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Abstract

Background: Gene expression is achieved by the coordinated action of multiple factors to ensure a perfect
synchrony from chromatin epigenetic regulation through to mRNA export. Sus1 is a conserved mRNA export/
transcription factor and is a key player in coupling transcription initiation, elongation and mRNA export. In the
nucleus, Sus1 is associated to the transcriptional co-activator SAGA and to the NPC associated complex termed
TREX2/THSC. Through these associations, Sus1 mediates the nuclear dynamics of different gene loci and facilitate
the export of the new transcripts.

Results: In this study, we have investigated whether the yeast Sus1 protein is linked to factors involved in mRNA
degradation pathways. We provide evidence for genetic interactions between SUS1 and genes coding for
components of P-bodies such as PAT1, LSM1, LSM6 and DHH1. We demonstrate that SUS1 deletion is synthetic
lethal with 5’®3’ decay machinery components LSM1 and PAT1 and has a strong genetic interaction with LSM6
and DHH1. Interestingly, Sus1 overexpression led to an accumulation of Sus1 in cytoplasmic granules, which can
co-localise with components of P-bodies and stress granules. In addition, we have identified novel physical
interactions between Sus1 and factors associated to P-bodies/stress granules. Finally, absence of LSM1 and PAT1
slightly promotes the Sus1-TREX2 association.

Conclusions: In this study, we found genetic and biochemical association between Sus1 and components
responsible for cytoplasmic mRNA metabolism. Moreover, Sus1 accumulates in discrete cytoplasmic granules, which
partially co-localise with P-bodies and stress granules under specific conditions. These interactions suggest a role
for Sus1 in gene expression during cytoplasmic mRNA metabolism in addition to its nuclear function.

Background
During gene expression, the coordinated action of sev-
eral multiprotein complexes couple transcription,
mRNA biogenesis and export, to guarantee the proper
maturation of transcripts before their translation in the
cytoplasm [1]. mRNA levels are highly regulated by
transcription rate adjustments and mRNA decay, to pro-
duce the appropriate number of transcripts competent
for translation [2]. In yeast, two major cytoplasmic
mRNA degradation pathways control transcript turn-
over: the cytoplasmic exosome and the 5’®3’ mRNA

decay. Moreover, 5’®3’ mRNA decay and translation
are interconnected processes providing an exquisite
equilibrium between degradation, storage and transla-
tion that correlates with the type and localisation of the
mRNP in the cell (reviewed in [3]). Work over the last
few years has shown that different classes of mRNPs are
found as discrete granules in the cytoplasm. In yeast,
different sorts of cytoplasmic mRNP granules have been
described. Among them, P-bodies (PBs) and stress gran-
ules (SGs) are the best characterised (reviewed in [4,5]).
P-bodies are implicated in translational repression,
mRNA storage and 5’®3’ mRNA decay [6]. The compo-
sition of PBs has been thoroughly studied. They are
made up of a set of proteins that form the core of the
particules, such as the decapping enzyme Dcp1/Dcp2,
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activators of decapping Dhh1, Pat1, Lsm1-7, Edc3 and
the 5’®3’ exonuclease Xrn1 [7]. Other proteins involved
in different processes, such as nonsense-mediated decay
(Upf1-3) [8] and translation (eIF4E, eIF4G and Pab1)
[9,10] have also been reported to accumulate in these
granules, but only under specific conditions.
A second class of well studied cytoplasmic mRNP

structures are the stress granules (reviewed in [4]). SGs
are cytoplasmic mRNP accumulations that appear when
translation initiation is impaired. Study of stress granule
formation has suggested that they contain mRNAs
stalled in the process of translation initiation. In yeast
they characteristically contain poly(A) mRNA, the poly
(A)-binding protein Pab1, 40S ribosomal subunits and
the translation factors eIF4E, eIF4G, eIF3 (reviewed in
[4,5]).
In yeast but also in other organisms, both types of

granules are interconnected (reviewed in [5]). Strikingly,
assembly of stress granules depends on P-body forma-
tion and several factors are present in both granules,
suggesting a crosstalk between them [6,10,11].
One key factor involved at different stages of nuclear

