
Cell wall glycoproteins at interaction sites between parasitic giant dodder
(Cuscuta reflexa) and its host Pelargonium zonale

Bernd Striberny1,2 and Kirsten Krause1,*
1Department of Arctic and Marine Biology; Faculty of Biosciences, Fisheries and Economics; UiT The Arctic University of Norway; Tromsø, Norway;
2Current Address: ArcticZymes AS; Tromsø, Norway

The process of host plant penetration
by parasitic dodder (genus Cuscuta)

is accompanied by molecular and struc-
tural changes at the host/parasite inter-
face. Recently, changes in pectin methyl
esterification levels in the host cell walls
abutting parasitic cells in established
infection sites were reported. In addition
to that, we show here that the composi-
tion of cell wall glycoproteins in Cuscuta-
infected Pelargonium zonale undergoes
substantial changes. While several arabi-
nogalactan protein epitopes exhibit
decreased abundances in the vicinity of
the Cuscuta reflexa haustorium, extensins
tend to increase in the infected areas.

Parasitic plants are specialized in the
relocation of nutrients from autotrophic
plants to their own shoots or roots, poten-
tially harming their hosts in this way.1,2

One parasitic plant genus that has been
classified as noxious weed in many coun-
tries is Cuscuta (colloquial name: dodder).
With special feeding organs, termed haus-
toria in reminiscence of the infection
organs of plant-pathogenic fungi, Cuscuta
invades the shoots of their hosts and taps
their water- and assimilate-conducting
vessels.3 Unlike their fungal counterparts,
however, Cuscuta haustoria are complex
multicellular organs that, in essence,
replace the absent roots.4

The cell wall compartment plays an
important role in the protection of plants
against pathogenic attacks of all sorts.5 Its
main structural building blocks – cellu-
lose, hemicellulose and pectins – form a
physical barrier and are therefore targets
for an enzymatic degradation by parasitic
plants.6 Glycosylated proteins embedded
in the cell wall or located on the plasma

membrane like arabinogalactan proteins
(AGPs), on the other hand, have been
identified as key molecules in signaling
and defense regulation7 and an elevated
expression of one AGP was observed in
tomato upon contact with C. reflexa pre-
haustoria.8 But also in rhinanthoid Oro-
banchaceae that are root parasites, Pielach
et al.9 found that the hyaline body of the
haustorium was enriched for arabinogalac-
tan protein (AGP) epitopes and that this
coincided with a depletion of de-esterified
pectins. A high-throughput technique for
comprehensive microarray-based carbohy-
drate polymer profiling10 applied to a
shoot parasitic Cuscuta species revealed
also a high amount of some AGP epitopes
in the haustoria but did not support a
coinciding depletion of de-esterified
pectins.11

To map the occurence of AGPs and
other glycoproteins more thoroughly, we
extended the CoMPP-analysis described
by Johnsen et al.11 with immunohistolog-
ical analyses of mature C. reflexa/P. zonale
infection sites. Binding of a set of mono-
clonal antibodies (mAbs) directed against
AGP and extensin epitopes was assayed
in vibratome sections encompassing the
host/parasite interface and distal tissues of
both interaction partners using the Alexa-
Fluor 488 fluorophore-coupled secondary
antibody (Invitrogen, Thermo Fischer Sci-
entific Corp.) for detection. Controls
without the mAbs showed only weak
staining in sclerenchymatized tissue and
no staining of cortex cells (data not
shown). As expected, the labeling intensity
of the mAbs was not uniform across tissue
types and often also differed between tis-
sue at the host/parasite interface and tissue
distant to the interface. To facilitate
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meaningful comparisons between the spe-
cific staining patterns of each mAb, we
therefore concentrated on seven specific
areas (Fig. 1A) that represent different tis-
sues at the infection interface (areas I, II
and V) and tissue distant to the infection
site of the parasite (areas III and IV) and
of the host (areas VI and VII), respec-
tively. Staining intensity within each of
these areas was scored using an arbitrary
scale as described for Fig. 1B. The com-
piled data in Fig. 1B represent average
staining intensities of at least four stained
intact cross sections.

