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Abstract-The bulk of the peroxidases of Avena coleoptile sections exist in soluble and salt-extractable, wall- 
associated fractions with lesser amounts in membranous and wall-bound fractions. In the presence of auxin the 
peroxidase levels remain nearly constant while in the absence of auxin the peroxidase of each fraction increases 
2-to 6-fold in 22 hr. There are qualitative and quantitative changes in the isoenzyme patterns with time, but these 
changes are jndependent of auxin. It is concluded that the peroxidase changes are induced by isolation of the 
tissues from the coleoptile and are unrelated to the growth rate. 

INTRODUCTION 

THE POSSIBILITY that the enzyme peroxidase (E.C.l.11.1.7) is involved in the control of cell 
elongation is suggested by the inverse relation between peroxidase levels and the growth 
rate.re3 The correlation between peroxidase levels and the cessation of growth during stem 
maturation is striking.4 What is less clear is whether peroxidase is correlated with the 
growth rate of tissues in which elongation can stop and start; i.e. in tissues whose elonga- 
tion is stimulated by auxin.5,6 

Much of our knowledge concerning auxin-induced cell elongation comes from studies 
involving Auena coleoptile sections,’ but little is known about the peroxidases of coleop- 
tiles or the effects of auxin on them, 5~8,9 The objective of this study was to determine the 
changes in the amounts and types of peroxidase which occur in Arena coleoptile sections 
in the presence and absence of auxin. 

Distribution of peroxidase 
RESULTS 

The distribution of peroxidase in the various fractions and washes of freshly excised 
Auena coleoptile sections is given in Table 1. The bulk of the activity (67%) is soluble and 
can be washed out of the crude cell wall residue with buffer. Upon further extraction of 
the washed cell walls with 200mM CaCl, most of the remaining peroxidase activity (22%) 
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TAHLE I. PEKOXfDASfi CONTENT OF VARIOI'S FRACTIONS AND WASHES OF FRf.SHL\r lIX(‘ISfI) (‘O~JYIPTILI~S 

Peroxidase activity* 
Fraction* (units/50 sections) 

Soluble 4.3.5 
1st Wash 21 

2nd Wash 2 
3rd Wash 0 
Salt extractable cell wall 1st 20 
Salt extractable cell wall 2nd 5 
Salt extractable cell wall 3rd 0 

Enzyme-extractable cell wall 2.5 
Cell Wall Rcsiduc 4.5 
Membrane 5.5 

Total I IO.0 

* Fractionation and assay as dcscrtbed rn Experimental. 
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is removed, leaving a residual cell wall activity (673 some of which can be solubilized after 
treatment of the cell wall matrix with hydrolytic enzymes. 

Changes in peroxidase during gro\vth 

Auxin-treated sections extend at a rate which is at least X-fold greater than that of sec- 
tions incubated without auxin. In the presence of sucrose the growth rates both with and 
without auxin are nearly constant over at least a 22 hr period. 

The changes in peroxidase levels which occur in each fraction during a 22 hr incubation 
with or without auxin are shown in Fig. I. In the absence of auxin the peroxidase levels 
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Frti. I. CHANGE IN IYROxfDAsF WNTEYT OF COLEOPTILE FRACTIONS ACEI) IN rflti YR~SENC~ OR 

ABSENCE OFAI!XlN. 

Sections were aged in the presence ofauxin f-0--), absence of auxin (-A--). with auxin and cyc- 
loheximide (-e--J, or without auxin but with cyclohcximide (--A-). Fractionation and enzyme 

assay procedures were as described in Experimental. 
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in each fraction increase over the whole period. The greatest increase is found in the salt- 
extractable cell wall (SECW) fraction where the level increases 6-fold in 22 hr. In the pres- 
ence of auxin the peroxidase level either remains nearly constant (soluble) or increases only 
slightly (SECW). Even under these conditions considerable synthesis of peroxidase must 
be occurring, since inhibition of protein synthesis with cycloheximide results in a marked 
decrease in the peroxidase level. Similar results are obtained if the peroxidase is expresssed 
on a specific activity or on a cell wall weight basis (data not shown). 

Soluble Membrane SECW 

Polority 

FIG. 2. ZYMOGRAM OF SOLUBLE, MEMBRANE, AND SALT-EXTRACTABLE CELL WALL (SECW) PEROXI- 

DASESOF FRESH AND AGFD SFCTIOYS. 

Sections were aged for 0 or 12 hr with or without (+/-) auxin, and electrophoresis, staining, and 
densitometry was performed as described in Experimental. 

lsoenzyme patterns 

The changes which occur in the peroxidase isoenzymes in the soluble, membranous and 
SECW fractions during an incubation with and without auxin are shown in Fig. 2. In the 
soluble fraction almost all of the peroxidase is found as anionic isoenzymes. During a 12 
hr incubation, with or without auxin, only quantitative changes were found in the isoen- 
zyme pattern. In the membranous fraction no distinct isoenzymes can be separated from 
freshly-cut sections, but both auxin-treated and buffer-treated sections develop similar 
anionic isoenzyme patterns during the 12 hr incubation. In contrast, the SECW fraction 
of freshly-cut sections contains both anionic and cationic isoenzymes. During an incuba- 
tion with or without auxin there are similar quantitative changes in the anionic isoenzymes 
while there is the appearance in both cases of a new major cationic isoenzyme. In no frac- 
tion is there any obvious effect of auxin on any of the isoenzyme patterns. 

