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This study was conducted to determine the potential of cryostoring and regenerating Dendrobium
sonia-28 protocorm-like bodies (PLBs) using the encapsulation-dehydration technique. The parameters
tested for this study included the PLB size range (1 to 2 and 3 to 4 mm), preculture using six different
sucrose concentrations (0.0, 0.2, 0.4, 0.6, 0.8 and 1.0 M) and encapsulation using three different sodium
alginate concentrations (2.5, 3.0 and 3.5%). Based on initial trials, 1 to 2 mm PLBs that were precultured
in 1.0 M sucrose were selected for further studies as they produced the best viability as indicated by the
Evans blue (EB) staining method. Subsequently, the PLBs were subjected to a 30 min encapsulation
experiment involving the three sodium alginate concentrations. Finally, the chlorophyll content and
total soluble protein of cryopreserved, non-cryopreserved and untreated PLBs were determined.

Key words: Orchid, protocorm-like bodies, cryopreservation.

INTRODUCTION

The Orchidaceae are one of the largest families among
flowering plants having about 22,500 species under 779
genera (Mabberley, 2008). Many of the orchid species
such as Paphiopedilum, Cypripedium, Vanda, etc. are
said to be in extinction in their natural habitats as a result
of horticultural collection. Many endangered orchid
species have very small population sizes (less than 100
plants), and in situ conservation of orchids poses a big
challenge to conservation management agencies
(Johnston et al.,, 2009). The conventional way of
conserving orchids is by collecting the living orchids and
growing them in greenhouse or net house as well as by
embryo culture (Pandey et al., 2008). Methods involving
vegetative propagation are time consuming and high
cost is required (Saiprasad and Polisetty, 2003). Hence,
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cryopreservation has been touted as a practical and
promising tool for long-term orchid conservation (Johnston
et al., 2009). The rapid destruction of natural habitats of
orchid species as well as the heterozygosity and high cost
of maintenance incurred from breeding stocks highlights
the importance of developing reliable methods for
germplasm storage (Ammirato et al., 1983). Problems
may also arise when the selected plant germplasm cannot
be stored as seeds because no seeds are formed, or
seeds formed are recalcitrant in nature. In this light,
unconventional preservation protocols such as slow
growth storage and cryopreservation are the only practical
methods to store the material (Keller et al., 2006).
Cryopreservation is storage of explants at the temperature
of liquid nitrogen (-196°C). The merits are the possibility of
overcoming the problems of genetic instability and a
reduction in the risk of contamination during subcultures
(Goldner et al.,, 1991). To be successful in cryo-
preservation, the formation of ice crystal inside the cells
must be avoided during immersion in liquid nitrogen (Shibli
et al.,, 2001). The development of synthetic seed
technology is now taken as an ideal alternative propa-
gation method for several important agronomic and
horticultural crops such as cotton, pines, seedless water-



melon and banana. The synthetic seeds of orchids are
formed by encapsulation of protocorm-like bodies (PLBs)
in an alginate gel (Saiprasad and Polisetty, 2003).

The aim of this study is to establish a method of
preserving the PLBs of Dendrobium sonia-28 through
the encapsulation-dehydration technique.

The main objectives of this study are to determine the
best PLB size range, to select the best sucrose
concentration for the preculture of the PLBs, to
determine the best sodium alginate concentration for
encapsulation and to produce the highest viability of the
PLBs in the cryopreservation experiment. These were
followed by biochemical tests (chlorophyll determination
and total soluble protein assay) as the post-
cryopreservation analyses.

MATERIALS AND METHODS
Plant material

The in vitro Dendrobium sonia-28 PLB culture was propagated in
the School of Biological Sciences, Universiti Sains Malaysia. The
orchid cultures were subjected to the following room conditions: 25
+ 2°C, with 16 h photoperiod under cool white fluorescent lamps
(Philips TLD, 36W) at 150 umolm?s™.

Media preparation

All media used in the experiment were prepared using half-
strength MS (Murashige and Skoog, 1962) components. The pH
values of the media were adjusted in the range of 5.7 to 5.8 prior
to autoclaving.