mRNA metabolism is the conserved Sus1 protein, which
is part of two stable nuclear complexes: the transcrip-
tional coactivator SAGA and the nuclear pore associated
TREX2 [12]. Biochemical and functional data have sug-
gested a crucial nuclear role for Sus1 in coupling tran-
scription activation and mRNA export. Previously, we
have shown that Sus1 participates in histone H2B deubi-
quitination and histone H3 methylation together with
the SAGA-DUB subunits Ubp8 and Sgf11 [13]. Sus1
mediates transcription activation through its associated
with chromatin promoters as part of SAGA and is
recruited to coding regions where it is necessary for
transcription elongation [14]. Interestingly, Sus1 is also
required for nuclear post-transcriptional events. After
transcriptional shut off, Sus1 affects both the morphol-
ogy as well as the persistent tethering of the mRNPs to
their cognate gene, reinforcing the broad role of Sus1 in
nuclear mRNA biogenesis [15]. Furthermore, Sus1 is
crucial for TREX2-NPC interaction and its absence pro-
vokes a dramatic defect in mRNA export [12-14]. Alto-
gether, Sus1 participates in many nuclear events from
early epigenetic modifications to mRNA export through
the nuclear pore (reviewed in [16]).
Strikingly, although Sus1’s described functions take

place in the nucleus it was also observed in the cyto-
plasm of yeast and Drosophila [14,17], thus suggesting
additional roles outside of the nucleus.
In this study, we describe genetic and functional links

between SUS1 and several components of P-bodies and
stress granules. We demonstrate that SUS1 deletion is
synthetic lethal with 5’®3’ decay machinery components
LSM1 and PAT1 and has a strong genetic interaction

with LSM6 and DHH1. Interestingly, Sus1 overexpres-
sion leads to an accumulation of Sus1 at cytoplasmic
granules, which can co-localise with P-bodies and stress
granules. In addition, through affinity purification of
TAP tagged Sus1, we have identified novel physical
interactions between Sus1 and factors associated with
P-body/stress granule. Finally, absence of LSM1 and
PAT1 slightly promotes association between Sus1-
TREX2. Taken together, our results reveal a novel link
between the transcription/export factor Sus1 and cyto-
plasmic mRNA decay factors. Thus, Sus1 plays a broad
role in mRNA metabolism.

Results
Sus1 interacts genetically with components of the mRNA
degradation machinery
Unveiling the network of genetic interactions for a given
factor provides clues to understand its role in a cellular
context. To further uncover Sus1’s molecular function,
we utilized The BIOGRID database [18], searching for
the complete genetic network of sus1Δ. Among others,
we found a number of factors involved in mRNA bio-
genesis, whose deletion enhanced the sus1Δ growth
defect (Figure 1A). Moreover, recent analysis of wide
yeast genetic interactions confirms these data and
extends the list of sus1Δ interactors involved in mRNA
processing (Figure 1B) [19,20].
To corroborate and extend this observation we gener-

ated double mutants of SUS1 combined with deletions
in PAT1, LSM1, LSM6 or DHH1 and the resulting phe-
notypes were analysed. Deletion of either PAT1 or
LSM1 in sus1Δ cells provokes a synthetic lethal pheno-
type (Figure 2A). In addition, absence of LSM6 or
DHH1 elicits an enhancement of the slow growth asso-
ciated with sus1Δ (Figure 2B). In conclusion, Sus1
genetically interacts with key components of the cyto-
plasmic 5’®3’ mRNA decay machinery.

When overexpressed, Sus1 accumulates at cytoplasmic
granules
Work from many laboratories has shown that some pro-
teins involved in mRNA metabolism are constituents of
mRNP cytoplasmic granules (reviewed in [4,5]). In light
of the fact that there are genetic interactions between
Sus1 and some of these factors, we asked whether Sus1
could accumulate at discrete cytoplasmic granules under
specific conditions. Interestingly, after glucose starvation
or in stationary phase, we observed an accumulation of
Sus1 in discrete granules at the cytoplasm (data not
shown). Moreover, overexpression of Sus1 from its
cDNA (Cuenca-Bono et al., manuscript in preparation)
enhanced this accumulation. Several types of cytoplas-
mic granules have been characterized in yeast including
P-bodies and stress granules [5]. To address the nature
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of Sus1-containing granules, we co-localised the P-body
component Dcp2 and Sus1 in cells expressing SUS1
cDNA. As shown in Figure 3A, Sus1 partially co-loca-
lises with P-bodies under these conditions. From this,
we conclude that Sus1 can enter the P-bodies when
overexpressed.
Different factors contribute to the assembly of

P-bodies under glucose deprivation. The general decap-
ping activators Dhh1, Pat1 and Lsm1 have different
roles in P-body assembly and composition [21]. Since
absence of Lsm1 or Pat1 is synthetic lethal with sus1Δ,
we checked for the contribution of these factors to Sus1
presence at cytoplasmic granules. Cells lacking either
LSM1 or PAT1 were transformed with pGFP-SUS1-
cDNA and pDcp2-RFP; and localisation analysis of both
proteins by fluorescence microscopy was performed. As
shown in Figure 3B, Sus1 and Dcp2 still co-localise in
these mutant backgrounds. Therefore, we conclude that
Sus1 co-localises with P-bodies independently of Lsm1
and Pat1. To analyze whether Sus1 might have a role in
the assembly of cytoplasmic structures as P-bodies or
stress granules, we localized Dcp2 or Pab1 in sus1Δ
cells. As illustrated in Figure 3C Sus1 is dispensable for
the formation of P-body and stress granule. Thus, we
conclude that Sus1 appears not to be a structural com-
ponent of P-bodies or stress granules.