DISCUSSION 

In the coleoptiles of oats, as in those of wheat, 5,8,9 the bulk of the peroxidase is located 
in the soluble and the salt-extractable cell wall-associated fractions. Only a small portion 
is bound to the cell wall. Of interest is the peroxidase found in the membranous fraction, 
which from the isoenzyme pattern would appear to be distinct from the soluble fraction. 
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As in wheat coleoptiles’ the peroxidase levels increase in sections during an incubation 
without auxin while remaining nearly constant in the presence of auxin. 

The inverse relation between peroxidase and the rate of cell elongation has been fre- 
quently noted.1-6 The present results appear to suggest that such a relation also exists for 
AZXJ~U coleoptile tissues since the peroxidase increases continuously in slowly-growing tis- 
sues while remaining constant in rapidly-growing ones. However, it must be noted that 
1 hr after the start of an incubation with and without auxin. when the auxin-treated sec- 
tions are growing at least 6 times more rapidly than the controls. thcrc is still little differ- 
ence in the amount of peroxidase between the two sets of tissues. It is not known how 
much peroxidase might bt: required to dccrcase growth if. in fact. it is affecting growth. 
It might be that deposition of pcroxidasc in the cell wall is not directly related to gro~vth 
but related to an auxin-regulated molecular differentiation of the cell wall that is only in- 
directly related to the decrease in growth. 

In pea stemI and tobacco pith tissues’ ’ auxin has been shown to repress the synthesis 

of specific peroxidase isoenzymes. In Aw/ru coleoptiles. on the other hand. the synlhesis 
of all the isoenzymes appears to be suppressed to a similar degree. Some changes in peroxi- 
dase isoenzymes do occur with time during incubations of coleoptile sections. However. 
these qualitative changes occur in both auxin-treated and non-treated sections and do not 
reflect an effect of auxin on the tissues. The observed changes in isoen/qme composition 
may be in response to some other Ihctor common to both treated and non-trcatcd sections 
alike. possibly the exicision or aging of the coleoptilc tissue. 

EXPERIMENTAL 

Plunt material consisted of 10 mm sections cut from 28-32 mm colcoptiles of ilrrwa s~tirtr. cl. Victor\. Methods 
for growing seedlings and harvesting sections u-6: described elsewhere.” Sections ~hcre tlo;ti~d on Hz0 until used 
(not more than 30 min). 

fwuhufio~w. Groups of 50 sections were incubated for (r22 hr m beakers with 10 ml butfer (K-tnalcste. 2.5 
mM. pH 4.7) containing 2” o sucrose. O-1 mbl penicillin C. and with or wIthout IAA 15 jig ml) and c>cloheGnidc 
(4 icg/ml). Beakers were rotated at about I rps; mcubations and all manipulations v,uc carried out under dim 
red light. At the end of the incubation the sections were measured. washed in H,O and yound in an all-_rlasa 
homogenizer with II.5 ml IO mM Tris~-HCI. pH 8.X. containing IO”,, SUCI-osc. 

Prc~purc~tion of’ftmtiom The crude homogenate was centrifuged for 15 mm iit 1450 5, to give ;I crude ccl1 niall 
and supernatant fraction. The supcrnatant was then ccntrlfuged for 60 min itt 4 x IO y. The I-wilting pellet 
was wished once hq rcsuspcnsion in the same medium. dissolved in 1 ml of IO mM Tl-is H(‘1. pH X.8. containing 
I”(, Na-deouScholateand used :LS the r,t~~?ih~ciiloii.\/,trc,tio,i. The crude cell nail fraction wit ~;t\hcd 5 x h! rcgrind- 
mg in @OS M Tris -HCI, pH 8.8, and recentrlfuglng. and the supcrnatant and wash solns mere combined to form the 
soluhlr ,t~trctiorl. On extractlon for I hr at 4 with 0.5 ml 200 mM CaCI, and ccntrllilgation. the suprrnatant 
was dialyzed overnight against IO mM Tris-HCI. pH X.8. and used as the vul/-c,\t,.~,c.~‘~/~l~~ (<t/i \IW// (SI:C‘\V) /rut’- 
fion. The pellet was subJected to enzymatic digestion by a mlzture of I unit,ml Worthington Ccilul;~w-I ;wd I 
unit,‘ml Sigma pectinase for 4 hr at room temp. After centrifugation the bupernatanr 14 it\ assnyi ;is the l~~~z!w~+ 
L,wwru/& w/l wu[l (EECW)juctrof~ while the pellet formed the cell wall residue fraction. 

“’ OCKERSE. R.. SII.C;EL. B. 2. and GALSTOW. A. W (1966) S’cienc,fs 151, 452 
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Electrophoresis was performed in 5 x 125 mm polyacrylamide gels. The gels contained 7-l/2% polyacrylamide 
with 5”/, cross-linking and 370 mM Tris buffer, pH 8.8. Polymerization was accomplished using O.I”/O ammonium 
persulfate andTMEDA. Samples were made to IO?!, in sucrose and O.OOl”,, in bromophenol blue and were layered 
directly 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, at about 14”. The separation of anionic isoenzymes was run until the 
bromophenol blue marker dye had moved about 90 mm from the origin, but cationic sioenzymes were run for 
6 hr because of their low mobility at this pH. Following electrophoresis the gels were removed and stained di- 

rectly in the peroxidase assay mixture for 30 min followed by densitometer recording of the stained bands at 
460 nm. 
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