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A strain of Neurospora crassa devoid of constitutive amino acid transport
ability can utilize arginine as the sole nitrogen source. Nitrogen starvation,
presence of arginine, and mutational inactivation of the general permease are key
factors in signaling production of an extracellular enzyme which removes the
alpha-amino group from the amino acid.

The fungus Neurospora crassa has three con-
stitutive amino acid transport systems: a neutral
amino acid-specific (N) system, a basic amino
acid-specific (B) system, and a general (G) sys-
tem which transports all classes of amino acids
(1, 2, 7, 10, 11, 15, 19, 20). As a result of
mutations for each of the constitutive perme-
ases, the triple mutant strain pmn;pmb;pmg has
no constitutive amino acid permease activity (6,
12, 15-17). In the course of experiments de-
signed to examine the fate of basic amino acids
as a function of the transport system of entry,
we found that arginine can serve as a nitrogen
source for the pmn;pmb;pmg strain despite the
fact that this basic amino acid cannot be trans-
ported. We describe here the key factors of an
adaptation phenomenon which allows the trans-
port-defective strain to utilize arginine.

Strains were maintained on solidified Vogel
medium N containing NH4NO3 as the nitrogen
source (2, 18). To examine the ability of an
amino acid to serve as a nitrogen source, the
NH4NO3 was removed (no-nitrogen Vogel medi-
um), and an alternative nitrogen source was
added (15 mM final concentration). Standard 72-
h liquid growth assays were performed at 35°C
(3). The ability of the wild-type (FGSC 987) and
pmn;pmb;pmg (FGSC 2606) strains to utilize the
basic amino acid L-lysine or L-arginine as the
sole nitrogen source is shown in Fig. la. We
expected the wild-type strain to grow by virtue
of its functional B and G systems and the
pmn;pmb;pmg strain not to grow because of its
transport defects. Neither strain can grow on L-
lysine, but both can utilize L-arginine.

Since no transport of L-arginine could be
detected in the pmn;pmb;pmg strain at any stage
of development (data not shown), we suspected
that this strain had an alternate mechanism for
procuring the desired nitrogen. Liquid cultures
of both the wild-type and pmn,pmb;pmg strains
grown with L-arginine as the sole nitrogen

source were filtered (Whatman no. 1) to remove
mycelial growth. The culture filtrates were dia-
lyzed and incubated with L-[14C]argi-
nine by the methods of DeBusk et al. (3). The
reaction products were separated by thin-layer
chromatography, using precoated cellulose
sheets with 1-butanol-acetic acid-water
(80:20:20) as the solvent, and visualized with
ninhydrin (amino acids), ferric chloride (keto
acids), and autoradiography (3, 9). Media from
the pmn;pmb;pmg strain, but not from the wild-
type strain, converted the amino acid to a radio-
active product that reacted with ferric chloride
(Fig. lb). Boiling ofthepmn;pmb;pmg media for
5s eliminated conversion, suggesting that this
activity was enzyme mediated. Since several
keto acids are not commercially available, in-
cluding the keto acid derivative of L-arginine, we
verified that the enzymatic activity we detected
involved the conversion of amino acid to keto
acid by comparing the reaction product with that
produced by L-amino acid oxidase (EC 1.4.3.2)
obtained from Crotalus adamanteus (Sigma
Chemical Co., St. Louis, Mo.), which is known
to convert alpha-amino acids to alpha-keto ac-
ids. For each amino acid tested, the reaction
products generated by the two enzymes were
identical and were ferric chloride positive.
The arginine-induced enzyme is not specific

for L-arginine but can convert a variety of amino
acids to the respective keto acids. The ability to
convert the neutral amino acid phenylalanine to
the keto acid phenylpyruvate allowed us to
detect conversion activity in test media, using a
microassay that monitors the conversion of ra-
diolabeled phenylalanine to radiolabeled phenyl-
pyruvate (3). This assay cannot be used with
charged amino acids such as arginine. Presum-
ably, the enzymatic conversion of amino acids
to keto acids is accompanied by the release of
alpha-amino nitrogen as ammonium ions which
then serve as the nitrogen source.
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FIG. 1. Growth with various nitrogen sources (a)
and production of extracellular deaminase (b) by the
wild-type (74a) and pmn;pmb;pmg strains of N.
crassa. AU media consisted ofno-nitrogen Vogel medi-
um (NNV) plus a 15 mM nitrogen source as indicated.
Growth assays were performed at 35C for 72 h.
Deaminase assays were performed at 35C for 2 h.

