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Anomalous Gas Exchange in Ascorbate 
Oxidation by the Myrothecium Enzyme 

E. B. LILLEHOJ1 AND F. G. SMITII1 

Abstract. Manometric studies were employed to assay for 
ascorbic acid oxidase activity in cell free homogenates from 
the mycelium of the mold Myrothecium verrucaria. It was 
found that gas exchange measurements deviated from ex
pected stoichiometry based on the utilization of one-half of a 
mole of oxygen for every mole of ascorbate oxidized. Oxygen 
was consumed in excess of the expected amount and carbon 
dioxide was produced during the course of the reaction. Ap
parently, the ascorbic acid oxidase reaction which produces 
dehydroascorbic acid is accompanied by or followed by other 
re<lctions involving oxygen consumption and carbon dioxide 
evolution. 

INTRODUCTION 

Two enzymatic oxidations have been implicated in the trans
fer of electrons from ascorbic acid directly to oxygen. The first 
of these is by the well-characterized ascorbic acid oxidase from 
higher plants. This enzyme has been highly purified and the 
active site is known to be a copper prosthetic group. A second 
oxidase has been observed in lower plants. One of the char
acteristics of the latter is that heavy metal inhibitors do not 
block the oxidation of ascorbic acid. Primarily for this reason 
the lower plant oxidase has been termed "atypical." 

Dunn and Dawson ( 4) showed that the stoichiometry of the 
purified ascorbic acid oxidase from higher plant sources in
volves the utilization of one-half of a mole of oxygen per mole 

t Depannent of Botany and Plant Pathology, Iowa State University, Ames, Iowa. 
2 This work was aided by a Public Health Service research grant, RG-7354, from 

the Division of General Medical Sciences, U. S. Public Health Service. 
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of ascorbate. They concluded that the initial product of the 
oxidase reaction is dehydroascorbic acid which is non-enzy
matically converted to 2, 3-diketogulonic acid with no further 
breakdown involved. 

Mandels ( 7, 8) found an atypical ascorbic acid oxidase in 
the spores and the mycelium of Myrothecium verrucaria. White 
( 14) in this laboratory has extended Manclels' initial observa
tions and has made a thorough analysis of some of the properties 
of the extracted mycelial enzyme. These workers concluded that 
a catalvst exists in the mold which transfers the electrons of 
ascorbic acid directly to oxygen. Furthermore, Manclels ( 8) re
ported that the spore oxidase yielded the same stoichiometry 
as the higher plant enzyme, one-half mole of oxygen per mole 
of ascorbate. Preliminary studies by White ( 14) indicated that 
this relationship also existed for the mycelial extracts. 

MATERIALS AND METHODS 

The spore cultures of M yrothecium verrucaria (Alb. and 
Schw.) Dit. ex. Fr. were maintained by culturing on a modified 
Fries medium containing micronutrients ( 11). Point inocula
tions were used to detect variant strains. At 30° C. sporulation 
occurred about five clays after inoculation on a filter paper 
which had been placed on the surface of the agar-salts medium. 
Spore production cultures were inoculated by flooding the filter 
paper with a spore suspension, other conditions being the same 
as for the point inoculation. 

Suspensions of mycelial pellets were produced in a liquid 
medium described by Darby and Goddard ( 1). Twenty-five ml. 
of the culture medium was inoculated with approximately 2xl08 

spores from the spore production cultures. Incubation was car
ried out on a rotary shaker for 24 to 30 hours at 30°C. 

The culture medium was removed by filtration, and the 
mycelial mat was washed with water. Three g. of the mycelial 
material was placed in the grinding cup of the Servall Omni
Mixer along with about 5 g. of 100 mesh pyrex glass and 3 ml. 
of extractant per gram of mycelium. The grinding was carried 
out in an ice bath with the blendor operating at 15,000 r.p.m. 
for 10 minutes. After grinding, the mycelial debris was frozen. 
When the material was to be assayed, it was thawed and re
suspended with the Servall. The debris and supernatant were 
transferred to pre-chilled centrifuge tubes which were centri
fuged for 10 minutes at 1000 x g. at 0°C. The supernatant frac
tion, which was free of intact cells by microscopic examination, 
was centrifuged at 20,000 x g. for 30 to 40 minutes in the cold. 
This supernatant was the enzyme extract which was studied. 

Standard manometric techniques were employed for assay of 
2
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the enzymatic activity. Carbon dioxide was measured by the 
direct method described by Umbreit, Burris and Stauffer (13). 
Gas exchange measurements were made at 30°C. with reaction 
mixtures consisting of enzyme extract, substrate and acetate 
buffer at pH 4.5. 

