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PHOTOSYNTHESISOF ISOLATED CHLOROPLAST.S. V. EFFECT ON FIXATION 

RATE AND METABOLITE TRANSPORT.FROM THE CHLOROPLASTS CAUSED BY 

ADDED FRtJCTOSE-1,6-DIPHOSPHATASE 

I. 	 * J. A. Bassham, A. M. El-Badry, M. R. Kirk, H.C.J. Ottenheym 

** 
and H. Springer-Lederer 	-. 

Summary 

Addition of fructose-1,6-diphosphatase (FDPase) plus Mg ++ 

ions in increasing concentrations causes stimulation and then 

inhibition of photosynthesis in isolated spinach chioroplasts. 

The effects are similar to those previously found with leaf 

extract additions, Including modifications of the effects 

caused by added inorganic pyrophosphate (PP 1 ) . Under the 

++ 
conditions of pH, Mg 	ion concentration, and PP 1  concentra- 

tion in which these effects are seen, the added enzyme has 

only negligible activity as FDPase. Thus the enzyme appears 

to be exerting its effect through some function.other than 

as an FDPase. It is tentatively suggested that this other 

function is in the transport of metabolites, especially 

fructose-1,6-diphosphate, out through the chloroplast outer 

membrane. . This hypothesis is supported by the following ob-

servations: 

1. Addition of FDPase plu.s Mg++ to chioroplasts photosy.n- 

14  
thesizing with 	CO 2  causes an increase in the/labeled 	ructose-1,6- 
diphosphate 

land dihydro.xyacetone.phosphate (which appear mostly in the sus- 

pending medium), and a decrease in the total labeled fructose- 

* Present address: Department of Chemistry, Cornell University, 
Ithaca, New York. 

** Present address: Institut fr •Physikalische Chemie, Univer- 
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6-phosphate and of all compounds following fructose-1,6-diphos-

phate in the carbon reduction cycle, including the carboxylatiori 

substrate, ribulose-1,5-diphosphate. Furthermore, the amounts 

of all metabolites retained in the chioroplasts decrease. 

Addition of Mg++ ions alone, in concentratiots slight-

ly higher,than PP 1  concentration, causes some loss of all com-

pounds from the chioropiasts to the medium. 

Addition of 5 mM PP 1  decreases the loss of hexose and 

heptose monophosphates and of ribulose-1,5-diphosphate, but 

does not decrease the loss of FDP. and of dihydroxyacetone phos-

phate from the chloropl.asts to the medium. 

Introduction 	... 	 . 	 ... 	 . 	 . 	 . 	 . 

The rate of photosynthetic fixation of carbon dioxide is 

strongly affected by additions of small amounts of clarified. 

spinach juice1. . The degree of inhibition or stimulation is 

a function of the ratio of amount of added spinach juice to 

the concentration Of added inorganic pyrophosphate (PP 1 ). 

Fractionation of the juice by gel filtration gave two compon-

ents which act synergistically to produce the stimulation or 

inhibition. The component of high molecular weight was iden-

tified as fructose-1,6-diphosphatase (D-fructose-1 .,6-diphos-

phate 1 - phosphohydro1as,. E.C.3.1..l1) 2 , hereafter referred 

to as FDPase. The component of low molecular weight, called 

"Factor B" in the previous reports 1 ' 2 , has now been found to 
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be an impure mixture of inorganic salts, of which the active 

constituent is Mg++. The synergistic stimulation and inhibi-

0 	 tion, and their dependence on PP 	has. been duplicated by 

- 

	

	additions to photosynthesizing chioroplasts of selected 

++ 
ratios of.FDPase and Mg 

Addition of fructose-1 3,6-diphosPhate (Fru-1,6-P 2 ) to rela-

tively inactive isolated spinach chioroplasts stimulates their 

fixation rate 3 , while its addition to more active .chloroplasts 

maintains a higher rate after 15 minutes of photosynthesis, 

when the rate begins to decline 4 . Other tested metabolites 

were generally inhibitory, or without effect 4 . Thus the level 

of Fru-1,6-P 2  in chioroplasts might play some role in the 

regulation of the 'carboxylation of ribulose-1,5-diphosphate to 

give 3-phosphoglyceric acid. 

