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Abstract: In this study it was aimed to investigate inducibility of secondary metabolism in Astragalus chrysochlorus by yeast extract which

is known to cause the synthesis of defensive phenolic metabolites. Cell suspension cultures of Astragalus chrysochlorus responded to

elicitor treatment (10 gl-1 yeast extract) by increasing phenylalanine ammonia lyase (PAL E.C. 4.3.1.5) activity, the key enzyme of

phenylpropanoid pathway and accumulation of phenolic compounds. Yeast extract was added on 13th day in the cultures when cells  were

at early stage of logarithmic phase. The highest PAL activity (2.71 U µg protein-1 min-1) was measured at 36 hr after addition of yeast extract

and increasing of total phenolics accompanied with 221 µg g-1 value as fresh weight (FW). Total phenolic content reached maximum value,

343.86 µg g-1 FW, at 48 hr while control’s value was 162 µg g-1 FW. Maximum PAL activity and total phenolic content were 2.88 and 2.12

times higher than the controls of A. chrysochlorus cells, respectively. Our results indicate that there is a positive correlation between

induced PAL activity and accumulation of total phenolics. It is considered that early defense response given to environmental stressors

such as biotic and abiotic factors by upregulation of phenolic branch of secondary metabolism occurs in A. chrysochlorus with addition of

yeast extract.
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Introduction

Astragalus species are well known curative plants in

traditional Chinese medicine (Tang and Eisenbrand, 1992). Due to

the rich content of saponines, flavonoids, polysaccharides (Tang

and Eisenbrand, 1992; He and Findlay, 1991; El-Sedakhy et al.,

1994), and biological activities (Tang and Eisenbrand, 1992) related

to their secondary metabolites, they are being widely used for

treatment of asthma, diarrhea, nephritis and cancer. In our previous

study, we showed that ethylacetate and chloroform extracts of

Astragalus chrysochlorus have cytotoxic activity against Vero cells

and inhibited cell viability up to 70% (Karagoz et al., 2007).

Astragalus species also have great economical values for the

production of tragacanth gum which is used as an emulsifier, stabilizer

and thickening agent in pharmaceuticals and foodstuffs. Turkey and

Iran produce almost all of the world’s tragacanth gum supply (Dogan

et al., 1985).

Plants and/or plant cells show physiological and

morphological responses to microbial, physical or chemical factors

which are known as ‘elicitors’. Elicitation is a process of induced or

enhanced synthesis of secondary metabolites by the plants to ensure

their survival, persistence and competitiveness. The reaction of

suspension-cultured plant cells to fungal preparations, so-called

elicitors, has been studied extensively as a model of the plant’s

defense response (Angelova et al., 2006). This model is based on

the premise that plant cells use elicitors as chemical cues to sense a

pathogen attack. Suspension-cultured plant cells have an acute

chemosensory perception system for a variety of elicitors and react

to them with the transcriptional activation of a number of genes,

including those coding for enzymes of the phenylpropanoid pathway

(Angelova et al., 2006).

The phenylpropanoid pathway is involved in the

biosynthesis of a wide variety of natural products from plants. Many

of these products have important functions in plant development

and in interactions of the plant with its environment. Phenylalanine

ammonia-lyase (PAL; EC 4.3.1.5) is responsible for the conversion

of L-phenylalanine to trans-cinnamic acid, a key intermediate in the

pathway of phenolics. Yeast extract, as an elicitor like fungal ones,

alters the enzyme activities of phenylpropanoid metabolism which

leads to phenolic compounds (Ramachandro and Ravishankar,

2002). Plant phenolics play important roles in protection against

biotic and abiotic stressors. They exhibit a wide range of biological

activities including antibacterial, anti-inflammatory, antiallergic,

hepatoprotective, antithrombotic, antiviral, anticarcinogenic and

vasodilatory (Soobrattee et al., 2005). Due to the pharmaceutical

and economical values of phenolics it is essential to know under

which conditions they are synthesized.

Since plants are sessile organisms and have only limited

mechanisms for stress avoidance, they need flexible means for

acclimation to changing environmental conditions (Hooda, 2007).

In many plants, the increase in PAL activity has been shown to be

a direct and early response to pathogens, elicitors and environmental

factors. Important plant defense response against such factors is
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suggested to be the very rapid synthesis of phenolic compounds

(Liu et al., 2006). Therefore it is expected that PAL activity changes

in plants would affect phenylpropanoid biosynthesis.

