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An Aspergillus nidulans mutation, designated nmdA1, has been selected as a partial suppressor of a frameshift
mutation and shown to truncate the homologue of the Saccharomyces cerevisiae nonsense-mediated mRNA
decay (NMD) surveillance component Nmd2p/Upf2p. nmdA1 elevates steady-state levels of premature termi-
nation codon-containing transcripts, as demonstrated using mutations in genes encoding xanthine dehydro-
genase (hxA), urate oxidase (uaZ), the transcription factor mediating regulation of gene expression by ambient
pH (pacC), and a protease involved in pH signal transduction (palB). nmdAl can also stabilize pre-mRNA
(unspliced) and wild-type transcripts of certain genes. Certain premature termination codon-containing
transcripts which escape NMD are relatively stable, a feature more in common with certain nonsense codon-
containing mammalian transcripts than with those in S. cerevisiae. As in S. cerevisiae, 5' nonsense codons are
more effective at triggering NMD than 3’ nonsense codons. Unlike the mammalian situation but in common
with S. cerevisiae and other lower eukaryotes, A. nidulans is apparently impervious to the position of premature
termination codons with respect to the 3’ exon-exon junction.

The process of nonsense-mediated decay (NMD), whereby
an mRNA containing a premature translation termination
codon resulting from a frameshift or “nonsense” mutation is
preferentially degraded, has been investigated in a variety of
eukaryotic organisms (reviewed in references 1, 2, 17, 21, 26—
28, 40, and 47). The role of this process lies not only in its
ability to preclude the synthesis of incomplete proteins but also
in its involvement in regulating the levels of many wild-type
transcripts (20, 24, 43, 48). Although the proteins involved in
NMD vary from organism to organism, a complex consisting of
Upfl, Nmd2/Upf2, and Upf3 (where Upf abbreviates up-
frameshift) plays a central role in every case (see the reviews
mentioned above). Nmd2 acts as a bridge between Upfl and
Upf3, and regions important for the interactions have been
determined in all three proteins of Saccharomyces cerevisiae
(19). The interaction between the human Upf2 and Upf3 pro-
teins has been characterized structurally (23). Here we de-
scribe a loss-of-function mutation in the gene encoding the
orthologue of the Nmd2/Upf2 protein in the ascomycete As-
pergillus nidulans and establish isofunctionality by showing that
it can affect both the steady-state level and the half-life of
mRNA containing premature translation termination codons.
We also show that this mutation can increase the stability of
pre-mRNA (unspliced) and also that of certain wild-type
mRNAs. This extends the range of organisms in which NMD
has been identified to filamentous fungi. Of particular interest
is the finding that, in at least one respect, NMD in A. nidulans
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appears to be more similar than NMD in S. cerevisiae to NMD
in mammalian cells.

MATERIALS AND METHODS

A. nidulans strains and genetic techniques. Aspergillus nidulans strains carried
markers in standard use (9, 30). Standard genetic techniques (8, 39) were used.
Growth media were as described by Cove (11).

Selection of nmdAl. The nmdAI mutation was selected, after UV mutagenesis
in a strain of genotype inoB2 pacC™'~230 fwAl, as largely alleviating the mo-
lybdate hypersensitivity due to pacC*/~230 (36) on appropriately supplemented
glucose-minimal medium containing 25 mM sodium molybdate and 5 mM am-
monium (+)-tartrate as nitrogen source.

Cloning of nmdA. As the A. nidulans genome sequence was not yet available,
nmdA was cloned using standard transformation procedures (44) and linkage
group I-containing cosmids from a chromosome-allocated cosmid library (4) in
combination with the argB™"-containing plasmid pILJ16 (22). Arginine-indepen-
dent transformants were selected in a strain of genotype nmdA1 argB2 pantoB100
on regeneration medium containing 10 mM NaNOj as a nitrogen source, and
nmdA™ transformants were recognized directly as having a wild-type growth rate
and morphology.

