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ABSTRACT

Orthosiphon stamineus or commonly known as ‘Cat’s Whiskers’ is a popular medicinal plant because of

its diuretic properties and its effectiveness as an antimicrobial, anti-inflammatory, cytotoxicicity, antifungal and

antioxidant agent. In this study, the in vitro plantlets of O. stamineus were used for the protoplast isolation.

The effects of fresh weight and type of plant tissue, sorbitol and enzyme concentrations as well as incubation

time on the yield and viability of protoplast were determined. Explant from different in vitro parts were studied

and evaluated on the highest protoplast yield and viability. The results showed that the leaf tissue at 0.05g

produced the highest number of protoplast (5.34 x 10  protoplasts/g fresh weight tissue). Studies also revealed5

that the highest number of viable protoplast yield was significantly achieved when the leaf tissue were

incubated for 4 hours in the isolation solution composed of 2.0% (w/v) cellulose, 2.0% (w/v) pectinase and

1.5M sorbitol.
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Introduction

Medicinal plants such as Orthosiphon stamineus are important therapeutic agents. However, many

medicinal plants as components of various ecosystems are subjected to depletion and threatened because of

agricultural expansion, deforestation, urban development and indiscriminate collection (Tsay et al., 2002). The

danger that cause by the inevitable ruthless exploitation of medicinal plant, poses a hazard to the well being

of the majority of rural and urban population that relied on medicinal plants for generations (Hamilton, 2003).

Hence, cultivation of the medicinal plants has to be carried out in an efficient way to cater the rising demand.

The rapid multiplication, crop improvement of herbs and medicinal plant and maintenance of sustainable level

of crop productivity by applying plant tissue culture technique accompanied gene technology can help to solve

this problem (Julsing et al., 2007).

The development of protoplast systems in the plant tissue culture technique has increased the versatility

of plants for use in both biochemical and genetic research (Krautwig and Lorz, 1995). This is because the cell

surface membrane of the isolated protoplast is fully exposed and accessible. Thus, it provides the starting point

for many techniques aimed at the genetic modification of plant cells and whole plant (Power et al., 1991).

Protoplast technology is an important and valuable approach to provide powerful experimental material for in

vitro plant manipulation, including those involved in parasexual hybridization, genetic engineering, and

secondary metabolites production, particularly in the extensive application of economically important species,
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which were found to be recalcitrant to in vitro regeneration (Zhu et al., 2005). Most intentionally, protoplasts

also provide a unique opportunity for genetic improvement of medicinal plant (Pan et al., 2003). However, the

effects of cultural factors on the yield, viability and division of protoplast have to be determined to ensure the

ability of protoplast undergo totipotency and further regeneration into the whole plant (Winkelmann, 1993).

In view of the many application of plant protoplast as well as the lack of studies on application of protoplast

technology in O. stamineus, this study was conducted to determine the effects of several factors; types of plant

tissue, fresh weight of tissue, sorbitol and enzyme concentrations as well as the incubation time on the yield

and viability of the protoplast isolated.

Materials and Methods

Plant Materials

The three-week old in vitro plantlet of Orthosiphon stamineus was used as the material for protoplast

isolation. All the in vitro plantlets were maintained in the culture bottle containing Murashige and Skoog

medium (MS medium) (Murashige & Skoog, 1962), supplemented with 3% (w/v) sucrose and 0.8% (w/v) agar.

The pH of the culture medium was adjusted to 5.7±0.1 before the addition of agar and sterilised by autoclaving

at 12 1ºC for 15minutes.The cultures were maintained at 25 ± 1°C and 16 hours light with cool white

fluorescent light.. Subculture of in vitro plantlet was carried out every three weeks to maintain the stock for

the experiments.