The major objective of our research was to investigate

inducibility of secondary metabolism in Astragalus chrysochlorus in

response to yeast extract which is known to induce defensive

phenolic metabolites. To achieve this, we examined the effect of

yeast extract on the activity of the key enzyme of phenylpropanoid

pathway, PAL which lead phenolic compounds. We demonstrate

the conditions of phenolics production which are, increase in the

activity of the key enzyme of phenylpropanoid pathway and rapid

stimulation of phenolics biosynthesis in A. chrysochlorus by elicitation

with yeast extract.

Materials and Methods

Plant material and callus induction: Seeds were collected and

classified, a voucher specimen was deposited in the herbarium

(ISTF no: 40006, Istanbul University, Faculty of Science

Herbarium). Seeds were disinfected in 70% EtOH for 1 min, then in

5% commercial bleach (Domestos) for 15 min, followed by three

rinses for 15 min with sterile distilled water (Herman, 2002).

Germination was carried out aceptically in Petri dishes containing

25 ml of growth-regulator-free Murashige and Skoog  (Murashige

and Skoog, 1962) medium supplemented with 3% (w/v) sucrose

and solidified with 0.8% agar (w/v). The pH was adjusted to 5.7

before autoclaving at 121oC for 20 min.  Petri dishes were

incubated in a growth chamber illuminated with fluorescent light

(ca. 1400 µmol-2ms-1) over a 16 hr light, 8 hr dark photoperiod

at 25± 2oC. For callus induction, hypocotyles of 30-day-old

seedlings cut into 0.5 cm long pieces. Explants were grown in

culture tubes (Sigma, C-5916) containing 10 ml of MS medium

supplemented with 0.5 mg l-1 2,4-D (2,4-Dichlorophenoxyacetic

acid) and subcultured in 3-week intervals. Callus cultures were

maintained in growth chamber.

Cell suspensions: The actively grown 21-day-old friable calli

were used to establish cell suspension cultures. The callus (~1.0 g)

was cut into small pieces and cultured in 50 ml MS medium in 250 ml

Erlenmeyer flask for the establishment of primary cell suspension

cultures. The cultures were placed on an orbital shaker (Gerhardt-

thermoshake), at 120 rpm and incubated at 25 ± 1oC. Primary cell

suspension cultures were subcultured at 10 day intervals (Chueh

et al., 2000).

Five ml culture (with 1 ml Packed Cell Volume) from the

primary cell suspension culture was subcultured in 25 ml fresh

medium, consisted of MS basal salts and vitamins, % 3 sucrose and

4 different concentrations of 2,4-D (1, 2, 3, 4 mgl-1) in 150 ml side-

arm Erlenmeyer flask (Chueh et al., 2000).  PCV was measured

every 4 days starting from the first day of culture. Prior to the

measuring, suspension cells were allowed to settle for 45 min

(Herman, 2002). Growth curves were drawn to compare the

differences between 2,4-D concentrations. Each experiment was

repeated 3 times.

Elicitor treatment: Yeast extract was prepared by ethanol

precipitation as described by Chen and Chen (2000). 10 g of the

yeast extract was dissolved in 50 ml of distilled water. 350 ml ethanol

was added. The precipitate was allowed to settle for 4 days at 4oC

and the supernatant was decanted and discarded. The gummy

precipitate was dissolved in 50 ml of distilled water. The ethanol

precipitation was repeated. The second ethanol precipitate was

dissolved in 50 ml of distilled water. Elicitor solution was sterilized by

filtration through a 0.22 µm filter (Orange Scientific, Cat. No:

1520012). 10 g l-1 concentration of yeast extract was added on the

13th day of cell cultures. The same amount of distilled water was

added to the control cultures.

Enzyme extraction and PAL assay: After addition of yeast extract

to the cultures, the cells were collected in 12 hr intervals for 3 days

to study PAL activity. One gram fresh cells were homogenized in 15

ml 0.1 M borate buffer (pH 8.8) with 5 mM β-mercaptoethanol, 2

mM EDTA (ethylenediaminetetraacetic acid) and 0.1 g PVPP

(polyvinylpolypyrrolidone). After stirring for 20 min. at 4oC, the

solution was filtered through two layers of cheesecloth and

centrifuged at 12,500 rpm for 15 min. The supernatant was used for

PAL assay (Saunders and McClure, 1974). Protein concentrations

were determined by the Lowry procedure, using BSA (Bovine

Serum Albumin) as the standard (Lowry et al., 1951).  The reaction

mixture contained 2.75 ml 60 mM L-phenylalanine in 0.1 M borate

buffer (pH 8.8) and 0.25 ml supernatant. The reaction was at 37oC

for 1 hr and was stopped by adding 0.1 ml 6 N HCl (Hydrochloric

acid).  Borate buffer without phenylalanine (2.75 ml), with 0.25 ml

supernatant was used as blank. The difference in OD290 was

measured against a blank without substrate (Saunders and McClure,

1974). Each experiment was repeated 3 times.

