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Abstract. Two Gardenia jasminoides callus lines (Ll. L2) were submitted at different concentra-

tions of salicylic acid (SA: 0.001, 0.01, 0.1 and 1 mM). After 4 weeks of in vitro culture at the low-

est SA concentration, L 2 line showed a significant decrease of peroxidase activity associated

with an increase in harvesting pigment content and slightly rises of index growth and dry weight,

compared with the control. At the other tested concentrations of SA (0.1-0.01 mM), peroxidase

activity was under control values and was noticed a linear decrease of pigment content. At 1 mM,

SA induced a higher peroxidase activity compared with the control, associated with an increase

of total proteins and the lowest decrease of pigment content. The green pigmentation of L 2 cal-

lus line was turned on a green-yellowish (for 0.1-0.01 mM SA) and a mixed white/yellow (1 mM

SA). Such results were also obtained for L 1 line. At the lowest concentration of SA was not

noticed on contrary an increase of peroxidase activity compared with the control and also L 2 cell

line. At 0.01 mM SA the peroxidase activity was lower compared with 0.001 mM and higher

towards the control. Over 0.001 mM SA concentration, the L 1 callus became yellowish. We

assume that the yellow pigment might be crocin (carotenoid). At 1 mM SA for both lines necro-

sis was noticed. Squash analysis of callus that grew at 1 mM AS showed the appearance of

small, not elongated cells as a result of SAR phenomenon.
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Introduction

In the last years, much attention has been paid to the plant metabolite salicylic acid

(SA). This compound was specifically involved in the induction of disease resistance (firstly

against viruses) and plant development (Raskin 1992; Pierpoint 1994). SA belongs to a

group of phenolic compounds widely distributed in plants. It is now considered as a hormone-

like substance and is recognized as a key modulator molecule involved in local and systemic

responses to pathogens (Ryan & Farmer 1992). Also SA is a key molecule involved in cell

proliferation/death processes modulation.

In an earlier paper, aspirin effect on the same gardenia cell lines was investigated

(Antofie et al. 2000b). Aspirin is an artificial analogue of SA that is converted to SA and

acetate in aqueous solutions. In order to avoid acetate side effects, in this paper the modu-

lator effects of different SA concentrations (0.001, 0.01, 0.1 and ImM) on cell

proliferation/death processes for two gardenia cell lines: L 1 (white) and L 2 (green) were ana-

lyzed.

Material and methods

Plant material consisted of two Gardenia jasminoides (Ellis) H. Br. long term callus

cell lines: white (L1) and green (L2), differentiated by pigmentation level.
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Culture media. Long term callus was maintained in vitro on a modified Murashige -

Skoog 1962 (MS62) culture medium, supplemented with sucrose (30 g/l). The hormone ba-

lance was as follow: o.lmg/l lAA (indole acetic acid) and 1 mg/l BAP (benzyl aminopurine).
The culture medium (MS62) tested with the same hormone balance was supplemented with

1, 0.1, 0.01 or 0.001 mM salicylic acid (SA).

Culture conditions. Samples of about 1 g callus were cultivated on 6 cm diameter

Petri dishes for four weeks with a photoperiod of 16 h light and 8 h darkness at a tempera-
ture of 22-24° C under a light flow of 57 umoli/m2s.

Morphometric parameters. In this experiment were investigated dry weight (%) and

growing index (g/g) (initial fresh weight- final fresh weight / initial fresh weight).

Histological analysis of callus tissue squash samples were stained with methylene
blue solution (400 mg/l) to asses cell viability.

