
containing L-lactate instead of D-lactate. 
A lactate dehydrogenase specific for 

NAD and D-lactate was also found in 
Mindeniella. Extracts from both organ- 
isms had similar activity in the pyru- 
vate assay, and in both cases high 
pyruvate concentrations were slightly 
inhibitory. However, the reverse reac- 
tion, with NAD and D-lactate, pro- 
ceeded very slowly in the presence of 
the Mindeniella enzyme. A twofold 
faster reaction was obtained when the 
3-acetylpyridine analog of NAD was 
used in place of the natural coenzyme. 
In the case of the Sapromyces enzyme, 
the analog was no more effective than 
NAD. A third difference between the 
enzymes from Sapromnyces and Mind- 
eniella was evident. When the two ex- 
tracts were run in the same starch gel, 
that from Mindeniella showed a single 
anodic band of lactate dehydrogenase 
activity 2.7 cm from the {application 
slit, whereas that from Sapromyces 
showed a cathodic band. 

Further characterization of the Mind- 
eniella enzyme is in progress. In addi- 
tion, preliminary studies indicate that 
representatives of two other genera in 
the order Leptomitales, Rhipidium and 
Aqualinderella, also contain NAD-de- 
pendent D-lactate dehydrogenase. 

The D-lactate dehydrogenase has been 
regarded as uncommon. L-Lactate de- 
hydrogenase (7), on the other hand, 
is widely distributed and is probably 
responsible for lactate production by 
all animal tissues, many bacteria (8, 9), 
and some vascular plants (10). The D- 
lactate dehydrogenase is probably re- 
sponsible for lactate production in cer- 
tain lactic acid bacteria (8), in some 
species of Chlorella (11), and through- 
out the order Leptomitales. NAD-de- 
pendent D-lactate dehydrogenase has 
also been detected in a very few other 
microorganisms, for example, the hy- 
phomycete Piricularia (12), the cellular 
slime mold Polysphondylium (13), and 
the photosynthetic flagellate Euglena 
(14), but in these cases the biological 
function of the enzyme has not been 
determined. 
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glucoside) is a carcinogenic and hep- 
atotoxic compound occurring in plants 
of the family Cycadaceae. The frequent 
ingestion of various parts of these 
plants by people and domesticated ani- 
mals in tropical parts of the world 
makes the compound of special inter- 
est (l). In its naturally occurring form 
cycasin is a 83-glucoside, but there is 
mounting evidence that it is the agly- 
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cone methylazoxymethanol that is ac- 
tually toxic and carcinogenic, and that 
deglucosylation must be performed by 
intestinal microorganisms before the 

toxicity can be manifested (2). Matsu- 
moto and Higa (3) have demonstrated 
that methylazoxymethanol is a meth- 
ylating agent, with 7-methlyguanine be- 
ing formed by its reaction with DNA 
or RNA. The genetic damage resulting 
from such methylation should be re- 

cone methylazoxymethanol that is ac- 
tually toxic and carcinogenic, and that 
deglucosylation must be performed by 
intestinal microorganisms before the 

toxicity can be manifested (2). Matsu- 
moto and Higa (3) have demonstrated 
that methylazoxymethanol is a meth- 
ylating agent, with 7-methlyguanine be- 
ing formed by its reaction with DNA 
or RNA. The genetic damage resulting 
from such methylation should be re- 

Fig. 1. (Left) The numerous revertants of the mutant G 46 to histidine independence 
as a result of exposure to methylazoxymethanol. (Right) The smaller number of 
revertants seen when less sensitive histidine-requiring mutants (C 496 in example 
shown) are placed under the same condition. The localization of mutants around the 
disc containing methylazoxymethanol is typical. 
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Mutagenicity of Cycasin Aglycone (Methylazoxymethanol), 
a Naturally Occurring Carcinogen 

Abstract. Methylazoxymethanol, a carcinogenic and hepatotoxic - methylating 
agent prepared from cycad plants, has been found to be a good mutagen in 
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flected in an increased mutation rate in 
the presence of this aglycone. The fol- 
lowing results will show that methyl- 
azoxymethanol is a good mutagen in 
the bacterium Salmonella typhimurium. 

Methylazoxymethanol was prepared 
from crystalline cycasin which had been 
purified from the seeds of Cycas cir- 
cinalis. Enzymatic deglucosylation (al- 
mond emulsin, Sigma Chemical Co.) 
and purification were carried out ac- 
cording to the method of Kobayashi 
and Matsumoto (4). The mutagenic ac- 
tivity of both cycasin and the aglycone 
was tested by measuring the frequency 
of reversion to histidine independence 
of several histidine-requiring mutants 
of Salmonella (5). The bacteria were 
exposed to these componds on petri 
plates which were prepared by mixing 
0.2 ml of freshly grown cultures (2 X 
10:) bacteria per milliliter) of the mu- 
tants with 2 ml of 0.6-percent agar at 
45?C. The soft agar, which contained 
a trace (0.20 ,umole) of histidine as well 
as the bacterial inoculum, was then 
poured onto plates of a histidine-free 
minimal agar medium. The aglycone 
(1.5 mg), on a disc of absorbant filter 
paper, was introduced onto the surface 
of each plate after the agar had hard- 
ened. 

