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Abstract. Roots of intact pea plants were treated with Thus depletion of the BAA pool results in a decrease of
2.8 x 10“*wm Chlorsulfuron (CS). Meristematic root cells  cell cycle-specific proteins or nucleic acids (Rost 1984,
and leaf mesophyll cells were studied. Mitochondria, Shaner and Reider 1986). It has also been proposed th:
nucleoli, and chloroplasts were the first cell compart- accumulation of the intermediate 2-ketobutyrate rather
ments to show ultrastructural disturbances. Mitochondria than depletion of BAA inhibits growth events (La Rossa
in treated plants had a visibly translucent matrix. The et al. 1987, Rhodes et al. 1987). This toxic substance
nucleoli were in the process of segregation of their fibril- might inhibit growth by inhibition of acetyl-CoA synthe-
lar and granular components and reduction of their vol- sis (La Rossa et al. 1987) or by a subsequent building ug
ume. The structural disturbances of the chloroplasts were of a-aminon-butyrate, another toxic BAA intermediate
similar to those observed during senescence. The result§Rhodes et al. 1987). There is evidence thaminoh-
support the hypothesis that CS inhibits cell growth butyrate can inhibit cell division imAllium root tips
through the accumulation of toxic intermediates. (Langzagorta et al. 1988), acetylate histonesPhys-
arum (Loidl et al. 1984), and stop cell division iHor-
deumroots tips by acidifying the cytoplasm (Reid et al.
1985).

This study was aimed at describing ultrastructural
changes in cell compartments after CS treatment of
plants rich in amino acids. Ultrastructural changes con-
sistent with the synthesis of toxic BAA intermediates

The mode of action of sulfonylurea herbicides is not could be observed long before those due to amino acic

fully understood (Cobb 1992). The sulfonylurea herbi- Starvation.

cide Chlorsulfuron (CS) inhibits plant growth by block- )

ing some processes necessary for cell division. The DNA Materials and Methods

synthesis (S) and mitosis (M) phases are not affected Pea seeds sativumcv. Ran 1) were surface sterilized in 5% NaOCI,
directly, whereas the transition steps,(@ M and G to soaked for 24 h in distilled water, and placed on moistene_d filter paper
S) are affected (Rost 1984). It has been shown that CS\% 10 0o 0 0 o e e arowtn chamber at
Inhlblts RN.A synthesis but not protein Syr.]theSIS In pea temperatugre of 25 + 1°C, gz-h photoperiod, andgrelative humidity of
(P'Sum satlvumroots (ROSt 1984)' The Or'g'nal model about 50%. Daylight fluorescent tubes provided irradiance of about 60
for the sulfonylurea herbicides was that the herbicide ,mol m2 s at plant height. Four days later CS (2-chld¥ei{4-
inhibits the enzyme acetolactate synthase which in turn methoxy-6-methyl-1,3,5-triazin-2-yljaminocarbonyl]-benzene sulfon-
blocks the biosynthesis of the branched amino acids amide; Glean, E.I. du Pont de Nemours and Co., Wilmington, DE,

(BAA) (valine, isoleucine, and leucine) (Ray 1984). USA) at a concentration of 2.8 x 1Hm was added to the nutrient
solution of some plants. The samples were taken 2 mm from the root