Peroxidase and arylesterase electrophoretic spectra, were performed according
to Baaziz and Saaidi method (1987). The primary protein extract was obtained according to

a slightly modified Torres and Tisserat method (1980). Callus samples were homogenized

with quartz sand, and protein extraction was performed in 20mM Tris-HCI buffer, pH 8 sup-

plemented with 10 mM NaHC0
3 , 10 mM MgCI 2 , 0.1 mM Na

2 EDTA, 10 mM b-mercap-

toethanol, 10% sucrose and 0.1% Triton X-100. The homogenate were refrigerated for 24h

(at 4°C) after which the samples were centrifuged and the supernatant used for elec-

trophoretic analyses. Esterase electrophoretic bands were developed with 20 ml phosphate

buffer supplemented with 1 % alpha-naphtylacetate and 1 % beta-naphtylacetate. The gel was

incubated for 30 minutes in this solution at room temperature, thereafter 25 mg Fast-Blue RR

dye was added. Esterase electrophoretic bands were stained red. Peroxidase electrophoretic

bands were brown colored with benzidine.

Peroxidase activity was measured using guaiacol as hydrogen donor (Baaziz &

Saaidi 1987). The reaction mixture contained 0.1 mM acetate buffer, 2 ml guaiacol 30mM

and 0.1 protein extract (10 times diluted). The reaction was started by hydrogen peroxide

addition to the reaction mixture. The change in absorbance at 470 nm was monitored at each

60 s for 6 min. continuously, using a Backman DU-20 spectrophotometer. Each determina-

tion was repeated three times for different samples.

Protein was assayed by the Bradford procedure (Bradford 1976) using BSA as stan-

dard. Each determination was repeated three times for different samples.

Pigments content (chlorophyll "a" and "b" and carotenoids) was performed after

Holm method (Holm-Hansen et al. 1954). The absorbance was monitored at 440.5, 662 and

664 nm and pigment level was expressed after Holm formula. Each determination was

repeated twice for different samples.

Results and discussion

A representative view of entire experiment for both gardenia cell lines (L 1 and L2)

submitted at different SA concentrations is shown in Fig. 1.

SA ranging between 0.001-0.1 mM induced a positive effect on cell proliferation of L1
cell line (Fig. 2 A). Dry weight was slightly differed compared with the control (Fig. 2 С). A

yellow pigmentation of some cell population was noticed for all calli samples treated with SA

(Fig. 1a). Obviously negative effects on proliferation processes were noticed for 1 mM SA

concentration. At this concentration, all samples showed large area of necrosis (Fig. 1a). This

result is correlated with the significantly increase of dry weight compared to control (Fig. 2 C)

and a decrease of survive rate under 60% (Fig. 2E). Cell proliferation was not affected ne-

gatively at this concentration of SA.

Cell proliferation of L 2 cell line was positively influenced by 0.001 mM SA (Fig. 2B)

At this concentration was also obtained a slightly increase in dry weight (Fig. 2D). All orga
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nized structures (globular, heart-shape) that normally appear in L 2 cell line, and were exten-

sively described in a previous paper (Antofie et al. 2000a) were also maintained in these con-

ditions. We may suggest the idea that SA at very low concentration is not inhibiting cell pro-

liferation and morphogenetic events, on contrary these processes are promoted.

Over 0.001 mM, SA induced a slightly decrease of cell proliferation which was influ-

enced markedly negative at 1 mM (Fig. 2B). At this concentration, SA induced the appear-

ance of large area of necrosis into all samples. Survive rate was under 70% (Fig. 2E). In the

callus area without necrosis, was noticed a good proliferation rate that was associated with

a very small dry weight compared with necrotic cells (Fig. 2F).

Dramatic effect on cell proliferation, like those noticed for 1 mM SA was obtained for

a smaller concentration of ASA (0.3 mM). Tacking into account that SA only at 1 mM is able

to induce negative effects we assume that acetate (as an ASA component) induced an

increase in SA negative effects.

Squash analysis of both type of calli (L 1 and L2) showed for 1 mM SA concentration,

the appearance of very small, not elongated cells (Fig. 3a), that are very similar with those

described by Shirasu and collab. (1997) for soybean cell suspension culture. According with

these authors the appearance of such type of cells is specific for SAR (systemic acquired

resistance) phenomenon. It is very well known that SA might induce SAR in in vitro systems

in the absence of pathogens. Also was noticed the abundance of death cells, revealed after

methylene blue staining (Fig. 3b). For other SA concentrations, the cells became less elon-

gated compared with the control. These results support the idea that SA is inhibiting the elon-

gation processes.

