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of the Host Parenchyma
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ABSTRACT

Two cell types, Up cells and hyphal cells, were found at the front of Cuscuta australis endophyte
growing into the stem parenchyma of the host plant, Trifolium repens. Each tip cell developed
into an elongate, filamentous hypha. The cells of hoth types possessed a dense cytoplasm including
abundant organelles and enlarged nuclei with the deeply lobed envelope. The unevenly thick walls
werc observed in certain tip cells. The wall penetrated through the middle lamellae of the host
cells and engulled the debris of broken host cells. Some front cells had the plasmalemma-wall
invaginations, which increased the surface area and would facilitate material uptake from the host.
No plasmodesmata between the host and parasite cells were found; instead, an apoplastic continuity
was established by fused cell walls at the interface of the two partners. The apoplast was thought
to be the main route for water and nutrients transport.

INTRODUCTION

In the advancing endophyte of Cuscuta australis, the
tip cells grow separately from each other in a certain
depth of the host tissue. They transform into filamentous
hyphae. In the host, the hyphae reach vascular tissues
through the cortical parenchyma, and differentiate into
the xylary or phloic conductive elements (Lee and Lee,
1989). Eventually a continuous vascular system is formed
between the host and parasite (Lee and Lee, 1991). The
Cuscuta hyphae penetrating the cortical parenchyma of
the host may selectively ahsorh nutrients from the host
cells (MacLeod, 1961). The Cuscuta-hyphae growing into
or between host parenchyma cells were observed (Dorr,
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1968): such a hypha is called as a “searching hypha”,
which develops into a “contact hypha” reaching the host
phloem. The cells of the intercellularly growing hypha
contain rich protoplasts with numerous cell organelles
and nucleus having highly lobed envelope (Dérr, 1969).
In Orobanche, haustorial cells growing intercellularly con-
tain dense protoplasts and abundant cell organelles (Dorr
and Kollmann, 1974).

Since the conductive hyphae absorb water and nu-
trients from the host, those parasitic cells have been stu-
died much in the parasitic angiosperms. On the contrary,
the front cells of the endophyte growing within the host
parenchyma have been described from a limited number
of parasites. This study aims to describe the ultrastruc-
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tural features in the front cells of advancing endophyte
which grows at the region of the host parenchyma and
interpret them on the functional aspects of the parasitic
activity in Cuscuta australis.

MATERIALS AND METHODS

A parasitic plant Cuscuta australis R. Brown coiling
on the host plant Trifolium repens L. (Fig. 1) was collect-
ed at the campus of the College of Natural Sciences,
Sung Kyun Kwan University, Suwon. Methods followed
our previous paper (Lee and Lee, 1989).

RESULTS

Some of the hyphal cells which originated from the
tip cells, reached the host xylem and phloem through
the host parenchyma, while others grew in the interfasci-
cular parenchyma. Front cells of the endophyte growing
in the host parenchyma regardless of their growing posi-
tion, consisted of two cell iypes, tip cells and hyphal cells.
They were distinguished from the axial cells, the rest
of the front cells of the endophyte, by presence of den-
sely stained cytoplasm and enlarged nuclei (Fig. 2).

Ultrastructurally, the tip cells had an electron-dense
cytoplasm with abundant cell organelles. These cells con-
tained multivesicular bodies (MVB) which were bounded
by their own membrane (Fig. 3). The bounding mem-
brane of MVB fused with plasmalemma and then relea-
sed their vesicular and tubular contents into the cell wall
(Fig. 4). Such a membrane fusion after releasing the con-
tents seemed to play as a role to the invagination of
the plasmalemma and cell wall. The invaginations con-
tained fibrilar, vesicular, and tubular structures (Fig. 5).
The latter two structures appeared to be derived from
dictyosomes and endoplasmic reticulum which were clo-
sely associated with the invaginated plasmalemma. A fu-
sed appearance between both walls of the parasite and
host cells was visible (Fig. 5), in which cellulosic fibrils
were CcOnspicuous.

Certain tip cells showed the unevenly thickened walls,
seemingly consisting of an amorphous material (Fig. 6),
and exhibiting unique behaviors such as penetrating the
middle lamellae of the host parenchyma cells (arrow in
Fig. 6) as well as engulfing the debris or remnants which
were believed to be originated from the host cell. The
origin from the broken host cell was obvious because
of starch grain and thylakoid membranes (Figs. 7 and
8). The chloroplast of the host cells infected by the tip
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cells, was deformed in the structure, while the chloro-
plast in an uninfected host cell was intact (Fig. 9). The
hyphal cells growing into or between the host cells also
contained an electron-dense cytoplasm with numerous
cell organelles (Figs. 10 and 11).

The intracellularly growing hyphal cells exhibited plas-
malemma and wall invaginations (Figs. 11 and 12) simi-
larly to those of the tip cell. Bundles of microfilament,
each about 7.5 um in diameter, sometimes appeared in
the nucleus (Fig. 13) and cytoplasm (Fig. 14) of both tip
and hyphal cells. In the cytoplasm, the microfilament
bundles were closely associated with other organelles
such as mitochondria, dictyosomes, multivesicular bodies,
and vesicles. The deeply lobed nuclear envelope was
another characteristic feature of the nuclei in the tip and
hyphal cells (Fig. 15).

DISCUSSION

The endophyte tip and hyphal cells growing in the
host parenchyma region were characterized by the pres-
ence of a dense cytoplasm having numerous cell organel-
les in Cuscuta odorata (Dorr, 1968, 1969), Orobanche
(Dorr and Kollmann, 1974), and Comandra (Toth and
Kuijt, 1977). The present study obtained the same result
in C. australis. The cytological feature suggested that
these tip and hyphal cells were metabolically active, Par-
ticularly, the enlarged nucleus with a deeply lobed enve-
lope suggested a high degree of nuclear activity. The
increase in the nuclear surface area and pores would
possibly facilitate the material transport to and from cy-
toplasm (Jordan ef al., 1980).