Overall, AGPs appeared to be more
abundant in the host than in the parasite
while the opposite was, by and large,
observed for extensin-specific staining.
The two mAbs that labeled the host most
strongly were LM2 and MAC207, fol-
lowed by JIM13 and JIM16. Only one

AGP-specific mAb (JIM8) was observed
to label parasitic tissue more strongly. JIM
14 reacted approximately equally well
with both interaction partners while JIM
4, JIM15 and JIM17 did not show any
specific immunolabeling. The infective tis-
sues (parasitic parts of areas I, II and V) on
average labeled equally strong or stronger
for AGPs than the non-infective parts of
the parasite (areas III and IV). Remark-
ably, the high abundance of the AGP
epit-opes detected by LM2, MAC207 and
Jim14 in the cortex and pith of the host
(areas VI and VII) was strongly reduced in
the vicinity of the penetrating haustorium
of C. reflexa (areas I, II and V) (Fig. 1B
and Fig. 2A-C).

Three of the extensin-specific mABs
showed equal or stronger binding in the
parasite (Fig. 1B) while one (JIM19)
produced no signal. Interestingly, the

uninfected cortex of P. zonale was not
stained by any of the extensin epitope-
binding antibodies. Area II representing
infected cortex below the attachment site
and adjacent to the penetrating hausto-
rium, on the other hand, exhibited strong
staining in the cell walls with mAB JIM20
(Fig. 2D-F) and, to a lesser extent with
JIM11 and JIM12 (Fig. 1B).

The enrichment in AGP epitopes in
the infectious organs of Cuscuta and the
relative depletion of extensin epitopes are
consistent with the results of the immuno-
labeling study with the hyaline body in
the haustorium of the root parasitic Rhi-
nanthus minor9 and tentatively support
the notion that some common mecha-
nisms underlying the parasitic lifestyle in
shoot parasites (such as Cuscuta) and root
parasites (e.g. Rhinanthus) do exist. The
depletion of AGPs in the P. zonale tissue
around the Cuscuta haustorium, on the
other hand, has not been described before
and contrasts with the observed induction
of a tomato AGP upon attack by Cuscuta.
With tomato being a resistant host while
P. zonale is susceptible, this observation
opens for speculations that AGPs may be
involved in conferring resistance to
incompatible hosts. The accumulation of
extensins in the very same areas where
AGP depletion was observed is also novel
and intriguing and calls for more in-depth
analyses on their interplay in the future.

The penetration of host tissue by the
parasitic plant haustorium is an example
for the intrusive growth of foreign plant
cells in other individuals or species.12 An
even better studied example is the growth
of the pollen tube through stigma and
style during angiosperm cross-fertilization.
Indeed, pollen tip growth is also accompa-
nied by a deposition of AGPs into the
tips,13,14 and can be inhibited by treat-
ment with an AGP binding reagent,
b-Yariv reagent.15 The lack of two pollen-
specific AGPs in Arabidopsis was, more-
over, shown to invoke changes in the pol-
len tube gene expression profile.16

Calcium- and signaling-related genes that
play a role in pollen tube growth but also
in the interaction between Cuscuta and its
hosts17,18 were among the genes found to
be altered in AGP-lacking pollen.16 Com-
parative investigations of the different
types of compatible cellular interactions

Figure 1. Immunohistolabeling survey of AGP glycan and extensin epitopes in stems of Pelargo-
nium zonale infected with the parasitic plant Cuscuta reflexa. (A) Schematic picture of a cross section
through an infection site. Areas, which were investigated in detail are indicated with numbered
boxes: White boxes indicate interface areas, dark purple boxes represent non-infective parasite tis-
sue and gray boxes represent host tissue distant from the infection site. (B) Heatmap of the relative
intensities of the fluorescent signals in the C. reflexa/P. zonale cross section areas depicted in (A),
based on a arbitrary scale from 0 (no fluorescence detected; yellow) to 4 (strong fluorescence; dark
green). The nine mABs for AGP glycans and 4 mABs for extensins that were assayed (see Johnsen
et al.11 for a description) are shown on the left. Sectioning and immunostaining of vibratome sec-
tions were performed as described.11
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between individual plants may in the
future be able to reveal the full extent of
such congruencies and allow deeper
insight into the evolution of the parasitic
plant haustorium.
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