Plant Tissue Cult. & Biotech. 22(1): 59-64, 2012 (June) PT C & B

Hyaluronic Acid Can be a New Plant Growth Regulator
for Hybrid Cymbidium Micropropagation

Naruemol Kaewjampa, Kazuhiko Shimasaki! and
Syeda Jabun Nahar

The United Graduate School of Agriculutral Sciences, Ehime Unversity, 3-5-7 Tarumi,
Matsuyama, Ehime, 790-8556 Japan

Key words: Protocorm-like body, Hyaluronic acid, Growth regulator, Cymbidium

Abstract

Present authors investigated the effect of two biopolymer hyaluronic acid (HA9)
and chitosan (Chitosan H), and N¢-benzyladenine (BA) supplemented with
modified MS on organogenesis in protocorm-like bodies (PLBs) of a Cymbidium
cultivar. The percentages of PLB formation from cultures showed 100 % in all
treatments except for control (82.7%), 0.1 mg/l HA9 (93.3%) and 10 mg/l Chitosan
H (93.3%) treatments. Addition of 0.1 mg/l HA9 to culture medium was highly
efficient for PLB multiplication. Both 10 mg/l HA9 and 1.0 mg/l BA significantly
increased the number of shoots in cultures. The maximum percentage of shoot
(100%) was obtained at 1.0 mg/l chitosan H. Increase in fresh weight showed
higher values at BA treatments. Information gained from this study shows that
hyaluronic acid (HA9) which is new additive for plant tissue culture act as
growth regulator for hybrid Cymbidium micropropagation.

Introduction

Cymbidium is commercially important orchids together with Phalaenopsis,
Dendrobium and Cattleya (Teixeira et al. 2006a). Thus, many attempts have been
made to develop methodologies, culture media and culture condition for the
micropropagation of Cymbidium (Morel 1960, Shimasaki and Uemoto 1990,
Nayak et al. 2002, Teixeira et al. 2006a, 2006b, Hossain et al. 2010). To increase the
efficiency of in vitro techniques, plant growth regulators are frequently used for
orchids (Arditti and Ernst 1993). Plant growth regulators such as BA improve
plant regeneration from PLBs in Cymbidium (Shimasaki and Uemoto 1990,
Nasiruddin et al. 2003). Recently, chitosan has been reported to act as a plant
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growth regulator and considered to elicit the induction of plant defense
mechanisms in many plant (Ben-Shalom et al. 2003, Photchanachai et al. 2006).
One kind of elicitor chitosan positively affects the number of PLBs in Dendrobium
and Cymbidium in vitro (Shimasaki et al. 2003, Nge et al. 2006, Pornpienpakdee et
al. 2010). Thus, authors have hypothesis that some other elicitors may transmit
signals which induce organogenesis in orchid cultures. The elicitor hyaluronic
acid (HA) is potent agent for suppressing disease in cucumber, tomato and
pepper (Park et al. 2008). The functions of HA include cell adhesion and
migration, dynamic processes that are mediated through interaction with
extracellular matrix components, regulation of protein secretion, gene expression
and cell proliferation and differentiation (Scott 1992, Fraser et al. 1997). Present
authors reported that some biopolymers enhanced orchid organogenesis and
growth in vitro (Kaewjampa et al. 2010, Jabun et al. 2011). However, there is no
information available for comparative effects of BA and HA as a plant growth
regulator for Cymbidium micropropagation. Therefore, this study investigated the
effect of HA for the possibility to apply as new growth regulator by comparison
of BA and chitosan.

Materials and Methods

Approximately 5 mm in length PLBs derived from meristem cultures of
Cymbidium Waltz ‘Idol” which proliferated in modified MS (Shimasaki and
Uemoto, 1990) were served for explants. MS with 412.5 mg/l ammonium nitrate,
950 mg/l potassium nitrate, 20 g/l sucrose and 2 g/l Phytagel (Sigma) was
adjusted to pH 5.5 - 5.8 before autoclaving. Chitosan H (Kimica, Japan),
hyaluronic acid (HA9; Shiseido, Japan) at concentrations of 0, 0.1, 1 and 10 mg/1
and different concentrations (0, 0.1, 1 and 10 mg/l) of N6-benzyladenine (BA)
were added to media before sterilization. Two hundred fifty ml of culture jars
(UM culture jar, As One, JAPAN) with plastic caps were used, each jar receiving
30 ml of medium. Five explants were put in each culture vessel and three culture
vessels were used for each treatment. All cultures were maintained at 25 + 2°C, a
16 hr photoperiod with irradiance of 54 umol/m2s for 40 days. The data were
subjected to a one-way analysis of variance (ANOVA) and differences between
means were tested using Tukey’s honestly significant different test (p <0.05).

Results and Discussion

Effects of HA9, chitosan H and BA in modified MS on organogenesis in PLB of
Cymbidium Waltz ‘Idol’ after 40 days of culture is shown in Table 1 and Fig. 1.
The highest number of PLBs (12.4) was recorded in the media containing 0.1 mg/1
HA9 and was significantly different (p < 0.05) to those of control (5.1), Chitosan
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H and BA treatments, respectively. PLB formation significantly promoted at BA
1.0 and 10 mg/l, however showed lower number than that of 0.1 mg/l HA9
treatment. Chitosan H had no or little effect on increase in PLB number,

otherwise had negative effect at 10 mg/l treatment. Meanwhile, PLBs formation
rate showed 100% at all treatments except for control (82.7%), 0.1 mg/l HA9
(93.3%) and 10 mg/1 Chitosan H (93.3%) treatments.