Sus1 interacts physically with components of P-bodies
and stress granules
Taken together our genetic and localisation results sug-
gest that Sus1 could transiently enter P-bodies. A tenta-
tive idea is that Sus1 interacts with this mRNP early
during transcription and a minor pool of the proteins
could travel to the cytoplasm. To substantiate this idea,
we studied whether Sus1 physically interacts with pro-
teins found in P-bodies. Based on our genetic data we
first tested the association between Sus1 and Dhh1.
Cells expressing Sus1-TAP were grown in standard con-
ditions and TAP purification was performed as
described previously [12] and in Methods. As shown in
Figure 4A, specific interaction between Sus1 and Dhh1
was demonstrated by western blot using anti-Dhh1 anti-
bodies. Notably, we observed a reduction in Sus1
expression in whole cell extracts (WCE) of cells lacking
DHH1. This decrease could impact on Sus1 stability
since the profile of the enriched Sus1-TAP calmoduline
eluate in dhh1Δ is drastically affected (Figure 4A lower
panel). Hence, we conclude that Sus1 physically inter-
acts with Dhh1 and loss of DHH1 affects Sus1 stability/
expression.
To extend this observation, we performed Sus1-TAP

purification and the enriched calmoduline eluate was
this time analysed by multidimensional protein

Figure 1 Network showing Sus1 interactions. (A) All known physical or genetic SUS1 interactions were downloaded from the BioGRID
database [18]. Osprey software was used to obtain the graphical representation of the Sus1 network by gene ontology and a complete legend
of colour settings can be found in [26]. (B) Network visualization of SGA genetic interactions involving genes that participate in mRNA
processing. Positive SGA interactions are coloured in green, while negative SGA interactions are in red. A complete legend of colour setting and
all information can be found in DRYGIN [20].
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identification technology (MudPIT) in order to identify
the polypeptide mixture present in our affinity purifica-
tion. This kind of analysis has been extensively used to
discover new interactors of a known protein and to
study in more detail the proteomic characterization of
different pathways [22]. Our MudPIT analysis (Figure
4B) reveals that besides SAGA and TREX2 subunits
(data not shown), Sus1 co-purifies with the ribosome-
associated factor Stm1 and the translation initiation fac-
tors eIF4E and eIF4G. Moreover, we also identified the

poly(A) binding proteins Pab1, Pbp1, Pbp4, Lsm12 and
Mkt1. Furthermore, peptides corresponding to the
5’®3’ exonuclease Xrn1, present at PBs and SGs and
Upf2 protein (involved in NMD and present at SGs)
were identified in our purification. Altogether, our Mud-
PIT analysis reinforces our genetic and localisation data
thereby revealing new physical connections between
Sus1 and factors involved in translation and mRNA
metabolism, some of which are localised to P-bodies
and/or stress granules.

Figure 2 SUS1 Interacts Genetically with Genes Encoding Components of the mRNA decay machinery. (A) Synthetic lethality of sus1Δ with
lsm1Δ and pat1Δ. Double mutants containing a pRS316-SUS1 plasmid, were transformed with an empty vector (pRS313) or the same plasmid
bearing a wild-type version of SUS1 (pRS313-SUS1). Transformants were streaked onto 5-fluoroorotic acid (FOA) containing plates, which were
incubated at 30°C for 3 days. No growth indicates synthetic lethality. (B) Synthetic sick phenotype of sus1Δ with lsm6Δ or dhh1Δ. Wild-type (wt),
single and double mutants were transformed with an empty vector (pRS316). The double mutants were also transformed with a pRS316-SUS1
(pSUS1) in order to complement the phenotype. Cells were diluted in 10-1 steps, and equivalent amounts of cells were spotted on SC-URA
plates.
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To strengthen our biochemical result showing physical
interaction between Sus1 and the SGs/PBs component
Pab1, we checked for co-localisation between them in
wild-type cells during stationary phase. As illustrated in
Figure 4C, Sus1 and Pab1 co-localise at discrete cyto-
plasmic granules. Thus, we conclude that Sus1 is pre-
sent in Pab1-containing granules, which support its
presence at P-bodies and/or stress granules.