Preculture of different sized PLBs in various concentrations
of sucrose

The PLBs were excised into two different size ranges (1 to 2 and 3
to 4 mm) and precultured in half-strength MS semi-solid medium
enriched with different concentrations of sucrose: 0 (control), 0.2,
0.4, 0.6, 0.8 and 1.0 M. The explants were stored at 25 + 2°C
under cool white fluorescent lamps (Philips TLD, 36W) for 24 h.

Encapsulation of precultured PLBs
concentrations of sodium alginate

using different

The precultured PLBs were dropped into sodium alginate prepared
at the following concentrations: 2.5, 3.0 and 3.5% (w/v). Each PLB
was aspirated with 100 pl of the alginate solution into a pipette tip
modified to a diameter of 5 mm, and dropped into 0.1 M CaCl,
solution supplemented with half-strength MS medium components.
The beads were left to harden for 30 min, with occasional agitation
of the culture vessel.

Osmoprotection of the encapsulated PLBs

After hardening, the beads were aseptically removed and placed in
100 ml conical flasks containing 25 ml liquid medium supple-
mented with 0.75 M sucrose. The explants were then placed on an
orbital shaker set at 120 rpm for 24 h.
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Dehydration of the encapsulated PLBs

The osmoprotected beads were strained out of the culture vessels,
dabbed dry on sterile filter paper and then dehydrated for three
hours in hermetically-sealed culture jars containing 50 g silica gel.
The silica gel was previously heat-sterilised and reactivated
overnight at 103°C using an oven.

Cryostorage of the encapsulated PLBs

The dehydrated beads were placed in 2 ml cryovials, which were
then secured on cryocanes before direct storage in LN for 24 h.
Thawing was performed at 40 + 2°C for 90 s in a water bath, with
rigorous shaking of the cryovials, followed by the placement of the
beads onto the semi-solid recovery medium. Control experiments
involved the direct transfer of dehydrated beads to recovery medium
consisting of half-strength MS components, circumventing both the
cryostorage and thawing steps. The recovering PLBs were kept in a
dark room for four days in the culture room, followed by placement in
dim light conditions, with the cultures covered using a white cloth.
This is followed by direct exposure to direct light: 25 + 2°C with 16 h
photoperiod under cool white fluorescent lamps (Philips TLD, 36W)
at 150 pmolm2s™.

Evans blue (EB) dye assay

The viability of the PLBs was determined using Evans blue staining
test. The absorption value of the supernatant was measured at 600
nm using a spectrophotometer (U-1900 HITACHI). Lower
absorbance values indicate higher viabilities of the explants.

Chlorophyll content determination analysis

The chlorophyll content within the cryopreserved, non-cryopreserved
and untreated PLBs was determined based on the Harbone method
(Harbone, 1973).

Total soluble protein

The Bradford method (1976) was used to determine the protein
content of cryopreserved, non-cryopreserved and untreated PLBs.

Statistical analysis

Each parameter tested consisted of three replicates, with each
replicate containing 10 PLBs. Means obtained were subjected to
one-way analysis of variance (ANOVA) and differentiated with
Tukey'’s test.

RESULTS AND DISCUSSION
Preculturing of different-sized PLBs in various
concentrations of sucrose

Preculturing in a sucrose-enriched medium is a necessary
step necessary to increase the tolerance of the PLBs to
LN. Preculture of plant material in media that contain
sucrose or sorbitol increased the survival rate of shoot tips
after cryostorage, in the presence of cryoprotectants
(Yamada et al., 1991; Niino et al., 1992). Sucrose
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preculture improves survival rate of post-thaw explants
(Panis et al., 1996), and participates in the improvement
of dehydration and freezing tolerance in plant tissues
(Grapin et al., 2003).