tip 24 h after herbicide treatment and from the mesophyllous tissue of

the third leaf 8 days (192 h) after treatment. The samples were fixed
Abbreviations: CS, Chlorsulfuron; S phase, DNA synthesis phase; M with 3% glutaraldehyde in phosphate buffer (pH 7.2), postfixed in 2%
phase, mitosis phase; BAA, branched amino acid(s); CoA, coenzyme A. buffered OsQ solution, and embedded in Spurr’s resin (Spurr 1969).
*Author for correspondence. Thin sections were stained with uranyl acetate and lead citrate. Ter
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Figs. 1-4.Effects of CS on the ultrastructure of the nucleus in meristematic root cells 24 h after CS tre&igebtcontrol plant. The nucleolus
contains intermingled fibrillar and granular materidar, 0.1 um. Fig. 2, initial phases of nucleolar segregatidar, 0.1.um. Fig. 3, the segregated
nucleolusBar, 0.1 um. Fig. 4, a small and compact nucleoluBar, 1 pm. N, nucleus;n, nucleolus;F, fibrillar part; G, granular partCH, condensed
chromatin;Cy, cytoplasm;M, mitochondrion;P, amiloplast;asterisk,chromatin puff.

cells/section, two sections/tissue block, three blocks/variant were ex- fibrillar (inner) zones (Fig. 3), a general tendency for
amined. To estimate the changes in the organization of the cell or- compaction and a decrease in the nucleolar volume wa:
ganfelles and the surface densities_ and distributio_n of the ribosome established. As a result of this process about 20% of the
particles we analyzed the electron micrographs obtained by the electron . .
microscope (Zeiss EM-10). nuclepll _became very small_and compact (Fig. 4). In the
nuclei with compact nucleoli large clusters of condensed
chromatin appeared, and unusual chromatin formations
like puffs (shown by theasteriskon Fig. 4) were also
found. The mitochondrial matrix in CS-treated plants be-

The morphology of the root tips of pea plants was visibly came translucent with a loss of membrane cristae anc
unchanged 24 h after the herbicide action, but the struc- rlbosomes mainly in the center of mitochondria (Figs. 5
ture of the nuclei (especially nucleoli) and the mitochon- and 6). At the same time the ribosome density in the
dria in root cells (see Figs. 2—-4) differed from those of cytoplasm of treated root cells was high enough to allow
control plants (Fig. 1). The granular and fibrillar parts of for an unchanged level of protein synthesis in them (Figs.
the cell nucleolus of control plants were mixed. The 5 and 6).

nucleoli of treated plant cells were in the process of Investigation of the leaf mesophyllous cells 8 days
segregation into granular and fibrillar zones. At the onset after treatment (Figs. 7-9) showed changes in the ultra:
of nucleolus segregation invaginations (cytoplasmatic structure of the nuclei and mitochondria similar to those
channels) directed toward the nucleoli (Fig. 2) were ob- observed in the root cells. The majority of nucleoli were
served. Besides the differentiation of the structural com- either segregated or small and very compact (Fig. 8).
ponents of the nucleolus in the granular (outer) and Numerous mitochondria were concentrated close to the

Results and Discussion
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Figs. 5 and 6.Effect of CS on the ultrastructure
of mitochondria in meristematic root cellBig.

5, control plant mitochondria with well devel-
oped inner systems of cristagar, 0.1 um. Fig.

6, 24 h after CS treatment. Mitochondria with
translucent matrix and reduced number of cris-
tae and ribosome®ar, 0.1 pm.

