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'11w cff{'ct of: mar,nosl\ull ion concentration on the r.::! or-timum ill".d 

~fichucli5 constants of tho spinach chloroplast ribuh"lsc diphc:sp1latc. 

carboxylase (carboxydisnutnse) 

. " 

, ; .. 

Kinetic tr:lcor ~tudics of levels of Inhaled motabolitcr. in Chlor'.::J1a 

I>rrcnoidosa1 :md' in. spinach chloroplasts2 during light a.'1(} d:&rk, gave 

.. : 
, ." ~ 

.~ .;'. . 
,f. , "'" cvidc11ce for tho activation during pltotosynthcsis of t\of'O cn:z.ylr.cs of the 

... ' 
.: .. ... . .. ~ . . : ':, . .' .., . 

',":,' photosynth(.~tic carbon rcducti,on c:yclc~~," Theso cllzymes wore hexose 
.' 1 ~.; : . . • 

, ". ~". -. ;: 
,.> -.' •..•. }< 

": . 
'·1 .' .. 

:<,,::' diphosphatnso (E.C.3.1.1.11) ru)d ribulose diphosphate carbox.ylaso 
/ "; 

'."', !---."'.:. 

. ; .... ,','.'. 

'. ' 
(carhoxydismutaso) (£.C.3.1.3.11) • Both enzymes are activ<1tcd by Mg++ ,::) 

; ,~l· 
'i " • ',' . 

,.·f 

)' ' ..... 
. _',~ ;"~: "', • , .... ; f 

','.,". '., .... , 

;', 

-"ions4,5, and in vic\ ... of the reported Hght-induccd ilCJ\ot' of It mID ~!~+';'<, ' ,; '~:.:~' 
• •• , . ".;.' ~ 'f, ' ".,';,;" :. 
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ions iu chloroplasts6• 7, it appears in\l1ortllnt to lmol-t in some detail, 

,tho interaction of. r.~g++ and Jrt in affecting the activity of these 

enzymes. 

, Preiss, ct nl. 4 havo ulr(~3dy 500\\1)1 that pH optimum of tlle di'lhos"; 
. ,-""'- " 

.'i'.,< 

<.' .... 'i ; ~. • 

.:" .: 

. }' 

) .:: < ' 
.(' 

1 '.'!.' 

'[ '" ~ 
.. :.( 

phaUlsc is shifted from 8.S to 7.5 by raisinr, tho "~8++ ion concentration 

, from S m!.{ to 40 mH. In the present study. raising tho level of r·~.\:++ 

iOll from 1.8 ra·! to 4S Jl.N shifted the pH o!)tiJrum of the c:u"boxylnse 
.' '. 

~!om 8.5 to 7.7, and, at tho same time, lowered thu K,n for bical'bol1D.te,.:;: . 

. ion several fold. 

Hiblllosc-l,S·dillho~phute (Hu-l,S-P2) wa.~ purchnscu as the <.!ibariul':l 

salt :'It 72~ puri.ty. 11'10 {roo t'ur;nr phosphato was f!cncrat,-'<l by tl·(':\tr,':~nt ' 

with tho fl+ form of l)o\olcX SO resin. 

Spin.lch chloroplasts \~'cro isolated fi."'om, mar},ct spinach ~l!; dcscrilj(:c 

carlierS• TIle chloroplast pellets \"ere sonicated for 1 mIn h~ H.z0. 

'I"he rcsultinH suspension was ccntrifllr,cd at 36,O(iO x r. for 30 min, ~mcl 

the supcnlutullt !iolution \-.'3S adjusted to 0.01 M tris ,~t p1l7.6. To 

,.' 
~' '. 

"t. ';,-

;' .~. . 
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this supernatant solution, (NH4) 2S04 ,,,as added to 32% saturation a.'1.d 

'the precipitate discarded. TIlen (M14)2S04was added to 40%, and the 

resulting precipitate was stored at 5°C under a fe,,, ml of 50% am:ncniU"!', 

sulfate. Before use, the pellet ''las dissolved in'lO ml of O.OOl~,~ 

tris BCI at pH 8.0 containing 0.05 rnM EDTA and dialyzed 48 h a?~ir:st 

the same buffer (with three'changes) to remQ.ve the ammonium st:lfate. 

For assay, the enzyme was incubated at 23°C for 10 min (''Ii t:'cut 

preincubation) with Ru-I,S-P2, MgCl2, and Hl4C03-, (32 lJ C/lJlT'.ol e) , con

centrations and pH as indicated in tile figures, and tris buffer, 60 to 

70 mM. In each incubation 85}Jg of tlle 'enzyme-was used, ,roteil"'. was 

,:' ',' ' detennined by the ~thod of. Lowry eta!. 9 The incubation \Vas stoPIlec 

',by addition of acetic acid a..'1d assayed for 14Cfixation into acid-stable, 
r :.~. 

, ,,'products as described earlier. ' 

. -" ".' 

" 

In Fig.' I is ShOl'/J1 a series of curves :of activity versus pH, all ,at ' , , 

. ," . 
, '. 

\ , 0.33 nN EC03- and each curve at a different level of ma~esium ion as 

", indicated in the figure. The shift in the pHoP,tinum from 3.5 at 1.8 m.\~ 
~'. .. ,' .. 

f'}. ' 

" , 

"-

. ~" . 

