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Abstract. The present study is part of the actual concerns in biodiversity conserva-
tion of endangered angyosperm species from the Comana Natural Park. Ruscus
aculeatus L. species is protected both at national and European level (trough Habi-
tats Directive of EU and Bern Convention). The aspects of in vitro morphogenesis
through all the stages from inoculation, multiplication to rooting and acclimatization
have been studied. In order to long term conservation and multiplication or to exploit
somaclonal variation induced by in vitro technique is required the identification of
some biochemical or molecular markers for fast evaluation of regenerants. In this
respect, genetic stability or variability of Ruscus aculeatus plants collected from three
populations and regenerants obtained in vitro culture was estimated by electrophore-
tical methods. Therefore, zymograms of different enzymes as esterase, acid and alka-
line phosphatase, glutamate-oxaloacetate transferase, malate dehydrogenase and per-
oxidase were analyzed. The expression of esterases, phosphatases, malate dehydro-
genases displayed changes in correlation with growth condition, while the peroxidas-
es pattern was more stabile in natural population as well as in vitro regenerated plant-
let.
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in the treatment of the venous insufficiency of
the lower limbs and microvascular permeabili-
ty (Bouskela et al. 1994, Parrado &Buzzi

Ruscus aculeatus species, locally called
“Ghimpe” (thorn), belongs to Liliaceae Fami-
ly, Ruscus Genus and is spread in Medite-
ranean Europe and Africa. The species is
important due to multiple uses since the old
times. It is used as a decorative plant owing to
its perenial green habitus and red fruits.
Recently, important studies have been done
concerning its pharmacological importance
(Balica et al. 2005, Bouskela et al. 1993, Faci-
no et al. 1995). It has proven to be very usefull
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1999).

The plant is a perennial shrub presenting a
green erect stem, branched in many small
branches, with many rudimentary rigid leaves.
They represent stem extensions, each one of
them having a sharp thorn at the end. The
leaves known as phylloclade are elliptical
shape and acuminate apex, having in the center
small white-greenish solitary flowers (1-2),
with short pedicle flowering in the early
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spring. The filaments of the stamen are green
or violet. The fruits are red pulpous small
berries, with 1-2 seeds. The roots consist in a
repent odorless rhizome, with medicinal pro-
perties. The plant height is 20-50 (70) cm,
branched, forming an oval-pyramid bush
(Ciocarlan 2000). The plant is spread in
forests, clearings, bushes, open spaces and
rocky regions. The characteristic habitat for
Ruscus aculeatus is: 41.7697 Getic Pulmona-
ria mollis - Q.cerris forest, according to Habi-
tat Directive and 91MO0 Pannonian-Balkanic
turkey oak-sessile oak woods, according to
Natura 2000. The ecosystem type is: 7114
Cerum with Glechoma-Geum. The habitat is
characterised by altitudes 100-300 m, temper-
atures around 10.5-9°C, precipitations = 550-
700 mm (Donita et al. 2005).

Ruscus aculeatus is characterized as a rare
and endangered species in the national red lists
(Oltean et al. 1994, Boscaiu et al. 1994, Diho-
ru & Dihoru 1994). At European level it is pro-
tected by Habitat Directive, appendix 5. Ac-
tually, even the global inventory is not com-
pleted, it is estimated that the total number of
plant species is around 300.000, a part of these
of about 60.000 being threatened
(http://www.iu
cn.org/themes/ssc/our_work/plants/gspc.htm).
The species grows in the near-by the populated
areas and at a small distance to Bucharest and
it is temptating for the ornamental plant pick-
ers. Beside this, the extension of the human
facilities are restricting more and more the
habitat areas, as the forests are cutting down
and the plants are affected by the environmen-
tal changes. The plants are exposed to the
stress induced by the environmantal factors
and responding in different ways (Pauca-
Comanescu 2009).