Transcript analysis. Growth of mycelia, inhibition of transcription, RNA
preparation, and quantitative Northern analysis were as described previously (32,
38). For analysis of palB transcript levels, mycelia were harvested after 12 h
growth at 37°C with 10 mM NH, " [as the (+)-tartrate] as a nitrogen source. For
analysis of pacC, hxA, and uaZ transcript levels, mycelia were grown for 14 h at
either 37°C or 27°C (as indicated) with 10 mM NH, " [as the (+)-tartrate] as
nitrogen source. The mycelia were harvested, washed with medium at the ap-
propriate temperature, and transferred to fresh flasks containing as the sole N
source either NH,™ (10 mM) for pacC analysis or uric acid (0.1 mg/ml) for /x4
and waZ analysis. They were then incubated for an additional 2 h prior to
transcriptional inhibition and sampling. With the exception of the short time
course analyses for uaZ and hx4A mRNA, transcription was inhibited with profla-
vine for 10 min prior to commencement of the time course. For the short time
course experiments, proflavine was added 30 seconds prior to taking the first
samples. Proflavine has been shown to inhibit transcription of a variety of A.
nidulans genes, and its effectiveness has been established by demonstrating that
in the presence of cycloheximide, which dramatically reduces transcript degra-
dation, no increase in transcript levels is observed (12, 27, 31, 33, I. Y. Morozov
and M. X. Caddick, unpublished data). For Northern blots of pacC, the probe
was a fragment of plasmid p4 (44). Probes used for Northern analysis of /x4,
uaZ, and palB were produced by PCR, using oligonucleotides CTTTGCGGGT
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TTCACTCTCGTCAT and CCATTTCGCCGTCTTCTGCTTTAG for hx4, CG
CGCATACCAACATCATCACG and GAAGCCCCAGAATTGCGAACC for
uaZ, and CCCGGCACGTTCTGGATGG and GGCTGCGGACCCTGGC
TATG for palB. As a reference for Northern analysis, the levels of 18S rRNA
were determined using a probe constructed by PCR with oligonucleotides GG
GGCTCTTTTGGGTCTC and CCATACTCCCCCCAGAAC. For quantitative
real-time PCR, DNase I-treated total RNA was reverse transcribed from random
hexamer primers by using SuperScript II reverse transcriptase (Invitrogen, Pais-
ley, Scotland, United Kingdom) according to the manufacturer’s instructions.
PCR was performed using a Rotor-Gene 3000 (Corbett Research Ltd., Cam-
bridge, United Kingdom). Each 10-ul reaction mixture contained 6 pl of the
SYBR Green Jump Start (Sigma) PCR mix, cDNA, and two specific oligonu-
cleotides. Unspliced uaZ mRNA was monitored using the forward oligonucleo-
tide CCGCTATGGTAAGGACAATG with TCGGCTTTGGTGTAGCTGTG,
which spans the 3’ splice site of the second intron. Unspliced /x4 mRNA was
monitored using the forward oligonucleotide GTCGTTTCGCAAATCAA
TCCG with AGAGCGCTAGAGACTCTT, which spans the 3’ splice site of the
second intron. These primer pairs gave a positive signal with cDNA and genomic
DNA but not the DNase-treated total RNA used for cDNA synthesis. Spliced
uaZ mRNA was monitored using the forward oligonucleotide in combination
with TCGGCTTTGGTGTAGGAAGT, which spans the processed splice sites of
the second intron. Spliced 7ix4 mRNA was monitored using the forward oligo-
nucleotide in combination with AAGAGCGCTAGAGACTCATC, which spans
the processed splice sites of the second intron. These primer pairs failed to give
any PCR product with genomic DNA or DNase-treated total RNA but gave a
robust signal with cDNA. The efficiency of amplification for each set of primers
was determined beforehand by measuring the abundance of transcripts from a
c¢DNA dilution series. For loading controls, levels of actin-encoding mRNA were
monitored by reverse transcription-PCR (RT-PCR) using oligonucleotides AC
CGTATGCAGAAGGAAATC and AAGGACCGCTCTCATCGTA. Efficien-
cies were computed for each primer set by using REST (37) (http:/www.wzw
.tum.de/gene-quantification/). Each RNA sample was assayed in triplicate, and
RNAs were assayed from three biological repeats. The transcript abundance
levels were normalized to actin by using Q-gene software (http://bioinformatics
.gene-quantification.info/) (33).

