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In cells of Saccharomyces cerevisiae, using ammonia as a source of nitrogen, Gln3p is sequestered in the cytoplasm by Ure2p but
enters the nucleus when the cells are shifted to a nonpreferred source of nitrogen such as proline. The interpretation of recently
published observations provides evidence for the view that Ure2p is the sensor for a drop in the intracellular concentration of
glutamine, a signal that results in the polyubiquitination of the vesicle responsible for retaining the Gln3p–Ure2p complex in the
cytoplasm. As a consequence of the drop in glutamine concentration, Gln3p is able to enter the nucleus and to activate the
transcription of nitrogen-regulated genes.

Gln3p � Npr1p � Rsp5p � Ure2p

I
n the last section of our review of
nitrogen regulation in Saccharomyces
cerevisiae in 2002 (1), we pointed out
that ‘‘although we understand many

of the molecular details of how transcrip-
tion of nitrogen-regulated genes is con-
trolled, we know relatively little about the
nature and origin of the intracellular sig-
nals that govern the activity of the tran-
scription factors.’’ In the meantime, a
number of articles have appeared with
results that make it possible to suggest a
pathway of signal transduction for nitro-
gen regulation.

When our review was written, it had
been known for a long time that the
GATA factor Gln3p is responsible for
the activation of transcription of nitro-
gen-regulated genes when the cells are
shifted from a preferred source of nitro-
gen such as glutamine or ammonia to a
nonpreferred nitrogen source such as
proline (2, 3) and that Ure2p is respon-
sible for preventing the activation of
gene expression by Gln3p in cells grown
on the preferred source of nitrogen (4).
More recently it has been shown that
Ure2p is capable of binding Gln3p and
retaining it in the cytoplasm and that
the shift from the preferred to the non-
preferred source of nitrogen results in
the release of Gln3p and its entry into
the nucleus, where it activates the tran-
scription of nitrogen-regulated genes
(5, 6).

It also has been known for a long
time that the stimulus for the expression
of nitrogen-regulated genes, the shift
from a preferred to a nonpreferred
source of nitrogen, results in a drop in
the intracellular concentration of glu-
tamine. It was shown that a mutant with
diminished ability to produce glutamine
because of a mutation in GLN1, the
structural gene for glutamine synthetase,
grown in the medium with ammonia as
a source of nitrogen, expressed the
nitrogen-regulated gene GDH2, the

structural gene coding for the NAD-
linked glutamate dehydrogenase, and
the defective GLN1 gene at levels cor-
responding to those found in cells lack-
ing the URE2 gene. The addition of
glutamine to the medium prevented the
activation of the expression of GDH2
and GLN1 by Gln3p (2, 7). More re-
cently it has been shown that treatment
with L-methionine sulfoximine, an
inhibitor of glutamine synthetase, simi-
larly leads to increased expression of
nitrogen-regulated genes in cells grown
on a preferred source of nitrogen, in
this case, ammonia together with gluta-
mate (8). It is, however, not known how
the drop in the intracellular concentra-
tion of glutamine results in the release
of Gln3p from its association with
Ure2p and its entry into the nucleus.

One of the agents considered to be
responsible for the ability of Ure2p to
retain Gln3p in the cytoplasm in cells
grown on a preferred source of nitrogen
is the TOR (target of rapamycin) kinase
complex, because inactivation of the
TOR complex by treatment with rapa-
mycin results in the transfer of Gln3p
from the cytoplasm to the nucleus and
the activation of the transcription of ni-
trogen-regulated genes (6). Furthermore
it was found that in cells grown on a
preferred source of nitrogen, Gln3p is
phosphorylated, and that treatment with
rapamycin results in its dephosphoryla-
tion. Accordingly, it was proposed that
the shift to the nonpreferred source of
nitrogen causes TOR to activate a phos-
phatase able to dephosphorylate Gln3p-
phosphate and, in this manner, to
release Gln3p from its association with
Ure2p, facilitating its entry into the nu-
cleus (6). However, recent observations
militate against this view by demonstrat-
ing convincingly that the shift to a non-
preferred source of nitrogen results in
the activation of the expression of nitro-
gen-regulated genes without reducing

the phosphorylation of Gln3p. Because
in cells grown on a nonpreferred source
of nitrogen practically all of the Gln3p
is nuclear, it appears that dephosphory-
lation of Gln3p-phosphate is not re-
quired for its detachment from Ure2p
and its entry into the nucleus (9, 10).

These observations make it unlikely
that the TOR complex plays a role in
the transduction of the signal, which is a
drop in the intracellular concentration
of glutamine, to the transcription factor
Gln3p. This conclusion receives addi-
tional support from the observation that
treatment with latrunculin, an inhibitor
of actin polymerization, blocks the
transfer of Gln3p to the nucleus when
the cells are shifted from a preferred to
a nonpreferred source of nitrogen but
not when the cells growing on the pre-
ferred source of nitrogen are treated
with rapamycin (11).

