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ABSTRACT

An important step in mRNA biogenesis is the export of mRNA from the nucleus to the cytoplasm. In this work, we provide
evidence that the previously uncharacterized gene APQ12 functions in nucleocytoplasmic mRNA transport in Saccharomyces
cerevisiae. First, apq12A strains manifest 3’ hyperadenylated mRNA similar to other previously characterized RNA export
mutants. Second, bulk poly(A)* RNA is retained in the nucleus in apq72A cells. Third, an Apq12p-GFP chimeric protein is
localized to the nuclear periphery. Fourth, mRNA in apq712A cells is stabilized, consistent with a defect in the rate of nuclear
export. Interestingly, apqg72A mutants are severely compromised for growth and display atypical cell morphology. Because this
aberrant cell morphology is not seen with other viable export mutants, Apq12p must have either an additional cellular function,
or preferentially impinge on the export of mRNAs regulating cell growth. Together, these findings support a role for APQ12 in

nucleocytoplasmic transport of mRNA.
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INTRODUCTION

An important feature of eukaryotic gene expression is the
compartmentalization of mRNA metabolism. Transcrip-
tion, pre-mRNA splicing, and 3’ end formation are nuclear
events that, once completed, yield an mRNA capable of
export to the cytoplasm. Transport of mRNA from the
nuclear to the cytoplasmic environment signals a transition
in the fate of an mRNA, wherein it becomes a template for
protein synthesis and ultimately is degraded by the mRNA
turnover machinery.

A fertile area of research for understanding mRNA trans-
port and its relationship to other aspects of mRNA metabo-
lism has come from the isolation of numerous mutants that
affect mRNA export in Saccharomyces cerevisiae. These
mRNA export mutants were identified by several criteria
including screening for lesions that result in the nuclear
accumulation of poly(A)* RNA based on in situ hybridiza-
tion with labeled oligo(dT). These screens led to the iden-
tification of ribonucleic acid trafficking (RAT), mRNA
transport (MTR), mRNA export (MEX), and GLFG-lethal
(GLE) genes (Amberg et al. 1992; Kadowaki et al. 1994;
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Murphy et al. 1996; Segref et al. 1997). One interesting
aspect of many export mutants is the production and
nuclear retention of hyperadenylated mRNAs (Hilleren and
Parker 2001; Hilleren et al. 2001; Jensen et al. 2001). Given
this, a promising screen for mutations affecting mRNA ex-
port is the identification of yeast strains with hyperadenyl-
ated mRNAs.

To distinguish novel genes affecting mRNA export, we
screened the collection of viable yeast deletion mutants for
strains that led to the production of hyperadenylated
mRNAs. This investigation led to the identification of
apql2A as a lesion leading to hyperadenylated poly(A) tails,
suggesting that Apql2p, a protein of previously unknown
function, might affect mRNA nucleocytoplasmic transport.
Consistent with Apql2p functioning in mRNA export,
apqi2A strains accumulate poly(A)* in the nucleus and
show additional defects in the metabolism of mRNAs. In
addition, Apql2p localizes to the nuclear periphery. In
summation, this work defines Apql2p as a novel factor
contributing to mRNA export.

