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Abstract: This study represents a continuation of our researches concerning the

identification of the biochemical markers associated with indirect somatic embryogenesis
in Petunia x hybrida. Previous experiments showed specific expression patterns for

cytosolic proteins and isoenzymes in the induction phase of competence for somatic

embryogenesis. This paper summarizes the results obtained for the phase of embryos

development. In this respect, electrophoretic spectra and the variation profiles of the

peroxidase (POX), glutamatoxaloacetate transferase (GOT), non-specific esterase (EST),

acid phosphatase (PAC) activities and cytosolic proteins concentrations were analyzed
in different stages of the callus cultures on somatic embryogenesis expression medium.

The activity of a new isoperoxidase detected before of some evident morphologic changes,
with a specific expression pattern for Petunia x hybrida prove the role of this enzyme in

initial stages of somatic embryogenesis and its use as a potential biochemical marker in

relation with growth capacity and development of different plant species. The enzyme

activities determination of the 4 studied systems: POX, EST, GOT and PAC led to establish

of characteristic variation profiles both for embryogenesis progress and for induction phase
which consider metabolic events occurring in the transformation of callus tissue.
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Introduction

In vitra culture techniques can be considered alternative study systems for

cell-biology experiments, providing research material, especially for developmental
and metabolic studies that might be difficult to conduct in intact plants. Plant cell

cultures offer the advantage of using aseptic tissue, enabling the uniform inoculation

of cells at a defined moment and the production of sufficiently large quantities of

material for the biochemical analysis (Scandalios & Sorenson 1977).
Plant tissue and suspension cultures of Petunia x hybrida provide a useful

experimental model for the study of indirect somatic embryogenesis (Antofie et al.

2003, Carasan & Antofie 2005) and the developmental changes monitored in a

dynamic way at the biochemical and morphological level contributed to basic research

of differentiation.

Numerous studies that followed improve or induction of plant regeneration had

a limited success for many species because the molecular and biochemical aspects of

the differentiation and morphogenesis are still insufficient understood (Blanco et al.

1997). These processes were often evaluated only by morphological changes, but in

the present it is known that appearance of the first morphological changes can be

detected after few days from the embryogenesis while the modifications in biosynthetic

activity can be detect in a much shorter time (Moreira et al. 1990).
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Therefore, this study proposes identification of characteristic patterns of

enzyme activity variations during somatic embryos differentiation to Petunia x

hybrida. Similar experiments can be performed to other plant species for identification

of biochemical markers of early differentiation events which can be exploited in

propagation and regeneration techniques for improvement of cultivation performance.

Material and methods

Plant material was represented by the callus of Petunia x hybrida, which was

initiated from plantlets cultivated on a basal medium Murashige-Skoog (1962),

supplemented with 1 mg/1 2,4-dichlorophenoxyacetate acid (2,4-D) and o.lmg/l

benzilaminopurine (BAP). The callus culture was maintained on a proliferation
medium containing 1-naphtalenacetate acid (NAA).

Culture conditions for differentiation of somatic embryos consisted in two

successive steps: callus cultivation for 7 days on induction medium supplemented
with 2,4-D and subculture on expression medium without hormones.

Biochemical analyses followed the variations of the POX, PAC, EST and

GOT activity during the 7 days of cultivation in time of embryos differentiation and

the identification of electrophoretic patterns of these enzymes and cytosolic proteins

in the expression phase of embryogenesis. The soluble cytosolic proteins were

extracted in phosphate buffer 0.1 M, pH 7 at 4°C. After centrifugation at 15000 rpm

for 10 min, the supernatant was collected and used for the electrophoretic analysis

and the assays of enzyme activities.

The POX activity was detected by incubation of the cellular extract in a

guaiacol solution 30 mM in the presence of 3% H
9
0

2
.

The enzyme activity was

calculated as the variation of O.D. at 470 nm per minute.

For PAC activity, 5.5 mM p-nitrophenil phosphate in 50 mM citrate buffer,

pH 4.8, was used as substrate; the enzyme reaction was stopped by adding 0.1 N

NaOH. The enzyme activity was determined by measuring of the p-nitrophenil

released, at 405 nm.

Assay of GOT activity supposed the utilization of a mixture reaction, which

contained oxoglutaric acid and Na aspartate in phosphate buffer, pH 7.4. The enzyme

activity was estimated by hydrazones formation at 546nm.

The protein content was assayed by the Bradford method using BSA as a

standard. For each variant three different samples were analyzed.

