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The utilization of thymidine by Neurospora crassa is initiated by the pyrimi-
dine deoxyribonucleoside 2'-hydroxylase reaction and the consequent formation
of thymine and ribose. Thymine must then be oxidatively demethylated by the
thymine 7-hydroxylase and uracil-5-carboxylic acid decarboxylase reactions.
This article shows that the 2’-hydroxylase reaction can be regulated differently
than the oxidative demethylation process and suggests that the 2'-hydroxylase
has, in addition to the role of salvaging the pyrimidine ring, the role of providing
ribose not only for the utilization of the demethylated pyrimidine but also for
other metabolic processes. One way that this difference in regulation was
observed was with the uc-1 mutation developed by Williams and Mitchell. The
present communication shows that this mutation increases the activities of the
7-hydroxylase and the decarboxylase but has no comparable effect on the 2’'-
hydroxylase. Qualitatively similar effects on these enzymes were brought about
by growth of wild-type Neurospora in media lacking ammonium ion, such as the
Westergaard-Mitchell medium. The 2’-hydroxylase and 7-hydroxylase are also
differently affected by the carbon dioxide content of the atmosphere above the
growing culture and the growth temperature. Studies with inhibitors indicated

that the carbon dioxide effect is dependent on protein synthesis.

Recent studies (34) have indicated that in
order for Neurospora crassa to utilize pyrimi-
dine deoxyribonucleosides they must be ini-
tially metabolized as depicted in Fig. 1. This
report describes several factors that may be
pertinent to the regulation of the pathway. The
first indication of one of these factors came from
attempts to facilitate purification of thymine 7-
hydroxylase by growing liquid cultures under
forced aeration. Although the yield of mycelia
was increased over that obtained from shallow
liquid cultures, the 7-hydroxylase activity was
markedly decreased and, furthermore, the in-
corporation of thymidine into ribonucleic acid
was inhibited (22). However, larger nonaerated
cultures with considerable 7-hydroxylase activ-
ity could be obtained if the Neurospora were
grown with stirring in a sealed carboy half-
filled with medium (22). Since the atmosphere
inside of the carboy became anaerobic during
growth, it was suspected that an increase in the
7-hydroxylase activity might, somehow, be ini-
tiated by this change in the gas composition.

Another factor that may play a regulatory
role is the ammonium ion content of the growth
medium. The Westergaard-Mitchell medium
permits the efficient utilization of intermedi-
ates in the pathway shown in Fig. 1 (39). The
data in the present article indicate that mycelia
grown in this medium contain higher activities

of the enzymes involved in the oxidative de-
methylation of thymine and that the effect
seems to be a consequence of the lack of ammo-
nium ion in the medium. It is also shown that
enzymatic activities of the pathway can be af-
fected by the temperature at which the cultures
are incubated and by the uc-1 mutation, which
was selected from the pyrimidineless strain
pyr-4 by Williams and Mitchell (39). The pyr-
4,uc-1 strain, in contrast to the pyr-4 strain,
can utilize thymidine, thymine, 5-hydroxy-
methyluracil, or 5-formyluracil as a sole pyrim-
idine source, and Williams and Mitchell (39)
have suggested that the uc-1 mutation affects
one or more enzymes involved in the pathway.
The present communication shows that this
mutation effects elevated activities of the en-
zymes that oxidatively demethylate thymine.
An abstract of some of these findings has been
published (Fed. Proc. 34:568, 1975).

MATERIALS AND METHODS

Strains. N. crasse wild-type strain (1A) and the
pyrimidineless mutant pyr-4 (which lacks orotidy-
late decarboxylase [28]) were obtained from the Fun-
gal Genetics Stock Center, Arcata, Calif. The char-
acterization and source of the triple mutant pyr-
4,uc-1,uc-2 have been described (34, 39). The double
mutant pyr-4,uc-1 was isolated from a cross between
strains 1A and pyr-4,uc-1,uc-2. This pyr-4,uc-1
strain was initially identified by its ability to utilize

1040



VoL. 125, 1976

]

[NH,
¢
THYMIDINE DEOXY— __'# _ DEOXY—

CYTIDINE e URIDINE
a a
THYMINE
RIBONUCLEOSIDE URIDINE

PN » RIBOSE ——|°

THYMINE URACIL
OTHER RNA /
c METABOLITES ~ DNA co,
ay”
5-HYDROXY— __c _ 6-FORMYL _c _  URACIL-S-
METHYLURACIL URACIL CARBOXYLIC ACID