Ascorbic acid analysis of the reaction mixture was carried out 
with 2, 6-dichlorophenolindophenol using the xylene method de
scribed by Gyorgy and Rubin ( 5). Absorbancy measurements 
were made with a Lumetron colorimeter. 

RESULTS AND DISCUSSION 

Previous work on ascorbic acid oxidase from higher plants 
( 4,9) and on Myrothecium extracts (7,8,14) had indicated that 
one-half mole of oxygen was consumed for every mole of ascor
bate oxidized. There was no reason to expect products of the 
oxidase reaction other than dehydroascorbic or 2,3-diketogulonic 
acid ( 2,9). However, in studying extraction methods and re
action conditions for the mycelial enzyme, it was observed that 
reactions followed for an hour or more frequently showed un
expectedly high oxygen uptake. An examination of manometric 
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shown in Exvt. 2. Both exveriments exceeded theoretical oxygen uptake. 
Reaction conditions; 0.6 ml. 0.02 M acetate buffer, 0.8 ml. enzyme extract, 
0.4 ml. of 0.05 M ascorbate and 0.2 ml. of 20% KOH or H20 with a 
paper accordian in the center well. All flask components adjusted to pH 4.5 
before assay, 
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Table 1. Excess oxygen uptake, carbon dioxide evolution and rates of reaction using 
standard assay conditions. 1 

02 Uptake C02 Evol. C02 Evolved Excess 02 
(µ!./hr.) (iil./hr.) (µ!.) (iii.) 

Initial Final Max. Final 
268 0 62 0 82 .56 
270 20 70 16 112 68 
300 12 30 15 73 83 
320 12 30 18 37 41 
340 10 90 30 89 97 
348 6 46 5 76 99 

1 Reaction conditions; 0.6 ml. 0.02M acetate buffer, 0.8 ml. enzyme extract, 0.4 ml. 
of 0.05 M ascorbate and 0.2 ml. of 20% KOH or H20 with a paper accordian in the 
center well. Ail flask components adjusted to pH 4.5 before assay. 

2 Excess oxygen is the amount of oxygen u!)take in excess of the calculated stoichi
mnetry which is 224 µl based on 1 mole of ascorbate per 1/2 mole oxygen. 

results with extracts prepared in various ways and with differing 
reaction conditions revealed that 40 out of 45 experiments ex
hibited oxygen uptake in excess of calculated stoichiometry. The 
average excess was 86 microliters. Furthermore, carbon dioxide 
was produced in all experiments with an average yield of 70 
microliters. Table 1 presents some representative data from these 
experiments. There was considerable variation among the gas 
exchange curves ranging between the two types illustrated in 
Figure 1. In some cases, such as Expt. 1, no carbon dioxide 
evolution occurred in the first 10 to 20 minutes; in others, such 
as Expt. 2, little or no lag was observed. In experiments where 
gas exchange was essentially complete, the mean ratio of oxygen 
excess over carbon dioxide production was 1.13. Again, however, 
a great deal of variability was present, and the significance of 
the ratio is in doubt. 

One question of interest was whether the secondary oxidation 
and carbon dioxide evolution reactions accompanied or fol
lowed the primary oxidation. This question was explored in 
preliminary experiments by including periodic analyses of as
corbate with the gas exchange measurements. Figure 2 shows 
typical results. It is evident that most of the excess oxygen con
sumption and carbon dioxide evolution ocurred before the as
corbate was used up. However, slow gas exchange reactions 
continued after the primary oxidation was complete. Apparently 
there was no sharp separation in time between the primary 
oxidation attributable to the ascorbic acid oxidase and the 
secondary reactions. 

Other factors which might affect the interpretation of the gas 
exchange data were considered. First, ionic copper can catalyze 
ascorbate oxidation with the production of hydrogen peroxide 
(2,3). This would change the stoichiometry if hydrogen peroxide 
accumulated or if it oxidized some substrate other than ascorbate. 
Non-enzymatic catalysis in our experiments was unlikely, how
ever, since routine blanks with boiled extracts gave no significant 
oxygen uptake. Furthermore, removal of dialyzable endogenous 
substrates did not alter the gas exchange pattern (Table 2). 
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Tahle 2. The effect of dialysis and high speed centrifugation on the stoichiometry of 
the a"corhic acid oxidase reaction. 1 

Exp. 

Dialysis 
1. Before 

After 
2. Before 

After 

Centrifugation 

1. 20,000 xg. 
100,000 x g. 

2. 20,000 x g. 
100,000 x g. 

3. 20,000 x g. 
100,000 x g. 

4. 20,000 x g. 
100,000 x g. 

Initial Rate 
Oxygen Uptake 

(µ!./hr.) 

