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In wheat callus the relationship between the changes of the electric potential of cells and their differentiation was in-
vestigated. The study was performed on calluses of various differentiation ability: from immature inflorescence, leaf
bases and from young stem nodes. In non differentiating tissues more than 90% of cells showed the potential ranging
from ~1 to =10 mV. The formation of the clumps of embryoidogenic cells was accompanied by the appearance of cells
of the potential ranging from ~10 to —20 mV, and in the regions of macroscopical centres of differentiation the poten-
tial decreased to values ranging from -20 to —40 mV. The rate of the accumulation of cells of low potential was related
to the differentiation ability of the callus: it was maximal in the callus from inflorescence, slower in the callus from
leaf basis and the least in the callus from intercalary tissue. Cooling of the callus resulted in decrease of the share of
cells of low surface potential. This could be observed during next two weeks and was especially pronounced in callus of
lower morphogenic ability. However, about three weeks after cold treatment its stimulative effect disappeared. Our
results support the assumption that electric relations in callus differentiating by way of organogenesis seem to differ
from those in the embryoid forming callus. However, the presence of some amount of low potential cells also in tissues
unable of differentiation indicates that the decrease of the potential is not an absolute marker of the differentiation
process, but can indicate rather potential differentiation ability of the callus. These results, however, do not support

the assumption that these potential changes initiate the differentiation processes.

INTRODUCTION

Differentiation of the embryo leading to the for-
mation of new organs and tissues is determined by
the activity of the morphogenetic centers producing
gradients of the morphogens. This results in
macropolarization of the whole embryo as well as
micropolarization within the individual cells. It can
be assumed that the differentiation process of the
callus tissue is also preceded by micropolarization
of the cells forming centers of this differentiation,
Reynolds and Kitto (1992).

Rathore and Goldsworthy (1985) suggested that
the disordered growth of the callus unable to dif-
ferentiate may be due to the lack of the polarity in
its cells. This assumption is indirectly supported by
the fact that the impulse of a weak electric current
results in the change of the electric orientation of
the cells in a suspension culture and may stimulate
their differentiation. The presence of 2,4-D in the
nutrient increases the differentiation of the callus,
when compared with TAA, but results also in the
formation of the more electricaly disordered cells
(Goldsworthy & Mina, 1991). The ordering of the
direction of the cells polarity, both during the dif-

ferentiation of the callus in the in vitro culture and
during further polar growth of the merystemoids, is
related with the changes in the electric potential of
the callus tissue, Goldsworthy and Lago (1992)
however, natural electric conditions prevailing in
the callus at the beginning of the differentiation
could remarkably differ from those accompanying
the embryoid formation.

In a previous study, Filek and coworkers (Filek,
Pazurkiewicz, Dubert. Marcinska & Biesaga-Ko$-
cielniak, 1993) the change of the electric potential
of cells in the callus tissue accompanying both the
transfer of the tissue to cold and the formation of
the differentiation centers was also observed. Cal-
Ius grown at the temperature of 5°C showed a sig-
nificantly lower potential when compared with that
grown at the temperature of 20°C. The relation
between the cell electric potential and the differen-
tiation of cells was studied both indirectly, by ob-
serving the increase of the dispersion of the par-
ticular values of the potential round the mean value
during the period preceding the formation of the
microscopically visible centers, and directly, by
measuring the potential of cells in the differentia-
tion centers and in non-differentiated tissue sur-
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rounding the centers. The potential of the differen-
tiation centers was found to be significantly lower,
It was also found that a remarkable part of the
changes of the cell potential was negatively corre-
lated with the phosphatidylinositol (PI) concentra-
tion in the membrane lipids.

