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The leaves of the carnivorous plant Venus flytrap, Dionaea muscipula (Dionaea)
close rapidly to capture prey. The closure response usually requires two successive
mechanical stimuli to sensory hairs on the leaf blade within approximately 30 seconds.
An unknown system in Dionaea is thought to memorize the first stimulus and transduce
the signal from the sensory hair to the leaf blade. In the short-term memory system of
Dionaea, the second stimulus to any of six sensory hairs can trigger movement,
regardless of which hair received the first stimulus. Previous studies showed that
mechanical stimulation of a sensory hair generates action potentials that propagate to
both lobes of the leaf. Other studies have shown that leaf closure is blocked by Ca®*
channel inhibitors that should inhibit the increase of the cytosolic Ca** concentration
([Ca**]eyt) of leaf cells, emphasizing the importance of Ca?* in the response. Based on
these results, the mechanism of Dionaea memory has been proposed to be as follows:
1) [Ca®*]cyt increases during excitation; 2) [Ca?*]cyt or the concentration of some Ca®*-
activated regulatory molecules must reach a threshold for movement; 3) a single action
potential is not enough to increase [Ca**]cyt to the threshold, and at least two action
potentials are necessary to trigger movement; 4) [Ca®*]cyr decreases after the first
stimulus, and after 30 s does not reach the threshold even with a second stimulus. This
hypothesis has not been directly tested because of the lack of a method for
spatiotemporal calcium monitoring in Dionaea.

Since the transformation of Dionaea has not been reported, to observe



spatiotemporal cytosolic [Ca®*] changes in Dionaea, I established the transformation
method of Dionaea using agrobacterium, and produced plants transformed with a
construct for constitutive expression of the calcium sensor protein GCaMP6f in the
cytosol. Stimulation of a sensory hair to the GCaMP6f transgenic Dionaea caused
cpEGFP fluorescence increase at the base of the hair, where the sensory cells that
generate action potentials are located. Fluorescence spread radially from the sensory
hair to the surrounding leaf tissue. Fluorescence increase following a second stimulus
propagated at mostly the same area as the first stimulus did, and the leaf closed.
Quantification analysis of the fluorescence intensity showed that the first stimulus
triggered an elevation in fluorescence intensity, which then gradually decreased, and
fluorescence increased additively in response to the second stimulus, and then the leaf
closed. The maximum fluorescence intensity after the second stimulus was higher than
that reached after the first stimulus. Logistic regression analysis using the
standardized fluorescence intensity immediately before the second stimulus (F'res), and
the maximum standardized fluorescence intensity just after the second stimulus (Fmax)
showed that both Fimax and Fres significantly correlated with leaf closure. These results
indicate that there are putative [Ca*"]cy: thresholds for immediately before and after
the second stimulus that should be met for movement to occur. Decay of the calcium
intensity after the [Ca**]cyt increase by the first stimulus showed that [Ca®*]cyt
decreased with time in the leaf, and [Ca**]cyt decayed to the calculated threshold
within the time that leaf can retain the memory information. These results indicate
that the 30-second length of memory is explained by the decay of [Ca**]cyt. Artificial
[Ca*"]eyt increase was triggered by immersion of the basal part of petioles in water and
the leaves closed. Before the leaf closure, [Ca®*]cyt signals reached to the putative
threshold. Furthermore, artificial inhibition of [Ca®*]cyt increase by immersion of the

whole leaves in the calcium channel blocker La®*" solution inhibited [Ca®*]cyt elevation

and leaf movement following the second stimulus. These results support the



hypothesis that leaf movement is triggered only when the [Ca®*]cyt surpasses the
threshold for the movement.