In this context, our research focused on pre-
serving the germplasm from this species
through in vitro system, with the aim to esta-
blish a germplasm collection, useful in field
trials in the natural habitat from Comana, or
medium-term conservation and secondary
metabolites analysis. Recent research has been
developed in order to extract and analyse se-
condary metabolites from callus and vegeta-
tive parts of the plant (Moyano et al. 2006,
Palazon et al. 2006), but publications concern-
ing ex situ conservation protocols and studies
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were not identified. There are studies on relat-
ed species (such as: Ruscus hypophyllum L.,
Ruscus racemosus Moench.) concerning in
vitro propagation or hormones effects during
micropropagation (Sumita & Sumitra 1985,
Curir et al. 1988, 1989)

A comparative study of samples originated
from in vitro regenerants and plants from natu-
ral habitat was initiated. The electrophoretical
analysis provide an indirect method for
genome probing by exposing structural varia-
tion in enzyme or other protein genome (Sam-
mour 1991, May 1998). A screening of the
multiple enzyme system as esterase (EST) acid
(ACP) and alkaline phosphatase (AKP), gluta-
mate-oxaloacetate transferase (GOT), malate
dehydrogenase (MDH) and peroxidase (POX)
was performed for identification of the appro-
priate markers with conservative expression in
different environmental conditions. Also, it
was monitored the appearance of differences
between regenerates with different origins.

Materials and methods

Samples from three distinct populations of
Ruscus aculeatus L. were collected from the
Natural Park Comana, Giurgiu County, in the
areas: "Fantana cu nuc"- Lat. 44°9°28.3”,
Long. 26°6°26.7”, alt. 96 m (P1-shoots and P2-
fruit), "Padina I" Lat. 44°9°53.7”, Long. 267’
28.97, alt. 61 m (P3-shoots) and "Padina lui
Vasile" Lat. 44°9°39.0”, Long. 26°6°34.8”, alt.
65 m (P4-shoots and P5-fruit) as quoted in li-
terature (Pauca-Comanescu et al. 2000; 2001,
Tarnavschi et al. 1974).

Starting from rhizome fragments and from
seeds, by in vitro cultures, the experiments
allowed adventive shoots regeneration. Fur-
ther, these shoots were rooted and acclimated
ex vitro. The explants were inoculated on mul-
tiple culture media based on MS (Murashige &
Skoog 1962), supplemented with different
concentrations of phytohormons (Banciu &
Brezeanu 2008, Balica et al. 2005). Additional-
ly, the culture medium MS with 1 mg/l naph-
thylacetic acid (NAA) and 5 mg/l 6-benzy-
laminopurine (BAP) was tested.

For conservation purposes, explants (0.5-1
cm) belonging to the population from "Fantana
cu nuc" were aseptically inoculated on differ-
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ent culture media as specified in previous
methods (Banciu & Brezeanu 2008). The sam-
ples were taken from the plyllocladies and cen-
tral rhizome of representative plants for the
population. The shoots (P6) were obtained by
adventive direct and indirect morphogenesis
from rhizome fragments. Also, the roots (P8)
and the shoots (P7) of regenerants originated
from seeds germination aseptically were used
to evaluate genetic stability or variability in
vitro cultures.

The extraction of soluble cytosolic proteins
was done by plantlets grinding in phosphate
buffer 0.1 M, pH 7 at 4°C. After centrifugation
at 15000 rpm, for 10 min, the supernatant was
used for electrophoretic analysis, according to
literature (May 1998).

The electrophoretic analysis were carried out
by the samples migration at 20mA, duration
2h, in a discontinuous system using a running
gel 8% polyacrylamide (PAA), a stacking gel
4% PAA and a buffer Tris-Gly 0.05M, pH 8.3.
The samples were loaded into separate cells
and then electrophoresed at 10 mA through the
stacking gel for 30 min and 20 mA through the
separating gel for 90 min. The running marker
was bromphenol blue.

The POX activity was detected by the incu-
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bation of gels in 0.5 M, acetate buffer pH 5
containing 0.08% benzidine and several drops
of H,0,. For phosphatase activity, 0.05 M a
and B-naphtylphosphate and 0.1% Fast Blue
BB and several drops of 0.25 M MgCl, and 0.5
M MnCl, solutions were used. The medium
reaction was represented by 0.1 M acetate
buffer pH 5, for ACP or 0.01 M Tris-citrate
buffer pH 8.3, for AKP. For ACP, the gels were
presoaked in acetate buffer for 30 min. at 4°C.
The esterase bands were developed in 0.1 M
phosphate buffer pH 6.5 containing 0.2% o
and P -naphtylacetate as substrate and 0.05%
Fast Blue RR as dye. In the case of glutamate-
oxaloacetate transfer the mixture reaction con-
sisted in 49 mM o-ketoglutaric acid, 22 mM
apartate acid, 2.6 mM EDTANa,, 1% PVP,
0.1% Fast Blue BB in 0.26 M phosphate
buffer, pH 7.4. malate dehydrogenases were
relieved using 2 M malic acid and 0.02% NAD
as substrates, 0.02% NBT, 0.01% PMS and
0.01% MTT for tetrazolium stain in 0.2 M
Tris-HCI buffer pH 8.