mRNA decay components affect Sus1 protein interactions
Sus1 is part of two multiprotein assemblies, the SAGA
and TREX2 complexes (reviewed in [16]). The levels of
Sus1 binding to each complex is important for their
correct functionality. The fact that LSM1, PAT1 and
DHH1 are genetically linked to SUS1, prompted us to
test whether Sus1 association with SAGA or TREX2
components was disrupted in the absence of these pro-
teins. Hence, we genomically TAP-tagged Sus1 in
lsm1Δ and pat1Δ strains and conducted Sus1-TAP puri-
fication using standard conditions. As illustrated in Fig-
ure 5A, Sus1 is associated with both SAGA and TREX2

in lsm1Δ and pat1Δ strains. However, comparison
between the calmoduline eluates from the three purifi-
cations by coomassie staining revealed a reproducible
enrichment of Sac3 (TREX2 subunit) in lsm1Δ and
pat1Δ compared to the wild-type. We conclude that the
absence of LSM1 and PAT1 improves Sus1-Sac3 asso-
ciation. Both Sac3 and Sus1 bind to the essential
mRNA exporter Mex67. If loss of LSM1 and PAT1 pro-
motes the interaction between Sus1 and TREX2 it may
increase the association between Sus1 and Mex67. To
test this possibility, we used western blot analysis to
look for the presence of Mex67 in the calmoduline elu-
ates from our purifications. As shown in Figure 5B a
slight increase of the associated mRNA export factor
Mex67 is observed, whereas no enrichment of the
SAGA subunit Taf6 was found. As loading controls,
western blots of whole cell extracts (WCE) revealed
similar expression for these proteins in wild-type and in
both mutants strains (Figure 5C). Taken together, these
results suggest that loss of Lsm1 or Pat1 alters the
kinetics of Sus1 associations.

Figure 3 Sus1 co-localises with P-bodies. (A) Sus1 partially localises at P-bodies in stationary phase. Wild-type (wt) cells co-transformed with a
plasmid containing the cDNA of SUS1 (pGFP-SUS1cDNA) and a plasmid containing Dcp2 (pDcp2-RFP) were observed in stationary phase. Partial
co-localisation indicates localisation of Sus1 in P-bodies. Pictures were obtained by fluorescence microscope. (B) Sus1 is present at P-bodies
independently of Lsm1 or Pat1. Cells expressing SUS1cDNA and Dcp2 in the different mutants were observed in stationary phase. Pictures were
taken with a camera mounted onto a fluorescence microscope. (C) SUS1 is not required for P-bodies or stress granules formation. Cells expressing
Dcp2-RFP or Pab1-GFP were transformed in sus1Δ and observed in stationary phase or after heat shock respectively. Images were generated
using a fluorescence microscope.
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Discussion
Sus1 is genetically linked to proteins involved in differ-
ent stages of gene expression. Previously, we reported
that Sus1 deletion is synthetic lethal with deletions in
mRNA export/biogenesis factors, namely Mex67, Yra1,
Dbp5, Nab2 and Sub2 [12]. In this study we show
strong genetic interactions between SUS1 and PAT1 or
LSM1 (synthetic lethality), and DHH1 or LSM6 (syn-
thetic enhancement). Lsm1, Lsm6, Pat1 and Dhh1 are
proteins involved in mRNA degradation that are loca-
lised at cytoplasmic P-bodies [21]. Thus these new
genetic interactions between Sus1 and these factors sug-
gest a connection between Sus1 and cytoplasmic mRNA
metabolism.
To gain knowledge about the functional meaning of

these genetic interactions, we have investigated the pre-
sence of Sus1 at P-bodies. In addition to the genetic link
between Sus1 and P-body components, we have been

able to localise Sus1 at cytoplasmic granules, by showing
that it partially co-localises with Dcp2 and Pab1. More-
over, Sus1-Dcp2 co-localisation in the cytoplasmic gran-
ules is independent of Lsm1 or Pat1 and we have
demonstrated that Sus1 is dispensable for PB or SG
assembly.
We showed previously that under standard growth

conditions Sus1-GFP is localized at the NPC and the
nuclear lumen, but that a weak signal could be detected
in the cytoplasm [12]. However, Sus1 was not visible at
these granules suggesting that Sus1 co-localisation with
P-bodies might be very dynamic and transient. Accord-
ingly, we have shown that Sus1 co-purifies with P-body
components Dhh1 and Xrn1, after standard Sus1-TAP
purification. Thus it is likely that a minor pool of the
protein, undetectable by our fluorescence analysis, is in
fact associated with cytoplasmic structures in physiologi-
cal conditions. Strikingly, during the revision process of

