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Pom34 mRNA is the Only Target of the Sesa Network

Pom34 mRNA'sI Sesa Aginin Tek Hedefidir
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ABSTRACT

PS2 is an essential gene required for the insertion of Saccharomyces cerevisiae centrosome into the nuc-

lear membrane. Upon its deletion, cell cycle is stopped and the cell dies. Recently, we reported that SESA
network can suppress essential role of MPS2. Detailed analysis showed that SESA is a system which suppresses
centrosome duplication defects by inhibiting the translation of a subset of mMRNAs selectively. In this study, we
report the results of a genome-wide deletion screen which unearthed Pom34 mRNA as the only target of the
SESA network.
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6z

accharomyces cerevisiae sentrozomunun cekirdek zarina yerlesmesi icin gerekli olan MPS2, bir elzem gen-

dir. Bu genin silinmesi, hiicre donglsini durdurur ve hiicre 6limiine yol acar. Bir siire 6nce, SESA aginin
MPS2 temel fonksiyonunu baskilayabildigini gosterdik. Ayrintili analizler SESA sisteminin, maya sentrozomu
eslenmesi hatalarini gidermek icin bir kissim mRNAnin translasyonunu secici olarak baskiladigini ortaya koy-
mustur. Bu calismada ise genom olgedinde yaptigimiz tarama ile Pom34 mRNAsinin SESA agnin tek hedefi
oldugunu ortaya cikardik.
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INTRODUCTION

he Saccharomyces cerevisiae nuclear membra-

ne is part of a complex nuclear envelope envi-
ronment also containing chromatin, integral and
peripheral membrane proteins, and large structu-
res such as nuclear pore complexes (NPCs) and
the yeast centrosome (spindle pole body, SPB) [1].
Both NPCs and SPBs are composed primarily of
soluble proteins that partially assemble into sub-
complexes in the nucleus or cytoplasm and must
insert in the core inside the membrane where
inner and outer nuclear membranes join [2]. But
the specific mechanism of how NPC and SPCs are
inserted into the yeast nuclear envelope is not
known. Specific integral membrane proteins in-
teract with soluble components of the NPC and
SPB and are thought to anchor the complexes in
the nuclear envelope. MPS2 is one of the integral
membrane proteins that are required for the in-
sertion of SPB into the nuclear envelope [3].

MPSZ2 is an essential gene required for the inser-
tion of SPB into the nuclear membrane. Upon its
deletion, cell cycle is stopped and the cell dies
[3,4]. Recently, we reported that Smy2 can supp-
ress essential role of MPS2 and co-operates with
Eapl, Scp160, Ascl for this task and we gave the
name SESA network (Smy2, Eapl, Scp160, Ascl)
to the system consisting of these four proteins [5].
Detailed analysis showed that the SESA system is
part of a mechanism which regulates translation
of a subset of mMRNAs. Pom34 mRNA was disco-
vered as one of the target mRNAs. It encodes an
integral membrane protein which is important
for the NPC biogenesis, together with other NPC
components Pom152 and Ndc1 [6-10]. Thus, SESA,
is a system which suppresses SPB duplication de-
fects by inhibiting the translation of a subset of
mRNAs including Pom34 [5].

Although many important points regarding SESA
network have been discovered, many others re-
main unsolved. Most importantly target mRNAs
other than Pom34 remained obscure before this
study [5]. In this work, we report the results of a
genome-wide screen performed to uncover new
targets of the SESA network by transforming
SESA active cells with mTn3-lacZ/LEU2 Snyder
deletion-insertion library.

MATERIALS and METHODS

Transformation of MPS2A pR316-MPS2 Cells
with Snyder Library

mTn3-lacZ/LEU2 Snyder library DNA [11] was
digested with Notl. 50 ml overnight culture of
MPS2A pRS316-MPS2 cells were spun down, was-
hed with water and resuspended in 350 uL LiSorb.
50 pL carrier DNA was added and 50 plL yeast
cells were transformed with 5 pL of digested lib-
rary DNA. The tranformants were spun down, re-
suspended in 1 ml YPDA and recovered for 5 h at
23 C. After recovery the transformants are plated
out on SC-Leu plates and incubated for 2-3 days
so that each plate has around 200 isolated coloni-
es. In the end the number of colonies must reach
3000-4000 colonies for each pool and 30,000
colonies in total.

The colonies were replica plated on SC+5-FOA pla-
tes and the DNA of the yeast strains which grow
on SC+5-FOA plates were isolated.

