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SUMMARY

Peroxidase activity and isoenzyme composition of cells and culture medium were analysed in a

cell suspension culture of Haplopappusgracilis. The results revealed marked changes in the activity
and isoenzyme patterns ofperoxidase during the culture cycle. During the exponentialgrowthphase

the peroxidase activity of the cells increased and a considerable amount of peroxidase was released

into the culture medium. Several peroxidase isoenzymes in the medium increased in activity contin-

uously throughout the whole exponential growthphase while others decreased during the second

half of this phase. The decrease ofthe latter was caused by diffusion of the isoenzymes back into

the cell walls aswell as by inhibitors. During the stationary phase ofthe cell cycle only small changes

occurred in the peroxidase activity and isoenzyme patterns.

1. INTRODUCTION

Studies on peroxidase in cell suspension cultures carried out to elucidate the

role of this enzyme in growth and differentiation(see Caspar et al. 1982) have

been reported by several authors (e.g. Kossatz & van Huystee 1976, Arnison

& Boll 1976a, Mader et al. 1981, Bredemeijer et al. 1985). There are various

ways to study the possible roles of peroxidase by using cell cultures. One ap-

proach is the induction of changes in the properties of the cell cultures such

as growth pattern, cell form, aggregation and differentiation, by temperature

treatments or by changing the growth hormone balance, and to establish

whether these changes are correlated with alterations in peroxidase activity and

isoenzyme pattern (de Jong et al. 1968, Arnison & Boll 1976a, King 1976,

Masuda et al. 1983). Another approach, i.e. the use of variant or mutant cell

lines may also be a valuable method to study the role of peroxidase (Chibbar

et al. 1984).
Several variant cell lines (Zn resistant and fermentation variants) have been

isolated from cell suspension cultures of Haplopappus gracilis at our laboratory,

to be used as markers (Gilissen et al. 1985). We intended to use this material

to investigate the role of peroxidase in growth and differentiation.The present
work is a part of this investigation, and reports on the peroxidase activity and

isoenzyme composition of cells and culture medium during the growth cycle
of the wild type (Wt) cell line of Haplopappus gracilis.
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2. MATERIALS AND METHODS

2.1 Cell cultures

Wild type(Wt) cell suspensions of Haplopappus gracilis (Nutt) Gray were main-

tained by subculturing weekly as described by Gilisshn et al. (1985). Samples
for analyses were taken immediately after subculture and at various days after

culture. Cell suspensions from two or three flasks per time were pooled and

then cells were collected by suction on a Buchner funnel. The fresh weight of

the cells was determined and one gram of sample was used for extraction as

described previously (Bredemeijer et al. 1985). The culture filtrates were only

centrifuged ( 18,000g for 30 min) and used without further treatments for peroxi-

dase assay and electrophoresis.

2.2 Peroxidase assay and electrophoresis

Peroxidase activity was measured by following the increase in absorbance at

436 nm at 25 °C which is dueto oxidationof guaiacol in thepresence of hydrogen

peroxide and enzyme as described earlier (Bredemeijer et al. 1985) with one

modification, i.e. 0.1 ml of H
2
0

2
solution (0.8 ml perhydrol from Merck in

100 ml distilledwater).

Peroxidase isoenzymes were separated by starch gel electrophoresis and de-

tected by staining with benzidine and hydrogen peroxide (Bredemeijer et al.

1985).

3. RESULTS

3.1. Peroxidase activity during the growth cycle

The results on relative changes in fresh weight, total peroxidase activity of the

cells and peroxidase activity released intothe culturemedium during the growth

cycle are shown infig. 1. During the exponential growth phase, the total peroxi-
dase activity of the cells increased more rapidly than the fresh weight of the

cells. Consequently, the peroxidase activity on a fresh weight basis increased

gradually during the growth and reached a maximum at the beginning of the

stationary phase. During this phase, the peroxidase activity of the cells changed

only little.

The peroxidase activity in the culture medium increased only during the first

halfof the exponential growth phase. Thereafter, it decreased slightly. The per-

oxidase activity in the medium, at day 7, amounted to 54 per cent of the total

activity in the culture.

3.2. Peroxidase isoenzyme patterns during the growth cycle

The 3 groups of peroxidase isoenzymes, i.e. A, B, and C, of the cells changed

only quantitatively during the culture cycle (Jig. 2). The most striking changes
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took place immediately after inoculationinto fresh mediumand during the expo-

nential growth of the cells. The isoenzymes of group B decreased strongly after

subculture, while the others showed only small changes. During the exponential

growth phase the peroxidase isoenzymes of group B increased again in activity

and reached a maximum during the stationary phase. The peroxidase isoen-

zymes of group A increased in activity during the first two days after subculture

and subsequently decreased again to the level observed at day 0. During the

stationary phase, the cellular peroxidase isoenzymes showed no furtherchanges

for the period investigated (from 0-8 days).
The peroxidase isoenzyme patterns of the culture medium are shown in fig.

3. Immediately after subculture (t = 0) the activity of several peroxidase isoen-

zymes has decreased strongly as expected following dilution by 6 times with

fresh medium. However, the isoenzymes A2 and B2 did not show a distinct de-

cline in activity. With the onset of growth, the activity of all isoenzymes in the

medium increased steadily during the exponential growth phase. The increase

of group C continued until the cells reached the stationary phase. The isoen-

zymes of group A and B, on the contrary, began to decrease in activity during

the second half of the exponential growth phase and the isoenzymes B3 and

B5 even completely disappeared from the medium.

