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Cells of the fission yeast Schizosaccharomyces pombe are
cylindrical, growing by elongation of their ends and dividing by
medial septation followed by cleavage of the septum (for a
review, see reference 21). Like other eukaryotic organisms,
S. pombe uses an actomyosin contractile ring to provide the
force necessary for cell cleavage (reviewed in references 14, 18,
21, 35, and 49). Concomitant with constriction of the actomyosin ring and addition of new membranes, synthesis of the
primary septum and the new cell wall occurs. Genetic studies
have identified many genes that are important for the different
steps of cytokinesis, such as the positioning and assembly of the
actomyosin ring, the localization of actin patches at the site of
cell division, the coordination between ring contraction and
nuclear cycle, and the physical assembly of the division septum
(8, 14, 18, 21, 27, 35, 49). Cps1/Bgs1p is the ␤-1,3-glucan
synthase subunit essential for the biosynthesis of the primary
septum and is composed mainly of linear (1,3)-␤-D-glucan (23,
28, 31). The primary septum is surrounded on both sides by
two so-called secondary septa, similar to the rest of the cell wall
(22). Upon septum assembly completion, the primary septum
undergoes rapid autolytic degradation, accompanied by local
erosion of the adjacent regions of the cell wall. This last step of
cytokinesis is required to separate the two cells.
The isolation of mutants affected in cell separation has provided some insights into how septum cleavage is achieved. It
has been proposed that local secretion of ␤-glucanases is
needed, since linear (1,3)-␤-D-glucan is the main component of
this structure (22). In agreement with this prediction, it has
been recently shown that Eng1p, a protein with endo-(1,3)-␤D-glucanase activity that transiently localizes to the septum

region in a ring-like structure, is necessary for primary septum
dissolution (33). Additionally, an endo-(1,3)-␣-D-glucanase,
Agn1p, has also been described (2, 17, 20), and this enzyme
acts in concert with Eng1p to achieve efficient cell separation,
hydrolyzing the cell wall material surrounding the primary
septum. The exocyst complex is also required for cell separation (48), and it might be involved in the delivery of hydrolytic
proteins important for cell cleavage. Other mutants with cell
separation defects include, for example, those with mutations
in the septins (32), the Mid2p anillin (9, 45), the calcineurin
catalytic subunit Ppb1p (50), the mitogen-activated protein
kinase Mpk1p (46), the Rho1GAP Rga5p (12), the putative
RNA binding protein Scw1p (25, 26), or the transcription factors Sep1p and Ace2p, which regulate many septation genes
(25, 33, 40, 41). It has been established that a transcriptional
cascade from Sep1p to Ace2p defines a regulatory pathway at
the end of the cell cycle that is required for cell separation
(2, 6).
Rho GTPases are key molecules in polarity processes (reviewed in references 10 and 44). In yeasts, Rho GTPases are
responsible for the coordinated regulation of cell wall biosynthesis and the actin cytoskeleton, which is required to maintain
cell integrity and polarized growth (3, 11).
S. pombe has six Rho GTPases. cdc42⫹ and rho1⫹ are essential
genes involved in polarity processes (1). The Rho1p GTPase
localizes to sites of polarized growth, is the regulatory component
of the (1,3)-␤-D-glucan synthase, and is also required for maintenance of cell integrity and polarization of the actin cytoskeleton.
Rho1p-GTP interacts with Pck1p and Pck2p, the two fission yeast
PKC homologues (4). Rho2p-GTP also localizes to sites of polarized growth, interacts with Pck2p, and is a positive regulator of
Mok1p, an essential (1,3)-␣-D-glucan synthase (13). Rho3p interacts with the formin For3p and is involved in polarity processes
(36). Rho3p also modulates the exocyst function (47). rho4⌬
cells are defective in cell separation at high temperature. Rho4p
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Rho GTPases are regulators of signaling pathways that control actin organization and cell polarity processes
in all eukaryotic cells. In Schizosaccharomyces pombe, Rho4p is involved in the regulation of septum degradation
during cytokinesis. Here we show that Rho4p participates in the secretion of the glucanases Eng1p and Agn1p,
which are responsible for the septum degradation. First, eng1ⴙ or agn1ⴙ overexpression suppressed the rho4⌬
multiseptation phenotype, and simultaneous overproduction of Rho4p and Eng1p or of Rho4p and Agn1p
caused a dramatic lysis. Second, Rho4p was not necessary for Eng1p-mediated glucanase activity as measured
in cell extracts; however, rho4⌬ cells have a lower level of (1,3)-␤-D-glucanase activity in the culture medium.
Additionally, Eng1- or Agn1-green fluorescent protein did not properly localize to the septum in rho4⌬ cells
grown at 37°C. There was a decreased amount of these enzymes in the cell wall and in the culture medium of
rho4⌬ cells at 37°C. These results provide evidence that Rho4p is involved in the regulation of Eng1p and
Agn1p secretion during cytokinesis.
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TABLE 1. Strains
Strain

