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Ultrastructure and Development of Nonarticulated Laticifers in
Seedlings of Euphorbia maculata L.
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The ultrastructure of nonarticulated laticifers in the seedlings of Euphorb:a maculata was studied at various develop-
mental stages. The apical regions of the seedlmg laticifers growing intrusively contained large nuclei with mainly
euchromatin and dense cytoplasm possessing various and many organelles such as rich ribosomes, several small vac-
uoles, giant mitochondria with dense matrices, rough endoplasmic reticulum, dictyosomes, and proplastids. This
result suggested that the apical regions of laticifers were metabolically very active. Laticifers in seedlings at the first-
leaf developmental stage did not contain latex particle. In seedlings at second-leaf growth stage, the laticifer cells
contained numerous and elongated small vacuoles. These vacuoles appeared to arise by dilation of the endoplasmic
reticulum and frequently possessed osmiophilic or electron-dense latex particles. The small vacuoles fused with the
large vacuole occupying the central portion of the subapical region of laticifers, and then the latex particles were
released into the large central vacuole. The latex particles varied in size and were lightly or darkly stained. Proplastids
with a dense matrix and a few osmiophilic plastoglobuli were filled with an elongated starch grain and thus were
transformed into amyloplasts. Latex particles were initially produced in the laticifers after seedlings had developed
their second young leaves. In seedlings at forth-leaf stage, latex particles with an alveolated rim were found in the

laticifers.
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Laticifers are specialized cells with an exudate, a
latex or milky sap. The latex consists of various chem-
ical substances such as a complex solution of sus-
pended particles, which are usetul economically and
biomedicinally (Fahn, 1979; Calvin, 1987). Nonartic-
ulated branched laticifers are characterized by multi-
nucleated cells and their intrusive apical growth
(Mahlberg, 1993). This cell type has been studied at
the subcellular level in many latex-producing plants. It
has commonly been suggested that in several species
a large central vacuole develops during the differenti-
ation of laticiters; electron-dense latex particles or
osmiophilic gobules are then released into the vacuole:
Euphorbia marginata (Schulze et al., 1967), Nelumbo
nucifera (Esau and Kosakai, 1975), Asclepias syriaca
(Wilson and Mahlberg, 1978, 1980), Ficus carica
(Rachmilevitz and Fahn, 1982), Fuphorbia pulcherrima
(Fineran, 1983). However, cellular components par-
ticipating in the formation of latex particles differ in
the various plant species. Latex particles have been
reported to arise in the cytoplasm ot Taraxacum
bicorne (Heinrich, 1967), A. syriaca (Wilson and
Mahlberg, 1980), and F carica (Rachmilevitz and
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Fahn, 19823, in Golgi vesicles of Euphorbia characias
(Marty, 1968), in association with rough endoplasmic
reticulum of Gnetum gnemon (Bencke and Her-
rmann, 1978), and in small vacuoles of N. nucifera
(Esau and Kosakai, 19751 and F. pulcherrima (Fineran,
1983).

The purpose of this stucly was to investigate the
ultrastructure of nonarticulated laticifers of Euphorbia
maculata ot various developmental stages and to
determine the site of the formation of latex particles
and the time when the latex particles are produced in
this plant .

MATERIALS AND METHODS

Seeds of F. maculata L. were soaked on the moist
filter paper in petri dishes at in the dark and at 28°C
in an incubator. Seedlings with the first young leaves
were collected 1o observe laticifers at the early devel-
opmental stage. Greenhouse-grown seedlings which
had developed their second to fourth young leaves
were collected to characterize the fine structure of
laticifers at the subsequent stages.

Whole seedlings were prenxed in 4% glutaralde-
hyde or 2.5% glutaraldehyde-2% paraformaldehyde
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in 0.1 M sodium cacodylate butier ipH 6.8) al room
temperature for &-12 ho The shoor apical segments
with the voung, leaves were excised and additionally
prefixed for 1-2 ho Al materials were posttixed in 19
O.0; in 0.1 M sodium cacadylate buifer and dehy-
drated through an ethyl alcohabicctone weries 1o
anhydrous acetone. Tissue picces were embedded in

Spurr's resin (Spurr, 1969), polymenzed at 607°C for

20-2:4 h, and then sectioned on a Porter-Blem MT-2
ultramic rotome with glass knile. Sections mounted on
grids were stained with uranyl acetate and lead <ii-
rate. Specimens were examined and photographed
with Philips EM 300 transmission electron micro-
scope at 60 kV.

RESULTS

Laticiters were observed i seedlings at various
developmental stages of which the lirst 1o founh
young leaves had developed. The lengths of the
young, leaves were in the range ol 0.5 mm o |,
In the seediings, laticders holow the shoot apices
were ohsenved.

