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Abstract. The interaction of fatty-acid synthesis with 
starch synthesi s has been studied in intact amyloplasts 
isolated from floral buds of cauliflower (Brassica oleracea 

L.). These amyloplasts perform acetate-dependent fatty- 
acid synthesis at maximum rates only at high external 
ATP concentrations. Neither pyruvate nor malate inhibit 
acetate-dependent fatty-acid synthesis. In contrast, ace- 
tate is inhibitory to the low pyruvate-dependent fatty- 
acid synthesis. These observations indicate that neither 
pyruvate nor malate are used as natural precursors of 
fatty-acid synthesis. In contrast to fatty-acid synthesis, 
the rate of glucose-6-phosphate-dependent starch synthe- 
sis is already saturated in the presence of much lower 
ATP concentrations. Rising rates of starch synthesis in- 
fluence negatively the process of acetate-dependent fatty- 
acid synthesis. This inhibition appears to occur under 
both limiting and saturating concentrations of external 
ATP, indicating that the rate of ATP uptake is limiting 
when both biochemical pathways are active. The rate of 
starch synthesis is modulated specifically by the concen- 
tration of 3-phosphoglycerate in the incubation medium. 
This observation leads to the conclusion that the activity 
of ADP-glucose pyrophosphorylase is of primary impor- 
tance for the control of both, starch and fatty-acid syn- 
thesis. Using the modified approach of Kacser and Burns 
(1973; Symp. Soc. Exp. Biol. 27, 65-104) we have quanti- 
fied the contribution of the rate of starch synthesis to the 
control of the metabolic flux through fatty-acid synthesis. 
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Introduction 

Isolated cauliflower-bud amyloplasts represent an excel- 
lent system to study the metabolism of heterotrophic 
plastids. The purification of these heterotrophic plastids 
is comparatively easy and the amyloplasts possess the 
physiological competence for acetate-dependent fatty- 
acid synthesis (Journet and Douce 1985) and for glucose- 
6-phosphate (Glc6P)-dependent starch synthesis (Neu- 
haus et al. 1993a). Both metabolic pathways are driven 
by the uptake of several compounds from the medium 
into the amyloplastic stroma. For example, acetate-de- 
pendent fatty-acid synthesis depends upon the import of 
acetate, CoA, and ATP (Journet and Douce 1985) where- 
as Glc6P-dependent starch synthesis depends upon the 
uptake of Glc6P, 3-phosphoglyceric acid (PGA) and ATP 
(Neuhaus et al. 1993a). Because both metabolic path- 
ways require ATP in order to drive the conversion of the 
specific precursors, a possible interaction between these 
metabolic pathways can be assumed. The fact that starch 
synthesis and lipid metabolism influence each other is 
demonstrated by analysis of the effect of a reduced capac- 
ity for starch synthesis in pea endosperm upon the lipid 
content of this tissue. Bettey and Smith (1990) observed 
that wrinkled-seeded pea embryos, which are character- 
ized by a mutation of the r-locus leading to a lower starch 
content, exhibit significantly increased levels of both stor- 
age and structural lipids. 

Fatty-acid synthesis is strictly localized in the plastidic 
compartment (Stumpf 1980). The ability to synthesize fat- 
ty acids in isolated heterotrophic plastids has been shown 
several times. Kleinig and Liedvogel (1980) demonstrated 
an acetate-dependent fatty-acid synthesis in isolated 
chromoplasts from the daffodil. Isolated plastids from 
castor-bean endosperm were shown to be able to incor- 
porate [~4C]acetate into lipids (Miernyk and Dennis 
1983). Pea-root amyloplasts exhibit high rates of acetate- 
dependent fatty-acid synthesis if they are energized by 
external ATP and if they are supplied with reducing pow- 
er via dihydroxyacetone phosphate (DHAP) in combina- 
tion with oxaloacetate (Kleppinger-Sparace et al. 1992). 
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Recent ly ,  Smi th  et al. (1992) d e m o n s t r a t e d  tha t  p las t ids  
i so la ted  f rom cas to r -bean  e n d o s p e r m  are able  to use 
p y r u v a t e  or  ma la t e  ins tead  of  ace ta te  as a source  to  dr ive  
fa t ty-ac id  synthesis .  This  use is s tr ict ly d e p e n d e n t  on the 
presence  of  an act ive p y r u v a t e  dehydrogenase .  The  pres-  
ence of this  enzyme in i so la ted  cau l i f lower -bud  amy lo -  
p las ts  has a l r eady  been d e m o n s t r a t e d  (Journet  and  
D o u c e  1985). 

