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ABSTRACT

Embryogenic cultures ddraucaria angustifoliavere established in a BM liquid medium supplentemtih 2 M
2,4-dichlorophenoxyacetic acid, M 6-benzylaminopurine and AM kinetin (BM2) and in a BM medium free of
growth regulators (BMO). During 42 days in cultuthe cell growth pattern of both cultures was sémilThe pH of
the culture medium of both BMO and BM2 underwemigpessive reduction during culture time. For botte t
embryogenic cultures a preferential uptake of ghgcon the late stages of cell growth kinetics wiaseoved. The
extracellular protein content was similar for bathe embryogenic cultures. Acetocarmine and Evahis thouble
stain showed major differences for early somatitbe/o organisation, in which only the embryogenidture
grown in a liquid culture medium free of plant gtbwegulators showed the presence of bipolar sampto-
embryos.
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INTRODUCTION most flexible technique for plant cell tissue crdtu

for scale-up operations (Wickremesinhe and
A somatic embryogenesis protocol has beeArteca, 1994). Suspension cultures show a faster
developed foAraucaria angustifoliaa threatened cell growth than the cultures on a gelled medium,
subtropical conifer species from South Brazilreducing manipulation and the risk of
However, up to now, only somatic embryos incontamination (Silveira et al., 2004). However, to
early developmental stages have been obtaineétse the embryogenic suspension culture as a
(Guerra et al., 2000; Santos et al., 2002; Silveira reproducible tissue culture system, with a poténtia
al., 2002). The existence of only a few reportdor large-scale production, requires
related to somatic embryogenesis in theharacterization of growth parameters, nutrient
Araucariaceae family (Guerra et al., 2000) as wellequirements, and studies on cell metabolism.
as on the environmental stimuli and signallingThe purpose of this work was to evaluate the
events that trigger and regulate plantparameters associated to growth dynamics, growth
embryogenesis (Veena and Rao, 2000), are thegulators effects, pH changes of the culture
main limitations to be overcome. medium, extracellular proteins and glucose in two

Cell suspension cultures are considered as the
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embryogenic  suspension cultures of A.and histochemical characteristics of embryogenic
angustifolia. The hystodifferentiation of suchcells suspensions BMO and BM2 were monitored
cultures, as affected by these parameters, was alsp the double staining procedure as described by

investigated. Gupta and Durzan (1987).
Growth parameters
MATERIAL AND METHODS Changes in pH in the culture medium,
extracellular protein and glucose were measured
Culture medium over a 40—day culture period (five day intervals).

The medium was composed by BM basal saltSuspension cultures BMO and BM2 were poured
(Gupta and Pullman, 1991) supplemented with 50through a 200 um cell dissociation sieve,
mg.L-1 casein hydrolysate, 1 g.L-1 myo-inositol, 1following centrifugation at 3500 g for 15 min.
g.L-1 L-glutamine, 30 g.L-1 sucrose and 2 g.L-1Aliquots (10 ml) of supernatant were used for the
Phytagel (Sigma®). It was sterilized by measurement of pH, the remains being frozen at —
autoclaving at 121° C for 15 min. Stock solution®20 °C for later analysis. Extracellular proteins
of L-glutamine, casein hydrolisate and myo-were precipitated with the addition of 1.5 volume
inositol were filter sterilized and added to theof cold absolute ethanol and kept at 4 °C
medium after autoclaving. overnight. Following centrifugation (6500 g, 10
min, 4 °C), the pellet was dissolved in 280 of
Embryogenic tissue initiation and maintenance 50 mM dibasic sodium phosphate buffer (pH 7.0).
The induction of embryogenic cultures wasProtein levels were determined by the dye-binding
performed as reported by Santos et al., (2002method of Bradford (1976) with bovine serum
Immature zygotic embryos excised from seeds dilbumin as a standard. Glucose concentration in
A. angustifolia were placed on Petri dishes (100 he medium was determined using a commercial
15 mm) containing 20 mL of BM basal saltskit (Analize®, Brazil) by measuring the absorbance
supplemented with or without plant growthat 630 nm (Shimadzu spectrophotometer, model
regulators (PGR), 2,4-dichlorophenoxyacetic acid203).
(2,4-D) (5 uM), 6-benzylaminopurine (BA) (2
uM) and kinetin (Kin) (2uM) in the dark at 25 + 2 Data analysis
°C. For maintenance, embryogenic culturedll analyses were performed in triplicate. All the
initiated  without growth regulators  were experiments were repeated twice with similar
subcultured in the same medium used in theéesults. The data presented are of a single
induction phase (BMO). Embryogenic culturesrepresentative experiment. Mean and standard
induced in the medium containing growtherrors were applied to analyze the data.
regulators were maintained on BM medium
supplemented with 2,4-D (@2M), BA (1 uM) and
Kin (1 uM) (BM2). Sixty days after starting the RESULTS AND DISCUSSION
induction phase embryogenic suspension cultures
were established using 500 mg (fresh weight) o€ell growth dynamics
embryogenic cultures maintained on BMO andBBMO and BM2 embryogenic suspension cultures
BM2 culture medium. Tissue clumps wereshowed a similar growth rate during 42 days in
breakup using forceps and scarpel and theculture, presenting an increase of SCV 0.92 and
dispersed in adapted nipple-flasks containing 120.95 mL, respectively. BMO embryogenic showed
mL of liquid culture medium (BMO or BM2) the presence of bipolar pro-somatic embryos (Fig.
incubated on a rotating disc at slow rotation (11A).

