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The effect of mapnesiwe fon concentration on the 1t optimum and

‘hchm,lm constunts of tnc 'spmach chloroplaxt nbulo:»o diphe t,z,h.n.c

o - carboxylasc (carboxydwmmse)

Kinetic tracer :.tudic.s of levels of laboled motabolxtc., in Chlor:lia  4 : S

g\rcnoxdosal and in Spinach chloroplav,tsz durnm light and dark. gave

| }'_cv.xdcnu, for the octlvation durmg puotosynthcs:xs of two cnzyms of ‘L"’z"'u‘j:;l'
">:photosvnthot1c carbon reduction c:)rc:lc:~> ~These enzymes were hexose
__dipho'; shatase (F,C.3.1.1.11) and nbulosc dmhoephate carboxylase
"""’i_:,‘.(éurhoxyd:sxwtase) (£.Ce3.1.3.11), Both enzymes are activated Ly * "*’v
..‘."ilons_“ns, and in view of the reported lighteinduced flow of H* and .‘~Zg*f".i.
ioﬁs in chloroplastsf’ﬂ, it appears important to know in scme d_(v:taivl_ .
tho intcruction of Mg** and H* in affecting the activity of thcsé
enzymes. | | |
~ Preiss, et n1.4 have ulready shown that p!i optimm of the dm‘ms-
| plmm.,c is shifted from 8.5 to 7.5 by raising the Mg** ion conccntmuun :

from 5 md to 40 mM, In the present study, raising the level of M 1*"_ o ”:,

ion from 1,8 mM to 45 mM shifted the i optirmum of the carboxylase |

}.‘vi."‘i‘"x'om's.svto 7.7,':;nd, at the same time, lowered tho X for bicarbc;natef:fl
5"..ion several fold, ' |
Ribulose~1 ,.»-diphosplmte (Ru-1,5- Pz) was purchased as the moamm : |
s.dlt at 72% jpurity., Tho free sugar phosphate was genorated by troatment

with tho l‘* form of Dowex 50 re';in.

2

Spinach chlorop]asts were isolated f“om market spmach as dC°CI‘1L~.u
T earliers. The chlorojlast pellets were sonicated for 1 min in K0,

" The resulting suspension was centrifuged at 36,000 x g for 30 min, and

the supcrnatant solution was adjusted to 0,01 M tris at pli 7,6, To
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this supernatant ‘solution , (NP4) 2804 was added to 320 saturation and

| " the prcc1p1tate dlscarded Then (NH4)ZSO4 was "added to 40%, and the
7‘ "'vresultmg prec1pu;ate was stored at 5°C under a few ml of 50% amﬁcniws
_ .sulfat‘:e.‘ Before use, the pellet was dissolved in 10 ml of 0.001 :.Iv;
~ tris HCl at pH 8.0 containing 0.05 mM EDTA 'andv dialyzed 48 h against
thé same buffer (with three'"chanqes)' to remave the ammonium sulfate.
| For assay, the enzyme was incubated at. 23°C for 10 min (w~+~cut

H vf-prellncubatlon_) with Ru-1,5-Pp, MgCly, and H14C0z~ (32 uC/umole), con-

70 mM. In each incubation 85 ug of the'enzyme‘was used, nrotein was -

determined by the method of Lowry et al.9 The incubation was stoppec
products as described earlier.
0.33 mv HCO3z~ and each curve at a different level of magriésium ion as -

' -:_Mg""" ion to 7.7 at 45 mM Mrv++ 1on is demonstrated A similar result
. .Was obtained for a.series of curves at 2.3 mM HCO3~, though there was
some small variation in the shapes .ovf, the curves.
| Fig., 2 shows the Linéweaver-Burk _1.)101:1.o for the enz&me and
’ ’Ru-l,S-Pz wi;h pll 7.7 and 45.4 J'nM Mg**. The extrapolated -1/Ky x;al.uc
8 of 4 (mM)‘l_ gives a Ky of 2.5 x 10~4 in agreement with the value first
reported by Weissbach et al.: 5, who éssayed the enzyme at pH 7.7 and
about 8.3 mM Mg;*. The present results, however, were obtained atl
0.33 nM HOO3™, | |

Fi'g. 3 shows a similar plot for the enzyme and HCO5~ at pH 7.7

. centrations and pH as indicated in the figures, and tris buffer, 60 to sl

.- by addition of acetic acid and assayed for 14C fixaticn into acid-stable .~ = .

