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Abatract-Cytoplasmic and wall bound peroxidases were extracted from suarssivc segments of decreasing growth 
potential along the mung bean hypocotyl Active wall bound peroxidases were present in the epidermis and external 
parenchyma layers at the end of the elongation phase. Two fast migrating anionic isoperoxidases covalently bound to 
the cell walls increa& when the cell walls lost their plasticity. These isocnzymes were characterized by a high aliinity for 
several peroxidase substrates and high thermal stability. 

INTRODUCTION 

Integration of diphenyl phenolic crosslink wall polymer 
subunits into the cell wall might limit the cell wall 
plasticity [l-3]. The formation of these diphenyl cross- 
linkages in muro might be catalyscd by specific cell wall 
peroxidases [24]. Such crosslinkages might bind lignin 
[S], polysaccharides [6] or proteins [ l-3.71 to pectins or 
hemicclluloses [3,8]. During the last few years, cell wall 
isoperoxidases involved in the oxidative polymerization 
of cinnamyl alcohols have been widely investigated 
[9-121. Besides cell wall peroxidatic activities were 
described in elongating tissues [8,13-151 and their pass- 
iblc involvement in the cessation of growth was suggested 
[2.3.14.16]. The aim of the present work was therefore 
to determine the possible relationships between cell wall 
peroxidases and growth processes along a growth 
gradient. This problem was investigated through parallel 
histochemical and biochemical approaches. Experiments 
were performed with excised mung bean hypocotyl seg- 
ments, the growth characteristics of which are now weU 
known [17-191. Along this axis, the cell walls gradually 
lose their ability to react to acidic pH 1173 owing to 
modifications of cell wall structure. We intended therefore 
to investigate the development of isoenzyme patterns and 
of cell wall peroxidase properties along this growth 
gradient. 

RESULTS AND DlSClS!SlON 

Distribution ofperoxidatic activities along the mung bean 
hypocotyl 

Three successive regions with decreasing growth poten- 
tials were investigated. Results represented in Fig. 1 reveal 
that in young cells, most of the peroxidasc activity is 
located in the cytosol whereas in mature, fully expanded 
cells, 73 yO of the activity is bound to the walls. 

lsoenzjme patterns 

Isoenzymes present in each extract were separated by 
gel clectrophoresis (Fig. 2). The ionically bound fraction 

(I) contained cationic and anionic isoperoxidases whereas 
especially anionic isoforms could be detected in all other 
fractions. The most striking modification observed along 
the hypocotyl was the development of two fast migrating 
anionic isoenzymes in the covalently bound fraction (C). 
The properties of this fraction were then further in- 
vestigated with extracts isolated from young (I) and 
mature (III) cell walls. 

Properties of cowlmly bound peroxidases 

Lineweaver-Burk plots were constructad from initial 
velocity data. Apparent ‘K,’ values were determined after 
linear regression analysis (Table 1). No significant dif- 
ferences could be observed for the soluble (CS) and 
ionically bound (I) fractions obtained from young and 
mature tissues. In contrast, the affinity of the covalently 
bound fraction for all tested chromogens [p- 
phenylenediamine-pyrccatechol (PPD-PC), trimethyl- 
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Table I. K, valua of pcroxidasc activities 

Enzymatic fractions 

Cytoplssmic peroxidases cell wall pcroxidases 

CS I C 

Substrate I III I III I III 

PPD-PC 25x10-JM 1.4x10-‘M 25x10- 3 x lo-’ 7 x 1.10-J 24x IO-’ 
TMB 3 x 10-6M 0.4x10-6M 
Guaiacol 7x210-’ 21 x IO-‘M 

The constants were estimated from double reciprocal plots. Enzymatic fractions (CS. I and C) were 
obtained from segments I and III. 