The observation that the transfer of
Gln3p to the nucleus requires an intact
actin cytoskeleton is in good accord
with the observation that the complex is
not diffused in the cytoplasm but lo-
cated in foci, presumably by association
with intracellular membrane structures
(11). Although the authors favor the
idea that a functional cytoskeleton is
required for Gln3p to move into the
nucleus, it seems equally possible that
the actin cytoskeleton is required to
transduce the signal. It is possible to
distinguish these possibilities by examin-
ing the effect of the loss of Ure2p on
the gln3-like phenotype resulting from
the treatment with latrunculin. In the
latter case, but not in the former case,
the lack of Ure2p should suppress the
effect of latrunculin.
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In this connection it is of interest to
consider the results of an earlier study
of gln3-like mutations (12, 13). It was
found that mutations in five unlinked
genes resulted in this phenotype, and
that in each case the phenotype of the
ure2 mutant, high expression of the ni-
trogen-regulated GLN1 gene coding for
the expression of glutamine synthetase
in cells growing on glutamine, was epi-
static to the phenotype of the gln3-like
mutants, the inability to activate the in-
creased transcription of GLN1 in cells
growing on glutamate, a nonpreferred
source of nitrogen.

It is therefore apparent that the gln3-
like mutations are in genes that code for
products responsible for the transduc-
tion of the nitrogen regulation signal to
the cytoplasmic Gln3p–Ure2p complex.
The fact that no gln3-like mutants with
a phenotype epistatic to that of the ure2
mutant were found makes it likely that
the actin cytoskeleton is involved in the
transduction of the nitrogen signal and
not in the transfer of Gln3p from the
cytoplasm to the nucleus. This conclu-
sion is in good accord with the finding
that, in cells growing on the nonpre-
ferred nitrogen source proline, treat-
ment with latrunculin results in the
transfer of Gln3p from the nucleus to
the cytoplasm (11).

The concept that the actin cytoskele-
ton plays a role in the transduction of
the nitrogen regulation signal receives
further support from the observation
that Rsp5p, a ubiquitin protein ligase,
which has been shown to play a role in
endocytosis through the maintenance
and remodeling of the actin cytoskele-
ton (14), also plays an essential role in
the transduction of the nitrogen signal
to the Gln3p–Ure2p vesicular complex
(15). Rsp5p and Bul1,2p are required

for the polyubiquitination of vesicular
proteins and their transfer to the vacu-
ole (16). It is therefore likely that the
polyubiquitination of a vesicular compo-
nent associated with the Gln3p–Ure2p
complex is responsible for the release of
Gln3p from its association with Ure2p
and its transfer to the nucleus.

The polyubiquitination of this compo-
nent by Rsp5, Bul1,2p is, as in the case
of other vesicular components, antago-
nized by Npr1p (15, 17). Consequently,
in cells lacking Npr1p, just as in cells
lacking Ure2p, Gln3p enters the nucleus
during growth on a preferred source of
nitrogen and activates the expression of
nitrogen-regulated genes; however, in
contrast to the loss of Ure2p, the loss of
Npr1p does not permit Gln3p to enter
the nucleus in cells with defective Rsp5p
or lacking Bul1,2p (15).

It will be interesting to discover
whether the phenotype of cells treated
with latrunculin, inability to permit the
transfer of Gln3p to the nucleus, is epi-
static to that of the npr1 mutant, inabil-
ity to retain Gln3p in the cytoplasm. If
this turns out to be the case, it would
indicate that the ability of Rsp5p,
Bul1,2p to interact with the vesicle that
retains the Gln3p–Ure2p complex in the
cytoplasm depends on an intact actin
cytoskeleton.

The question remains how the de-
crease in the intracellular concentration
of glutamine prevents Npr1p from an-
tagonizing the polyubiquitination of the
vesicular component associated with the
Gln3p–Ure2p complex. It is unlikely
that Npr1p itself is the sensor of this
signal because, in another case, the
polyubiquitination of the vesicular gen-
eral amino acid permease, the signal
that prevents Npr1p from antagonizing
Rsp5p is an increase in the intracellular

concentration of glutamine or of any
other amino acid (18). It is therefore
more likely that Ure2p senses the de-
cline in the intracellular glutamine con-
centration. This idea is supported by the
observation that the inactivation of glu-
tamine synthetase by glutamine requires
Ure2p (12, 19).

According to this view, the dissocia-
tion of glutamine from Ure2p enables
Ure2p to inactivate the Npr1p associ-
ated with it in a vesicular complex. The
resulting polyubiquitination and eventual
destruction in the vacuole of this vesicle,
which retains the Gln3p–Ure2p complex
in the cytoplasm, enables Gln3p to enter
the nucleus and to activate transcription
of nitrogen-regulated genes (Fig. 1).

I thank Hilda Harris-Ransom for the prepa-
ration of the manuscript.
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Fig. 1. The release of Gln3p from the vesicle
retaining the Gln3p–Ure2p complex in the cyto-
plasm in response to a drop in the intracellular
concentration of glutamine (gln). See the text for
more details.
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