RESULTS AND DISCUSSION

Identification of APQ12 as a gene influencing mRNA
poly(A) tail length

In an endeavor to identify novel factors involved in mRNA
metabolism, we screened the EUROSCARF collection of
~5000 yeast nonessential gene deletion strains (Winzeler et
al. 1999) for alterations in mRNA poly(A) tail length or
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distribution. The effect of each deletion mutant on poly(A)
tail metabolism was determined by analyzing endogenous
MFA2 mRNA by high-resolution Northern blot analysis of
total cellular RNA isolated from each single-gene knockout
strain. Inspection of MFA2 mRNA by this procedure re-
sulted in the identification of several strains that displayed
an increase in poly(A) tail length. These included ccr4A and
pop2A, strains that manifest increased average poly(A) tail
lengths owing to defects in the major cytoplasmic deadenyl-
ase (Tucker et al. 2001). In addition, hyperadenylated
poly(A) tails were observed for sac3A, hprIA, plclA, and
apqI2A strains. Strains lacking Sac3p, Hprlp, and Plclp
have previously been described as being defective in nuclear
mRNA export (Schneiter et al. 1999; York et al. 1999;
Fischer et al. 2002; Strasser et al. 2002; Lei et al. 2003). In
contrast, APQI2 encodes a protein of unknown function.
In an apql2A strain, the distribution of MFA2 mRNA
extended 20—40 residues longer than in a wild-type strain
(Fig. 1A, lane 1 vs. 2). An enhanced mRNA size distribution
was also observed for endogenously expressed PGKI mRNA
(data not shown). To confirm that the more slowly migrat-
ing MFA2 mRNA from the apql2A strain is caused by het-
erogeneity of the poly(A) tail at the mRNA 3’ terminus,
RNA samples were treated with RNase H in the presence of
oligo(dT) to remove mRNA poly(A) tails. As shown in Fig-
ure 1A (lanes 4,5), treatment of the RNA results in a ho-
mogeneous MFA2 mRNA population that is similar in size
for wild-type and apqI2A samples. These data demonstrate
that MFA2 mRNA is hyperadenylated in apgI2A cells.
The hyperadenylated mRNA poly(A) tail phenotype ob-
served for apq12A cells is similar to that previously observed
for lesions in SAC3, HPRI, RIPI, and PLCI, genes impli-
cated in mRNA transport (Schneiter et al. 1999; York et al.
1999; Jones et al. 2000; Fischer et al. 2002; Strasser et al.
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2002). In addition, the temperature-sensitive mex67-5, rat7-
1, rat8-2, and glel-37 mutations all produce hyperadenyl-
ated mRNA at the restrictive temperature (Hilleren and
Parker 2001; Jensen et al. 2001). Hyperadenylated mRNAs
can also be observed in yeast strains lacking the Pablp-
associated poly(A) nuclease, Pan2p/Pan3p, which appears
to function, in part, to trim a nascent poly(A) tail to a
shorter species after export of the RNA to the cytoplasm
(Boeck et al. 1996; Brown et al. 1996). The hyperadenyla-
tion observed in apqI2A cells is more extensive than that
observed in cells void of Pan2p and Hprlp, a member of the
transcription/RNA export complex (Strasser et al. 2002; Fig.
1B, cf. lanes 4,6,10), and slightly shorter than the hyperade-
nylation observed in other viable mRNA export mutants
such as plclA or sac3A (Fig. 1B, cf. lanes 6,8,12). Given that
apql2A manifests hyperadenylated mRNA reminiscent of
mRNA from various RNA transport mutants, we hypoth-
esized that the Apql2 protein also affects mRNA export.
Apql2p is encoded by the YILO40w locus and represents
an uncharacterized gene in the Saccharomyces Genome Data
Base. We confirmed that deletion of APQI2 was necessary
for the hyperadenylated mRNA phenotype by complement-
ing an apql2A strain with a single-copy plasmid encoding
wild-type APQI2. The complemented strain demonstrated
a wild-type poly(A) tail distribution of MFA2 mRNA by
Northern blot analysis (data not shown). In addition, the
plasmid also complemented the severe growth phenotype
observed for apql2A strains (see below; data not shown).
APQI2 encodes a protein of ~16.5 kDa that demonstrates
no strong structural relatedness to any other protein in S.
cerevisiae. Whereas Apql2p homologs with high identity
(~80%) exist in several Saccharomyces genomes (Saccharo-
myces paradoxus, Saccharomyces mikatae, Saccharomyces
kudriavzevii, and Saccharomyces bayanus, e.g.), no obvious
homolog can be identified in Schizosac-
charomyces pombe or within genomes
outside of fungi. Interestingly, apqI2A is
synthetically lethal with cdc73A, a pro-
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tein also involved in mRNA biosynthe-
sis, and suggests a connection between
Apq12p and proteins involved in mRNA
metabolism and export (Tong et al
2004). Two-hybrid analysis determined
that Apql2p can interact with either
Pea2p or Ssa2p (Ito et al. 2001); how-
ever, the relevance of these putative pro-
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tein—protein interactions in RNA me-
tabolism remains unclear.

FIGURE 1. APQI2 is required for normal mRNA poly(A) tail distribution. High-resolution
Northern blots of endogenously expressed MFA2 mRNA from (A) wild-type, apql2A, and

sac3A cells. Poly(A) tail lengths were determined by comparing the size of the heterogeneous
population in untreated RNA samples (lanes 1-3) as compared with samples in which the
poly(A) tail has been removed by treatment with oligo(dT) and RNase H (lanes 4-6). Mo-
lecular size markers (M) are labeled at the left of the panel. (B) The mRNA hyperadenylation
observed for apqI2A cells is intermediate to that seen for other transport mutants. Shown is
MFA2 mRNA from pan2A, apql2A, sac3A, hpriA, and plcIA strains either untreated (=) or

treated with oligo(dT)/RNase H to remove poly(A) tails (+).