The genotypes of strains used for transcript analysis were yA2 pantoB100 (wild
type), uaZ14 pantoB100 (uaZ14),yA2 uaZ14 nmdAI pantoB100 (uaZ14 nmdA1I),
yA2 nmdAl pantoB100 (nmdAI), yA2 hxAl pantoB100 (hxAl), yA2 nmdAl
hxAl pantoB100 (hxAl nmdAl), yA2 hxA5 pantoB100 (hxAS5), yA2 nmdAl hxAS5
pantoB100 (hxA5 nmdAI), yA2 hxA18 pantoB100 (hxA18), yA2 nmdAl hxAI18
pantoB100 (hxA18 nmdAI), pantoB100 pacC*'~230 (pacC230), pabaAl nmdAl
pacC*'=230 (pacC230 nmdAl), inoB2 glrA1 chaAl palB7 (palB7), nmdAl inoB2
glrAl chaAl palB7 (palB7 nmdAl), pantoB100 palB37 (palB37), yA2 nmdAl
pantoB100 palB37 (palB37 nmdAl), pantoB100 palB38 (palB38), and nmdAl
pantoBl00 palB38 (palB38 nmdAI).

RESULTS AND DISCUSSION

Selection and characterization of the nmdA1 mutation. The
nmdAl mutation was selected as partially alleviating the hy-
persensitivity to molybdate toxicity resulting from pacC™'~230.
pacC*'~230 is an acidity-mimicking mutation in the transcrip-
tion factor gene pacC which mediates regulation of gene ex-
pression by ambient pH (44). pacC*’'~230 strains exhibit poor
growth at high pH, reduced alkaline phosphatase activity, and
elevated acid phosphatase activity in addition to molybdate
hypersensitivity (30, 36). pacC™'~230 is a —1 frameshift muta-
tion resulting in a protein containing the N-terminal 238 resi-
dues of the PacC protein followed by 55 out-of-frame residues
(30). In addition to its effect on molybdate tolerance in
pacC™/~230 strains, nmdAl partially suppresses the lack of
alkaline phosphatase and elevation of acid phosphatase in
plate tests. In contrast, it reduces growth of pacC ™/~ 230 strains
at pH 8. In a pacC™* background, nmdA1I leads to slow growth,
which is considerably exacerbated under alkaline growth con-
ditions such as pH 8 or medium containing nitrate as a nitro-
gen source.

Parasexual analysis located nmdAI to chromosome I. From
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a cross of relevant genotype yA2 niiC628 X biAdl nmdAI, 148
random progeny plus 10 progeny selected as niiC* nmdA™ by
being able to utilize nitrate as a nitrogen source (and thus
niiC™*) and to grow at a normal rate despite the alkalinization
resulting from nitrate reduction (and thus nmdA™) were ana-
lyzed. This showed nmdAI to map at 4.1 cM centromere prox-
imal to niiC628 on the right arm, with the gene order being
niiC-nmdA-biA-yA.