chloroplasts, their matrix being visibly translucent. Some The ultramicrographs (Figs. 2—4) reflect gradual alter-
of the mitochondria were in an advanced process of de- ations in the nucleus ultrastructural organization causec
struction (shown by thesteriskin Fig. 8). Structural by CS. As the chromatin is condensed, nucleolar size
disturbances in the chloroplasts after CS treatment werediminishes, and the granular zone segregates from th
similar to those observed during senescence. In additionfibrillar one and eventually disappears, leaving a body
to the decrease of chloroplast ribosome density, swelling consisting essentially of fibrils. The changes in the
of some thylakoids, an increased number of plastoglob- nucleolus ultrastructural organization under the effect of
ules, loss of the regular spindle shape, large starch grainCS (reduction of its volume, segregation of its fibrillar
formation, and a large number of different protrusions and granular components) resembled those caused b
(Figs. 8 and 9) were seen. The lighter electron contrast of actinomycin D (Semeshin 1975). Almost all substances
the chloroplast stroma as well as of the mitochondrial causing nucleolar segregation (Simard 1970) were par
matrix could account for the lower concentration of en- of a group of compounds binding directly to the DNA
zymes and ribosomes in them after treatment. The ultra- molecules and interfering with its template activity; that
structural responses to CS were similar in the spongy andis, segregation is a reflection or a response to some spe
palisade cells but were most pronounced in spongy me- cific alteration of DNA rather than the consequence of
sophyllous cells. The abnormal shapes of the chloro- the inhibition of RNA synthesis (Simard 1970).
plasts and a decreased electron density of their stroma The ultrastructure of the nuclei (Gimenez-Martin et al.
were associated with some yellowing of the leaves. We 1977, Simard 1970), mitochondria, and chloroplasts
failed to find a significant difference between the con- showed a decrease of transcriptional and translationa
trols and the treated plants with respect to the protein activity. These ultrastructural changes and the lack of
synthesizing apparatus in the cytoplasm of the leaf cells distinct changes in the cytoplasm ribosome density in the
(data not shown). This might be because the ribo- and present study are in accordance with the data of Spense
polysome densitym? of the cytoplasm, even of two  (1973), indicating that the reduction in the bulk of cell
adjacent mesophyllous cells, was quite variable. proteins occurs first in the cell organelles, especially in
The seed is a rich source of amino acids for 8-day-old the chloroplasts, but not in the cytoplasm. The concen-
plants, which is why it is unlikely that the disturbances in tration of a great number of mitochondria around the
the root meristematic cells of CS-treated plants were a chloroplasts and the formation of perturbances on the
result of BAA deficit. Furthermore, the reduction of bulk  body of chloroplasts in the proximity of mitochondria
proteins in plants is usually due to an inhibition of pro- simultaneously with the disturbances in the inner struc-
tein synthesis rather than to amino acid limitation (Os- tures of these organelles suggest that the exchange ¢
borne 1962); that is, RNA synthesis plays a key role in energy and metabolites between organelles is inhibited
the regulation of protein metabolism. The changes in the The formation of chloroplast protrusions, swelling of
nucleolar structure confirmed the rapid inhibition of thylakoids, changes in starch grains, plastoglobuls, etc
RNA synthesis shown by Rost (1984) after CS treatment. are nonspecific symptoms of stresses such as drough
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Figs. 7-9.Effect of CS on the ultrastructure of spongy mesophyllous cEls. 7, control plant. Mitochondrion with electron-dense matrix and well
developed system of cristae. Chloroplast with dense stroma and well developed system of thyBswoRi4.,.m. Fig. 8, 8 days after CS treatment.
Numerous mitochondria in close proximity to the chloroplasts with a large number of starch grain and plastodbatsulegm. Fig. 9, 8 days after
CS treatment. Chloroplasts with irregular shapes and abnormalities in their organiBatiph..um. Ch, chloroplast;S, starch grainPg, plastoglo-
bules;Cw, cell wall; arrows, swelling of thylakoids;Pr, protrusion.

mineral deficiencies, acid rains, etc. (Holopainen et al. support the hypothesis (La Rossa et al. 1987, Rhodes ¢

1992). These symptoms detected after CS can be re-al. 1987, Rost et al. 1990) of the effect of these herbi-

garded as signs of premature senescence. cides mediated through the formation of toxic interme-
To summarize generally, the inhibition of the synthe- diates. Mitochondria and chloroplasts are the first cell

ses both of RNA and some proteins after CS treatment of compartments with altered structure, suggesting a reduc

pea plants (Rost 1984, Rost et al. 1990) may be a resulttion of protein synthesis.

of a specific inhibition of transcription or a secondary

result of disrupted mitochondrial functions. The rapidly = acknowledgmentsthis work was supported in part by Grant B-502/

occurring changes in the structural organization of both 1995 from the Bulgarian National Foundation for Scientific Research.
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