This study shows that (1) the first mechanical stimulus to a sensory hair
increases [Ca**]cyt in the leaf tissue responsible for movement, (2) the elevated [Ca®* ey
decreases two-phase exponentially after the first stimulus, (3) the second stimulus
additively increases [Ca®*]cyt, (4) [Ca®*]cyt meets a putative threshold for movement
after the second stimulus, and (5) the time course of [Ca’*]cy decay after the first
stimulus and the putative [Ca**]cy: threshold for movement are consistent with memory
system in Dionaea. Further studies on Dionaea leaf movement using reverse genetics
will reveal the molecular mechanisms of calcium dynamics to trigger the movement
especially on the relationships of [Ca®']cyt change to mechanical stimuli, action

potentials, and turgor changes to trigger the movement.
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AHEMIT. ETNEWMEFG W HE RIS LICED, HEETRMS+
NIEREEONEVWEMTHAFT TELIHEMTHA2.NIZ MY Y VTR ERICEEL,
HEOERMIIHS6FADEREEZ 2EEHRL THBRAKTLSE, NO03ROBI TENZ
WOIWHL, BYzHBEITs &Aoo TWS, 1EB & 2 [EH ORI HEREK 3
OBMLLEBRS EEMNAL LS BRDBZENS, NDZ MUY T 1EHOEMEEHEZRN3 0
MiEL TWEEEALGNTVS, EHELTHFEREEBEEBTHLIZENSE, T4
THEBIIODWTEZLOMENTONTE R, EFHEICE> T, BRIABICX> TIEHE
MMWFEINEZEZRETLZIZENDND, AN LAHERATEDEHNHEI NS Z
ENS, MBRAAINTTLL T BE ([Ca2t]eg) 2240 &EE), BEAEEL TWDS DT
RWMEZZLSNTEREN. NThUVYTIZBWT[Catleyt ZU T NI A LTRETZH
ENELS, FIERECBT2Z0E8BIEIODMh> TWEND k.

AHRKE. NZT MYV OOREERRAEERICMTZRATEROEERE, WTTEETSIES

CEMETHREEMNAIRIRAZEZRAL, AN UL —F NI H
GCaMP6f HinTZEALLBEEBENT MUY YOERICKRILE. TLT, 28—
ZUNTEE CaD#ERICE > THLU S cpEGFP HAZELVBREBAOEBKIMTLED
KD ETHNEFMICBEEL. TOMHR. BEREBIZC 1 BEH B Z S5 X 5 &, cpEGFP
HAENEEETHRHESIN, T0%., ALOMKE, TSREOFILBIEEITLIZILER
Wi/, 72, ZO1HHORBTEIIZIFALS2Z &R, 2HEBOEENHZSEZ., 1
HEHOREEXHELDLEVWHEESRHESINZBIC. VD TENHLL2 I EEZHRL .
FHREBERMFOLZOBNEMELERELL, OP AT v VERBHNTH LT, 2EH
HORBOBEMEBEBICENZ5 K 9 [Caz]y OMMENIDEHEFLELAE, 1EH

DFl#H TEF L7z cpEGFP S II MR Al L, 30 UL ERD L, 2EHORB TS
EEBIRNWIENRDNMo/Z, 5T, BEMBEESZATZETH[Cat]y: WHEMEIZET S
CEMNHAL DT E, AN T TLF v RIIVEEATUET 5 &[Cat]y: LHEAHH N, 2
EOFMTHEBBREZISRRWIEZHENILEZ, INEO0ZEMNS, N HMIVDTOD
EOEBE, (1) BREERBICHIT 2 1EEHOEMTE TED[Cazt]p N EFT S, (2) E
RBL7ZCa2]y X 1 MBEOFBBERAICEHDST S, (3) 2REOEMEMTITEMNIZ
[Ca?*leye M ERT B, (4) 2 [EH OEMENEE. [Caley: WEMEIZZEL . EHAFIEEZ
N5, (5) 1EEHORf#EEZED[Ca2]atDFAITLD, 30 LD E 2 EEOREZE
EZTHMEZBABAZENTET, NITMIVITODEMNERZIESHHATESLER
Lettn

AEEHLIEZ. NTRUYTEVIEETNAYOBEEGEBEEMEZMEL L, BREVAE



MARMANOEZH W /RN RESFHMTE S, 2. NT MUV T OEH M L ECE
MHRAAIN S TLAL T BRERCICK O THHTEL L EZRAELZHNDTOMETDH
D, SBRODTEMBMBHAANDORDOIC/ARDEEDIT, HYOEFHMAERIIA NI 25
ZH5HDTHO, BLERXITETLHAETHSEHEL 2.