Identification of the nmdA gene and the nmdAl mutation.
Starting with pools of chromosome I-containing cosmids, cos-
mid W11E02 was identified as containing nmdA1-rescuing ac-
tivity, which was localized to a 7.5-kb BglII-Xhol fragment with
overlapping subclones enabling further localization. Sequenc-
ing of the region rescuing nmdAI revealed a gene homologous
to S. cerevisiee NMD2/UPF2. This gene, designated nmdA,
corresponds to autocalled gene AN6695.2 in the A. nidulans
genome sequence (http:/www.broad.mit.edu/annotation/fungi
/aspergillus). This homology immediately suggests a possible
explanation for the slow-growth phenotype of nmdAl strains
(in addition to problems associated with lack of mRNA sur-
veillance of aberrant and wild-type transcripts), as de Pinto
et al. (13) have shown that S. cerevisiae nmd2 null mutations (as
well as those in UPFI and UPF3) impair respiration and A.
nidulans is an obligate aerobe.

Figure 1A shows an alignment between NmdA, S. cerevisiae
Nmd2p/Upf2p, and their human homologue. By tblastn, NmdA
shares 27% identity over 875 residues with S. cerevisiae Nmd2p
and 33% identity over 913 residues with human Upf2. The
nmdAl mutation is a C-to-T transition in nucleotide 3065,
resulting in a Gln-to-amber stop in codon 589. It is likely to be
a null mutation. First, it removes nearly half of the 1,171
residues from the NmdA protein. Second, it removes a major-
ity of one MIF4G domain (residues 506 to 696) and all of a
second MIF4G domain (residues 712 to 918) (PFAM domain
PF02854; http://www.sanger.ac.uk/Software/Pfam/index.shtml).
In this alignment, the first of these two MIF4G domains over-
laps a putative transmembrane domain in S. cerevisiae Nmd2p
(18, 29), which would be missing in the NmdAl1 protein. The
second of these MIF4G domains aligns with the third MIF4G
domain of human Upf2, which has been shown to bind both
human Upf3 and RNA (23). Arg-734 and Lys-735 of NmdA,
which are missing in NmdA1, correspond in alignment to Arg-
796 and Lys-797 of human Upf2 (Fig. 1A), where their double
substitution by glutamate abolishes RNA binding (23). Third,
the NmdAl protein lacks regions corresponding to those in
Nmd2p that are implicated in interaction with Upflp (Nmd2p
residues 933 to 1089) and Upf3p (Nmd2p residues 564 to 771
and 879 to 923) (19). Included among the residues missing in
NmdALl is Glu-796, which corresponds in alignment with Glu-
858 of human Upf2, whose E858R substitution abolishes its
interaction with Upf3 (23). Finally, even deletion of the C-
terminal 56 residues of Nmd2p is sufficient to prevent NMD
(18), and NmdAl1 lacks the equivalent of the C-terminal 631
Nmd2p residues. The slow-growth phenotype of nmdAI is re-
cessive in diploids, suggesting that the truncated NmdA1 pro-
tein itself does not adversely affect NMD or other cellular
functions, consistent with the likelihood that it is unable to
bind mRNA or the A. nidulans Upfl and Upf3 orthologues.

Effect of nmdAI on pacC*'~230 mRNA. In view of the in vivo
suppression of pacC*'~230 by nmdA1I, the pacC*'~230 mRNA
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FIG. 1. (A) Alignment of NmdA with yeast Nmd2p/Upf2p and human hUpf2 in ClustalW format, obtained by the method of T-Coffee (34),
version 2.11 (http://www.ch.embnet.org/software/TCoffee.html). The NmdA sequence shown here is the conceptual translation of AN6695.2
obtained from http://www.broad.mit.edu/annotation/fungi/aspergillus/geneindex.html. The two MIF4G domains (PFAM domain PF02854; http:
/[www .sanger.ac.uk/Software/Pfam/index.shtml) in the A. nidulans sequence, residues 506 to 696 and 712 to 918 are in white and shaded in black.
S. cerevisiae residues 564 to 771 and 879 to 923, implicated in interaction with Upf3p, and residues 933 to 1089, implicated in interaction with
Upflp, are shaded in light gray. The nmdA1 Q589* substitution, resulting in loss of function; the hUpf2 E858R substitution, which abolishes hUpf3
binding; and the hUpf2 R796E K797E double substitution, which abolishes RNA binding, are shown. (B) Schematic representation of the pacC,
hxA, uaZ, and palB transcription units. Intron positions and sites of translation termination codons for mutations used in this work are indicated.

