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Abstraet. Habituated sugarbeet callus examined by means of a light-microscope is character-
ized by absence of differentiated tracheary elements and of the reaction with syringaldazine.
Habituated tissues also were found to exhibit low guaiacol — and syringaldazine-peroxidase
activities, a deficiency of lignin as well as lower cellulose, dry mass and chlorophyll contents as
compared to the normal auxin-requiring callus. These histological and cytological features led
to consider this habituated callus as a vitrified tissue under stress. The question of a relationship
between vitrification and habituation is posed.

The process of habituation in sugarbeet callus was already examined
using a comparative analysis of auxin content, auxin protectors, peroxidase
pattern and inhibitors between an auxin-nonrequiring and a normal auxin
(2,4-D)-requiring cell lines (KuvERs et al. 1981). Both tissues contained an
equal amount of IAA but habituated callus was typically characterized
by a very low enzyme activity in soluble, membrane and wall (ionic and
covalent) fractions. Differences were also reported in the calcium-controlled
peroxidase secretion by both types of cells in suspension cultures (KEVERS
et al. 1982, GASPAR ef al. 1983, PENEL et al. 1984) : sugarbeet cells released
peroxidases in proportion to their endogenous level. Peroxidase and its
release likely play a role in cell wall stiffening and/or lignification (Gaspar
ef al. 1982, EpsTEIN and LaMpoRT 1984, Mc NEIL ef al. 1984, Ta1z 1984).
Its paucity in habituated cells could be conceivably responsible for their
brittle appearance. This leads us to further investigate the habituated callus
as to its lignification degree by lignin determination and histological analysis
of xylem formation, using syringaldazine as a specific substrate of lignifying
cells (GOLDBERG et al. 1983). Habituated calli moreover visibly contain less
chlorophyll and look more watery than the normal ones. These parameters
also have been evaluated here with our former hypothesis in mind that the
so-called vitrification process of organized tissues (DEBERGH et al. 1981)
might result from deficiency of lignification, reduced cell wall pressure and
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hyperhydricity (KEVERS et al. 1984, KEvERs and Gaspar 1985) and that
a comparison may perhaps be established between such vitrified tissues and
the habituated cells.

MATERIALS AND METHODS

Experimental conditions for obtaining normal (2,4-D requiring) and habitu-
ated (auxin-nonrequiring) calli of sugarbeet (Beta vulgaris L. altissima)
and for maintaining these tissues in stock solid cultures have been reported
elsewhere (KEVERS ef al. 1981). Such calli, when subcultured every four weeks
on their respective medium (basal medium without plant growth regulators
in the case of the habituated line, but supplemented with 0.1 mg 1-1 2,4-D
and 0.1 mg 1~ BAP in the case of the normal one) were kept unchanged for
at least five years. Inocula of such calli have shown constant. biochemical
and cytological characteristics during at least one year when taken for the
present analyses during the exponential phase of growth of each subculture.

Chlorophylls were estimated according to the method of Mac KINNEY
(1941) by measuring the absorption at 645, 663 and 652 nm of 80 9, (v/v)
acetone extracts of fresh materials.

The spectrophotometrical method of Jounson et al. (1961) as described
by ALIBERT and BoubpEeT (1979) was used for lignin extraction and deter-
mination. Lyophilized samples of calli were ground in a mortar. to get a dry
powder. The soluble substances were extracted first with a solution of NaCl
M containing triton X100 (1:2, v/v), then with a 1:2 (v/v) alcohol-benzene
mixture. After alkaline hydrolysis of the residue and solubilization in ace-
tylbromide, the lignin level was estimated by UV (280 nm) spectrophoto-
metric measurement.

Cellulose was isolated after extractions eliminating successively the chloro-
phylls (acetone 80 9%,), the proteins (NaOH 0.3 M), the pectins (oxalic acid
and ammonium oxalate) and the hemicellulosic substances (NaOH 2.5 M)
following MariGo and BoupkT (1980). All the fractions were discarded by
centrifugation at 3000 g for 10 min and the final residue was lyophilized.
Cellulose was finally extracted with HoSO4 72 9, (2 h at 20 °C), then with
H2S04 2 9% (2h at 115 °C). The residue was again lyophilized and the cellulose
content estimated by mass difference. ‘

Procedures for fractionation and guaiacol peroxidase activity were reported
by DARIMONT et al. (1977). Syringaldazine-peroxidase- activity was measured
following GoLDBERG et al. (1983). Protein was assayed by the Coomassie
blue method (SpEcTOR 1978) with bovine serum albumin as a standard.

