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Localization of the (1,3) [-D-glucan synthase catalytic
subunit homologue Bgslp/Cpslp from fission yeast
suggests that it is involved in septation, polarized
growth, mating, spore wall formation and spore
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Summary

Schizosaccharomyces pombeBgslp/Cpslp has been depends on actin localization. In addition, Bgslp remains
identified as a putative (1,3}-D-glucan synthase (GS) polarized in the mislocalized growing poles and septa of
catalytic subunit with a possible function during teal-land tea2-1mutants. During the meiotic process of
cytokinesis and polarized growth. To study this possibility, the life cycle, Bgslp localizes to the mating projection, to
double mutants ofcps1-12and cdcseptation mutants were  the cell-to-cell contact zone during cell fusion and to the
made. The double mutants displayed several hypersensitive neck area during zygote formation. Also, Bgs1p localization
phenotypes and altered actin distribution. Epistasis suggests that it collaborates in forespore and spore wall
analysis showed mutations prior to septum synthesis were synthesis. During spore germination, Bgslp localizes first
dominant over cps1-12 while cpsl-12was dominant over  around the spore during isotropic growth, then to the zone
the end of septation mutantcdc16-116 suggesting Bgslp is of polarized growth and finally, to the medial ring and
involved in septum cell-wall (1,3p-D-glucan synthesis at septum. At the end of spore-cell division, the Bgslp
cytokinesis. We have studied the in vivo physiological displacement to the old end occurs only in the new cell. All
localization of Bgslp in abgs]A strain containing a  these data show that Bgslp is localized to the areas of
functional GFP-bgsT gene (integrated single copy and polarized cell wall growth and so we propose that it might
expressed under its own promoter). During vegetative be involved in synthesizing the lineal (1,8}D-glucan of the
growth, Bgslp always localizes to the growing zones: one primary septum, as well as a similar lineal (1,3-D-glucan
or both ends during cell growth and contractile ring and  when other processes of cell wall growth or repair are
septum during cytokinesis. Bgslp localization incdc  needed.

septation mutants indicates that Bgslp needs the medial

ring and septation initiation network (SIN) proteins to

localize properly with the rest of septation components. Key words: Fission yeast, Cell wall, Glucan, Septation, Polarized
Bgslp localization in the actin mutantcps8-188shows it growth, 1,3B-D-glucan synthase