Preculturing in media containing high sucrose con-
centrations was important for the survival of Dendrobium
sonia-28 PLBs after cryopreservation, as indicated by
the results obtained from the experiment. Figure 1
shows the absorbance values of cryopreserved PLBs at
600 nm. For the 3 to 4 mm PLBs, preculture in 0.4 M
sucrose produced the lowest absorbance value (0.023).
The 1 to 2 mm PLBs which were precultured in 1.0 M
sucrose had the lowest absorbance value (0.019).
Hence, the smaller-sized PLBs were selected for the
next experiment since the viability rate was the highest
(lowest reading) by using Evan blue staining test. The
advantages of sucrose as preculture treatment in
cryopreservation could be attributed to two effects
(Steponkus et al., 1992). First, sucrose, like other
osmotic active substances, has an osmotic dehydration
effect, as it reduces water content in tissues (Tanaka et
al., 2004). Second, sucrose is able to enter cells (Dumet
et al., 1993). The theory that sucrose is able to penetrate
cells has been proven by histological observations of
intracellular starch accumulation during preculture
(Gonzalez-Arnao et al.,, 1993). The accumulation of
sucrose within tissues enhances viability when freezable
water is removed to the point of reaching glassy states
during vitrification in the presence of LN (Steponkus et
al., 1992). When high concentration of sucrose was
added to the preculture medium, it was predicted to both
promote intracellular dehydration through the osmotic
effect and maintain the integrity of the plasma and the
inner membrane during the freezing process (Blakesley
et al., 1996).

Encapsulation of precultured PLBs using different
concentrations of sodium alginate

The encapsulation concentration experiment indicated
that 3.0% sodium alginate was the best in the
encapsulation of the PLBs (Figure 2) as the absorbance
value obtained at this point was the lowest (0.025).
Saiprasad (2001) stated that optimum capsule hardness
and rigidity is obtained from the complexation of 3.0%
sodium alginate with 75 mM CaCl,.2H,O for 30 min, as
evidenced in this experime Sodium alginate concen-
trations play a crucial role in obtaining beads with
optimum hardness and rigidity. The alginate capsule
also protects the explant within from mechanical injury
(Saiprasad, 2001). At 3% (w/v), the solution has low
viscosity, at 250 cps (Gonzalez-Arnao and Engelmann,
2006; Reed, 2008). Higher concentrations (5, 6 and 7%)
were too viscous and the beads formed were harder and
hindered the emergence of shoot and root. The possible
reasons for this inhibition are the unsuitable elasticity of

the gel bead and oxygen deficiency within the gel bead
(Saiprasad and Polisetty, 2003).

Chlorophyll content determination

Chlorophyll is a pigment which is found in plants, and
gives the green colour; it absorbs the light crucial for
photosynthesis. There are two main types of chlorophyll, a
and b, both of which differ by their side chain composition.
Chlorophyll a is the main photosynthetic pigment of
aerobic organism. All photosynthesizing plants, algae and
cyanobacteria contain chlorophyll a. Chlorophyll b, found
only in green algae and in plants, functions mainly to
absorb light and transfer it to chlorophyll a (Devesa-Rey et
al., 2008).

Figure 3 indicates that the total chlorophyll a for the
PLBs of Dendrobium sonia-28 in all treatments were lower
than chlorophyll b. The control PLBs gave the highest
chlorophyll content, in both chlorophyll a and b (Figure 3).
Cryopreserved PLBs gave the lowest chlorophyll content
for both chlorophyll a and b. Observations of photo-
synthetic activity in cryopreserved PLBs indicates that
cryostorage inhibits activities of both photo systems to
certain level (Safrinah et al., 2009). This might be a factor
for the lack of regeneration in cryopreserved materials
after its transfer to normal tissue culture conditions.
Despite strong inhibition of photosynthetic electron
transport, observations indicate that the deep-freezing
does not contribute to the immediate death of the PLBs
(Safrinah et al., 2009).

