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Acetyl-CoA and Fatty Acid Synthesis, Chloroplasts

The present investigation indicates that photosynthetically active chloroplasts can synthesize 
acetyl-CoA either from acetate via acetyl-CoA synthetase (ACS) or from pyruvate via the pyru­
vate dehydrogenase complex (PDC). Both enzyme systems have been assayed in rapidly prepared 
extracts of chloroplasts isolated from spinach, peas and maize mesophyll. Their kinetic properties 
showed few species-specific differences. The differing pyruvate and acetate concentrations within 
the corresponding leaf tissues have been interpreted, therefore, as constituting a major factor 
determining the relative involvement of both acetyl-CoA synthesizing systems within the different 
types of chloroplasts. The idea that acetate originates from mitochondria and pyruvate from the 
cytosol has been supported by nonaqueous fractionation studies. Diffusion-mediated faster up­
take of acetate may indicate a predominant role of the ACS in spinach chloroplasts. Higher 
cellular pyruvate/acetate-ratios (2—5) in pea and maize leaves may enhance pyruvate uptake into 
chloroplasts and thus PDC-driven acetyl-CoA synthesis in pea and maize mesophyll chloroplasts. 
Maize mesophyll chloroplasts even show a light-driven pyruvate uptake accompanied by a stimu­
lated acetyl-CoA and fatty acid formation. Assuming light-dependent increasing parameters in 
the stroma space, like Mg2+-concentrations, pH and ATP, as further control criteria in chloroplast 
acetyl-CoA formation, the ACS appears better adapted to the circumstances in illuminated 
chloroplasts because of the fact that 1. the ACS requires these cofactors altogether; 2. the PDC is 
stimulated by increasing pH (up to 8) and Mg-levels (up to 5 m M ) alone.

Introduction

Recent investigations indicate the coexistence of 

two pathways for acetyl-CoA synthesis in photosyn­

thetically active chloroplasts of different species 

[1—5]. One operates through the action of acetyl- 

CoA synthetase (ACS), the other through the pyru­

vate dehydrogenase complex (PDC). It has been 

proposed that both enzymes are primarily controlled 

by the stromal levels of their substrates acetate and 

pyruvate [5]. Both metabolites seem to originate 

mainly from outside the chloroplast and to enter the 

plastid by either diffusion [6—8] or carrier mediated 

transport (postulated for pyruvate concentrations 

lower than 1 mM only) [8]. There is also evidence 

supporting an additional formation of pyruvate in
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spinach chloroplasts from 3-PGA by plastidic iso­

enzymes [9]. Thus, in spinach leaves, acetate may be 

provided by acetyl-CoA hydrolysis in mitochondria

[10] while pyruvate may be predominantly synthe­

sized in the cytosol [11, 12] and to a lesser degree 

within the chloroplasts [9]. Because of deficient 

acetyl-CoA hydrolyzing activities in pea mitochon­

dria [13], a generalization of these species-specific 

findings appears questionable. However, it has been 

recently shown that especially in spinach chloroplasts

1. the calculated stromal metabolite levels appear to 

favor acetate as substrate for acetyl-CoA- and sub­

sequent fatty acid formation [5]; 2. the acetyl-CoA 

synthesized from acetate (via ACS) seems to inhibit 

its formation from pyruvate [5] at the expense of 

branched-chain amino acids by feedback control

[14]-
The pathway of acetyl-CoA formation has been 

studied here for those chloroplasts which are not lim­

ited in pyruvate content. Stromal accumulation of 

pyruvate in this case in question is either due to en­

hanced cellular concentrations of this metabolite or 

by light-dependent active transport as recently 

shown for maize mesophyll chloroplasts [15], These 

chloroplasts are suitable for in vitro studies of the
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two coexisting acetyl-CoA synthesizing enzymes 

within the chloroplast.