Because  i so la ted  cau l i f lower -bud  a m y l o p l a s t s  are  ab le  
to  dr ive  A T P - s t i m u l a t e d  fa t ty -ac id  a n d  s ta rch  synthesis,  
and  because  they  possess  a py ruva t e  d e h y d r o g e n a s e  we 
t r ied  to answer  the ques t ions :  (i) D o  i so la ted  caul i f lower-  
b u d  amy lop l a s t s  use p y r u v a t e  or  ma la t e  at  s ignif icant  
ra tes  to  dr ive  fa t ty-ac id  synthesis ;  (ii) wha t  are  the A T P  
o p t i m a  for fa t ty -ac id  a n d  s ta rch  synthesis ,  respect ively;  
(iii) is there  an in te rac t ion  be tween  the two m e t a b o l i c  
p a t h w a y s ;  a n d  (iv) is it  poss ib le  to quant i fy  the con t r ibu -  
t ion of  the ra te  of G l c 6 P - d e p e n d e n t  s ta rch  synthesis  to  
the con t ro l  of the ra te  of  a ce t a t e -dependen t  fa t ty -ac id  
synthes is?  

Materials and methods 

ble-distilled H20 were added to the remaining lower phase. Vigor- 
ous shaking was followed by separation of the phases by centrifuga- 
tion as given above. This extraction was performed twice. The re- 
maining radioactivity in the lower phase was quantified after trans- 
fer of the whole lower phase into a 20-ml scintillation vessel, fol- 
lowed by evaporation of the solvent in an air stream, and addition 
of 18ml scintillation cocktail (Hydroluma| Baker-Chemicals, 
GroB-Gerau, Germany). Scintillation counting was performed in a 
Tricarb 2500 scintillation counter (Packard, Darmstadt, Germany). 
Using this extraction protocol, more than 99.8% of the unincorpo- 
rated radioactively labeled acetate could be removed, as determined 
by extraction of control samples which lacked plastid protein. The 
efficiency of this method for extraction of hydrophobic compounds 
was checked by the extraction of control samples which were sup- 
plied with ~4C-labeled palmitate. More than 88% of the added 
14C-labeled palmitate was recovered. 

Results 

Isolation of cauliflower-bud amyloplasts. Cauliflower (Brassica oler- 
acea L. cv. botrytis, cult. Prince de Bretagne) curds (floral buds) 
were purchased from the local market. Cauliflower-bud amylo- 
plasts were isolated according to the method of Journet and Douce 
(1985), modified as described in Neuhaus et al. (1993b). The final 
plastid preparation was resuspended in an incubation medium 2so  
consisting of 15mM Hepes-KOH (pH 7.2), 2raM MgCl 2, 2raM 
EDTA, 350 mM sorbitol. The total protein concentration was mea- ~ c- 
sured colorimetrically using a detergent-insensitive assay: a bicin- ~ ". 200 
choninic acid-copper II sulfate solution (Sigma, Deisenhofen, Ger- o ~ ._~ 
many) used according to the supplier's instructions. .-= "~ 150 

Glucose-6-phosphate-dependent starch synthesis was assessed as ~ ~- 
given in Neuhaus et al. (1993a). The standard medium consisted of ~, ~ lOO 
the incubation medium as given above and contained in addition ~, ~ 
5 mM [1-14C]Glc6P (0.74 MBq'mmol 1), and various concentra- ~ 
tions of both ATP and PGA. Starch synthesis was carried out for "6 ~ so  
30 min and was stopped by heat-inactivation. Removal of unincor- ~ 
porated radioactivity and digestion of radioactively labeled starch r 
was as described earlier (Neuhaus et al. 1993 a). 