Fi1G. 1. Deoxyribonucleoside metabolism in N.
crassa: (a) pyrimidine deoxyribonucleoside 2'-hy-
droxylase, (b) hydrolyase reaction, (c) thymine 7-
hydroxylase, (d) uracil-5-carboxylic acid decarboxyl-
ase, (e) deaminase reaction. For recent reviews, see
references 1, 11.

thymidine as a sole pyrimidine source, as described
by Williams and Mitchell (39), in contrast to the
pyrimidineless strains carrying the uc-2 mutation
that cannot effectively metabolize pyrimidine deox-
yribonucleosides (34). An additional strain of the
double mutant pyr-4,uc-1 was constructed by cross-
ing strains uc-1 and pyr-4. The uc-1 strain was also
isolated from the cross of strains 1A and pyr-4,uc-
1,uc-2 and was identified by its high 7-hydroxylase
activity, wild-type level of 2'-hydroxylase activity,
and growth in minimal medium.

Media and chemicals. All stocks were maintained
on Fries minimal medium (13), supplemented with
uridine (0.2 g/liter) for mutants. Westergaard-
Mitchell medium (36) was used for growth tests.
Appropriate modifications were made with respect
to agar content and pyrimidine and nucleoside sup-
plements. When colonial growth was desired, the
normal carbon source of 2% sucrose was replaced by
0.1% sucrose and 1.0% sorbose (7). Crosses of Neuro-
spora were carried out on slants of corn meal me-
dium (7). Ascospores were germinated by heating at
60 C in sterile distilled water for 1 h.

The sources of the radioactive compounds were
described previously (19, 22, 26). The specific activi-
ties (curies per mole) of the compounds used are as
follows: 3.0 for [2-'*C]thymine, 2.0 for [7-'*Cluracil-5-
carboxylic acid, and 0.50 for a-[1-'*Clketoglutarate.
All other fine chemicals were obtained from com-
mercial sources as previously described (22, 26).

Growth of mycelium for enzymatic assays. Co-
nidia were obtained from cultures that were grown
for 10 days (at 28 C in constant light) on 50 ml of
Fries minimal medium, solidified with 2% agar, in
125-ml Erlenmeyer flasks. The conidia were sus-
pended in water and adjusted to a concentration of
107 conidia per ml. One milliliter of this solution was
used for inoculation of each 100 ml of liquid medium.

The nonaerated growth of Neurospora in a 10-liter
carboy half-filled with medium and closed with a
rubber stopper, containing a greased glass sleeve
through which a J-shaped glass stirring paddle ex-
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tended, has been described (22). This apparatus was
modified so that several portions of an 8-liter culture
could be removed while the gradual change of the
atmosphere in the carboy was preserved. The modi-
fications include a glass spigot for withdrawing my-
celial samples and tubing for connecting the atmos-
phere inside of the carboy to the atmosphere above 4
liters of 0.1 N H,SO, in another sealed 10-liter car-
boy. When a sample of mycelium was removed
through the spigot, a volume of 0.1 N H,SO, was
simultaneously added to the carboy containing acid
80 that the ratio of the volume of the growth medium
to the volume of the atmosphere in the two carboys
remained 1:1. The carboy with media also contained
a valve for the withdrawal of gas samples so that the
amounts of O, and CO, could be determined by the
Scholander technique (33).

To culture smaller amounts of Neurospora under
nonaerated conditions, a 125-ml Erlenmeyer flask
was used. It was half-filled with medium and sealed
with a rubber stopper. The rubber stopper contained
a glass tube sealed with a serum cap to permit
additions to be made to the culture and analysis of
its atmosphere. The flask was shaken during the
growth period on an Eberbach reciprocating shaker
(model 6000) at 120 excursions per min. For the
growth of Neurospora in the presence of a CO,-trap,
a polypropylene tube (15 by 50 mm), containing 3 ml
of 20% KOH, was suspended above the medium. To
grow Neurospora under aerated conditions, the flask
was capped with a loosely fitted cotton plug instead
of with a rubber stopper. In contrast to the incuba-
tions in carboys, which were always carried out at
28 C, those in Erlenmeyer flasks were carried out at
34 C unless otherwise indicated.

Pad-sections of mycelia were prepared and as-
sayed as previously described (34).