The carboxylation reaction and the conversion of Fru-1,6-P 2  

to Fru-6-P., as well as the conversion, of sedoheptulose-1,6-

diphosphate, appear to be metabolically-regulated steps in 

5-9 
the photosynthetic carbon reduction cycle 	. Both the car- 

boxylase and the diphosphatases, when isolated and purified, 

exhibit a dependence, of activity on pH and Mg 	concentration10'11 

which could account at least in part for their regulation in  

12 vivo. Among the 1abed metabolites formed in isolated' spin-

ach chioroplasts photosynthesizing with 14 C-1aelled bicar-. 

bonate., there are pronounced differeflces in the.rates of 

' 3  movement out of the chlorop1ats into the suspending medium. 
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Those compounds which just precede the reactions mediated by 

the diphosphatases (Fru-1,6-P
29  dihydroxyacetone phosphate 

and glyceraldehyde phosphate) are found to a much greater ex- 

tent outside the chioroplasts after a few minutes photosynthe-

sis, whereas the hexose and heptose monophosphates, including 

Fru-6--P, and ribulose-1,5-diphosphate (Ribul-1,5--P 2 ), are 

very well retained. If Fru-1,6-P 2  moves out of the chioropiasts 

by means of facilitated transport, a part of the apparent regu-

lation of FDPase in viva could be in fact a regulation of 

this •transport, provided FDPase in the cytoplasm is less active 

than that inside the chioroplasts. 

We have now investigated the effects of FDPase, Mg 	and 

PP 1 , added together and separately, on the levels of labelled 

metabolites formed in photosynthesizing chioroplasts, and the 

effects of these additions on the movement of metabolites 

out of the chloroplasts. Most of the effects reported were 

++ under conditions of p11, Mg 	concentration and PP level under 

which the added FDPase could have little or no activity for 

the conversion of Fru-1,6-P 2  to Fru-6-P. The effects in the 

medium of the added FDPase seem therefore to be indicative of 

another activity of this protein. 
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Experimental 

Chloroplasts were prepared from fresh spinach as described 

previously 14 . Kinetic studies of the formation of labelled 

compounds and their movement from the chioroplasts to the 

medium during photosynthesis by the isolated chioroplasts 

with 14 C-labelled bicarbonate were as described earlier 13 . 

In some experiments, an attempt was made to remove enzymes 

external to the chloroplasts by "washing." The chloroplast 

pellet from the initial centrifugation 4  was resuspended in 

10 ml Solution B or Solution C and again centrifuged at 2000 X 

g for abOut 50 sec, aftEr which the chloroplastswere stored 

or less than 10 min at 0 ° C until the beginning of the illu-

inination at 20 ° . 

In those experiments in which the distribution of meta-

bolites between chioroplasts and medium was to be determined, 

a 100 ii sample of the suspension of photosynthesizing chloro-

plastswasremoved at the indicated times, and this sample 

was subjected to 10 sec centrifugation with a Spinco microfuge. 

The pellet and the supernatant solution were separated and each 

was killed in 80% methanol. The elapsed time from sampling to 

killing was about: 25 sec. Some samples were killed immediately, 

without separation of chloroplast from medium, to permit sub-

sequent evaluation of metabolite conversion during centrifuga-

tion. 

The supernatant solution could not be completely separated 

from the pellet, and a contamination of the pellet by 10% of 
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the supernatant solution is estimated In those cases where 

a very large portion of a given compound is found in the super-

natant solution, a correction has been made in the results. 

This correction, equal to 0.10 of the 14 
 C found in the corn- 

pound in the supernatant solution,:is subtracted from the 

value found for the pellet and added to the value found for 

the supernatant solution. 

For determination of the rates of photosynthetic incorpor- 

14 	 chioroplasts 
ation of 	CO 2 , aliquot samples of the killed A -methanol- 

water mixtures were dried onfilter paper, free CO 2  was driven 

14 off by addition of acetic acid, and the 	C content was measured 

with a Geiger-Miller tube and scaler. Chlorophyll content was 

determined ma sample of the chioroplast suspension, and 

rate of photosynthesis was calculatedfrom known specific 

radioactivity of bicarbonate used, 14 C content and chlorophyll 

content 14 . Products of photosynthesis were analyzed by two-

dimensional paper chromatography and autoradiography, as pre- 

5,6. 
viously described . 