Acetate- or pyruvate-dependent fatty-acid synthesis was carried 
out by a method similar to that of Journet and Douce (1985). The 
standard medium ("fatty-acid synthesis medium") consisted of the ~ 
incubation medium, containing the following compounds in addi- o i- 
tion: 0.5mM [~4C]sodium acetate (Amersham-Buchler, Braun- o �9 
schweig, Germany) or 0.5mM [2-14C]sodium pyruvate (NEN, ._~ .-= 
Dreieich, Germany; 14.8 MBq.mmol 1 each), 3 pM CoA, 0.5 mM = '~ 
NADH2, 0,3 mM P~, 1 mM dithiothreitol (DTT), 1 mM MnC12, 
ATP and PGA at the given concentrations. The incubation was ~, 
carried out in a 2-ml Eppendorf-reaction vessel which contained ~ �9 
150 gl of the incubation medium and the additional compounds at ; -6 r- E 
twofold concentrations. The reactions were started by the addition *6 
of 1501al amyloplast suspension containing 400 pg of plastid 
protein. Termination of the reaction and extraction of the products 
of fatty-acid synthesis were as given in Mudd and DeZacks (1981), 
modified for the small reaction volumes. 

Termination of fatty-acid synthesis and extraction of the reaction 
products. The reactions were stopped by the addition of 1 ml chlo- 
roform/methanol/acetic acid (50/100/5, by vol.) and, after adding 
another 330 gl of chloroform plus 330 pl double-distilled H20, 
mixed vigorously. After centrifugation for 2 min in an Eppendorf 
(Hamburg, Germany) centrifuge (16000. g), the supernatant was re- 
moved and discarded, whereas 160 pl of methanol plus 500 gl dou- 

Precursor dependency of  fat ty-acid synthesis in isolated 
cauliflower-bud amyloplasts. Both  b iochemica l  pa thways ,  
G l c 6 P - d e p e n d e n t  s ta rch  synthesis  and  a c e t a t e - d e p e n d e n t  
fa t ty -ac id  synthesis  are  d e p e n d e n t  u p o n  the presence of 
ATP.  The  G l c 6 P - d e p e n d e n t  s ta rch  synthesis  requires  
A T P  for the  gene ra t ion  of  the  nuc leo t ide  sugar  A D P - g l u -  
cose (ADPGlc) ,  whereas  fa t ty -ac id  synthesis  requi res  
A T P  to supp ly  a c e t y l - C o A  syn the tase  and  the subse-  
quent  c a r b o x y l a t i o n  of  ace ty l -CoA.  Therefore ,  we ana-  
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Fig. 1 A, B. Effect of rising ATP concentrations upon Glc6P-depen- 
dent starch synthesis and acetate-dependent fatty-acid synthesis in 
amyloplasts isolated from cauliflower buds. A Glc6P-dependent 
starch synthesis was performed in incubation medium containing in 
addition [1-14C]Glc6P (5 raM), PGA (1 mM) and varying concentra- 
tions of ATP. B Fatty-acid synthesis was performed in "fatty-acid 
synthesis medium" containing varying concentrations of ATP. Data 
are the means (+ SE) of three independent experiments 
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Table 1. Precursor dependency of fatty-acid synthesis in isolated 
cauliflower-bud amyloplasts. Incubations were performed in "fany- 
acid synthesis medium" containing radioactively labeled acetate or 
pyruvate (0.5 mM each) and the unlabeled compounds at the indi- 
cated concentrations. Data are the means (-+ SE) of three indepen- 
dent experiments 