Total soluble protein analysis

The Bradford method (1976) was used to determine the
protein content of the PLBs. The Bradford method was
chosen because it is simple, fast and low in cost when
compared to other methods (Nuria and Pilar, 2001). When
Coomassie Brilliant Blue G-250 (an acidic solution of dye)
is added to a solution of protein, the colour of the solution
changes from a reddish brown to blue as the dye binds to
the protein via electrostatic attraction between the dye’s
sulfonic groups to the protein. Apart from that, when the
acidic dye solution binds to protein, its peak absorbance
value changes from 465 to 595 nm. Therefore, the
measurement of the absorbance of the protein-dye
complex at 595 nm allows an accurate quantification of
the protein content of a sample (Nuria and Pilar, 2001).
Cryopreserved PLBs had the lowest total soluble protein
content when compared to untreated PLBs which had the
highest value of total soluble protein content (Figure 4).
Nuria and Pilar (2001) reported that this condition occurs
since a plant will experience a reduction in terms of growth
and metabolic activities when subjected to any biotic or
abiotic stress factor. Moreover, there is a high possibility
that the PLBs intended for cryopreservation possess
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Figure 1. Treatment of PLBs Dendrobium sonia-28 with six sucrose concentrations. Two sizes of PLBs (1 to 2
and 2 to 3 mm) were precultured in six sucrose concentrations for 24 h. The viability of the PLBs was tested
using the Evans blue staining method
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Figure 2. Encapsulation of PLBs with different concentrations of sodium alginate. Three sodium alginate
concentrations (2.5, 3.0 and 3.5%) were used and the beads were left to harden for half an hour in 0.1 M
CaClz.
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Figure 3. Concentrations of chlorophyll a and b and total chlorophyll a and b in PLBs of Dendrobium sonia-28. Chlorophyll

determination was carried out in order to analyse the chlorophyll content in cryopreserved PLBs, non-cryopreserved PLBs
and untreated PLBs of Dendrobium sonia-28.
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Figure 4. Total soluble protein content in PLBs of Dendrobium sonia-28 under three different treatments. After two weeks of
recovery, cryostored, non-cryopreserved and untreated 1 to 2 mm PLBs were tested for total soluble protein.

inadequate or no stress tolerance mechanisms. In Conclusion

conclusion, the low protein concentrations should be _ _ _
interpreted as a clear sign of stress damage in plant From this study, it was observed that 1 to 2 mm PLB size

cells (Nuria and Pilar, 2001). produced the best viability after a 24 h preculture in semi-



solid half-strength MS media containing 1.0 M sucrose.
The best result for PLB encapsulation was obtained
when 3.0% (w/v) sodium alginate was used with 0.1 M
CaCl,, followed by a 30 min complexation period.
Untreated PLBs of Dendrobium sonia-28 produced both
the highest concentration of both chlorophyll a and b in
the chlorophyll test and the highest total soluble protein
content in the total soluble protein analysis.

REFERENCES

Ammirato PV, Evans DA, Sharp WR, Bajaj YPS (1983). Orchids,
Monopodials. In: Handbook of Plant Cell Culture Ornamental Plant,
Vol. 5. R. R. Donnelley & Sons Com, pp. 598-633.

Blakesley D, Mazrooi SA, Bhatti MH, Henshaw GG (1996).
Cryopreservation of Non-encapsulated Embryogenic Tissue of
Sweet Potato (Jpomoea batatas). Plant Cell Rep. 15: 873-876.

Bradford MM (1976). A rapid and sensitive method for the quantitation
of microgram quantities of proteins utilizing the principle of protein-
dye binding. Anal. Biochem. 72: 248-259.

Devesa-Rey R, Moldes AB, Diaz-Fierros F, Barral MT (2008). Study of
Phytopigments in River Bed Sediments: Effect of the Organic Matter,
Nutrients, and Metal Composition. Springer, Berlin.

Dumet D, Engelmann F, Chabrillange N, Duval Y, Dereuddre J (1993).
Importance of Sucrose for the Acquisition of Tolerance to
Dessication and Cryopreservation of Oil Palm Somatic Embryos.
Cryo Lett. 14: 243-250.

Goldner EM, Seitz U, Reinhard E (1991). Cryopreservation of Digitalis
lanata Ehrh. Cell Cultures: Preculture and Freeze Tolerance. Plant
Cell, Tissue Org. Cult. 24: 19-24.