Fii 2 Lsocnqme patterns of the pcroxidasc fractions obtained 
from the successive I, 11 and I11 segments. Peroxidascs were 
separated by polyacqlamidc disc gel ekctrophorcsis. Cs, Solubk 
frrtion; Mb, membrane bound fraction; C, covalcntly bound 
fraction; I, ionically bound fraction. !k, Mb, C, I,. Separation of 
anionic isopcroxidaxq running b&r: Tris-HC1 pH 8.2. I,, 
Separation of cationic pcroxidasq running buffer: acetic acid-j- 

aIanine, pH 4.5. 

bcnzidine (TMB) and guaiacol] was greater in mature 
than in young cells. 

Two different chemical inhibitors were tested. 
Potassium cyanide, known to act on the activity of cell 
wall peroxidases and diethyldithiocarbamatc (DDC) re- 
ported to inhibit completely cell wall peroxidases [20-221. 
Kinetic patterns obtained via Dixon plots [23] indicated 
competitive inhibition with both inhibitors for both 
enxymatic fractions and similar inhibition constants for 
enxymes isolated either from young or mature cell walls 
(Table 2). With DDC, a time lag occurred, the duration of 
which increased with inhibitor conantration. This be- 

Table 2 K, values for KCN and DDC 

Enzymatic 
fraction 

I 
III 

Inhibitor 

KCN DDC 

3x 10-6M I x10-•M 
3x 10-6M I x10-•M 

The inhibition constants were estimated from 
Dixon plots. Enzymatic fractions: covakntly 
bound enzymes solubilized from young (I) and 
mature (III) cell walk. 

haviour is similar to the previously reported effects on 
other peroxidases [20,21 J. 

Heat inactivation assays were also performed with 
extracted enzymes. Thermal treatments were performed 
at 50, 70 and 80” during 1. 2, 5, 8 and 12 min. Two first 
order reactions were observed, as previously described for 
peroxidase in sweet corn [24] and poplar [20]. Therefore, 
two groups of isoperoxidases with different heat stabilities 
were probably present in the extracts, each being in- 
activated according to a first order reaction. The D values 
(decimal reduction time for inactivation of peroxidase 
activity) were calculated for each first order reaction and 
the thermal destruction coefficients (z) were obtained 
graphically by plotting the D values (on a logarithmic 
scale) against the temperatures. In the covalcntly bound 
fractions obtained from young (I) and mature (III) all 
walls, the thermoresistant isoenxymes presented identical 
thermal dcnatumtion coe0icicnt.s (28”). In contrast, the 
thermolabile isoenxymes were more resistant in the 
fraction isolated from mature cell walls (III). Thermal 
denaturation coefficients for fractions I and III were 
respectively 65” and 46”. 

Ion exchange chromatography of covalently bound 
jiactions 

Covalcntly bound fractions (C) isolated from young 
and mature all walls were submitted to anion exchange 
chromatography on DEAE Sepharose CL 6B (Fig 3). 
Three peaks of peroxidase activity were found. The first 
one (peak a) was important in young all wall extracts and 
the two others in mature wall extract. Such data agree with 
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Fig. 3. Ion exchange chromatograms of covalently bound enxymes on DEAEScpluuoae CMB (20 x 1.7 cm). 
After loading, the column was waxhed with 0.01 M Na-K phosphate bulTer pH 7.2 alter which bound peroxidases 
were eluted by an NaCl gradient (O-0.5 M, 300 ml). Collected fractions were analyaed for tlteir PPDPC oxidaxc 
activity exprcsscd as A A at 557 nm per min and per 100 fi of each colkcted frsction. 04 Fraction solubilized 

from segments I; 0 - - 0 fraction solubiIizal from aegment.4 IIL 

the eleetrophoretic patterns depicted in Fig. 2. Optimal 
pH was about 6.9 for all three fractions. The three 
isoenqmes exhibit similar sensitivity to acidic pH (50% 
of maximal activity near pH 5.8) but the isoperoxidases 2 
and 3 were less sensitive to alkaline pH than the iirst one 
(respectively SO % of the maximal activity at pH 8 and 7.5). 
The third eluted fraction presented the highest affinity for 
PPD-PC. 

