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Ahtnct-The activities of three related enzyme+ superoxide dismutase, peroxidase and atalase. were followed in 
decapitated (wounded) etiolated pea stem tissue. Of tbe three enzyme activities, only that of superoxide dismutase 
showed a sign&cant loss aad recovery pattern within 1 hr. The change in enzymatic xtivity appears to result from 
protein loss and recovery. 
--__ -_ 

IhTRODUCTlOS 

Under normal conditions both photosynthetic and mito- 
chondrial procasts have the potential for the production 
of adventitious fret superoxide radicak [ 11. Superoxide 
dkmutase enzymes as well as reduczd glutathione. 
ascorbic acid and alpha-tocopherol present in the cell 
provide protection against these radicals and con- 
sequently protect against tbe more hazardous hydroxyl 
radical and singkt oxygen mokcuks which can arise WI 
superoxide reactions [Z]. The wounding of plant tissue, 
due to the disruption of cell structures, increases the 
possibility of superoxide generation by the release of 
compounds such as ferridoxins, diphenok, pteridines and 
reduced Ravins which arc known to autoxidize in the 
presence of oxygen to produce superoxide radicals [ 1.33. 
Enzymes such as gahctose oxidase. xanthine oxidase and 
certain peroxidases are ako capable of producing these 
radicals as part of their catalytic function 1461. 

The superoxide radical has been shown to be an 
antifungal agent. Dokc has observed enzymatic pro- 
duction of these radicals in response toartain hyphal wall 
components in potato tuber protoplast as well as m other 
systems including pea 173. The build-up of superoxide 
radicals was shown to be suppressed by addition of 
exogenous superoxide dismutase. 

The quesrion of allular control of these radicals under 
wound conditions led us to investigate the effects of 
wounding on the activity of the plant cell’s protective 
system. the superoxidase dismutases, catalases and 
peroxidaxs. 

The ctiolated pea seedling stem tissue selected for this 
study is known to contain two copper zinc bearing 
isoemymes of superoxide dismutase. CuZnSOD I and 
CuZnSOD II. the latter of which is exclusive to the 
chlorophst [8]. A third isoenzyme contains manganese. 
Early reports had placed the MnSOD isoenzyme in the 
mitcchondria [8- IO]; more reantly. it has been reported 
to be located exclusively in the pcroxkomes [Ill. The 
manganesecontaining enzyme can be distinguished from 
the other two by its resistance to cyanide inactivation [ 123. 

The hydrogen peroxide generated in the dismutation 
reaction can bc acted on by either the peroxidase or the 
catalasc present in rhe cell. Pea tissue has been shown 10 

contain multipk forms of peroxidase, two of which occur 
at cut stem sutfaas. Total peroxidase activity has been 
reported to increase over at least a 30 hr time period 
following wounding [ 131. 

RESULTS AND DISCUSSIOS 

The evaluation of SOD activity was done on crude stem 
tissue extracts using a spectrophotometric assay [ 121. In 
spite of the potmtial intetferena by compounds such as 
glutathione, ascorbatc, metal ions and photosynthetic 
electron-transfer compounds which may react with super- 
oxide radicals, this typeofassay should indicate theability 
ofthestem tissueat thewoundsite todeal withsuperoxidc 
radicak. To avoid the potential complications of handling 
the seedlings under varied lighting conditions. the exper- 
iments were performad with etiolated tissue under safe 
lights. 

Figure I shows the SOD activity in the stem tissue 
measured in solution vs. the time post wounding. The 
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changcscao be viewed as occurring in two phases, the first 
being a rapid decline in SOD activity returning to co 80 7: 
of the initial kvcl within 1 hr of wounding. Assay in the 
presence of cyanide indicates that under these conditions 
the Nn-cootaining isocntyme contributes no more than 
11% of the total dismutasc activity, and undergoes 
relatively insignitiolnt changes by comparison to the 
overall changes in SOD activity. 

