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Abstract

The Venus flytragDionaea muscipulaaptures insects and consumes their flesh (IRr2y
contacting touch-sensitive hairs trigger travellielgctrical waves. These action potentials
(APs) cause rapid closure of the trap and actisateetory functions of glands, which cover its
inner surface (3, 4). Such prey-induced hapto-gtestimulation activates the touch hormone
jasmonate (JA) signaling pathway, which initiatesrstion of an acidic hydrolase cocktail to
decompose the victim and acquire the animal nugi€h-7). Although postulated since
Darwin’s pioneering studies these secretory evbatge not been recorded so far. Using
advanced analytical and imaging techniques, sustbaating ion selective electrodes, carbon
fiber amperometry and MRI, we monitored stimulusqaled glandular secretion into the
flytrap. Trigger hair bending or direct applicatiohJA caused a quantal release of oxidizable
material from gland cells monitored as distinct angpnetric spikes. Spikes reminiscent of
exocytotic events in secretory animal cells progikedy increased in frequency, reaching
steady state one day after stimulation. Our dati@ate that trigger hair mechanical stimulation
evokes APs. Gland cells translate APs into touchiible JA signalling that promotes the
formation of secretory vesicles. Early vesiclesdled with H and CI fuse with the plasma
membrane, hyper-acidifying the ‘green stomach’-tlkgestive organ, while subsequent ones
carry hydrolases and nutrient transporters togetligr a glutathione redox moiety, which is
likely to act as the major detected compound inenoqmetry. Hence, when glands perceive the
hapto-electrical stimulation, secretory vesiclestarlored to be released in a sequence, which

optimizes digestion of the captured animal.

Significance statement:

The Venus flytrap has been in the focus of sciemsizice Darwin’s time. Carnivorous plants,

with their specialized lifestyle, including insexapture, as well as digestion and absorption of
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prey, developed unique tools to gain scarce nugielm this study we describe novel
mechanistic insights into the cascade of eventsvimig the capture of insect prey. Action
potentials evoked by the struggling prey are tiesl into touch-inducible hormone signals
that promote the formation of secretory vesiclesahety of digestive compounds are released
sequentially into the flytrap’s ‘green stomach’ abdeak down the captured animal.
Amperometry provides insight into the kinetics aokdemistry of the stimulus-coupled

glandular secretion process

\body

I ntroduction:

Certain plants have turned the sword; they capaceconsume animals, including potential
herbivores. Growing on mineral-deficient soils, tbarnivorous Venus flytrapD{onaea
muscipuld lures (8), captures, and digests small arthropmdsrder to feed on the nutrients
extracted from their flesh (1, 3, 9-12). Closuré¢haf bilobed snap trap is initiated by mechanical
stimulation of trigger hairs located at the inn@ptsurface. Each trigger hair bending elicits
the firing of an action potential (AP). With thedfi AP, the trap stays open, but memorizes the
initial strike. If a second one fires within 20itstriggers rapid trap closure. In case an insgct |
trapped and struggles to escape, two and more -Hedgattric stimuli activate jasmonate
signaling and biosynthesis (3, 6, 7). From thé fiftrike on, glands raise their expression levels
of hydrolase and nutrient transporter genes. Wheathano-stimulation is replaced by
application of coronatine (COR), a mimic of thelbgcally active jasmonate hormone JA-lle,
it can substitute for the mechano-electric stimaiaof the flytrap (7). Hapto-electric signaling
and touch hormone activation turn the closed m&pa ‘green stomach’, flooding the entrapped
prey with an acidic digestive fluid (3, 6, 13). Adtugh prey capture and consumption of the
Venus flytrap has been known since Darwin’s timg {(Be molecular mechanisms of fluid

phase secretion underlying animal consumption neeshiunknown (14). In this study
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amperometric carbon fibers were used for the firee in the plant field to monitor the
dynamics and kinetics of mechano-electric and Jidwdation of the secretory events,

providing insight into exocytosis-dependent ligfihing of the digestive organ.