Extraction and estimation of total phenolic content: The cell

suspension cultures treated with yeast extract on the 13th day of

culture were used to determine total phenolic content. After addition

of yeast extract, the cells were collected in 12 hr intervals and total

phenolic content was determined by Folin-Ciocalteau method

(Singleton and Rossi, 1965). Approximately 50 mg of cells was

placed in 2.5 ml of 95% ethanol and kept in the freezer for 48-72 hr.

Each sample was homogenized using a mixer (Ultra-turrax T25)

and centrifuged at 13,000 rpm for 10 min. From each centrifuged

sample, 1 ml of the supernatant was transferred to a test tube, and

mixed with 1 ml of 95% ethanol and 5 ml distilled water. To each

tube 0.5 ml of 50% Folin/Ciocalteu phenol reagent (Stock 2 N,

Sigma Chemical Co.) was added, vortexed and incubated for 5 min

at 24oC. One milliliter of 5% Na
2
CO

3
 was then added to each

sample, vortexed and incubated covered with an aluminum foil

in the dark for 1 hr. After 60 min, samples were vortexed again

and absorbance was measured at wavelength 725 nm using a

spectrophotometer (Shimadzu UV-160). Standard curves were

established for each assay using concentrations of 25, 50, 75,

100, 150 and 200 mg ml-1 of gallic acid in 95% ethanol.

Absorbance values were converted to microgram of phenolics

per gram freshweight of tissue. Experiments were repeated 3

times.
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Fig. 3: Specific PAL activity (U mg protein-1 min-1) and total phenolic

amounts (µg g-1 FW) in A. chrysochlorus cell cultures over 72 hr,

following the treatment with 1.5 ml of 10  g l-1 yeast extract on the 13th

day
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Fig. 2: Effect of yeast extract on growth of cell suspension culture of A.

chrysochlorus
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Fig. 1: Effects of 2,4-D on growth of cell suspension cultures of  A.

chrysochlorus

Withour 2, 4-D
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PAL activity of control culture
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Total phenolic amount of control culture

Total phenolic amount of cultures yeast extract added on the 13th day

Total phenolic amount of

Statistical analysis: For PAL activity and total phenolic content

experiments, means comparisons were conducted with an ANOVA

protected LSD test.

Results and Discussion

Callus and cell suspension cultures: In cell suspension culture

studies, the main necessity is having a proper callus culture as

cell source. For this reason as a first step, callus was induced from

hypocotyls explants of 30-day-old seedlings on MS medium

supplemented with 0.5 mg l-1 2,4-D after 15 days in the same

medium. These calli were actively growing and friable. 21-day-

old calli were used to establish the cell suspension cultures. It has

been reported that actively growing callus material were succesfully

used for V. vinifera, B.vulgaris, L.esculentum, L. erythrorhizon,

Pueraria lobata (Willd) cell cultures to produce anthocyanins,

betalains, carotenoids, naphtoquinones, isoflavones respectively

(Pepin et al., 1995; Klebnikov et al., 1995; Fosket and Radin,

1983; Sim and Chang, 1993; Chen and Li, 2007). Therefore the

convenient culture system was obtained to study the reaction of

Astragalus chrysochlorus cells against yeast extract as an elicitor

for defense response by establishment of actively growing cell

cultures.

Auxins play an essential role in coordination of growth

processes in plant cell suspensions. They are considered as the

key regulators in sustaining growth of suspension cells.

Nevertheless, individual cell cultures differ in their sensitivity to these

substances (Teale, 2006). Hence, it is necessary to determine

appropriate concentrations of auxins. In this study, we tested four

different concentrations (1, 2, 3, 4 mg l-1) of 2,4-D to determine the

optimum growth of cells. Maximum PCV was detected at 36th day of

cultures when MS medium contained 1 mg l-1 2,4-D (13 ml PCV,

Fig.1). This value found to be 1.4 and 1.6 times higher than the

PCV values of the cultures, supplemented with 2 mg l-1 2,4-D (9 ml

PCV) and without 2,4-D (7.8 ml PCV), respectively. When the

concentration of 2,4-D in the medium was increased to 3 and 4 mg l-1,

cell growth was inhibited. In cell suspensions, since the culture is

homogenous, the action of exogenous substances, like growth

regulators, may have a stronger effect (Ramachandro and

Ravishankar, 2002). Inhibition of growth at higher concentrations of

2,4-D can be explained by this fact.