Loss of Apq12p results in the
accumulation of poly(A)* RNA in
the nucleus

To evaluate if Apq12p influences mRNA
nucleocytoplasmic transport, we exam-
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ined the subcellular localization of poly(A)* mRNA in
apqi2A, sac3A (as a positive control), and wild-type cells by
in situ hybridization of a digoxigenin-conjugated oligo(dT)
probe and indirect immunofluorescence. In wild-type yeast,
poly(A)" staining is observed as a diffuse, uniform signal
throughout the cell, including the nucleus and the cyto-
plasm (Fig. 2A). In contrast, a majority of apgl2A cells
demonstrate poly(A)" RNA as a single focus that is coinci-
dent with nuclear DNA as visualized by DAPI staining (Fig.
2A). Cells that do not demonstrate poly(A)* foci also fail to
stain with DAPI, suggesting that nuclear division and/or
segregation many be compromised in the apgl2A strain.
Similar to apgl12A cells, bulk poly(A)™ RNA in an sac3A is
nuclear in its localization (Fig. 2A), consistent with the
characterized role of SAC3 in nucleocytoplasmic mRNA
transport (Jones et al. 2000; Fischer et al. 2002).

Our in situ hybridization results suggested a role for
APQI2 in mRNA export; to assess whether APQI2 also
functions in protein trafficking, we examined the localiza-
tion of GFP-tagged protein transport reporters in living
wild-type and apqI2A cells. These reporters included the
nondiffusible SV40 T antigen nuclear localization signal
construct [NLS(GFP);] and an NLS/NES-GFP reporter
[NLS/NES(GFP),] containing the SV40 NLS and a protein
kinase inhibitor (PKI) NES sequence (Stade et al. 1997; de
Bruyn Kops and Guthrie 2001). In wild-type cells, the NLS—
GFP reporter revealed the expected nuclear distribution
(Fig. 2B). Similarly, in apql2A cells, the NLS—-GFP reporter
protein is nuclear (Fig. 2B; data not shown). The equiva-
lent distribution of the NLS/NES-GFP reporter within
the nucleus and cytoplasm is indistinguishable between
wild-type and apqI2A cells (Fig. 2B). These data indicate

sac3A

that protein trafficking is generally unaffected in apql2A
cells.

The cellular morphology of apqI2A mutants was ob-
served to be strikingly aberrant as compared with wild-type
cells (see Fig. 2A, DIC images). In addition to the presence
within the population of cells that appear to lack a nucleus,
apql2A cells demonstrated an elongated cell shape mor-
phology. This latter observation is consistent with a role for
APQI2 in apical growth. Accordant with this, the YILO40w/
APQI2 locus was previously identified in a screen for en-
hanced APical growth as detected with Quantitative analysis
(Y. Ohya and D. Watanabe, pers. comm.). Interestingly, an
apical cell morphology phenotype is not observed for sac3A
mutants (Fig. 2A), nor, to our knowledge, has it been re-
ported for other characterized mRNA transport mutants. It
is unclear whether the aberrant cell morphology observed
for apqi2A cells is related to the defect in mRNA export or
represents an additional cellular function of Apq12p linked
to cell growth.

APQ12p localizes to the nuclear periphery

The observation that apgI2A mutants retain bulk poly(A)*
RNA in the nucleus is similar to that seen for several mu-
tants defective in mRNA transport factors that are localized
to the nucleus or to the nuclear pore complex (NPC) itself
(Amberg et al. 1992; Kadowaki et al. 1994; Murphy et al.
1996; Segref et al. 1997; Lei et al. 2003). We therefore evalu-
ated the subcellular localization of the Apql2p protein. In
wild-type cells, the APQI2 locus was engineered by yeast
recombination to express a C-terminally tagged Apgl2p—
green fluorescent protein (Apql2p—GFP; Longtine et al.

