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Few reports concerning the identity or re lative actIvity of 
th e terminal oxidase enzymes of the sugar beet root have been 
published. Phenol oxidase has been shown to be active in the 
leaves of the sugar beet by Arnon (1)3, and Dawson and Tarpley 
.(4) also detected laccase activity. Bhagvat and Hill (2) included 
the sug'ar beet root in an ex tensive list of plants tested spectro
photomt>trica lly for cytochromes and cytochrome oxidase. [be 
bands of cytochromes a, b, and c were ohserved but no cytochrome 
oxidase activity was detected. 

Stout and Spikes (10) described the effects of various chem
ical inhibitors on the oxygen consumption of sugar beet root 
tissue discs. Lack of inhibition by 8-hydroxyquinoline, coupled 
with inhibition by cyanide and azide led the authors to the pre
sumpLioll that respiration in the sugar beet root is mediated by 
way of a cytochrome oxidase or polyphenolase rather th an by 
ascorb ic acid oxidase. No direct evidence of cytochrome oxidase 
participation was present, however. 

The experiments described below were designed to investi
g'ate the active terminal oxidases of the sugar beet root through 
00.. effects of particular inhibitors and substrates added to a 
st:\l~dard respiratory medium, the use of carbon monoxide in
hibition, and spectrophotometric techniques for the detection 
of cytochrome oxidase act ivity. 

Materials and Methods 

Sugar beet seed , SKE-R-il (supplied by th e British Colu"mbia 
Sugar Refining Company, Vancouver, B. C.) was sown in fiats 
in the gree nhouse on February 23, 1957 and uniform seedlings 
pla nted in the field May 11, 1%7. Beg'inning- Tuly I Fl, beets 
,I'hose diameter<; were five inches or over, were taken at random 
for the oxidase studies. 

After the roots had been cleaned and trimmed, a trans-section 
.~.75 cm. in height was Cl1t from eac h root just below the region 
of greatest diameter. Trans-slices one mm . in thickness were 
cut from these cyli nders by a Spencer hand microtome and from 

1 Investiga tion supported by extramural research !!rant E!\'IR ·50 of Science Sen"ice. Can
ada Departmen t of Agri culture. 

~ Professo r of Plant Physio l o~~r and £"rad U;lle stud ent. DC!)<Htlll cn f of Rotan \' , Un ive rsi ty 
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3 N umbers in p<lrenth eses refer to Iitcr;lrurc cited. 
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these slices discs one cm. in diameter were cu t by a steel cork 
borer, avoiding the periphery and the core of the beet. The 
discs (one cm. in diameter, one mm. thick) were thoroughly 
mixed in distilled water and after 30 minutes removed and 
rinsed with 50 ml. of the medium described below. 

Twenty discs (average fresh weight ca 1.62 g., dry weight 
ca 0.29 g.) were blotted dry , quickly weighed, and placed in a 
\Varburg vessel containing a total of 4.0 m!. of solution whose 
composition was 0.4 M sucrose, 0.05 M phosphate buffer at pH 
6.8, and 0.04 M KCl. Inhibitors, selected from those suggested 
by James (8), when used, were included in' the medium. Sub
strates, when used, were placed in the sidearm and added at 
zero time. Carbon dioxide was absorbed by 0.2 m!. of 20 per
cent KOH (or of 2.0 M. KCN in the cyanide inhibition trials) 
on fluted fi.lter paper in the center well. 

After 15 minutes equilibration , the oxygen consumption at 
25 ° C. was determined at 20 minute intervals for periods up to 
two hours. The rate of shaking was I ~O strokes per minute. 
Respiration rates were computed as microl iters of oxygen con
sumed per hour per gram fresh and per gram dry weight of the 
discs. Because of their parallelism , the rates are reported on the 
fresh weight basis only. 

In the determinations of carbon monoxide inhibition the 
gas atmosphere of the reaction flasks was changed using the 
evacuation method of Burris (3) . An atm osphere of 95 % CO 
and 5% O 2 was used and the rate of respiration in the carbon 
monoxide was compared with that obtained in a mixture of 
.95~~ Ne and 5% 0". Since CO is absorbed in small amounts 
by KOH, a control containing no tissue was· used. 

The desirabil ity of the spectroscopic method of ·determining 
cytochrome oxidase activity has been re-emphasized by Fritz and 
Beevers (5). Cytochromec was dissolved in 0.03 phosphate buffer 
(pH 7.?J) at the nite of 0.5 mg. / ml., and reduction was accom
plished by adding sodium hyposulfite. The excess hyposulfite 
was oxidized by intermittent shaking of the solution for 20 
minutes. Sugar beet root tissue was homogenized in a Potter
type homogenizer with an equal weight/ volume of cold 0.03 M 
phosphate buffer (pH 7.3). The homogenate was centrifuged at 
1000 g for five minutes and the supernatant used as the enzyme 
source. To 2.5 ml. of the reduced cytochrome c solution 0.5 
or 0.05 ml. of the enzyme preparation was added. Measurement 
of absorbance at 550 mfL was made at room temperature with 
a Beckman Model B spectrophotometer. . 
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The effect of pH upon ascorbic acid oxidation was followed 
in an attempt to determine whether an increase in oxygen con
sumption obtained by the addition of ascorbic acid as substrate 
to sugar beet root tissue discs were the result of increased activity 
of laccase or of ascorbic acid oxidase. Root tissu{' was homogen
ized in an equal weig-rlt/vlilume at cold 0.4 M sucrose and cen
trifuged at 1000 g for fi.v(' minutes. The supernatant was used 
as a source of enzyme. To 2.0 mls. of a 5.0 mM solution of 
ascorbic acid in 0.03 M phosphate buffer over a range of pH 
values from 1 to S, 0.1 m1. of the enzyme preparation was added . 