Figure 4 Sus1 interacts with Dhh1 and co-localise with Pab1. (A) Sus1 physically interacts with Dhh1. Sus1 co-purification with Dhh1 was
revealed by western-blot of Sus1-TAP calmoduline eluates purificied from wild-type (wt), and dhh1Δ cells using anti-Dhh1 antibodies (left panel).
Prior to purification, Sus1 and Dhh1 presences were confirmed by western blot analysis of whole cell extracts (WCE) (right panel). Lower panel
shows the enriched calmoduline eluates from Sus1-TAP (wt), and Sus1-TAPdhh1Δ purifications analysed by SDS 4-12% gradient polyacrylamide
gel electrophoresis stained with Coomassie (B) MudPIT analysis of Sus1-TAP. List of proteins co-purified with Sus1 identified by MudPIT. PBs
(P-bodies); SGs (stress granules); ND (Not Determined) (C) Sus1 is present at cytoplasmic Pab1-containing granules. Sus1 co-localises with Pab1
in stationary phase.
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this work, Drosophila Sus1 (ENY2) has been observed in
the cytoplasm [17]. Kopytova and coworkers detected a
significant amount of ENY2 in the cytoplasm of Droso-
phila S2 cells and they conclude that ENY2 may also be
of significance for the fate of mRNPs in the cytoplasm.
Sus1 also co-purifies with factors involved in transla-

tion initiation and poly(A) binding proteins, which have
also been reported to enter P-bodies and to be constitu-
ents of stress granules [8-10,23]. By MudPIT analysis of
our standard Sus1-TAP purification, peptides for eIF4E,
eIF4G, Pab1, Pbp1, Pbp4, Lsm12, Mkt1 and Stm1 were
found. In glucose starvation conditions, eIF4E, eIF4G
and Pab1 were shown to keep away from ribosomes and
to localise at cytoplasmic granules originally named
EGP-bodies (eIF4E, eIF4G, Pab1) [9]. Observations by
Hoyle and co-workers demonstrate that these mediators
accumulate both in P-bodies and in EGP-bodies. In
these lines, co-localisation of Sus1 and Pab1 demon-
strates that Sus1 is present in Pab1-containing granules
during stationary phase, which supports our previous
data and opens the possibility of Sus1 presence also at
SG and/or EGP-bodies. In addition, Sus1 also interacts

with Stm1, which promotes Dhh1 function in transla-
tion repression and mRNA decay [24].
What is Sus1 function in the cytoplasmic mRNA

cycle? We speculate that Sus1 can travel with the
mRNPs, especially since it is loaded early during tran-
scription. It may then facilitate the interaction with
other factors thereby providing a way to connect tran-
scription and translation through mRNP metabolism. A
possible scenario is that Sus1 mediates different physical
interactions between the P-body machinery and transla-
tion, to contribute to the fate of the mRNA in the cyto-
plasm. In support of this model, the resolution of the
Sus1 structure in association with TREX2 or SAGA has
revealed that its structure is compatible with multiple
associations [25]. The extended fold of Sus1 creates a
surprisingly large surface area for a protein of this size
and this could facilitate the association of Sus1 with
other factors. Previous work suggested that eIF4E,
eIF4G and Pab1 could be present on a subpopulation of
mRNAs in the P-bodies [10]. It was suggested that such
mRNA subpopulations could be a specific set of tran-
scripts. Based on these arguments it is possible that

Figure 5 Absence of the decay mutants partially enhances Sus1 binding to TREX2 and Mex67. Sus1 association to TREX2 is enhanced in
pat1Δ and lsm1Δ. Sus1-TAP was affinity-purified from wild-type (wt), pat1Δ and lsm1Δ strains. The enriched calmoduline eluates from all
purifications were analysed by SDS 4-12% gradient polyacrylamide gel electrophoresis and proteins stained with Coomassie. Sus1, Tra1, Spt7 and
Sac3 bands were verified by mass spectrometry. (B) Sus1 association to Mex67 is increased in the absence of PAT1 or LSM1. Enrichment of Mex67
in the calmoduline eluates from the respectives deletion strains is demonstrated by western blotting using anti-Mex67 antibodies, whereas no
differences were observed for Taf6. (C) Sac3, Mex67 and Sus1 expression levels were confirmed by detecting similar loading from inputs by
immunoblot.
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Sus1 contributes to the mRNA metabolism of SAGA
dependent genes in the cytoplasm as well as in the
nucleus. Further experiments to characterize the compo-
sition of Sus1 cytoplasmic structures will help us to ver-
ify this hypothesis. Remarkably, a possible cytoplasmic
role for Sus1 is likely to be conserved through evolution
since ENY2 is present in the cytoplasm of Drosophila S2
cells [17], a finding which strongly supports our data.
Future work will help us to reveal new insights in to
how Sus1 participates in gene expression from chroma-
tin modifications to mRNA metabolism in the
cytoplasm.