Results:

Upon hapto-electric trap activation the surfaceaastthe multicellular gland cell complex
increases by 30% and an acidic protein moietylesased into the ‘green stomach’ formed by
the hermetically sealed lobes of the trap (3, 83), In search of the membrane reservoir
responsible for the surface increase of stimulgtadds, we exposed traps to the JA-lle mimic
coronatine (COR). 48 h after stimulus onset mendgts, observed in electron micrographs
(EM) of glands suggested that secretory vesicleofubad taken place predominantly at the
apical end of head cells (outermost cell layer; (H)g. 1 and S3B). Head cells of non-
stimulated glands only occasionally showed exoaytagsicles (1.5 + 0.4 per cell; Fig. 1A and
C) but in the outermost layer of jasmonate-stinedaglands cells, we detected a pronounced
increase of pits associated with the more api@dph membrane sections (16.5 £ 1.5 per cell,
approximately 0.18 um in diameter; Fig. 1B, D andThese results indicate that the secretory

stimulation causes granule docking and membranerfus

MIFE resolves early secretion of acidic vesicles

In a previous study, we compared the transcript@rodéile of non-stimulated glands with that
of glands stimulated either by insects or COR. Be&iimulation, the transcription profile of
resting glands is already dominated by secretooggsses (7)Dionaeasecretion is directly
coupled to acidification; Hand chloride, Clare released into the digestive fluid of the tightl
sealed trap (15). To test whether touch stimulaticthe flytrap’s trigger hairs is translated into
ion fluxes across the gland plasma membrane, we Gs&, CI, and H sensitive MIFE

microelectrodes (3, 16), which measure fluxes bgmding local concentration gradients. After
4
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5 - 10 consecutive trigger-hair stimulations arldgatime of about 10 min, a rapid shift in the
net ion fluxes towards net €auptake into the gland cells was observed (Fig. ZAE mean
net C&" flux after mechanical stimulation (5 APs) of thenus flytrap was about 9.9 + 1.8
nmol m? st (Fig. 2B; mean *= SE, n = 6). Within the first hdallowing stimulation, the ion
fluxes were dominated by €afluxes. Upon C# entry, the intracellular Galevel rises (6),
and JA signaling is activated (3, 7). Either consiee trigger hair stimulation alone or a direct
application of jasmonates or COR induces secretidith jasmonates secretion in traps is
initiated before they close (6). Following applioat of JAs, however, C4 sensitive MIFE
electrodes did not record netTdlux into glands (Fig. 2A, B; red symbols/bar). ifmne
stimulation however, triggered proton release, Whappeared within 5 - 10 min following
stimulation onset (Fig. 2C, D). Net'ldfflux reached its peak between 1 and 2.5 h sftewlus
application and then gradually recovered (Fig. 20hen comparing the time that glands
required to reach peak proton extrusion in resptmsgechanical or chemical stimulation, JAs
were the fastest (Fig. 2C). Thus jasmonate-indpcetbn release was significantly faster than
that elicited by mechanical stimulation (inserfig. 2C), which reached peak currents of 54 +
7 nmol m? s (mean + SE, n = 6). Also the lag time of efflux resulting from the different
stimulations was longest in response to mechasitaulation (Fig. 2D). This time dependence
fits the notion that the rise in gland JA is doweam of hapto-electrics and gland calcium
entry.

Regardless of whether stimulated or not, the rgstiembrane potential of glands remained in
the range of -120 to -140 mV (12). This might iradée that trap acidification results from
electroneutral exocytotic Hrelease rather than the massive activation ofnasiembrane
proton pumps. This notion is supported by the C@Riced increase in vacuolar AHA10-type
proton pump transcripts (17), together with tholsa GIC-type proton-chloride antiporter (18),
two components required for hyper-acidification sécretory vesicles (see Fig. S1 and

supplementary text S1). To test whethérfldxes are accompanied by Gluxes, we used
5



128 chloride-sensitive MIFE electrodes side-by-sidehviite pH microelectrodes. Confirming our
129  working model, we monitored pronounced @t efflux from glands in COR stimulated (Fig.
130 2E; blue symbols), but not in resting (Fig 2E; gsgynbols) traps. COR induced chloride
131 currents appeared with a similar time dependendearplitude as the proton fluxes (Fig. 2C,
132 E). Both fluxes were correlated with each other£R.61; P < 0.01), exhibiting a stoichiometry
133  between H and Ci close to 1:1 (Fig. 2F). The electrochemistry-babBH8E experiments
134 illustrated above can only be conducted in an agsieavironment. In such a wet scenario, we
135 monitored initial secretion-associated proton esitm in response to COR about 9 min after
136  stimulation (Fig. 2D). To resolve the onset of grggand fluid secretion in the initially dry
137 Dionaeatrap, we followed the fluid production after CORnuilation by Infra Red Gas
138  Analysis (IRGA) and magnetic resonance imaging (MRirst fluid phase secretion-associated
139 trap water vapor emission was detected in IRGAnd#ngs 151 + 13 min (n = 3, mean = SD)
140 following trap stimulation with COR (Fig. S2A). At reaching peak humidity trap water
141 emission slowly decreased and suddenly dropped4fte+ 84 min (n = 3, mean £ SD) to the
142  basal level of evaporation prior to COR applicateord non-stimulated controls (Fig. S2A).
143  This rapid drop in water emission reflects hernatsealing of the trap lobes (6). Filling of the
144  closed trap with digestive fluid was visualized MRl imaging (Fig. S2B and supplementary
145  video 1).