PPG102 ................h⫺
PPG371 ................h⫺
PPG1541 ..............h⫺
YAB14 .................h⫺
PPG1568 ..............h⫺
YAB18 .................h⫺
PPG1766 ..............h⫺
KGY4398a ...........h⫺
PPG3809 ..............h⫹
PPG4154 ..............h⫹
PPG4156 ..............h⫹
a

Genotype

leu1-32
leu1-32 ura4-D18
leu1-32 ura4-D18 rho4::kanMX6
ura4-D18 eng1::kanMX6
ura4-D18 eng1::kanMX6 rho4::kanMX6
leu1-32 eng1-GFP
leu1-32 eng1-GFP rho4::kanMX6
ura4-D18 leu1-32 ade6-M210 agn1-GFP
ura4-D18 leu1-32 ade6 agn1-GFP rho4::kanMX6
bgs1-GFP rho4::kanMX6 ade6-M210 his3-D1
bgs4-GFP rho4::kanMX6 ade6-M210 his3-D1

Strain KGY4398 is from K. Gould’s laboratory.

MATERIALS AND METHODS
Strains, growth conditions, and genetic methods. All the strains used were
isogenic to wild-type strains h⫺ 972 and h⫹ 975 and are described in Table 1.
Standard S. pombe media and genetic manipulations were employed (34). Yeast
cells were grown in YES (rich medium) or minimal medium (EMM) supplemented with the necessary requirements. For the nutritional shift experiments,
cells were grown in EMM with the appropriate supplements, washed with the
same medium lacking the nitrogen source (EMM⫺N), and resuspended in
EMM⫺N. Growth was monitored by measurements of optical density at 600 nm.
Escherichia coli DH5␣ (Gibco BRL) was used as host for propagation of
plasmids. Cells were grown in LB medium supplemented with 50 g/ml ampicillin.
All DNA and RNA manipulations were carried out by established methods
(5, 42). Yeast transformations were performed by the lithium acetate method
(24). The nmt1⫹ promoter-containing vectors pREP3X and pREP4X (19) were
used for overexpression experiments. Transformed cells were grown until midlog phase in minimal medium (EMM) containing 15 M thiamine. Cells were
then harvested, washed three times with water, and inoculated into fresh medium
without thiamine, and samples were taken at the time points described for each
experiment. Plasmid pND02 was used for agn1⫹ overexpression studies (17).
Deletion of rho4⫹ or eng1⫹ and tagging of the eng1⫹ or agn1⫹ gene have been
described previously (2, 33, 43).
Microscopy techniques. Eng1-GFP, Agn1-GFP, Bgs1-GFP, and Bgs4-GFP
were observed using a Leica DMRXA microscope. Images were captured with a
Photometrics Sensys charge-coupled-device camera and processed with Adobe
Photoshop software.
Western blotting. Exponentially growing cells (108) were harvested by centrifugation, washed once with lysis buffer (100 mM Tris-HCl, pH 8, 1 mM EDTA,
100 mM NaCl, 0.5% NP-40) containing protease inhibitors (Sigma), resuspended
in 100 l of lysis buffer, and broken with glass beads in a Fast-Prep (Bio 101
Savant). Lysates were centrifuged for 10 min at 14,000 ⫻ g, and protein concentration was determined with the Bio-Rad protein assay kit. Precipitated cell walls
were washed once with 5% NaCl, centrifuged for 5 min at 1,000 ⫻ g, and washed
twice with 1 mM EDTA. The walls were resuspended in 100 l of lysis buffer,

