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Introduction

Protoplasts of plant cells are a topical experimental 
material for study of cell wall regeneration. Protoplasts 
were isolated from plants for the first time by Cocking
in 1960 (COCKING, 1960). The author used enzymes. 
Since then, protoplasts have been getting of increasing 
importance in a variety of branches in experimental 
botany. Protoplasts provide the most up-to-date and 
focussed tool in experimental breeding, because they 
offer completely new approaches for a more insight-
ful look into genetic variability of cultural plants, ei-
ther through transformation of their inborn genes or 
through somatic hybridisation. Protoplasts provide 
a powerful tool for evaluating marker gene expression 
in plants. Protoplasts can be used to regenerate whole 
trees; consequently, implementation of protoplast tech-
niques for conifers is of crucial importance to forest 
biotechnology.

In conifers, protoplasts have also been isolated 
from seedlings (embryos, cotyledons, shoots) precondi-
tioned in vitro by culture on a medium-containing au-

xin and cytokine before the protoplast isolation (DAVID 
et al., 1982; LANG and KOHLENBACH, 1989; GÓMEZ-MAL-
DONADO, 2001; MALINOWSKI and FILIPECKI, 2002). 

Although protoplasts have been isolated from 
haploid cells of conifers, including pollen of Cupressus 
arizonica (DUHOUX, 1980) and female gamethophytes 
of Picea abies (HAKMAN et al., 1986), most of the effi-
cient preparation methods use callus or suspension cul-
tures as starting materials (KÁKONIOVÁ and LABUDOVÁ, 
1987).

Material and methods

The tissue culture of Norway spruce was obtained from 
hypocotyls of germinated spruce seeds and cultivated 
on a basic MS medium, modified according to BROWN-
LAWRENCE (1968).

We started our experiments with tissue cultures 
obtained from the just discussed seedling hypocotyls. 
The mixture of enzymes (5% cellulase, Onozuka R-
10“ and 2% macerozyme R-10 in 0.4 M manitol) was 
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supplemented with approx. 6 g spruce tissue culture. 
The incubation was running in a water bath, at 30 °C, 
for 5 hours, under continual stirring. Then the mixture 
was filtered, washed with 0.4 M manitol and processed
in a centrifuge at 1500/min The sediment was sepa-
rated through another centrifuging at 1500/min and a 
centrifuging at a dextrane gradient (15%, 10% and 5% 
dextrane, 6 ml each) at 3500/min. In 15 minutes, we 
succeeded to separate the protoplasts from cells or cell 
clusters. The fraction of pure protoplasts was obtained 
after removing dextrane through three times repeated 
washing with 0.4 M manitol and subsequent 10 min 
centrifuging at 1000/min. 

We used the method of paper descending chroma-
tography on Whatman 1 in the system S1 – ethyl-ace-
tate, n-propanol, water (1 : 7 : 2) and in the system S2 
– ethyl-acetate, pyridine, water (8 : 2 : 1).

Chemical detection of saccharides was carried out 
in solution of 20 µl saturated AgNO3 dissolved in 40 
ml of acetone and in solution of 0.5% NaOH dissolved 
in 75% ethyl alcohol.

Radioactivity of the samples was measured with 
a liquid scintillation equipment “Packard 3300“ with 
scintillation solution consisting of: 5 g PBD, 100 mg 
POPOP, 1 l toluene.

Cleared protoplasts suspended in 0.4 M manitol 
were sealed into a liquid agar medium. The suspension 
of cleared protoplasts (100 µl) was supplemented with 
50 µl of fluorescence reagent – primulin for staining
polysaccharides. Photographing of microscopic speci-
mens was performed with a fluorescence microscope
(ZEISS, Jena, projector 4 : 1, objective G249, filter
B-224 g). 

Results and discussion

Protoplasts isolated from spruce tissue cultures at ex-
ponential phase of their growth were maintained in an 
environment consisting of 0.4 M manitol with stabi-
lised osmotic pressure. The dimensions of cells embed-
ded into this environment were the same as the original 
ones. Such treated protoplasts were transferred onto 
the liquid agar medium. Four or five days later, stable,
non-lysing protoplasts began to appear. This means that 
these protoplasts had already synthetised cell wall com-
ponents in sufficient amounts.