Labeled substrate Unlabeled compound Rate of fatty-acid 
synthesis 

[nmol C2 unit. 
(rag protein) 1-h 1] 

Acetate 12.4 _+ 1.40 
Malate (1 raM) 13.6 _+2.10 
Pyruvate (1 mM) 12.7 _-!-1.80 

Pyruvate 1.11 ___ 0.06 
Acetate (0.5 mM) 0.79 -+ 0.09 

lyzed how rising concentrations of external ATP influ- 
ence both biochemical pathways. Figure 1 demonstrates 
that the rate of Glc6P-dependent starch synthesis is satu- 
rated at an ATP concentration of around 1 mM. In con- 
trast, acetate-dependent fatty-acid synthesis reaches its 
maximum rates only at significantly higher concentra- 
tions of ATP. Under  the chosen conditions a concentra- 
tion of 4 mM ATP was sufficient to saturate fatty-acid 
synthesis. 

Journet and Douce (1985) demonstrated that 
cauliflower-bud amyloplasts are able to convert acetate 
into fatty acids at rates similar to those observed by us. 
Isolated plastids from developing castor-bean endosperm 
are able to use malate or pyruvate for fatty-acid synthesis 
(Smith et al. 1992). These authors have demonstrated 
that the addition of pyruvate or malate reduces the rate 
of incorporation of radioactively labeled acetate into fat- 
ty acids. Therefore, we used a similar approach to evalu- 
ate whether these compounds can drive fatty-acid syn- 
thesis. Table 1 shows that the rate of acetate-dependent 
fatty-acid synthesis was nearly unchanged by the simul- 
taneous addition of pyruvate or malate. Using radioac- 
tively labeled pyruvate (2-14C) it was demonstrated that 
this compound leads to a rate of fatty-acid synthesis 
which was less than 9% of the comparable acetate-de- 
pendent fatty-acid synthesis. This low pyruvate:induced 
fatty-acid synthesis is further decreased in the presence of 
acetate (Table 1). These results indicate that acetate 
serves as the major substrate for fatty-acid synthesis in 
isolated cauliflower-bud amyloplasts. 

Interaction between starch synthesis and fatty-acid synthe- 
sis. Both biochemical pathways require exogenously sup- 
plied ATP for the conversion of the specific precursors to 
the endproducts starch and fatty acids. In order to evalu- 
ate a possible influence of starch synthesis upon fatty- 
acid synthesis, we performed experiments in which the 
rate of starch synthesis was specifically increased by 
raising the PGA levels. Figure 2A clearly demonstrates 
that rising levels of PGA activate Glc6P-dependent 
starch synthesis under limiting ATP concentrations. 
Starch synthesis is significantly increased even by submil- 
limolar concentrations of PGA. The reason for this stim- 
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Fig. 2A, B. Effect of PGA upon Glc6P-dependent starch synthesis 
and acetate-dependent fatty-acid synthesis under limiting ATP in 
amyloplasts isolated from cauliflower buds. A Glc6P-dependent 
starch synthesis was performed in incubation medium containing in 
addition: [1-14C]Glc6P (5 mM), ATP (0.5 raM), and varying concen- 
trations of PGA. B Fatty-acid synthesis was performed in "fatty- 
acid synthesis medium" containing in addition Glc6P (5 mM), ATP 
(0.5 raM), and varying concentrations of PGA. Data are the means 
(_+ SE) of three independent experiments 
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Fig. 3. Effect of rising PGA concentrations upon the rate of acetate- 
dependent fatty-acid synthesis in the absence of Glc6P. Fatty-acid 
synthesis was performed in "fatty-acid synthesis medium" contain- 
ing ATP (4 raM) and the given concentrations of PGA. Data are the 
means (_+ SE) of three independent experiments 

ulation is probably due to an activation of ADPGlc py- 
rophosphorylase (ADPGlc-PPase; see Neuhaus etal.  
1993a). Figure 2B further demonstrates that rising rates 
of starch synthesis correlate with a significant decrease of 
acetate-dependent fatty-acid synthesis. 

