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1. Introduction 

We have shown that the pentose phosphate pathway 
enzymes are present within both the cytosolic and 
plastid fractions of pea roots [ 1,2]. Data has been 
presented which suggests that a major function of the 
pentose phosphate pathway in non-photosynthetic 
plant cells is to provide the NADPH necessary for 
nitrite reductase (EC 1.6.6.4). Within non-photo- 
synthetic plant cells, two isoenzymes of 6-phospho- 
gluconate dehydrogenase (EC 1 .l .1.44) have been 
demonstrated [4,5], one of which may be located in 
plastids [2,6,7]. 

The aim of this was to ascertain whether or not 
the increased 6-phosphogluconate dehydrogenase 
activity concomitant with the induction of the 
enzymes of nitrate assimilation [8] is confined to one 
species, or is a more general property of the total 
6-phosphogluconate dehydrogenase activity of the 
tissue. The approach adopted was to induce nitrate 
assimilation in the roots of intact seedlings of Pisum 
sarivum, to measure the activity of the iso-enzymes 
of 6-phosphogluconate dehydrogenase after separa- 
tion by column chromatography and to compare the 
data with that for intact plastids isolated by density 
gradient centrifugation. Confirmation of the presence 
of isoenzymic forms of 6-phosphogluconate dehydro- 
genase was also sought by gel electrophoresis. 
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2. Materials and methods 

Purified enzymes, co-factors and substrates were 
purchased from either Boehringer (Mannheim) or 
Sigma London Chemical Co. Pea seeds (hum sativum 
L. var. Kelvedon Wonder) were purchased from 
Suttons Seeds, Torquay, England, 1976 harvest. 

Roots of 5 day old seedling peas were obtained as 
in [8]. Intact plastids were purified by sucrose density 
gradient centrifugation [2] and the three fractions 
containing the highest activity of plastid marker 
enzymes pooled. 6-Phosphogluconate dehydrogenase 
was assayed in plastids from roots incubated in 10 mM 
potassium nitrate for 8 h [8] and compared with 
control experiments in which roots were incubated in 
the absence of nitrate [8]. Protein was determined as 
in [9]. Iso-enzymes of 6-phosphogluconate dehydro- 
genase were separated as in [5]. 

Disc electrophoresis of enzyme preparations 
followed [lo]. Particulate and soluble forms of 
6-phosphogluconate dehydrogenase were obtained by 
differential centrifugation of root extracts for 30 min 
at 10 000 X g. The resuspended pellet was washed 
once then lysed by a combination of osmosis and 
mechanical rupture. Aliquots of the particulate and 
supernatant fractions were then run on 7% polyacryl- 
amide gels. 6Phosphogluconate dehydrogenase (activ- 
ity) was located by staining for enzyme activity [lo]. 

3. Results and discussion 

In [5] we demonstrated the presence of two iso- 
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Fig.]. Distribution of 6-phosphogluconate dehydrogenase on 
7% polyacrylamide gels: S, soluble fraction; P, particulate 
fraction; S+P, mixture of the two. 

enzymes of 6.p~osphogluconate dehydrogenase in 
pea roots using column chromatography. This obser- 
vation has been confirmed in the present work using gel 

electrophoresis(fig.1). While only one band of activity 
was observed for the plastid fraction, two bands of 
activity were noted from su~rnat~t preparations. 
The lower band moves to an equivalent position in 
the electrophoretogram as that seen for the plastid 
located activity and presumably results from the 
release of 6.phosphogluconate dehydrogenase from 
broken plastids. 

To ascertain the effect of the induction of nitrate 
assimilation on cytosolic and plastid-located 6-phos- 
phogluconate dehydrogenase activity we first incubated 
roots in nitrate for 8 h then separated the plastids by 
density gradient centrifugation (table 1). 

The data show a significant increase in plastid 
6.phospho~uconate dehydrogenase activity. Because 
of the use of BSA in the extraction medium the 
specific activity of cytosolic 6-phosphogluconate 

dehydrogenase could not be estimated, however, this 
did not interfere with measurement of the plastid 
enzymic activity as BSA was not included in the 
sucrose gradients. It is of interest to compare the 
increased enzyme activity seen in the plastid fraction 
in the present work with the very small increase in total 
6.phosphogluconate dehydrogenase activity con- 
comitant with the induction of nitrate ass~~ation 
observed [8]. A possible explanation of this is that 
although the increase in activity of the plastid enzyme 
is substantial (47%) its activity relative to the total 
6.phosphogluconate dehydrogenase activity is low [2] 
and is consequently masked by it. 

That the effect of the induction of nitrate assimila- 
tion is principally on the plastid located ii-phospho- 
gluconate dehydrogenase was confirmed by the use of 
column chromatography. Separation of the two forms 
of the enzyme [5] of whole root extracts cIearly 
shows an increase in the activity of the plastid enzyme 
but not of the cytosolic one. (The intracellular loca- 
tion of these two peaks of activity has been confirmed 

[51 VW).) 
The studies indicate a close association between 

the onset of nitrate assimilation and increased plastid 
6.phospho~uconate dehydrogenase activity. That 
there is a specific relationship between the plastid 
enzyme and nitrate assimilation is reinforced by two 
observations. (i) Recent studies have shown the 
enzymes of nitrite assimilation to be plastid treated 
[ 1 I]; (ii) the lack of response of cytosolic 6-phospho- 
gluconate dehydrogena~ to the induction of nitrate 
assimilation as seen here. The pentose phosphate 
pathway has been suggested to provide the reducing 
equivalents, as NADPH, for the reduction of nitrite 
to ammonia in plant cells [ 121. The location of a 
form of 6-phospho~uconate dehydrogenase within 
the plastid and its specific positive response to nitrate 
assimilation induction adds further support to that 
hypothesis. Such a spatial and dynamic co-operation 

Table 1 
Activity of 6-phosphogluconate dehydrogenase in plastids of pea roots after 

~cubat~g intact roots in 10 mM potassium nitrate for 8 h 

Enzyme activity 
(mU/mg protein) 

Distilled water 

194.4 + 27.5 

NO; 

285.8 +_ 26.7 

% change 

47 

Results are quoted as the mean f SE of 5 separate experiments 
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Fig.2. Separation of isoenzymes of 6-phosphogluconate 
dehydrogenase after ammonium sulphate fractionation on a 
celite column: peak (A), cytosolic enzyme; peak (B), plastid 
enzyme. 

between the pentose phosphate pathway and nitrite 
reductase is likely to be of advantage to the cell 
in vivo, removing the need for transport of reducing 

equivalents across an organelle membrane, thereby 
ensuring a closely coupled supply of electrons as 

long as sufficient hexose phosphate is available for 
oxidation. 
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