146

147  Detection of digestive vesicles via Amperometry

148  With animal cells exocytotic events can be mondoren-invasively via amperometry,
149 detecting redox currents when electrodes are plaead the membrane surface of secretory
150 cells (19, 20). Given that amperometry detectsinalule substances such as neurotransmitters,
151  neuropeptides and hormones released from secnetsigles, we adopted this electrochemical
152 approach to probe for exocytotic events in actiygrdp glands. Aiming to detect spikes

153 associated with secretory cargo release from inregy surface, we placed carbon fiber
6
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microelectrodes in contact with the apical facéhefglands upper head cells (Fig. S3A and B).
Under these experimental conditions no amperomedignals were detectable in non-
stimulated glands (Fig. S3C). However, with glarstsnulated by 5 - 20 trigger hair
displacements, signals similar to those measurtdsscretory animal cells could be monitored
(21, 22) (Fig. 3A), albeit with a much slower timeurse due to cell wall geometry. When
placing two electrodes next to each other bothteldes recorded characteristic increases in
amperometric current in close temporal relationsagshown in Fig. 3A and B, excluding the
possibility, that such discrete events were arsf@enerated in one or the other electrode. In
these experiments we had to use strong pH-buffemiimgder to preserve the sensitivity of the
amperometric electrodes (see Methods).

The amperometrically detected chemical speciegleased to the apoplast at the point of
exocytosis. From that point source the releasestanbe diffuses to the electroactive tip of the
carbon fiber where it is oxidized. It has been shadkat placing electrodes more than several
microns away from the cell surface results in anificant decrease in signal and spatio-
temporal resolution (23, 24). Therefore, the besnario for detecting exocytotic events
without diffusional dilution is to actually toucthe cell surface with the electrode. This
limitation by diffusion can be described by Fickésv. Thus we fitted the amperometrically
detected spikes with a 3D diffusion equation acogrdo eq. 1 (see Methods). From this
calculation we gained a parametgmthich is a characteristic diffusion time, depewgon the
distance between the point source of secretiorttedarbon fiber tip, given a certain diffusion
coefficient D. Fitting sharp secretory events obsdrwhen electrodes were placed directly on
theDionaeagland surface with a high spatio-temporal resohuytresulted inctvalues of about
4-5 s. Plotting the relative signal abundance aaihe calculatedcwvalues of detected
secretory events, a broadly homogenous distribwtias obtained (Fig. S3D). In other words,
the amperometric approach we used, detects secestents originating from various distances

to the tip of the carbon fiber, or else impliesage of diffusion coefficients. Interestingly, we
7
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did not obtain anytvalues< 3.25 s in 63 analyzed spikes. Assuming a con§larglue in the
performed experiments ang> 3.25 s, we can calculate a lower bound for thergencal
distance between the point of secretion and tHeoceiber (eq.2, see methods) and D (diffusion
constant of the secreted substance in the med{@)g€e Methods). In contrast to animal cells,
the plasma membrane of plant cells is covered antlextra layer of cellulose-based cell wall
and a lipid-based cuticle. Thus the minimaldlue obtained foDionaeaglands very likely
results from the cell wall-cuticle shell that kedps fiber electrode at some distance (r) from
exocytotic vesicles fusing with the gland cell plsmembrane. From electron micrographs
similar to those shown in figure 1 we calculatethiaimal distance between electrode and
secreted vesicle fusing with the head gland celbmpla membrane of ~0/m (Fig. 1B).
Introducing this value in the equation (2) we dnkedo calculate the diffusion constant (D) of
the Dionaeasecreted fluid in its diffusion medium (containitige cell wall and cuticle). The
calculated value of D = 1.92x#®cm?/s indicates a high diffusional resistancehefdgland cell
wall. For comparison, the diffusion coefficientddpamine in water was reported with 6.0x10
6 cm2/s(25). Also in the animal system diffusion in tissarein solutions containing biological
macromolecules is known to be hindered by the leellmatrix. Hafez et al. (26) have reported
that the diffusion coefficient of dopamine at thieface of an adrenal cell is one-tenth compared
to its diffusion in water. The small diffusion ceast reported here f@ionaeaalso illustrates
the slow time characteristics of the detected aopetrical spikes with a half-life 1(¢) time
constant of 87.82 + 12.14 s (mean * SE; n = 92)nfared to the free aqueous diffusion of
catecholamine release in neuronal cells of Dionaeaplant secretory events is enlarged by a
factor of ~10,000 (24, 26).