To check whether the effect of rising rates of starch 
synthesis upon the rate of acetate-dependent fatty-acid 
synthesis is a specific rather than an unspecific inhibitory 
effect of PGA, we analyzed the effect of PGA upon fatty- 
acid synthesis in the absence of Glc6P. As demonstrated 
in Fig. 3, rising concentrations of PGA in the absence of 
Glc6P do not influence acetate-dependent fatty-acid syn- 
thesis. 
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Fig. 4A, B. Effect of PGA upon Glc6P-dependent starch synthesis 
and acetate-dependent fatty-acid synthesis under saturating ATP. A 
Glc6P-dependent starch synthesis was performed in incubation 
medium containing in addition: [1j4C]Glc6P (5 raM), ATP (4 raM), 
and varying concentrations of PGA. B Fatty-acid synthesis was 
performed in "fatty-acid synthesis medium" containing in addition 
Glc6P (5 mM), ATP (4 raM), and varying concentrations of PGA. 
Data are the means (_+ SE) of three independent experiments 
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Fig. 5 A, B. Time course of acetate-dependent fatty-acid synthesis in 
the absence or presence of stimulated Glc6P-dependent starch syn- 
thesis. Isolated cauliflower-bud amyloplasts were incubated for the 
given time periods. A Fatty-acid synthesis under limiting ATP con- 
centrations was performed in "fatty-acid synthesis medium" con- 
taining ATP (0.5 mM) plus/minus GIc6P (5 mM) and PGA (1 mM). 
B Fatty-acid synthesis under saturating ATP concentrations was 
performed in "fatty-acid synthesis medium" containing ATP 
(4 mM) plus/minus Glc6P (5 mM) and PGA (1 raM). Data are the 
means (4-SE) of three independent experiments 
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Fig. 6A, B. Relative changes of Glc6P-dependent starch synthesis 
and acetate-dependent fatty-acid synthesis and calculation of the 
control coefficient of starch synthesis for fatty-acid synthesis. A 
Data are calculated from Fig. 2. B The data of A are replotted as 
relative changes of starch synthesis (gss/ss) and relative changes of 
fatty-acid synthesis (6fas/fas). The tangent represents the control 
coefficient C of Glc6P-dependent starch synthesis over the flux 
through fatty-acid synthesis according to the equation: C = (6ss/ss)/ 
(6fas/fas) 

Because we observed an inhibition of acetate-depen- 
dent fatty-acid synthesis by rising rates of starch synthe- 
sis under limiting ATP concentrations, we were interest- 
ed to analyze the effect of rising rates of starch synthesis 
upon fatty-acid synthesis under high ATP concentra- 
tions. Figure 4 shows that even under conditions of satu- 
rating ATP (4 mM) an increase of starch synthesis 
(Fig. 4A) leads to a decrease of acetate-dependent fatty- 
acid synthesis (Fig. 4 B). 

To examine whether the decreased rate of acetate-de- 
pendent fatty-acid synthesis is due to the absolute 
availability of ATP rather than to the ATP concentration 
inside the amyloplast stroma, we analyzed the time 
course of the effect of starch synthesis upon the rate of 
fatty-acid synthesis. Figure 5 demonstrates that under 
both conditions, at limiting and saturating ATP levels, 
the rate of acetate-dependent fatty-acid synthesis is sig- 
nificantly lowered in the presence of simultaneous starch 
synthesis. At limiting ATP concentrations the rate of ac- 
etate-dependent fatty-acid synthesis is decreased by 
about 55% (Fig. 5A) by the simultaneous starch synthe- 
sis, whereas a 32% decrease was observed at saturating 
ATP concentrations (Fig. 5 B). 