Preparation of cell-free extracts. The mycelia
were harvested by suction filtration and washed
twice with 0.05 M tris(hydroxymethyl)amino-
methyl)aminomethane-hydrochloride buffer, pH
8.0, which contained 0.1 mM ethylenediaminetetra-
acetic acid, 1 mM ascorbate, and 1 mM reduced
glutathione. The ratio of milliliters of buffer used for
each washing to the grams (moist weight) of mycelia
was about 40. The moist weight was usually 10 times
that of the dry weight, which was determined by
drying a portion of the mycelia at 55 C to a constant
weight. The washed mycelia were frozen into thin
pads between two blocks of dry ice. After breaking
the frozen pads into small pieces, 300 mg (moist
weight) was combined with 4 ml of the
tris(hydroxymethyl)aminomethane buffer and 3 g of
acid-washed glass beads (22) in the chamber (5-ml
capacity) of the Micro-homogenizer attachment to
the Sorvall Omni-Mixer and homogenized for 11 min
at 5,000 rpm while the chamber was immersed in an
ice-brine mixture at —2 C. The length of the homog-
enizing period was varied in experiments similar to
those previously described (22) to show that no more
protein could be extracted by prolonging the grind-
ing and that the enzymatic activity was stable to the
procedure. The homogenized material was subjected
to centrifugation at 10,000 x g for 1 h at 1 C to
obtain the crude extract. Protein was determined
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with the Folin-Ciocalteau reagent.

Enzyme assays of crude extracts. Thymine 7-
hydroxylase (EC 1.14.11.6) and pyrimidine deoxyri-
bonucleoside 2'-hydroxylase (EC 1.14.11.3) are diox-
ygenases that catalyze the following type of reac-
tion:

Fe?*
ascorbate
SO + succinate + CO,

The assays used for the cell-free studies were based
on the rate of formation of radioactive CO, from
carboxy-labeled a-ketoglutarate. The standard in-
cubation mixture (0.225 ml) was 10 mM in sodium
phosphate, pH 7.5, and contained 0.1 ml of the en-
zyme preparation, 1 mM a-[1-'*C]ketoglutarate, 1
mM ferrous sulfate, 1 mM ascorbate, 0.75 mM thy-
mine or deoxyuridine, and 0.4 mg of catalase per ml
(19, 22, 26). Since crude extracts could decarboxylate
a-ketoglutarate in the absence of exogenous thy-
mine and deoxyuridine, corrections were made in
the calculation of enzyme activities with the values
obtained from such control incubations. However,
the rate of CO, formation in these control incuba-
tions usually did not exceed 10% of the rate observed
when either thymine or deoxyuridine was present,
except when the 7-hydroxylase or 2'-hydroxylase ac-
tivity was very low.

The assay for uracil-5-carboxylic acid decarboxyl-
ase has been described (26).

The precision observed when different experi-
ments were compared is indicated by the standard
error of the mean, although it was usually calcu-
lated from only several values. When no error bar is
associated with a symbol of a figure in the text, this
means, unless otherwise indicated, that the error
bar is too small to be shown clearly.

RESULTS

Effect of atmosphere of the culture on the
7-hydroxylase and 2’-hydroxylase activities.
To determine the extent of the inhibitory effect
of aeration on the 7-hydroxylase activity and
whether the 2’-hydroxylase was also inhibited,
cultures were tested early in nonaerated
growth. Figure 2 shows that the 7-hydroxylase
activity of the Neurospora was initially low and
that there was no comparable inhibition of the
2'-hydroxylase. To identify the changes in at-
mosphere on which the apparent induction of
the 7-hydroxylase is dependent, cultures were
grown for various periods under atmospheres of
different CO,, O,, and N, contents. But none of
the conditions tested effected the dramatic in-
crease in 7-hydroxylase activity shown in Fig.
2. It does not seem likely that this increase in
activity is dependent on a decrease in the pH of
growth medium, brought about by the rise in
CO,, since the media of nonaerated cultures
does not become more acidic during growth
than that of aerated cultures. However, CO,
was shown to be required for the increase in

S + O, + a-ketoglutarate
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Fi1c. 2. Thymine 7-hydroxylase (O) and pyrimi-
dine deoxyribonucleoside 2'-hydroxylase (0) activi-
ties during nonaerated growth of N. crassa strain 1A
in Fries medium at 34 C in Erlenmeyer flasks. At the
indicated times after inoculation, mycelia were har-
vested for preparation of crude extracts that were
assayed as described in Materials and Methods.
Each point is the mean of the values obtained from
four mycelial samples that were taken from different
flasks.

enzymatic activity by growing cells in the pres-
ence of a CO,-trap (Table 1). In a time study,
similar to that represented in Fig. 2, it was
shown that the 7-hydroxylase activity did not
increase while the Neurospora was grown for
60 h in the presence of a CO,-trap.