InjZucnce of the substrate on the estimcrtion o~peroxiduse 
activities 

PPD-PC was used as routine chromogen in most of the 
above experiments because this substrate can be used for 
histochemical observations as well as for gel staining or 
rapid spectrophotometric estimations [25]. Peroxidase 
activities were also estimated in the different extracts with 
other substrates such as TMB, guaiacol and syring- 
aMaxine (Fig 4). Important differences were then noticed. 
With ah enzymatic fractions, the highest absorbances 
were obtained for oxidation of TMB. but with this 
chromogen, initial velocity was maintained for only I or 
2 min. The proportion of soluble activity was higher with 
PPD-PC than with the other substrates. Distribution of 
peroxidase activity appears then to depend strongly on the 
nature of the substrate used in the assays. However, with 
all substrates tested, the proportion of wall bound 
enxymes increased along the hypocotyl. 

Histochemistry 

PPD-PC oxidase activity was detected in the phloem 
and pericyclic xone(cytoplasm and cell wahs) all along the 
hypoeotyl. In the outer layers of the cortical parenchyma 
and in the epidermis the distribution of the activity 
changed along the hypoootyl. In segment I. the cytoplasm 
was abundant and reacted strongly with the chromogen, 
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Fig. 4. Distribution of PPDPC, TMB, guaiacol and syringal- 
dazinc oxidasc activities in the three sdc segments 1 II and 
III. Soluble (!I) and ccU will (W) activities were added and 
normahxed to 100. Each kind of activity is cxprwal as a 
pcrccntage of the total activity solubilized from each of the three 

hypocotyl segmenta 

whereas the cell walls gave little reaction. In segments II 
and III, the cytoplasm was restricted to a very thin layer 
surrounding a large vacuole; these observations may 
explain the important decrease of soluble activity 
occurring aIong the hypocotyl (Fig 1). In these expanded 
cells. cell wall peroxidatic activity was obvious. In the 
parenchyma, this reaction was specially marked around 
the intercelltdar spaces. In parallel, thickness of epidermal 
cells decreased as previously observed at the electron 
microscope level [26]. Only few lignified vessels could be 
detected in the sections. 
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In conclusion, these preliminary investigations revealed 
important modifications in cell wail peroxidatic fractions 
along the growth gradient of the mung bean hypocotyl. 
These changes were specially obvious in the epidermis. 
According to Roland et 41. [26] the structure of this outer 
layer can be considered as the key of the cell plastic 
properties. We observed that in the epidermis, peroxidatic 
activity was restricted to cell walls of elongated cells. 
Moreover specific isoperoxidases developed concurrently 
with the decrease of cell wall plasticity. Theac covalctttly 
bound isoenzymes were isolated and characterized by 
their relatively high affinity for various chromogens. At 
the present time, the function of these enzymes is still 
uncertain and rquire further investigation. It would be 
specially interesting to test first their cross-linking ability. 

Rcuvity. AppropriRte fdonr wcrc pooled. didynxl Rgaifw 
H,O UXI mrlyscd for tbcir kinetic &mote&& 

Haat stddty. Hat tratmsntr were performal on h&&r solna 
bated to a rpaiticd temp. before injection of diluted cnzyma. 
After defined incuhtion periods, the ~olna were r@ily oookd by 
immersing the tuba in ice-water. Smnpkc vete tbcn ayed for 
their PPD-PC oxid8u Uivity. 

Htstochcmlmy. Hand uxtiona were made at different kvcla 
along the bypocotyla. Tbc sectiona were collectal in 0.1 M 
Tris-HQ buffer, pH 7.6, at room temp. rsd incuhtcd for 5 min 
inthcfoUowingmedium:7x10-*MPPD,9x10-’MPC,2.5 
x lo-‘M HIO, and 0.1 M Tris-HCl buffer, pH 7.6. Tbc 
sectiona were then rinsed with Ha0 and observed with the light 
IDkTOSCOpc. 
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