Materials and Methods

The cultivation of spinach [16], peas [5], and maize

[15] has been described earlier. The overall meta­

bolite levels have been determined in protein free 

extracts of the different leaf tissues. A  known quanti­

ty (on a chlorophyll or protein base) of leaf sections 

(without middle rib) was homogenized in liquid N2. 

The resulting fine powder was moderately acidified 

with 5% HC104, gradually thawed under continued 

homogenization, kept 15 min at 4 °C, centrifuged 

and neutralized with 5 m  KOH-1 m Tricine modified 

according to Stitt et al. [17], Aliquots of the eluates 

were analyzed for either acetate [5] or pyruvate with 

enzymatic kits from Boehringer Mannheim (FRG) 

with a double beam spectrophotometer (Sigma 

ZFP 22). Chi. was assayed according to Arnon [18] 

and protein after the method by Lowry [19]. The in 

vivo-distribution of metabolites in leaf cells has been 

investigated by a nonaqueous fractionation techni­

que of dry-powders from spinach leaves prepared by 

thorough homogenization and subsequent lyophiliza- 

tion of quickly frozen leaf material according to 

Gerhardt et al. [20].

Isolation, purification and critical examination of 

intact spinach and pea chloroplasts was carried out as 

in [5, 16] and that of maize mesophyll chloroplasts as 

in [21]. The preparation methods of crude chloro­

plast extracts including the determinations of ACS 

and PDC activities have been described elsewhere 

[5, 16]. Acetyl-CoA formation by intact chloroplast 

suspensions has been measured by two radiochemi­

cal methods based either on the adsorption of the 

14C-labelled acetyl-CoA to charcoal [22] or on acetyl-

CoA trapping with dithioerythritol [3], Incubation 

conditions for acetyl-CoA and fatty acid synthesis 

in maize mesophyll chloroplasts are given in the 

legends to tables and figures and extraction proce­

dures and measurement of labelled fatty acids were 

as described in [23].

Results

1. Overall levels of acetate and pyruvate

Before studying in detail the species-dependent 

capacity of photosynthetically active chloroplasts for 

the synthesis of acetyl-CoA from either pyruvate 

or acetate, we measured concentrations of both 

metabolites in protein-free extracts of leaf tissues. 

Losses during the elution of the homogenates were 

minimized by working at low temperatures and by 

using moderate acidification and neutralization ac­

cording to Stitt et al. [17], Aliquots of the eluates 

were stored in liquid N2 prior to assay.

As shown in Table I, the observed significant differ­

ences in the endogenous acetate and pyruvate levels 

of the leaf tissues suggest species-specific variations in 

the availability of both precursors for acetyl-CoA for­

mation. Thus, in extracts from spinach the acetate 

concentration (59 ± 20 nmol-mg-1 Chi) exceeded 

that of pyruvate (20 ± 10 nmol • mg-1 Chi) by a factor 

of 3. In corresponding measurements with peas and 

maize a 2—5-fold higher pyruvate than acetate level 

was determined. Pea and maize tissues contained 

about 3—9-fold more pyruvate but only half of the 

acetate level found with spinach. Pronounced changes 

in the intracellular acetate and pyruvate concentra­

tions of the same species appear to take place de­

pending on the physiological state of the leaf mate­

rial. Thus, a decrease of pyruvate in leaf cells in the 

light and its increase after darkening has been inter-

Table I. Determination of acetate and pyruvate concentrations in protein-free extracts of dif­
ferent leaf tissues. Results are mean values of 5 — 10 experiments.