NLS-GFP

NLS/NES-GFP

FIGURE 2. APQI2 affects bulk poly(A)* RNA accumulation but not protein trafficking. (A) Distribution of bulk poly(A)* RNA within wild-type
and apqI2A cells. Poly(A)* RNA was visualized by oligo(dT) hybridization and indirect immunofluorescence. Cell nuclei are revealed by staining
of nuclear DNA with DAPIL. Bulk poly(A)* RNA distribution is also shown for an sac3A mutant that has been previously shown to demonstrate
strong nuclear retention of poly(A)" RNA. (B) Subcellular localization patterns of NLS(GFP); and NLS/NES(GFP), protein reporters in wild-type
and apq12A cells. The foci observed for NLSp—GFP in both wild-type and apg12A cells colocalize with nuclear DNA as confirmed by DAPI staining

(data not shown).
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1998). Expression of the Apql2p—GFP chimera was con-
firmed by Western blot analysis and determined to be the
anticipated size (data not shown). Importantly, the fusion
protein was fully functional because neither bulk poly(A)*
RNA localization nor MFA2 mRNA poly(A) tail distribu-
tion was affected in strains harboring the APQ12—-GFP chro-
mosomal fusion as compared with wild-type cells (data not
shown).

The Apql12p—GFP fusion protein was visualized by direct
fluorescence microscopy and appears as a ring structure
localized to the entire nuclear rim (Fig. 3A). Interestingly,
this ring-like staining was not punctate but smooth. Fur-
thermore, a discontinuous labeling close to the plasma
membrane was observed that may represent the underlying
ER (Preuss et al. 1991). These results suggest Apql2p is
localized both to the ER and to the specialized ER that
makes up the nuclear envelope. Consistent with being lo-
calized to the NE/ER, Apql2p has predicted membrane-
spanning domains. The distribution of Apql2p—GFP
around the nuclear periphery is consistent with APQI2
playing a role in nucleocytoplasmic transport of mRNA.

To determine whether Apq12p is associated with nuclear
pore complexes, an assay for clustering of NPC components
in cells lacking the nucleoporin Nup133p was undertaken
(Doye et al. 1994; Heath et al. 1995; Belgareh and Doye
1997). In wild-type cells, GFP-labeled nucleoporin Nup45p
appeared as a ring structure surrounding the nuclear enve-
lope (Fig. 3B; data not shown). In contrast, in nupl33A
cells, Nup45p—GFP clusters into a single bright focus adja-
cent to nuclear DNA (Fig. 3B; data not shown). When the
subcellular distribution of Apql2p—GFP was evaluated in
nupl33A cells, the staining pattern remained ring-shaped
and was indistinguishable from that observed in wild-type

A

DIc Apq12p-GFP DAPI

cells (Fig. 3B). These data suggest that although Apql2p is
localized to the nuclear envelope/ER membrane, it is not
strictly associated with nuclear pore complexes embedded
within the nuclear membrane. Despite this observation,
these findings are similar to those observed for Brr6p, a
nuclear-envelope integral membrane protein implicated in
nucleocytoplasmic transport (de Bruyn Kops and Guthrie
2001).

Apq12p is required for appropriate
mRNA metabolism

Several transport mutants that demonstrate hyperadenyl-
ated mRNA have been shown also to influence RNA me-
tabolism and manifest retention at the site of transcription
(Hilleren et al. 2001; Jensen et al. 2001). We therefore evalu-
ated a possible role for APQI12 in RNA catabolism. In yeast,
mRNA turnover is initiated by deadenylation of the RNA
poly(A) tail, followed by decapping, and exonucleolytic de-
cay of the transcript body in a 5 — 3’ direction (for review,
see Coller and Parker 2004). We used both a transcriptional
shut-off and pulse-chase experimental protocol to measure
mRNA half-life and the mode of decay of a reporter mRNA
in apqi2A cells. Wild-type and apqI2A strains were trans-
formed with plasmid DNA encoding MFA2 under control
of an inducible galactose (GALI) promoter and harboring
an insertion within the MFA2 3" UTR that encodes 18 gua-
nosine residues [poly(G) tract], which facilitates determi-
nation of the directionality of mRNA degradation (Decker
and Parker 1993). For the transcriptional shut-off experi-
ment, cells were grown in the presence of galactose to mid-
log phase, at which time glucose was added to achieve tran-
scriptional repression of GALI-MFA2pG expression, and