Standard protoplast isolation solution

The standard protoplast isolation solution consisted of 2% (w/v) cellulase Onozuka R-10 enzyme solution

(Merck, Germany), 2% (w/v) pectinase enzyme solution (Sigma, Japan), 0.5M sorbitol (Acros Organic, USA)

and the volume was brought up to 500 ìL by liquid MS medium.

Liquid MS medium

The liquid MS medium free of plant growth regulator and sucrose was prepared from each stock solution

(x100) consisting of all the macronutrients, micronutrients, vitamins and FeNaEDTA. The medium pH was then

adjusted with pH meter to pH 5.0 ± 0.1 with either 0.1 M of HCl or NaOH. The medium was autoclaved at

1 5psi for 1 5min.

Effects of diferent plant tissue

In this study, a total of 0.1 g of newly expanded leaf, stem and root explants were weighted and further

cut into fine pieces (1mm x 1mm) by using razor blade. These segmented tissues (in three replicates) were

finely chopped to increase the surface area of the explants to be exposed to the protoplast isolation solution.

Each replicate of minced plant tissue was immediately transferred to the eppendorf tube to avoid drying up.

A 500ìL of standard protoplast isolation solution was then added into each single eppendorf tube that

containing the minced plant tissue. The protoplast isolation solution with the finely cut pieces of plant tissue

was mixed well and resuspended. All the eppendorf tubes were placed on orbitor shaker (PROTECH, Malaysia)

for 3 hours and agitated at 75rpm at 25 ± 1°C.

After 3 hours of incubation, the incubation mixture in the eppendorf tube were centrifuged at 1 845g for

3 minutes to separate the intact protoplast from the epidermal tissues, vascular tissues, broken protoplasts, and

chloroplasts. The supernatant that containing debris was discarded carefully in order to collect the green pellet

that containing protoplast.

The protoplast pellet was gently resuspended in 1 00ìL of washing medium, which contained 0.5M

sorbitol, and the liquid MS medium. The centrifugation and washing processes were repeated three times.

Effects of fresh weight of plant tissue

The leaf tissue that yielded the highest number of protoplast and viability in the previous studies was

chosen as the best tissue in this part of the experiment. Thus, the protoplast isolation procedures were

performed as previously described. However, the fresh weight of leaf tissues used was varied at 0.05g, 0.1 0g

and 0.15g.
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Effects of sorbitol concentrations

In this study, protoplasts were isolated from 0.05g of leaf tissue using the isolation procedures described

earlier. However, the concentrations of the sorbitol in the protoplast isolation solution were varied at 0.05M,

1.0M and1.5M.

Effects of enzyme concentrations

Based on the result obtained in studying the effects of sorbitol concentrations, 1 .5M of sorbitol gave the

highest number of protoplast yield and viability. Hence, 1 .5M of sorbitol was used in this experiment and the

protoplast isolation procedure was performed as previously described. However, the concentration of both

cellulase and pectinase was adjusted to 1% (w/v), 2% (w/v) or 3% (w/v).

Effects of incubation time

The results obtained in studying the effects of enzyme concentrations revealed that 2% (w/v) cellulase and

2% (w/v) pectinase was the best enzyme concentration that yielded the highest number of viable protoplast.

Therefore, the protoplast isolation procedure was performed as previously described. However, the incubation

time was adjusted to 0hr, 2hrs, 3hrs, 4hrs and 6hrs.

Determination of the yield and viability of protoplast

In order to determine the protoplast yield and percentage of viable protoplasts, the protoplast was stained

with 4% (w/v) Evans Blue (Fuke, France) solution and further counted using Neubauer Hemocytometer

(Reichert, USA). The staining was initiated by mixing 15 µL of protoplast suspension with 15 µL of 4% (w/v)

Evans blue solution to create a 1:1 dilution ratio. About 20µL of the mixture were then discharged into the