. The changes in optical density were followed at 26.5 mp' with a 
Beckman Model DU spectrophotometer at room temperature. 

Results 
vlanometric determinations were replicated up to four times . 

.'\t least fOllr respirometers were used for each treatment at each 
replication. The average Q02 and per~entage inhibition or acti
vation in each replication is given in the tables, but analysis of 
variance involved all the individual readings of the respirometers. 

Inhibitors 
The results obtained with the inhibitors at a concentration 

of 0.0 1 M are given in Table l. 

Cyanide and azide: In the respiratory medium containing 
cyanide, the oxygen uptake by the sugar beet tissue slices was 
reduced 92 .2 percent. The inhibitions, as determined by four 
replications involving different beets, were 90.4, 89.9, 91. 1, and 
87.4 percent. The average inhibition obtained with sodium 
azide was 85.0 percent. Cyanide and azide strongly affect metal
containing enzymes, particularly the iron-containing cytochromes 
and the copper--containing oxidases. Ascorbic acid oxidase, 
however, appears insensitive to azide. The high sensitivity to 
cyanide and azide suggests that metalJo-oxidases are the" ones 
primarily active in the respiration of sugar beet root. 

Diethyldithiocarbamate (Dieca): Dieca is a powerful inhibitor 
of the copper enzymes. The average inhibition produced by the 
presence of dieca in the respiratory substrate was 37.7 percent. 
This is positive evidence that copper enzymes are active. 

Resorcinol: Resorcinol, which is a competitive inhibitor of 
phenolase , (polyphenoJoxidase) produced a reduction of 22 per
cent in oxygen consumption, compared with the respiration of 
discs in the control medium. The value is significant at the 0.01 
lc>vel. 

Thiourea: In two replications, involving five respirometers 
each , the presence of thiourea resulted in a lowering of the 
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Table I. Effect of Inhibitors on the Respiration of Sugar Beet 
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The spectrophotometric determination gave no evidence of 
cytochrome oxidase activity. The change in optical density at 
550 MI-' was the same in the presence and absence of enzyme 
preparation, viz. 0.05 optical density units per 10 minutes. 
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Figure I.-Oxidation of ascorbic acid as affected by pH of sugar beet 
tissue homogenate. Optical density changes were followed at 265 mf..'.' 

Discussion 

The severe inhibition of oxygen uptake by sugar beet root 
discs which resulted from the inclusion of cyanide and azide in 
the respiratory medium strongly suggests that metallic oxidases 
are involved in the respiration of the tissue. In spite of the low 
level of inhibition obtained with thiourea, which mav have re
sulted from lack of penetration of the tissue by this' inhibitor, 
the marked inhibition produced by di eca indicates the activity 
of copper enzymes. \ /Vhile Honda (7) has shown that confusing 
results can be obtained with dieca, James (8) considers this 
chelating agent to be the most useful For distinguishing the copper 
enzymes from cytochrome oxidase in situ. 

The inhibition obtained by the use of resorcinol, which acts 
primarily as a competitive inhibitor For phenolase (8), suggests 
that this enzyme may play a part in the respiratory process in 
root discs. The addition of catechol , a substrate of both laccase 
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and phenolase, resulted in a very considerable increase in res
piration. Further evidence of the activity of these enzymes was 
furnished by the activation produced by p-phenylenediamine and 
hydroquinone, both of which are laccase substrates, and by tyro
sine and protocatechuic acid, substrates of phenolase. The light 
stable inhibition of respiration by CO admits the possibility 
that phenolase may be present in th e beet root tissue. 

Ascorbic acid oxidase activity is questioned by the lack of 
response to the inhibitor 8-hydroxyquinoline, as Stout and Spikes 
(10) found, and to the absence of the characteristic ascorbic 

acid oxidase pH optimum in the oxidation of· ascorbic acid by 
root homogenate. In this instance the optimum pH observed, 
pH 6.6, strongly suggests that laccase is the active oxidase. 

In spite of the ubiquitous occurrence of cytochromes in plant 
tissue, as suggested by Smith and Chance (9), and others, the 
techniques used in this investigation failed to identify cyto
chrome oxidase as an active participant in the respiration of 
sugar beet root tissue. It has been emphasized by numerous 
writers that while light reversibility of CO inhibition of respira
tion shows the presence of cytochrome oxidase, the absence 01 
Iight sensitivity in CO inhibited respiration is not conclusive 
evidence that an enzyme other than cytochrome oxidase is oper
tive (6, 9). The absence of cytochrome oxidase activity in beet 
root homogenate, as shown by the spectrophotometric techniqu e, 
is difficult to explain away , however. 

Summary 
The results obtained by the use of numerous inhibitors and 

substrates of cytochrome oxidase, ascorbic acid oxidase, pheno
lase, laccase and glycolic acid oxidase; the absence of light-sensi
tive carbon monoxide inhibition; and the failure to detect 
cytochrome oxidase activity spectrophotometrically stl·ongly sug
gest that, under the various conditions imposed by this investiga
tion, the oxidases active in the respiration of mature sugar beet 
root tissue are laccase and phenolase. 
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