The experiment presented here aimed at a more
precise characterization of the relation between the
changes of the electric potential of the cells from
the wheat callus and the differentiation process
taking place in the callus. This was realized by the
estimation not only of the mean values of the po-
tential, but also by distinguishing a class of cells
differing in their potential values. Studies were also
made on whether a short-time action of cold (5°C)
activates the differentiation of the cells in callus
and influences the value of their electric potential.
The study was performed on callus tissues differing
in their origin and in the resulting ability of differ-
entiation. Callus regenerated from wheat immature
inflorescence, leaf bases and from young stem
nodes was used. As it follows from our previous,
unpublished data, callus from inflorescences
showed the greatest ability of differentiation, callus
from leaf bases revealed also some ability of stem
differentiation, while callus from nodes remained
non-differentiated.

MATERIAL AND METHODS

6-week old plants of a spring variety of wheat, cv
Jara, grown in a glassroom, were used in the ex-
periment. Apical parts of plant stems with imma-
ture inflorescences of about 5 to 10 mm in length
were collected, disinfected with 60% ethanol (1
min) and 10% solution of commercial bleach Do-
mestos (20 min) and rinsed with sterile water. After
disinfection and isolation, immature inflorescences
as well as basal parts of the youngest leaves and
the youngest nodes were sliced into 1-2 mm frag-
ments and placed on MS nutrient, Murashige and
Skoog (1962) supplemented with 2 mg-dm™ 2,4-D.
The growth of the callus was carried on for 9
weeks at the temperature of 25°C in continuous
light 4 W m™ s™" (PAR). After four weeks of the
callus culture part of the plant material was sub-
jected to 7-day cold treatment at the temperature of
5°C and then transferred back to the temperature of
25°C. Callus cultured all the time at the tempera-
ture of 25°C was used as the control. About 150
individual callus tissues were used in the experi-
ment.

Electrophysiological measurements of the sur-
face potential (Es) as well as microscopic observa-
tion of the differentiation of callus were started af-
ter four weeks of the growth of callus and were re-

peated every week. The electric potential was
measured at the temperature 20°C in callus cells
using standard microelectrode technique (Abe,
Takeda & Senda, 1980; Takeda, Abe, Morikava &
Senda, 1983). Callus was put on the layer of the
APW solution (0.1 mM KCI, 0.1 mM NaCl, 0.2
mM CaCl;). The Ag/AgCl measuring microelec-
trode filled with 3 M KCI and connected to an
ohmmeter of input resistance greater than
10'° Ohm was fixed in the micromanipulator and
moved over the callus surface while the reference
electrode remained immersed in APW. Each meas-
urement was repeated ten times on separate tissues.
On the basis of the electric potential values the
callus cells were sorted into 4 classes: from 0 to -9
mV, from —-10 to =15 mV, from —16 to —20 mV
and from -21 to -40 mV, and the callus tissues
were compared according to both: histograms pre-
senting the percentage shares of cells from the par-
ticular classes of the potential and the mean values
from all measurements of the potential.

In the microscopic observations of the differen-
tiation processes in callus tissues, performed at the
beginning of callus growth (from 4th to 7th week
of the culture), the percentage of small and round
cells (potential ability for differentiation) was de-
termined, and later the percentage of the visible
field of microscopic observation occupied by the
differentiation centres of hard and condensed
structure (mean value from 8 to 9 weeks) was esti-
mated. Counting of cells and estimation of the
surface were performed 10 times in each callus and
10 calluses from particular treatments were taken
for analyses.

RESULTS AND DISCUSSION

Microscopic observations of callus from the inflo-
rescence and from the leaf basis carried out at
week’s intervals, showed increasing heterogenity
of the tissues. Histological changes in callus tissues
were similar to those described in the literature and
corresponding to the embryo- and organogenesis
processes (Nadel, Altman & Ziv, 1990; Julliard,
Sossountzov, 1992; Upadhyay, Macoveychuk,
Nikolaeva & Batygina, 1992; Verdeil, Huet, Gros-
demange & Buffard-Morel, 1994). At the begin-
ning of the culture in non-differentiated callus the
presence of two types of cells could be seen: large
parenchymatic, of different shape and size with
thin cell wall, apart from other small and rounded
cells. During the culture of the callus two types of
cell clumps were observed: a globular-shaped em-
bryoid-like structures appeared on the surface of
tissues, transformed later into bipolar and hard-
sharped structures and apical meristem like struc-