Metabolite concentrations

Leaf tissue [nmol-mg 1protein] [nmol • mg Chi] Overall concentrations*

[M’M]
pyruvate acetate pyruvate acetate pyruvate acetate

Spinach 1 ± 0.5 3 ± 1 20 ± 10 59 ± 20 33 ± 16 98 ± 33
Peas 3.5 ± 1 2 ± 0.5 66 ± 19 38 ± 10 111 ± 32 63 ± 16
Maize 11 ± 2.5 2.5 ± 1 185 ± 42 39 ± 23 308 ± 70 65 ± 38

* For estimations of overall concentrations it has been assumed that 1 mg Chi is approximately 
equally distributed in 600 1̂ of cell sap.
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preted in terms of an inhibition of glycolysis in the 

light and its reversal in the dark [24], For estimation 

of the endogenous overall concentrations of both 

substrates it has been assumed that 1 mg of chloro­

phyll is approximately equally distributed in 600 (u.1 of 

cell sap. This value has been determined by dehydra­

tion of either leaf sections or of their homogenates 

and showed little variation within the different leaf 

tissues investigated. Based on this assumption en­

dogenous acetate concentrations were generally be­

tween 30 and 130 and between 65 and 130 jxm in 

spinach leaves (Table I). These values agree better 

with those recently reported for young spinach leaves 

(70 |xm) [2] than with the significantly higher con­

centrations (>  1 m M )  found in earlier determina­

tions [22]. The calculated endogenous pyruvate levels 

in the same leaf tissues varied between 33 ± 16 âm in 

spinach and 111 ± 32 |im in peas or 308 ± 70 îm in 

maize (Table I). On a chlorophyll basis the overall 

content of pyruvate in maize leaves (185 ± 42 

nmol-mg-1 Chi) is in agreement with that recently 

found by Stitt et al. [25].

For further rough estimations of the subcellular 

metabolite distribution in spinach leaf cells it appears 

commendable to treat the leaf as a uniform meta­

bolic compartment representing an average meso-

phyll cell with 200 (xl-mg-1 Chi in space being sub­

divided into chloroplast (25 jil-mg-1 Chi), mito­

chondrial, cytosolic (20 |xl-mg_1 Chi) and vacuolar 

compartment (150 ^il-mg“1 Chi) [20]. From this 

point of view, the mesophyll as predominant cell 

type appears to make up one third of the total cell 

sap in spinach leaf tissue (600 (il-mg-1 Chi) only.

2. Intracellular distribution of acetate and pyruvate

At present there is little information concerning 

the cellular distribution and the stromal level of both 

metabolites. Thus, preliminary rough estimates of 

the stromal pyruvate amounts were in the order

0.1 mM in both spinach [26] and pea chloroplasts [8]. 

In order to get additional information on the levels of 

acetate and pyruvate in the chloroplast in vivo, we 

have tried to estimate their stromal concentration by 

a nonaqueous fractionation of lyophilized cell debris 

homogenized under liquid N2 [20]. As indicated by 

marker enzymes, fractionation of this dry powder on 

a heptane/carbon tetrachloride-gradient leads to typi­

cal distribution patterns of subcellular compartments 

with their metabolites included and thus allows for 

rough estimates of the substrate levels within the 

chloroplast stroma (Fig. 1). After fractionation of

Fig. 1. An exemplary* distribution pattern of acetate and pyruvate as compared to that of marker enzymes after fractiona­
tion of finely suspended lyophilized leaf powders from spinach on a gradient of nonaqueous solvents (CC14/C7H 16). For the 
preparation of the dry powder, spinach leaves were freeze stopped and the frozen tissue was ground and lyophilized. 
Finely dispersed suspensions of this dry material have been obtained by sonication in the same solvent mixtures.