The apparent induction of the 7-hydroxylase
was prevented by inhibitors of protein and nu-
cleic acid synthesis (Table 2). Since the ob-
served effects of the inhibitors on the 7-hydrox-
ylase activity might be ascribed to the reduc-
tion in atmospheric CO, or to the apparent
induction occurring at a different time during
the growth period, a time study was carried out
similar to that described in Fig. 2, but some of
the flasks were made 0.6 uM with respect to
cycloheximide 21 h after inoculation. This con-
centration did not allow the 7-hydroxylase ac-
tivity to increase during the subsequent growth
period and yet had little, if any, effect on the
CO, content of the atmosphere at a time when
the 7-hydroxylase activity was markedly in-
creasing in the control cultures.

The 7-hydroxylase activity could be reduced
without a comparable effect on the 2’-hydroxyl-
ase by growth at a lower temperature (compare
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TaBLE 1. Effect of carbon dioxide on thymine 7-hydroxylase®

Activity (U/g [dry wt]r

Gas analysis (%)

Protein
Growth condition® K Dry wt (mg) (mg/g [dry
7-Hy:::xyl- 2 -H);c::oxyl- co, 0, wtD)
Nonaerated 518 + 62 210 + 36 42.2 = 0.9 0.12 + 0.07 3B =+1 204 + 6
Aerated 37+6 375 + 40 0.30 = 0.04 20.1 = 0.5 156 + 15 142 =+ 8
Nonaerated with 19 + 4 166 + 11 0.21 + 0.03 0.34 + 0.09 4 +1 148 + 8
CO,-trap

2 N. crassa strain 1A was grown for 40 h in Fries medium at 34 C in Erlenmeyer flasks. Crude extracts
were prepared and assayed as described in Materials and Methods.

® The procedures for growing the Neurospora under nonaerated and aerated conditions and for preventing
the atmospheric CO, of the growing cultures from increasing are described in Materials and Methods.

¢ The values are the means and standard error of the mean for seven flasks.

TABLE 2. Effect of inhibitors of protein and nucleic acid synthesis on the apparent induction of thymine 7-
hydroxylase activity in N. crassa strain 1A grown under nonaerated conditions®

Activity (U/g [dry wt]p

Gas analysis (%)

Additions (M)

- Dry wt  Protein (mg/g
0, (mg)y

7-Hydroxyl- 2'-Hydroxyl- co. [dry wt]®

ase ase *
None 554 + 36 252 + 29 40.0 =+ 0.8  0.17 = 0.05 37+1 193 = 15
Cycloheximide (71) 53 x5 266 + 42 30.0 + 0.6 0.38 = 0.03 31 +2 212+ 9
Actinomycin D (40) 62 x 12 306 + 54 36.2 +0.3 0.09 = 0.03 3=+1 209 + 17
Proflavin (300) 38 + 18 146 + 35 28.0+14 0.27 = 0.13 24 + 2 143 =+ 7

¢ N. crassa was grown in nonaerated 125-ml Erlenmeyer flasks as described in Table 1. Inhibitors were
added to the cultures at 21 h after inoculation. The cultures were harvested at 40 h after inoculation.
® Values given are the means and the standard error of the mean for six flasks.

Fig. 3 with Fig. 2), and the CO, content of the
atmosphere did rise more slowly at the lower
temperature. However, the temperature sensi-
tivity of a Neurospora mutant that requires
CO, for growth has been attributed to the de-
creasing solubility of CO, with increasing tem-
perature (6).