Gonzalez-Arnao  MT, Engelmann F, Huet C, Urra C (1993).
Cryopreservation of Encapsulation Apices of Sugarcane. Effect of
Freezing Procedure and Histology. Cryo Lett. 14: 303-308.

Gonzalez-Arnao MT, Engelmann F (2006). Cryopreservation of plant
germplasm using the encapsulation-dehydration technique: Review
and case study on sugarcane. Cryo Lett. 27: 155-168.

Grapin A, Dumet D, Holota H, Durion N (2003). Cryopreservation of
Pelargonium Shoot Tips by Encapsulation-dehydration. Effect
Sucrose Concentration, Dehydration Duration and Genotype. Acta
Hort. 623: 225-230.

Harbone JB (1973). Photochemical Methods. Chapmann and Hall Ltd.,
London, pp. 49-188.

Johnston JW, Benson EE, Harding K (2009). Cryopreservation Induces
Temporal DNA Methylation Epigenetic Changes and Differential
Transcriptional Activity in Ribes germplasm. Plant Physiol Biochem.
47:123-131.

Pouzi et al. 3539

Keller ERJ, Senula A, Leunufna S, Grube M (2006). Slow Growth
Storage and Cryopreservation-tools to Facilitate Germplasm
Maintenance of Vegetatively Propagated Crops in Living Plant
Collections. Int. J. Refrig. 29: 441-447.

Mabberley DJ (2008). Mabberley’s Plant Book, a portable dictionary of
plants, their classification and uses. Cambridge University Press, p.
606.

Murashige T, Skoog F (1962). A revised medium for rapid growth and
bioassays with tobacco tissue culture. Physiol. Plantarum.15: 473-497.

Niino T, Sakai A, Yakuwa H, Nojiri K (1992). Cryopreservation of InVitro-
grown Shoot Tips of Apple and Pear by Vitrification. Plant Cell Tissue
Org. Cult. 28: 261-266.

Nuria PB, Pilar RT (2001). Protein Content Quantification By Bradford
Method. In: Handbook of Plant Ecophysiology Techniques. Kluwer
Academic Publisher, pp. 283-295.

Panis B, Totte N, Van Nimmen K, Withers LA, Swennen R (1996).
Cryopreservation of Banana (Musa spp.) Meristem Cultures after
Preculture on Sucrose. Plant Sci. 121: 95-106.

Reed BM (2008). Plant Cryopreservation-A Practical Guide. Springer
Publication, New York, p. 503.

Safrinah R, Xavier R, Uma Rani S, Sreeramanan S (2009). Optimisation
of Cryopreservation Technique in Mokara golden nugget orchid Using
PVS2 Vitrification. Int. J. Agr. Res. 4: 218-227.

Saiprasad GVS (2001). Artificial Seeds and Their Applications.
Resonance May 2001.

Saiprasad GVS, Polisetty R (2003). Propagation of Three Orchid Genera
Using Encapsulated Protocorm-like bodies. In vitro Cell. Dev. Biol
Plant. 39: 42-48.

Shibli RA, Haagenson DM, Cunningham SM, Berg WK, Volenec JJ
(2001). Cryopreservation of Alfalfa (Medicago sativa L.) Cells by
Encapsulation-dehydration. Plant Cell Rep. 20: 445-450.

Steponkus PL, Langis R, Fujikawa S (1992). Cryopreservation of Plant
Tissues by Vitrification. In: Advance in Low-Temperature Biology,
Steponkus PL (ed.). JAl Press, London, England, pp. 1-61.

Tanaka D, Niino T, Isuzugawa K, Hikage T, Uemura M (2004).
Cryopreservation of Shoot Apices of In vitro-grown Gentian Plants
Comparison of Vitrification and Encapsulation-vitrification Protocols.
Cryo Lett. 25: 167-176.

Yamada T, Sakai A, Matsumura T, Higuchi S (1991). Cryopreservation of
Apical Meristems of White Clover (Trifolium repens L.) by Vitrification.
Plant Sci. 73: 111-116.