At 1 mM SA concentration L 2 cell line did not expressed at all the organized struc-

tures mentioned above. These results may suggest us the idea of negative effects on mor-

phogenesis when SAR is expressed as a result of high SA concentrations.

SA effects on peroxidase activity and electrophoretic spectra

At a concentration of 0.001 mM SA has induced for L 1 cell line, an increase in expres-

sion of some peroxidase isoformes: 7, 8, 9, 10 and 11 (Fig. 4a). This feature is correlated

with the rise of total peroxidase activity (17.23 umol reduced H
2
0

2
min" 1 ml" 1

or 4.33 umol

reduced H
202 min"

1
mg"

l
total protein) (Fig. sc, se). Protein content is very similar with the

control value (Fig. sa) and we suggest that this increase in peroxidase activity may be due

to oxidative stress stimulated by SA rather than protein synthesis. Also it is possible that the

expression of above mentioned isoperoxidases might be due to oxidative stress. By rising the

SA concentration was noticed an increase of specific total peroxidase activity. This decrease

in significance degree (large standard deviation) might be correlated with the appearance of

death cells and as a consequence of large area of necrosis that are obviously for SA at 1 mM

(Fig. 1). These necrotic area are specific expressed at the contact of samples with the sur-

face of culture media. The highest SA concentration induced the higher peroxidase activity

associated with the significant increase of protein content (Fig. sa).

Cell line L 2 responded different compared with L 1 towards SA treatment. At the low-

est concentration (0.001 mM) SA induced a significant decrease in total peroxidase activity

(Figs. sd, sf). Peroxidase electrophoretic spectra were not modified (Fig. 4a). These results

are in agree with those obtained by Kawano and Muto (2000) and also by Fry (1998) that

emphasised a scavenger role for SA. The latest proposed that SA reacts with hydroxyl radi-

cals in order to form alcohols and organic acids. This decrease of total peroxidase activity

might support the idea of scavenger role for SA. In plus the unspecific peroxidase activity is

smaller than the specific activity and is not associated with an increase in protein content

(Fig. Sb). being in accord with Vierling concept (1991 ). The former suggested that is better to

perform both types of peroxidase activity measurements in order to avoid confusions induced

by heat stress proteins synthesis. Later Lopez-Delgado and collab. (1998) demonstrated that
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SA induces the synthesis of these proteins.

At higher SA concentrations (0.01, 0.1 mM) the total peroxidase activities were

increased significantly, but were a little lower compared with the control. Only at 1 mM, SA

was able to induce a slightly increased peroxidase activity compared with the control (Fig. sd).
At this concentration SA induced the highest concentration of protein content compared with

the other lower concentrations (Fig. Sb). It is important to emphasis that were not used for bio-

chemical analysis the necrotic cell populations produced on media supplemented with SA at

1 mM, at this concentration, all samples specifically showed visible necrotic area (Fig. 1b).

Total cellular peroxidase activity (important biochemical marker for oxidative stress)

was increased significantly when SA was added to the culture media of L 1 cell line. However

peroxidase spectra were affected only for the lowest SA concentration. In the case of L 2 cell

line peroxidase activity (not specific) was increased only for 1 mM SA, and peroxidase elec-

trophoretic spectra have not been modified. Such results, concerning SA action on other

plant systems, have been reported earlier by Raymond and Farmer (Raymond & Farmer

1998).

At 1 mM SA concentration both types of gardenia cell lines showed a markedly

increase of total peroxidase activity, that was associated with an increase of total proteins

concentration. Some authors (Kawano & Muto 2000) have noticed for a different in vitro sys-

tem that total cellular peroxidase activity is stimulated by SA presence into culture medium.

According with Chen and collab. (1993), these results may be associated with an increase of

hydrogen peroxide levels into apoplast space especially as a result of a decreased catalase

activity. As both types of total peroxidase activities (unspecific and specific) are not signifi-

cantly increased compared with the control, the rise of total proteins might be due to heat

stress proteins accumulation as some authors suggested before (Vierling et al. 1991). This

result supports the idea of SAR expression into these calli samples.