To determine emergence and manifestation of glagltl exocytosis, we monitored the
frequency of secretory events for up to 145 h. $napre stimulated either mechanically by a
series of 20 consecutive trigger hair bendingsy@gdraying COR onto the traps” inner surface.

Within the first 4 - 5 h after stimulation onset significant signals could be monitored. First
8
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exocytosis-type spiking was observed after abdut(lBig. 3D). Thereafter, exocytotic events
occurred more frequently, reaching about half-maxmspiking after 12 - 13 h. Maximal
spiking rates were detected after 24 h and remamg for another 2 days before slowly
declining at days 4 and 6 (Fig. 3D). Interestinglf)R stimulation and trigger hair bendings
resulted in a similar time dependence of spikirgng@iency. This indicates that jasmonate
induction of secretory vesicle formation, loadingdamembrane fusion, rather than touch
induction of jasmonate biosynthesis, representsateelimiting step durin@ionaeagland cell
exocytosis.

We also found that the €achannel blocker gadolinium strongly reduced théuwme of
secreted fluid (supplementary video 2). In ordefutther investigate the inhibitory effect of
G on trap secretory fluid production, traps wereagpd with 10 mM G# (~2.5umol) 24 h
before mechanical stimulation. This tahallenge did, however, not affect the traps” irzdity
fast closure in response to two trigger hair sgik&hen traps were mechanically stimulated
for secretion by 5 - 20 trigger hair displacemegtgjolinium sprayed traps were found to be
strongly reduced in extruded fluid volume. Compai@dontrol traps, which secreted 2.12 +
0.67 pl/1000 glands within 48 h, Ggretreated traps released only 0.35 + 0.25 pl/LEQ.
3C, black bars). At the same time, exocytotic ev@mperometrically determined with single
gland cells dropped from 14.3 + 4.17 events/h intds to 2.1 + 2.45 events/h in the 3d
exposed traps (Fig. 3C, red bars). The pronouncBtilffock of secretion seen by amperometry
and MRI suggests that JA and calcium signaling equired for hapto-electric and JA
stimulation ofDionaeagland cell secretion.

What kind of redox moietyDionaea’s secretory gland cells release? In order to gamh an
maintain functional integrity of cysteine-rich hgdiytic enzymes exuded into the digestive fluid
(13, 27, 28), a defined redox status in the ext@ee bioreactor is required. Glutathione (GSH)
represents an important redox regulator of enzymetions in plant cells (29, 30). Glutathione

is synthesized via a well-known enzymatic pathwsee(Fig. S4). Glutathione can be derived
9
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from activated sulfate (APS, adenosine 5°- phogsplfatge) via a well-known enzymatic
pathway (see Fig. S4). Gene expression analysisdbas RNAseq data (available at

http://tbro.carnivorom.corrc.f. (7)) indicated that coronatine might indusnes involved in

GSH production and transport. These analyses welteef confirmed by quantitative RT-PCR.
Among these genes the APS reductase (DmAPRS3)aagiyr upregulated 12 h after COR
stimulation (Fig. 4B). APS reductase representsnbst important regulatory enzyme of the
pathway that determines the flux of sulfate intgamic sulfur compounds in plants (31) (for
review see (32)). In addition, the availability 6N skeletons for cysteine synthesis is
promoted in response to the JA mimic through enddnserine O-acetyltransferase
(DmSERAT2) expression, and cysteine synthesis bgelfjt via elevated O-

acetylserine(thiol)lyase (DmOASTL) expression (F@., (33)). Moreover, the putative GSH
transporter DmOPTG®6 is transcriptionally induce@a@OR treatment as well. Interestingly, all
four transcripts are induced by both COR or prgytwa in a similar fashion (Fig. 4B-D and

http://tbro.carnivorom.con Therefore, enhanced sulfate reduction and akgion seems to

be required for both the synthesis of cysteine iptirolytic enzymes and additional synthesis

of glutathione, which can be detected in the sedrétid.