Neubauer Hemocytometer (Reichert, USA) with cover slips. The pipette tip was placed at Protoplast edge of

the coverslip and the protoplast suspension was allowed to fill the space by capillary action. The entire volume

of the chamber was filled. The filled heamocytometer slide was viewed under the light microscope at 100x

magnification. Dead cells were identified with dark blue staining whereas viable cells did not uptake any of

the stain and appeared to be green. Number of viable and dead protoplasts was recorded. For an accurate

determination, protoplasts were counted on both sides of the hemocytometer (8 x 1 mm  areas). The total2

number of protoplast yielded (viable and non- viable) and the percentage of cell viability were then calculated

using the formula below:

      Total cell counted in 8mm  ×10  ×Total volume of protoplast suspension2 4

Portoplast Yield (Cells / g)= ))))))))))))))))))))))))))))))))))))))))))))))))))))))))))

8 × Weight of tissue count

Total number of viable protoplast count

Percentage of cell viability = )))))))))))))))))))))))))))))))))))))))))) × 100%

Total number of protoplast count

The morphological appearances of the freshly stained protoplast were also observed under the light

microscope (Nikon Eclipse TS100, Japan) at 100x magnification. Photos were taken at 400x magnification.

Results and discussion

Effects of diferent plant tissues

In this study, the in vitro plantlet of O. stamineus was used to isolate the protoplast. Thus, this help to

reduce the detrimental effects to the tissue as preliminary sterilization was eliminated (Carlberg et al., 1983).

Protoplasts can be isolated from different plant organs (Zhu et al., 2005). For example, from leaves, cotyledons,

shoots, roots and flowers (Chabane et al., 2007). However, the protoplast yields were varied with the source

of tissue used. Hence, donor materials have to be determined as it was a crucial factor for obtaining optimum

protoplast yield and viability (Assani et al., 2001). Newly expanded, young leaf has been determined in this

study as the best plant tissue for the isolation of protoplast as compared to stem and root tissues. In vitro leaf

tissue of O. stamineus showed the highest number of protoplast yield (5.34 ± 0.23 x 10  protoplasts/g FW5
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tissue) as compared to stem and root tissue (Figure 1). The total number of protoplast yield from leaf tissue

was approximately 2 and 4 times higher than that of the stem and root, respectively. According to Babaoglu

(2000), the newly expanded leaves have large amount of uniform mesophyll cells, which are loosely arrange.

Babaoglu (2000) also stated that the mesophyll cells have a thinner cell wall as the rate of cell division is high

in young cultures compared to the fully expanded leaves. Besides, less pectic substances was accumulated in

young cell wall as compared to the older leaf cell wall. Thus, the digesting enzyme was easier to degrade the

cell wall, and resulted in higher protoplast yield.

Fig. 1: Effect of different plant tissues on the yield of protoplasts. Data presented are the means ± standard

deviation obtained from two independent experiments, each done in triplicate. Different letters indicate

significant at P < 0.05 in Tukey’s HSD test.

Apart from that, studies also showed that the spherical and irregular shapes of mesophyll protoplasts were

isolated from the leaf tissue, in which these protoplasts were rich in chloroplast and green in colour (Figure

2a). On the other hand, irregular shape of protoplasts were more frequently obtained from the stem and root

tissue. The stem protoplast were pale green in colour (Figure 2b) and translucent for root protoplast (Figure

2c). The freshly isolated protoplasts were stained with Evans blue for viability determination. The viable

protoplast was free from stain and non-viable protoplast were stained blue (Figure 4.2d). As shown in Table

4.1, stem and root gave significantly less number of viable protoplast than the leaf tissue. For leaf, the viability

percentage was 62.6 ± 2.1%. For stem, the viability percentage of protoplast was 56.1 ± 3.9% and for root,

it was 54.8 ± 6.0%.