(* Pronounced variations in the fractionation patterns of different samples, which are probably due to the heterogeneity 
of leaf cell populations [20] as well as to diurnal changes in the subcellular level and distribution of metabolites [24], led to 
the selection of one gradient representative of a couple of experiments. The presented gradient showed the best separation 
of the marker enzymes investigated and a good recovery of the original metabolite levels and enzyme activities before 
separation.)
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lyophilized spinach leaf powders by this method, 

most of the cellular acetate (30%) coincided with the 

maximum of citrate synthetase (CS) activities (25%) 

as mitochondrial marker [27], while pyruvate (54%) 

was enriched in the cytosolic compartment indicated 

by the fractions with maximum PEP-carboxylase 

(PEP-CX) activities (30%) (Fig. 1). Despite the limi­

tations of the method [20], both substrates could be 

recovered after fractionation with remarkable yields 

(acetate with approximately 100% and pyruvate with 

about 70% of the initial concentrations before sep­

aration). Application of this technique did not allow, 

however, for a distinct separation of mitochondria 

(with CS as marker), cytosol (with PEP-CX as indi­

cator) and vacuoles (with a-mannosidase as marker) 

and thus for a more precise evaluation of the sub- 

cellular distribution of acetate and pyruvate. Never­

theless, an accumulation of acetate together with 

mitochondrial fragments on one hand and of pyru­

vate together with cytosolic particles on the other 

(Fig. 1) supports the postulated origin of both sub­

strates [10, 12] at least in spinach leaf cells.

Relatively lower amounts of acetate (15—20%) 

and pyruvate (10%) appeared to coincide with plas- 

tid debris indicated by glyceraldehyde 3-phosphate 

dehydrogenase (GAP-DH) as stromal marker 

(Fig. 1). Comparable pyruvate values in the chloro­

plast compartment (7% of total extract) have been 

recently found from radioactive distribution patterns 

of metabolites after fractionation of 14C 0 2-labelled 

wheat leaf protoplasts [28].

Based on the overall concentrations of both sub­

strates in Table I, their percentage amount, given 

above, would be tantamount to 6—16 nmol • mg-1 

Chi for acetate and to 1—3 nmol - mg-1 Chi for pyru­

vate in spinach chloroplasts. Assuming a stromal vol­

ume of 25 |̂1 • mg-1 Chi [20], concentrations of about

0.2—0.6 m M  for acetate and of about 40—120 ^im for 

pyruvate can be estimated. These concentrations are 

similar to those taken as basis in our recent calcula­

tions [5]. The same calculation criteria provided, for 

the substrate levels of both acetate and pyruvate in 

pea chloroplasts values between 170 and 380 jim can 

be estimated which, in contrast to other authors [8], 

point to higher pyruvate concentrations than in 

spinach chloroplasts.

3. Substrate requirements of ACS and PDC

For a better understanding of the regulatory 

mechanism determining the function of the two alter­

native physiological pathways for acetyl-CoA synthe­

sis [2, 3, 5] and for comparison with the calculated 

stromal acetate and pyruvate levels we have been 

interested in the kinetic properties of both enzymes 

in rapidly prepared chloroplast extracts. At first 

glance, the kinetic parameters of the stromal ACS- 

and PDC-activities (Table II) showed insignificant 

and species-specific differences only. Nevertheless, 

in contrast to maize mesophyll chloroplasts, the PDC 

of chloroplast extracts from C3-type (especially of 

spinach) appeared to show as a rule higher substrate 

requirements (app. Km for pyruvate = 0.1—0.6 m M )  

than ACS (app. Km for acetate = 0.1—0.15 m M ) .  The 

observation that higher maximal ACS- than PDC ac­

tivities have generally been measured (Table II) in 

the chloroplast extracts does, however, not neces­

sarily correspond to the relative reaction rates under 

in v/vo-conditions, because the environmental condi­

tions within the respective plastid compartments 

were not duplicated.

Table II. Kinetic measurements of the pyruvate dehydrogenase complex and acetyl-CoA synthetase in extracts from 
chloroplasts of different plant species. The extracts have been prepared from lyophilized or Triton X-100-lysed chloro­
plasts and the assays were composed as described in Materials and Methods. The data result from measurements of 
CoASH-dependent rates of NAD reduction.