To test whether glutathione is released into th&aegllular compartment, we sampled
digestive fluids from stimulated flytraps and arzalg the samples for the presence of anti-
oxidants (34-36). Indeed, we could detect GSHBionaea’sextracellular fluid (Fig. 4A). In
contrast to glutathione however, ascorbate wasletaictable by state-of-the-art methods (36,
37). While the GSH concentration in wh@l@naeatraps was not significantly altered by COR
treatment, the stomach glutathione concentratios imathe order of 10 uM 48 h after
stimulation onset (Fig. 4A, red bars). In ordetdst the sensitivity of the used carbon fibers in
our amperometric analysis towards this ROS scavenge performed experiments with

defined GSH concentrations (Fig. S3E). In theseegrpents the reduced GSH was oxidized at
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the positively charged carbon fiber resulting inpasitive current. Interestingly, the
amperometric current detected with a constant piadeof +900 mV in solutions of defined
GSH concentrations saturated with a half maximalceatration (k) of 10 uM (Fig. S3E),
which corresponds well with the actual GSH conaditn in the secreted fluid. Thus itis likely
that under our conditions secreted GSH is detantdte amperometric analysis. Nevertheless,
we expect the amperometry to detect also additiefedtroactive substances besides GSH

released in the secreted fluid of stimulated Vdivisaps.

Discussion:

The molecular machinery underlying secretory vesfakion with the plasma membrane in
animal cells is known in great detail (38-40). Upcmemical or electrical stimulation of
secretory animal cells, exocytotic events can lheatied within milliseconds (41-44). In these
fast responding cells, certain pools of preformadjo-loaded vesicles are released immediately
after stimulus onset. Following hapto-electric aait entry in Dionaea glands jasmonate-
signalling triggers vesicle acidification adé novosynthesis of secretory proteins. The fact
that carbon fiber electrodes detect amperometgoass not earlier than about 6 h after
mechanical- and JA stimulation (Fig. 3D) may intkcthat the oxidizable compound, most
likely the tripeptide glutathione, is containedym those vesicles equipped with hydrolases.
In the acidic extracellular digestive fluid glutathe is very stable, providing for a proper redox
state for sustained hydrolase activity (45).

Dionaea’s secretion events occur on a slow timescale. Thoarapt diffusion constant of
released substances, as calculated from the wavedobthe amperometric signal, was D =
1.92x10% cmz/s, which indicates a high diffusional resiserof the gland cell wall. For
comparison, the diffusion constant of catecholasiiineaqueous solution is 1xt@ 8x10’

cm?/s (19, 46). Thus diffusion in the cell wall Dionaeaglands is about four orders of

11
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magnitude slower than that of small molecules guaeus solution. In contrast to fast synaptic
signaling in the nervous system of animals, thesvalliffusion as well as the slow time course
of release reflects the biology of the insect-pssagy flytrap: Onc®ionaeacaptures prey via
its fast hapto-electric sensing system, exocytaiease and slow diffusion of a tailored
hydrolase cocktail into the digestive fluid perfgderves the long-term nutrient needs of the

plant.

Material and Methods:

Amperometric Recordings

In order to access the inner trap surface evetimukated plants, unstimulated traps in the open
position were fixed in a chamber and mechanicatigkéd to prevent trap closure upon
stimulation. For inhibitor pre-treatments, plantsrevsprayed with 10 mM Gd§lor HO as
control. 24 h after pre-treatments traps were dated for secretion either mechanically (touch
of trigger hairs, 5 - 10 times within 1 min) or bgrmone spraying (100 uM COR). At the given
time points after stimulation amperometric measuetaiwere performed with open fixed traps
still attached to the plant. The chamber was filleth standard bath solution (1 mM KCI, 1
mM CaCp, 50 mM HEPES/NaOH pH 7) and placed on a microscbpge (Zeiss Axioscope
2 FS, Germany). A three-electrode configuration employed where an Ag/AgCI electrode
served as the reference electrode grounding thie $atution. Two sensory carbon fiber
electrodes of fum diameter (ALA Scientific Instruments, WestburyYNwere used for
amperometric detection. Carbon fibers were geritlgaal on top of the gland head cells if not
stated otherwise. During amperometric recordingtedes were held at +900 mV with two
VA-10X amperometry amplifiers (ALA Scientific Instments). Oxidative current was
acquired via VA-10X and digitized at 20 kHz through ITC-18 digital to analog convertor