Electrophoresis were carried out by in a PAA gels at 20mA, for 2h, in a

discontinuous system using a running gel 10%, a stacking gel 4% and 0.05 M Tris-

Gly, pH 8.3 was used for migration. For proteins electrophoresis, SDS was added

both to the gel, running buffer and the samples.

The electrophoretic bands were stained with:

Comassie Brilliant Blue G250 for proteins:

benzidine in acetate buffer and hydrogen peroxide for POX;

a - and ß-naphtilphosphate as substrate and Fast Blue RR in acetate

buffer, pH 5, for PAC;

a- and ß-naphtilacetate as substrate and Fast Blue BB in phosphate

buffer, pH 5, for EST;

a mixture reaction which contained G-ketoglutaric acid, apartate acid,

EDTANa
2,

PVP, Fast Blue BB in phosphate buffer, pH 7.4, for GOT.
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Results and discussion

In our previous experiments, liquid nutritive medium without hormones were

used for the expression of embryogénie capacity (Antofie et al., 2003). In this study

the regeneration of somatic embryos occurred on solid medium, with a callus phase.

Indirect embryogenesis requires predetermination of differentiated cells, callus

proliferation and development of embryo determined state. The squash analyzes of

samples withdrawn from the callus subcultivated on expression medium of

embryogénie competence proved the presence of somatic embryos or different

developmental stages, depending on the period from initiation. In the first days after

induction mostly shapes corresponding to multicellular globular, heart-shaped and

torpedo stages can be observed (Fig.l A-C). After 7 days of cultivation on expression

medium embryos of above 4 mm, with radicular system well defined and poorly

differentiated cotyledons can be easy detach from the callus (Fig. 1 D).

Fig. 1 Embryogenetic developmental stages in microcallus culture of

Petunia x hybrida: A) globular stage; B) heart-shaped stages;

C) torpedo like strucutres; D) mature embryos.

The biochemical analysis of this process involved a succession of qualitative
and quantitative determinations of cytosolic proteins and enzymes during embryos

development (Hubert et al., 1992). The results indicated an increase of protein

synthesis with the highest values after three and four days from induction. Four days
after induction, the eletrophoretic spectra showed, the presence of some new bands

corresponding to some protein isoforms with molecular masses of 53.6 kDa, 44 kDa

and 33.6 kDa respectively (Fig. 2). The appearance of the three new isoforms in the

first days of embryo differentiation and the subsequent disappearance before the

embryo maturation let us to the hypothesis that these embryonic proteins are probably
involved in the initiation of somatic embryogenesis.
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Fig. 2 The spectrum of cytosolic protein in cellular extracts from Petunia x hybrida calli,

during somatic embryos formation, from the third (1) to the seventh day (5) from

initiation.

To identify some potential markers of the somatic embryogenesis four

isoenzyme systems were studied: peroxidases (POX), esterase (EST),

glutamatoxaloacetate transferases (GOT) and acid phosphatases (PAC). The enzyme

activities of POX, EST, GOT and PAC were monitored in cellular extracts from

callus cultures obtained on expression medium beginning from the third day after

induction (Fig. 3).

The variation of enzyme activities in cellular extracts from Petunia x hybrida calli,

during somatic embryos formation, from the third (1) to the seventh day (5) from

initiation.

Fig. 3
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The variation profile of POX activity in the expression phase of embryo

competence is similar as well as induction phase determined in previous experiments

(Carasan and Antofie, 2005). A decrease of enzyme activity occurred in first days
after the passage, succeeded by a slowly increase. The GOT activity showed a

minimum in the fifth day of subculture on expression medium, subsequently, the

GOT activity returned to maximum values. The PAC and EST activities indicated a

slowly decrease trend on expression medium in same time with differentiation of

somatic embryos. The enhance of enzyme activities in the first days after

subcultivation on medium without hormones, associated with an increase of protein

synthesis can be an indication of an intense cell metabolism leading to the change of

functional and structural statues rather than the pattern of enzyme activities in the

induction phase that in the first days of cultivation on medium with 2,4-D evidenced

a decrease of activities for all enzyme types analyzed.
The activity of some enzymes in specific tissues at a certain time in

development can represent a sensitive marker for the differentiation stage (Joersbo

et al., 1989). Variations observed in isoenzyme spectra of the different enzymes can

prove that the cellular specialization occurred by acquisition and/or loss of some

specific features (Rao et al. 1990).

