
rapidly and at a significantly lower per­
cent than in the 120-day groups ( P < 
.01). Thus it may be concluded that al­
though the home cage concentration of 
alcohol solution prior to testing did not 
seem to be significant in these tests, two 
important factors did influence the 
change in preference for alcohol: (i) the 
amount of time spent drinking prior to 
testing, and (ii) occurrence of an in­
terval when water was ingested while 
alcohol was in the gustatorily noxious 
range. 

Finally, in view of these and other 
data, it is apparent that the arbitrary 
selection of a predetermined alcohol 
solution, such as the commonly used 
10-percent concentration (6), is a ques­
tionable procedure for studying those 
experimental variables affecting the 
preference of this substance. Attributing 
animals' refusal of 10-percent solution 
to some physiological condition or 
alteration may be entirely erroneous, 
since this concentration simply could be 
above the normal organism's maximum 
preference level (refer again to Figs. 1 
and 2). 

In investigations which utilize prefer­
ence for alcohol (and probably other 
substances) as a main experimental ef­
fect, the following factors must be con­
sidered: (i) acclimation period or prior 
exposure to the substance; (ii) the pre­
ference threshold for the specific 
genetic strain of individual animals 
under investigation (7); (iii) the nutri­
tional and metabolic states of the 
organisms (8); and (iv) technical details, 

3 0 DAY GROUP: 120 DAY GROUP: 

E T O H PERCENTAGES OFFERED DURING TESTIN6 

Fig. 2. Mean daily preferences for alcohol 
and water in rats whose fluid intakes in 
their home cages were restricted to 5-per­
cent or 20-percent alcohol for 30 days and 
120 days. These plots are based upon 
combined data of increasing-decreasing 
order groups and the 5- and 20-percent 
groups, and represent the mean fluid in­
takes on each 1-hour consecutive daily 
test session. 

including cage position of the available 
substance and possible stress conditions 
(9). Neglect of any or all of these fac­
tors could seriously affect the validity 
of the research (10). 
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Suppressor of Pyrimidine 3 
Mutants of Neurospora and Its 
Relation to Arginine Synthesis 

Abstract. The basis of the mutant phen-
otype of the pyr 3a strain of Neurospora 
appears to be the arginine sensitivity of 
an early step in pyrimidine synthesis. The 
effect of a suppressor mutation which 
renders pyr 3a pyrimidine-independent is 
to reduce arginine levels in the mycelium 
by its effect on ornithine transcarbamylase. 

The pyr 3 locus of Neurospora is 
represented by a number of independ­
ent mutations which impose a pyrimi­
dine requirement upon the organism. 
It has been found that a group of mu­
tants represented by pyr 3d (45502) 
lacks the enzyme aspartic transcarba­
mylase (ATC) (1) and does not re­
spond to the presence in the same ge­
nome of an unlinked suppressor mu­
tation, s (2). The mutants represented 
by pyr 3a (37301), on the other hand, 
display normal aspartic transcarbamy­
lase activity (1), and the pyrimidine 
requirement is entirely or almost en­
tirely eliminated in the presence of s 
(2-4). Previous work indicates that the 
pyr 3a mutation affects a step in the 
synthesis of pyrimidines which lies prior 

to the appearance of the product of the 
ATC reaction, ureidosuccinic acid (US) 
( / ) . Such steps may be the ATC reac­
tion itself, or the availability of its sub­
strates, carbamyl phosphate (CAP) or 
aspartic acid. 

Direct attempts to identify the re­
action affected in pyr 3a have been un­
rewarding. A study of the action of the 
suppressor, s, was undertaken, there­
fore, because it reverses the effect of 
the pyr 3a mutation. Very small con­
centrations of arginine (0.05 ^g/ml 
medium) have been shown to restore 
a pyrimidine requirement to the sup­
pressed mutant (pyr 3a-s) (4) , indi­
cating an inhibition of pyrimidine syn­
thesis by arginine. Because ornithine 
transcarbamylase (OTC), catalyzing 
the formation of citrulline from car­
bamyl phosphate and ornithine, could 
well regulate arginine production, the 
effect of the suppressor gene upon this 
enzyme was investigated. 