The cell wall regeneration of protoplasts was 
studied in experiments in which the cultivation me-
dium without saccharose was added with D-/14C/ glu-
cose. Over the first four days, we explored radioac-
tive carbohydrate metabolites released into the liquid 
nutrient medium. The incubation mixture consisted of 
1 ml nutrient medium, 4 µci /14 C/ glucose and 2.104  

protoplasts – suggesting that the protoplasts released 
oligosaccharides and polysaccharides into the cultiva-
tion medium. The amount of the released compounds 

was increasing with incubation time. This means that 
immediately after the embedding of the isolated pro-
toplasts in the cultivation medium, the protoplasts 
started with synthesis of their cell wall components. 
The amount of radioactive glucose added to the me-
dium at the beginning decreased rapidly with cultiva-
tion time, on the other hand, the amounts of released 
oligosaccharides and polysaccharides were progres-
sively increasing.

The viability of protoplasts was evaluated on 
the amount and rate of utilization of D-/14C/ glucose 
supplemented to the medium. We have found that the 
protoplasts (2.104) utilize D-/14C/ glucose for the first
seven days (Table 1). Later, there occurred changes in 
percent presence of the individual oligosaccharides 
(Table 2).

The released oligosaccharides can be separated in 
approx. three groups: A, B, C based on the chroma-
tographic mobility of the first. Re-chromatography of
the fractions in the system S2 (48 h) did not resulted 
in any further distinction; therefore, we subjected the 
fractions to hydrolysis with 1 N HCl. The subsequent 
chromatography of the hydrolysate in the system S2 
(48 h) resulted in indication of presence of radioactive 
glucose and galactose and non-radioactive manose, xy-
lose and arabinose.

The cultivation medium was supplemented with 
released oligosaccharides and polysaccharides. In a 
liquid cultivation medium, these compounds are evi-
dently flushed away from the building cell wall, and
their activity is dependent on biochemical composition 
of the cell wall (FRY et al., 1993; MALINOWSKI and FILI-
PECKI, 2002). We needed to confirm that the released 
oligosaccharides did not originate in processes of hy-
drolysis taking place at the cytoplasmic membrane 
– either as the result of absorption of enzymes used in 
the protoplasts treating or as the result of presence of 
hydrolysing enzymes at the membrane. For this pur-
pose, we transferred protoplasts incubated in the me-
dium supplemented with D-/14C/ glucose (4 µCi/ml) 
into the identical medium, but without D-/14C/ glu-
cose. At specified time intervals (30 min, 16, 22, 48,
54 and 120 h) we took aliquot samples of the medium, 
and investigated, through chromatography (Whatman 
1, system S2), the presence of radioactive oligosac-
charides and polysaccharides expected to release into 
the liquid medium by effect of enzymes present in the 
cytoplasmic membrane. However, not even after a 90-
hour incubation of protoplasts embedded into the nu-
trient medium, there were no radioactive oligosaccha-
rides and polysaccharides released into the medium. 
In such a way, we have confirmed that the last are not
originated in the cell wall hydrolysis at the cytoplas-
mic membrane, but that they are transported from the 
cytoplasm to the cytoplasmic membrane and to the cell 
wall being formed and through this cell wall, finally,
into the liquid medium. 
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It has been well recognised that some growth 
substances, eg IAA and 2.4-D affect the building of 
polysaccharides in cell walls. For this reason, we first
examined the stability of protoplasts in the liquid nu-
trient medium added with growth substances IAA 
and 2.4-D (0.1; 1; 5; 20 and 50 mg l–1) in varying con-
centrations. The protoplasts were not lysed, not even af-
ter the 18-hour incubation in the medium supplemented 
with the growth substances in the just mentioned con-
centrations. After increasing the concentration values 
to 10-2 M (1,750 mg l-1) and 10-3 M (175 mg l-1) IAA, the 
protoplasts turned brown and started getting lysed. 

The influence of growth substances on secretion of
radioactive metabolites was studied on protoplasts incu-
bated with 1 and 5 mg l-1 IAA, 1 and 5 mg l–1 2.4-D and 
1 mg l-1 kinetin (20,000 protoplasts per 1 ml of medium 
containing radioactive D-/14C/ glucose and growth sub-
stance in appropriate concentration). At the given time 
intervals (30 min, 16, 22, 48, 54 and 120 h) we took ali-
quot samples of the medium. The last were processed 
through chromatography and detected for saccharides 
presence with an alkaline AgNO3. The measurement 
of the material radioactivity revealed that, already 30 
minutes after the incubation, the medium contained 
radioactive oligosaccharides the amount of which was 
increasing with the incubation time. No important dif-
ferences, however, were identified in secretion between
the studied hydro-carbonic metabolites depending on 
different concentrations of the used growth substances 

(Table 3). This effect of growth substances IAA and 
2.4-D was suggested by several authors (STEVENINCK, 
1965; POWER and COCKING, 1970; RAY, 1973; TANIMOTO 
and IGARI, 1976) to explain by changes in protoplasts 
membrane permeability. 

