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Abstract: Comparison of the enzyme inhibition and receptor binding activity of microcystin-LR and 
microcystin-LA has shown that the arginine residue in microcystin-LR does not significantly contribute to 
biological activity. This data allows a refinement of a receptor binding model of the okadaic acid class of 
protein phosphatase inhibitors. 

We have recently reported that the computer generated minimized 3-dimensional structures of 

microcystin-LR (1) and nodularin (2), two cyclic peptides of the okadaic acid class of protein phosphatase 

inhibitors, have the same orientation of (2S,3S$S,9S) 3-amino-9-methoxy-2,6,8-trimethyl-lo-phenyldeca- 

4(E),6(E)-dienoic acid (Adda) with respect to both peptide rings. * These results ate consistent with these two 

compounds inhibiting protein phosphatase 1 (PPl) and 2A (PP2A) activities with almost the same specific 

activity. The superimposition 3 shows a proximity of the Adda side chains, the Glu and D-erylhro-B- 

methylisoAsp carboxylate groups and the peptide rings. 2 This micmcystin-LR/nodularin model also shows that 

1 ED50 (PPZA from mouse skin) 0.8nM3 

2 ED 50 (PP2A from mouse skin) 0.9nM3 
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the Arg residues in microcystin-LR and nodularin occupy a common area. We now report experiments that 

determine the role of the Arg residue in inhibiting enzyme activity and inhibiting specific [JH]okadaic acid 

binding to the receptors. 

Microcystin-LR (1) is a member of the microcystin class of compounds which have the general structure 

cyclo(D-Ala-L-X-D-e~f~~u-~-methylisoAsp-L-Y-Adda-D-isoGlu-N-methyldehy~oAla) where X and Y are 

variable L-amino acids. The naturally occurring microcystin-LA (4) is identical to microcystin-LR except that 

the variable amino acid Y is alanine instead of 

arginine.4 These two isomers provide a probe to 

determine the relative importance of the Arg residue 

to the biochemical and biological activities. 1 and 

4 were found to inhibit the dephosphorylation of 

[32P]phosphorylase a by protein phosphatase 1 

with EDso’s of 0.44 nM and 0.90 nM, respectively 

and protein phosphatase 2A with EDso’s of 0.32 

nM and 0.38 nM, respectively (Figure 1).5 
I 

Figure 1. Inhibition of 

protein phosphatase activity 

Effects of microcystin-LR (1, o) 

and microcystin-LA (4, A) on the 

activity of PPl and PPZA partially 

purified from mouse brain. Assays 

were conducted using 

[3*P]phosphorylase a as substrate. 

Incubations were conducted for 10 

min at 30 “C. Protein phosphatase 

activity was determined by the 

liberation of [3*P]phosphate into 

the supematant after precipitation of 

protein with trichloroacetic acid. 

Each point represents the mean of 

duplicate measurements. 
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Microcystin-LR belongs to the okadaic acid class tumour promoters and induces tumour promotion in rat 

liver initiated with diethylnitrosamine. 6 The displacement of specific [%I’Jokadaic acid binding to both protein 

phosphatase 1 and protein phosphatase 2A was determined. 1 and 4 were found to inhibit specific [sH]okadaic 

acid binding to protein phosphatase 1 with EDso’s of 7.8 nM and 10.6 nM, respectively and protein 

phosphatase 2A with EDgo’s of 5.2 nM and 

10.0 nM, respectively (Figure 2)? 

PPl 

Figure 2. Inhibition of 

specific [sH]okadaic acid 

binding. 

Effects of microcystin-LR (1, o) 

and microcystin-LA (4, A) on the 

binding of [3H]okadaic acid to PP 1 

and PP2A partially purified from 

mouse brain. Incubations were 

conducted for 2 h at 4 “C with 

3 nM [3H]okadaic acid. Non- 

specific binding was determined in 

the presence of 1.5 pM okadaic 

acid. Each point represents the 

mean of duplicate measurements. 

Concentration (nM) 

PP2A 

0 
-2 

10 loo lo2 lo4 
Concentration (nM) 

The similar specific activity of microcystin-LR and microcystin-LA determines that the arginine residue 

does not significantly interact with the enzymes and demonstrates that the orientation with respect to the peptide 

ring of the Adda and the two acidic groups is most likely to determine enzyme/inhibitor interaction. 
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