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Peroxidase in variant cell lines of Haplopappus gracilis
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SUMMARY

A comparative study on growth characteristics, phenolic content,

protein content and peroxidase activity revealed differences between a

wild type cell suspension culture of Haplopappus gracilis and three cell

lines, varying in nitrogen metabolism. The variant cell lines showed

enhanced growth and protein when compared to the wild type but

reduced peroxidase activity, peroxidase isoenzyme polymorphism and

phenolic content. Peroxidaseactivity and growth of Haplopappus cells

were inversely related. Furthermore, the data indicatedthat peroxidase

activity and phenolic content are not causally relatedand that the

peroxidase is not involved in cell aggregation by polymerization of

phenols. On the other hand, peroxidase probably oxidizes phenols to

polymeric substances, causing browning during senescence.

Key-words: Haplopappus gracilis, cell culture, growth, peroxidase,

phenols.

INTRODUCTION

Abbreviations: PCV =packed cell volume, JAA =Indole acetic acid.

It has been proposed that peroxidase plays a role in plant growth and differentiationby

its involvement in auxin catabolism and assembly of polymers in the cell wall (Caspar

et al. 1982, Caspar el al. 1985). Peroxidaseactivity and growth of plant cells are inversely

related, probably as a consequence of the indole acetic acid (IAA) oxidase activity of

peroxidase (Chibbar et al. 1984) and its ability to decrease the extensibility ofcell walls by

coupling wall polymer-bound phenols (Fry 1986). Another effect of the action of peroxi-

dase on IAA may be an increase in the biosynthesis of phenols; IAA is known to repress

this process (Davies 1972). However, data from the literature on the relation between

peroxidase activity and phenol content are contradictory. Shah et al. (1978) have reported

that tissues with a higher peroxidase activity show a greater accumulation of phenolic

compounds. Others, however, have observed an inverse relationship between peroxidase

and phenol content in the course of various processes (Druart et al. 1982, Caspar et al.

1985).

Changes in peroxidase activity and isoenzyme composition in relation to growth ofthe

wild type cell line of Haplopappus gracilis have been described earlier(Bredemeijer & Burg

1986). Several variant cell lines, derived from this wild type (Gilissen et al. 1985, Gilissen &

Van Staveren 1986), differed in growth characteristics, production of phenols and peroxi-

dase activity, and are, therefore, valuable materialfor investigations on the inter-relation-

ships between these parameters. The present study reports dataon growth characteristics,
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MATERIALS AND METHODS

Cell culturesand growth characteristics

A wild type(Wt) cell suspension culture of Haplopappus gracilis (Nutt) Grayand three cell

lines that are variant in nitrogen metabolism(AO, A15 and A54) and originated fromthe

Wt (Gilissen et al. 1985) were maintainedon B5 medium by subculturing weekly.

The growth of the cell suspension cultures was determinedby measuring the increase in

the packed cell volume (PCV) according to Gilissen et al. (1983). For cell size deter-

mination, area measurements were obtained from photographs with an image analyser

(Kontron Mop 30). For aggregate size measurements, the suspension culture was har-

vested by passing it through sieves with meshes of 10 and 0-5 mm. Thus, three fractions

were collected and designed as <0-5 mm, 0-5-T0 mm and > 10 mm in diameter.

Analytical methods

Extraction, enzyme assay, and starch gel electrophoresis of peroxidase from cells and

culture media were carried out as described previously (Bredemeijer et al. 1985;

Bredemeijer & Burg 1986). Protein content was measured according to the instructions

for the Bio-Rad protein assay, with bovine serum albumin as a standard. Phenolic

compounds for quantitative analysis were extracted by stirring 0-5 g of cells at room

temperature for 75 min in 10ml 80% ethanol (Chandler & Dodds 1983). After centrifu-

gation (18,000 g, 30 min), 0-5 mlof supernatantwas used to determinethe total amount of

phenols (Swain & Hillis 1959). The resultant colourafter 1 min was measured at 725 nm

(Constabel 1968). A calibration curve was made using chlorogenic acid as a standard.

Chlorogenic acid is produced in relatively large amounts in Haplopappus gracilis callus

(Stickland & Sunderland 1972).

RESULTS

Growth and morphological characteristics

The Wt and the three variant cell lines (A lines) of H. gracilis dilfered in growth and

morphological characteristics. TheA lines showed lower growth rates when compared to

the Wt. However, growth in theA lines continued for alonger timeso that the finalyield of

cells, expressed as PCV or grams fresh weight, exceeded that of the Wt cells (Fig. 1). On

days 8 and 9 the PCV of A54 was significantly higher than that of the other cell lines

(Student’s /-test, P<0 02).