According to CAPEK et al. (2000), which works 
ourselves with research of polysaccharid galactogluco-
mannan from spruce, this polymer is not only a struc-
tural constituent of the secondary cell-wall, but lower 
fragments of this polymer (oligosaccharides) showed 
biological activity in elongation growth induced by 
auxin, in some morphogenic processes and in regene-
rating protoplasts.

Cell wall regeneration of protoplasts proving the 
viability of the isolated protoplasts was studied through 
fluorescence phenomenon – the fluorescence stain
primulin was added to the medium containing proto-
plasts. The fresh isolated protoplasts only contained 
tiny residua of the cell walls (Fig 1a, b). After 24 hours 
of incubation, the protoplasts surface began to cover 
with cell wall components on which the stain is fixed
(Fig 2a, b). After three days of incubation, we could ob-
serve deposition of polysaccharidic material on almost 
all the protoplasts (Fig 3a, b). Our results are in good 
accordance with the results obtained by GÓMEZ-MALDO-
NADO et al. (2001), who prepared protoplasts by isola-
tion from cotyledons of seedlings of Pinus pinaster by 
staining with fluorescein diacetate.

Incubation time (hours) / fraction
½ 24 48 168 192 240

Amount (%)
1   5.04  35.80 35.81 42.09 38.30 40.47
2   0.72   7.52   7.82   4.75   8.41   6.40
3    0.88 11.29 17.02  23.93  22.49 24.18
4   1.48 19.28 16.87 12.32  15.31 13.70
5 91.86 26.10 22.46 16.89  15.47 16.23

Table 2.  Radioactivity of D-/14C/ glucose (imp/min.) used in separate fractions on MS medium without saccharose expressed  
 in per cents 

Fractions / incubation time (hours)    ½       24 48   168  192 240
1   0.54       3.59  5.69   7.46  7.11  8.61
2   0.42       1.42  2.05   3.56  2.33  2.40
3   1.31       2.23  3.68   8.67  6.56  7.55
4   0.56       2.33  4.15   7.09  4.59  2.37
5  97.16      90.41 84.40 73.28 79.40 79.05

Table 1.  Viability of protoplasts (2.10-4) according to quantity and rate of use of D-/14C/ glucose on medium MS with 
 saccharose
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Table 3.  Influence of growth substances on secretion of radioactive metabolites

Fraction / hours 0 15 22 48 54 120

1

K 0.21 30.63  46.37    52.72       51.27               42.55
IAA 0.22 26.24  46.73    56.79       54.36               45.27
IAA 0.25 34.27  45.18    45.30 54.26               53.90
2.4-D 0.18 36.31  46.31    50.90       48.10               42.78
2.4-D 0.23 17.37  35.78    54.77     57.21               60.30

2

K 0.63 10.77 16.84    25.02    27.70               31.08
IAA 0.58 14.31  21.75    31.64 28.01               34.06
IAA 0.61 13.70  21.20     30.46 31.89               32.24
2.4-D 0.63 16.70  25.53     30.39 32.29               36.83
2.4-D 0.57   6.79  12.96     24.08 25.28               20.66

3

K –   6.59    9.30     11.55    10.86               10.29
IAA –   7.57  10.02     10.43       9.03                 9.53
IAA –    7.01    9.40    13.74     15.11                 6.92
2.4-D –   7.02    9.55       8.89    5.85                 9.99
2.4-D –   4.59    7.71       9.92        8.28                 5.19

4

K 99.15 52.02  27.39    10.75       10.16                 10.06 
IAA 99.18 44.34  21.47    11.24        8.58               10.23
IAA 99.13  45.01  24.23    10.47         8.72                 6.86
2.4-D 99.18 39.96  18.50    10.09        9.74               10.37
2.4-D 99.18 71.23  43.52    11.22         9.21                 5.75

IAA (3-indoleacetic acid) 1 and 5 mg l–1 
2.4-D (2,4-dichlorfenoxy acetic acid) 1 and 5 mg l–1

K (kinetin) 1 mg l–1

Fig 1a, b . Fresh isolated protoplasts only contained tiny residua of the cell walls
1a (light microscopy), 1b (fluorescence microscopy)
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Conclusions

The method of protoplasts isolation from tissue culture 
of Norway spruce easily allows replications. Studying 
stability of protoplasts in medium with admixture of 
growth substances IAA and 2.4-D (0.1; 1; 5; 20; 50 
mg l–1) in varying concentrations, we have found that 
the protoplasts were not lysed, even after 128 hours 
of incubation. The concerned concentrations of growth 
substances had not significant influence on secretion
of oligosaccharides and polysaccharides that are consi-
dered to be identifying the cell wall regeneration.