Growth conditions have been de­
scribed previously (1). Acetone pow­
der extracts were assayed for ornithine 
transcarbamylase activity by measuring 
the appearance of citrulline colorime-
trically (5) in the following reaction 
mixture: 20 ^mole of ornithine, 20 
^mole of carbamyl phosphate, 250 
^mole of tris acetate buffer, /?H 9.0, 
and an aliquot of the extract; total vol­
ume, 3.25 ml; final /?H, 8.7. 

It was found that, under the condi­
tions of the experiments, extracts of 
wild type, pyr 3a and pyr 3d mycelia at 
similar stages of growth displayed an 
ornithine transcarbamylase activity of 
15 to 20 /xmole of citrulline per milli­
gram of protein per hour, while simi­
lar extracts of pyr 3a-s displayed activ­
ities of 0.2 to 0.6 ^mole/mg per hour. 
Ascus analysis of a cross of pyr 3a-s to 
wild type showed that low OTC activity 
segregated regularly with suppressor 
action, and, where s was expected in 
otherwise wild type genomes, OTC ac­
tivity was also low. 

Strains carrying s (without pyr 3a) 
grew normally on minimal medium, 
despite the great reduction of OTC ac­
tivity. Such strains were stimulated, if 
at all, by only 6 percent in linear growth 
rate when arginine was added to the 
medium, while all wild type strains 
were unaffected by the addition of ar­
ginine. This finding indicates that 
growth was limited only slightly by the 
lowered OTC activity, and that the in­
hibition of pyr 3a-s by arginine is a 
function of the pyr 3a mutation rather 
than of s. Most important, the data 
strongly suggest that the basis of the 
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Table 1. Etiect of arginine on the growth of 
p y r  30-s. Minimal medium (25 ml) was 
inoculated with conidia of pyr. 3c1-s. Various 
amounts of arginine were added at the times 
indicated, and dry weights were measured 
subsequently. . . - - -. . - - 

Arginine Dry weight (mg) at - 
Amount (wg/ml Time 37 61 85 

of medium) (hr) hr  h r  h r  

0.0 1.5 24.0 46.2 

pyr 3n phenotype is a sensitivity of an 
early step in pyrimidine synthesis to 
endogenously produced arginine or ar- 
ginine derivative. The suppressor, by re- 
ducing OTC activity, would presum- 
ably reduce the concentration of the in- 
hibitory substance. This interpretation 
is further supported by the observation 
that certain arginine mutations also sup- 
press pyr 3n when double mutants are 
grown in limiting arginine ( 3 ) .  

The postulated arginine sensitive step 
in pyrimidine synthesis in pyr 3n has 
not been identified. Experiments have 
shown that arginine has no apparent 
effect on the production or in vitro ac- 
tivity of aspartic transcarbamylase from 
this strain. That pyr 3n does not suffer 
a block in the utilization of pyrimidines 
is indicated by the findings that no pyri- 
midine precursors accunlulate in lini- 
iting concentrations of supplement and 
that pyr 3a will grow on orotic acid 
( 6 ) .  

The sensitivity of pyr 3a-s to argi- 
nine is most extreme in the conidial 
stage. While 0.5 ~g of arginine per 
milliliter of medium completely inhibits 
the growth of conidial inocula for at 
least 7 days, much higher concentra- 
tions (20 Pg/n~l  or more) are required 
to delay growth if the same inocula 
are allowed to develop for 37 hours be- 
fore arginine is added (Table 1 ) .  In 
other experiments, 50 to 100 ~g of 
arginine per milliliter of medium were 
required to inhibit growth of media 
containing extremely limiting concen- 
trations of uridine (5  to 10 pg/ml). 
The data indicate that growing mycelia, 
as opposed to conidia, may dispose of 
arginine by utilization or destruction, 
or both, rather quickly. 