Enzyme Substrate Spinach

Apparent K„
[mM]

Peas Maize
(mesophyll)

V'max

[fimol of substrate converted -mg“1 Chl-h_1] 
Spinach Peas Maize

(mesophyll)

Pyruvate
dehydrogenase
complex

pyruvate 0.2-0.6* 0.1-0.3 0.1-0.15 0.6-1.2 1-2 1

Acetyl-CoA
synthetase

acetate 0.1 0.1-0.15

inÖ1©

3 -4 1-2 3-4

* The higher values (>  0.3 m M ) result from measurements in green extracts from Triton X-100-lysed spinach chloroplasts.
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Table III. Synthesis of acetyl coenzyme A and fatty acids from either [l-14C]acetate or [2-14C]pyruvate by intact maize 
mesophyll chloroplasts in vitro. The incubation medium contained: 0.33 m sorbitol, 50 m M  Hepes/KOH (pH 7.8), 2 m M  

EDTA, 1 mM ATP, 0.5 mM CoASH, 4m M  MgCl2, 10 mM NaHC03, 10 mM oxaloacetate, 20 m M  DTE, 0.1% BSA, 100 fig 
Chl/ml and either 0.24 mM [l-14C]acetate or [2-14C]pyruvate (10 ^Ci/|j.mol). Substrate incorporation was followed for 10 
and 20 min (20 °C) either in the dark or under saturating red light. The data are mean values of both incubation periods 
from at least 5 experiments.

I II
Acetyl-CoA formation Fatty acid formation O^-evolution

from from of chloroplasts
[l-14C]acetate [2-14C]pyruvate [l-14C]acetate [2-14C]pyruvate

[nmol-mg_1 Chl-h“1] [nmol-mg“1 Chl-h_1] [(imol-mg-1 Chl-h-1]

dark 34 17 18 3 _

light 87 66 54 39 26

4. Synthesis of acetyl-CoA and fatty acids by maize 

mesophyll chloroplasts

The 5-fold excess of pyruvate as compared to ace­

tate in maize leaf tissues (Table I), which can addi­

tionally be accumulated in the chloroplast stroma by 

light-dependent active transport [15] appears to 

favor PDC-driven acetyl-CoA formation in maize 

mesophyll chloroplasts in vivo. In order to test the 

above assumption, the light-dependent incorpora­

tion of [l-14C]acetate and [2-I4C]pyruvate into acetyl- 

CoA and fatty acids by functionally intact (generally 

about 85% intactness) mesophyll chloroplasts from 

maize has been measured (Table III and Fig. 1). For 

a better comparison, both metabolites were offered 

uniformly diluted in specific radioactivity and pyru­

vate was nearly free from acetate contamination [14]. 