Effect of ammonium ion content of growth
media on the 7-hydroxylase, 2'-hydroxylase,
and decarboxylase activities. The first indica-
tion that the ammonium ion content of the
medium might have an effect on some of the
enzymes in the pathway came from studies,
with mycelial pad-sections, of substrate utiliza-
tion in vivo. They showed that Neurospora
grown in the Westergaard-Mitchell medium
had an increased capacity for the utilization of
thymine and uracil-5-carboxylic acid, but not
for the utilization of deoxyuridine. That this is
a reflection of the activities of the correspond-
ing enzymes of the pathway is shown by Fig. 4.
It shows that the 7-hydroxylase and decarboxyl-
ase activities were decidedly elevated in Neuro-
spora grown in the Westergaard-Mitchell me-
dium in contrast to the 2'-hydroxylase activity.
The effect of the Westergaard-Mitchell medium
does not appear to be brought about through an
increase in CO,, since the composition of atmos-
pheres during growth on the two media is
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Fi1c. 3. Effect of culturing N. crassa strain 1A ata
lower temperature on the activities of thymine 7-
hydroxylase (O) and pyrimidine deoxyribonucleoside
2'-hydroxylase (0). Cultures were grown as de-
scribed in Fig. 2, except that the temperature during
growth was maintained at 22 C. Points representing
mycelial samples harvested after 36 h of growth are
the means of the values obtained from six samples
that were taken from different flasks. The earlier
points are the results of a determination from a single

flask.

nearly the same. The comparison of Fig. 4A
with Fig. 2 reveals that Neurospora cultured in
Fries medium had much higher 7-hydroxylase
activity when the growth occurred under the
nonaerated conditions used with Erlenmeyer
flasks rather than with carboys. Since the cul-
tures grown in flasks were maintained at 34 C
and those in carboys were at 28 C, the growth
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F16. 4. (A) Effect of growth media on thymine 7-
hydroxylase activity during nonaerated growth of N.
crassa strain 1A, at 28 C in carboys. Each point is the
mean of the values obtained from six mycelial sam-
ples that were taken from different carboys. (B) Effect
of growth media on pyrimidine deoxyribonucleoside
2'-hydroxylase activity. The crude extracts used in
the experiments depicted in (A) were also assayed for
pyrimidine deoxyribonucleoside 2'-hydroxylase ac-
tivity. (C) Effect of growth media on uracil-5-carbox-
ylic acid decarboxylase activity. Some of the crude
extracts used in the experiments depicted in (A) were
also assayed for uracil-5-carboxylic acid decarboxyl-
ase activity. Each point is the mean of the values
obtained from three mycelial samples that were taken
from different carboys. The crude extracts were pre-
pared and assayed as described in Materials and
Methods. Growth in Fries medium (O), growth in
Westergaard-Mitchell medium (@).

temperature appears to be one of the factors
responsible for this difference.

Table 3 indicates that the component of the
Fries medium that is responsible for the lower
7-hydroxylase activity is the ammonium ion.
The data show that when Neurospora was
grown in Westergaard-Mitchell medium that
had been modified to contain a concentration of
ammonium ion equivalent to that in Fries me-
dium, the 7-hydroxylase activity was found to
be similar to that of Neurospora grown in Fries
medium. In other experiments it was shown
that when Fries medium was modified so that it
contained no ammonium ion, the Neurospora
from this medium contained just as high 7-
hydroxylase activity as did the control cultures
grown in Westergaard-Mitchell medium. The
Fries medium was made “ammonia-less” by re-
placing ammonium tartrate and ammonium ni-
trate with the corresponding potassium salts.
Since this medium had the same ionic strength
as did Fries medium, it is apparent that the
effect is not simply one of ionic strength. In

J. BACTERIOL.

preliminary experiments, Fries medium was
modified so that: (i) it contained potassium ion
equivalent to the Fries medium that had been
altered so that it contained no ammonium ion,
(ii) it had the same sucrose concentration as the
Westergaard-Mitchell medium, or (iii) it had
the same initial pH, i.e., 6.5, as did the Wester-
gaard-Mitchell medium. None of these modifi-
cations resulted in Neurospora containing 7-
hydroxylase activity comparable to that ob-
tained when the growth occurred in Wester-
gaard-Mitchell medium.

Although the ammonium ion content of the
medium did not appear to affect the 2'-hydrox-
ylase activity in Neurospora grown under non-
aerated conditions in carboys (Fig. 4B), a pro-
nounced effect was noted when the cells were
cultured under the aerated conditions described
in Materials and Methods for Erlenmeyer
growth. This was shown with cultures, of strain
1A, which were grown in parallel in the Wes-
tergaard-Mitchell and Fries media. The cul-
tures were assayed daily during a 4-day growth
period. The 2'-hydroxylase activity of the cul-
tures from Westergaard-Mitchell medium
ranged from about 60 to 70 U/g (dry weight); the
activity of cultures from Fries medium ranged
between 250 and 350 U/g (dry weight).