These findings may well be related 
to those of Fairley (7). His observations 
that a different pyr 3 mutant (1298) 
will grow on a-amino butyrate or 
propionate, and that this growth is in- 
hibited by arginine, suggest that the 
stimulatory compounds, like the sup- 

pressor, may interfere with the syn- 
thesis (or the inhibitory action) of 
arginine, allowing the normal route of 
pyrimidine synthesis to operate. Alter- 
natively, as he suggests, these com- 
pounds may be substrates of an alter- 
nate route of pyrimidine synthesis, also 
arginine sensitive. If the latter inter- 
pretation is correct, there is no obvious 
reason why the suppressed mutant, pyr  
3n.-s. could not synthesize pyrimidines 
by an alternate, unrecognized, and argi- 
nine-sensitive route. The data of Fair- 
ley, showing arginine inhibition on the 
"utilization" of the aliphatic acids in 
tests comparing conidial and mycelial 
inocula, are conlpatible with the similar 
inhibition of the suppressed mutant de- 
scribed here. 

Enzyme assays of nlixed extracts of 
s and .s- mycelia have shown that the 
low OTC activity of s is not due to the 
production of an unbo~md inhibitor, 
the lack of a cofactor, or a con~petitive 
reaction. It is entirely possible that the 
s locus determines the primary structure 
of ornithine transcarbamylase; this 
hypothesis is reinforced by the finding 
that mutants at the arg 2 and arg 3 
loci, partially blocked between orni- 
thine and citr~illine on nutritional cri- 
teria (a), both have normal or high 
0 T C  activities ( 9 ) .  

Other effects of the s mutation, 
notably its ability to suppress several 
proline-requiring mutants ( 3 ) ,  and its 
ability to block the utilization of 
ornithine by ornithine-requiring mu- 
tants (3),  are now more understandable 
in terms of a greatly reduced conver- 
sion of exogenous or endogenous orni- 
thine to citrulline (10, 11) .  

Note added in proof. Subsequent ex- 
periinents have shown that the pyr 3 
mutant 1298, used by Fairley for the 
study of growth on a-amino butyrate 
and propionate, closely resembles pyr 
3n in the presence and specific activity 
of aspartic transcarbaniylase under dif- 
ferent nutritional conditions. This find- 
ing was made independently in Fairley's 
laboratory by Eugene Wampler. The 
finding suggests again the common basis 
of the action of the s gene and the ef- 
fect of a-amino butyrate and propion- 
ate. 
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Arginine and Pyrimidine 

Ahst~.cict. The growth-promoting activity 
of propionic acid and related compounds 
for the pyrimidine-less strain, h'eltrospora 
crnssa 1398, is markedly inhibited by nrgi- 
nine. The data suggest that arginine exerts 
an inhibitory effect upon or represses the 
synthesis of an enzyme involved in pqrimi- 
dine formation. 

There are numerous indications of a 
relation between the biosynthetic path- 
ways leading on one hand to arginine 
and on the other to pyrimidine nucleo- 
tides ( I ) .  A new system for the exanli- 
nation of this relationship has been pro- 
vided with the finding that several 
pyrimidine-less mutants of the mold, 
Nelrrorporn cmJJa, are capable of 
growth in minimal medium supple- 
mented only with propionate, a-amino- 
butyrate, or certain related substances 
(2, 3 ) .  The present report (4 )  is con- 
cerned with the discovery that arginine 
is a potent inhibitor of the growth- 
promoting effects of these con~pounds. 

In the experiments described, the test 
organism was N. crnsJa 1298. Similar 
results were obtained with strain 3781 5, 
a strain which is pyrimidine-deficient 
only at temperatures above 32°C. The 
minimal medium and the methods used 
for the culture and the harvest of the 
mycelia have been described (2) .  

Results which typify the effect of 
arginine upon the growth of the mold 
in the presence of various growth-pro- 
moters are presented in Table 1. It may 
be noted that arginine in concentrations 
of 10 pg (about 0.006 pn~ole) per 25 
in1 of medium completely prevented 
growth in the presence of 50 umole of 
either propionate or aminobutyrate. 
The molar ratio of arginine to these 
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