Effects of fresh weight of plant tissue

As shown in Figure 3, the yield of protoplast decreased proportionally with the increased amount of leaf

tissues used. The number of protoplast was decreased gradually from 10.31 ± 0.62 x 105 protoplasts/g FW

to 6.00 ± 0.12 x 105 protoplasts/g FW and 4.35 ± 0.09 x 105 protoplasts/g FW when 0.05g, 0.10g and 0.15g

of leaf tissue was used, respectively. However, the amount of leaf tissue used did not affect the morphology

of the protoplast isolated as the spherical and irregular shape of protoplast was obtained. Although there was

a significant difference in the protoplast yield, there was no significantly difference between 0.1 5g and 0.10g

with regard to the viability of protoplast yielded (Table 1). Leaf tissue at 0.05g that was used for the protoplast

isolation significantly showed the highest viability percentage as compared to 1.0g and 1.5g of leaf tissue.

Effects of sorbitol concentrations

The osmotic pressure of the ezyme solution critically influences the quality and quantity of the protoplast

isolated (Guo et al., 2007). Three different concentrations of sorbitol (0.5M, 1 .0M and 1 .5M) was introduced

to the protoplast isolation solution and washing medium to study their effect on the protoplast yield and

viability. According to Figure 4, as the sorbitol concentration increased from 0.5M to 1 .5M, huge effect on

protoplast yield occurred. The protoplast yield was increased proportionally to the sorbitol concentration.

Treatment using 1.5M of sorbitol produced the optimal yield as it recorded a total of 2.37 ± 0.28 x 106

protoplasts/g FW of tissue. Apart from that, 74.9 ±0.1% of the protoplasts isolated was viable. As shown in

Table 2, concentrations of sorbitol only contributed slightly differences in the viability of protoplast. Sorbitol

at 0.5M gave a slightly higher viability percentage (76.6 ± 1.2%) than 1.0M of sorbitol (73.1 ± 0.9%) and

1.5M of sorbitol (74.9%±1.0).
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Fig. 2: Fresh protoplast isolated from different plant tissues of Orthosiphon stamineus. (a) Leaf tissue (b)

Stem tissue (c) Root tissue (d) Freshly isolated protoplast stained with Evans blue (å, viable; **,, non

–viable) . All photos were taken at 200x magnification.

Fig. 3: Effect of fresh weight of leaf tissue used on the yield of protoplast. Data presented are the means ±

standard deviation obtained from two independent experiments, each done in triplicate. Different letters

indicate significant at P < 0.05 in Tukey’s HSD test.

Table 1: The effect of fresh weight of leaf tissue used on the protoplast viability in Orthosiphon stamineus

Fresh weight of leaf (g)

-------------------------------------------------------------------------------------------------------------------

0.05 0.10 0.15

Viability (%) 71.3± 5.8 b 66.7± 1.3 ab 64.6± 2.4a

Note: Different letters within each column indicate significant at P < 0.05 in Tukey’s HSD test.

A suitable concentration of osmoticum must be added to the protoplast isolation solution and washing

medium in order to stabilize the protoplast by preventing the protoplast facing cell leakage or shrinking

problem. The protoplast obtained in 0.5M sorbitol frequently faced leakage problem (Figure 5a) and

subsequently led to a low number of protoplast yield (1.094 ± 0.37 x10  protoplasts/gFW of tissue). The 6
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Fig. 4: Effects of sorbitol concentrations on the yield of protoplast. Data presented are the means ± standard

deviation obtained from two independent experiments, each done in triplicate. Different letters indicate

significant at P < 0.05 in Tukey’s HSD test.

Table 2: The effect of sorbitol concentrations on the protoplast viability in Orthosiphon stamineus 

Concentration of sorbitol (M)

-------------------------------------------------------------------------------------------------------------------

0.5M 1.0M 1.5M

Viability (%) 76.6± 1.2c 73.1± 0.9b 74.9± 1.0b

Note: Different letters within each column indicate significant at P < 0.05 in Tukey’s HSD test.

protoplasts obtained with 1.5M sorbitol were more stable and spherical in shape (Figure 5b) and gave slightly

higher protoplast yield when compared to 0.5M sorbitol but lower than 1 .0M sorbitol. However, smaller size

mesophyll protoplasts were obtained with 1 .5M sorbitol and they were spherical in shape. Besides that,

compact and rich cluster of green and yellow chloroplast was seen in the protoplast cytoplasm (Figure 5c).