SA effects on esterase electrophoretic spectra

For both types of gardenia cell lines, isoesterase spectra were slowly increased

towards SA action (Fig. 4b). It is very well known that esterase are not associated with oxida-

tive stress, but in this case is associated with other effects of SA. We noticed that cell elon-

gation was impaired, as a consequence these responses might be due to this specific action

of SA. We can not made assumptions but if ascorbat-peroxidase are really inactivated by SA

(Cosgrove 1999) it is possible that cell elongation to be impaired by this mechanisms and as

a consequence to affect esterase spectra.

When we have tested ASA effects on the same gardenia callus lines we did obtained

the same increases of peroxidase activity and esterase spectra expression. Both compounds

SA (1 mM) and ASA (O.3mM), at specific concentrations, seem to induce the same effects on

esterase and peroxidase electrophoretic spectra.

SA effects on chlorophylls and carotenoids

At 0.001 mM SA concentration, the level of carotenoids was increased for L 1 cell line

compared with the control (Fig. 6a). These pigments are considered especially protective

compounds for chlorophylls "a" and "b" against oxidative stress (Carol & Kuntz 2001). We

may associate this result with the parallel increase of total peroxidase activity and the high

expression of some peroxidase isoformes. SA at the highest concentration (1 mM) did not

induced significant modifications in pigments contents. Into the cell population without necro-

sis, an increase of pigments contents compared with the control was induced. The applica-

tion of SA was also associated with the appearance of a yellow pigmentation. We assume

that this pigment might be crocin, a specific carotenoid for this species. This phenomenon

was also obtained for increased sugar concentrations and was confirmed by Lai and Yang

(1999) that worked on the same callus.

The results for L 2 cell line were different. At the lowest SA concentration (0.001 mM)
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SA induced an increase of all pigments contents (Fig. 6b). This feature might be correlated

with the decrease of total peroxidase activity and as a consequence to oxidative stress. For

other SA concentrations, pigments levels were decreasing with the increasing of SA concen-

trations. The pigment content was negatively affected even peroxidase activities were not

over the control value. For all treated samples the green colour of L 2 cell line became green-

yellowish to mixed white/yellow for 1 mM SA (Fig. 1). The same yellow colour appeared into

the L 1 cell line and we assumed to be crocin.

An important feature of this in vitro system is that the oxidative stress induced by SA

promotes yellow pigmentation of some cell populations of both cell lines.

Conclusions

SA positively influences cell proliferation of gardenia cell lines when is used in small

concentrations (e.g. 0.001 mM). At these concentrations SA induced the maintenance of

organised structures of L 2 cell line. A reduced peroxidase activity associated with the

increase of pigments level also was obtained. We assume that in this condition, SA may func-

tion as an oxygen radical scavenger in order to reduce oxidative stress. Taking into account

these results SA may modulate positively cell proliferation and even morphogenetic events

for this in vitro system.

At higher concentrations, cell proliferation seems to not be impaired. However SA at

a concentration of 1 mM highly impaired cell proliferation and promoted cell death. In this con-

dition SAR is expressed by the appearance of very small not elongated cells, associated with

high protein content and an increase of not specific peroxidase activity. Except L 2 variants
submitted at 0.001-0.1 mM concentration of SA, all other variants induced a rise in peroxi-

dase activity and an increase of esterase spectra expression. It is important to notices that

in L 2 cell line SA specifically affected pigment contents and not peroxidase activities. These

results support also the idea of oxidative stress occurring under SA action.