Quantitation of the influence of starch synthesis upon fatty- 
acid synthesis. According to the results presented so far, 
there is a clear influence of Glc6P-dependent starch syn- 
thesis upon acetate-dependent fatty-acid synthesis. To 
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further analyze this interaction we plotted the relative 
changes of PGA-stimulated Glc6P-dependent starch syn- 
thesis and of an inhibited acetate-dependent fatty-acid 
synthesis against the PGA concentration. As revealed in 
Fig. 6A, starch synthesis has already started to increase 
at submillimolar concentrations of PGA. This increase 
leads to a significant decrease of fatty-acid synthesis. 

From the curves in Fig. 6A we replotted the relative 
changes of the rate of fatty-acid synthesis against the rel- 
ative changes of starch synthesis. This kind of plot allows 
the calculation of the correlation between the increase of 
the flux in starch synthesis and the decrease of the 
metabolic flux in the pathway of acetate-dependent fatty- 
acid synthesis. Because an increase of the rate of starch 
synthesis correlates with a decrease of the rate of fatty- 
acid synthesis, a negative correlation is observed. It is 
evident from this plot that the relative influence of starch 
synthesis upon the rate of fatty-acid synthesis is increased 
as starch synthesis gets closer to the maximal rate. An 
increase of the PGA concentration from 0 to 0.2 mM 
leads to a dramatic stimulation of the rate of starch syn- 
thesis, and is accompanied by a significant inhibition of 
the rate of fatty-acid synthesis. Under conditions where 
the rate of starch synthesis is close to its maximum (e.g. 
90%) a small further increase of the rate of starch synthe- 
sis leads to a comparably more pronounced decrease of 
the rate of fatty-acid synthesis. This result explains the 
increase of the control coefficient of starch synthesis for 
fatty-acid synthesis. 

Discussion 

Smith et al. (1992) demonstrated that plastids isolated 
from castor-bean endosperm can use malate or pyruvate 
as exogenous substrates for fatty-acid synthesis. Table 1 
clearly demonstrates that this is not the case for fatty- 
acid synthesis in isolated cauliflower-bud amyloplasts, 
because the additional presence of malate or pyruvate 
did not lower the incorporation of acetate into newly 
synthesized fatty acids. Furthermore, specifically labeled 
pyruvate serves only as an inefficient substrate for fatty- 
acid synthesis (Table 1). Journet and Douce (1985) found 
appreciable amounts of pyruvate dehydrogenase activity 
in isolated plastids from cauliflower buds. Therefore, two 
possible reasons for the inability to convert pyruvate or 
malate into fatty acids can be envisioned: firstly, isolated 
amyloplasts might be unable to import pyruvate or 
malate, and secondly, it is possible that pyruvate dehy- 
drogenase is not active under the chosen conditions. If 
the latter is true, the inability to convert malate into fatty 
acids is explainable. The presence of malic enzyme, which 
decarboxylates malate to pyruvate has been unequivo- 
cally demonstrated for heterotrophic plastids of various 
sources (E1-Shohra and ap Rees 1991). 

Both, acetate-driven fatty-acid synthesis and Glc6P- 
induced starch synthesis are dependent upon ATP up- 
take into the amyloplast stroma. Figure 1 demonstrates 
that rising levels of external ATP primarily favour Glc6P- 
dependent starch synthesis. At an ATP level which satu- 
rates Glc6P-dependent starch synthesis, acetate-depen- 

dent fatty-acid synthesis only exhibits around 30% of the 
maximal rate. This result implies that the process of 
starch synthesis has an important function during devel- 
opment of cauliflower-bud tissue. Starch represents a 
storage product which can be synthesized at high rates 
and which is also remobilized by isolated amyloplasts at 
significant rates (data not shown). Therefore, starch acts 
as a temporary carbon store in this tissue when there is 
an excess supply of carbon compounds. When these car- 
bohydrates are required for anabolic processes, a rapid 
mobilization is induced by hydrolysis and a subsequent 
phosphorylation of the products (data not shown). 