Undertake studies supposed comparative analysis of the specific isoenzymes

patterns of the POX, PAC, GOT, EST during gradual stages of embryo development.
The isoenzymes pattern of POX in callus extracts on expression medium were

modified by the
appearance of a new band in the fast migration zone (Fig. 4 A), for

samples withdrawn in the first days after subculture, but its activity is variable

during of embryos differentiation.

Fig. 4 The electrophoretic spectra of POX (A) and GOT (B) in cellular extracts of Petunia

x hybrida callus culture obtained on induction medium (I) and embryogénie expression
medium, between the third to the seventh day (1-5).

The GOT, PAC and EST spectra did not exhibited any changes in isoenzymes
number expressed during the differentiation of somatic embryos, but there was a

strong correlation between the increase of enzyme activity and the expression patterns
of these enzymes. The spots with EST activity were more evident in the first days
after induction, while the PAC bands became obviously in time of embryos
differentiation (Fig. 5). Our previous study (Carasan and Antofie, 2005) showed the

appearance of two new GOT isoforms in the inducted callus, which can be observed



also during embryo development, being probably associated with cell determination.

They can be considered as an early biochemical marker to differentiate embryogénie

and non-embryogenic cell cultures.

Fig. 5 The electrophoretic spectra of РАС (A) and EST (B) in cellular extracts of Petunia

x hybrida callus culture obtained on induction medium (I) and embryogénie expression

medium, between the third to the seventh day (1-5).

These specific changes in isoenzymes expression, both in the induction and

the developmental stages of somatic embryogenesis of Petunia x hybrida resulted to

identification of useful biochemical markers for early selection of embryogénie

cultures: two GOT isoenzymes, which are expressed in the induction phase and can

constitute markers of this developmental stage and characteristic expression patterns

for nonspecific isoesterases. Detection of the activity of a new isoperoxidase before

some evident morphologic changes, with a specific expression pattern for Petunia

x hybrida can indicate the role of this enzyme in the initial stages of somatic

embryogenesis and using of this enzyme as a potential biochemical marker in relation

with growth capacity and development of different plant species.

Conclusions

The study of these enzyme activities of POX, EST, GOT and PAC led us to

establish of characteristic variation profiles, both for embryogenesis progress and

for the induction phase which reflected metabolic events occurring during the

transformation of callus tissue.

Within direct, early or late answers, clear morphologic transformation by

monitoring of some developmental programs can be characterized metabolic changes

underlying the morphogenetic processes and can be obtained useful information for

optimization of requires culture conditions.
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VARIAŢIA UNOR PARAMETRII BIOCHIMICI ÎN CURSUL EMBRIOGENEZEI

SOMATICE INDIRECTE LA PETUNIA X HYBRIDA

Rezumat: Datele disponibile în acest studiu sunt o continuare a preocupărilor privind
identificarea unor markeri biochimici asociaţi cu embriogeneza somatică la Petunia x hybrida.
Dacă în primele experimente au fost stabilite patternuri caracteristice pentru proteinele
citosolice şi isoenzimele studiate în faza de inducţie a competenţei pentru embriogeneza
somatică, în această lucrare sunt prezentate datele experimentale obţinute în timpul dezvoltării

embrionilor somatici. Astfel au fost analizate spectrele electroforetice şi profilele de variaţie

a activităţii peroxidazelor (POX), glutamat-oxaloacetat transferazelor (GOT), fosfatazelor

acide (PAC), esterazelor (EST) şi a proteinelor citosolice în timpul diferitelor stadii de

dezvoltare în culturi de calus pe mediu de expresie a embriogenezei somatice. Evidenţierea

activităţii unei noi izoperoxidaze înaintea apariţiei unor evenimente morfogenetice vizibile,

cu un pattern de exprimare caracteristic la Petunia x hybrida, demonstrează rolul pe care îl

joacă această enzimă în timpul fazelor iniţiale ale embriogenezei somatice şi potenţialul
folosirii ca marker biochimic în relaţie cu capacitatea de creştere şi dezvoltare a diferitelor

specii de plante. Determinarea activităţilor enzimatice ale celor 4 sisteme studiate, POX,

EST, GOT şi PAC, a condus la stabilirea unor profile de variaţie caracteristice atât pentru
desfăşurarea embriogenezei cât şi pentru faza de inducţie, care reflectă evenimente metabolice

ce survin pe parcursul transformării ţesutului calusal.

Cuvinte cheie: embriogeneza somatică, pattern izoenzimatic, Petunia x hybrida, România.