Cytology. Samples were collected from the cultures and fixed at room
temperature in 4 %, glutaraldehyde buffered with sodium cacodylate. After
thorough washing in distilled water and dehydration through an ethanol
series, they were embedded in paraffin. Sections 7 pm thick were cut, then
stained with 0.2 9, toluidine blue. Free-hand sections from fresh material
were also used. 40 pl of 0.1 9, solution of syringaldazine in ethanol and 20 yl
0.03 %, aqueous H202 were then added to these sections according to HARKIN
and OBst (1973). Controls were performed by incubating sections in medium
lacking syringaldazine. Photographs were taken in the following 5 min.
All determinations were performed at least three times. Results in Tables 1
and 2 are mean values. Photographs are representative samples of what is
commonly seen.
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TasLe 1
Biochemical characteristics of normal and habituated calli

Analyses Normal Habituated
Water content [9%] 95.05 96.11
Dry mass [%)] 4.95 3.89
Chlorophyll a [ng g~!{fresh mass)] 4.92 2.50
Chlorophyll b [ug g~ (fresh mass)] 7.88 1.39
Chlorophyll ¢ b 12.79 3.89
Chlorophyll «/b 0.62 1.79
Lignin [ 9, fresh mass] 0.206 0.048
Lignin [ %, dry mass] 2.22 0.87
Cellulose [ Y%, fresh mass] 3.06 1.24
Cellulose [9 dry mass] 33.83 19.04
RESULTS

The habituated callus exhibits a watery and yellowish aspect and is brittle
while the normal callus looks greener and more compact. The water content
and the dry mass of both calli at the time of biochemical and cytological
analyses of the present study are given in Table 1. Habituated calli, per
gram fresh mass, contain more water than the normal ones and thus exhibit
a lower dry mass.

Greener appearance of normal tissues obviously is attributed to much
more chlorophyll of both types @ and b (Table 1). The habituated callus was
found to contain three times less total chlorophyll than the normal cell line.
It turns out that chlorophyll ¢ and chlorophyll b are in an inverse ratio in
normal and habituated calli (Table 1), which apparently is due to a very low
level of chlorophyll b in habituated cells.

Ligrin as well as cellulose contents are larger in normal cells (Table 1).
The lignin level is particularly low in habituated cells.

As-already observed (KEVERS et al. 1981), guaiacol-peroxidase activity
of all four fractions of the habituated callus is somewhat lower (about twice
in soluble membrane and wall-ionic fractions, seven times in the wall-covalent
one) than in the normal callus (Table 2). Syringaldazine-peroxidase activity
is almost inexistent in soluble and membrane fractions of habituated cells;

TABLE 2

Soluble, membrane and wall-bound peroxidase activity measured with guaiacol (108 mg mg-!
protein) and with syringaldazine (A 4 min-! mg~1 protein) of normal and habituated sugarbeet
calli

Fractions Normal callus Habituated callus
Guaiacol Syringaldazine Guaiacol Syringaldazine

Soluble 87.74+ 7.0 0.137 + 0.008 36.6 4+ 5.5 0.001
Membrane 112.7 4+ 4.1 0.145 -+ 0.018 66.8 - 4.7 0.012 4+ 0.007
Wall-ionic 74.0 + 7.4 0.056 + 0.004 43.5 + 8.3 0.055 + 0.008
Wall-covalent 141.7 4 6.9 0.032 4- 0.006 20.1 + 2.2 0.043 + 0.008
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it is of about the same level in ionically and covalently wall-bound fractions
of the two calli (Table 2).

Microscopically (Fig. 1), the habituated callus appears to be entirely
composed of two common parenchymatic cell types. One cell type is small
(< 50 pm) and the other one is larger (4 100 pm). The appearance of cells
of a normal callus is illustrated in Fig. 2. In addition to parenchymatic cells,
it shows the presence of many tracheary elements with various sorts of se-
condary wall thickening, namely the reticular type.