was an obvious first candidate for detecting an effect of nmdA1 be more stable than that of pacC™ in the nmdA™ background.
on mRNA stability. A schematic representation of pacC"'~230 However, the most striking effect of nmdA1 is on the pacC*'~230
and other mutations used to establish the role of nmdA in mRNA level, which is elevated more than eightfold. This de-
NMD is shown in Fig. 1B. Figure 2 shows that there is partial gree of elevation almost certainly explains the selection of
stabilization of both pacC™ and pacC*/~230 transcripts by nmdA1 and probably reflects a combination of the ability of the
nmdAl. Surprisingly, the pacC*/~230 transcript appeared to PacC230 protein to mimic PacC?’ (the activated, processed
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FIG. 2. Quantitative Northern analysis of pacC transcript levels at 37°C. RNA was extracted from wild-type (WT), pacC*'~230, nmdAI, and
pacC*'~230 nmdAI strains. Transcription was inhibited prior to commencement of the time course, and samples were taken over a 30-min period,
as indicated. (A) pacC mRNA levels were monitored by Northern analysis. The phosphorimager data from triplicate experiments were compiled
for further analysis. (B) pacC transcript degradation rates for the four strains were plotted. Over the 30-min time course, the WT (pacC" nmdA™)
(O) pacC transcript appeared to be more labile than those of the pacC* nmdA1 (O), pacC™'~230 nmdA™ (m), and pacC*'~230 nmdAI (@) strains.
The standard error is given for each value. (C) The relative levels of pacC in the four strains at time zero were determined from these data.

Surprisingly, the pacC*/~230 strain had an expression level similar to that of the wild type; however, in the double mutant significantly higher
expression levels were observed.
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FIG. 3. Quantitative Northern analysis of ix4 mRNA. (A) Strains bearing three x4 mutant alleles (hxA1, hxA5, and hxA18) in both the nmdA™
and nmdA1 backgrounds were compared to the wild type (WT) and the nmdA1 single mutant for x4 transcript levels over a 30-min time course
at 37°C after a 2-h induction period using uric acid as the sole nitrogen source. Although dramatic differences in the levels of 4xA transcript are
apparent, no obvious differences in the rates of transcript degradation were observed. (B) The relative levels of x4 transcript at time zero are
presented for each strain. nmdA1I partially or completely restores /x4 expression levels for all three alleles.

form of PacC) (14, 30) and the autogenous transcriptional
regulation of pacC (44) rather than reflecting uniquely mRNA
stabilization. Autogenous activation of pacC expression by pro-
cessed PacC230 (30) is probably also a factor in determining
pacC transcript levels in pacC*'~230 nmdA™ strains. These
factors render pacC*/~230 (and many other pacC mutant al-
leles) poorly suited for studying NMD.

Effects of nmdA1 on premature nonsense codon-containing
mRNAs transcribed from mutant alleles of x4, the structural
gene for xanthine dehydrogenase (purine hydroxylase I). The
effects of nmdA1 on messengers from the following /xA4 alleles
were examined: hxA18, which deletes G1061, resulting in a
protein with 142 in-frame and 7 out-of-frame residues; ixA45,
which is a C1790T transition, truncating the protein after res-
idue 369; and hxA1, which deletes A1953, resulting in a protein
of 423 in-frame and 47 out-of-frame residues compared to the
wild-type HXA protein of 1,364 residues (6, 16). Translation
termination in the case of /x418 would occur in exon 2, and
that in the cases of hixA5 and hxA1 would occur in exon 3.
nmdAI clearly increases mRNA levels for all three x4 mutant

alleles, most strikingly in the case of ix45 (Fig. 3). Although
the hxA mutant alleles greatly reduce transcript levels, North-
ern analysis did not provide sufficient sensitivity to demon-
strate the kinetics of transcript degradation in the nmdA™
background, even though steady-state mRNA levels are con-
siderably elevated by the absence of NMD. However, at least
in the case of hxA5, kinetic evidence given below indicates that
nmdAl does stabilize the mRNA.