Catalasc and peroxidasc activity, which enzymatically 
could c~uplc to tbc products of the suproxidc dismutation 
reaction, do not follow this biphasc pattern. In both cases 
there were declines in activity, cataksse to 67% of the 
original, pcfoxidasc to 56 Ye of the original over a MO min 
period following decapitation. Ockerse and Mumford 
[ 133 have shown that in excised pea stem segments 
(Progress No. 9) two of the nine peroxidases present are 
produced in response to wounding; however, this increase 
in active pcroxidases did not occur until 3 hr past wound- 
ing and then continued for the remaining 3 hr of their 
experimental period. This is consistent with our own 
observation of a daline in peroxidase activity during the 
first 100mio after wounding. 

Of the three enzyme activities, only that of SOD 
responded in a quick and dramatic way to wounding. The 
relative activity of each of the three SOD isoenzymes was 
determined using gel ekctrophoresis. Figure 2 shows the 
negative absorbance peak heights from one of the four 
sets of data used in Fig. 1. Using this technique the 
percentage of MnSOD present in the stem homogenate is 
3000/, a value three times that measured using the solution 
assay. The difference may r&ct an inhibitory effect of the 
cyanide, found in the solution assay, on MnSOD. 
CuZnSOD I and CuZoSOD II, aa designated by Duke 
and Salio [SJ, respectively, make up 40 and 30% of the 
total SOD activity. The plot shows a fairly uniform 
pattern for all three isoeruymes, with the minimum 

activityoccurriogsomewhat Iater than that in the solution 
assay. At 30 min. both CuZnSODs arc reduced to ca 20 Ye 
and the MnSOD is reduced to approximately I2 % of the 
5 min value. At SOmin the recovery in activity for 
CuZnSOD I and ii is 54 and 77 “/, respectively, and that 
of MnSOD is at 23 % of the 5 min level. Data for a single 
experiment assayed by both procedures show some 
diff- however, both techniques indicate a definite 
pattern of rapid loss and subsequent recovery of SOD 
activity in the decapitated stem tissue. The initial loss of 
activity may be due IO protein degradation or IO some 
form of enxyme iohibitioo. The recovery phase may be the 
result of protein synthesis, reversal of inhibition or 
activation of precursor forms of the SOD proteins. 

Lowry assays for total solubk protein in the tissue 
homogenates show a pattern similar to that for SOD but 
with longer recovery times. Figure 3 illustrates the de- 
crease in protein content for the three SOD irocnzymes as 
well as a slight recovery. as measured on Coomassic blue 
stained gels. 

In an attempt to isolate the initial phase from the 
r-very phase, tissue homogenates of unaged pea stem 
sections, prepared in a manner anaIogous to that used for 
the timed exp&nents. were incubated at 25”. The reac- 
tions were stopped at various time intervals by freezing at 
-20”. Gel assay showed a decline in both protein and 
activity associated with the SOD bands. The experiment 
showed only a decline phase, indicating the suqtibility 
of the SOD proteins to endogenous proteases. It also 
indicates that the recovery phase must require com- 
ponents not present in the crude tissue homogenate. The 
recovery phase, based on both the activity and protein- 
stained gets, appears to be dependent upon the generation 
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of active SOD proteins. Experiments in which either 
actinomycin or cyclohcximide solutions were applied to 
the decapitated stem surface gave inconclusive results as 
to the level at which synthesis may be occurring. This may 
have betn due to difficulties in uptake of the inhibitors by 
the tissue within tbc short time-frame of the experiment. 

These observations add to the growing understanding 
of plant wound response. Work done on the enzymatic 
generation of superoxide anions in response to certain 
hyphal wall components [7] suggests the utility of the 
superoxide radical as an antifungal agent. The rapid 
dcclinc in SOD in response to wounding may be a 
preparatory action for such a defence system, allowing the 
formation of superoxide radicals at the wound site by 
reducmg the kvels of endogcnous SOD which would 
otherwise suppress the enzymatic production of supcr- 
oxide stimulated by the hyphal wall component. 