Primers

S1- and S2-primers were used for the deletion of
yeast genes. S2- and S3-primer pairs were suitab-
le for C-terminal epitope tagging of yeast genes.
S1-, S2- and S3-primers for the amplification of
pYM modules [12] were constructed as follows:

All S-primers contain chromosomal sequences for
homologous recombination followed by nucleo-
tide sequences for the amplification of the pYM
modules. S1 (forward) primers contain 45-55 ba-
ses of the gene-specific sequence upstream from
the START codon including the START codon plus
5-CGTACGCTGCAGGTCGAC-3' for the amplifica-
tion of the pYM modules. S2 (reverse) primers
contain 45-55 bases of the gene-specific sequ-
ence downstream from STOP including the STOP
codon plus 5-ATCGATGAATTCGAGCTCG-3' sequ-
ence for the amplification of the pYM modules.
S3 (forward) primers are identical to the 45-55
bases of the gene-specific sequence upstream
of the STOP codon not including the STOP codon
and contain the 5-CGTACGCTGCAGGTCGAC-3' se-
guence for amplification of the module.

Transformation of Yeast Cells
50 | of yeast competent cells per transformati-
on were thawed at room temperature. DNA was



added to cells followed by 300 | LiPEG and bri-
efly vortexed to mix. Cells were then incubated
at room temperature for 20 min. 30 | DMSO was
then added and mixed immediately by vortexing.
The transformations were then heat shocked in a
water bath at 42°C for 15 min (10 min if tempera-
ture sensitive strain being used). Cells were pel-
leted at 3,200 rpm for 3 min, resuspended in 200
| PBS and plated onto selective plates for 2-3 day
incubation at 30°C (23°C for temperature sensiti-
ve strains).

Antibodies and Immunoblotting

Yeast extracts were prepared using alkaline lysis
and TCA precipitation [5]. To detect proteins by
immunoblotting procedures, blocked membranes
(Protean, Schleicher &Schuell) were incubated
for 2 h at 20°C or overnight at 4°C with antibo-
dies diluted in blocking buffer (PBS, 0.2% Tween
20, 5% dry milk powder) followed by peroxida-
se-conjugated secondary antibodies [Sigma] and
detection with ECL (Roche Molecular Biochemi-
cals). Anti-Tub2 antibody (yeast b-tubulin, GST-
Tub2436-457) was prepared in rabbits against
purified recombinant peptides [5]. Monoclonal
mouse anti-HA (12CA5) antibody was from Roche
Molecular Biochemicals.

RESULTS and DISCUSSION

Genome-wide Deletion Screen to Unearth
Possible Targets of SESA Network

Snyder mTn3-lacZ/LEU2 yeast DNA library scre-
en is based on insertion-deletion mutation. Yeast
DNA library was incorporated into a bacterial vec-
tor and later underwent transposone mutation in
E. coli [11]. When library DNA is isolated and cut
with Not/ enzyme, yeast genes containing mTn3-
lacZ/LEU2 fragments are obtained. Yeast cells
having leu2 genetic background are transformed
with the cut library DNA to achieve insertion-de-
letion mutation in cells. Here a randomly targeted
gene is deleted.

There are two important aspects of this stra-
teqgy. First, the mutation is an insertion-deletion
mutation. Random mutations which target essenti-
al genes are lethal, thus only non-lethal genes are
obtained in this mutation. Second, the insertion oc-
curred during the mutation also serves to tag the
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deleted gene. With this in hand, the deleted gene
that is responsible for the observed phenotype can
be identified easily (Figure 1).

In cells, SESA network inhibits translation of its
target gene. Thus it shows the same phenotype as
the deletion of its target gene. For example, SESA
inhibits translation of Pom34 mRNA. In SESA active
cells due to the inhibition of translation of Pom34,
MPSZ2A cells can survive, while in SESA inactive cells
MPS2A cells do not survive. In the same way, MPS2A
cells in which Pom34 gene is deleted, namely
MPS2A Pom34A double deletion strains are also vi-
able. Consequently, genes whose deletion ensures
survival of MPS2A cells are the possible targets of
the SESA network.

In order to determine possible targets of the
SESA network, MPS2A pRS316-MPS2 cells were
transformed with Not! cut mTn3-lacZ/LEUZ library
and selected on SC-Leu plates. Later they were rep-
lica plated on SC+5-FOA plates and the survivors
were determined (Figure 2). All cells can survive
in SC-Leu plates due to the pRS316-MPS2 plasmid.
In contrast, since this plasmid is lost on SC+5-FOA
plates, the cells have the MPS2A genotype and thus
most of them are inviable. The survivors have an
additional deletion caused by the insertion of the
mTn3-lacZ/LEU2 fragment and this deletion must
be responsible for the survival of MPS2A cells. This
additional deletion is the possible target of the SESA
network.