Using a criterion of vtological teatures, the laticiters
below the shoot apices could be distinguished into
two regions: i apical 1egions growing intrusively
between neighboring parenchymatous cell, and i
subapical regions located at the first intermode in
which large central vacuoles were developed. tnthis
study the tine struclure of laticiers in second-leal
stage scedlings will maink: be deseribed.

Apical Regions

The diameter of the apical regions of laticifers was
narrower compared wath that of remaining subapical
regions  The apical regions grew into intercellular
spaces of adjacent parenchymatous cells. Nuclei
were large and contained mainly cuchromatin at the
apical regions. Dense eytoplasm contained rich ribo-
somes, several small vacuoles, various cell organelles
such as mitochondria, rough endaplasmic reticulum
i-ER), dictvosomes, and proplastids igs. 1 and 2y,
Giant mitachondria with dense matrices and well-
developed aristae were Trequently observed. Hon-
gated proplastids contained dense matrices, and
few osmiophilic plasioglobuli were 1ound, while no
thylakoid membranes  and  stach grains were
observed. However, chloroplasts in- adjacent paren-
chymatous cells had well-developed granal - thyla-
kaick. This 1eature of the plastids allowed us 1o casily
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detect the laticifers growing, within neighboring par-
enshvmatous cells. No - plasmodesmatal connections
between the atidier and parenchyma cells were
tound. Coll walls o laticifers were somewhat thicker
than those of adjacent parenchymatous cells. Such
cytological Jeatires were abso similarly observed
the apical regions growing intrusively in the scedlings
Attt to fourth-leat developmental stages.

Cisternae o the ER were partially - dilated  anel
tommed elongated or wbular small vacuoles (Figs. 3
atd 4 The edongated small vacuoles contained olec-
ron-dense partidles or osmiophibe globules iFigs. 1,
A and 50, and their vacuolar membranes were fused
1o cach other Figs, 2 and 51 The vacuolation of ER
cisternae and the fusion on the vacuolar membranes
wore dlso visibie at the subapical regions,

Subapical Regions

\ large vacaole occupied the contral portion of the
stbapical region of laticifers, whercas several small
ansd clongated vacuoles were located in a thin layer
ol poripheral cytopiasm. In the laticifers of Tirst-leat
stage seedlings latex particles were not found in the
central vacuols and in the peripheral eytoplasm: of
laticiters, small vacuoles were fused with o central
one, and no plastids had starcly grains and thylakoid
moembranes (Fi. 6),

i second-ear slage seedlings, the vacuoles contain-
g latex particles gradually tused with a large central
vaeuole (g, 2, and the partides were released into
the contral vacaole tFig. 81, The size of the fatex parti-
cles varied and the particles were densely or lightly
stained. At this slage, plastids had no thylakoid mem-
brane, but wers tilled with an clongated or rod-shaped
starch gram. and eventually transtormed into amylo-
plasts (Fig. - In laticifers below the shoot apices of
tourth-leat stage seedlings, trothy lightly-stained latex
particles were trequently observed in elongated vacu-
oles andin the large central vacuole (Fig. 10).

DISCUSSION

One of the most striking featwes of the nonarticu-
lated laticifers i the branching and intrusive growth at
the tip regiors between adjacent cells {(Mahlberg,
199 31 In these regions, the dense cytoplasm: con-
tuned kige nuclei with cuchromatin and  various
organelles, induding ribosomes, -ER, mitochondria,
dictyosomes, and proplastids. Such eytological iea-
tres indicated that the metabolism at the apical
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Figures 1-4. Electron micrographs of the apical regions of laticifers below the shoot apices of 1. maculia seedlings with the sec-
ond young leaves. 1. An apical region of laticifer sectioned longitudinally has a large elongated nucleus (N) and a dense cyto-
plasm including rich ribosomes, several small vacuoles (v), proplasticds (Pp) with a dense matrix and o few osmiophilic
plastoglobuli. Bar=1 um. 2. A transverse view of the apical region of a faticifer shows a large nuclens (N) with euchromating and
various cell organclles such as mitochondria (M), rough endoplasnic reticutum i ER), dictyosome (00, proplastids (Pp). Bar=1

pum. 3. Cisterna of ER is partially dilated and torms an elongated small vacuole i, M, mitochondria. Bar=0.1 um. 4. Several
small and elongated vacuoles (v containing darkly stained latex particles (L and membranous structures. 1, dictyosomes; M,

mitochondria. Bar=0.5 pm.
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Figures 5-10. Licctron micrographs ol the apical itig. 5 anel subapical regions thigs 6-10: of laticiters befow the shoot apices of
I maculata seedlings with tirst (Fig. 61, second (Hgs. 5, 79, and sourth (Fig, 103 young leaves. 5. An elongated vacuole contain-
ing latex particles 1y is connected with another ane iv by FR cisterna, Small vacaoles are Tusing cachy other tarrows). Bar=011

