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Introduction

Carnivorous plants are known to secrete various endopeptidases extracellularly to digest prey 
proteins. Previously we purified two isoforms of nepenthesin to homogeneity and elucidated their 
enzymatic and structural characteristics (Athauda et al. 1998, 2002, 2004; Takahashi et al. 2003, 
2005). In a continuation of these studies, we have been attempting to characterize these and other 
endopeptidases secreted by carnivorous plants to digest prey proteins (Takahashi et al. 2009). Re-
cently, we found and partially characterized a cysteine endopeptidase in the digestive fluid of Dio-
naea muscipula and named it “dionain” (Takahashi et al. 2011). In the present report, we describe 
the occurrence of a similar cysteine endopeptidase in the digestive fluid of Drosera indica and pro-
pose the name “droserain” to this enzyme. In this connection, we also propose the names of aspartic 
endopeptidases from the digestive fluids of relevant carnivorous plants.

Materials and Methods

The crude digestive fluid of wild specimens of Drosera indica was obtained in the Watarase 
retarding basin area, Tochigi. The digestive fluid was collected by soaking thirty leaves successively 
(1 leaf for 1 min at a time) in 10 ml of distilled water in a test tube to wash out the digestive fluid 
through up-and-down strokes. The diluted digestive fluid thus obtained was stored frozen until use. 
Benzyloxycarbonyl-Phe-Arg 4-methyl-7-coumarylamide (Z-Phe-Arg-MCA), a cysteine endopep-
tidase substrate, trans-epoxysuccinyl-L-leucylamido(4-guanidino)butane (E-64) and pepstatin A 
were obtained from Peptide Institute, Osaka. Other reagents used were of analytical grade.

To measure the activity toward Z-Phe-Arg-MCA, the reaction mixture contained 20 mL of the di-
luted fluid, 5 ml of 2 mM Z-Phe-Arg-MCA in dimethyl sulfoxide, 75 ml of 100 mM buffer at various 
pH values, and ±10 mM dithiothreitol (DTT). The mixture was incubated at 37oC and the increase 
in fluorescence at 460 nm with excitation at 370 nm was measured at 5-min intervals for 60 min, and 
the activity was determined from the slope of the digestion curve. To measure the effects of other 
agents, a small volume of each reagent solution (e.g., 1 ml of 1 M DTT and 1 ml of 1 mM E-64) was 
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added, and the mixture was preincu-
bated at 37oC for 5 min before addi-
tion of the substrate. For comparison, 
the activity of dionain in the digestive 
fluid of Dionaea muscipula was also 
measured under the same conditions 
using 2 ml of the crude digestive fluid 
in a total volume of 100 ml made up 
with distilled water.

Results and Discussion

Figure 1 shows the pH depen-
dence of endopeptidase activity to-
ward Z-Phe-Arg-MCA in the pres-
ence of 10 mM DTT. The maximal 
activity was observed at pH 6.0, and 
about 20% and 40% of the maximal 
activity was observed even at pH 3.0 
and 9.0, respectively. This indicates 
that the enzyme is capable of acting 
in a wide range of pH extending from 
acidic to weakly alkaline region. In 
the absence of DTT, about 40% of 
the activity in the presence of 10 mM 
DTT was observed (Fig. 2). A similar 
pH dependence of activity was ob-
served with dionain in the presence 
of 10 mM DTT except that the pres-
ent enzyme showed notable activity at 
pH 8-9 unlike dionain. The shoulder 
of activity at pH 8-9 may indicate the 
presence of the second cysteine endo-
peptidase. 

Furthermore, the enzyme was com-
pletely inhibited by 10 mM E-64 (a 
cysteine peptidase inhibitor) whereas 
it was not inhibited by phenylmeth-
anesulfonyl fluoride (a serine peptidase 
inhibitor), EDTA (a metallopeptidase 
inhibitor), and pepstatin A (aspar-
tic peptidase inhibitor) as shown in 
Figure 2. The inhibitory profiles of these 
inhibitors were essentially the same 
with dionain (Fig. 2). These results 
show the occurrence of a cysteine endo-

Figure 1: pH dependence of the activities toward 
Z-Phe-Arg-MCA of the digestive fluids of Drosera 
indica (droserain) and Dionaea muscipula (dionain) 
in the presence of 10 mM DTT. The activity at pH 
6.0 was taken as 100%. The buffers (100 mM) used 
were KCl-HCl, pH 2.0, sodium citrate, pH 3.0-6.0, 
potassium phosphate, pH 6.0-8.0, and Tris-HCL, pH 
8.0 and 9.0.

Figure 2: Effects of inhibitors on the activities toward 
Z-Phe-Arg-MCA of the digestive fluids of Drosera 
indica (droserain) and Dionaea muscipula (dionain) 
in the presence of 10 mM DTT at pH 6.0. The final 
concentrations of the inhibitors were E-64: 10 mM, 
PMSF: 1mM, EDTA: 5 mM, and pepstatin A: 1 mM. 
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peptidase similar to dionain in the digestive fluid of Drosera indica. We propose the name “droserain” for 
this enzyme. In this connection, we also propose the names of aspartic endopeptidases from the diges-
tive fluids of Dionaea muscipula (Venus Flytrap), Drosera (sundew) sp., and Cephalotus follicularis as 
“dionaeasin”, “droserasin”, and “cephalotusin”, respectively, as previously suggested (Takahashi 2003). 

In the present study, 20 ml of the diluted digestive fluid was used for the assay of droserain, 
whereas 2 ml of the crude digestive fluid was used for the assay of dionain, and the activity observed 
for the latter was 4.2 times higher than that for the former. Therefore, one leaf of D. indica was 
calculated to contain approximately 8 ml equivalent of the digestive fluid of D. muscipula. This 
value appears to be fairly reasonable. The present enzyme is thought to work in concert with the 
aspartic endopeptidase “droserasin” in the digestive fluid of Drosera sp. like dionain and dionaeasin 
in Dionaea muscipula. This resemblance is reasonable since Dionaea and Drosera sp. are closely 
located in the phylogenetic tree. It remains to be clarified what kind of reducing agent is present in 
the digestive fluids of these carnivorous plants to activate the cysteine endopeptidases.
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