In experiments with cycasin, 9 mg 
was applied to each disc, this amount 
being sufficient to release 3 mg of agly- 
cone after deglucosylation. The trace of 
histidine present permits a small amount 
of growth so that zones of inhibition 
caused by some mutagens are visible 
around the discs. Revertant colonies 
usually could be seen clearly after 40 
hours of incubation at 37?C, but on 
some plates the number of revertants 
increased between 40 and 70 hours, 
and revertants of one of the mutants 
used, C 151, did not appear until 70 
hours. A control plate containing no 
cycasin or its aglycone was prepared 
for each of the mutants tested. The 
spontaneous reversion rate of the mu- 
tants was low (0 to 15 colonies per 
plate). 

Cycasin neither inhibited nor caused 
reversion in any of the mutants. This 
suggests that the Salmonella lack the 
necessary deglucosylating enzyme. In 
contrast, methylazoxymethanol caused 
all but two (C 120 and C 207) of the 
ten different mutants tested to revert. 
Most sensitive was G 46 (Fig. 1), with 
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hundreds of revertant colonies appear- 
ing; C 50 and D 130 were also quite 
sensitive, with about 100 colonies ap- 
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pearing on each plate. Only 20 to 40 
colonies (3 to 5 times the number seen 
on control plates) appeared in tests with 
the other mutants (for example, C 496, 
C 527, and C 151). Zones of inhibition, 
3 cm in diameter, surrounded the discs 
of the methylazoxymethanol. A muta- 
genic effect resulted in the obvious lo- 
calization of the revertants just outside 
the zone of inhibition (Fig. 1). These 
results were reproduced two to four 
times with each of the mutants. 

Most of the mutants tested are known 
to have a histidine requirement because 
of the substitution of a single base in 
one of the genes coding for the enzymes 
of histidine biosynthesis (6). These mu- 
tants are revertible with a variety of 
alkylating agents, and many are sup- 
pressible if amber and ochre suppres- 
sors are introduced. The mutant C 207, 
however, appears to be a reading-frame 
error (6), and alkylating agents includ- 

ing methylazoxymethanol do not cause 
it to revert. 

It is likely that in aqueous solution 
methylazoxymethanol breaks down. 
forming diazomethane, which is a well- 
known methylating agent (7), mutagen 
(8), and carcinogen (9). Structurally re- 
lated nitrosamides and nitrosamines, 
many of which are mutagenic, hepato- 
toxic, and carcinogenic, are also 
thought to be converted enzymatically 
and spontaneously to diazomethane 
(10). 

Genetic damage, presumably by 
methylazoxymethanol, has also been 
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Interferon exerts its antiviral action 
very early in virus replication, probably 
before viral RNA is made '(1, 2). In 
at least one virus-cell system, a very 
early event in virus infection leads to 
the derepression of host-cell genome 
function, leading to the formation of 
interferon (3). We now report a re- 
lation between the action and forma- 
tion of interferon: namely, the effect 
of prior treatment of cells with inter- 
feron on the subsequent formation of 
interferon by the cells upon exposure 
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described by Teas et al. (11) who 
showed that chromosome breakage oc- 
curred in onion-root tips treated with 
cycasin. Although it has not been dem- 
onstrated, mutation may occur in ani- 
mals and humans ingesting cycasin, and 
mechanisms can be imagined by which 
both the carcinogenicity and hepatotox- 
icity of methylazoxymethanol could be 
consequences of the alkylation of DNA 
and RNA. 

DAVID W. E. SMITH 
Laboratory of Experimental Pathology, 
National Institute of Arthritis and 
Metabolic Diseases, Bethesda, Maryland 
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to virus. It has been reported (4) that 
such prior treatment may increase or 
decrease the amount of interferon 
formed. These previous studies dealt 
with periods late in the course of viral 
growth. We now present a somewhat 
more detailed examination of an early 
enhancement phenomenon. 

Chicken interferon was prepared by 
intraallantoic infection of 11-day-old 
embryonated eggs with the NWS strain 
of influenza A (5). The harvested al- 
lantoic fluid was kept at pH 2 over- 

SCIENCE, VOL. 152 

to virus. It has been reported (4) that 
such prior treatment may increase or 
decrease the amount of interferon 
formed. These previous studies dealt 
with periods late in the course of viral 
growth. We now present a somewhat 
more detailed examination of an early 
enhancement phenomenon. 

Chicken interferon was prepared by 
intraallantoic infection of 11-day-old 
embryonated eggs with the NWS strain 
of influenza A (5). The harvested al- 
lantoic fluid was kept at pH 2 over- 

SCIENCE, VOL. 152 

Effect of Interferon on Early Interferon Production 

Abstract. Chick embryo cells given prior treatment with interferon make new 
interferon earlier and in larger quantities upon stimulation with Chikungunya 
virus than cells not so treated. By the criterion of loss of sensitivity to actinomy- 
cin, the time needed for formation of messenger RNA for interferon was de- 
creased in the primed cells. Thus interferon affects virus action within 1 hour 
after infection. 
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