3.3. Fate of the peroxidase isoenzymes in the medium

Inorder to elucidatethe process that caused the disappearance ofthe peroxidase

isoenzymes B3 and B5 from the culture medium, various possibilities, such as

degradation, inactivation, or absorbtion by cellswere investigated.
Incubation of a cell-free culture filtrate from day 3 cultured for 4 days at

28 °C caused only an increase in activity of the peroxidase isoenzymes of group

Fig. 1. Changes, relative today 0, in fresh weight and peroxidase activity of the cells and the culture

medium during the growth cycle of Haplopappusgracilis suspension culture. Absolute values for

day 0: fresh weight, 1.27 g; cellular peroxidase, 78 enzyme units; medium peroxidase, 631 enzyme

units.



156 G. M. M. BREDEMEIJER AND H. C. J. BURG

A and some smearing of peroxidase activity (fig. 4). The activities of the other

isoenzymes remainedmore or less the same, indicating that they were very stable.

However, in the presence of cells the isoenzymes B3 and B5 disappeared Cfig-

s'. day 7). Consequently, a factor connected with the cells should be involved

in the decreaseof these isoenzymes in the medium.

To investigate the possibility of inactivition by a substance released from the

cells after day 3, a culture filtrate from day 3 culture which still contained the

isoenzymes B3 and B5 was mixed with a culture filtrate from day 5 or day 7

culture which did not exhibit activity of these isoenzymes, and subsequently
incubated during 24 hrs at 28 °C. The results indicated that the isoenzymes were

not inactivated(data not shown).

Fig. 2. Peroxidase isoenzyme patterns of the cells during the growth cycle of Haplopappus gracilis

suspension culture. Day 7 represents the time when subculture was carried out.

Haplopappus

gracilis suspension culture.

Fig. 3. Peroxidase isoenzymepatterns ofthe culture medium duringthe growthcycle of
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Finally, the possibility of removal of the isoenzymes from the medium by

the cells was investigated. It appeared that incubationof cells (day 5), which

did not release isoenzymes B3 and B5 anymore, in a culture filtrate (day 3) con-

taining these isoenzymes caused a decrease of the B group in the medium, while

the isoenzymes of group C remained unchanged (Jig. 4). When cells of day 7

culturewere used this decrease ofB group isoenzymes was less pronounced (data

not shown).

4. DISCUSSION

The activity and isoenzyme pattern of peroxidase in the cell suspension culture

ofHaplopappus gracilis changed during theculturecycle. Incontrast with several

otherspecies, such as peanut (Kossatz & van Huystee 1976), Nicotiana(Mader

et al. 1981) and potato (Bredemeijer et al. 1985) the increase in total peroxidase

activityof the cells was not similar to the increase of the fresh weight. The cellular

peroxidase activity on a fresh weight basis increased during the exponential

growth phase. In addition, the activity increased when expressed per milligram
ofextracted protein (data not shown) similar as has been observed for Phaseolus

vulgaris during cell expansion (Arnison & Boll 1976b). The results support

the view that peroxidase may be involved in cell wall expansion and development

(Arnison & Boll 1976b, Caspar et al. 1982).

Fig. 4. Diagrammatic representation of peroxidase isoenzyme patterns of culture filtrate from day

3 culture (M3 : Od) of and the same culture filtrate after incubation for 4

days at 28 °C (M3 : 4d), or after incubation with cells ofday 5 culture during 24hrs(M3 + C5).

Haplopappus gracilis
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The development of the peroxidase activity in the culture medium in Haplo-

pappus was differentfrom that inother species. In general, total peroxidase activ-

ity in the mediumof cell cultures increases continuously during the exponential

growth phase and for some species a decrease during the stationary phase has

been reported (Kossatz & van Huystee 1976, Maderet al. 1981). In Haplopap-

pus, however, the peroxidase activity increased only during the first halfof the

growth phase. The subsequent decrease in total peroxidase activity was due to

the decrease in activity of certain isoenzymes. It seems unlikely that this was

caused by degradation processes because all peroxidase isoenzymes appeared

to be very stable.

According to Mader et al. (1981) the decrease in medium peroxidase activity

may be caused by absorbtion of the peroxidase by the cells or by diffusing back

into the cell wall. The present results suggest that stationary phase cells indeed

remove peroxidase isoenzymes from the medium, possibly by binding to the

cell walls. Absorbtion by the cells seems unlikely, because cells growing in a

medium containing specific peroxidase isoenzymes from another cell line did

not absorb these isoenzymes (results unpubl.). In this context, it is interesting

to mention the observation ofNiedermeyer(1975) that peroxidase didnot pene-

trate intocytoplasm of yeast cells incubated in peroxidase solution, but didpene-

trate the cell wall.

A striking phenomenon observed in the Haplopappus cell culture was the

maintenance of the activity of certain peroxidase isoenzymes in the medium in

spite of subculture. One wouldexpect a strong decrease in activity of all isoen-

zymes due to dilution with fresh medium, as observed in several other species

(Arnison & Boll 1976b, Bredemeijer et al. 1985). Possibly, the decrease in

activity caused by dilutionwas for certain peroxidase isoenzymes compensated

by a rapid release from the cells, for example by a higher level of calcium in

fresh medium(Kevers et al. 1982). The decrease in activity of the cellular frac-

tion of isoenzyme B2 caused by subculture supports this assumption. In the

case of isoenzyme A2, the maintenance of activity may be due to dilution of

an inhibitorbecause dialysis of mediumcaused an increase in activity.

In conclusion, it is clear that the activity and isoenzyme composition ofperoxi-

dase in the medium during the culture cycle not only depends on the rate of

synthesis of peroxidase in the cells (Chibbar et al. 1984) and its secretion during

cell expansion, but possibly also on changes in binding capacity of the cell walls

and influence of medium constituents.
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