Application of syringaldazine or of both syringaldazine and H.0: to
sections of freshly hand-cut samples of the habituated callus does not produce
any staining. When syringaldazine and H:0; are added to sections of
normal callus, a pink staining is obtained which is restricted to the tracheary
elements. In the absence of H2O2 in the incubation medium, no staining is
observed.

DISCUSSION

Data of the present study clearly demonstrate important histological and
biochemical differences between the normal and habituated sugarbeet calli.
Normal callus containg well differentiated xylem cells with normal secondary
wall thickening as generally observed in most calli. Such xylem cells on the
way to lignification specifically react with syringaldazine as expected from
the work of GoLDBERG ef al. (1983). Habituated callus does not show any
tracheary elements and any reaction with syringaldazine. These observations
are substantiated by chemical analyses which indicate a low peroxidase
activity and a very poor level of lignin in habituated cells. Such a relationship
between tracheary elements differentiation and peroxidase activity has
recently been reported by Masupa et al. (1983). The habituated callus also
exhibits large parenchymatic cells and a deficient cellulose level. Such ana-
tomical and chemical features when observed in plant organs (GrouT and
Astox 1977, SUTTER and LANGHANS 1979, LESHEM 1983, VIETH ef al. 1983,
BorNMAN and VOGELMANN 1984, KEvERs and Gaspar 1985) characterize
the so-called vitrification process. Here too, as formerly hypothesized for
entire plantlets (KEVERS ef al. 1984), one may tentatively speculate about
the causal relationship between deficiencies in both cellulose and lignin
contents of the habituated callus and its higher water level, which confirms
its watery aspect. There is only 1 9, difference in water content between the
two strains but such a small difference has been found in vitreous tissues
of whole plants with a watery aspect. Vitreous plants also generally contain
less chlorophyll than normal plants which makes their translucency (He-
DEGUS and Puan 1983, PHAN and LEeTouzE 1983, Z1v ef al. 1983) and presu-
mably lowers their photosynthetic capacity (LEsHEM 1983). The level of both
chlorophyll @ and chlorophyll b is also particularly low in habituated cells.
It is noteworthy that the level of chlorophyll b is higher than that of chloro-
phyll . This is the reverse of what is commonly observed in most other plant
tissues but has already been reported in olive callus (LAVEE and MESSER
1969). Why the level of chlorophyll b is much higher than that of chlorophyll
a in normal callus and whether the opposite characterizes the habituated
tissues remains unexplained.

The habituated sugarbeet callus thus apparently presents all the character-
istics of a vitrified tissue. To our knowledge, histological as well as biochemical



BIOCHEMISTRY AND CYTOLOGY OF SUGARBEET CALLI 5

features of watery calli were never considered from the viewpoint of vitrj-
fication even though substantial differences with respect to cytological and
physiological features between calli are long known (BALL 1969, SHAMINA
et al. 1978). It has been shown, however, that water stress under certain
temperatur conditions might prevent xylogenesis, inerease the dry matter
and the chlorophyll level in calli (BornmaN and HUBER 1979). As stresses
can be considered as factors inducing vitrification (DEBERGH et al. 1981,
Haxkaart and VERSLUIIS 1983) this could mean that some stresses might
be induced by one or some of our chemical and physical culture conditions.
The question therefore arises whether all habituated calli exhibit histological
and biochemical characteristics similar to those of habituated sugarbeet
callus, in other terms, whether a close relationship exists between vitrification
and habituationor conversely. Comparative information is lacking. However,
we can ascertair that habituated tissues, those of tobaceo for instance, are
generally poor in peroxidase (BoucHET ef al. 1978) which is one of lignifying
and/or rigidifyirg factors of the cell walls (Ta1z 1984).
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Fig. 1. Appearance of parcnchymatic cells in the habituated callus after coloration with toluidine
blue. 1850 x .

Fig. 2. Soctions through a normal callus showing xylem cells with lignin thickening. Toluidine
blue coloration. 925 x .