A solttion of purified fructose diphosphatase was prepared 

from isolated spinach chloroplasts as reported earlier 2 . The 

eluate from the gel filtration through Sephadex G-200 was 

dialyzed against "Solution C 111  minus PP 1  and ascorbate, 

and the dialyzed enzyme solution was diluted 25 times in Solu-

tion C minus ascorbate and PP 1 . Amounts of this diluted solu-

tion, ranging up to 	 3ig of protein, were added to 

the chloroplasts in the illumination flasks, and the suspensions 

were made up to 0.5 ml for rate experiments or 1.0 ml for kine- 
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tic experiments, as indicated in the Results. Other additions 

of Mg, PP 1 , etc. are given under Results. 

Results 

The rate of photosynthesis by isolated spinach chioroplasts 

is stimulated 25% by the ádditionof small amounts of magnes-

ium ion and purified FDPase and is strongly inhibited by the 

addition of greater amounts of Mg 	and FDPase (Fig. 1). The 

shape of this stimulation-inhibition curve and its dependence 

on the presence of 5 mM PP 1  are exactly analogous to the effects 

earlier observed upon the addition of various amounts of spinach 

juice to the isolated photosynthesizing chloroplasts 1 . 

The inhibition of photosynthetic rate by Mg++ and FDPase is 

reversed by higher levels of PP 1  (Fig. 2). As was the case 

with spinach juice', or with FDPase plus "Factor B" 2 , the con-

centration of added PP 1  required to reverse inhibition is pro-

portional to the amount of inhibiting substances added. Thus, 

it is clear that the effects formerly observed upon adding small 

amounts of spinach juice to the isolated chloroplasts, including 

dependence on PP 1  concentration, can be reproduced by the addi- 

tion of purified FDPase and Mg ++ 

Analysis of purified "Factor. B', by atomic absorption spectros cop 

showed that it contained approximately 10% Mg++. In the pre- 

sence of the usual1spending medium .(-Mg) which contained 5 mM 

PP 1 , addition of 21 Pg of purified FDPase caused 25% stimulation 

in the rate of photosynthesis (Table I), whereas addition of 
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enough Mg. to make its concentration 2 mM, caused a 10% stimnu-

lation in the absence of added FDPase but an 85% inhibition in 

the presence of the FDPase. Since the total volume was 0.5 ml, 

the added Mg 
++

was 1mM above the.usual reaction mixture concentration 

and corresponded to 0.5 mno1e5 or 12 pg s  of Mg++.  This may 

be compared with the synetgis tic effect found previously 2  upon 

the addition of 24 Ug of fructose.diphosphatase and 150 'ig of 

"!Factor B", corresponding to 15 g of Mg++ . 	. 

At.1 mM PP 1  (Tabi e I) the inhibition by fructose diphospha-

tase plus Mg 
++

is even more striking. Itshould be particularly 

noted that whereas the stimulation with fructosediphosphatase 

alone was 90%, and the stimulation by 1.5 mM Mg 	was 12%, the 

addition of both factors caused an inhibition of 96%. 

When FDPase and Mg 	were added to photosynthesizing chloro- 

plasts after 6 mm of photosynthesis with 14 C-labell6d bicarbon-

ate, rather surprising effects on the levels of labelled meta-

bolites occurred (Figs. 3 and 4). As compared with the levels 

of metabolites in the control chioroplasts, the level of Fru-

1,6-P 2  In chioroplasts with added FDPase increased, while the 

level of Fru-6-P decreased. This behaviour has proved to be 

reproducible, as have other differences observed (Table II). 