RESULTS
Overexpression of eng1ⴙ or agn1ⴙ suppresses the rho4⌬
multiseptation phenotype. Previous work suggested that Rho4p
is involved in cell wall degradation during septation (37, 43).
Cells lacking Rho4p accumulate vesicles in the septation area
when grown at 37°C (43). To further analyze the function of
Rho4p during this process, we studied the possible relationship
of this GTPase with Eng1p, the ␤-glucanase that degrades the
primary septum, and Agn1p, the ␣-glucanase implicated in cell
separation. First, we analyzed if overexpression of eng1⫹ or
agn1⫹ was able to suppress the phenotype of rho4⌬ cells.
Cultures of rho4⌬ mutants at 37°C contain a higher percentage
of septating cells and some cells with multiple septa (43)
(Fig. 1). Interestingly, eng1⫹ or agn1⫹ overexpression in rho4⌬
cells decreased the percentage of septated and multiseptated
cells (Fig. 1). eng1⫹ overexpression suppressed the separation
defect better than agn1⫹ overexpression, most probably because different versions of nmt1 promoter were used. Overexpression of agn1⫹ using pREP3X is lethal (20).
Simultaneous overexpression of rho4ⴙ and eng1ⴙ or agn1ⴙ
causes severe lysis. Rho4p overproduction causes 20 to 30%
lysis to cells growing in liquid culture. However, the remaining
cells survive and are able to grow as rounded cells (43). In solid
medium, Rho4p-overproducing cells are able to grow. Overexpression of eng1⫹ does not cause any morphological or lytic
phenotype (Fig. 2) (33). Interestingly, when Eng1p and Rho4p
were simultaneously overproduced, the cells were unable to
grow in solid medium (Fig. 2A), and the fraction of lysed cells
increased to 50 to 60% in liquid medium (data not shown).
Lysis also increased to similar levels (45 to 50%) when Agn1p
and Rho4p were simultaneously overproduced (Fig. 2B). A
possible explanation for this additive effect would be that the
glucanases are Rho4p targets; therefore, Rho4p might either
act as an activator of the glucanase activities or be necessary
for their polarized secretion during septum degradation. In
such cases, overexpression of rho4⫹ would cause, respectively,
either excessive activation or ectopic glucanase secretion, and
both of these situations would result in cell lysis. Alternatively,
the additive effects could be caused by the activation of two
independent pathways.
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localizes to the septum, and it has been proposed that is involved
in cell wall degradation during cytokinesis (43). In this study, we
have characterized the relationship between Rho4p and the glucanases Eng1p and Agn1p. eng1⫹ or agn1⫹ overexpression suppressed the rho4⌬ multiseptation phenotype. Double overexpression of rho4⫹ and eng1⫹ was lethal. Eng1-green fluorescent
protein (GFP) and Agn1-GFP were not properly localized in
rho4⌬ cells at high temperature. In fact, Eng1-GFP was not detected and Agn1-GFP was clearly reduced in the cell wall or the
culture medium of rho4⌬ cells grown at 37°C. Interestingly,
Rho4p was not required for the (1,3)-␤-D-glucanase activity of
Eng1p, as measured in vitro from cell extracts; however, rho4⌬
cells had reduced glucanase activity in the culture medium. From
these results, we conclude that Rho4p is involved in the regulation
of Eng1p or Agn1p secretion during cytokinesis.

mixed with an equal volume of 2⫻ concentrated Laemmli buffer, boiled for
5 min, and centrifuged. A total of 100 g protein from the cytoplasm fraction or
20 l from the cell wall supernatant was loaded onto polyacrylamide gels containing sodium dodecyl sulfate. After electrophoresis, proteins were blotted onto
Immobilon-P (Millipore) and probed with monoclonal anti-GFP antibody
(Becton Dickinson). The reactive bands were detected by using anti-mouse
immunoglobulin G–horseradish peroxidase-conjugated antibodies (Bio-Rad)
and the ECL detection kit (Amersham Pharmacia Biotech).
To analyze the presence of Eng1p or Agn1p in the culture medium, approximately 108 cells were centrifuged and the supernatants were concentrated 100
times using 50-ml Amicon Ultra tubes (Millipore). A volume corresponding to
107 cells was loaded into the gels.
Measurement of (1,3)-␤-D-glucanase activity. Endo-(1,3)-␤-D-glucanase activity was assayed against laminarin in cell extracts or in concentrated culture
supernatants as previously described (7). Determination of the reducing sugars
released in the reactions was performed by the methods of Somogyi (43a) and
Nelson (38). One unit of activity was defined as the amount of enzyme that
catalyzed the release of reducing sugar groups equivalent to 1 mol of glucose
per hour, and specific activity was expressed as units per milligram of protein or
per 106 cells.