28 Maria Filek ef al.

A 100,

50/

25

B 100

C 100

%
75]

50

25

o

4 5 6 7 8 9

Weeks of culture

Bl oct-tomv
AN -10 to -15 mv

7 8 9
Weeks of culture

[ ]-16to-20mv
B -21t0 -40mv

Fig. 1. Changes in percentage share of cells of different values of the surface potential in winter wheat callus of different ori-
gin during culture. A ~— callus from 10 mm long immature inflorescence. B — callus from leaf basis. C — callus from
intercalar tissue of stem node. 25°C — callus grown all time at the temperature of 25°C (control) or 5°C + 25°C — cal-

lus grown for 1 week at 5°C and then transferred to 25°C.,

tures. These structures developed then into macro-
scopically visible green centers and after about 9
weeks of culture growth they regenerated plan-
telets.

As it follows from literature, embryogenesis is
the most frequent way of differentiation in wheat
callus (Menke-Milczarek & Zimny, 1992; Lhotova
& Kucera, 1990). However, the presence of mer-
istematic structures in callus from inflorescence
seems to indicate that in some regions of the callus
organogenic clumps of cells also develop which
then differentiate into apical meristems of shoots or
roots.

In callus originating from intercalary tissue the
differentiation process was much slower and did
not lead to regeneration of plants.

The microscopic observations were accompanied
by measurements of the electric potential on the
surface of callus cells. The surface potential of
cells was always negative to the culture medium
APW. In non-differentiating tissues the changes in
the values of the surface potential were relatively
small and during 7-week culture more than 90% of
cells showed the values of the potential ranging
from —1 to -10 mV. However, the formation of the
clumps of embryogenic cells was accompanied by
the appearance of cells of the surface potential val-
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ues ranging from -10 to —20 mV, and in the re-
gions of macroscopically visible differentiation
centers and formation of organ-like structures a
strong decrease in the potential to values ranging
from -20 to —40 mV was found. These results indi-
cate that increasing intensity of the differentiation
process in callus was accompanied by increasing
share of cells of lower potential values. The rate of
the accumulation of cells of low potential was re-
lated to the differentiation ability of the callus, as it
was maximal in the callus from inflorescence,
slower in the callus from the leaf basis and finally
the least in the callus from intercalary tissue. The
cooling of the callus resulted in short-time stimu-
lation of the accumulation of cells of low surface
potential. The stimulation could be observed dur-
ing two weeks after cold treatment and was espe-
cially pronounced in callus tissues of lower mor-
phogenetic ability. However, about three weeks
after cold treatment its stimulative effect disap-
peared and, moreover, this treatment accelerated
the necrosis of callus from intercalar tissue which
lost its viability after 8 weeks of culture.

A similar conclusion follows from a comparison
of the weighted mean value of the absolute values
of the surface potential (Tab. 1). These values in-
creased the fastest in the callus from inflorescence,
slower in the callus from leaf basis. This cold
treatment resulted in 2-weeks long stimulation of
the potential which could be clearly seen in callus
of weak morphogenic ability. Callus from young
inflorescence showed the highest heterogeneity ex-
pressed as the percentage share of small rounded
cells. The differentiation of callus from leaf basis
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was smaller and it was minimal in callus from in-
tercalar tissue. The cold treatment did not stimulate
the beginning of the callus differentiation, because
after 5 weeks of culture the cold treated callus from
inflorescence comprised only 10% of differentiated
cells while the control not treated with cold con-
tained about 25% of the cells. In spite of this, cal-
lus transferred from the cold was more condensed,
and the characteristic green centers of differentia-
tion appeared at about the same time as in the con-
trol (after about 6 weeks of culture for callus from
inflorescence and after about 7 weeks in case of
callus from the leaf basis).