These include an increased level of dihydroxyacetone phosphate, 

which is rapidly equilbrated with fructose-1,6-diphosphate in 

all of our experiments, due to high aldolase activity both in 

the chioroplasts and in the medium. The kinetic cures for 

; 



-9-- 

dihydroxyacetone phosphate are, in all cases, similar to the ones 

for fructose-1,6-diphosphate. Compounds with level.s which de- 

++ 
creased upon FDPase and Mg 	addition included glucose-6-phos- 

phate, sedoheptulose-7--.phosphate, and sedoheptulose-1,6-diphos--

phaté. The level of sedoheptulose-1,7--diphosphate declined very 

rapidly upon FDPase and Mg 	addition (Fig. 5). The carboxyla- 

tion substrate, ribulose-1,5-diphosphate (Ribul-1,5-P 2 ) also 

decreased consid'erably, arid this/could be partly responsible 

for the decreased rate of CO 2  fixation. However, it should 

be noted that the levels of pentose monophosphate, which is the 

sum of ribulose-5-phosphate, xyl.ulose-5-phosphate and ribose-5-- 

phosphate, were not changed by the addition of Mg 	and FDPase. 

The effects of addition of FDPase and Mg 	on the distri- 

bution of metabolites between. the chioroplasts and the suspend-

ing meçliurn are very large-. (Table III). In the chioroplasts 

with these additions the level of fructose-1,6-diphosphate in 

the medium increased 11-fold, and the level of dihydroxyace-

tone phosphate increased 4-fold. At the same time, the level of 

fructose-6-phosphate in the pellet declined 75%, its level in 

the medium increased 2-fold, and its total level declined about 

40%. Thus., the addition of FDPase and Ng+4 ions has increased 

greatly the appearance of metabolites in the suspending medium. 
conversion of 

However, the added FDPase has not increased/fructose-1,6-diphos-

phate to fructose-6-phôsphate in the total, although some in-

creased conversion in the, medium may have occurred. 
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When enough FDPase and Mg 	are present from the start 

of photosynthesis to •cause inhibition, the relative effects 

on the distribution of metabolites are similar to the effects 

when Mg 	and PDPase 	are added after several minutes of 

14 
photosynthe'is (Table IV). The 	C levels in all compounds 

are, of course, decreased, but relatively greater decreases 

are seen in hexose and heptose monophosp.hate compared with 

dihyroxyacetone phosphate which is proportional to Fru-1,6-P. 

1.4 	 - 	-. 
A comparison of 	CO2  fixation •rates in the presence of 

added FDP.ase and bovine serum albumin (Table V) , each added 

with Mg++,  shows that inhibition is not a general effect of 

protein addition 

The effects of addition of FDPase alone, without enough 

Mg 	ion to cause a synergistic effect in the presence of 

5 mM PP 1 , were minor (Table VI). There was a slight stimu-

lation of 14 CO 2  fixation rate, but levels of individual corn-

pounds in chioroplasts and medium-were virtually unchanged. 

The effects of addition-of 5 mM Mg 
++

alone, after 7 mm 

photosynthesis in the normal medium (Soluthn C), were both 

qualitatively very similar to the effects of adding both - 

FDPase and Mg++  in one experiment (Table VII). However, the 

photosynthetic rate in this experiment with Mg 	addition 

only was only 30 umoles CO 2  fixed (mg chlorophyll hr) 1 , lower 

than usual, suggesting a greater thanusual breakage of chloro-

plasts during the course of the experiment and, consequently, 

H 
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the presence of considerable FDPase in the medium, coming 

from brokers chioroplasts. This sortof difficulty can never 

be entirely overcome under the conditions which we use, 

and it is probable that there is always present in the medium 

some FDPase, as well as all of the other enzymes from the 

chioroplasts. 

++ 
In another experiment (Table IV) Mg 	concentration was 

such that no inhibition was seen without added FDPase. In 

that case, no increased transport of .metabolites was seen 

with Mg 
++

without added FDPase. 

Although most of these enzymes retain Some activity in 

the medium, we have found that there is no appreciable acti-

vity of either FDPase or ribulose diphosphate carboxylase 

(E.C.4.1.1.39) in the medium. In.other words, although the 

FDPase protein is present in the medium, as a consequence of 

chioroplast breakage, its activity as FDPase is negligible. 