Our concluding remark is that SA may modulate under appropriate condition: morpho-

genesis, cell proliferation or cell death.
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EFECTELE ACIDULUI SALICILIC ASUPRA A DOUĂ LINII CELULARE

DE GARDENIA JASMINOIDES

Două linii celulare de la specia Gardenia jasminoides (L 1 şi L2) au fost supuse acţiunii

a diferite concentraţii de acid salicilic (AS: 0.001, 0.01, 0.1, 1 mM). După 4 săptămâni de

cultivare in vitro, la cea mai scăzută concentraţie a acidului salicilic, linia celulară L 2 a
manifestat o scădere semnificativă a activităţii peroxidazice, asociată cu o uşoară mărire a

indicelui de creştere şi a substanţei uscate faţă de control. La celelalte concentraţii ale AS

(0.1-0.01 mM) activităţile peroxidazice au fost inferioare controlului şi s-a observat o scădere

liniară a conţinutului în pigmenţi asimilatori. La o concentraţie de 1 mM, AS a indus cea mai

ridicată activitate peroxidazică care s-a asociat cu creşterea conţinutului proteic şi cu cel mai

scăzut nivel al pigmenţilor. Pigmentaţia de culoare verde a liniei L 2 a virat spre galben-auriu

(pentru AS: 0.1-0.01 mM) şi un mozaic galben/alb pentru AS la 1 mM. Asemenea rezultate

au fost obţinute şi pentru linia Ll, dar la cea mai mică concentraţie a AS s-a înregistrat din

contră o creştere a activităţii peroxidazice faţă de control. Pentru o concentraţie a AS de 0.01

mM activitatea peroxidazică a fost mai scăzută decât pentru 0.001 mM şi mai ridicată decât

a controlului. Peste concentrata de 0.001 mM a AS, căluşul a devenit pigmentat în galben.



Presupunem ca acest pigment este crocina (carotenoida). La o concentraţie de 1 mM AS

pentru ambele linii celulare a fost observată apariţia necrozei. Analiza squash a probelor de

calus care au crescut pe mediul suplimentat cu AS la 1 mM a relevat prezenţa celulelor mici

nealungite ca rezultat al instalării rezistentei sistemice dobândite.

Cuvinte cheie: acid salicilic, peroxidaze, esteraze, pigmenti asimilatori, calus d<

Gardenia jasminoides

Effect of different salicylic acid concentrations (1= 0.001 mM; 2=0.01 mM; 3=0.1

mM; 4=l mM) on two gardenia callus lines: L 1 (white) and L 2 (green). L 1 line was affected

especially by AS at 1 mM. At this concentration are seen necrotic area (arrow). For L 2 line
are seen different degrees of depigmentation. For 0.1 mM and 0.01 mM SA concentrations

L 2 calli became green-yellowish and for 1 mM became white and showed yellow pigmented

cell population that were also seen in L 1 line for the same condition.

Fig. 1
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Effect of different salicylic acid concentration (1= 0.001 mM; 2=0.01 mM;

3=0.1 mM; 4=l mM) on growth index (A-L1; B-L2); dry weight (C-L1; D-L2); survive rate

(E) for two gardenia cell lines: Ll-white line and L2-green line. F = Dry weight for necrotic

L 2 callus (a -callus without necrosis; b-necrotic callus)-

Fig. 2
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Effect of 1 mM SA on gardenia cell elongation (a) survive (b). The squash sam-

ples were colored with methylene blue 0.1% solution (x 900).

Effect of different salicylic acid concentration (I=o.ool mM; 2= 0.01 mM:

3=o.lmM; 4=l mM) on peroxidase (a) and esteraze (b) for two different gardenia callus lines:

Ll-white line and L2-green line (c-control).

Fig. 3

Fig. 4
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Effect of different salicylic acid concentration (I=o.ool mM;

2= 0.01 mM; 3= 0.1 mM; 4=l mM) on total proteins (a-L1; b-L2), guaiacol

peroxidase activity GPOX (c-L1; d-L2) and specific guaiacol peroxidase

activity SGPOX (e-Ll, f-L2) for two different gardenia callus lines: Ll-white

line and L2-green line. Data are means ± SD of three independent
extractions.

Fig. 5



Salicylic acid effects on two Gardenia jasminoides cell lines 145

Effect of different salicylic acid concentration (1= 0.001 mM; 2=0.01

mM; 3=0.1 mM; 4=l mM) on chlorophyll "a", "b" and carotenoid content for two

gardenia cell lines: L 1 (a) ans L 2 (b). Data are means of two independent extractions.

Fig. 6


