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Calcium oxalate needle crystals in plant synergistically enhance the anti-insect defense activity
of plant defense proteins
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OKotaro KONNO, Nobuhiro MATSUMOTO, Fumiko YUKUHIRO (Institute of Agribiological
Sciences, NARO)
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Raphides, needle-shaped calcium oxalate crystals in tissues of many plants, have been thought to play defensive
roles against herbivores. However, their effects differed greatly (from no effects to lethal effects) among bioassays
and plants, which caused arguments on their defensive roles. We found raphides and cysteine proteases, which
coexist in several plants including kiwi fruit and pineapple, shows strong synergistic defense function (lethal
toxicity) against lepidopteran insects. Our result suggests the existence of “the needle effect”, which intensifies
the bioactivities of other bioactive factors by making holes to the barriers (cell membrane, cuticle, epithelium,
etc.) and facilitate the factors to reach the targets. Raphides and chitinase also show a strong synergistic lethal
effect against insects, which indicated the generality of synergism between raphides and defensive proteins.

raphide (calcium oxalate needle crystal), synergistic defensie function (needle effect), plant defense
protein against insects (cysteine protease and chitinase)
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