When chlor.oplasts were placed in the light in Solution C for 5 

min and centrifuged from the medium, assay of the medium for 

FDPase activity showed an activity of less than O.lnmoles 

Fru-1,6-P 2  per min which may be compared with the CO 2  fixation 

rate of the chioroplasts of 20 jamoles per mm, based on a rate 

of 60 jimoles (hrmg chlorophy1l).and 50 pgchlorophyll in the 

chioroplasts in the I flask. •Also, it may be shown that the 10 jig 
Fru-1,6-P 2  

of FDPase added gave an activity of only 0.2 nmoles 	converted 

per min in Solution C, but would have an activity of 100 rimoles/ 

min at pH 8.7 and.5 mM Mg . 
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When photosynthesis and metabolite transport of chioroplasts 

with 5 mM PP 1  are compared with thatlof  chioroplasts without PP 

(Solution C minus PP 1 ), the principal effects are seen to be the 

improved retention (with PP 1 ) in the chioroplasts of those meta-

bolites wh1ch, under theusual conditions, tend to be retained, 

namely, hexose and heptose monophosphates and ribulose-1, 5-

diphosphate (Table VIII). 

Additions of low concentrations of Fru-1,6-P 2  chloroplast 

suspëns ions (Table. IX) before the start of photosynthesis result 

in some stimulation. Larger concentrations of added Fru-1,6--P 2  

produce inhibition of CO 2  uptake. These effects also depend 

somewhat on the concentration of added PP 1 , the stimulation 

being somewhat more, pronounced with 1 mM PP than with 5 mM 

whereas the inhibition is greater in the presence of 5 mM 

PP 1 . 

Addition of 1mM Fru-1,6-P 2  to chioroplasts after 5 mm 

14 of photosynthesis with 	CO (Table X) causes inhibition (1.9 

.imoles 14 CO 2  fixed per mg chlorophyll during the next 6 mm 

compared with 6.7 itmoles fixed in the control and 7.7moles 

fixed in the presence of added Fru-6-P). The effects of added 

Fru-6-P are rather minor, suggestIng little penetration of this 

compound into the chioroplasts. The effects that are seen with 

added Fru-1,6-P 2  (note the "flushing of the 1 .4 C from the Fru-

6-Pand otherjsubsequent pools) suggest that the Fru-1,6-P 2  

does enter the chioroplasts readily. 
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Discussion 

The principal regulatory effects on the rate of photosyn-

thesis by isolated chioroplasts previously ascribed to a sub-

stance of high molecular weight plus a substance of low mole-

cular weight in the spinach juice 1  can be completely duplicated 

by the addition of appropriate amounts of fructose diphospha- 

++ 
tase and of Mg . Fru-1,6-P 2  comes out rapidly from the iso- 

lated photosynthesizingspinach chioroplasts, while Fru-6'-P is 

well retained 13 . It might have been postulated that added 

FDPase converts Fru-1,6-P 2  to Fru-6-P which cannot re-enter the 

chioroplast. This would remove carbon from the photosynthetic 

carbon reduction cycle, leading to a shortage of carboxylation 

substrate, ribulose-1,5-diphosphate. The fact that PP 1  Is an 

inhibitor of fructose diphosphatase 16 	 ++ while Mg 	is an activa- 

tor of this enzyme, would be consistent with this assumption. 

However, the data presented force the conclusion that the 

primary effect of added FDPase on photosynthesis by isolated 

chioroplasts is not produced by means of its function in con- 
1) 

verting Fru-1,6-P 2  to Fru-6-P./ FDPase is nearly inactive under 

the conditions that exist in the suspending medium of the 

chioroplasts. 2) The level of labelled Fru-1,6-P 2  Increases 

and the level of labelled Fru-6--P decreases on addition of 

the fructose diphosphatase. 3) Addition of FDPase leads to 

lower levels of hexose and heptose monophosphates and of 

Ribul-1,5-P 2  within the pellet and to an increased level of 
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Fru-1,6--P 2  in the supernatant solution. Similar effects are seen 

with added Mg 	and the effects of Mg 	and FDPase are syner- 

gistic. 

