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Trap Architecture and Symplastic Transport of the Aquatic Flowering

Carnivorous Plant Utricularia gibba

Abstract

The aquatic carnivorous plant Utricularia gibba is very unique. It has not only the ability to
undertake photosynthesis just like other plants, but also can trap and obtain the nutrients from
the freshwater zooplankton. Its trapping organ is very sophisticate but not complicate. The
digestion and absorption process inside the trap are mainly accomplished by the quadrifids
structure. According to our knowledge, we are the first to introduce the phloem-mobile,
fluorescent probe carboxyfluorescein (CF) and confocal laser scanning microscope (CLSM) to
the study of the symplastic transport in the Utricularia trap. In addition, we use edible food
colorings as tracers for this transport study. Both approaches turn out to be very successful in
delineating the symplastic transport of the trap. But CF quenches rapidly so the observation
time is restricted. On the contrary, food colorings don’t have these disadvantages; it is
inexpensive, easy to perform, and the transport process is not fast. ~As a result, the study is
easily to be completed. These methods will be very helpful in the studies of symplastic

transport in other plants.

Key words: carboxyfluorescein, symplastic transport, Utricularia gibba.
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Figure 12. 4= S8 AR &0 3 o 2= R 5 U RIFORR 7 (B9 1 1 R IR
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AR T YT 2 PR E PR PRI s e (L2) =AU 2 SO
LR Y 1P AN D O IRV o (Bar = 0.02 mm) o

18



K

P OB RSS9 BRI o1 S o sl

6000

5000

4000

3000 -

2000

= (Q-B)Y/mm’/hr

1000

D2 D1 DO LO L1 L2
Figure 13. A ]? (=8 B pOge BrEe s UjRs L‘Kﬁ'eﬁggpgqbﬁg‘mg%g (5

PEEEN f;[ﬁth[—k BE % o else sk u@} PEEEEE ) (D2, D1, DO) o AflEsfiy - ﬁgﬁ%@ i)
Rk (LO, L1, 1L2) » PV egfsecd Sk sl fi P > 0 BT 2 S [Iog i et KL P -

i

=

MBI T 1875 I gLA T AHGY) (Darwin, 1875) » (=55 G HOE) A fdne -
lghﬁm‘fg{%;ﬁg@{gﬁp Pk ,\ﬁ%bgq VIR TR P s % o — [ E] 1985 F F
Fineran (1985) I'J " BRI ] i o HUIR [ SEUETE ) R0 RRIpVRT R 2L S
Lanthanum  Uranyl salt (Fineran and Gilbertson, 1980) [=£¥{p2 4 BVREI 131 M8
il éﬁwﬁ@w@ar BEEZ(PH RS [TV 2 S ORRALE I - [

JF=g PO TS FZ, E Al W ETTE] AR (plasmodesmata) [IY-H Tif’rﬁﬂﬁﬁ]ﬁmé‘, i@ o

——

bR N e i R I %E\lﬁ:#}?[ﬁ‘)fﬁ%ﬁ (Nepenthes) [P 3

 RLIYEDL ] CEDA W BHEEEE IR Ty ) o i) B | 2 SO 53 17 =
lﬁﬁﬁﬁlJﬁaﬁ (AP S T T PR - K SRR - R T B
R - TS IR FIER R ) CFDA DRI B o H TP ok
B o [NIFA B L E 1M | CFDA 7RIk i  Grignon et al., (1989) f5i £k ]

19



“I”%F%@&ﬁﬁwﬁﬁﬁaﬁﬂﬁﬁﬂ’*&@%%PWW%@ﬂg
[Jﬁﬁ? P —T ,fA SE R "‘UJ'E;H @ﬁ‘?ﬁllﬂﬁc w o

[t s~ letaf!

25 PSR g e 5! RISl M - =" ZEPHRE - CFDA WL jigde 7 i
CUREYRE  Z[PHTREE [P [P LTt > IR I R g AR TRy - [N
ERNIEE e Tiﬁ’rﬁﬂg JW‘ YR RORIAR] o I A sk i Tk RO e REF1 > CFDA

F[Jj} EL[jujq AP VRS uﬁlz&*glquj s (AR S I 2 ff'ﬁ?i’%@
Uzl - CFDA

BI 7 604.48 12 794 > (4% Na

¥FUJ*” AT A c[—i{apJNa%‘TE G
g IER A POPIET > P LA ISR [i) CFDA |t |

AP TR T AP o (L ORI )R

L i

"EHEL 460 5 S5 %ﬁét ?xﬂ TR o R ST AN Rk oT

PR PSR - B

TR ﬂﬁ%‘-}’s%’ﬁ » 22

J CFDA [ 1pLE[AH JW&F L H | &35 CFDA 7 i’ﬁlrjhpuwr(q;gd PORTSET Jﬁ‘&,ﬁpwﬂy[ﬁ

)L:’r

AM 1%k CFDA

R | SV R e

FE f!