In Fig. 1 is shown a series of curves of activity versus pli, all.at =~

‘i‘ndicated in the figure., The shift in the pH0pt1mum from 8.5 at 1.8 m\’ :
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‘ 'l and w1th 45 4 nM M;r*" : The value of -l/lgn m thls case was 0 4 (mM)'l
glvmq I\m = 2 5 x 10‘3 wlule Km equal to the H(I)s‘ concentratlon for

"-':'half-maxlmal veloc1ty was 1.8 X 10-3 M.

At pH 7 7 and 2,0 mM Mg++ ion, HCO3 concentratlon for half-

_,_'maxmal veloc1ty was found to be 5.4 x 10-3 M which may be corpared

‘with ll X 10‘3 M, reported by Weissbach et al,

e A U VS

- The hlgh value for the Km of th1s enzyme for HCO3 has for “some - “

: - time seemed a problem, when one considers the low level of (O, rtoulred B

v_l.xo. high rates of photosynthe51s in vivo, and even in isolated chlorc-
i;"plastss - From' the results shown here, it appears that nart of the
actlvatlon and Km lowermg of the enzyme in V1VO could be caused by a -
ugh local concentratmn of Mg** ion, |
| The shifting of the pH optimum of the c"arboxylation enzyme to
:f_'j-‘phys:mloglcal pH by the use of h1gh levels of magnesmm ion, which
| vv parallels very closely the behavior of the dlphosphatasc enzyre, ‘wher.
considered in the context of the regulatory roles of these two enzymes. “
in the photosyntheuc carbon reduction cycle, seems 51gnlf1cant. v
¥hether or not such high levels of magnesmm 1on as 40 mM can be

_ _,gcnerated locally in the stroma region of the chloroplasts as a resulg

~ of ion pumpmg through the thylak01d membrane durmg the 11ght reactlons.

-
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w : method of preparatlon of chloroplasts used by Dilley and Vernon the

B B SR IR I

wu:h the mtact chloroplasts.

e

R

| """'f‘{;; of bhbtoéyntilesis remains to be seen, . .Dihlleyfancvl‘ _Vemdn7 indicated a
" light-induced influx of protons into the thylakoids and an efflux of

K* and Mg** ions from the thylakoids. It seems likely that from the
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o oute_r membrane was not intact. Tlus thelr observatmns with the oroken

system méy be a reflection of a somewhat different process that occurs )
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FIGURE CAPTIONS

Effect of several levels of Mg++

of act1V1ty vs. pH for rlbulosedlphosphate c“rboxylasc.g7

| Proteln, 85 ug in 0.275 ml; 10 min 1ncubat:on with

".H14C03 » 0.33 mM, 32.4 uC/umole, counter sen51:1v1ty,

0,15 cpm/dpm. No preincubation.

S Figs 2.

-

Effect of Ru-1,5-P, concentratlon on the act1v1ty of
r1bulosed1phosphate carboxylase. . o

Protem 85 ug in 0. 275 mi; ph 7. 7 I\’g"'"' 1on, 45.4 mM;

H14003 , 0.33 nM, o

Effect of H003 ion concentratlon on the act1v1ty of

) rlbulosedlphosphate carboxylase.
" Protein, 85 g in 0.275 ml; Ru-l,S-PZ, 0.136 mM;

pH 7.7.

1on concentratlon on curves ; T
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