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Peroxidase isozymes and their total activity have ben 
studied in pumpkin embryogenic callus lines DE and NA3 
in order to state how peroxidases are influenced by dif­
ferent kinds of exogenous growth regulators.

Peroxidase bands Rm 0.46 and 0.54— 0.56 were present 
in both lines regardless of the growth regulator. N AA and 
adenine sulphate induced the enzyme activity at the po­
sition Rm 0.35 which disappeared if the tissue was grow­
ing on 2,4-D.

The changes in isoperoxidases pattern preceded any 
morphological change in the culture. The total peroxidase 
activity increased with time in line NAs, however, it rema­
ined low in line DE. Protein content changed inversely 
with peroxidase activity.

I n t r o d u c t i o n

Pumpkin (Cucurbita pepo L.) established callus cultures display fea­
sible organ regeneration and lasting potential for somatic embryogenesis 
(J e l  a s k a  1980, 1985). Owing these characteristics, it represents an in­
teresting system for the study of development and differentiation on 
different levels.

Peroxidases are concerned with several important events in plants 
and may be a suitable marker enzyme in numerous physiological pro­
cesses. They have often served as parameters of metabolic activity du-
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ring growth alterations and as probes of cell differentiation ( V a n  H u - 
y s t e e  and C a i r n s  1980, K e v e r s  et al. 1981 a, b, K r a u s  et al. 
1981, M o n c o u s i n  and G a s p a r  1983, G r i f f i n g  and F o w k e  
1985). Peroxidases mediate the growth and the differentiation of the 
cells, among other mechanisms, also through their involvement in auxin 
catabolism and endogeneous auxin level changes in plant cells ( C a i r n s  
et al. 1980, G a s p a r  et al. 1982, G r a m b o w  and L a n g e n b e c k -  
- S c h w i c h  1983). It has been suggested that peroxidase and indole 
acetic acid (IAA) oxidase are the same molecules. However, the specific 
arrangement and composition of the active site for IAA oxidase has not 
been fully described as yet ( L o b a r z e w s k i  and W o 1 s k i 1985).

Peroxidase isozymes and their total activity were preliminarily stu­
died in pumpkin suspension culture ( K r s n i k - R a s o l  et al. 1982). 
The purpose of this paper was to compare two pumpkin callus lines: 
DE (growing on 2,4-D) and NA3 (on NAA and adenine sulphate), and 
to state how their isoperoxidases pattern and total enzime activity were 
influenced by different kinds of exogenous growth regulators.

M a t e r i a l s  a n d  M e t h o d s

In the present experiment two callus lines, DE and NA3, were used 
for analyses. The pumpkin callus lines were initiated and cultured on MS 
basal medium ( M u r a s h i g e  and S k o o g  1962) supplemented with 
4.5 pM 2,4-D (line DE) or with 5.37 pM NAA 1 pM adenine sulphate (line 
NA3) as described previously (J e l  a s k  a 1974).

Crude enzymatic extracts were prepared from 500 mg fresh callus tis­
sue in 3 ml 0.26 M phosphoric acid/Tris buffer (pH 6.9) with the addition 
of insoluble polyvinyl pyrrolidone. The macerates were centrifuged at 
30000 g for 30 minutes. The supernatant was used for enzymatic determi­
nation. The guayacol peroxidase activity was determined photometri­
cally by measuring the increase in absorbance at 470 nm. The test so­
lution was prepared according to S i e g e l  and G a l s t o n e  (1967). 
The soluble protein was assayed by the method of B r a d f o r d  (1976). 
Peroxidase isoenzyme patterns were determined by using the polycry- 
lamide gel system after D a v i s  (1964) and Ornstein (1964). The gels 
were stained in the test solution after S i e g e l  and G a l s t o n e  (1967). 
For scanning of the gels a Chromoscan MK II, Joyce-Loebl, was used.
A b b r e v i a t i o n s  : N AA —  1-naphthaleneacetic acid

2,4-D —  2,4-dichlorophenoxyacetic acid 
IAA —  indole-3-acetic acid

R e s u l t s  a n d  D i s c u s s i o n

The long term callus lines DE and NA3 which grow whit the addi­
tion of different growth regulators, differed in their morphology as 
well as in their patterns of electrophoretic peroxidase bands. The line 
DE grew as nodular tissue with high embryogenic capacity, but the em- 
bryoids were restricted to the globular stage (Fig. 1). A characteristic 
of the line NA3 was very high embryogenic potential with all the de­
velopmental stages of embryoids including also plantlets and organ struc­
tures (Fig. 2). The 8-day old subcultures of both lines coincided in two 
peroxidase bands (Rm 0.46 and 0.56), while two more bands (Rm 0.35 
and 0.68) were present in the extracts of line NA3 (Fig. 3).
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Fig. 1. Pumpkin callus culture — line DE growing on 2,4— D, morphological 
aspect.

Fig. 2. Pumpkin callus culture —  line NA) growing on N AA and adenine 
sulphate, morphological aspect.
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We transferee! the pumpkin tissue of the callus line DE, which had 
been growing for years in the presence of 2,4-D, to the medium sup­
plemented with NAA and adenine sulphate; on the other hand, the line 
NA3 was transferred from the medium with NAA and adenine sulphate 
to one with 2,4-D. We stated that cultures of the same line, growing 
on different growth regulators, varied in peroxidase bands. The diffe­
rences were detectable prior to evident morphological changes in the 
culture. The bands in the middle of the gels (Rm 0.46 and 0.54) were 
present regardless of the growth regulator added. The band Rm 0.35 
appeared only in the case when the tissue was growing on the medium 
with NAA and adenine sulphate (Figs. 4 and 5). From these two figu­
res it is evident that NAA and adenine sulphate, when present in me­
dium, induce the appearance of the peroxidase Rm 0.35. As this pero­
xidase appears before it is possible to notice morphological changes in 
the culture, it may be supposed, that it is induced by auxin. Cytological, 
cytochemical and hystochemical analyses have not been done yet and 
therefore it is not possible to know whether this peroxidase is preceding 
differentiation, or whether it is the consequence of differentiation pro­
cesses.