Conclusions
Sus1 is genetically linked to factors involved in mRNA
decay. Sus1 is observed at P-bodies and stress granules
when overexpressed and it interacts physically with
components of these cytoplasmic structures in normal
conditions.

Methods
Yeast Strains, Plasmids, Microbiological Work
Yeast strains and plasmids used in this study are listed
in Additional file 1 (Supplemental Table 1 and Supple-
mental Table 2, respectively). Microbiological techni-
ques, yeast plasmid transformation, mating, sporulation
of diploids and tetrad analysis were done essentially as
described previously [14]. For spotting analyses, cells
were grown on synthetic selective medium (Synthetic
complete medium: glucose 2%, ammonium sulphate
0,4%, yeast nitrogen base 0,34%, and supplements
(Dropout)) to 0.5 OD600 and subjected to 10-fold serial
dilutions. Chromosomal integration of TAP and MYC
as C-terminal tags were performed as described in [14].
Genetic interaction studies were performed by growing
the double mutants under appropriated conditions. An
empty plasmid (pRS313) and the same plasmid contain-
ing SUS1 were used for synthetic lethal assays. The dot-
spot assays were performed by transforming the cells
with an empty plasmid (pRS316) and the same plasmid
backbone bearing SUS1 for complementation.

TAP Purifications, MudPIT and Western Blot Analysis
TAP purifications of wild-type (BY4741) and mutant
strains were performed as described previously [12].
Sus1-TAP fusion protein and associated proteins were
recovered from cell extracts by affinity selection on an
IgG matrix. After washing, the TEV protease is added
to release the bound material. The eluate is incubated
with calmodulin-coated beads in the presence of cal-
cium. This second affinity step is required to remove
the TEV protease as well as traces of contaminants
remaining after the first affinity selection. After washing,
the bound material is released with EGTA. This

enriched fraction is called Calmoduline eluate. Calmo-
duline eluates from the TAP-purified complexes were
analyzed by SDS-PAGE by using Novex 4-12% gradient
gels (Invitrogen) and visualized by staining with Novex
Colloidal Blue staining kit (Invitrogen). MudPIT ana-
lyses were performed by mass spectrometry as described
in [22]. Western blot analysis was performed using anti-
Mex67, anti-Taf6, anti-Dhh1, anti-MYC and anti-TAP
according to standard procedures.

Preparation of Cells for Fluorescence Microscopy
For observation at stationary phase, cells were grown for
two days in synthetic selective medium supplemented
with amino acids. Cells were then washed and resus-
pended in fresh media prior to observation. For observa-
tion at 42°C, cells were treated for 10 minutes at 42°C
and immediately observed. Pictures were made using a
Leica DM6000B fluorescence microscope.

Sus1 Network Representation
Data available from the BIOGRID [18] were downloaded
and used to represent Sus1 interactions with the Osprey
1.2.0 software available at [18]. A complete legend of
colour settings can be found in [18]. Network visualiza-
tion of SGA genetic interactions involving genes that
participate in mRNA processing were downloaded from
DRYGIN database. A complete legend of colour settings
and all information can be found in [18].

List of abbreviations
mRNA: messenger RiboNucleic Acid; SAGA: Spt-Ada-Gcn5-acetyltransferase.
NPC: Nuclear Pore Complex; TREX2/THSC: Sac3-Thp1-Cdc31-Sus1 complex;
P-bodies/PBs: Processing bodies; SGs: Stress Granules; mRNP: messenger
RiboNucleoProtein; Poly(A): Polyadenilated mRNA tail; SAGA-DUB: SAGA
DeUbiquitination Module; MudPIT: Multidimensional Protein Identification
Technology; NMD: Nonsense Mediated Decay; EGP-bodies: eIF4E, eIF4G and
Pab1p bodies.