Effect of nmdAl on mRNA transcribed from a premature
chain termination allele of uaZ, the structural gene for urate
oxidase: stability of a transcript escaping NMD, a mammalian
similarity. Oestreicher and Scazzocchio (35) showed that
uaZ14, an ochre mutation terminating the 301-residue UaZ
protein after residue 131 in exon 2, leads to extremely low
mRNA levels. Figure 4 shows that nmdAl has no apparent
effect on the stability of uaZ* mRNA but, nevertheless, in-
creases the steady-state level of uaZ14 mRNA more than 12-
fold. In view of the disparities between nmdA1 elevation of
mRNA levels and its apparent lack of mRNA stabilization, we
considered the possibility that NMD might have occurred in
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FIG. 4. Analysis of uaZ transcript levels at 37°C. RNA was extracted from wild-type (WT), uaZ14, nmdA1, and uaZ14 nmdAl strains after
induction using uric acid as the sole nitrogen source for 2 h at 37°C. Transcription was inhibited for 10 min prior to commencement of the time
course, and samples were taken over a 30-min period, as indicated. (A) uaZ levels were monitored by Northern analysis. (B) The relative levels
of uaZ transcript in the four strains at time zero were determined using RT-PCR, which was used to monitor specifically the level of spliced mRNA.
(C) RT-PCR was also used to monitor degradation rates. uaZ mRNA appears to be significantly more labile in the WT (uaZ™* nmdA™) (O) and
uaZ" nmdA1 (O) strains than in the uaZ14 nmdA" (w) and uaZ14 nmdA1 (@) strains. Quantitative analysis of the Northern data gave similar

results (data not shown). Standard errors are indicated.

the interval between the inhibition of transcription and sam-
pling. If so, the implication would be that at least some pre-
mature nonsense codon-containing mRNAs escape NMD and
are relatively stable. Although stability of mRNAs escaping
NMD has not, to our knowledge, been reported for yeast (25),
it has a precedent from certain transcripts in mammalian cells,
where it was originally attributed to an absence of cytoplasmic
NMD such that, once the mRNAs have left the nucleus and
escaped nuclear NMD, they are relatively stable (7, 41). Alter-
natively, this mRNA stability might be a consequence of dis-
sociation of the exon junction complex which is required for
NMD (2, 40, 42, 45). It is tempting to speculate that this
apparently greater similarity of NMD in A. nidulans to that in
mammalian cells than to that in yeast is related to a higher
frequency of introns and a greater use of alternative splicing
and its possible link to gene regulation (24). Differential splic-
ing is a feature, for example, of the A. nidulans areB gene (10).
Alternative splicing in fungi has been most recently discussed
by Galagan et al. (15).

To examine the possibility that NMD had escaped detection
by preceding our first sampling, further experiments over a
compressed time scale and at a lower growth temperature were
performed using uaZ14 and hxA5, and both mRNA and pre-
mRNA (unspliced) were monitored using real time RT-PCR
(see Materials and Methods). Figure 5A shows that decay of
uaZl4 mRNA occurs rapidly. More than half the waZi4
mRNA is degraded within the first 2 minutes at 27°C, but the
remaining transcript is then more stable than the wild-type
transcript and is equivalent in stability to the uaZ14 transcript