rpm) in the dark at 25 + 2 °C. However, during the culture period, a random
brown/red cell clumps formation was observed.
Cell growth dynamic This cell formation was assessed by double-

The cellular growth was assayed by thestaining procedures and later on led to a loss in
sedimented cell volume technique (SCV) usingro-embryo morphology. These features were also
graduated centrifuge tubes adapted to nippledescribed in a previous work with embryogenic
flasks. The SCV was measured over 42 days aultures ofA. angustifoliacultured in a semi-solid

culture (three day intervals). The morphologicakulture medium free of growth regulators (Santos
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et al, 2002). In Taxus brevifolia suspension (Fig. 1B) and great variation in the growth pattern
cultures, the presence of random and unpredictabdéanong the flasks (repetitions) (Fig. 2). BMO
red-coloured exudates eventually led to cell deatbuspension cultures did not show a significant
(Wickremesinhe and Arteca, 1994). exponential growth phase, and at the end of
Comparatively, BM2 suspension cultures showeeéxperiment, SCV was still increasing (Fig. 2).

a less developed pro-embryogenic morphology

Figure 1 - A-D - Cell line characterization in embryogenic suspemsiultures ofA. angustifolia
A) Pro-embryos in BM culture medium free of growtiyulators (BMO) (bar. 33.3m)
B) Pro-embryo in BM culture supplemented with 2,4ZuM), BA (1 uM) and Kin (1
uM) (BM2) (bar. 33.3uM) C) Cylindrical cell containing two free nuclestages (bar.
66.7 uM) D) Migration of free nuclei for possible formati of early somatic embryos
(bar. 66.7uM).

—a— BMO

0O 6 12 18 24 30 36 42
Days in culture

Figure 2 - Sedimented cell volume (SCV) of embryogenic calsuofA. angustifoliamaintained
in a BM culture medium free of growth regulators{® and in a BM culture medium
supplemented with 2,4-D (2M), BA (1 pM) and Kin (1 uM) (BM2). The bar
indicates the standard deviation from mean valuesved from three replicates.
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Embryogenic cultures ofA. angustifolia as in highly vacuolated and elongated cells (suspensor
Picea abiegJalonen and von Arnold, 1991) werecells) (Astarita and Guerra, 2000; Steiner et al.,
classified into two main groups based on celR005). In the present work, cylindrical, elongated
morphology, cytodifferentiation and growth and binucleated cells with 150 to 2@ length
characteristics. A. angustifolia embryogenic were observed (Figs. 1C and 1D). Llmrix
cultures maintained in repetitive cell divisionleptolepis long binucleated cells underwent a
cycles in a liqguid medium supplemented withcontinuous process of cellular division resulting i
growth regulators featured a morphologythe development of adventitious somatic
corresponding to group B (somatic embryo lesproembryos (Ogita et al 1997). Diploid
developed) and embryogenic cultures maintainegarthenogenesis occurs in somatic cells conifer
in a culture medium free of growth regulatorssuspension cultures. This form of apomitic
presented the morphology of group A (bipolamparthenogenesis, observedAnangustifolig was
somatic embryos). When embryogenic cultures dftent in Picea abies This was associated to the
Pinus pinastemwere maintained in liquid medium, presence of embryonal tube cells (Durzan et al
it produced less developed embryogenic culture$994).