The incubation of protoplasts in the medium 
with admixture of D-/14C/ glucose induced releasing 
radioactive oligosaccharides and polysaccharides into 
the medium. The amount of the released material in-
creased over the whole 90-hour incubation period. It 
has been confirmed that the released saccharides were
not a product of hydrolysing processes occurring at the 

cytoplasmic membrane, but that the first were synthe-
sized cell wall components flushed away from the cre-
ated cell wall. 

The study of protoplasts viability confirmed that
the protoplasts used D-/14C/ glucose over the first seven
days. In the following days, there occurred changes in 
percentages of the individual oligosaccharides caused 
by presence of hydrolytic enzymes in the cultivation 
medium. 

The study of protoplasts regeneration pursued 
through fluorescence microscopy coupled with light
microscopy revealed that there were no cell wall resi-
dues on surface of freshly isolated protoplasts. Howe-
ver, already after 24 hours of incubation, the proto-
plasts surface began to cover with polysaccharidic 
components of cell walls, fixing fluorescence stain
primulin. After three days of incubation, we could 
observe polysaccharidic material deposition on practi-
cally all protoplasts.

Fig 2a, b.  After 24 hours of incubation, the protoplasts surface began to cover with cell wall components on which 
the stain is fixed, 2a (light microscopy), 2b (fluorescence microscopy)

Fig 3a, b. Deposition of polysaccharidic material on almost all the protoplasts after three days of incubation
3a (light microscopy), 3b (fluorescence microscopy)
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Abbreviations

IAA        3-indoleacetic acid
2.4-D       2.4-dichlorfenoxy acetic acid 
kinetin     6 furfurylaminopurine
primulin  mono and bi-dehydro-p-toluidine sulphonate
MS           Murashige and Skoog (1962)
BL            Brown and Lawrence (1968)
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Regenerácia bunkových stien protoplastov z pletivových kultúr smreka
 obyčajného (Picea abies L.) Karst. v tekutom živnom médiu

Súhrn

Regeneráciu protoplastov pripravených z pletivovej kultúry smreka obyčajného sme sledovali fluorescenčnou 
mikroskopiou v kombinácii so svetelnou mikroskopiou. Na čerstvo izolovaných protoplastoch nie sú zvyšky bun-
kových stien. Po 24 hodinovej inkubácii sa na povrch protoplastov ukladali polysacharidické komponenty bunko-
vej steny, na ktoré sa viaže fluorescenčné farbivo primulín. Po trojdňovej inkubácii sme prakticky na všetkých 
protoplastoch pozorovali ukladanie polysacharidického materiálu. 

Pri práci s izolovanými protoplastami je dôležitá ich stabilita a životnosť. Stabilitu protoplastov sme sledovali 
v médiu s prídavkom rôznych koncentrácií rastových látok IAA a 2,4-D (0,1; 1; 5; 20; 50 mg l-1). Protoplasty ani 
po 18-hodinovej inkubácii v tomto prostredí nelyzovali. Použité koncentrácie rastových látok nemali výrazný 
vplyv na sekréciu oligosacharidov a polysacharidov, ktoré sa považujú za znak tvorby bunkovej steny.

Zistili sme, že protoplasty inkubované v médiu s prídavkom D-/14C/ glukózy secernujú do média rádioaktívne 
oligosacharidy a polysacharidy, ktorých množstvo sa počas 90-hodinovej inkubácie zvyšovalo. Potvrdili sme, že 
secernované oligosacharidy nie sú produktom hydrolyzačných dejov prebiehajúcich na cytoplazmatickej mem-
bráne, ale že sú to nasyntetizované komponenty bunkovej steny, ktoré sú odplavované od tvoriacej sa bunkovej 
steny. 



24

Pri sledovaní životnosti protoplastov sme zistili, že protoplasty utilizujú D-/14C/ glukózu počas prvých sedem 
dní. V nasledujúcich dňoch dochádza k percentuálnym zmenám v zastúpení jednotlivých oligosacharidov spôso-
bených hydrolytickými enzýmami, ktoré sú prítomné v kultivačnom médiu. 
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