Microfilament is likely to be actin in the chemical na-
ture (Palevitz ef al., 1974) and is known to perform an
active transport in the cyloplasmic streaming (Williamson,
1980). It also participates in the elongation of fungal my-
celium (Hohl et al., 1968). Microfilament bundles probably
participate more actively in the movement of other orga-
nelles and in the nuclear cyclosis (von Stosch, 1972).
Cresti et al. (1985) described microfilament bundles in
pollen grains, but the bundles did not appear in the pol-
len tube. They interpreted that the microfilaments might
be used as a source of protein for an elongation of the
pollen tube. The presence of microfilament bhundles in
the endophyte front cells suggests their role for an elo-
ngation of the front cells.

The “callose cap” was reported to be accumulated on
the wall of the Cuscuta-hyphae, and it was interpreted
that the callose may be secreted from the host cell to
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protect itself from the invasion of the parasite cell (Dorr,
1969). The fibrous “cap” that appears in the digitate cells
of Comandra (Toth and Kuijt, 1977) causes to damage
host cell. The heavily thickened-wall of some tip cells
seemed to penetrate through the middle lamellae of the
host parenchyma cells and to engulf the debris of the
broken host cells. This feature has not been reported
from the haustorial cells of parasitic angiosperms studied
g0 [ar. The present observation suggests that the thick-
ened-wall material would be amorphous and flexible
rather than hard as in the Comandra (Toth and Kuijt,
1977), and that the wall might contain enzymes degrading
the host cell wall (Nagar et al., 1984).

It is expected that the front cells elongate toward the
host vascular bundle during further growth. The cell wall
materials are possibly derved from multivesicular bodies
(Moore and McAlear, 1961; Halperin and Jensen, 1967;
Fowke and Setterfield, 1969) or vesicles derived from
ER and dictyosomes (Mollenhauer and Morre, 1980). It
was suggested that membrane [usion between the plas-
malemma and multivesicular bodies or vesicles, may re-
sult in forming the invaginations of the plasmalemma and
wall of the endophyte front cells. Such invaginations
could act to enlarge the absorptive surface area as In
transfer cell, through which material translocation may
be [acilitated from the host to the parasite (Macleod,
1961; Gunning and Steer, 1975; Dell et al., 1982; Alosi
and Calvin, 1985).

The plasmodesmata between the walls of the host and
the parasite cells have been proposed (Bennett, 1944;
Dérr, 1969, 1987; Tainter, 1971, Dell ¢f al., 1982), however,
that was not observed in this study and other parasites
(Dobbins and Kuijt, 1973; Dérr and Kollmann, 1974; Toth
and Kuijt, 1977; Alosi and Calvin, 1985; Kuijt et /., 1985).
The apoplastic continuity at the host-parasite interface
would be responsible for the water and nutrients trans-
port from the host to the parasite.
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Explanation of Figures

Figs. 1 and 2. Light micrographs of Cuscuta australis and its host. Fig. 1. Parasite stem growing on the host
stem. X1.3. Fig. 2. Tip cells (TC) grow in the host’s cortical parenchyma (CP) with chloroplast. Some hyphal
cells (H) reach the host xylem (HX) and phloem (HP), while other grows in the interfascicular parenchyma
(IP) of the host stem. X250,

Figs. 3-6. Electron micrographs of the endophyte front cells, Fig. 3. Mutivesicular body (MVB) in the cytoplasm
of the tip and hyphal cells. 33,700, Fig. 4. Plasmalemma has somewhat invaginated portions (arrows). A MVB
fuses (arrowheads) with the plasmalemma and then release the MVS’s contents into the cell wall (CW). X33,700.
Fig. 5. Tip cell (T'C) with many dictyosomes (D) and endoplasmic reticulum (ER) have the cell wall and plasmale-
mma ivaginations, which comprise of fibrilar, tubular, and vesicular structures. Note the fused appearance between
the parasite (PW) and host cell walls (HW). <24,200. Fig. 6. Thick wall material in a tip cell (TC) is separating
the middle lamellae (arrows) of the host parenchyma cells (HC). X6,200.

Figs. 7-11. Ultrastructures of the endophyte tip and hyphal cells. Fig. 7. The thick wall of the tip cell (TC)
contains remnants (arrowheads) of the brocken host cells. A degenerating host parenchyma cell (HC) has a defor-
med chloroplast. X25,800. Fig. 8. A debris derived from the broken host cells, marked by double arrowhead
in Fig. 7, shows starch grain (5g) and thylakoid membranes (arrow). X 131,600. Fig. 9. Normal structure of a
chloroplast in an uninfected host cell. X22,000. Fig. 10. Transectioned hyphal cell (H) growing intrusively through
the intercellualr space of the host cells (HC) contains an electron-dense cytoplasm with several organelles. X 7,800,
Fig. 11. Intracellular growing hyphal cell (H) has many projections of the cell wall and the plasmalemma (arrows).
% 9,300.

Figs. 12-15. Fine structure of the fromt cells of endophyte. Fig. 12. Longitudinal view of a intracellular growing
hyphal cell (H) with dense protoplast also exhibit irregular surface of the plasmalemma-cell wall (arrows). X 14,900.
Fig. 13. Microfilament bundle (MFB) is seen near the nucleolus (NU). X40,800. Fig. 14. MFB in the cytoplasm
is closely associated with dictyosomes (D), mitochondrion (M), multivesicular body (MVB), and vesicles (V). X
39,000. Fig. 15. Enlarged nucleus (N) having highly lobed envelope. X 17,800.
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