(Group B) that further grew better (Bercetche and

Paques, 1995). Type A embryogenic cultures dExtracellular proteins

Picea abieshowed a lower growth rate in a liquid The extracellular protein content (pg.H)Lwas
medium than corresponding type B culturesjuite similar for BMO and BM2 cultures (Fig. 3)

(Egertsdotter et gl1993). with a slight increment in BMO cultures. For BM2,
an increase in extracellular protein levels was
Cell morphology and histodifferentiation observed during the exponential growth phase, at

Previous work with A. angustifolia showed the beginning of the linear growth phase and also
different cellular patterns consisting of smallat the transition from linear to a stationary griowt
densely cytoplasmic cells (embryogenic cells) anghase.

1,87 —= BMO
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Figure 3 - Extracellular protein content derived from BMO aBW¥2 embryogenic cultures oA.
angustifoliamaintained in a BM culture medium, respectivebefiof growth regulators
(BMO) and supplemented with 2,4-D @), BA (1 uM) and Kin (1uM) (BM2). The
bar indicates the standard deviation from meanegbbtained from three replicates.

The accumulation of extracellular proteins in theGuerra (2000). IrPicea abies differences in the
culture medium could be related to an intensiveellular composition of cell line type A (high
extrusion process attributed to biochemicaproportion of meristematic cell) and type B (high
modifications or structural cell changes resultingoroportion of vacuolated cells) were also
in cellular lysis as suggested by Astarita ancssociated to a different pattern of secretion of
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proteins into the culture medium (Find et,al cultures. After this, a decrease in the levelshif t
1998). In Catharanthus roseuscell cultures sugar, was seen.

containing growth regulators did not showEmbryogenic cultures of A. angustifolia
significant changes in polypeptide patterns, andhaintained in a BM2 culture showed different
changes inin vitro polypeptide synthesis were uptake and utilization patterns for different siggar
fewer than those encounterigdvivo (Ouelhazi et fructose being rapidly metabolised, followed by

al., 1994). glucose depletion (Astarita and Guerra, 2000). In
Taxus Dbrevifolia suspension cultures, the
Extracellular glucose hydrolysis of sucrose was associated to the

A decrease in the glucose content (ug'nn late  utilization of glucose and the fructose availagilit
stages of the cellular growth (Fig. 4) was observed@his was coincident with the exponential phase of
for both cultures. For BM2 cultures, after athe suspension cultures (Wickremesinhe and
variation period between the™5and 18 day Arteca, 1994). Other Gymnosperms also showed a
(exponential growth phase), the glucose conterselective pattern of glucose and fructose uptake.
peaked on the 30day and then started to decline.Suspension cells dPicea marianapreferentially

An accumulation of glucose in the culture mediunmetabolised glucose while inPicea-glauca
was also observed until the "8@lay in BMO engelmannii fructose was preferentially utilized

(Tautorus et a 1994).

6,0 = BMO
501 —eBM2

4,0
o 3,0
2,0+
1,0
0,0

(Hg.mt)

Glucos

5 10 15 20 25 30 35 40
Days in culture

Figure 4 - Glucose concentration in embryogenic culturesAofangustifoliacultured in a BM
culture medium free of growth regulators (BM0)ani Bnedium supplemented with
2,4-D (2 uM), BA (1 uM) and Kin (1 uM) (BM2). The bar indicates the standard
deviation from mean values derived from three cepés.

Heterotrophic plant cells growing in suspensiorhydrolysis of maltose was the biochemical signal
cultures are dependent on the import of sugadsading to the formation of somatic embryos. On
from the medium (Krook et al1998). Sucrose is the contrary, rapid hydrolysis of sucrose could
the common carbon source in most plant tissumcrease the content of hexoses and storage
cultures (Wang et gl2000). However, sucrose is compounds, directing the cells to a fast
not always the best carbohydrate source (Maataopioliferation rates (Blanc et .al2002). InPicea

et al, 1998). Up to now, only sucrose and fructoseubens,fructose was considered the best sugar for
have supportedh. angustifoliaembryogenic cell embryo development (Tremblay and Tremblay,
growth (Astarita and Guerra, 1998), but maltosd991) while forAbies alba,lactose and sorbitol
associated with PEG 3350 was beneficial tdavoured the formation of somatic embryos up to
somatic embryo development (Santos et2002, early cotyledonary stage (Schuller et 2000).
Steiner et al., 2005). It was suggested that i sl
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pH days. A decrease in the pH values in the BM2
The pH value in the culture medium for BMO andculture ranging from 5.43 (after autoclaving) to
BM2 embryogenic cultures underwent progressiv8.09 on the 40 day (stationary phase) was
reduction during the culture period, showingobserved. These values ranged from 5.39 to 4.22
higher values for BMO culture (Fig. 5) from 20 in the BMO cultures.