Additional file 1: Supplementary tables. Yeast strains and plasmids
used in this study.
Click here for file
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Acknowledgements
We would like to thanks Dr. Puig (Universidad de Valencia, Spain) for
scientific comments. Dr. Cole (Dartmouth Medical School, USA) for sending
reagents and Markus Meyer and Dr. Fullard for editing comments. Special
thanks go to Natalia Gómez for her initial contribution to this work. The
excellent technical assistance of the Mass Spectrometry service in the CIPF
(from ProteoRed network) is acknowledged. SRN is supported by the Ramón
y Cajal program and funded by the Spanish Ministry of Science and
Innovation (BFU2008-04082-C02-02) and Generalitat Valenciana
(ACOMP2009/053). BCB is a holder of a predoctoral fellowship from the
Spanish Ministry of Science and Innovation.

Authors’ contributions
BCB participates in the design of the study, carried out the molecular
genetic studies, microscopy work and helped to draft the manuscript. VGM

Cuenca-Bono et al. BMC Cell Biology 2010, 11:19
http://www.biomedcentral.com/1471-2121/11/19

Page 8 of 9



contributed to the microscope work, genetic studies and strain construction.
PPG carried out the biochemical analysis and strains construction. EGO
participates in the TAP purification and western blot analysis. ALL assisted
technically in all parts of the work. SRN conceived the study, participated in
microscope and biochemical analysis, coordinated the work and wrote the
paper. All authors read and approved the final manuscript.

Received: 7 August 2009 Accepted: 15 March 2010
Published: 15 March 2010

References
1. Perales R, Bentley D: “Cotranscriptionality": the transcription elongation

complex as a nexus for nuclear transactions. Mol Cell 2009, 36:178-191.
2. Goler-Baron V, Selitrennik M, Barkai O, Haimovich G, Lotan R, Choder M:

Transcription in the nucleus and mRNA decay in the cytoplasm are
coupled processes. Genes Dev 2008, 22:2022-2027.

3. Parker R, Sheth U: P bodies and the control of mRNA translation and
degradation. Mol Cell 2007, 25:635-646.

4. Balagopal V, Parker R: Polysomes, P bodies and stress granules: states
and fates of eukaryotic mRNAs. Curr Opin Cell Biol 2009, 21:403-408.

5. Buchan JR, Parker R: Eukaryotic stress granules: the ins and outs of
translation. Mol Cell 2009, 36:932-941.

6. Buchan JR, Muhlrad D, Parker R: P bodies promote stress granule
assembly in Saccharomyces cerevisiae. J Cell Biol 2008, 183:441-455.

7. Sheth U, Parker R: Decapping and decay of messenger RNA occur in
cytoplasmic processing bodies. Science 2003, 300:805-808.

8. Sheth U, Parker R: Targeting of aberrant mRNAs to cytoplasmic
processing bodies. Cell 2006, 125:1095-1109.

9. Hoyle NP, Castelli LM, Campbell SG, Holmes LE, Ashe MP: Stress-
dependent relocalization of translationally primed mRNPs to
cytoplasmic granules that are kinetically and spatially distinct from
P-bodies. J Cell Biol 2007, 179:65-74.

10. Brengues M, Parker R: Accumulation of polyadenylated mRNA, Pab1p,
eIF4E, and eIF4G with P-bodies in Saccharomyces cerevisiae. Mol Biol Cell
2007, 18:2592-2602.

11. Gaillard H, Aguilera A: A novel class of mRNA-containing cytoplasmic
granules are produced in response to UV-irradiation. Mol Biol Cell 2008,
19:4980-4992.

12. Rodriguez-Navarro S, Fischer T, Luo MJ, Antunez O, Brettschneider S,
Lechner J, Perez-Ortin JE, Reed R, Hurt E: Sus1, a functional component of
the SAGA histone acetylase complex and the nuclear pore-associated
mRNA export machinery. Cell 2004, 116:75-86.

13. Kohler A, Pascual-Garcia P, Llopis A, Zapater M, Posas F, Hurt E, Rodriguez-
Navarro S: The mRNA export factor Sus1 is involved in Spt/Ada/Gcn5
acetyltransferase-mediated H2B deubiquitinylation through its
interaction with Ubp8 and Sgf11. Mol Biol Cell 2006, 17:4228-4236.

14. Pascual-Garcia P, Govind CK, Queralt E, Cuenca-Bono B, Llopis A, Chavez S,
Hinnebusch AG, Rodriguez-Navarro S: Sus1 is recruited to coding regions
and functions during transcription elongation in association with SAGA
and TREX2. Genes Dev 2008, 22:2811-2822.

15. Chekanova JA, Abruzzi KC, Rosbash M, Belostotsky DA: Sus1, Sac3, and
Thp1 mediate post-transcriptional tethering of active genes to the
nuclear rim as well as to non-nascent mRNP. Rna 2008, 14:66-77.