un. 6. Transversely sectioned Taticifer. No latex paticles are visible in the numerous small vacunles tviat the peripheral eyto-
plasm anclin a central large one (CV: o small vacuoles (vt are meoporating into a4 CV. Proplastid -Pp) has a dense matrixan d
afew osmiophilic plastoglobuli. N. nucleus; M. mitochondria, Bar= 0.1 am. 7. Transversely sectioned laticifer. A small vacuole G
containing latex particles 1) is fusing with another one Gin. They wre akso tusing with a central large vacuole (CV1L The vacu olar
membrane o1 the small vacuoke tiis appears 1o be partially degraded arrow). Bar=0 5 a8 Longitudinally sectioned laticifer. A
large central vacaole 1OV contains numerous darkly or lightly stained latex particles (L. Small vacuoles tv: possessing latex parti-
cles (L) in the peripheral eytoplasm are tusing tarrow) with a CV. Bar 0.5 . 9. plastic of laticiter b o large and elongated
starch yrain (Sg1. but no thylakoid membrane. Bar= 1 g, 10, Another type ol lates particles (1, with an alveolated rim tarrows
in the clongated vacuoles wi at the peripheral cytoplasm and in the central large vacuole (CVL Arrowhead indicates where a

small vacuole is fused with o large contral one. Bar=00 un,
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region was in a highly active state, which would con-
tribute to the intrusive growth of the laticifer tips. At
the apical regions, enzymes like pectinase may be
synthesized and secreted, which may solubilize pec-
tic substance of the middie lamella of adjacent cell
walls and facilitate the apical intrusive growth (Wil-
son et al., 1976).

The rubber component of latex is usually visual-
ized as the osmiophilic globules in electron micros-
copy (Wilson and Mahlberg, 1980). These electron-
dense particles have been identified as latex particles
in the laticifers of many other latex-producing plants
studied. It has been found that various cellular com-
ponents are associated with the formation of latex
particles in different species (Datta and Ighal, 1994).
In E. maculata, dilated ER cisternae were transformed
into elongated small vacuoles, in which electron-
dense latex particles were formed. This feature was
very similar to those of the laticifers of N. nucifera
(Esau and Kosakai, 1975), A. syriaca (Wilson and
Mahlberg, 1978) and E. pulcherrima (Fineran, 1983).
On the other hand, the latex particles of laticifers may
originate in the cytoplasm in T. bicorne (Heinrich,
1967), A. syriaca (Wilson and Mahlberg, 1980), and F
carica (Rachmilevitz and Fahn, 1982), in Golgi vesi-
cles in E. characias (Marty, 1968), in association with
rough endoplasmic reticulum in C.. gnemon (Bencke
and Herrmann, 1978), and in small vacuoles in N.
nucifera (Esau and Kosakai, 1975) and E. pulcherrima
(Fineran, 1983).

An alveolated type of latex particles observed in the
laticifers of forth-leaf stage seedlings was not reported
in the other latex-bearing plant. In several plant spe-
cies studied, electron-dense latex particles are usu-
ally round and variably sized. In laticifers of A. syriaca,
latex particles are coated with clectron-dense fibrilar-
granular material (Wilson and Mahlberg, 1980).

In E. pulcherrima, the electron-dense matrix of the
latex particles may originate from the vacuolar sap
(Fineran, 1983). However, we could not detect the
origin of the latex particles matrix in E. maculata. The
origin and chemical nature of latex pamcles in E
maculata would need to be addressed in subsequent
work.

No plastids with thylakoid membrane and starch
grain were found at the apical regions of the laticifers
in all seedlings observed. Plastids existed as proplas-
tids and were visible at the subapical regions of the
laticifers in seedlings with the first young leaves. How-
ever, the proplastids were filled with an elongated
starch grain and so were transformed into amyloplasts
during the second-leaf growth stage. Mahlberg (1975)

has suggested that the elongated starch grains in latic-
ifers are derived from the round or oblong ones in
parenchymaous cells. It is thought that a discoid type
of starch grain is phylogenetically considered to be
the most specialized and an osteoid one is intermedi-
ate. In Calotropis, the parenchyma cells have round
or oblong starch grains which are aggregated to form
an osteoid type in laticifers (Datta and De, 1986).
Starch accumulated in laticifers does not utilize dur-
ing plant growth (Biesboer and Mahlberg, 1978). It is
conceivable that laticifer starch grains might carry out
any function like plant protection. Considering that
osteoid type of starch grain can aggregate with itself
casier than round or oblong type, the osteoid type
may be more beneficial in plant protection. It could
be interpreted that more specialized type of starch
grain like osteoid or discoid type may more effective
in occluding laticiferous tubes and in preventing the
bleeding of latex contents, similar to as the formation
of blood clotting in animals when tissues are cut.
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