Fig. 5: Effects of sorbitol concentration on the yield and viability of protoplast. (a) Protoplast isolated with

0.5M of sorbitol. (b) Protoplast isolated with 1.0M of sorbitol. (c) Protoplast isolated with 1.5M of

sorbitol. All the photos were taken at 400x magnification.
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Effects of enzyme concentrations

Cellulase and pectinase were the hydrolytic enzymes used widely to isolate the protoplast. Pectinase

primarily used to stimulate the dispersal of cell aggregates (Grezes et al., 1994) by hydrolyse the 1 -4-D

galacturonide bond from pectin and pectic acid, while cellulase primarily used to degrade the plant cell wall

(Sondahl et al., 1980). The efficacy of protoplast isolation particularly depends on the composition and

concentration of the enzyme solution (Chabane et al., 2007). In some cases, enzymatically isolated protoplast

has completely lost the ability to regenerate cell walls and to divide or proliferate (Ishii, 1988). Therefore, the

suitable concentration of enzymes has to be determined in order to yield the viable and intact protoplast. Three

different enzyme concentrations were tested in this study to obtain the optimal number of viable protoplasts.

The enzyme concentration on the protoplast isolation solution had a huge effect on the protoplast yield and

viability percentage. As shown in Figure 6, the yield of the isolated protoplast was low with a lower enzyme

concentration [1% (w/v) of pectinase and cellulase] and higher when enzyme concentration was increased to

2% (w/v). This might due to at 1%, the enzyme solution was not enough to liberate the protoplasts (Zhu et

al., 2005). Nonetheless, when the concentration of enzyme increased to 3% (w/v), adverse effects on the

number of viable protoplast was observed as the total number of protoplast yielded dropped to 1.33 ± 0.03

x 10  protoplasts/g FW and the viability was decreased to 62.4 ± 4.3%. According to Ishii (1988), the toxic6

effect of pectinase will lead the umplasmolyzed tissues facing irreversible increase in permeability of plasma

membranes, subsequently cause cell leakage, and finally lead to cellular death. Moreover, higher cellulase

concentration may also influence the integrity of membrane, reduce their physical activities, and subsequently

cause over-digestion of leaf tissues (Zhu et al., 2005). Hence, 2% (w/v) of enzyme was found to give the

optimal number of protoplast yield (2.42 ± 0.06 x10  protoplasts/g FW tissue) and viability (77.25%±1.33)6

(Table 3). Similarly, Zhu et al. (2005) who studied the protoplast isolation from Echinacea augustifolia

discovered that the yield of protoplasts was at the highest when 2% (w/v) of cellulase was used whilst the

yield was low with 1.5% (w/v) of cellulase. When concentration of cellulase was higher than 2% (w/v), the

yield of the protoplast decreased probably cause by over digestion of the plant material.

Fig. 6: Effects of enzyme concentration on the yield of protoplast. Data presented are the means ± standard

deviation obtained from two independent experiments, each done in triplicate. Different letters indicate

significant at P < 0.05 in Tukey’s HSD test.

Table 3: The effect of enzyme concentrations on the protoplast viability in Orthosiphon stamineus

Concentration of cellulase and pectinase (%)

--------------------------------------------------------------------------------------------------------------------

1 2 3

Viability% 69.5± 2.1b 77.3± 1.3c 62.4± 4.3a

Note: Different letters within each column indicate significant at P < 0.05 in Tukey’s HSD test.