The cell suspensions ofall the lines generally consisted of a mixed population ofcells of

various shapes and sizes, existing either singly, in small groups, or in bigger aggregates

(Fig. 2). The cell culturesof A15 and A54 were relatively finesuspensions compared with

Wt, while A0 was coarser than Wt (Table 1). The average size of A cells significantly

exceeded that of Wt cells (Table 1). In addition, the A lines contained giant cells

(>100 pm), whereas the Wt had hardly any giant cells (Fig. 2).

During the 7-days culture cycle, the colour of the Wt was markedly darker (greyish

green) than that of the A lines (pale yellow). When the cell suspensions were not sub-

phenol and protein content and peroxidase activity in the Haplopappus celllines varying in

nitrogen metabolism.
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cultured to fresh medium, senescence occurred, resulting in the browning of cultures.

Browning took place much earlier and was more intensive in the Wt than in the A lines. In

20-day-old cultures, cells and culturemediumsof Wt were almost black; they were brown

in the AO and A15 cultures and pale brown in the A54 culture.

Peroxidase activity andphenol andprotein content

When compared to the Wt, the A lines had a very low peroxidase activity and a low

content ofethanol-extractedphenols (Table 2). By contrast, protein content was relatively

high in the A lines (Table 2). In the most extreme case, the A54 culture, cellularperoxidase

activity amounted to only 0-3% of the activity in Wt cells. The A cell linesalso differed

among themselves in peroxidase activity and phenol content. However, these differences

were less pronounced than thosebetween Wt and A lines.

In all cell lines a considerable proportion of cellular peroxidase was released into the

culture medium. On day 7, after subcultureand depending on the cell lines, 50-90% of the

total peroxidase activity of the cultures was detected in the media (Table 2). The pro-

portion ofperoxidase released by Wt and A15 was similar but that released by AO and A54

was clearly higher. In absolute amounts, however, the maximum peroxidase activity was

detected in the Wt medium. The cells ofA linesreleased relatively littleofthe total protein

amount into the culture medium, as compared to Wt cells.

Fig. 1.Growth ofcell suspensionsas determined by an increase in packed cell volume PCKofa wild type (Wt, •)

and three variant cell lines (AO, O; A15, □ and A54, ■) of Haplopappusgracilis. The data are the meanvalues

from at least three independentflasks.
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Peroxidase isoenzymes

The peroxidase isoenzyme patterns of all four cell lines differed both qualitatively and

quantitatively (Fig. 3). When compared to Wt, the A lines had a lower numberand a lower

activity of peroxidase isoenzymes. The most extreme case was the isoenzyme pattern of

A54 cells which showed only two weak bands. Except peroxidase isoenzyme Cl that was

specific for the Wt, each ofthe peroxidase isoenzymes detected in the Wt occurred at least

in one of the A lines.

Fig. 2. Representative cells from Wt (a) and A54 (b) Haplopappusgracilis cultures grown for 7 days
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Comparison of the cellular peroxidase isoenzyme patterns with those of the culture

medium (Fig. 3) demonstrates that release of peroxidase isoenzymes by plant cells is a

selective process. The release of the three groups ofperoxidase isoenzymes, i.e. A, B and C

(Fig. 3) was dilferent. In all cell lines used, the release of group A was relatively weak or

even absent, whilereleaseofgroupC was relatively strong. In contrast to the AO medium,
the culturemediumofthe A15 cell line didnot containperoxidase isoenzymes of groupA,

while cells of both lines contained approximately the same amount of these isoenzymes.

Thus, the results indicate that the cell lines differ not only in peroxidase activity and

isoenzyme composition but also in the release of peroxidase.

DISCUSSION

The present study on the inter-relationships between peroxidase, phenol content and

growth characteristics of Haplopappus gracilis cells confirms the view that peroxidase

activity and growth are inversely correlated. Compared to that Wt cell line (high peroxi-

dase activity), the variant A lines (low peroxidase activity) grew slightly more slowly

Table 1
. Aggregatesize distributionand average cell size in 7-day-old Wtand A lines

of Haplopappus gracilis. Data on aggregate size are the mean values from three

flasks. For cell size determination500 cells (250 per experiment), occurring singly or

in small aggregates, were measured

Table 2. Peroxidase activity, phenolic content and protein content of 7-day-old Wt and A lines of

Haplopappusgracilis. Data are averages of two independentexperiments (two flasks were pooled in

each experiment)