As demonstrated in Figs. 2 and 4, an increase of the 
rate of starch synthesis leads to a decrease of acetate-de- 
pendent fatty-acid synthesis. This correlation occurs un- 
der both limiting and saturating ATP concentrations 
and, as revealed in Fig. 5, the inhibited rate of acetate-de- 
pendent fatty-acid synthesis is strictly linear with time. 
This result leads to the conclusion that ATP uptake 
could be the limiting factor for the rate of acetate-depen- 
dent fatty-acid synthesis. If the available amount of stro- 
mal ATP is lowered by a second ATP-consuming reac- 
tion (e.g. Glc6P-dependent starch synthesis), the rate of 
acetate-dependent fatty-acid synthesis is reduced, indi- 
cating that the ATP translocator does not equilibrate 
ATP concentrations between the external medium and 
the amyloplastic stroma. Neuhaus et al. (1993a) have 
previously demonstrated that the gma x of the ATP uptake 
into isolated cauliflower-bud amyloplasts is only about 
30% higher than the corresponding Glc6P-dependent 
starch synthesis. This result explains why a simultaneous- 
ly ATP-consuming Glc6P-dependent starch synthesis 
must lead to an inhibition of acetate-dependent fatty-acid 
synthesis. 

As revealed in Figs. 2 and 4, the PGA-stimulated 
starch synthesis induces an inhibition of acetate-depen- 
dent fatty-acid synthesis. Obviously, the activity of the 
PGA-stimulated ADPGlc-PPase is responsible for a fine 
control of both starch synthesis and acetate-dependent 
fatty-acid synthesis. 

As demonstrated above, the rate of starch synthesis 
clearly influences the rate of acetate-dependent fatty-acid 
synthesis. Furthermore, by modifying the approach used 
by Kacser and Burns (1973), we have obtained informa- 
tion about the quantitative influence of starch synthesis 
upon fatty-acid synthesis.These authors quantified the 
control of a specific enzyme over the flux through a 
metabolic pathway by correlating the specific decrease of 
an enzyme activity with the corresponding changes in the 
metabolic pathway in which the enzyme is involved. This 
approach led to the concept of a "control coefficient" for 
a specific enzyme. Because changes in one metabolic 
pathway can influence fluxes through other metabolic 
pathways, this concept was extended by Sauro et al. 
(1987). Neuhaus and Stitt (1990) applied this approach to 
plant biochemistry for the quantitation of the effect of an 
inhibited starch synthesis upon the carbon flux into su- 
crose synthesis in green tissues. 

As demonstrated in Fig. 6A, even low concentrations 
of PGA strongly stimulate Glc6P-dependent starch syn- 
thesis. This increase leads to a significant reciprocal de- 
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crease of  aceta te-dependent  fat ty-acid synthesis. If the 
relative changes of starch synthesis (Sss/ss) are divided by 
the relative changes of fatty-acid synhesis (Sfas/fas), a 
negative value is obtained.  In the range of  10-20% acti- 
vat ion of  starch synthesis, a control  coefficient for the flux 
th rough  fatty-acid synthesis of - 0 . 1 8  was determined. If  
this value is compared  with changing rates of  s tarch syn- 
thesis a round  90%, the control  coefficient appears  to be 
more  than threefold higher ( -0 .50) .  This means  that, de- 
spite much  lower absolute changes, a significantly higher 
percentage of the control  over aceta te-dependent  fatty- 
acid synthesis is now exhibited by the rate of  starch syn- 
thesis. This observat ion is p robab ly  the result of  a low- 
ered A T P  concent ra t ion  in the amyloplas t  s t roma when 
Glc6P-dependent  starch synthesis runs close to its maxi-  
mal rate. 
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