The ratio of the olume of the supernatant solution to 

the chioroplast volume is of the order of 50:1. Thus, even for 

those metabolites which rapidly appear b the suspending medium, 

active transport is not required. Nevertheless, given the 

very considerabledifference in rates of movement of met-

bolites from chioroplast to medium (e.g., Fru-1,6-P 2  vs. Fru-

6-P), it seems clear thaome kind of facilitated transport 

Is required. We conclude that the facilitated transport of 

Fru-1,6-P 2  from the chloroplast to the suspending medium is 

enhanced by the addition of Fru-1,6-P 2  to the medium, and by 

the addition of Mg++  to the medium. We tentatively conclude 

that the protein which can act as a fructose diphosphatase under 

suitable conditions is capable of being absorbed somewhere in 

the outer chioroplast double membrane and therefunctions as a 

transport enzyme. Such activity apparently would be stimulated 

by Mg 	and inhibited by pyrophpsphate, just as is its activity 

as a diphosphatase. Studies of metabolite transport and other 

physical and chemical properties of the chioroplast membrane 

probably will be required before such a postulate can be proved 

or disproved. 

The effect of add.ed pyrophosphate is to increase the 

levels ofhexose and heptose monophosphates and of Ribul-1,5-P2 
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within the chioroplasts and to diminish their appearance in 

the supernatant solution. However, the levels of lru-1,6-P 2  

and of dihydroxyacetone phosphate appearing and remaining in 

the supernatant solution •are.greater in the presence of pyro-

phosphate than in its absence. This may be due to the higher 

rate of photosynthesis and larger amount of reduced carbon 

when pyrophosphaté is present. 

It now appears that only a few steps in the photosyn-

thetic carbon reduction cycle are necessarily restricted to 

the inside of the chloroplasts in the suspension of isolated 

chioroplasts which unavoidably contains broken chioroplasts 

and soluble enzymes in the medium. The steps which apparently 

occur exclusively inside the chloroplasts are, as might be 

expected, the rate-limiting steps or regulated steps, that 

is, the diphosphatase and thecarboxylation reactions. Reac- 

tions mediated by aldolase, transketolase and isomerases appear 

to occur to some extent outside the chloroplasts. Probably the 

reduction of phosphoglyceric acid to triose phosphate and the 

phosphorylation of ribulose-5-phosphate to ribulose diphosphate 
almost entirely 

also occur/in the chloroplasts. 

It was found in earlier studies 13  and again In the pre-

sent investigation (see TableVIII)that levels, of Fru-1,6--P 2  

and dihydroxyacetone in the supernatant solutionrise very 

high by about 6 to 10 mm, and then decline between 10 and 20 

min of photosynthesis In isolated chloroplasts . Apparently, the 

longer the concentration of these metab.olites stays above a 

low level, the longer the rate of CO 2  uptake is maintained at 
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a high level. It was found earlier that addition of Fru-1,6-P 2  

to the chloroplásts tends to maintain a high rate at a time 

when the rate would decline. The finding that small amounts 

of Fru-1,6-P 2  stimulates fixation of CO 2  while larger amounts 

inhibits provides further evidence for the regulatory effects 

of Fru-1,6-P 2 . 

The simplest explanation of the regulatory effects on 

CO 2 
 fixation rate of FDPase, Mg 	and PP 1  is based on the 

respective effects of these factors On the movement of meta-

bolites out from the chioroplasts into the suspending medium.. 

The retention of hexose and heptose monophosphates, and es-

pecially of .rlbulose-1,5-diphosphate in the chioroplasts, 

probably helps to maintain CO 2  fixation. In addition, it 

appears that there may be a direct regulatory effect of 

Fru-1,6-P 2  concentration on the rate of the carboxylation 

reaction in whole chioroplasts. The mechanism of such a 

regulation might operate either on the carboxylation enzyme 

or on the CO 2  transport into the chloroplasts. 

