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Abstract 

Binding protein for N-l-naphthylphthalamic acid (NPA), an auxin transport 
inhibitor, was studied by analysis of the effects of reactions which modifiy particular 
amino acid side chains upon their binding activity. Na2SO3, N-ethylmaleimide 
(NEM) and dithiobisnitrobenzoic acid all inhibited the specific binding of NPA to its 
binding protein from Acerpseudoplatanus L. cells. The presence of 10 -6 M Na2SO 3 
in the binding assay reduced the affinity of the binding protein to NPA from K d of 
1.5 x 10 -8 M to K d of 2.1 x 10 -s M, while concentration of the binding protein was 
not significantly changed. When the same analysis was applied to NPA binding to 
the NEM-treated membrane particles, it was found that NEM inactivated binding 
without changing the affinity for NPA. This study revealed the importance of 
sulphydryl group(s) in the maintenance of NPA binding protein activity. 
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Introduction 

Binding proteins for N-l-naphthylphthalamic acid (NPA) were first described by 
Lembi et ai. (1971). NPA appears to block auxin transport on auxin efflux carriers 
(Rubery and Shedrake 1974, Rubery 1979) and so stimulates net auxin uptake by 
cultured cells, tissue segments and membrane vesicles (Hetel 1983, Xing et al. 1988, 
Xing 1991). A high affmity and low capacity NP A binding protein was detected in 
Acer pseudoplatanus L. cells and these binding proteins were shown to have an 
important role in the regulation of IAA levels and, consequently, of cell division in 
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these suspension-cultured cells (Elliott et al. 1988, Xing et ai. 1992). In our present 
study, the binding protein will be further characterized by analysis of the effects of 
reactions which modify particular amino acid side chains upon their binding activity. 

Materials and methods 

The origin o fAcerpseudop la tanus  U cell suspension culture and general techniques 
of the culture have been described previously (Elliott et al. 1988, Xing et al. 1992). 
The basic culture medium was that developed by Smart and Street (1969) which 
contained 2,4-D (4.5 x 10 -s M) as exogenous auxin but no kinetin or urea. 

Microsomal membrane fractions were prepared and the basic binding assay was 
performed as described previously (Elliott et ai. 1988, Xing et al. 1992). For the 
determination of the effect of Na2SO 3 on NPA binding, a Na2SO 3 stock solution at 
pH 4 were added to the incubation mixture for the binding assay giving required 
concentrations. In the cases of DTNB and NEM, the isolated membrane pellet was 
resuspended in DTNB or NEM solution, prepared in extraction buffer at pH 7, for 
30 rain. The pellet was then sedimented at 75 000 g for 45 min and resuspended in 
pH 4 binding assay buffer. The pellet was then used in the binding assay. Results 
presented were the average values of at least five independent experiments, each with 
three replicates. Standard errors were always less than 7 % of the average values and 
thus omitted from the table and figures. 

Proteins were determined according to Bradford (1976). 

Results and discussion 

Effect of-SH reagents on 3H-NPA binding: The effect of Na2SO 3, DTNB and NEM 
on NPA binding was compared. It was found that NPA binding protein was more 
sensitive to Na2SO3 and less sensitive to NEM (Table 1) compared to the 
observations in CucurbJta (Thein and Michalke 1988). 

Table 1. Effect of some reagents on NPA binding (data represent means of 4 experiments). 

Reagent Specific NPA binding [% of control] 

1 m i  Na2SO 3 2 
5 mM DTNB 12 
5 mM NEM 49 

Inhibition of 3H-NPA binding by Na2SO 3 at different concentrations: Membrane 
particles were incubated with different concentrations of Na2SO 3. The displacement 
curve of NPA from its binding protein (Fig. 1) showed that the concentration which 
caused 50 % reduction was 2 x 10 .5 M. 
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Alteration of binding affinity and binding capacity �9 Na2SO 3 or NEM treatment: 
Scatchard analysis (Scatchard 1949) was applied to the determination o f  the binding 
affinity and capacity after treatment with Na2SO 3 or NEM. This analysis is relevant 
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Fig. 1. Specific binding of 3H-NPA upon Na2SO 3 treatment. Na2SO 3 stock solution was added to the 
binding assay mixture giving the indicated final concentrations. NPA binding assays were then 
performed as described in Materials and methods. 
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Fig. 2. Scatchard plot showing affinity and capacity of NPA binding proteins after Na2SO 3 
(3 x 10 .5 M) treatment. 

Fig. 3. Scatchard plot showing affinity and capacity of NPA binding proteins after NEM (5 x 10 .3 M) 
treatment. 

49 



T. XING et a t  

to the elucidation of the mechanisms of their inhibitory effects. The presence of  
3 x 10 -5 M Na2SO 3 in the binding assay reduced the affinity of the binding proteins 
to NPA from Kd of  1.47 x 10 -8 M to Kd of 2.07 x 10-8 M, while the concentration of  
the binding proteins in the assay was not significantly changed (Fig. 2). When the 
same analysis was made on NPA binding to NEM-treated membrane particles, it was 
found that NEM, which covalenfly modified -SH groups, inactivated the binding 
without altering the affinity for NPA (Fig. 3). 

Our observations are similar to those demonstrated in Cucurbita pepo hypocotyls 
(Thein and Michalke 1988). Since the covalent modification of -SH groups affected 
N-PA binding proteins while Na2SO 3 affected them in a different way, Thein and 
Michalke (1988) suggested that Na2SO 3 did not act via modification of -SH groups. 
Based on these observations, together with the failure of thiols and 
arsenite to inhibit NPA binding in Cucurbita, they argue against the possibility that 
bisulfite acted by reducing -SH groups or splitting disulfide linkages. They assumed 
that its reaction product in H20, the HSO 3" anion, was responsible. This product is 
nucleophilic, and can bind reversibly to quinones (Malhotra and Hocking 1976), 
pyr~.'doxal phosphate (Adams 1969) and to the isoalloxane ring of the FAD prosthetic 
group (Swoboda and Massey 1966, Massey et al. 1969). Addition of  bisulfite to any 
of  these groups at or close to the NPA binding protein may be able to alter the 
behaviour of  N-PA binding protein in the way described here. 

Our studies revealed the importance of sulphydryl group(s) in the maintenance of 
NPA binding protein activity. Previous investigations have concentrated upon 
structure-activity aspects of  ligand-binding protein interactions (e.g. Katekar et al. 
1987). Although less is known of  the amino acid residues involved in ligand binding, 
such information is essential if  a sophisticated understanding of  plant growth 
regulator actions is to be obtained. 
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