Effect of uc-1 mutation on the 7-hydroxyl-
ase, 2'-hydroxylase, and decarboxylase activi-
ties. Figure 5 shows that the uc-I mutation
brings about an increase in the activities of the
7-hydroxylase and the decarboxylase without

TABLE 3. Effect of ammonium ion in the growth
medium on the activity of thymine 7-hydroxylase®

Activity, thymine 7-

Addition hydroxylase (U/g [dry
wt]P

Fries medium

None 22+ 5
Westergaard-Mitchell medium

None 680 + 23

NH,CI 50 + 22

NaCl? 860 + 63

@ N. crassa strain 1A was grown for 3 days in
nonaerated carboys that contained the indicated
media. Extracts were prepared and assayed as de-
cribed in Materials and Methods.

® The values are the means and the standard error
of the mean for four carboys.

¢ Sufficient ammonium chloride added to make
the concentration of ammonium ion equal to that in
Fries medium.

4 Sufficient sodium chloride added to make the
concentration of chloride ion equal to that in the
Westergaard-Mitchell medium that had been modi-
fied by the addition of ammonium chloride.
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Fi1c. 5. (A) Effect of the uc-1 mutation on thymine
7-hydroxylase activity during nonaerated growth at
28 C in carboys. Each point is the mean of the values
obtained from five mycelial samples that were taken
from different carboys. (B) Effect of the uc-1 mutation
on pyrimidine deoxyribonucleoside 2'-hydroxylase
activity. The crude extracts used in the experiments
depicted in (A) were also assayed for pyrimidine
deoxyribonucleoside 2'-hydroxylase activity. (C) Ef-
fect of the uc-1 mutation on uracil-5-carboxylic acid
decarboxylase activity. Some of the crude extracts
used in the experiments depicted in (A) were also
assayed for uracil-5-carboxylic acid decarboxylase
activity. Each point is the mean of the values obtained
from three mycelial samples that were taken from
different carboys. Westergaard-Mitchell medium was
used to grow strains pyr-4 (0O) and pyr-4,uc-1 (W).
Crude extracts were prepared and assayed as de-
scribed in Materials and Methods.

having an appreciable effect on the 2’-hydroxyl-
ase. Data indistinguishable from that shown in
Fig. 5 were obtained when the strain of pyr-
4,uc-1 that was used was that isolated from the
cross between uc-1 and pyr-4 as described in
Materials and Methods. The effect of the uc-1
mutation probably cannot be ascribed to the
CO, effect since the CO, content of the atmos-
phere above cultures of the pyr-4,uc-1 strain
does not rise more rapidly than that of the pyr-4
strain.

DISCUSSION

Regulatory roles have been proposed for CO,
(24) that range from its having effects on the
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development of several organisms (e.g., 3, 5, 21)
to its regulating various areas of metabolism
(e.g., 20, 32) and more specifically,to its directly
interacting with enzymes and consequently af-
fecting their activities (e.g., 2, 23). The studies
with inhibitors of protein and nucleic acid syn-
thesis, the apparent retention of the activity
during purification of thymine 7-hydroxylase
(18), and the use of an assay for this enzyme (22)
that employs a CO,-trap suggest that CO, may
in some way effect the induction of the hydrox-
ylase rather than directly interact with the
preexisting enzyme. In another study of pyrimi-
dine metabolism of Neurospora (25), it was in-
dicated that growth of cultures on solid medium
in the presence of CO, increased the activities
of the pyrimidine-specific carbamyl phosphate
synthetase and aspartate transcarbamylase re-
actions (25, 38). Interestingly, some of the early
work (6) implicating the regulatory role of CO,
on these reactions also showed that the growth
of another pyrimidineless mutant of Neuro-
spora (pyr-3) on thymine was dependent on the
presence of an atmosphere that contained 10 to
15% CO, and that the presence of exogenous
arginine prevented such growth. Arginine (0.57
mM) has also been shown, in preliminary ex-
periments, to prevent thymine 7-hydroxylase
activity from increasing during the nonaerated
growth of wild-type Neurospora in Fries me-
dium in Erlenmeyer flasks.

