
Phytochemiatry, 1974, Vol. 13, pp. 1095 to IO’%. Pergamon Press. Printed in England 

PEROXIDASE CHANGES DURING THE CESSATION 
OF ELONGATION IN PISUM SATIVUM STEMS 

MICHAEL G. GARDINER* and ROBERT CLELAND 
Department of Botany, University of Washington, Seattle, WA 98195. U.S.A. 

(Rewiwd 2 Septemher 1973) 

Key Word Index--Pisum satiuum; Leguminosae; pea; peroxidase; isozymes; cell elongation. 

Abstract-The cessation of cell elongation in intact P. safiuum epicotyls is accompanied by an increase in both 
soluble and cell wall peroxidases. These peroxidases have been resolved by acrylamide gel electrophoresis into 
four cell wall and IO cytoplasmic isozymes. The increases in peroxidase activity are due to increases in certain 
of the isozymes in both cell wall and cytoplasmic fractions rather than to the appearance of new isozymes. 
The inverse correlation between peroxidase increase and growth rate decrease indicates that peroxidase could 
play a role in the cessation of cell elongation. 

INTRODUCTION 

ALTHOIJGH peroxidase (E.C. 1. 11. 1. 7) is widespread in plants, its role remains unclear. 
A possible role in the cessation of cell elongation is suggested by the inverse relation 
which has been reportedle3 between the cytoplasmic peroxidase level and the growth rate, 
and by the increases in peroxidases which are induced by growth inhibitory agents such as 
ethylene. 4 ’ Peroxidase has been implicated in the oxidation of IAA,’ the polymerization of 
lignin” and the biosynthesis of ethylene. 9 Each of these functions could lead to an 
inhibition of cell elongation, but data are not available to show whether peroxidase 
increases before. with or only after the cessation of cell elongation. 

Peroxidase is found both in the cell wall and in the cytoplasm;4*‘0 in each place more 
than one isozyme exists. lq4.10 When total peroxidase increases it could be due to increases 
in either or both wall and cytoplasmic fractions. Within each fraction the increase 
could be due to a general increase in all isozymes, to an increase in certain already- 
existing isozymes, or to the appearance of new isozymes. No data are available to indicate 
the nature of the changes which accompany the cessation of cell elongation. The 
following experiments were conducted to obtain this information for P. sativum stems. 
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RESULTS 

Growth of stem segments was monitored by recording final length and fresh weight of 
sections which had been allowed to grow for O--72 hr as a part of the intact seedling. 
Figure 1 shows that elongation growth was nearly linear between O--l8 hr. but abruptly 
ceasedjust prior to 24 hr. Growth measured as the increase in fr. wt of the marked segments 
continued to increase over the entire period but was at its greatest rate between 0 -24 hr. 
These data agree with those obtained by Cleland and Karlsnes” and by Chrispeels el ml.” 
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FIG. 1. GROWTH OF INIACI S~JBAPICAL INTEKNOIX FE. 2. CHANWS I\ PEROXILIASL SPECIFIC AC’TIVITY 
SEGMENTS OF ETIOLAEL) ALASKA PEA STEMS. wrrt-1 71blt. 

Segments 10 mm in length were marked with India Specific activity was calculated from total activity and 
ink just helow the apical hook and growth was from determinations of protein in each fraction and 
allowed to proceed for up to 72 hr in the dark. dry ht of cell wall r&due after cxtl-action. 
At varying times sections were excised between the 

marks. measured and weighed. 

The specific activity of cytoplasmic peroxidase increased continuously over the whole 
72 hr period (Fig. 2a). When expressed on the basis of fr. wt, however, cytoplasmic 
peroxidase was seen to decrease by about 30”,, in the first 6 hr and then remain 
constant over the remainder of the 72 hr (Fig. 3). Similar results have been obtained by 
Birecka and Galston.” In contrast, the sp. act. of cell wall peroxidase increased only 
after a lag of about 6 hr (Fig. 2b). The lag was more apparent when wall 
peroxidase was expressed on the basis of cell wall dry wt (Fig. 3c) or section fr. wt 
(Fig. 3). 

Examination of the soluble and cell wall zymograms (Fig. 4) reveals that four of the 
isozymes to be common to both fractions (Al. A?. Cl and C2). The soluble fraction 
also contains a number of anionic isozymes unique to that fraction (A3 AX). The 
relative heights of each peak in the zymogram can be used to determine if the increase 
in activity is due to one or several of the isozymes. A comparison of the 0. 24 and 
4X hr zymograms indicates that the increase in the cell wall fraction is primarily due to 
increases in the two isozymes, A 1 and A?. These same two isozymes do not increase in the 
cytoplasmic fraction, however. The increase in this fraction is primarily due to the 

I’ CLEI.AUD R. and KAKI.S~ES. A. M. (1967) P/oru Pil~sioi. 42, 66Y. 
I2 SNIZ\ 4. b.. I+‘41 hliK. F. and CHKISP~I’I s. M. J. (1973) &I-,,/. Bioi. 30. 32. 



Peroxidase changes in Pisum Saticum stems 1097 

isozymes A3, A4, A5, and A6. Isozyme A7, which is initially one of the major bands, 
diminishes with time. There is also the appearance of isozyme A8, an apparently new 
but minor band of activity. 
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FIG. 4. PEROXIDASE ZYMOGRAMS OF CYTOPLASMK AND 
FIG. 3. CHANGES IN PEROXIDASE ACTIVITY EXPRESSED CELL WALL FRACTIONS FROM SECTIONS AGED 0, 24, 

ON A FRESH WEIGHT BASIS. AND 48 hr in situ. 
Activity of peroxidase per g fr. wt of soluble and Samples were prepared and ran as described in 

cell wall fractions. Experimental. 