~1g++ ion to 7.7 at 45 rnM Mg++' ion is demoIlstrated. A similar result 

, was obtained for a series of curves at 2.3 liM HC03-, though there was 

some small variation in the, shapes ,of the curves. 

Fig. 2 shows tile Lineweaver-DurkplotlO for tile enzyme anu 
, Hu.-l,5- P2 with pH 7.7 amI 45.4 Illi'4 Mg++. The extrapolated -l/Klll value 

, of 4 (mM)-1 g~ves a Km of 2.5 x 10-4 in agreell1cnt \'lith the value first 

, reported by Weissbach £! al. 5, who assayed thc enzyme at pH 7.7 and 

abou t 8.3 roM Hg++. The present resul ts, however, 'vere obtained at 

0.33 JIM HC03". 

Fig. 3 sho\V's a similar plot for the cn'zymc 3Ild BCG,:> - at ph 7.7 

I 
I 
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The value of -l/~~' this case was 0~4- em\!) -.~, 
{' '.- ,', " 

. and ,rl th 45. 4nH Mg ..... 

givingKm IZ 2.5 x 10-3, whileKm e~ual to the H~- concentration fo~ '. 
~ ' .. ',:>: 

':-<~half-maXimal velocity was 1.8 x 10-3 M. . . ... ,,'" 

At pH 7.7 and 2.0 roM Mg++ ion, HC03- c~ncentration for hal'f-
. . . . 

_ maximal velocity was found to ~ 5.4' x 10-3 M, which may be compared; ... ,. .": 

. .' . . . with 11 x 10-3 M , reported by Weissbach et al.;· 
I -"----....... -_ '. A ,,,.:,~ ~ 
I ~\,.~;:, ••• ;." '.' ;-.' "" ..... ( .......... "_. _-: •••• _ •• ~ •• -.:~~~-•• _ •• __ .~.~.~." ............... _ ... ,. __ •• _.... • •• ~ ~, __ • ___ ~ __ ••• , ........ ~,._. ._ ........... ". __ ...... ~.' 

~.::! .., .. ~ _~_. • .. __ ~. _ - - r' -.. ..,._ ..... _. " •• ~ •• " .... __ .~ ... , .. __ ._K_ .... _"':"";:...:. . ..;:'""':"'_: ___ :-:-.,;... ..... :---_;--:--' 
' '.:~",:.;' .. :;.:"-' .... -'-- - .. ~'--.- --.~-- ._.,._-- - --. - .... -_~. _R._ _ . ", :\~., . .-

"', The high value for the Kmof this enzyme for--HOO3';-has'-for-so~ ..._.C-

./;,' 

.. 

time seemed a problem, when one considers the lOti level of CO2 rcquired~' . " 

f.o~ high rates of photosynthesis in vivo, and even in isolatedchlorc-. 
. -- ."::" 

··.·plasts8• From' the .results shown here, it appears that part of the 

- "., 

'. '6' 

;'., 

activation andKm lowering of the enzyme in vivo could be caused by a,::,' , 
" . -,...- ,. 

" t, '.".',.,. . ' 
,,:.:{.·:::·:high local concentration of~g++ ion. 

t..., .,.~, 

I ," ." 

,~. :.-
• 'j. 

The shifting of the pH optimum of the c'arboxyla tion enzyme to 

'. physiological pH by the use of high levels of magnesium ion, ,.,.hicn 

" parallels very closely the behavior o.f. ·the diphosphatase cnzyr.c,· \oIher . 

. considered in the context of the regulatory roles of'these two enzymes' 

.. in the photosynthetic carbon reduction cycle, seems significant • 

. Whether or not such high levels of magnesium ion. as 40 JIM can be 

• generated locally in the stroma region of the chloroplasts +IS a result 

of ion pumping through the thylakoid membrane during tile light reactions 
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of photosynthesis remains to be seen. ,Dilley and Vernon7 indicated a 

light-induced influx of protons into the thylakoids mld an efflux of 

K+ and Mg++ ions from the thylakoids. It seems likely that from the 

method of preparation of chloroplasts used by Dilley and Vernon the 

outer membrane was not intact. TIUls their observations with the broken 

system may be a reflection of a sorne\~hat different process that occurs 

with the intact chloroplasts. 

This work was, sponsored. in par1: by the, U. S. Atomic Energy 

Commission • 
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FIGURE CAPTIONS 

. Fig. 1. Effect of several:, levels of Mg++ ion concentration en curves 

of acti vi ty vs ... pH for ribulosediphosphate carboA),lasc. 

... ' 

Protein, 85 .~g in 0.275 wl; 10 min incubation with 

.H14C03-, 0.33 mM,32.4 lJC/lJmole, counter sensitivity, 

0.15 cpin/dpm. No preincubation.' 

. Fig~' 2. Effect of Ru-l,5-P2 concentratiort on the activity of 

ribulosediphosphate carboxylase • 

. Protein, 85 lJg in 0.275 m1; pI-I 7. 7; ~g++ ion, 45.4 mVI; 

" 

" .' . 

.Fig. 3. Ef~ect of ~Kn3- ion concentratiori on the activity of 

. .~ ribulosediphosphate carboxylase. 

Protein, 85 ~g in 0.275 mI; Ru-l,S-PZ' 0.136 roM; 

pH 7.7. 
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