VOL. 4, 2005

Rho4 GTPase IS REQUIRED FOR GLUCANASE SECRETION

1641

The eng1⌬ rho4⌬ double mutant is similar to the rho4⌬
mutant at high temperature. To check if Eng1p and Rho4p
participate in the same or different pathways, we constructed the
eng1⌬ rho4⌬ double mutant. Eng1p and Rho4p are both involved

in cell separation, but the phenotypes of the eng1⌬ and rho4⌬
cells are quite different. Most of the eng1⌬ cells are clustered in
groups of four cells (Fig. 3A) (33), while rho4⌬ cells contain
multiple septa only when grown at 37°C (Fig. 3A) (43). As shown

FIG. 2. Simultaneous overexpression of rho4⫹ and eng1⫹ or agn1⫹ causes dramatic cell lysis. (A) Wild-type cells transformed with plasmids
pREP3Xeng1⫹ and pREP4X, pREP3X and pREP4Xrho4⫹, or pREP4Xrho4⫹ and pREP3Xeng1⫹ were grown at 32°C in EMM with 15 M
thiamine (nmt promoter off, top panel) or in EMM without thiamine (nmt promoter on, bottom panel) to induce rho4⫹ and eng1⫹ overexpression.
(B) Images of wild-type cells transformed with plasmids pREP3X and pREP4X, pREP3Xrho4⫹ and pREP4X, pREP3X and pREP42Xagn1⫹, and
pREP3Xrho4⫹ and pREP42Xagn1⫹. Cells were grown at 32°C in EMM without thiamine for 22 h and stained with methylene blue. Lysed cells
appear dark. Bar, 10 m.
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FIG. 1. Overexpression of eng1⫹ or agn1⫹ suppresses the rho4⌬ multiseptation phenotype. (A) Differential interference contrast images of rho4⌬ cells
transformed with pREP3X, pREP3Xeng1⫹, or pREP42Xagn1⫹ (pND02) and grown at 37°C for 22 h in the presence (EMM ⫹ T) or absence (EMM)
of thiamine. Bar, 10 m. (B) Quantification of the septation phenotype (n ⫽ 300). Calcofluor white was used to stain the septa. wt, wild type.
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in Fig. 3A, the eng1⌬ rho4⌬ double mutant, grown at 28°C, is
similar to the eng1⌬ mutant, showing clusters of four cells. However, at 37°C, eng1⌬ rho4⌬ cells are similar to rho4⌬ cells, suggesting that rho4⫹ is epistatic over eng1⫹. To corroborate further
the results described above, we directly analyzed the incorporation of radioactive glucose into the walls of eng1⌬, rho4⌬, and
eng1⌬ rho4⌬ mutants in comparison with wild-type cells. eng1⌬
cells contained more cell wall material, mainly due to an increase
of the ␤-glucan (Fig. 3B). rho4⌬ cells also showed an increase in
the cell wall content, which was more evident during growth at
high temperature (Fig. 3B). The eng1⌬ rho4⌬ cell wall composition is similar to that of eng1⌬ cells at 28°C, but at high temperature is closer to that of rho4⌬ cells (Fig. 3B). These results
suggest that Eng1p and Rho4p are in the same pathway, and they
are consistent with the hypothesis that Rho4p participates in the