(InstruTECH, NY). Data were acquired using Patclstexa(HEKA Elektronik, Germany) and
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analyzed with a custom-written fit running undeorig. Detected events were described by
following equations (47):

f(x) = M / (t-to)> *exp(-tc / (t-to)) (1)
Here, t is the time of signal onset (a free fitting paréeng and M depends on the amount of
secreted substance as well as on the diffusioriicieet D. The parameteg tlepends on D and
the distance, r, between the point source of dearand the carbon fiber tip according to:

=12/ 4D ()

Further details on Materials and Methods can beandoin ‘Supplementary Materials and

Methods'.
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Figures:

Fig. 1 Exocytotic vesicle fusion is stimulated in activated gland complexes.

Electron micrographs of the outer layer of resfifagandC) and COR-stimulated( D andE)
Dionaeagland complexesA, B andE detailed view,C andD overview. Whereas resting
glands do only exhibit few exocytotic events, a snasrise in exocytotic vesicle fusion with
the plasma membrane (black arrows) could be detet@eh after COR stimulation. B, dark
stained body; C, cuticle; CW, cell wall; ER, endagrhic reticulum; M, mitochondria; S,

secreted fluid; V, vacuole.
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Fig 2 Net ion fluxes measured from stimulated Dionaea glands via MIFE technique.

A) Net C&" flux in response to mechanical (touched for either 5 times within 10 sec) and
chemical stimulation (1 mM methyl jasmonate, MB)) Peak C# flux response values for data
shown in panel A (mean + SE>n5). C) H* flux kinetics in response to touch and Jasmonate
stimulation. Each flux was normalized to its maximtlux (100%) to illustrate the difference
in the peak time (mean + SE>n5). Insert: comparison of touch and MJ treatmeantsigh
temporal resolutionD) Lag time in H flux responses between treatments shown in panel C
Jasmonate-induced proton release was significéasher compared to mechanical induction
(p<0.01; one way Anoval) Net CI fluxes measured in COR stimulated (blue bars)remd
stimulated (grey bars) glands at various time oaiter stimulation (mean £ SE;>n4). F)
Correlation of net Hand Cl fluxes measured from COR stimulated glands aeckfit time
points illustrated in pand. Each point represents a separate measuremerdll BIFE flux
data, the sign convention is ‘influx positive’.
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Fig 3 Amperometric detection of exocytotic eventsin Dionaea glands

A) Long-term spiking response of stimulated glandsrréht spikes resulting from the
exocytosis of individual vesicles were detectechwdtelectrodes simultaneously clamped to
+900 mV.B) Two examples of analyzed exocytotic current spies shown. Fitting these
events with equation (1) f(x) = M / @t-° *exp(-t. / (t-to)) (red line) reveals characteristics of
release quantified by M anelwhich reflect amount and distance of fusing vestd carbon
fiber. C) 10 mM Gadolinium was sprayed 24 h before mechasioaulation of the Venus
flytraps. 24 h after stimulation the number of anopeetrical detected events within 1 h (red)
and the secreted volume (black) was calculated.gaoead to control traps, gadolinium inhibits
secretion as well as amperometrically detectabdewntic spiking. Data are mean = SDXn
25).D) Time course of exocytosis related spiking in resgoto touch (red) and COR (black).
For the given time points number of exocytotic ésemere calculated. Both stimuli lead to the

same long-term spiking response in flytrap glaixiga represent mean + SDXrb4).
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494  Fig 4 Synthesis of the ROS scavenger Glutathioneisinduced in stimulated Dionaea traps

495 A) GSH levels in traps (black) or secreted fluid (keds) under non-stimulated conditions
496  (control) or 24 h after spray application of 100 | O@R. Please note that resting traps do not
497  secrete (ns) digestive fluid. Data represent me&D#n> 4). B)-D) Coronatine induces key
498 genes involved in GSH biosynthesis. Expression mAPR3, DmOASTL and DmOPT6 in
499 Dionaeagland complexes. Traps were sprayed with watemtfoh black) or 100 uM COR
500 (red) and gland complexes harvested at the timgpoidicated. Transcript numbers are given

501 relative to 10,000 molecules of DMACT1; (mean + BE,6).
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