With a low concentration of digestion enzyme, that was 1% (w/v) of cellulase and pectinase, the mesophyll

cell from leaf tissue were not fully digested and well separated. Clump of cells were frequently observed at

this concentration (Figure 7a). When the leaf tissues were incubated with 2 % (w/v) of cellulase and pectinase,

the mesophyll cell wall were clearly digested and a high number of spherical, naked mesophyll protoplasts

were successfully obtained (Figure 7b).
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Fig. 7: Effects of enzyme concentration on the yield and viability of protoplast. (a) Protoplast isolated with

1% of cellulase and 1% of pectinase. (b) Protoplast isolated with 2% of cellulase and 2% of pectinase.

All the photos were taken at 400x magnification.

Effects of incubation time

The duration of plant tissues in an enzyme solution also greatly affected the protoplast viability and nature

of plasmalemma, consequently affected the wall biosynthesis, and hence the division process (Kaur et al.,

2006). Thus, optimum incubation time has to be determined because insufficient incubation period will lead

to a poor protoplast yield while a long incubation period resulted in a decrease in the viability and biological

activity of protoplasts isolated. As shown in Figure 8, the protoplast yielded was gradually increased from 0

h to 6hrs. The yield of protoplasts reached the maximum of 2.84 ± 0.06 x 10  protoplasts/g FW tissue when6

the incubation time was 6 hrs. However, the number of the viable protoplast was not assured as the viability

percentage was inversely proportional to the incubation time after 3 hours. The viability percentage of the

protoplast isolated was the lowest when the incubation time was 6 hrs. The number of viable protoplasts that

obtained from 4 hrs incubation time was at the maximum (2.66 ± 0.04 x10  protoplasts/g FW) tissue with6

viability percentage of 72.0 ±1.6%. Contrary, Fang et al. (2005) reported that the optimum enzymatic digestion

conditions were 6 hrs of incubation time for pollen protoplast of Pinus bungeana.

Fig. 8: Effects of incubation time on the yield of protoplast. Data presented are the means ± standard deviation

obtained from two independent experiments, each done in triplicate. Different letters indicate significant

at P < 0.05 in Tukey’s HSD test.

From Figure 9a, when the incubation time was 2 hrs the mesophyll cells were still surrounded by the cell

wall and the middle lamella between the cells were not completely digested. When the incubation time

increased to 3 hrs, the mesophyll protoplast was well isolated but the isolated protoplast tended to stick

together (Figure 9b). When the incubation time increased to 4hrs, the freshly isolated mesophyll protoplast were

well separated and the size of the protoplast was also increased (Figure 9c). When the incubation time

prolonged to 6 hrs, a high number of protoplasts was yielded. Nevertheless, a large amount of the protoplast
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was non-viable. This phenomenon could mainly due to the isolated protoplast face deleterious effects after a

long-term exposure to the digestion environment (Rao and Prakash, 1995). Szabo (2005) who studied on the

effect of tobacco tissue culture stated that the plant cells could detect the cell wall degrading enzyme that used

for protoplasting, and their surface will initiate an oxidative burst reaction response that further killed the plant

cells directly.

Fig. 9: Effect of different incubation time on the yield and viability of protoplast (a) At 2hrs incubation time,

most of the cell wall were not fully digested. (b) At 3hrs incubation time, the isolated protoplast tended

to accumulate in groups. (c) At 4hrs incubation time, most of the protoplasts released have a bigger

size and well separated. (d) At 6hrs incubation time, most of the protoplasts were non-viable. Photos

(a) and (c) were taken at 200x magnification while photos (b) and (d) were taken at 100x

magnification.

O. stamineus have a huge potential in herbal and medicinal market due to its effectiveness as the

therapeutic agent. Protoplast fusion studies using polyethylene glycol (PEG) is one of the possible alternatives

as it is a powerful tool for genetic improvement of this medicinal plant. Thus, an optimised medium and

culture condition for protoplast culture and callus induction as well as regeneration protocols can be further

developed prior to the fusion studies.
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