secretion of lytic enzymes, including Eng1p and Agn1p, during
cell separation at high temperature.
Eng1p glucanase activity is not dependent on Rho4p levels.
To further study the relationship between Rho4p and Eng1p,
we first analyzed if Rho4p is an activator of the Eng1-mediated
(1,3)-␤-D-glucanase activity. ␤-Glucanase activity levels were
measured in extracts of cells without Rho4p or in cells overexpressing this GTPase. Eng1p glucanase activity did not depend on Rho4p, since the activity of extracts of either rho4⌬ or
rho4⫹-overexpressing cells grown at 37°C was similar to or
slightly higher than that of wild-type extracts (Fig. 4A). We
next analyzed the effect of altering Rho4p levels in cells overexpressing eng1⫹. When eng1⫹ was overexpressed using the
plasmid pREP3X-eng1⫹, the ␤-glucanase activity in cell extracts from the wild-type strain increased by around five times,
and this increase was slightly higher in cells lacking Rho4p
grown at 37°C (Fig. 4B). Simultaneous overproduction of both
Eng1p and Rho4p decreased the activity detected in the cell
extracts (Fig. 4B); however, this decrease could be partly due
to the induced cell lysis (see Fig. 2A). Thus, these results
suggest that Rho4p is neither an activator of the Eng1p glucanase nor required for its activity in cell extracts.
Rho4p is required for proper secretion of Eng1p at 37°C.
We then considered the possibility that Rho4p was necessary
for the localized secretion of Eng1p at 37°C, since rho4⌬ cells
accumulate vesicles in the septum area (43). When the secreted (1,3)-␤-D-glucanase activities of wild-type cells and cells
lacking Rho4p grown at 37°C were measured, we found that
the activity was around 50% lower in the culture medium of
rho4⌬ cells (Fig. 4C). Similarly, when eng1⫹ was overexpressed
using the plasmid pREP3X-eng1⫹, the ␤-glucanase activity in
the culture medium of rho4⌬ cells was 50% of the activity
measured in cultures of wild-type cells (data not shown).
Eng1p or Agn1p localization is defective in cells lacking
Rho4p when grown at high temperature. Eng1p is a secreted
protein that is expressed only during cytokinesis and can be
visualized in the septum area (Fig. 5A) (33). To further confirm the possible role of Rho4p in Eng1p polarized secretion,
the Rho4p GTPase requirement for proper localization of
Eng1-GFP to the septum was analyzed. At high temperature
(36°C), Eng1-GFP was visualized in most of the septating wildtype cells (80%), whereas only 26% of the septating rho4⌬ cells
displayed Eng1-GFP at the septa (Fig. 5A). Agn1p is a cell
cycle-regulated protein that localizes to the septum (2, 20).
Agn1-GFP is also partially delocalized in rho4⌬ cells grown at
37°C. At high temperature, Agn1-GFP was visualized in most
of the septating wild-type cells (82%), whereas only 56% of
the septating rho4⌬ cells displayed Agn1-GFP at the septa
(Fig. 5B). Other proteins involved in cell wall organization and
localized to the septum, such as the ␤-glucan synthases Bgs1p
and Bgs4p (15, 16, 30), were analyzed, and no differences were
observed between wild-type and rho4⌬ cells even at high temperature (Fig. 5C). Therefore, these results indicate that
Rho4p specifically affects the localization of the glucanases
involved in cell separation but not other septum proteins.
These observations were corroborated using Western blot
analysis to measure Agn1-GFP and Eng1-GFP levels in cells
grown at 37°C. Specific bands of both proteins were detected in
cell extracts, cell walls, and concentrated culture medium.
Comparison of Agn1-GFP protein levels in cytoplasm, cell
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FIG. 3. Phenotype of the eng1⌬ rho4⌬ double mutant. (A) Differential interference contrast images of eng1⌬, rho4⌬, and eng1⌬ rho4⌬
cells grown at 28°C or 37°C in rich medium. Bar, 10 m. (B) Cell wall
composition of wild-type, eng1⌬, rho4⌬, and eng1⌬ rho4⌬ cells grown
in rich medium at 28°C or 37°C. [14C]glucose was added 4 h before
harvesting the cells. The [14C]glucose radioactivity incorporated into
each cell wall polysaccharide is shown. Values are the means from
three independent experiments; the standard deviations for total carbohydrate values are shown.
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walls, and concentrated culture media of wild-type and rho4⌬
cells grown at 32°C or 37°C indicated that Agn1-GFP was
slightly reduced in the cytoplasm at both temperatures. However, Agn1-GFP levels were reduced in the cell wall and the
medium in rho4⌬ cells grown at high temperature (Fig. 6A).
Eng1-GFP was also reduced in the walls of rho4⌬ cells and