In order to assess the results, a specific soft-
ware (Quantity One - a software produced by
BIORAD that scans the gel and analyses the
differences between the intensity) was used for
numeric quantification of the variations (Table

Table 1 The numeric quantification of EST isoenzymes and activity estimation of each isoesterase

expressed in Ruscus aculeatus

Probe- Relative front Peak Int Average Int .
band (pixels) (pixels) (pixels) Trace Intx mm Relative Qty
P1-2 0.079 77.86 72.99 1004.205 5.7
P1-3 0.159 86.72 80.59 1506.811 8.5
P2-2 0.076 125.57 94.88 2343.000 10.6
P2-3 0165 195.57 142.55 4324.704 19.5
P24 0.275 14543 129.64 3155.548 14.2
P2-5 0.318 116.14 94.88 1573.136 7.1
P2-7 0.718 67.43 62.92 1420.683 6.4
P29 0.819 63.86 61.79 1504.192 6.8
P3-2 0.092 62.00 60.05 826.255 5.1
P3-3 0.175 72.86 66.73 1765.603 10.8
P4-1 0.023 69.00 63.33 1362.933 8.0
P4-3 0.159 70.28 64.17 1992.234 11.6
P4-6 0.653 64.14 62.21 1448.550 8.5
P4-8 0.790 64.00 62.19 1404.054 8.2
P5-2 0.065 118.72 88.68 2252.383 10.3
P5-3 0.161 167.57 138.19 3266.370 15.0
P54 0.269 133.28 122.94 3252.812 14.9
P59 0.813 75.43 66.87 1698.374 7.8
P6-3 0.147 67.28 64.39 1590.019 9.2
P6-10 0.900 7343 70.61 1793.522 10.2
P7-3 0.147 67.28 64.39 1590.019 9.2
P7-10 0.900 7343 70.61 1793.522 10.2
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1). The enzyme analysis were realized using
this software, which quantified the differences
in bands intensity and presence of the isoforms
counting the pixels on the image of the gel.

Results and discussion
Morphological aspects of in vitro regeneration

The plant species responds in different ways to
in vitro conditions depending on the culture
media composition and the type of explant
used for inoculation. From the vegetative parts
of plant, only the rhizome fragments respond-
ed to in vitro cultures, generating multiple
shoots and roots. But, this type of explants
presents the disadvantage of an intense internal
contamination with pathogens (i.e. fungi). The
seeds were aseptically inoculated on MS
medium (Murashige & Skoog 1962) and it ger-
minated in 4 months in 80% cases, being large-
ly free of contaminates.

Previous results on shoots regeneration from
preformed meristems on the rhizome frag-
ments (Banciu & Brezeanu 2008) showed a
high multiplication rate on the basal medium
MS, supplemented with 0.1 mg/l NAA and 1.0
mg/l BAP.

Shoots and roots from seeds which germi-
nated on MS medium were further used for
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multiplication and acclimatization (Fig. 1B).
In this case, the multiplication of the shoots
was slow, taking about 6 months on MS basal
medium supplemented with 2 mg/l BAP and
0.2 mg/1 indolylbutiric acid (IBA), as recom-
mended in literature (Balica et al. 2005).

For increasing of the regenerating rates it
was further tested a new media composition,
which proved to induce a faster multiplication
of the shoots (as described in Materials and
Methods). Using this composition, the shoots
have been indirectly regenerated. The resulting
plantlets could be used later in repopulation tri-
als experiments (Fig. 1A).

Isoenzymes expression

For evaluation of the genetic stability, there
were initiated analysis of enzymes spectra in
the shoots grown in vitro and in vivo condi-
tions. The biochemical methods have some
disadvantages being influenced by tissue
specificity and developmental stage (Scan-
dalios & Sorensen 1977).

The first biochemical analyses followed the
determination of the isoenzymes pattern (POX,
EST, ACP, AKP, MDH and GOT) variations in
natural population and in vitro regenerates.

The evaluation of the effects in vitro culture
conditions was assessed by similarly and dis-
similarly in isoenzymes expression, present

Figure 1 Shoots regenerated from rhizome explants by in vitro cultures (A) and seed of Ruscus aculeatus

L. after 2 weeks from germination (B).
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between in vitro regenerated plants and
explants of native plants, from the same popu-
lation. The same test was performed over the
three Comana populations.