S | T S

W | T PRI il
R | — ks A B/ g £ H?}ﬁ«@ i
i s ;ﬂ%‘%éﬂ‘fiﬁ 4

mii | G ma AN
& | %Zl[a'ﬁﬁzajﬁ.ﬁ' L[ 15| CFDA FEHL — = iy B 210 v
= | A PITHAp AL s T A o
PR R ©15k CyoH11019N2S3Nas

| (MW 604.48) CFDA
P B €13k C37H36N200S83Na, CasH1009 (MW 460 )
Tl (MW 794)
I'Jé‘fé?‘u FT H PR CFDA Y A [ €13ka& 7 PR OB 2 CFDA — Jﬂé}‘r?”

EL LB (=R L T AT (Breeuwer etal., 1995) » SRR FER » [jREEES MR E

ek TRES BRI VT S5t A ek BRI > 7 AR P €1k o

20



ATt

st FUREOSET 1+ SRR P ST RIS o P PHERER P VR 5
<3k IO DT R A o R P9 € kB SR SRR 2
ﬁﬁo
IR AR ] o BRSO 2 JREIAT ) SRR T

SEERLR ARV T I PIEL ™ s (autofluorescence) o HIIR s > it I SLEIZ R
PUTRRE E U DEROE GRS s IO BV 9 AP (external glands) - 1k
SPEFOER e ST RO A ] T B SRR LA -
P IO T RO R s

T TN Y A SRR VR b O SR L (9 AR
R R e PP R S PRI - BRI RS 2 B
SIVATRES PR PRVBEP I o [ RS TR R R TS [l R

&' fVES (Fineran, 1985) e

?F%

BT AR oshd X AAMETISE R - PSRRI - R R
PRI o PPV E RATREVETER o B HRLE R o PRI B SR
LRI AR A o MEE i I S (¥ - M T N AR VS E i
D)= PR B DR [ R FVRSTRER » = ags plEE R B AR 2 e
BN B r AR s P T R o A e R R o ag AR TR £
B

CFDA " [ R o (i VBRI > =5 PTR80S i i st -
%L’fr%?% (carboxyfluorescein) 7t Jf [ [FVAG [~ » W= liskplg | 7| s e H TP REI R 1 -

P25 P9 SR S 0 A7 €0 582 AP ARBE I BTt F2 e« 35 PR AP &0
RN S e S LTl R S IR N A il
PP | B S PRIV ER 5 2R R [ R B PR i A

21



=5 PR SRR e B PR EE Y - O B — @S FIPTR
= U EY — OFLEANY - ORGIALTNY — OF e[ [F L — BAf] —
SR W H (Fig. 14) -

‘\ ‘. & g - . d__,gf_q__ Inner epidermis
i i /}’destal cell j ﬁ
| Basal epidermal cell @ | A (Transfer cell) -

Outer epidermis

g

Figure 14. /=" (quadrifids) RV W EREPURTRVER & ( Drawn by author)

PR ]SS BRI SO LAY (basal epidermal cell) - "E"E“ B (pedestal
cell) » F|3 Tﬁ’? 4 [ F[fjﬁs'f]ﬁHElﬁuJ (terminal cell) - P2ETfi Jﬁ? Ses [ AR+ [ O]
HE ) @™ 2P Rs FIJE:'*F e (terminal cell) —>@§L5E<VEU§;.J (pedestal cell) —@
KAAPVR A (basal epidermal cell) O BB [F VaF!19g (trap inner epidermis) - Bar
=0.02 mm °

22



2YL R

Adamec, L. (1997). Mineral nutrition of carnivorous plants: A review. Bot. Rev. 63, 273-299.

Breeuwer, P. Drocourt, J. L., Bunschoten N., Zwietering, M. H., Rombouts, F .M., and
Abee, T. (1995). Characterization of uptake and hydrolysis of fluorescein diacetate and
carboxyfluorescein diacetate by intracellular esterases in Saccharomyces cerevisiae,
which result in accumulation of fluorescent product. Appl Environ Microbiol. 61 (4),
1614-1619.

Darwin, C. (1875). Insectivorous plants. J. Murray, London. (The Writings of Charles
Darwin on the web, http://pages.britishlibrary.net/charles.darwin3/insectivorous/
insect_fm.htm)

Fineran, B. A., and Gilbertson, J.M. (1980). Application of lanthanum and uranyl salts as
tracers to demonstrate apoplastic pathways for transport in glands of the carnivorous
plant Utricularia monanthos. Eur J Cell Biol. 23(1), 66-72.