It seems possible that FDPase in the outer chioroplast 

membrane might play aniinportant role in regulation of photo--

synthetic metabolism in vivo. The postulated role would 

be in the movement of carbon compounds from the carbon re-

duction cycle in the chioroplast to other types of metabolism 

in the cytEoplasm. The control of this "transport" activity 

++ 
could be largely mediated by Mg 	ion and PP concentration 

inside and outside the chioroplast outer membrane. 
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TABLE I 

Effect.s 	of 	Mg++  and 	of 	FPPase on Rats 	of 	4CO 2  

Uptake by 	Iso1ated.Spinac 	Chioroplasts 

pPi Enzyme Mg+ Rate 
14 

% Stimulation 	(+) 
(-) (mM) . 	(Ug) (mM) jimoles 	c or Inhibition 

mg.Chl.hr. 

5 0 0 101 0 

5 . 	21 0 126 . +25 

5 0 1.0 115 +15 

5 21 1 0 138 +38 

.0 	. 2.0 110 +10. 

5 
V  

21 2.0 17 -83 

5 0 5.0 48 -52 

5 21 5 0 - 	2.3 -98 

1 0 0 83 -- 

1 8.4 0 158 +90 

1 0 .. 	1.0 115 	. . 	+38 

1 . 	8.4 1.0 108 +30 

1 . 	0 	. 1.5 93 	. +12 

8.4 : 	1.5 3.5 	. -96 

V 	 / 
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TABLE II 

Effect of FDPaseand Mg++ on 14 C Incorporation into Metabolites 

pmoles 14 CIng. chlorophyll 

Compound 	After .5 mm. PS 	 After 10 min. PS 

W/O.Mg 	& 
FDPase. 	. 
(control) 

4 	mm. 	after 	addn. 
of Mg 	& 	FDPae 

Total '4 C uptakE 3.65 9.00 6.68  

3-P--glycerate 1.38 3.18 2.39 

dihydroxyacetonE 0.28 0.42 1.15 

Fru-1,6-P 2  0 07 0.265 0.37 

Fru-6-P 0.166 0.25 	 . 0.134 

Glc-6-p 	. 0.115 0.375. 0.150 

Sed-7-P 0.20 	. 0.325 0.060 

Sed-1,7-P2 	. 0.073 0.08 0.009 

pentose-P 	. 0.070 0.22 	. 0.22 

Ribul-1,5--P 0.019 0.028 . 	 0.006 

Origin 	. 040 1.26 	.- . 	 0.80 

spots 0.363 0.528 0.39 

Total on 
chromatogra 1ms 

. 

3.14 . . 	 6.93 5.68 

% accounted . 	 . . 

for 	. 85.9 	. . 	 77.0 	. . 	 85.0 

PS rate 43.8 	ttf/mg/hr 54.0 pm/mg/hr 40.1 pm/mg/hr 
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TABLE V 

Comparisonof Effects of Addition of FDPase and of Bovine Serum 	t .  

Albumin on Photosynthesis Rate in Isolated Chioroplasts 
It 

5 mm. photosynthesis 

1 mM PP 1  

1 . S mMMg++  

	

g protein! 
	Relative rate or pnotosyntnesis 

flask 	FDPase 	Bovine Serum Albumin 

Control: 0 	1.0 	 1.0 

	

8.4 	g 0.17 	 1.26 

PS rate of control 	44.3 pm 14C/mg chl/hr 
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TABLE IX 

Effect of Concentration of Added Fru-1,6--P 2  on 1 CO 2  Uptake During 

5 min Photosynthesis by Isolated Chlorop1asts 

14 Fixation of 	C, 

Conc Fru-1,6-P 2  added, mM 	iimoles (mg ch1orophy11) 

1 mM PP 1 	 5 mM PP 1  

0. . 	 3.6 4.5 

0.1 5.5 5.3 

0.2 6.4 5.6 

0.5 .. 	 .. 	
. 	 5.3 . 	 3.8 

1.0 . 	
. 	 3.7 . 	 1.9 

Rates (no Fru-1,6-P 2  added): 

43.4 pm/mg/hr with 	1..0 mM 	pp.; 