FIG. 5. Eng1p and Agn1p localizations are defective in rho4⌬ cells
grown at high temperature. (A and B) Wild-type and rho4⌬ cells
expressing eng1-GFP (A) or agn1-GFP (B) from their own promoter
were grown at 36°C and observed by fluorescence microscopy. Arrows
point to rho4⌬ cells lacking Eng1-GFP or Agn1-GFP at the septa. DIC,
differential interference contrast. (C) Localization of Bgs1-GFP and
Bgs4-GFP in rho4⌬ cells grown at 37°C. Bar, 10 m.

could not be detected in the culture medium, but no significant
changes were found in the cytoplasmic fraction (Fig. 6B).
Since Eng1p is expressed only during cytokinesis, we synchronized the cultures by nitrogen starvation in order to have
most of the cells septating. Cells growing logarithmically were
kept at 28°C or 37°C in medium without nitrogen for 16 h and
then transferred to medium containing nitrogen for 4 h. When
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FIG. 4. Eng1p glucanase activity is not dependent on rho4⫹ levels.
␤-1,3-Glucanase activity was assayed in extracts from wild-type
(wt), eng1⌬, rho4⌬, and rho4⫹-overexpressing cells (A); in extracts
from wild-type, rho4⌬, and rho4⫹-overexpressing cells containing
pREP3Xeng1⫹ in the presence (hatched bars) or absence (black bars)
of thiamine (B); and in culture supernatants of wild-type, eng1⌬, and
rho4⌬ cells grown at 37°C (C). Values are the means from at least
three independent experiments. Error bars represent the standard
deviations.
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the first round of separation took place, we analyzed the presence of Eng1-GFP in the cytoplasm and the cell walls by
Western blotting. Similar levels of Eng1-GFP were present in
the cell walls of both wild-type and rho4⌬ cells grown at 28°C;
in contrast, Eng1p could not be detected in the walls of rho4⌬
cells grown at 37°C (data not shown). A faint Eng1p-GFP band
was also detected in cell extracts of the wild-type and rho4⌬
synchronized cultures grown at 28°C and only in the cell extracts of rho4⌬ cells grown at 37°C (data not shown). Thus,
Rho4p is necessary for proper Eng1p and Agn1p localized
secretion to the septum area during cytokinesis at 37°C.
DISCUSSION
Septum formation needs cell wall synthesis, and cell separation needs cell wall degradation. Enzymatic hydrolysis of
the lateral cell wall and the primary septum is required to
produce two independent daughter cells. The recent characterization of the endo-(1,3)-␤-D-glucanase encoded by
eng1⫹ indicates that it is responsible for the primary septum
degradation (33). Another protein, named Eng2p, also exhibits endo-(1,3)-␤-D-glucanase activity, but it does not
seem to be involved in cell separation (33). There are also
two genes coding for putative ␣-glucanases in the S. pombe
genome, and at least one of them (agn1⫹) has recently been
shown to be involved in cell separation, being required for
degradation of the lateral cell wall around the primary septum (2, 17, 20). The proper secretion of those hydrolases
during cell division is necessary for the process to be
achieved successfully. In previous work, we demonstrated
that Rho4p regulates wall degradation during cell division
(43). The results shown in this work indicate that Rho4p
participates in the proper secretion of Eng1p and Agn1p.
First, overexpression of eng1⫹ or agn1⫹ was able to suppress
the rho4⌬ multiseptation phenotype, suggesting that rho4⌬
cells have a defect in lytic enzymes that results in cell separation defects. Second, overexpression of eng1⫹ did not
cause any lysis unless rho4⫹ was overexpressed simulta-