Fineran, B. A., (1985). Glandular trichomes in Utricularia: a review of their structure and
function. Israel Journal of Botany 34, 295-330.

Flury, M., and H. Flu“hler. (1994). Brilliant Blue FCF as a dye tracer for solute transport
studies—A toxicological overview, J.Environ. Qual., 23, 1108-1112.

Grignon, N., Touraine, B., and Durand, M. (1989). 6(5)-Carboxyfluorescein as a tracer of
phloem sap translocation. Am. J. Bot. 76, 871-877.

Offler, C.E., McCurdy, D.W., Patrick, J.W., and Talbot, M.J. ( 2003). Transfer cells: cells
specialized for a special purpose. Annu Rev Plant Biol. 54, 431-54.

Opaka, K.J., Duckett, C.M., Prior, D.A.M., and Fisher, D.B. (1994). Real-time imaging of

phloem unloading in the root tip of Arabidopsis. The plant Journal. 6(5), 759-766.

Owen, T. P, Lennon, K. A., Santo, M. J. and Anderson, A. Y. (1999). Pathways for
nutrient transport in the pitchers of the carnivorous plant Nepenthes alata. Ann. Bot. 84,
459-466.

Plachno, B.J., and Jankuna. (2004). Transfer cell wall architecture in secretory hairs of
Utricularia intermedia Traps. Acta Biologica Cracoviensia Series Botanica 46,193-200.

Richards, J. H. (2001). Bladder function in Utricularia purpurea (Lentibulariaceae): is
carnivory important ? Am. J. Bot. 88, 170-176.

Schulze, W., Frommer, W.B., Ward, J.M. (1999). Transporters for ammonium, amino acids
and peptides are expressed in pitchers of the carnivorous plant Nepenthes. Plant J. 17,
637-46.

Sirova, D., Adamec L., and Vrba J. (2003). Enzymatic activities in traps of four aquatic
species of the carnivorous genus Utricularia. New Phytologist 159, 669-675.

23



Direct Evidence of the Symplastic Pathway in the
Trap of the Bladderwort Utricularia gibba

Tanya Chun-Chiao Juang, Sonya Di-Chiao Juang

INTRODUCTION

The bladderwort Utricularia gibba is an aquatic angiospermic carnivorous
plant that is equipped with specialized traps for capturing preys (Fig. 1). After the preys
are digested, the resulted nutrients are thought to be internalized by either the
apoplastic or symplastic pathway, as in most higher plants. The apoplastic pathway in
U. gibba has been demonstrated by using radioactive uranium salts and electron
microscopy a quarter of a century ago (Fineran and Gilbertson, 1980), however, the

symplastic pathway has not yet been shown(Owen et al., 1999).
In this study, we used food and fluorescent dyes as tracers to manifest the

absorption process under light, fluorescence, and confocal microscopes. Our results
unambiguously demonstrate that the symplastic pathway does existin U. gibba and that
such process is energy dependent.

antennas
trigger hairs
trap /f
Ratranc W~ trap door
- quadrifid area
gl )
. . oy
d ﬁ'm.v‘ A

Fig.1. Morphology of U. gibba and the trap.

(a) The flower. Bar =10 mm. (b) The apical meristem. Bar=10 mm. (c) The trap. Bar=1mm. (d)
Longitudinal section of the trap. Bar =1 mm. The trap in set phase (e) and in re-setting phase (f).
Bar=1mm.



PROCEDURES
Utricularia gibba

v v
Normal Growing Condition Light/Dark Treatment

v :V

Fluorescence Dye Food Dye
Whole Traps Hand Sections
|
i v v
Confocal Fluorescence Light

Microscopy Microscopy Microscopy

Plant and Treatment

U. gibba, obtained from the ponds in southern Taiwan, was cultivated outdoors in
plastic containers under normal conditions. In the study of the effect of light on the
absorption of food dye, samples of U. gibba were separately grown in light or dark
environments for 48 hrs before experiment.

Labeling and Microscopy

One mM carboxyfluorescein diacetate (CFDA, Sigma) and 6% food dye (Amaranth
Red, Scott-Bathgate LTD.) were used. CFDA is membrane permeable. Upon cleavage
by intracellular esterases, a membrane impermeant florescent
compound(carboxyfluorescein, CF) is formed. Therefore, 0.1 mM Eserin (Sigma) was
added into the CFDA solution to block secreted esterases inside the traps and to prevent
cleavage of CFDA prior to uptake into quadrifids. CF is a reliable fluorescent tracer for
symplastic transport (Grignon et al., 1989). After being loaded with tracers, free hand
sections of the traps were examined by using a light microscope (Alphaphot2 Ys2) or a
fluorescent microscope (Olympus BH2-RFCA) at various time intervals. The whole trap
was also directly mounted in water without dissection and observed under a confocal
laser scanning microscope(Nikon EZ-C1, Laser type Ar 488).