EXPERIMENTAL 

PCS seed (Pixum soricum L.. cv. Alaska) was disinfected and 

gmnmatal at 27 in the dark under arcpt~ conditions on staik 

filter paper [ 141. When the cpkoryls reached 4 mm. the seedlings 

were dacapuauxt and ptaatod in sterik media (Gibco B-5 media 

without hormona, 0.6?, p&u) The cuI sIcm surf- were 

trcaIal wilh 4 ~1 3 % EtOH in stcrik H1O. This was done as a 

conIrol for other exp~s usmp this system. Stems which had IK)I 

been Ircatcd with EIOH showed similar rcauhs. Tissue was 

sampkd vs. rime using c@I seedling per lime poml and excisinp 

approximately 2 mm of stem tissue below the dcapitation pomt. 
All I&K manipulations were done under red safe lights. 

Stem srcuons were frozen aI -m. Froze stem sampks (agbt 

s~cm sections pa sampk) were homopnizcd in 0.75 ml 0.05 M 

phosphate butTer (PH 7.8) using a Tiiumizer bomopaizr. AfIa 

refrazing and thawing. the sampks me antnfuged a1 

I2 OC@ rpm in an Eppcndorf microfuge for 2 min. The raulIin8 

supcmaIc was used for analysis. 

Total SOD PCtivity was measured in soln by an mmbiuon 

assay, as described by Beauchamp and Frdovich [ 121. using 

xanIhmtxanIhim oxulasc IO generate supcroxde, and nitroblue 

IcIrazohum as the superoude deIccIor. Tbc proculure was 

mod~tkd IO use I mM dicIhylamineInaminepmIaaccIr acid 

rather than EDTA [IS]. MnSOD was detcrmincd after prc- 

mcuhaIion of rhc sample wiIh 5 mM cyanide for 30 mm prior IO 

WY. 
The dcuxmmation of Iolal SOD activity in a sampk required 6 

separaIc assays at varied sampk concns. A computer cakulation. 

which plotted the ratio of the changes in absorbana per mm for 

the blank IO the chanp in A per mm for Ilw sampk rcxIion vs. 

rhc sampk vol. was used IO alcutaIe the 50 Pa inhibtion vol. This 

was dcs~gnarcd IO contain I unn of SOD acrivity when the blank 

values were in the range of 0.34 4 change in 4 per mm. MnSOD 

was determined by Ihe same procedure usinp samples whrch were 

prc-incubated wnh cyanide. The difference berwozn Ihe toIal 

SODand MnSGDactrviIiawasassumcd ~obcIhcr~inIyducI~ 

the IWO CuZnSOD isoenzyrncs. 

In a 8~1 assay. isocnzyma of SOD were scparauxl ekc- 

Irophoretlcally on 10”~ Davis gels. pH 8.9 [ 163. TM 8~ls were 

stnmal as described by Kaars and Kosman [ 171 using nurobluc 

teIrazohum and riboflavin. The assay produces ckar bands of 

enzyme acuvi~y on a blue background A Beckman DU-8 

quipped as a dcnsiIomcIcr was used lo scan Ihc gels at 560 nm. 
The negative abaorLoz peak height was used as a measure of 

sctinty. The correlation bc~wccn ncgativc absorbana peak 

hci@rI and SOD a&icy. as ck~crmined in a soln spmrophotom- 

ark assay also using nitrobluc ~eIrazolium. is linear. 

Total solubk protein was deIcrminal by the Lowry melhod 

[ 181. Relative proIcin concns of.thc SOD isocnzynxs wcrc 

dcIammcd from dcnsi~omctric scans of Coomasve blue stained 

I)lrns gels Tbc appropnaIc tnnds were identified by comparison 

of R, factors wirh duplicate gels slained for SOD. The posiuvc 

absorbance peak hci8hI al 595 nm was used as a measure of 

prorem conm. 

Paoxida_sc assays were performed according IO Ibe procedure 

of Ockav and Mumford using guiacol and HIGz as substrata 
[ 131. Ca~alasc assays were performed wiIh an oxy8cn monitor 

(Yellow Springs 1ns1rum1 Co.. Model 53) quipped with a 

Clark ekcIrode. AliquoIs of ussue homc+matc were used IO 

iniuaIc ~hkca~alasc feection with 15 mM H1O> in 50 mhl. pH 7.0 

K-Pi buffer. Reactions were run at 25’. 
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