6,0 -
-m BMO
—eo— BM?2
5,0 1
L40-
3,0 A
2,0 T T T T T T T T 1

0 5 10 15 20 25 30 35 40
Days in culture

Figure 5 - pH values in the culture medium Af angustifoliaembryogenic cultures maintained in
BM culture medium free of growth regulators (BMOnda in culture medium
supplemented with 2,4-D @), BA (1 uM) and Kin (1uM) (BM2).

Plant cell cultures are sensitive to pH and thén conclusion, in the absence of PGR, it was
external levels affect the uptake of auxinpossible to observe the formation of bipolar early
metabolites, and nutrients in the cells and caft shisomatic embryos. Additionally, a different cell
the cell's internal pH (Link and Cosgrove, 1998).growth dynamics and a progressive reduction of
Changes in the pH medium are normallypH values in the culture medium supplemented
correlated to different cell uptakes of inorganic(BM2) or free of PGR (BMO) was observed. For
nitrogen source to ammonium (KM and nitrate both the embryogenic cultures, glucose uptake was
(NO3"). The preferential cell uptake of NHover preferentially observed in the late stages of cell
NOs, promotes the excretion of Ho the medium growth kinetics. The extracellular protein profile
culture and consequently affects the mediumvas similar in both the cultures, although a
acidification. However, the presence of amincspecific set of extracellular proteins could be
acids and casein hydrolysate and their uptake bgvolved in the induction of early somatic embryos
the cell affects the acidification in a similar wi@y in embryogenic cultures grown in liquid medium,
NH," cell uptake (George, 1993). In conifers, L-free of PGR.

glutamin and casein hydrolysate are frequently

supplemented to the culture medium during the

induction, maintenance and maturation of somatiRESUMO

embryos (Feirer, 1995) and they are preferentially

consumed in a culture medium with suboptimaCulturas embriogénicas deaucaria angustifolia
inorganic nitrogen levels (Barret et,al997). In  foram estabelecidas em meio de cultura liquido
Picea abiesgifferences in pH levels between typeBM suplementado com 2uM Acido 2,4

A and B embryogenic cultures were observed. Thpjclorofenoxiacético, 1uM 6-Benzilaminopurina
pH of type B cells culture medium stabilized abouk 1 ;M Cinetina (BM2) e em meio BM isento de

1|-5 pg"ég)nits below the pH of type A cells (Find etreguladores de crescimento (BMO0). Durante 42
al, 1 .
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dias de cultivo, o padrdo de crescimento celuldpurzan, D. J.; Jokinen, K.; Guerra, M. P.; Santefe
em ambas as culturas foi similar. O pH do meio de Chalupa, V. and Havel, L. (1994), Latent diploid
cultura BMO e BM2 sofreu uma progressiva parthenogene3|s and parthenote qleavage in egg-
reducio durante o periodo de cultivo. Em ambas ascduivalents of Norway Sprucinterational Journal
culturas embriogénicas foram observadas um ©f Plant SciencelsS, 677-688.

¢ ial de dli iodo fi gertsdotter, U.; Mo, H. and von Arnold, S. (1993),
consumo preterencial de glicose no perlo, 0 Tnal'eyiracellular proteins in embryogenic suspension
da curva de crescimento celular. O nivel de

h St cultures of Norway sprucdP{cea abies Physiologia
proteinas extracelulares foi similar para ambas aspjantarum 88, 315-321.

culturas embriogénicas. A dupla coloracdo congeirer, R. P. (1995), The Biochemistry of Conifer
carmin acético e azul de Evans revelou diferengasEmbryo Development: Amino acids, polyamines and
na organizagdo das linhagens celulares storage proteins. In: Jain, S. M.; Gupta, P. and
embriogénicas, sendo que a presenca deNewton, R. (Ed.)SomaticEmbryoggnesis .in Woody
proembrides somaticos bipolares foi apenas Plants Dordrecht: Kluwer Academic Publishers. pp.
evidenciada nas culturas embriogénicas mantidas31/-359-

em meio de cultura liquido sem reguladores dend: J: I Norgaard, J. V. and Krogstrup, P. @99
crescimento Growth parameters, nutrient uptake and maturation

capacity of two cell-lines of Norway SprucPi¢ea

abieg in suspension cultureJournal of Plant

Physiology 152, 510-517.
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