We previously reported (3) the elaboration by
the pmn;pmb;pmg strain of an extracellular de-
aminase in response to the presence of the
amino acid analog p-fluorophenylalanine (FPA).
This FPA-induced deaminase is also able to
convert phenylalanine to phenylpyruvate. We
are interested in determining whether the argi-
nine-induced enzyme and the FPA-induced en-
zyme are the same protein. Although we cannot
yet answer this question by definitive biochemi-
cal analysis of the isolated proteins, we can offer
evidence that the production of the two activi-
ties is distinctly regulated. Whereas the FPA-
induced enzyme is produced under nitrogen-
suficient conditions (NH4Cl), the arginine-
utilizing enzyme is not. Also, the addition of a
new mutation, lox, which prevents the
pmn;pmb;pmg strain from producing enzyme
activity in response to FPA, does not affect
enzyme production in response to arginine (Fig.
2). The pmn;pmb;pmg; lox strain was generated
by UV mutagenesis and selected for its vigorous
growth in the presence of KNO3 plus 0.4 mM
FPA.

Since the production of the enzyme responsi-
ble for arginine utilization appears to be an
adaptive response, we are interested in the sig-
nal(s) which communicates the need for the
response. We examined whether the presence of

an amino acid in the growth medium, nitrogen
starvation, or defective amino acid transport
was involved in signaling enzyme production.
The pmn;pmb;pmg strain produces the arginine-
induced enzyme under conditions of nitrogen
starvation plus the presence of arginine. Addi-
tion of NH4Cl to the arginine medium prevents
enzyme production, suggesting that nitrogen
starvation is a key factor in triggering the adap-
tive response (Fig. 2). Nitrogen starvation alone
is not sufficient, however, since the pmn;
pmb;pmg strain does not produce enzyme in the
presence of the purine uric acid which invokes
nitrogen starvation conditions (Fig. 1). These
data suggest that both nitrogen starvation and
the presence of arginine are required for produc-
tion of the enzyme. The fact that the
pmn;pmb;pmg strain produces the enzyme in
the presence of these two factors but the wild-
type strain does not suggests that defective amino
acid transport is additionally essential to the
signaling process.
To determine whether the adaptive response
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FIG. 2. Effect ofthe lox mutation on growth (a) and
the production of extracellular daminase (b) by the
pmnpmb;pmg strain in response to arginine or PPA.
AU media consisted of no-nitrogen Vogel medium
(NNV) with additions as indicated: 15 mM L-arlpnine,
15 mM L-arginine plus 15 mM NH4CI, or 15 mM
NH4C1 plus 0.1 mM FPA. Growth and enzyme assays
were conducted as for Fig. 1.
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FIG. 3. Growth (a) and production of deanminase
(b) by amino acid transport-defective strains in re-

sponse to arinine. The strains are defective for amino

acid transport activity as follows: wild type (74a), no

defects; pinn (n), N system defective; pinb (b), B

system defective; pinn;pmb (nb), N system defective

and B system defective; ping(g), G system defective;

pmn;pmg (ng), N system defective and G system

defective; pinb;pmg (bg), B system defective and G

system defective; pmn;pmb;pmg (nbg), N system de-

fective, B system defective, and G system defective.

Growth and enzyme assays were conducted as for Fig.

1.

could be correlated with loss of a particular

amino acid transport activity, the various trans-

port mutant combinations were grown on argi-

nine as the nitrogen source. All strains contain-

ing the pmng mutation produce the enzyme in

response to arginine (Fig. 3). We conclude that

all three factors are required for the adaptive

response: nitrogen starvation (or the absence of

ammonium ions), the presence of arginine, and

the loss of general permease activity (or the

presence of the ping mutation).

We are currently examining the range of ami-

no acids that can elicit enzyme production, the

role of nitrogen starvation in the signaling proc-

ess, and the contribution of the ping mutation.

The fact that the enzyme produced in response

to arginine can deaminate phenylalanine sug-

gests that the adaptive phenomenon is not argi-

nine specific. Failure of lysine to elicit enzyme

production might suggest that the phenomenon

has a limited amino acid range, but we suspect

that since lysine cannot support growth, possi-

bly for secondary metabolic reasons, insufficient

enzyme is produced for detection in our assay.

The role of nitrogen starvation is most likcely that

of freeing the cell from nitrogen catabolite re-
pression (8). Therefore, we are investigating
whether the adaptive response is under control
of the nit-2 locus, which, in the absence of
nitrogen catabolite repression, produces a posi-
tive effector that coordinately induces several
nitrogen-procuring activities (14). To determine
the contribution of the pmg mutation, we are
isolating additional G system-defective strains.
If an altered gene product is the key factor, the
ability to elicit enzyme production should be
locus specific. If inactivation of the G system
per se is the critical factor, any mutation result-
ing in an inactivation of the G system should
trigger enzyme production.
The signal transduction-adaptation response

that we have observed with N. crassa is in
principle similar to that described for several
widely diverse systems: the interaction of hor-
mones with specific cell surface receptors, neu-
rotransmitters with synaptic receptors, antigens
with immunoglobulin cell surface receptors,
light with photoreceptors, and attractants and
repellants with chemotactic receptors. A major
limitation in studying such complex processes in
higher organisms is the inability to dissect the
process genetically. Microbial model systems
such as the one we are developing with N.
crassa have been very successfully applied to
this area of biology because of their unique
advantage of genetic manipulation (4, 5, 13).
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