16. Pascual-Garcia P, Rodriguez-Navarro S: A tale of coupling, Sus1 function in
transcription and mRNA export. RNA Biol 2009, 6:141-144.

17. Kopytova DV, Orlova AV, Krasnov AN, Gurskiy DY, Nikolenko JV,
Nabirochkina EN, Shidlovskii YV, Georgieva SG: Multifunctional factor ENY2
is associated with the THO complex and promotes its recruitment onto
nascent mRNA. Genes Dev 24:86-96.

18. The BioGRID database. [http://www.thebiogrid.org/].
19. Koh JL, Ding H, Costanzo M, Baryshnikova A, Toufighi K, Bader GD,

Myers CL, Andrews BJ, Boone C: DRYGIN: a database of quantitative
genetic interaction networks in yeast. Nucleic Acids Res 38:D502-507.

20. Data Repository of Yeast Genetic INteractions. [http://drygin.ccbr.utoronto.
ca/].

21. Teixeira D, Parker R: Analysis of P-body assembly in Saccharomyces
cerevisiae. Mol Biol Cell 2007, 18:2274-2287.

22. Graumann J, Dunipace LA, Seol JH, McDonald WH, Yates JR, Wold BJ,
Deshaies RJ: Applicability of tandem affinity purification MudPIT to
pathway proteomics in yeast. Mol Cell Proteomics 2004, 3:226-237.

23. Kedersha N, Stoecklin G, Ayodele M, Yacono P, Lykke-Andersen J,
Fritzler MJ, Scheuner D, Kaufman RJ, Golan DE, Anderson P: Stress granules
and processing bodies are dynamically linked sites of mRNP
remodeling. J Cell Biol 2005, 169:871-884.

24. Balagopal V, Parker R: Stm1 modulates mRNA decay and Dhh1 function
in Saccharomyces cerevisiae. Genetics 2009, 181:93-103.

25. Jani D, Lutz S, Marshall NJ, Fischer T, Kohler A, Ellisdon AM, Hurt E,
Stewart M: Sus1, Cdc31, and the Sac3 CID region form a conserved
interaction platform that promotes nuclear pore association and mRNA
export. Mol Cell 2009, 33:727-737.

26. OSPREY: Network visualization system. [http://biodata.mshri.on.ca/osprey].

doi:10.1186/1471-2121-11-19
Cite this article as: Cuenca-Bono et al.: A novel link between Sus1 and
the cytoplasmic mRNA decay machinery suggests a broad role in
mRNA metabolism. BMC Cell Biology 2010 11:19.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Cuenca-Bono et al. BMC Cell Biology 2010, 11:19
http://www.biomedcentral.com/1471-2121/11/19

Page 9 of 9

http://www.ncbi.nlm.nih.gov/pubmed/19854129?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19854129?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18676807?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18676807?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17349952?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17349952?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19394210?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19394210?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20064460?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20064460?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18981231?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18981231?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12730603?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12730603?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16777600?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16777600?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17908917?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17908917?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17908917?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17908917?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17475768?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17475768?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18768757?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18768757?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14718168?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14718168?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14718168?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16855026?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16855026?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16855026?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18923079?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18923079?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18923079?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18003937?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18003937?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18003937?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19246994?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19246994?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20048002?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20048002?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20048002?dopt=Abstract
http://www.thebiogrid.org/
http://www.ncbi.nlm.nih.gov/pubmed/19880385?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19880385?dopt=Abstract
http://drygin.ccbr.utoronto.ca/
http://drygin.ccbr.utoronto.ca/
http://www.ncbi.nlm.nih.gov/pubmed/17429074?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17429074?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14660704?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14660704?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15967811?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15967811?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15967811?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19015546?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19015546?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19328066?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19328066?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19328066?dopt=Abstract
http://biodata.mshri.on.ca/osprey

	Abstract
	Background
	Results
	Conclusions

	Background
	Results
	Sus1 interacts genetically with components of the mRNA degradation machinery
	When overexpressed, Sus1 accumulates at cytoplasmic granules
	Sus1 interacts physically with components of P-bodies and stress granules
	mRNA decay components affect Sus1 protein interactions

	Discussion
	Conclusions
	Methods
	Yeast Strains, Plasmids, Microbiological Work
	TAP Purifications, MudPIT and Western Blot Analysis
	Preparation of Cells for Fluorescence Microscopy
	Sus1 Network Representation

	Acknowledgements
	Authors' contributions
	References
	References