B

Nup45p-GFP

WT-

Apq12p-GFP

nup133A

FIGURE 3. Apql2p localizes to the nuclear periphery. (A) The subcellular distribution of Apql2p is shown by direct visualization of a
C-terminally tagged Apq12p—GFP protein chimera in living cells. The position of the nucleus is visible by DAPI staining of nuclear DNA. (B) The
subcellular localization patterns for Nup45p—GFP and Apql2p—GFP in wild-type and nupI33A cells. Nup45p—GFP, a known component of the
nuclear pore complex, displays protein clustering in nupI33A cells. In contrast, Apql2p—GFP fails to display clustering in the nupI33A mutant.
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cell aliquots were removed at various time points. Northern
blot analysis of the reporter RNA demonstrated that
MFA2pG mRNA was stabilized approximately twofold in
the apqi2A mutants (Fig. 4A). The half-life of MFA2pG
mRNA from wild-type cells was 6 min, similar to that ob-
served previously (Decker and Parker 1993). In contrast,
MFA2pG mRNA half-life in apqI2A cells was 12 min. The
increase in mRNA half-life in the apgl2A strain is consis-
tent with a kinetic delay in the export of mRNA from the
nucleus (Hilleren and Parker 2001).

To determine the mode of decay of MFA2pG mRNA in
apqI2A strains, we examined its metabolism by a transcrip-
tional pulse-chase experiment, wherein carbon source regu-
lation of the GALI promoter is used to create a synchronous
pulse of transcripts whose fate can be evaluated throughout
its lifetime (see Materials and Methods). Analysis of the
plasmid-encoded MFA2pG mRNA by the transcriptional
pulse-chase protocol revealed a temporal lag in mRNA me-
tabolism in apqI2A stains as compared with wild type. Spe-

A WT  (Half-life = 6 min)

M dT o 2 4 6 8 100152030 M

apgl2A  (Half-life =12 min}
M dT 0 2 4 6 8 1015 20° 30 M

cifically, the MFA2pG mRNA from apqI2A cells deadenyl-
ated more slowly (cf. 9-min time points, e.g.), and the decay
intermediate of mRNA degradation required more time to
accumulate. Interestingly, the delay in RNA degradation is
less severe than observed for the temperature-dependent
lethal mutations, rat7-1, rat8-1, and mex67, where a hy-
peradenylated mRNA pool is produced that persists for
prolonged periods of time (>60 min; Hilleren and Parker
2001). The intermediate mRNA metabolism phenotype
could explain why apql2A cells are viable.

Pre-mRNAs that are not fully spliced do not exit the
nucleus (Legrain and Rosbash 1989; Rain and Legrain 1997)
and may, presumably, influence the export of all mRNA,
including, non-intron-containing mRNA such as MFA2
mRNA. We evaluated whether deletion of APQI2 elicits an
influence on pre-mRNA splicing through assessing the ac-
cumulation of pre-U3 snoRNA. We observed elevated levels
of pre-U3 snoRNA in the splicing-defective strains, Ism6A
or Ism7A, as previously demonstrated (Mayes et al. 1999).
However, we were unable to observe an
accumulation of pre-U3 snoRNA in
apq12A cells (data not shown), suggest-
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ing that the efficiency of splicing is not
w| affected in this strain. The absence of a
splicing deficiency in the apqI2A strain
argues that the observed mRNA export
defect is not caused by inhibition of pre-
mRNA splicing.

Conclusion

Several observations illustrate that the
Apql2 protein affects mRNA export in
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yeast. First, apql2A strains accumulate
poly(A)" mRNA in the nucleus as as-
sessed by in situ hybridization (Fig. 2).
Second, an apqI2A strain manifests hy-
peradenylated mRNAs, similar to other
mRNA export factor mutants (Fig.
1A,B). Third, the subcellular distribu-
tion of Apq12p is perinuclear, a location
consistent with a role in mRNA export
(Fig. 3). Finally, apqI2A strains show
defects in mRNA metabolism consistent
with a delay in export of the RNA to the
cytoplasm. Interestingly, apqI2A mu-
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tants are also severely compromised for