DISCUSSION 

The level of peroxidase in plants tends to be inversely related to the growth rate. 
For example, in P. satiuum stems the more mature tissues which have the lowest growth 
ratespossess the highest amounts of soluble peroxidase.‘,2,‘3 Dwarfpeas and corn have both 
a lowered growth rate and an elevated level of soluble peroxidase as compared with the tall 
varieties.3*‘4q’5 Treatment of these dwarfs with gibberellin enhances the growth rate and 
decreases the peroxidase level. Auxin represses the synthesis of specific isozymes of 
soluble peroxidase in both pea stems and tobacco stem sections while promoting 
growth.16.17 Treatment of pea stems with ethylene results in an enhanced peroxidase 
content and decreased growth rate.4.18 

While these data suggest that a cause-and-effect relationship may exist between 
peroxidase and the growth rate, they cannot be considered as conclusive for two reasons. 
First, with few exceptions,4.‘8 only the soluble ‘peroxidases were assayed, yet it has been 
shown that cells contain wall-associated and wall-bound peroxidase as we11.4P’8P21 
Changes in soluble peroxidase, then, may simply be due to changes in localization of 
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peroxidase rather than to changes in actual amounts of enzyme. Secondly. information 
as to the timing of the changes in growth rate and peroxidase are invariably lacking, 
with the result that one cannot determine whether the peroxidase changes precede, are 
simultaneous with or only follow the changes in the growth rate. 

In this study the complete spectrum of peroxidase isozymes has been followed in time 
and correlated with the cessation of cell elongation. The fact that these changes occur 
simultaneously indicate that peroxidase could be involved in the cessation of cell 
elongation. However, at least one other factor shows a similar correlation with the 
growth rate; this is the cell-wall-bound hydroxyproline-containing protein extensin.’ ‘.“.” 
While the role of extensin is by no means established. it has been suggested2” that these 
proteins stiffen the wall by crosslinking the polysaccharides. Such crosslinks have now been 
demonstrated2” and Sadava and Chrispeels2’ have presented evidence that links the 
ethylene-induced growth inhibition to extensin synthesis. Thus the cessation of cell 
elongation may not be under the control of a single factor, but may be influenced by a 
series of factors including peroxidasc-induced lignification. auxin-destruction and estensin- 
induced wall stiffening. 

EXPERIMENTAL 
PIant material. Seedlings of Pisnm .satirum L.. var. Alaska, were grown for 7 days in the dark at 26 except 

for brief exposures to dim green light for watering and marking. Plants whose third internode was 
25-35 mm in length were selected. 

Clo1cth I11P~I,~l~~rnlClltS. Two marks 10 mm apart. were placed on the third internode using India ink. 
The upper mark was Just below the hook. The plants were returned to the dark for O-72 hrs. and at 
intervals the distance between the marks was measured and the region between 111~ marks was cxcired and 
weighed. 

En~rrne prepararion. Segments between the marks were excized and homogenized in an all-glass homo- 
genizer with 1 ml 10 mM Tris buffer (pH 8.0) containing IO”,, sucrose. Cell walls were collected by 
centrifugation at 1500 y for 5 min. reground with I ml of the same soln and recentrifuged. The two 
supernatants were combmed, centrifuged at 48000 q for 30 min to remove membranous organelles, and used as 
the sol&/e fi.acfion. The membranous fraction was discarded since tt contained a very low level of 
peroxidase. Cell walls were further purified by repeated grinding (4 x ) in SO mM Trts (pH 8.0) containing 0.1 ‘Y,, 
Na-desoxycholate. collecting by centrifugation. and finally washing with H,O. Walls were then extracted for 1 hr 
with I ml 200 mM CaCI,. the residue was separated by centrifugation and collected on a prewcighed 
filter paper, and the supernatant was dtalysed against 1000 vol. of 10 mM Tris. pH 8.0. Preliminary 
experiments showed that the CaCI, extraction removed X5 90”,, of the total cell wall peroxidase. The 
dialysed CaCI, extract was called the 1~11 /rucriocl. 

Assap. The peroxidase assay mixture contained 0.3 mM o-dianisidine. -3.3 mM H,Oz and 50 mM 
K-acetate (pH 5.4) in 3 ml. The reaction was started by the addition of 20 [cl enzyme extract, and 
appearance of oxidized dianisidine vvas measured at 460 nm and 25 Reaction rates were calculated from the 
initial slope: a unit of enzyme activity is defined as the amount of enzyme caustng a change of I absorbance 
unit per min. Protein was estimated by the method of Lowry er tri.*’ 

Ekctrophorrsis. Electrophoresis was performed in 5 x I25 mm polyacrylamtdc gels. The gels contained 7,5”,, 
polyacrylamide with 5 7” cross-linking and 370 mM Tris buffer, pH 8.X. Polymerization was accomplished using 
0.1 Y, ammonium pcrsulfate and TMEDA. Samples were made to 10 “, in sucrose and OGI 1 “,, in bromphenol blue, 
and were layered dtrcctly onto the upper surface of the gel. Separations were run at a constant current of 3 mA 
per gel using 50 mM Na-borate electrode buffers, pH 8.8. and a temp. of about 14 The separation of 
anionic isozymes was run until the bromphenol blue marker dye had moved about 90 mm from the origin but 
cationic isozymes were run for 6 hr because of their low mobility at thts pH. Following electrophoresis the 
gels were removed and stained directly in the peroxidase assay mixture for 30 min followed by densitometer 
recording of the stained bands. 
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