Yeast DNA of the survivors were isolated, di-

gested with Rsal enzyme, amplified and sequenced
as described in Figure 1[11]. From the sequences of
the neighboring DNA segments, deleted genes were
determined as DEP1, FAA3, IPT1, OPI9, SEC66 and
TRMI.

Identification of Possible Targets of the SESA

Network

Genome-wide screen with Snyder mTn3-laczZ/
LEUZ library uncovered DEP1, FAA3, IPT1, OPI9,
SEC66 and TRM1 as the possible SESA network
targets. In order to test whether these are the
real targets, each gene was deleted in MPS2A
PRS316-MPS2 cells and the resultant strains were

tested for survival (Figure 3). On SC+5-FOA pla-

tes, pRS316-MPS2 plasmid was lost and survival of
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Figure 1. Deletion-insertion mutation in S. cerevisiae cells with mTn3-lacZ/LEU2 Snyder yeast library. MPS2A pRS316-
MPS2 cells were transformed with Not/ cut mTn3-/acZ/LEU2 library. Yeast DNA was isolated, digested with Rsal, amplified,
and sequenced.
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Figure 1. Survivors of the mTn3-lacZ/LEU2 Snyder DNA library transformants. MPS2A pRS316-MPS2 cells were trans-
formed with Not/ cut mTn3-/acZ/LEU2 library and the transformants were grown on SC-Leu plates and SC+5-FOA plates.
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Figure 3. Effect of deplA, faa3A, ipt1A, opi9A,sec66A and trmiA mutations on survival of MPS2A cells. The indicated yeast
strains were tested for growth on SC+5-FOA plates at 23°C for three days.

the MPS2A strains depend on the second deletion.
As can be seen from the results, MPS2A deplA,
MPS2A faa3A and MPS2A trmiA double deletions
are lethal. Deletion of DEPI1, FAA3 and TRM1 did
not ensure survival of the MPS2A cells, they are
the incorrect positives of the screen and are not
targets of the SESA network.

On the other hand, MPS2A ipt1A, MPS2A opi9A
and MPS2A sec66A cells are alive (Figure 3) [13].
Deletion of IPT1, OPI9 and SEC66 is responsible for
survival of the MPS2A cells and thus these gene pro-
ducts may be the targets of the SESA network.

The action of SESA network on its target gene
is based on binding to the mRNA of its target gene
and inhibiting its translation. Thus, the amount of
target protein of the network in MPS2A pRS425-
SMY2 cells is expected to be in lower amounts than
in the wild type cells. In order to check whether the

mRNAs of IPT1, OPI9 and SEC66 are targeted by
SESA, these genes are tagged with -6HA in MPS2A
pRS425-SMYZ2 cells by the method of Janke and co-
workers [12], and the amounts of the corresponding
proteins were determined by immunoblotting. As
shown in Figure 4, the amount of Pom34 is reduced
abruptly in MPS2A pRS425-SMY2 cells compared
to MPS2A pRS315-MPS2 cells, due to the inhibition
of its translation by the SESA network. In contrast
Ipt1, Opi9 and Sec66 proteins are present in equal
amounts in SESA active MPS2A pRS425-SMY2 cells
and SESA inactive MPS2A pRS315-MPS2 cells; the-
ir translation is not inhibited by the effect of SESA.
Consequently, IPT1, OPI9 and SEC66 mRNAs are not
targets of the SESA network, Pom34 mRNA is the
only detected target of the SESA network.

The correct separation of chromosomes during
mitosis is necessary to prevent genetic instability
and aneuploidy which causes cancer, and other dise-
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Figure 4. Effect of SESA network on translation of IPT1, OPI9 and SEC66 mRNAs. Total cell extracts from yeast strains
expressing Pom34-6HA, IPT1-6HA, OPI9-6HA and SEC66-6HA were analyzed by immunoblotting using anti-HA antibodi-

es. Anti Tub2 antibodies were used as loading control.

ases. The main criteria for this is the correct duplica- 3
tion of the centrosome. Current status of the SESA
project, makes an unexpected connection between
centrosome duplication and translational control. It 4.
is important to uncover SESA system in detail not
only for closely related areas such as cancer, aneup-
loidy, protein synthesis, but also for similar systems
in higher eukaryotes such as Maskin-CPEB (X. lae-
vis) [14,15], 4E-T-CPEB (X. laevis) [16], Cup-Bruno
(Drosophila) [17-20]. In this work we showed that
Pom34 mRNA is the only target of the SESA net- 6
work. This highly sensitive selection to choose and
inhibit one single mMRNA among more than 6000
mRNAs is quite remarkable and its mechanism re- 7-
mains to be uncovered.
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