FIGURE 4. APQI2 is required for appropriate mRNA metabolism. (A) Half-life determination
and (B) transcriptional pulse-chase analysis of MFA2pG mRNA from either wild-type (WT) or
apql2A cells. Steady-state mRNA (f = 0) subjected to oligo(dT)/RNase H cleavage (dT) rep-
resents a fully deadenylated mRNA. RNA isolated from cell aliquots removed prior to induc-
tion of transcription of the MFA2pG reporter mRNA is indicated (I). Time points are specified
above each lane in minutes. The relative positions of the full-length polyadenylated mRNA,
nonadenylated species, and the decay intermediate are indicated at the left in B. Half-life
determinations in A were made by quantitating MFA2pG mRNA levels standardized to an

SCRI RNA loading control.
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growth and display atypical cell mor-
phology. Because this aberrant cell mor-
phology is not seen with other viable
export mutants, Apql2p must have ei-
ther an additional cellular function, or
preferentially impinge on the export of
mRNAs regulating cell growth; future
work can be directed at addressing these
hypotheses.
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MATERIALS AND METHODS

Yeast strains and RNA analyses

Total cellular mRNA was isolated from the ~5000 EUROSCARF
nonessential gene knockout strain collection. All cells carry the
genotype MATa, his3A, leu2A, met15A, ura3A, and, for these ex-
periments, a single gene replacement of APQI2, SAC3, PAN2,
HPRI1, PLCI, or NUPI33 (Winzeler et al. 1999). Cells were
cultured in YPD at 24°C and harvested at mid-log phase
(ODgpo = 0.3-0.4). Isolation of total cellular RNA was performed
as previously described (Decker and Parker 1993). Alterations in
size distribution for each RNA sample were determined by North-
ern blot analysis of 40 pg of total RNA electrophoresed through
6% polyacylamide gels. Endogenous MFA2 mRNA was visualized
by PhosphorImager analysis (Typhoon 9410; Amersham Biosci-
ences) of nylon membranes (Schleicher and Schuell) probed with
uniformly [**P]-radiolabeled DNA complementary to the entire
MFA2 coding region (Decker and Parker 1993).

Transcriptional shut-off and pulse-chase experiments were per-
formed as previously described (Caponigro et al. 1993; Decker and
Parker 1993). Briefly, yeast were transformed with pRP485, har-
boring MFA2pG under control of the inducible GALI UAS. For
the transcriptional pulse-chase protocol, cells were grown in mini-
mal media supplemented with 2% raffinose/1% sucrose (pH 6.5)
to ODgy, = 0.4, placed in 2% galactose for an 8-min “induction
period,” and harvested, and cell aliquots were taken at time points
after the immediate addition of minimal media supplemented
with 4% glucose. RNA was extracted and monitored by PAGE and
Northern blot analysis.

Fluorescence in situ hybridization (FISH) of
poly(A)* RNA

The subcellular distribution of poly(A)" RNA was examined by in
situ hybridization using a digoxigenin-conjugated oligo(dT) probe
and indirect immunofluorescence microscopy (Corbett et al.
1997). Briefly, oligo(dT)s, (MWG Biotech) was 3’ end-labeled
with digoxigenin (Roche Applied Science), and rhodamine-con-
jugated anti-digoxigenin Ab (1:200 dilution; Roche Applied Sci-
ence) was used to visualize poly(A)™ RNA in cells grown to mid-
log phase at 24°C.

Microscopic techniques

To examine the localization of Apql2p when expressed at endog-
enous levels, the chromosomal APQI2 reading frame in wild-type
and nup133A cells was fused in-frame to GFP to generate APQI2—
GFP using published recombinant methods (Longtine et al. 1998).
The C-terminally tagged Apql2p—GFP chimera was localized by
directly viewing the fluorescence signal in log-phase cells through
a GFP-optimized filter (Chromas) using a Leica DM-RXA micro-
scope equipped with a mercury xenon light source. Images were
captured by a Retiga EX (Q Imaging) digital camera and manipu-
lated using Metamorph 6.0 software. Analysis of poly(A)* RNA by
FISH was achieved using a rhodamine-optimized filter (Chromas).
Cells were stained with 4’,6-diamidino-2-phenylindole-dehydro-
chloride (DAPI) to detect chromatin and visualized using a DAPI-
optimized filter (Chromas).

The C-terminally tagged Nup45p—GFP plasmid construct
(pAC342; Jones et al. 2000) was obtained from the laboratory of
Anita Corbett. Constructs for the evaluation of protein trafficking
[NLS(GFP), and NLS/NES(GFP),] were obtained from Christine
Guthrie (Stade et al. 1997; de Bruyn Kops and Guthrie 2001).
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