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Abetrnct-Phosphoenolpyruvate carboxylase (PEPC), was partially purified from apple fruit cv Golden Deliious. 
Kinetic values for PEP and HCO; suggest a capacity for efficient carbon dioxide refix&on. PEPC activity was 
maximal between 5-10 mM carbonate (HCO;) and inh~~tion was observed above 10 mM HCO;. In conditions of 
PEP-~tu~tio~ HCO; inhibition of apple fruit PEPCactivity appeared non~m~titive with respect to PEP and was 
partially reversible. 

INTRODUCTION 

In a preliminary study [ 1 ‘J of the photosynthetic character 
of apple (M&s domestica Borkh) fruit, phosphoenol- 
pyruvate carboxylase (PEPC) (EC 4.1.1.31) WBS identi- 
fied in the fruit tissue. Phm [Z] suggested C, photo- 
synthesis in apple fruit was based on the presence and 
activity of C, organic acids and enzymes, inte~~~tio~s 
of ~loropl~t mo~holo~ and the existence of a carbon 
dioxide concentrating mechanism. Apple fruit PEPC and 
chloroplasts have been found to differ in type from those 
found in C4 photosynthetic tissue [ 1,3]. In an attempt to 
clarify the photosynthetic position of apple fruit we 
studied PEPC particularly in relation to kinetic constants 
for HCO;, relating these to the known physiological 
concentrations. In fruit, but not in leaf tissue, internal 
carbon dioxide concentration may reach l-S% [4-6]; 
physiological HCO ; at these concentrations may become 
relevant for inhibition of PEPC activity. 

The kinetic constants (Table 1) were measured in 
conditions when the enzyme was saturated for PEP, i.e. 
20 x K,. However, at subsaturating PEP concentrations, 
apple fruit PEPC showed substrate competition betwttn 
PEP and HCO; at K, (PEP) concentration and a non- 
competitive behaviour above a concentration of 
0.2 mM PEP (Fig. 1). This effect is similar to that pre- 
viously reported with PEPC from potato tubers [73. 

RESULTS AND DlXUSRION 

Maximum PEPC activiity of apple fruit was obtained at 
5-10 mM HCO; (Fig. 2)and inhibition of activity started 
above 10 mM, a concentration which corresponds to ca 
5 % CO2 at pH 7.8 which is the optimum pH for this tissue 
[8]. In apple fruit, internal carbon dioxide rises to l-5 %at 
maturity C&6] which is helow the starting point for 
inhibition of PEPC. Consequently under physiological 
conditions, inhibition by HCO; would occur only rarely 
even in tissue with excess carbon dioxide. The compara- 
tive HCO; inhibition data essentially confirm observa- 
tions with single HCO; con~~tration~ which were 
riported to be in~bito~, such as 3-S% carbon dioxide 
[9] and 30 mM HCO; [lo] with CAM tissue. 

The kinetics of apple fruit PEPC with respect to K, 
(PEP, HCO;) and KI (HCO;) are shown in Table 1. 

Partially purified apple fruit PEPC was assayed prior to 

Apple fruit PEPC appears to be an efficient carboxylating 
and after addition of HCO, at a concentration which 

enzyme with low K, (PEP) and a large capability for 
caused 50 % inhibition of activity. Excess HCO ; was then 

refixing respired carbon dioxide. The kinetic experiments 
removed from the extracts by gel filtration. Relative to the 

were done with the aid of the coupled malate de- 
initial activity under optimum conditions (5 mM HCO;), 

hydrogenase (E.C. 1.1.1.31) (MDH) reaction (see 
large HCO; concentrations (250mM) depressed the 

Experimental), which was found to be insensitive to the 
PEPC activity to 55 % and this was restored to 88 % by 

HCO; con~ntration used. 
removal of the HCO; (activity expressed/mg protein), 
demonstrating the reversibility of the in~bition. 

Tissue 

Fruit 
SC-Cd.3 

Table 1. Kinetics of apple fruit PEPC 

vnlu 

K,(PEP) K,(HCO;) K,(HC!O;) (nkat Nat 
(mW (mW (mM) /g fr.wt) /mg protein) 

0.09 0.20 106 1.8 4.2 
0.09 0.20 115 5.4 10.8 
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Fig. 1. PEPCkinetics. Interaction ofthe inhibition ofapple fruit 
PEPC activity by lar8e bicarbonate concentrations at various 
PEP substrate levels. PEP 1 xK, (a), 2 xK, (0). 20 x K, (A). 

HCO-’ Cont. (mhi) 

Fig. 2. The response of PEPC activity to bicarbonate 
oonumtration. 

EXPERIMENTAL 

Plaztt murerL& Apple fruit cv Golden Delicious were field 
grown at Long Ashton on 8 year old EMLA 106 rootstock. 

Preparation of extracts and enzyme assays. PEPC was partially 
purified as previously reported Cl]. Activity was measured 
spcctrophotomctrically at 340 mu by coupling the reaction to the 

oxidation of NADH from NDH. The assay medium contained 
50 mh4 Tris-HCI pH 7.8, 5 mM MgCl,, 0.25 mM EDTA, 
2mMDTT, 10 units of MDH, 0.1 mMNADH and variable 
amounts of HCOi (5 mM in the standard assay). The reaction 
was started by addition of PEP. 

~ual~t~n of kinetic ~O~RMIS. initial rate measurements, 
using the above assay, were recorded nsing a double beam 
spcotrophotometer linked to a microcomputer. K, and V_ 
values werecalculated using a computer programme (Hucklcsby, 
D. P. unpublished) based on a least squares analysis of data a&r 
Hancs t~nsfo~tion of s/v against s (11 J. Estimates were also 
made from the same data and computer programme by direct 
linear plot [ 123 selecting the median values for K, and i’_ [ 121. 
The two methods gave good agreement. Ki was measured using a 
graphical method [ 1 l] as l/v against i. Values given are derived 
from at least two repetitions of two extracts with at least six 
substrate concns. With PEPC, HCO; serves as a substrate at 
small and an inhibitor at larllc conens. For C.&Y expt, the HCO; 
umcn giving max PEPC activity was eval~ted to define the 
range of HCO, concns subsequently used in the kinetic assays. 
All chemicals were made up in Tris buffer adjusted to pH 7.8 at 
room temp. at which the calculated cndogcnous HCO; concn, 
following ~I~b-He~er~n equations [SJ, was 
0.3 mM HCO,, this value was inteepatcd into al1 data presented 
in this paper. 

MDH actiuity was measured spbctrophotometrically at 340 nm 
in the direction of oxaloacctic acid reduction using a standard 
procedure [133. Protein was measured using a protein assay 
reagent (BioRad) according to the ~~~urer’s iostructions 
with ovalbumin as a standard. 
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