The presented changes in the surface potential
related with the differentiation in callus of wheat
were similar to those observed during diffcrentia-
tion of callus from tobacco and carrot (Golds-
worthy & Lago, 1992). Tobacce callus showed
strong changes in the surface electric sotential in
places corresponding to the localization of devel-
oping meristemoids, while the nci-differentiating
tobacco callus and also carrot callus regenerating
embrioids did not show any marked changes in the
potential in the embriogenic regions. These
changes did not exceed the value of -15 mV. Us-
ing the same interpretation we may assume that in
our experiments the main way of differcntiation in
wheat callus was embryogenesis (more than 50%
cells showed only a small decrease of the potential
after 8 weeks of culture (to about ~20 mV). Cnly
as late as during the last week of culitire some per-
centage of cells of the surface potential dropping to
the value of 40 mV could be detected. These
points with relatively lower surface electric poten-

Table 1. The influence of the duration time of culture of wheat callus on the average value of the cell surface
electric potential "P" (mV) and its ability of differentiation "D" (D — ability of cells for differentiation esti-
mated as percentage of small quasi-rounded cells in microscopic observations (from 4™ do 7" »-eck of the
culture), or as the percentage of surface in the microscopic field occupied by clumps of cells forming centres
of differentiation (mean values from observations in 8" and 9™ week of culture)

Para- Weeks of callus culture
Explant 2°C meter 4 5 6 7 8 9
- P —4.5 -5.5 -5.6 -6.9 -10.8 -20.0
Inflore- D 3 25 15 48 32
scence + P -4.5 -5.6 -5.7 -5.5 -8.8 -21.8
D 3 10 10 72 35
- P -4.5 -4.5 -4.5 ~6.4 —-6.9 ~13.5
Leaf D 5 3 15 34 7
basis + P -4.5 -5.5 -53 -5.3 -64 -13.1
D 5 0 10 33 12
- P -4.5 -4.5 -4.5 -5.5 -5.7 -13.7
Stem D 0 5 10 8 9
node + P 4.5 -6.7 6.1 -5.3 ND ND
D 0 0 0 17 ND

ND —- not determined
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tial corresponded to the location of the microscopi-
cally visible meristemoids. However, cells of the
lowest potential appeared also in the callus from
intercalar tissue which did not reveal any ability for
plant regeneration.

Our results support thus the assumption made by
Goldsworthy and Lago (1992) that natural eleciric
relations in callus differentiating by way of organ-
ogenesis seem to differ from those in the embryoid
forming callus. However, the presence of the low-
est potential cells also in tissues unable of differ-
entiation indicates that the decrease of the potential
is not an absolute indicator of the differentiation
process, but can be used rather as an early signal
indicating the potential ability of cells for differen-
tiation. The realization of this potential possibility
of cells depends on later conditions of the callus
culture.

Cold treatment resulted in a short-time change of
the surface potential in the callus tissues. Similar
changes were observed also in previous investiga-
tions when callus from immature scutellum of
winter wheat was used (Filek af af., 1993). Those
changes of the cell surface potential were corre-
lated with the changes in the content of the phos-
phatidylinositol fraction of phospholipids. Thus we
can assume that the potential changes observed
now, which appeared in some of the cells from
cold treated callus, were also related to changes in
the composition of the cell membrane lipids ac-
companying the adaptation of the callus to low
temperature. These changes did not accelerate the
differentiation of the callus, yet in cold treated tis-
sue after 9 weeks of culture more regions of the
most negative potential (to -40 mV) could be ob-
served as compared with the control tissue.

These results indicate the existence of a relation
between changes of the surface potential of cells in
callus, and its subsequent differentiation. The oc-
curence of cells exhibiting lowered surface electric
potential in the uniform callus tissue may be re-
garded as a symptom of the appearance of the abil-
ity for differentiation in the tissue. However, this
ability may not be realized when the conditions of
the callus growth are not suitable. Thus, the low-
ering of the cell electric potential may be an early
signal of the potential differentiation ability, how-
ever, the results presented here do not support the
assumption according to which these potential
changes initiate the differentiation processes, espe-
cially when different ways of the differentiation
processes are possible.
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