200 
180 
320 
280 

480 
460 
368 
352 
:330 
:330 
362 
368 

Observed 
Stoichiometry" (µI. ) 

( thcor. = 224 µ].) 

250 
243 
325 
300 

272 
273 
358 
354 
326 
294 
288 
288 

I Reaction conditions; 0.8 ml. 0.02 M acetate buffer, o.8 ml. enzyme extract, 0.-1 
ml. 0.05 M ascorbate. All flask components adjusted to pH 4.5 before assay. 

2 Ascorbate added equivalent to 224 µ,I oxygen uptake on basis of 1 mole ascorbate 
per 1/2 mole oxygen. 

Finally, addition of crystalline catalase to the reaction mixture 
bad no apparent effect on the stoichiometry. 

Other oxidative enzyme systems would be expected to affect 
the gas exchange data only if substrates other than ascorbate 
were present in significant amounts. Results of the dialysis ex
periments Table 2) appeared to rule out such interference. 

Figure 2. 
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Manometric measurements of oxygen uptake and carbon dioxide production 
and assay of the disavpearancc of reduced ascorbate with the in<kiphcnol
xylenc method expressed in oxygen equivalents. 
Reaction conditions; 0.6 ml. 0.02 tvl acetate buffer, 0.8 ml. enzyme extract, 
0.4 ml. of 0.05 M ascorbate and 0.2 ml. of 20% KOH or H20 with a 
paper accordian in the center well. All flask components adjusted to pH 
4.5 bl'fqre assay, 
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Furthermore, White ( 14) in this laboratory found no cyto
chrome oxidase or phenol oxidase activity in 20,000 x g. super
natants of Myrothecium extracts. However, because of reports 
( 12) that b-type cytochromes in submitochondrial particles can 
catalyze ascorbate-linked oxidation of other substrates, tests were 
made on supernatents certrifuged at 100,000 x g. for 40 minutes. 
The results presented in Table 2 show that the Myrothecium as
corbic acid oxidase is not particulate. 

On the basis of evidence so far, is appears that the excess 
oxygen uptake and the carbon dioxide evolution observed during 
ascorbate oxidation by Myrothecium extracts is probably the 
result of further reactions of ascorbate oxidation products. The 
best possibility would seem to be the catabolic systems recently 
studied at the National Institutes of Health and the University 
of Tokyo. These groups have reported ( 6,10) enzymes which 
decarboxylate diketogulonic acid and oxidize one of the result
ing pentonic acids. They also have evidence that this pathway 
may ultimately lead to glucose. In future work, we plan to 
examine Myrothecium extracts for the presence of these and 
related enzymes in an effort to elucidate the ascorbate metabol
ism of this organism. 
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Antibiotics Stimulating or Inhibiting 
Germination and Growth of Rice 

ROBERT C. Goss1 

Abstract. This report is concerned with the effect of anti
biotics on germination and translocation of native chemicals 
in the laboratory and on the plant's reaction to certain anti
biotics used as soil drenches under greenhouse conditions. 

The seeds treated with antibiotics active against Gram 
positive organisms were deficient in both carbohydrates and 
proteins. The seeds treated with antibiotics active against 
Cram negative organisms had a delayed germination but a 
normal physiological development. Streptomycin had the most 
adverse effect on translocation but stimulated germination. 
Analysis of variance of germination indicated that seed germi
nation was dependent upon the antibiotic used. The analysis 
for the translocation resulted in the means being significantly 
cliffcrent. 

No adverse effects, caused by the soil treatment, were noted 
for germination. Neomycin, penicillin, and streptomycin ap
pear to stimulate germination; tyrothricin and polymyxin in
hibit germination the first week but by the second week have 
a higher germination percentage than the control. 

Streptomycin, polymyxin and neomycin drenches have the 
most beneficial effect on the growth of Nato, Magnolia, and 
Upland varieties. A trigger agent is apparently released which 
stimulates growth from the first week until termination of 
the experiment. The three antibiotics inhibit the growth of 
Blue bonnet. 

INTRODUCTION 

The word antibotic has been devised to indicate a substance 
formed by one organism which is injurious to another organism. 
This phenomenon is not confined to microorganisms but is found, 
at least to some extent, in the higher plants and also in animals. 
As experience with the practical utilization of antibiotics has 
increased, and as more research has been made for new ones, 
the meaning has shifted to the point where antibiotic now means 
almost any substance isolated from a culture of an organism, 
and the activity is not only inhibitory but in some cases the 
substance can be growth-stimulating or growth-changing in 
nature. 

1 State College of Iowa, Science Deparbnent, Cedar Falls, Iowa. 
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