Assay of the Absorption of Dye in Quadrifids
The absorption intensity of the food dye inside the terminal cells were assayed by Multi
Gauge software 2.0 (Fuji Film).

RESULTS AND DISCUSSION

Absorption and Transportation of Dyes
As shown in Fig. 2, it is clear that the food dye was clearly up taken into the
traps when the suck-in action was triggered (Fig. 2a), the dye was subsequently
accumulated within the terminal cells (Fig. 2b). Since dye accumulation was observed
in the terminal cells when both food and fluorescent dyes were used as tracers, and also
because of the cuticle that covered the inner epidermis and the quadrifid stalk (Fineran
1980), the terminal cell became the only entrance available for the symplastic route.
When CFDA was used as a tracer, the such process was confirmed in further details
(Figs. 2,cand d).
Still in the quadrifid (Figs. 3, a and b), the dyes were found to move from the terminal
cells to the pedestal cell. Fig.3 ¢ and d also clearly demonstrated, indicating the
symplastic transportation since the dyes were clearly located in the cytoplasmic areas.



Fig. 2 Time dependent dye
absorption.

(a) Traps evenly filled with food dye
immediatly after firing.

(b)-(d) Dye accumulation in quadrifids
with images taken by (b) light, (c)
fluorescence, and (d) confocal
microscopy.

Bar=1mm.

Fig. 3 Dye transportation from
quadrifid to epidermis (left).

(a) and (b) Fully stained pedestal cells;
sideviews.

(c) and(d) Stained quadrifids and
epidermal cells; topviews.

Bar=0.1 mm.

Fig. 4 Distribution of CF inside the
trap (below).

(a) The tips of the terminal cells.

(b) The terminal cells.

(c) The inner epidermis and the basal
epidermal cells.

(d) The inner epidermis at a plane
underneath the quadrifids.

Fig. 6 Dye transportation from
trap to stem. Bar=1mm.

Fig.5 Tissue distribution of CF in the
trap.

Fluorescent signals in the quadrifid stalk,
pedestal cell and basal epidermal cells.
Bar=0.1 mm.



The usage of confocal microscopy allowed plane by plane images taken (Fig. 4), and
enabled us to monitor the transportation process without dissection.

The lateral view of the quadrifids showed that the transportation of the dyes was
restricted in the inner epidermis but absent in the outer epidermis (Fig. 5). Two days
after the absorption, the dye could be observed in the stem (Fig. 6).

Effects of Light on Dye Absorption

Dye accumulation was observed directly by free hand sections of the traps under light
microscopy (Fig. 7). In the dark treatment, dye absorption was delayed by 3 hrs as
compared to the control or the light treatment. The duration of light exposure on the
plant determined the dye absorption rate by the trap (Fig. 8), suggesting that the uptake
process was energy dependent.
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C > oy ~ NS
1hr 2 hr 3 hr 4 hr 5 hr

Dye accumulation after loading

Fig. 7 Effects of light on the accumulation of food dye into quadrifids.
Plants were grown under continuous light (48 hrs) (top row), normal condition (16 hrs light, 8 hrs dark)
(middle row), or continuous darkness (48 hrs) (bottom row) before dye loading. Bar=0.1 mm.

O—O continuous light
A—A normal treatment
D—D continuous dark

Absorption rate [(Q-B)X103/mm ]/hr

Incubation time (hr)

Fig. 8 Quantitative analysis of the effect of light on the rate of dye accumulation in quadrifids.
The data were mean = SD from three independent experiments.



CONCLUSIONS

Our results have clearly demonstrated that the tracers are transported via the
symplastic pathway through different tissues in the following order: terminal cells,
stalks, pedestal cells, basal cells, surrounding epidermal cells, nearby leaves and
finally stems. Our data also suggests that such process is energy dependent.

erminal cell (Quadrifid arm)

Quadrifid

Pedestal cell
External gland/

/jOuter epldermlsl

Fig. 9 Model of the symplastic pathway in the quadrifid glands of U. glbba.

The trap wall consists of two cell layers. On the inner epidermis rests countless quadrifids and the outer
epidermis scatters dome-shaped hairs referred as external glands. Each glandular hair consists of six
cells, the basal epidermal cell, pedestal cell and four terminal cells (or quadrifid arms). Solutes (food dye

and CF) and water may follow a symplastic route as manifested. @ ,@
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