Cell line

Cell aggregation

Percentage fresh weightof tissue

in total sample

Cell size

Area (pm
2
)

<0-5 mm 0-5-1 0 mm > 1 mm Exp. 1 Exp. 2

Wt 74 19 7 1550 1690

AO 61 29 10 2780 2480

A15 70 28 2 3950 4130

A54 89 10 1 3300 3240

Cell line

Cells Culturemedium

Peroxidase

(Units/g fr w)

Phenolics

(mg/g fr w)

Protein

(mg/g fr w)

Percentage
of total

peroxidase

Percentage

of total

protein

Wt 281 51 11 51 20

AO 5 0-9 1-7 72 6

A15 14 0-3 1-9 53 2

A54 1 01 1-9 90 3
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during the exponential growth phase. However, the ultimate yield of cells was greater

because growth continued for a longer time, especially in the peroxidase-poor A54 line.

The increased yield in the A lines resulted from a considerable increase in average cell size,

and, in A54, probably also in an increase in the numberof cells. The latter is most likely

because the yield ofcells (PC V) in A54exceededthat of A15, while cell size in A54 was less.

Chibbaret al. (1984) have observed, by comparing two closely relatedcarrot cell lines, that

the numberofcells was twofoldgreater in the cell culture that synthesized and released ten

times less peroxidase.

It is not yet known whether peroxidase activity influences the yield of cells. Chibbar

et al. (1984) assumed thatan increase in peroxidase synthesis may be one ofthe factors for

slow growth because peroxidase is also able to function as an IAA oxidase. In addition,

it is possible that peroxidase-catalysed coupling of phenols, bound to wall polymers

(extensin and polysaccharides), can tighten the structure of the cell wall matrix, resulting

in decreased cell extensibility (Fry 1986). Finally, the products of peroxidase-catalysed

oxidation of free phenols may inhibit growth by interaction with proteins and hence

inhibition of metabolic pathways (Kefeli & Kutacek 1977). The fact that only cell line

A54, with the lowest peroxidase activity and lowest phenol content, exhibitedasignificant
increase in growth compared to Wt is in agreement with the view that peroxidase may

reduce growth by oxidation ofphenols.
The peroxidase-catalysed oxidation of phenols may not only play a role in growth of

cell cultures but also in cell aggregation. According to King (1976), an increase in oxi-

dation and polymerization of phenols by peroxidase may be one of the factors that

contributes to an increasedaggregation of the cells. From the data presented in this paper,

it is evident that, in Haplopappus gracilis cell cultures, cell aggregation is not dependent on

peroxidase activity and the content of ethanol-extracted phenols. The AO culture was

Fig. 3. Starch gel electrophoresis of peroxidaseisoenzymes ofcells and culture media of7-day-old cultures ofthe

Wt and A lines of Haplopappusgracilis.
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coarser than Wt in spite of its much lower peroxidase activity and phenol content. This

result, however, does not rule out the possibility that wall-bound phenols and wall

peroxidase play a role in cell aggregation.

The peroxidase-rich Wt cells showed a great accumulation of phenolic compounds

while the peroxidase-poor A cells contained few phenolic compounds, as reported for

other tissues (Shah et al. 1978). It seems unlikely, however, that peroxidase in the

Haplopappus culture regulates the phenol biosynthesis, since in the Wt culture the

accumulation of phenols during the culture cycle preceded the maximum rate of

peroxidase development (data not shown).

The enhancedyield of cells and protein synthesis, together with a decreased peroxidase

activity and phenol content in the A lines, illustrates the lack of importance ofperoxidase

and phenols for the synthesizing cell itself, acharacteristic feature of secondary metabolic

enzymes and secondary products (Luckner 1984). According to Davies (1972), cell

divisionand growth can take place even in the absence of phenol synthesis. Whether this

also applies to peroxidase is unknown. However, the present results show that the

Haplopappus cells can divide, growand synthesize protein in spite ofa very low peroxidase

activity. It seems likely, therefore, that peroxidase in Haplopappus is mainly, if not at all,

involved in secondary metabolism, for example in lignification processes (Fukuda &

Komamine 1982), modification and breakdown of secondary plant products (Berlin &

Barz 1975, Hosel et al. 1975) and oxidation of phenols to brown polymeric substances

(Sheen 1974, Plumbley et al. 1981). The fact that the A cell cultures became brown later

during senescence and to a much lesser extent, provides evidence that peroxidase may be

involved in browning of the Haplopappus cultures.
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