neously, suggesting that Eng1p requires an excess of Rho4p
to cause lysis. Overexpression of agn1⫹ and rho4⫹ also
causes drastic lysis, but in this case the interpretation is less
clear because both display a lysis phenotype on their own.
Interestingly, rho4⫹ overexpression in eng1⌬ agn1⌬ cells still
produces 20% cell lysis in liquid medium, but the remaining
surviving cells are not rounded (our unpublished results).
This could be explained if other lytic enzymes, besides
Eng1p and Agn1p, were regulated by Rho4p. Another possible explanation could be that the lytic effect could be due
to possible interference with Rho1p regulators caused by
the excess of Rho4p. Alternatively, the glucanases and
Rho4p could act in two different additive pathways leading
to cell lysis. However, results from subsequent experiments
and detailed studies with the eng1⌬ rho4⌬ double mutant
suggested a relationship between Rho4p and Eng1p. Third,
in rho4⌬ cells the intracellular ␤-glucanase activity was similar to that of wild-type cells, but the extracellular activity
and the Eng1p and Agn1p protein levels were clearly reduced in the cell wall or the culture medium when cells were
grown at 37°C. Together, these results therefore support the
idea that Rho4p is not an activator of the glucanases but is
specifically required for the secretion of Eng1p and Agn1p
at high temperature. The effect of Rho4p on glucanases
secretion is most probably specific, since other Rho proteins
do not cause lysis when overproduced. Moreover, other Rho
proteins, except Rho3p, do not have phenotypes especially
related to septation. rho3⫹ deletion causes a general secretion defect, and, in that sense, it most probably affect the
Eng1 secretion.
Eng1p and Agn1p are secreted proteins. It has been proposed that the exocyst is essential in S. pombe for the delivery
of proteins that are important for cell cleavage, including hydrolytic enzymes. Mutants with mutations in the exocyst accumulate 100-nm vesicles, and the glucanases could be one of the
components transported in such vesicles.
The polarized localization of the exocyst in budding yeast
is controlled by some members of the Rho family, such as
Cdc42p, Rho1p, Rho3p, or Rho4p (29). In S. pombe, only
Rho3p has been described to modulate the exocyst function,
controlling the fusion of secretory vesicles to specific sites on
the cell surface (39). rho4⌬ cells, similar to cells having a
defective exocyst complex, accumulate vesicles in the septum
area (43, 48). One possibility is that besides Rho3p, Rho4p is
also required for the exocyst function, especially at high temperature, when the cells grow faster and regulation of secretion
seems to be more crucial. Preliminary results indicate that the
Rho4p GTPase is required for the proper function of the
exocyst at high temperature (our unpublished results). Interestingly, Rho4p is not required for the secretion of a wellknown secreted protein, the acid phosphatase (43), in contrast
to the case for exocyst mutants (48); it is possible that Rho4p
will be more related to a precise polarized secretion during cell
separation. That could explain why Eng1p secretion it is clearly
more affected than that of Agn1p, since Eng1p participates
specifically in the digestion of the primary septum, whereas
Agn1p is involved in the digestion of the ␣-glucan present not
only in the septum but also in the lateral cell wall.
Besides Eng1p and Agn1p, Rho4p might participate in the
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FIG. 6. Agn1p and Eng1p levels are reduced in the cell walls and
culture medium of rho4⌬ cells grown at 37°C. Wild-type (wt) and
rho4⌬ cells containing agn1-GFP (A) or eng1-GFP (B) were analyzed
by Western blotting. Proteins from cytoplasm, cell walls, and concentrated culture medium were separated in polyacrylamide gels containing sodium dodecyl sulfate. Gels were blotted and probed with monoclonal anti-GFP antibodies. Cells lacking the GFP tag were included as
a negative control (c⫺). A 80-kDa specific band corresponding to
Agn1-GFP and a 130-kDa specific band corresponding to Eng1-GFP
are shown. Lower panels represent the loading control of the cytoplasm fraction, using tubulin in panel A or a nonspecific band in
panel B.
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secretion of other lytic enzymes. Further studies will address
this issue.
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2. Alonso-Nuñez, M. L., H. An, A. B. Martin-Cuadrado, S. Mehta, C. Petit,
M. Sipiczki, F. del Rey, K. L. Gould, and C. R. Vázquez de Aldana. 2005.
Ace2p controls the expression of genes required for cell separation in
Schizosaccharomyces pombe. Mol. Biol. Cell 16:2003–2017.
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