Functional integrity of the chloroplasts during the 

incorporation experiments was followed by simul­

taneous measurement of light-dependent 0 2 evolu­

tion (about 30 n.mol-mg-1 Chl-h-1) in the presence 

of oxaloacetate, which is photoreduced via NADP- 

malate dehydrogenase in the chloroplast stroma [21, 

29]. Furthermore, the suspension medium has been 

adjusted to optimal metabolite and cofactor condi­

tions for acetyl-CoA [5, 16] as well as for fatty acid 

synthesis [30, 31] from either acetate or pyruvate 

(see legend to Table III). As shown in Table III, 

acetyl-CoA and fatty acid formation by intact maize 

mesophyll chloroplasts from both substrates was sig­

nificantly stimulated by light. But, while in this C4- 

type of chloroplasts the light-dependence of pyruvate 

incorporation is primarily due to a light-driven pyru­

vate uptake [15], that of acetate conversion appears 

to be mainly due to changes in the MgATP-level and 

only secondly to other light-dependent variable para­

meters in the chloroplast stroma (H+- and Mg2̂ -con- 

centrations) [16, 31]. The light-dependence of both 

pathways is further documented by incorporation 

kinetics in which the net rate of the light-induced 

acetyl-CoA and fatty acid formation is compared 

with that of light/dark-transitions (Fig. 2). As shown 

in Fig. 2 the net rate in acetyl-CoA- (Fig. 2 B[ and 

B2) and fatty acid synthesis (Fig. 2 Ai and A2) from 

both substrates showed comparable, nearly linear in­

creases in the light and could be interrupted by inter­

mittent dark periods (dotted lines) or regenerated by 

short subsequent illumination periods of 5 min. This 

short-term illumination following a dark period did 

not suffice, however, to regenerate acetyl-CoA for­

mation from acetate (Fig. 2 B2) which may be due to 

a retarded light recovery of the low dark level of 

Mg ATP, the most important cofactor of the ACS

[16]. The rapid induction by light of fatty acid syn­

thesis from acetate after a short dark period appears, 

however, not to be limited by this retarded acetyl- 

CoA formation (Fig. 2 A2). It may reflect the rapid 

new synthesis of long-chain acyl-ACPs from existing 

shorter precursors in the light [32].

Discussion

Taken together, the present results are further 

strong evidence for the coexistence in photosyntheti- 

cally active chloroplasts of two acetyl-CoA synthesiz­

ing pathways, namely the ACS and the PDC [1—5]. 

Furthermore, the substrates of both enzymes (ace­

tate and pyruvate) appear to originate mainly outside 

the chloroplast (Fig. 1) [10—12], Therefore, the ex- 

traplastidial levels of both substrates, which have 

been shown to vary in the different leaf tissues inves-
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Ligh t - driven formation of acetyl coenzyme A and fatty acids by 
mesophyll chloroplasts from maize.

— • — »—light incubation dark incubation
dark values are subtracted as blank.

Fig. 2. Differences in the time course of the light-driven incorporation of [2-14C]pyruvate and [l-14C]acetate (— •  —  •  — ) 
by functionally intact maize mesophyll chloroplasts into either acetyl-CoA (B, and B2) or fatty acids (Aj and A 2) and its 
behaviour during intermittent dark periods (-•— •-). The corresponding dark values have been subtracted as blanks. The 
incubation conditions were as in the legend to Table III. The data are mean values of at least 3 independent experiments.

tigated (Table I), as well as the mechanism of their 

uptake (diffusion or carrier-mediated transport) are 

considered to be important factors determining the 

substrate availability and thus, the path of acetyl- 

CoA formation within the different types of chloro­

plasts. A controlled carrier-mediated transport into 

the chloroplast has been shown for exogenous pyru­

vate concentrations lower than 1 mM [8], while ace­

tate [6, 7] and higher pyruvate concentrations [8] ap­

pear to penetrate the envelope by passive diffusion. 

Based on the endogenous acetate and pyruvate con­

centrations in leaf tissue (Table I) and assuming a 

cytosolic volume of 20 îl • mg-1 Chi • h-1 an extraplas- 

tidial pyruvate concentration of lower than 1 m M  in 

combination with a controlled (carrier-mediated) py­

ruvate uptake seem to occur only in spinach chloro­

plasts. Furthermore, in view of the stromal acetate 

(0.2—0.6 m M )  and pyruvate levels (40—120 ^ m )  esti­

mated above and of the substrate requirements of 

the ACS (app. Km for acetate = 0.1 mM) and the 

PDC (app. Km for pyruvate = 0.2—0.6 m M )  shown in 

Table II, the ACS will be the preferred enzyme for 

acetyl-CoA synthesis in spinach chloroplasts [1, 2, 5]. 

This enzyme is further stimulated by increasing pH. 

MgATP- and Mg-concentrations in the stroma space 

under photosynthetic conditions [16, 31] while the 

PDC requires high Mg2~-concentrations (2r 5 m M )  

and an alkaline pH optimum (pH 8) alone [4, 5] and 

is apparently inhibited by free ATP-concentrations 

(e.g. due to Mg-complexation) [5]. Acetyl-CoA for-
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mation via PDC appears further to be regulated by 

feedback control [5, 14].