One mg l-1 2,4-D  found to be sufficient to maintain fast

growing of suspensioned cells. In Daucus carota (Narayan et

al., 2005)  and  Saussurea involucrate (Wu et al., 2005)

suspension cultures have been maintained using different auxins,

2 mg l-1 indole acetic acid and 3 mg l-1  naphthalene acetic acid,

respectively. On the other hand, similar to our results, in

Orthosiphon stamineus (Wai-Leng and Lai-Keng, 2004) and

Salvia miltiorrhiza (Huang et al., 2000) cell suspensions, 1 mg l-1

2,4-D was found to be necessary to maintain the optimum growth.

There is a differential sensitivity among different species as well

as between tissues at different physiological stages of growth,

plants respond to auxins differently (Teale, 2006).

Metabolism in Astragalus chrysochlorus cell induced by yeast extract
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Effects of yeast extract on growth, PAL activity and total

phenolics: 13th day of the culturing was selected as appropriate

time to treat yeast extract because of A. chrysochlorus cells were at

early stage of logarithmic phase (Fig. 1). Just after 13th day of

culturing, cell growth inhibited in yeast extract treated cultures (Fig.

2). The PCV value (6.75 ml ) of yeast extract treated cultures did

not increase anymore after 16th day while controls reached to 13 ml

at the end of the culture period (Fig. 2). In elicited plant cell cultures

depressing primary metabolism and switching on secondary

metabolism cause cell growth retardation (Ramachandro and

Ravishankar, 2002). Because of these properties, elicitors are widely

used in metabolic engineering studies including overproduction of

secondary metabolites. Cell growth inhibition has been reported in

elicited cell cultures of Caesalpinia pulcherrima (Zhao et al., 2004),

Catharanthus roseus (Zhao et al., 2001) and Rhodiola sachalinensis

with fungal origin substances (Xu et al., 1998) for production of

secondary metabolites.

In yeast extract treated cultures of Astragalus chrysochlorus,

the inhibition of growth coupled with coloring, the cells turned to

claret-red. It was thought that the substances which are responsible

for claret-red color, may correspond phenolic compounds that

account for pink, red, orange, scarlet, purple colors as defined in

Verpoorte (2000).

Treatment with yeast extract on the 13th day of culture led to

elevated specific activity of PAL in A. chrysochlorus cell cultures

(p<0.01, Fig. 3). Enzyme activity had markedly increased, starting

from 12 hr. It was 1.37 U mg protein-1 min-1 while control was 0.33 U

mg protein-1 min-1 at 12 hr. The activity level reached a maximum at

36 hr (2.71 U mg protein-1 min-1), this was 2.88 times higher than the

controls (0.94 U mg protein-1 min-1). Yeast extract-induced PAL

activity had markedly declined after 48 hr, and thereafter was similar

to control cultures. In yeast extract treated cultures of Astragalus

chrysochlorus, after 24 hr, the total phenolic content was found to be

higher (289.76 µg g-1 FW, p<0.01) than the controls (148.26 µg g-1

FW, Fig. 3). The maximum amount of  total phenolics were reached

343.86 µg g-1 FW whereas controls were 162 µg g-1 FW at the 48th

hr. Yeast extract treated cells showed 113.3% increase in total

phenolic content over controls. Total phenolic content decreased

after 48 hr of treatment like PAL activity in elicited cultures. Similarly,

PAL activity in soybean and Taxus chinensis var. mairei has

increased after elicitation with chitin, chitosan oligomers and fungal

elicitors, respectively (Khan et al., 2003; Yuan et al., 2002). In

these studies, it was reported that PAL activity reached maximum in

36 hr and total phenolics were elevated with the induction of PAL

enzyme. Increasing in PAL activity have been demonstrated to be

the direct and earliest response of defense mechanism. The

remarkable increase of PAL activity resulting from elicitation with

yeast extract preceded and paralleled the change in total phenolic

production (Peltonen et al., 1997). It seems that there is positive

correlation between induced PAL activity and total phenolic content

to adapt the environmental factor, yeast extract, in A. chrysochlorus

cell culture. The positive correlation between PAL activity and

phenolic content has been demonstrated by Rivero et al. (2001)

and Cannag et al. (2007) in tomatoes (Lycopersicon esculentum)

and Pinus laricio, following thermal stress, respectively. Same result

has been obtained in Camelia sinensis by Cu treatments (Basak et

al., 2001).

The activation of phenylpropanoid metabolism is the initial

reaction pathway leading to synthesis of compounds regarded as

important for the survival of cells under stress. In conclusion, our

data confirmed that yeast extract elicitation in A. chrysochlorus cell

suspension cultures caused the early and direct defense response

by activation of phenylpropanoid metabolism. We also determined

the conditions of phenolics biosynthesis in this study, it is suggested

that this system could be used to produce phenolics biotechnologically

as well as studying defense response. However there is still need

for further investigations to identify phenolics.
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