_o'van2+ in buffer a | %

2+_EPR signal was , ,f

quantitative reduction in the intensity of the Mn
observed. No changes in the EPR spectrum of the aquo-complex appeared,

and no evidence for any new signal was obtained. A titration of the

Abbreviations: EPR, electron paramagnetic resonance; RuDP, D-ribulose

1,5-diphosphate.



enzyme was made assuming that the helghts of the hyperflne components in

the flrst derlvatlve EPR spectrum are proportional to the concentration

2+

of free Mn®". “The results of three experiments, u51ng different enzyme

preparatlons and concentratlons are presented in the form of a Hughes-

7,10 .

Klotz plot'’~ " in Fig, 1. In the absence of competlng divalent cations

the data fit a single straight line reasonably well. ' The x and y inter-
'cepts are equal to the reciprocals of the dissociation constant and the
number of binding sites, respectively. Within the Mn?* concentration

 range used, 0.80 mM to 0.04 mM, Ky % 0.06 mM and n = 1. When Mg”* was

2* ppR

added to solutons of enzyme and an , an increase in the free Mn
signal was observed (Fig. 1). In the presence of 0.6 and 1.2 mM Mg2+ the

K

d for an+ increased to 0.12 mM and 0.18 mM, respectively, while n remained
equal to 1. Assuming competitive binding of the two cations, Ky for Migz+

11,12

can be determined . ~The results of separate calculations at each

2+

Mn~ and Mng.cohcentration are.shown in Table I. The average value for

Ky 0g”") = 0.54 mi.

2* in the absence of Mg2+ measured

2+

The dissociation ;onstant for Mn
h‘in this wofk is close to the Michaelis oonstant for Mn® , Kh = 0.04 mM,
oetermined by othersg. This suggests that the binding observed might
Yield the active enzyme—metai-complex requifed for Catalysis. The
»stoichiometry of the Mn2+§enzyme interaction observed here, however,
vis~unexnected RuDP carhoxylase is composed of sixteen subunits of
molecular weight of approx1matley 12, OOO and 56 OOO daltons in a 1:1
molar ratlols, Moreover, there seem to be eight b1nd1ng 51tes for RuDP3
The oresence of a 51hg1ehm1 binding site could be explalned by a unque

site linking several subunits, by an undetected difference in one subunit,



b o
or by the -exiﬁstenc"e of an additional subunit. This. Mn b1nd1ng site
- may be related to the single (‘ u b1nd1ng 51te which has been reported3
since our preparattons of the enzyme do not appear to contain copper
(Vickery, Chang, and Chu, unpubllshed)

The dlssoc1at10n consta.nt determlned for ng competition with Mn2+

b1nd1ng is 51gn1f1cant1y lower than the Michaelis constant for Mg2 , Km

1.1 mM 9._ Thus, this bmdmg may not be 11m1t1ng for actlvatlon of the
'enzyme The ab111ty of Mg to compete w1th an in thls concentratlon
range m1ght compensate for the lower K for an and rule out the p0551-
bility of__Mn activation of _the enzyme in vivo. Further experiments

_utiiizingithe Mn2+ EPR probé can be designed to d_etermi_ne the effects of
temperature', ._pH.,‘ COZ, RuDP and competing ionsb on the'v_ metal -enzyme inter-

"~ action.

This work was supported,' in part, by the U. S. Atomic. Energy Commission.
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TABLE T

DISSOCIATION CONSTANTS OF MANGANESE AND MAGNESIUM RuDP CARBOXYLASE

-~ Mn

EXperhnental'conditions-are given in Fig. 1 and text. de was

~determined from bestbstraight line fit to data;'KdMg.was calculated

for each data according to reference 11, assuming competition of

Mg?* with m%*.
LS I A ORI N O G
.04 to .60 0 06 -
06 0.6 12 .54
12 0.6 dz .53
.18 0.6 12 .57
06 1.2 18 .53
a2 1.2 18 48
18 1.2

.18 .58

average .54




FIGURE LEGENDS

Fig. 1. Titration of RuDP carboxylase with Mn%*

.- Hughes-Klotz plot

of the cdnc.entrations of free and bound an+ determined by EPR (see
teXt)_ . Experimentval' conditions: buffer, 0.0‘5 M Tris, bH 7.8; tempera-
ture, 22°; sample volume, 0.15 ml; enzyme concentra»tions» A A A 148 mg/ml,

00 o0 89 mg/ml, o ® ® 48 mg/ml.
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