Fig. 3. Scans of electrophoretic gels of isoperoxidases in the 8-day old pump­
kin callus lines DE and NAs.

However, our experiments clearly show that Rm 0.35 appears in the 
presence of NAA and adenine sulphate, that it disappears on the me­
dium with 2,4-D and that this disappearance is happening earlier than 
the 2,4-D-line (line DE) assumes the macroscopically perceivable morpho­
logical characteristics of the line NA3.

The faster band Rm 0.68 was quantitatively better expressed in 
the presence of NAA and adenine sulphate. This indicates that the 
growth regulators may influence the pattern of isoperioxidases in the 
pumpkin callus tissue, although the pattern is also a reflection of the 
specific developmental stage in the culture ( K r s n i k - R a s o l  et al. 
1982).
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Fig. 4. Scans of electrophoretic gels of isoperoxidases in the 18-day old 
pumpkin callus line DE.
DE (NAA) —  NAA and adenine sulphate in nutrient medium, DE 
(2,4—D) —  2,4—D in nutrient medium

Fig. 5. Scans of electrophoretic gels of isoperoxidases of the 18 day old pump­
kin callus line NAS
NAs (2,4— D) —  2,4r—D in nutrient medium
NAs (NAA) —  N AA and adenine sulphate in nutrient medium.
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Fig. 6. Total peroxidase activity and protein content in callus line DE and 
NAs.

Working with tobacco callus M a d e r  et al. (1975) stated that the 
isoperoxidases pattern is independent of the growth regulators respon­
sible for the differentiation and that only the kind of differentiation 
itself determined the pattern.

Development of the peroxidase/IAA oxidase isoenzymes was found 
to be differentially associated with 2,4-D growth promotion or inhi­
bition in many plant species ( G a s p a r  et al. 1982). A hypothesis has 
been proposed that 2,4-D may affect plant growth by upsetting the 
auxin-perofxidase balance ( G a l s  t o n  and D a v i s  1969). Peroxidase 
activity is inversely related to growth rate, perhaps as a consequence 
of IAA oxidase activity of the enzyme ( V a n  H u y s t e e  and C a i r n s  
1980). The enzyme activity increased gradually in line NA3 with the 
aging of the culture. The protein content changed inversely to peroxida­
se activity. However, in line DE, on 2,4-D the activity remained low 
until the 40th day. The protein content was higher in line DE than in 
NA3, which can be connected with juvenile growth characteristics of 
DE callus culture (Fig. 6).

Quantitative determinations of the isoenzymes present (which are 
in progres) should better explain the relations of Figs. 4 and 5 with 
Fig. 6. They should show which of the isoenzymes are taking part in 
the increase of isoenzyme activity and why there are differences bet­
ween the lines NA3 and DE.

The band Rm 0.68 has not been found in younger cultures of the 
line DE, while it is possible to detect it in older cultures, but it is
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there of a weaker intensity than in the line NA3. It is probably more 
the consequence of the differentiation level than of a direct effect of 
growth regulators.

Thus the band Rm 0.68 is not specific for the line NAS and is not 
induced exclusively by the presence of NAA and adenine sulphate in 
the medium, but appears also in older cultures of the line DE (grown 
on medium with 2,4-D) as a band of weaker intensity.

The research has been sponsored by the Science Reserach Council of 
SR Croatia (SIZ —  IV, Grant IV-44-0119).
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S A Ž E T A K

PEROKSIDAZE U EMBRIOGENIM KALUSNIM  LINIJAM A BUNDEVE

Marijana Krsnik-Rasol, Sibila Jelaska, Draško Sermah
(Botanički zavod P rirodoslovno-m atem atičkog fakulteta i Zavod  za b io log iju  M edicinskog 

fakulteta Sveučilišta u Zagrebu)

Embriogene kalusne linije bundeve (Cucurbita pepo L.) koje rastu 
uz dodatak 2,4-D (DE) odnosno NAA i adenin sulfata (NA3) uspore­
đene su s obzirom na elektroforetsku sliku peroksidaza i njihovu ukup­
nu aktivnost.

Peroksidazne pruge Rm 0,46 i 0,54—0,56 utvrđene su kod obje li­
nije bez obzira na vrstu regulatora rastenja u hranidbenoj podlozi. NAA 
i adenin sulfat inducirali su enzimsku aktivnost u položaju Rm 0,35 
koja je registrirana prije vanjskih morfoloških promjena u kulturi (em- 
brioidi u kasnim razvojnim stadijima i biljčice). Peroksidazna aktivnost 
u položaju Rm 0,68 bila je naročito izražena uz dodatak NAA i adenin 
sulfata, a izostala je u mlađim kulturama linije DE na podlozi s 2,4-D.

Aktivnost peroksidaza naglo je rasla tijekom starenja kultura li­
nije NAa, dok je kod linije DE ostala niska. Sadržaj topivih proteina 
mijenjao se obrnuto proporcionalno peroksidaznoj aktivnosti.
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