The effect of CO, on the 7-hydroxylase activ-
ity does not appear to be confined to wild-type
Neurospora grown in Fries medium since in
preliminary studies with the wild-type strain
grown in Westergaard-Mitchell medium and
with the pyr-4,uc-1 strain grown in either Wes-
tergaard-Mitchell or Fries medium, much
higher 7-hydroxylase activities were found in
the mycelial samples from carboys maintained
under the nonaerated conditions than in the
samples from carboys under the aerated condi-
tions. These studies also showed that the effect
of growth medium on the 7-hydroxylase activ-
ity is not restricted to the wild-type strain,
since the activity of this enzyme in the pyr-
4,uc-1 strain was markedly higher when
growth occurred in a nonaerated carboy with
Westergaard-Mitchell medium than with Fries
medium.

Perhaps Fig. 5 can explain why the pyr-4
strain is only able to grow on thymidine if
growth is initiated (9, 39) with uridine or cyti-
dine. Even when grown under nonaerated con-
ditions, the pyr-4 strain has low thymine 7-
hydroxylase activity, and it may be a limiting
factor early in the growth period. The lower 7-
hydroxylase activity in the pyr-4 strain com-
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pared to that in the wild-type strain may be a
consequence of the growth medium of the pyr-4
strain being supplemented with uridine. The
wild-type strain has been shown, in prelimi-
nary experiments, to have lower 7-hydroxylase
activity when its growth medium was supple-
mented with uridine, but not as low as when
the supplement was arginine.

Although Neurospora can utilize purines and
other nitrogen-containing metabolites as a ni-
trogen source, it apparently cannot utilize py-
rimidipes for this purpose (4, 29). Thus the
effect of “ammonia-less” media in increasing
thymine 7-hydroxylase and uracil-5-carboxylic
acid decarboxylase activities is probably not a
means of providing ammonium ion per se but
one of salvaging the heterocyclic pyrimidine
ring. Similarly, the apparent induction of the 7-
hydroxylase by CO, may provide a means of
salvaging the ring at a time when, for example,
the energy available for de novo pyrimidine
synthesis is limited. A different type of regula-
tion might be expected for the pyrimidine deox-
yribonucleoside 2'-hydroxylase if it has the ad-
ditional role of providing ribose for the salvaged
pyrimidines, purines, and other intermediary
metabolites. Perhaps the demand for ribose is
increased when the mycelium has sufficient ox-
ygen and ammonium ion to carry out biosyn-
thetic processes, as it presumably does under
the conditions that were shown to increase the
2'-hydroxylase activity.

Ammonium ion has been implicated in the
regulation of several enzymes (e.g., 16, 27, 31,
35, 37). One of these is tyrosinase, which may
be a determining factor in the formation of
protoperithecia by Neurospora. Both tyrosinase
and sexual differentiation are derepressed in
media lacking ammonia (12). Recent studies
indicate that both cyclic adenosine 3’,5’-mono-
phosphate (cAMP) and inhibitors of cAMP
phosphodiesterase can induce tyrosine (8). In
preliminary experiments modeled after those
carried out with tyrosinase (8) and in other ones
in which media and atmosphere were varied,
cAMP, dibutyryl cAMP, and caffeine had no
stimulating effects on the activities of the
7-hydroxylase and the 2'-hydroxylase. The
low concentrations of cycloheximide that in-
duce tyrosine (15) did not have this effect on the
7-hydroxylase. Preliminary attempts have also
been made to induce the 7-hydroxylase in Fries
medium supplemented with thymine or ascor-
bate and to replace CO, with a-ketoglutarate,
but in these cases, too, no stimulating effects
were detected. Ascorbate, a-ketoglutarate, and
Fe?* have been shown to be involved in the
activation of prolyl hydroxylase, which is an-
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other oa-ketoglutarate dioxygenase (17). Be-
cause of the qualitative similarity of the effects
of the uc-1 mutation and of media lacking am-
monium ion on the 7-hydroxylase activity, it is
interesting that the ty-I mutation, which
causes female sterility in Neurospora and an
abnormal regulation of tyrosinase (14), appears
to be involved in the regulation of nitrogen
metabolism (10). No studies have yet been
made of the regulation of the enzymes that
deaminate deoxycytidine, hydrolyze uridine
and thymine ribonucleoside, and that are in-
volved in the utilization of uracil and ribose.
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