53.8 pm/mg/hr with 	5.0 mM PP1 



TABLE X 

Effect of Added Fru-1,6--P 2  and of Fru-6-P on Photosynthesis Rate 

and Incorporation of 14 C into Metabolites 

Compound 

.pmoles of 
14  C/mg chlorophyll 

after 5 	 6 min after 	6 min after 
min PS 	

addn 1 mM 	addnl mM no addns 	control 	
Fru-1,6-P2 

Total 	14.0 	incorp. 8.1 14.8 15.8 10.0 

3-P-glycerate 2.65 4.75 4.60 2.70 

dihydroxyacetoneP 0.93 1.19 1.27 1.38 

Fru-1,6-P 2  0.23 0.74 0.50 1.15 

Fru-6--P 0.205 0.26 0.37 0.05 

Glc-6-P 0 	225 0.435 0.425 0.10 

Sed-7-P 0.235 0.25 0.35 0.04 

Sed-1,7P 2  0.115 0.145 . 	 0.460 0.075 

• 	 pentose-P 0.120 0.180 0.66 0.11 

• 	 Ribul-1,5-P 2  0.035 0.064 0.062 0.01 

origin 0.70 1.92 	• • 	 2.00 0.85 

miscellaneous 0.425 	• 0.896 1.028 0.81 

Total on • 

chromatogram 5.87 10.83 • 	 11.73 7.28 

& accounted for 72.5 •. 	73.2 76.6 72.8 

PS 	rate 	(urn 	14C/ 97.2 • 	 • 	 • 	 • 

mg ch1/hr) - . 
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FIGURE CAPTIONS 

Figure 1. 	Stimulation and inhibition of 14 CO 2  fixation in 

isolated spinach chioroplasts by added fructose-1,6-diphosphatase 

and Mg++ 0 5 mM PP1;Ono . PP. Relative rate of 1.0 obtained 

with 5 mM PP 1  and 1.0 mm Mg. (Solution C)was 74.4 iimoles 

(mg chlorophyll hr) . Mg 	and FDPase were added to the reac- 

tion flasks (total volumes 0.5 ml) at the start of the preillumin-

ation period tO give the concentrations indicated. After 5 mm 

preillumination, H14 CO 3 	as added and the :chloroplasts were 

allowed to photosynthesize for 5 mm. 

Figure 2. Dependence of inhibition of CO 2  fixation on concentra-

tion of •added PP 1 . 

• A 1 mM Mg, no FDPase 

Q 3 mM Mg, 4.2 'g FDPase 

6 mM Mg 	10.5 ig FDPase 

Control rate of 1.0, with 1 mM Mg++,  5 mM PP 1  (Solution C) was 

120 imoles 1 CO fixed (rng chlorophyll hr). Other conditions 

as in Fig. 1. 

Figure 3. Effect of addition of FDPase and Mg ++ on level of 

labelled Fru-1,6-P 2  In photosynthesizing spinach chloroplasts. 

o Control (chioroplasts in Solution C) 

* 17 ig FDPase and Mg 	to give 4 mM added 

• 	 • 	after 6 min photosynthesis 



• 	 -3.1.- 

4ure4. • Effect of addition of FDPase and Mg 	on level of 

labelled Fru-6--P in photosynthesiziflg spinach chioroplasts 

o Control (chloroplasts in Solution C) 

++ 	 ++ 
O 17 Pg. FDPase and Mg 	to give 4 mM Mg 

Figure 5. • Effeát of addition of FDPase and Ng 	on level of 

labelled Sed.ül-1,7-P 2  in photosynthesizing spinach chioroplasts 

Q Control (chloroplas.ts in Solution C) 

++ 	 ++ 
Q .17 i.'g FDPase and Mg 	to give 4 mM Mg 
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This .report was prepared as an account of Government sponsored work. 
Neither the United States, nor the Commission, nor any person acting on 
behalf of the Commission: 

Makes any warranty or representation, expressed or implied, with 
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information, 
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or 
Assumes any liabilities with respect to the use of, or for damages 
resulting from the use of any information, apparatus, method, or 
process disclosed in this report. 

As used in the above, "person acting on behalf of the Commission" 
includes any employee, or contractor of the Commission, or employee of 
such contractor, to the extent that such employee or contractor of the 
Commission, or employee of such con tractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or con tract 
with the Commission, or his employment with such contractor. 
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