If the estimated extraplastidial pyruvate concen­

trations exceed 1 m M  and thus are higher than those 

of acetate, as for example in pea and maize leaf 

tissues (Table I), they may accumulate in the plastid 

and thus stimulate the PDC-activities in this com­

partment (Table III, Fig. 2) [2—5]. Thus, the increas­

ing involvement of pyruvate as compared to acetate 

in acetyl-CoA formation of pea chloroplasts in vivo 

has been concluded from the following observations:

1. An acetyl-CoA hydrolase in pea mitochondria 

as a possible source for acetate appears to be absent

[13].

2. In pea leaf tissue the endogenous pyruvate con­

centrations (66 ± 19 nmol-mg-1 Chi) exceeded that 

of acetate (38 ± 10 nmol-mg-1 Chi) (Table I) sug­

gesting higher pyruvate levels in pea (190—340 (im ) 

than in spinach chloroplasts (40—120 îm).

3. In rapidly prepared extracts from pea chloro­

plasts both acetyl-CoA synthesizing enzymes showed 

comparable maximal activities and substrate require­

ments (Table II).

Unlike C3 species, the chloroplasts from maize 

mesophyll are apparently not limited in pyruvate up­

take by their capacity to accumulate this substrate in 

the light. In isolated maize mesophyll chloroplasts

[15] the Vmax for pyruvate transport in the dark 

[(4.5 pimol-mg-1 Chl-h_1) (4 °C), which resembles 

that in illuminated pea chloroplasts (6.5 îmol- 

mg-1 Chl-h_1) (4 °C, green light) [8]] was more than

7-fold stimulated in the light (35 |imol-mg_1 

Chi -h-1) (4 °C) and even further increased at higher 

temperatures (95 [amol-mg-1 Chl-h_I) (20 °C). Fur­

thermore, the apparent affinity of the pyruvate trans­

port towards its substrate (app. Km = 0.8—0.9 m M )  

was 3-fold higher than in pea chloroplasts (app. Km 

= 0.33 m M )  [8], but not affected by light [15]. In 

contrast to C3 chloroplasts, in which the PDC usually 

showed higher substrate requirements than the ACS, 

maize mesophyll chloroplast extracts contained both

acetyl-CoA synthesizing enzymes with identical Km- 

values for their substrate (0.1—0.15 m M )  (Table II). 

Assuming, that in maize leaves in vivo the mesophyll 

tissue contains pyruvate and acetate in the same 

proportion as in the total leaf extract (Table I), the 

mesophyll chloroplasts are surrounded by a 5-fold 

higher pyruvate than acetate concentration. This as­

sumption suggests, however, an accumulation of py­

ruvate as compared to acetate in maize mesophyll 

chloroplasts during in v/vo-photosynthesis. With re­

spect to the substrate requirements of both acetyl- 

CoA synthesizing enzymes (ACS and PDC) in the 

stroma space (Table II), pyruvate accumulation in 

this C4-type of chloroplast may favor acetyl-CoA for­

mation via the PDC except for limitations by its rapid 

conversion by pyruvate phosphate dikinase [29].

It is worth noting that the situation may be quite 

different in non photosynthetic proplastids where the 

PDC is very active and there is a full complement of 

enzymes for conversion of 3-PGA to pyruvate within 

the proplastid [33, 34],

The high latency of the spinach chloroplast PDC

[5] is further manifested by its lability against purifi­

cation procedures [35]. Thus, the multienzyme com­

plex from spinach chloroplasts could be purified 

without desintegration of the holocomplex (i.e. loss 

of lipoamide dehydrogenase activities) only by using 

ultracentrifugation. The PDC of chloroplasts from 

peas [4] and maize mesophyll [35], however, could 

be further enriched by separation methods like: 

polyethylenglycol precipitation, gel chromatography 

and density gradient centrifugation on glycerol.
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