in a strain also carrying nmdA1. Thus, nmdA1 does stabilize the
uaZ14 transcript, consistent with the considerable elevation in
steady-state uaZl14 mRNA levels seen in the presence of
nmdAl. The hxA5 mRNA decays with a half-life of ~14 min
but is stabilized by the presence of nmdAI (Fig. 5C). In con-
trast, nmdAI does not stabilize uaZ* or hxA™ mRNA levels;
however, it does markedly stabilize uaZ™, uaZ14, hxA*, and
hxAS5 pre-mRNA levels (Fig. 5B and D). Probably relevant to
this pre-mRNA stabilization is the presence of three in-frame
stop codons in intron 1 of uaZ (35) and two in-frame stop
codons in intron 1 of hx4 (16). Pre-mRNA containing an
in-frame intron stop codon in S. cerevisiae is subjected to
NMD (43; reviewed in reference 26). It is intriguing that both
pacC*'~230 and uaZ14 mutant transcripts apparently become
more stable than those of the corresponding wild-type tran-
scripts, irrespective of the nmdA genotype. Yeast transcripts
with premature stop codons accumulate in polysomes in the
absence of NMD (25), which is likely to impede translation
generally. Polysome association might account for mutant
transcript stabilization (although stabilization of pre-mRNA
remains puzzling). NMD might therefore minimize disruption
of translation resulting from the accumulation of aberrant
transcripts as well as minimizing synthesis of aberrant polypep-
tides.

nmdAl does not affect L-glutamine-signaled degradation of
the mRNA for the nitrogen metabolism regulatory gene areA.
The mRNA for are4, which encodes a transcription factor
mediating nitrogen metabolite repression of the expression of
many genes involved in nitrogen utilization (reviewed in ref-
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FIG. 5. Short time course analysis of uaZ and hxA transcript levels at 27°C. RNA was extracted from wild-type (WT), uaZ14, nmdAl, uaZ14
nmdAl, hxAS5, and hxAS5 nmdA1 strains after induction using uric acid as the sole nitrogen source for 2 h at 27°C. Transcription was inhibited for
30 seconds prior to commencement of the time course, and samples were taken over a 16-min period, as indicated. Using RT-PCR, the levels of
spliced uaZ (A), unspliced uaZ (B), spliced hxA (C), and unspliced ixA (D) were monitored, relative to actin as a standard. The data were compiled
from three separate experiments, and standard errors are indicated. With respect to the spliced transcripts, in the nmdA™ background the uaZi4
mRNA (m) is very unstable in the first 2 minutes but subsequently stabilizes. In the nmdA1 background the uaZ14 transcript (@) is very stable
throughout. The uaZ* mRNA shows a gradual rate of degradation over the 16-min time course in both the nmdA™ (O0) and nmdAl (O)
backgrounds. With respect to the spliced /ixA transcripts, in the nmdA™* background the hixA5 mRNA (A) is significantly less stable than the wild
type, with a half-life of ~14 min, compared to an estimated half-life for the wild type of ~40 min. In the nmdA1 background the ixA5 transcript
(®) is very stable throughout. The ix4A" mRNA shows only limited degradation over the 16-min time course in both the nmdA™* (A) and nmdAl
(¢ ) backgrounds. For both unspliced uaZ and hxA transcripts, the nmdA1 background leads to a general increase in stability. Standard errors are

indicated.

erence 46), undergoes regulated degradation when L-glu-
tamine is added to cultures (31, 32, 38). A region(s) within the
3" untranslated region (UTR) of areA mRNA is responsible for
this glutamine-signaled degradation (31, 32, 38). Three differ-
ent nmdAI strains were compared to an nmdA* wild-type
strain for the effects of L-glutamine on are4 mRNA stability at
37°C. However, nmdA1 had no significant effect on the degra-
dation process (data not shown). This shows that NmdA is not
involved in all mRNA decay processes in A. nidulans.