Fig. 1. Effect of HA9, chitosan H and BA in modified MS on organogenesis in PLB of
Cymbidium Waltz ‘Idol’ after 40 days of culture. a: BA 1.0 mg/l, b: HA9 10 mg/l:
Chitosan H 1.0 mg/1 (Bars = 10 mm)

Table 1. Effect of HA9, chitosan H and BA on organogenesis in PLB culture of

Cymbidium Waltz ‘Idol’.
PLB Shoot
Treatment *Number Rate! *Number  Rate? FW
(mg/l) (%) 8
Control 0 5.1+0.8° 82.7 1.6 £0.32 80.0 181.1 +24.32
HA9 0.1 124 +1.14 93.3 2.4+ 0442 80.0 351.2 + 45.64
1.0 95+ 1.1¢ 100 2.7 +0.5% 80.0 278.5 + 29.0bc
Chitosan H 0.1 5.8 +0.3> 100 1.6 +0.42 73.3 261.5 + 27.2bc
1.0 5.1+0.3° 100 2.1+0.32b 100 286.1 + 24.9bc
10 35+0.62 93.3 1.5+0.22 86.7 173.1+39.12
BA 0.1 5.7 +0.9° 100 2.7 +0.72b 73.3 467.3+72.44
1.0 73+1.3¢ 100 3.9+1.0° 80.0 461.6 +52.84
10 8.1+1.1¢ 100 2.1+0.72 50.0 451.1 + 65.84

*Values represent mean * SE followed by the different superscript letters show significant
differences at p < 0.05. The cultures were examined after 40 days of culture. Each
treatment consisted of three replicates, and each replicate consisted of x 5 PLBs.

Number of culture explant with new PLBs

1 ; -
Percentage of PLB formation Total number of culfure explant x 100

Number of culture explant with shoot

Total number of culture explant < 100

2Percentage of shoot formation =
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These findings indicate that HA9 has the ability to stimulate PLB
proliferation of Cymbidium in vitro. In all the media tested for HA9, new PLBs
formation occurred within short period of 10 days (data not shown). Higher
number of shoot formation indicated in the medium with 1.0 mg/l BA (3.9) and
10 mg/l HA9 (3.6) and significantly different to the control treatment. The
maximum percentage of shoot formation was found in medium supplemented
with 1 mg/l Chitosan H (100%). Percentage of shoot formation indicated more
than 73.3% in all treatment except for 10 mg/l BA treatment (50.0%).

Present authors investigated the effects of two biopolymer elicitors and
synthetic plant hormone including hyaluronic acid (HA9), Chitosan H and BA on
PLB and shoot formation of Cymbidium. BA is widely used for micropropagation
of orchids because of its ability to induce organogenesis especially shoot
regeneration (Shimasaki and Uemoto 1990, Paek and Yeung 1991, Nayak et al.
1997). However, as some reports suggested that high concentrations of BA added
in culture medium implicated to increase mutation rate in regenerated plants
(Arditti and Ernst 1993, Huetteman and Preece 1993). Modern approach to plant
production include application of signals of stress as a strategy to promote not
only increase of tolerance, then promote growth of plants (Boughton et al. 2006).
Chitosan considered as one of potent elicitors which induce disease tolerance
which include giving signaling mechanisms of stress. Plant growth promoted
after giving it small or short time of stress by application of elicitor (Ben-Shalom
et al. 2003, Photchanachai et al. 2006).

The main aim of this study is to confirm that “Hyaluronic acid” act as new
plant growth regulator such as BA and chitosan which induce PLBs, shoots with
short duration of time. Effect of chitosan for orchid cultures in vitro have been
reported (Nge et al. 2006, Kananont et al. 2010). However, some chitosans with
high pH-insolubility in media are difficult to apply for tissue culture. However, it
will be not convenient for mass production process of orchid tissue culture.
Otherwise, hyaluronic acid shows high solubility in culture medium. It elicits
systemic resistance in cucumber, tomato and pepper (Park et al. 2008) and has
been one of agents for enhancing secondary metabolite production in plant tissue
culture. Present results clearly demonstrated that like BA, if hyaluronic acid
added to culture media acts as plant growth regulator to induce PLB and shoot
formation of Cymbidium. During 40 days of culture, there was no malformation
observed in regenerated shoots. However, possibility of avoiding mutation of
cultures in the presence of HA should be confirmed for the establishment of
micropropagation system in long span.

Results of this study indicated that some biopolymer type of elicitors such as
HA can be used as new plant growth regulator for Cymbidium micropropa-
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gation, because it enhanced both PLB and shoot formation within a short period.
Moreover, the use of HA as a plant growth regulator is of interest as it is a safe
material for human and environment. Therefore, much more work is still needed
to explore the mechanism involved in the PLB formation and to clarify the
possibility of genetic variation in the regenerated plants.
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