Taking into account the type of tissues col-
lected and explants used for regeneration, the
analyses of each tested enzyme were done by
comparing similar bands from successive sam-
ples, as far as we suppose that each isoenzyme
could have a specific role, responding in a spe-
cific way to in vitro culture conditions.

The GOT pattern showed that the samples
from native populations P1 had more intense
activity, comparing with P3 and P4, but all of
them presented activity in the three loci (Fig. 2
A). There are also differences in intensity,
comparing the samples from fruits from two
populations (P2 and P5), the first population
presenting higher activity, as well as one extra
band (L2), in comparison with the third popu-
lation. The samples from natural habitat pre-
sented a more intense GOT activity than those
from in vitro cultures.

The MDH pattern showed
that only the samples from
fruits (P2 and P5) expressed
isoform L1 and had the highest
enzyme activity (Fig. 2 B). The
native populations did not dis-
play differences in isoenzyme
patterns. Comparing the sam-
ples from natural population
with those from in vitro cul-
tures, it was obviously that the
MDH isoenzymes exhibited
structural modifications (i.e. a
decrease of migration front).

The stress induced by in
vitro culture did not affected
POX pattern (Fig. 20),
although this enzyme expres-
sion is usually sensitive to arti-
ficial conditions. However, the
samples from the three native
populations from nature pres-
ent differences in band intensi-
ty and the first population (P1),
expressed one extra band (L4),
in comparison with the other
two populations (P3 and P4).
The low intensity of bands
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from samples of in vitro cultures (P6 and P7),
comparing with those from native plant (P1)
showed a high activity in natural conditions.
The intensity of the fruit samples in POX elec-
trophoresis was lower than the shoots samples
in the first population (P1), but higher than
shoots from the third population (P4), probably
caused by the differences in the degree of
maturity of fruit and seeds.

The EST pattern of regenerated plants was
relatively similar with differences only in
intensity of bands. The intense migration strips
were those from fruits sampled from two po-
pulations (P2 and P5). The differences between
P2 and PS5 showed a different distribution of
allele in populations (Markova et al. 1998).
The activity of esterase in natural habitat was
more intense than that in the shoots from in
vitro cultures (Table 1).

In ACP spectra was detected one extra band
with high expression in fruit samples from
populations 1 and 3 (P2 and P5), in compari-

P3 P4 P5

P6  P7

P3 P4 P5. P56 PT

b

+
—3>

< MO FPIP2 P3 P4 PS5 P6 BT
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Figure 2 The isoenzyme patterns of GOT (A), MDH (B), POX (C),

EST (D), ACP (E) and AKP (F) in Ruscus aculeatus L
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son with samples from shoots grown in the na-
tural habitat. This could suggest that the phos-
phate metabolism is more intense in fruits than
in vegetative parts, as other authors stated
(Efron 1970).

Comparing the AKP spectra of in vitro cul-
tures with those from natural habitat, the
regenerated shoots presented more intense
bands in fast migration zone, while shoots
from natural populations expressed multiple
isoforms in slow migration zone. This could be
explained by variations of the growing condi-
tions imposed by the using of multiple means
of adapting the metabolism (Wendel & Wee-
den 1989).

Conclusions

The Ruscus aculeatus species is relative
refractory to in vitro environment, owing to the
high endogenous contamination degree, but
also because of the slow morphogenetic
response. The research succeeded to establish
a protocol for multiplication of shoots in this
species, although the biotechnological poten-
tial became unlimited.

Preliminary analysis of electrophoretical
profiles in the six isoenzymes systems, in na-
tural populations, did not show significant dif-
ferences between the individuals belonging to
these three populations. The eventual diffe-
rences in isoenzymes patterns could be associ-
ated with allele spread in those populations.
The samples from in vitro cultures (P6-P7)
usually present lower band intensity, compar-
ing with those from the native population. In in
vitro culture, spectra variations could be due to
genetic variability of the seeds used and the in
vitro regeneration method.

The studies on Ruscus aculeatus species are
useful in the efforts of genetic biodiversity
conservation on national and international
level, according to the Strategy of IUCN, untill
2010 at least 10% of the threatened species
(http://www.iucn.org/themes/ssc/
our_work/plants/gspc.htm). Beside this, the
micropropagation technology using multiple
sources of inoculum is important in ellaborat-
ing new drugs in medicine. Future studies will
analyze the possibility of cryoconservation of
this species and viability tests post-conserva-
tion.
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