NMD in A. nidulans, resembling that in S. cerevisiae, is not
influenced by exon-exon junctions. A characteristic difference
between NMD in S. cerevisiae, Schizosaccharomyces pombe,
Caenorhabditis elegans, and Drosophila melanogaster and that
in mammals is that a premature termination codon fewer than
50 to 55 nucleotides upstream of the 3’ exon-exon junction
usually does not trigger NMD in mammalian cells, whereas it
does in the lower eukaryotes (reviewed in references 26 and
28). The termination codons resulting from hxA1, hxAS5, hxA18,
and uaZ14 all occur more than 55 nucleotides upstream of the

respective hxA and uaZ 3' exon-exon junctions. However, the
termination codon resulting from pacC"’~230 occurs in the 3’
exon, and there is therefore no exon-exon junction down-
stream from it (Fig. 1B). Nevertheless, the pacC*'~230 mRNA
is clearly stabilized by nmdAI (Fig. 2). Thus, at least in this
case, NMD in A. nidulans resembles that in S. cerevisiae (as
well as that in S. pombe, C. elegans, and D. melanogaster) rather
than that in mammals.

As it is in yeast, NMD in A. nidulans is polar. Cao and
Parker (5) have shown that 5’ nonsense mutations trigger
higher rates of mRNA decapping than 3’ nonsense mutations
in S. cerevisiae, thus providing a mechanism to explain why 3’
nonsense mutations can fail to provoke NMD, since 5'-to-3’
exonucleolytic decay is the usual course of NMD. In the faux
UTR model for NMD (reviewed in reference 1), the proximity
of the premature termination codon to the normal termination
codon [and hence to proteins binding the 3’ UTR, such as the
poly(A)-binding protein] determines the decapping rate, thus
explaining in an alternative way the greater susceptibility of 5’
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FIG. 6. Quantitative Northern analysis of palB mRNA. (A) Steady-state palB transcript levels were compared for the wild type (WT) and three
loss-of-function alleles, palB7, palB37, and palB38, in both nmdA™ and nmdAI backgrounds. (B) The relative levels of palB transcript are shown
for each strain. The wild-type transcript is stabilized twofold in the presence of nmdA1, and this degree of stabilization (or somewhat less) is also
seen for the palB7 and palB37 transcripts. A clearly greater degree of stabilization by nmdA1 is seen in the case of the palB38 transcript, indicating
that in this case the premature termination codon provokes NMD. Standard errors are indicated.

nonsense codon-containing mRNAs to NMD. Polarity of
NMD is also observed in A. nidulans. In the palB gene, encod-
ing the putative signaling protease of the ambient pH signal
transduction pathway (14, 36), palB38 in the first 10% of the
coding region strongly provokes NMD, whereas palB7 and
palB37 in the last 10% do not (Fig. 1B and 6). In contrast to
wild-type hxA and uaZ transcripts but like that of pacC, the
palB wild-type transcript is stabilized by nmdAI, and this pre-
mature termination codon-independent stabilization has to be
taken into consideration in assessing the pa/B mutant tran-
script data (Fig. 6). The palB7 mutation terminates the 847-
residue PalB protein after residue 791 (M. A. Penalva, as cited
in reference 3). Sequence changes resulting from pa/B37 and
palB38 (E. Reoyo, M. A. Penalva, and H. N. Arst, Jr., unpub-
lished data) will be reported elsewhere. In the cases of two
other pH signal transduction genes, palF and palH, Northern
blots gave no indication that premature chain termination mu-
tations throughout the coding regions of these genes provoke
NMD (data not shown), suggesting that the mRNAs of these
genes are not subject to NMD surveillance.

Uses of nmdAI. We believe that nmdA1 constitutes a useful
addition to the tools available for working with A. nidulans. 1t
will facilitate further studies of NMD and investigation of the

role of the NMD surveillance complex in regulating mRNA
levels in this organism. It could potentially enable elevated
levels of prematurely terminated homologous or heterologous
mutant proteins to be obtained. It can be used to determine
whether mRNA instability rather than protein truncation or
instability is responsible for a premature termination mutant
phenotype and thus to enable more precise interpretation of
specific mutant allele phenotypes. We anticipate that tools
improving the manipulability of A. nidulans will add to its
attractiveness as a model organism.
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