Introduction polysaccharides, respectively. A third glucan component, a
The cell wall is a structure external to the plasma membrarfighly branched (1,8 D-glucan, accounts for about 2% of
that is present in Mycota. This structure provides mechanicé®tal cell wall polysaccharides (Kopecka et al., 1995; Manners
strength and osmotic support to these organisms. Its integrighd Meyer, 1977). Chitin is another important structural
is vital for the fungal cell, participating in morphogenetic andcomponent in many fungal cell walls. Its presence in fission
differentiation processes during the fungal life cycle, whichyeast remains controversial, but a chitin synthase gtisé;,
require polarized cell growth and microtubules and actirand the corresponding enzymatic activity, has recently been
cytoskeleton reorganizations (Brunner and Nurse, 200@jescribed to be important for spore formation (Arellano et al.,
Chang, 2001; Goode et al., 2000; Mata and Nurse, 1998). 2000). Galactomannan is a non-structural cell wall polymer,
In the fission yeastSchizosaccharomyces pombthe linked to proteins to form glycoproteins and representing 9-
major cell wall structural components are two glucosel4% of cell wall polysaccharides (Manners and Meyer, 1977).
homopolymers, (1,BD-glucan with 2-4% (1,§-D- (1,3)-D-glucan synthesis has been attributed to the essential
branches and (1,8)D-glucan with 7% (1,4-D-bonds, geneagsl (=mok1"), described to encode a putative catalytic
constituting 50-54% and 28-32% of total cell wall subunit of the enzyme (Hochstenbach et al., 1998; Katayama
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et al., 1999). There are four mar®kgenes, none of them is Liu et al., 1999). Fission yeast cytokinesis starts with medial
essential (Katayama et al., 1999) and their role in cell walling formation and contraction. As the medial ring grows
biosynthesis has not been clarified yet. centripetally, an intense Calcofluor white-stained material
The (1,3B-D-glucan is a major contributor to the cell wall is concomitantly extruded to the lumen of the invaginated
framework. On this matter, it is relevant to emphasize th@elasma membrane. Eventually, a disk can be visualized
only new antifungal agents under clinical trials are thebetween the membranes of both daughter cells, which is
echinocandins (Tkacz and DiDomenico, 2001), whose mode aflled, by analogy to the budding yeast system, the primary
action, apparently similar to other antifungal drugs, theseptum (Schmidt et al., 2002). Subsequently, new cell wall
papulacandins (Castro et al., 1995), is not well known althougtmaterial, the so-called secondary septum, is laid down at both
both clearly interfere with (1,8)D-glucan synthesis. sides of the primary septum, giving rise to a complete three-
The enzyme involved in (1,8)D-glucan synthesis in yeast layered septum structure (Johnson et al., 1973). In addition, a
is the (1,3p-D-glucan synthase (GS), which uses UDP-glucoseecent study describes the in situ localization of diffefent
as substrate, producing a de novo lineal @[3)glucan D-glucans inS. pombecell wall by using colloidal-gold
(Cabib et al.,, 1998). The activity requires at least twdabeled specific antibodies (Humbel et al., 2001). (t[®)
components, a catalytic and a regulatory subunit (Kang arglucan-branched (1,8)D-glucan is localized forming
Cabib, 1986; Ribas et al., 1991). The latter is the Rholfilamentous structures all over the cell wall non-dense layer
GTPase, which drives the activation of GS by GTP (Arellan@nd in all the septum. (1&)D-glucan appears in the same cell
et al., 1996; Drgonova et al., 1996; Qadota et al., 1996). Thisall non-dense layer, but always close to the outer
GTPase plays a fundamental role in many morphogenetgalactomannan layer, and in the secondary septum. A linear
processes, particularly in organization of actin cytoskeletolil,3)3-D-glucan is visible only at the primary septum, as
and genesis of active growing regions (Arellano et al., 1999jetected by a monoclonal antibody that also specifically
Cabib et al., 1998; Cabib et al., 2001). detects the linear (1,8)D-glucan (callose) that constitutes the
In budding yeast, two highly homologous gerfdsSland cell plate in plant cells (Hong et al., 2001).
FKS2 encode two putative GS catalytic subunits, which are In this paper, we show genetic and epistatic interactions
differentially expressed depending on the cycle or growttiound betweencpsl-12 mutant and severatdc septation
conditions (Inoue et al., 1995; Mazur et al., 1995; Zhao et almutants, suggesting that Bgslp (Cpslp) is involved in the
1998). Single disruption of eith&KS1lor FKS2is viable, but  septum cell-wall synthesis process. In an attempt to elucidate
the double disruption is lethal (Mazur et al., 1995). AtRikE  further the Bgslp function, we have studied Bgs1p localization
gene, found in th&accharomyces cerevisigenome, appears during theS. pombdife cycle. In contrast to a recent report
to be nonfunctional. (Liu et al., 2002), in which it is stated that Bgslp localizes
In S. pombéour FKS homologues have been found. The exclusively to the cell division site, we have found that Bgslp
first identified gene coding for a putative GS catalytic subunitocalizes first to the growing poles and moves to the contractile
was cloned by complementation of tlopsl-12 mutant, actomyosin ring during septation, remaining in the septum and
hypersensitive to a spindle poison, and nacpstt (Ishiguro  reappearing later on at the poles, before the two daughter cells
et al., 1997). Later on, it was also isolated by complementatioseparate. In addition, we show that Bgslp is not only restricted
of mutants defective in septum formation (Le Goff et al.to that role, but it is also present in the meiotic phase of the
1999b; Liu et al., 1999) and implicated in the coordinatiorife cycle, localizing to the mating projection, cell-to-cell
between cytokinesis and cell cycle, being part of a Weelmontact zone of fused cells, neck of zygote, and to or around
dependent septation checkpoint (Le Goff et al., 1999b; Liu girospore and spore. Finally, during spore germination, Bgslp
al., 2000b). During th&. pombegenome sequencing project, localizes first, around the spore and next, to the zone of
three other open reading frames (ORF), whose predicted amipolarized growth. All these data suggest that Bgslp is present
acid sequence share high identity (50-60%) with Cpslmnd could play a role in every process of$h@ombdéife cycle
have appeared. As other genes already were desigoaged in which synthesis of (1,B)D-glucan takes place.
(Ishiguro and Uhara, 1992), thpsT homologues were named
in a common agreement lags(for beta 1,3-glucan synthesis),
and thereforeps has been renamégjsI. bgsZ is essential  Materials and Methods
for the sexual phase of the life cycle. Its expression is inducestrains and culture conditions

during sporule}tlor) and GS.actMty is diminished in spo.rulatmgg. pombestrains used in this work are listed in Table 1. BgeiA

bgs2\/bgs2 diploids (Martin et al., 2000). Bgs2p localizes 10 strain 519 containing an integrated copyGFP-bgst, was made

the ascospore periphery and is required for correct spore wal transforming the strain 43Bds1A pJG25 his3' selection) with

maturation and survival (Liu et al., 2000a; Martin et al., 2000)HindIll-cut pJR98 [eul* selection, see below), which will direct

Finally, to date nothing is known about the role of the otheits integration at theHindlll site adjacent tobgsiA::urad*, at

two homologue genebgs3 andbgs4. position —661 of thégsI" promoter sequence. This strain contains
While in Saccharomyces cerevisigbere are only two GFP-bgsT and bgsA sequences separated by pJK148 plasmid

redundant FKS activities for (1@)D-glucan synthesis, it is Packbone. In order to eliminate pJG25, to analyze the GFP-Bgslp

very interesting to notice th& pombeontains four different functionality and to confirm that integration was in thgst

B tei d h th ding GS i omoter sequence, this strain was crossed with strain 285, (Leu
gs proteins (and perhaps the corresponding ISozyme ra-, His) and tetrads analysis was performed. Leu and Ura

to apparently synthesize the same cell wall component. Whghenotypes always appeared linked and segregating 2+:2—. The His
is the function and regulation of all of these proteins? Previoushenotype showed that pJG25 was lost in most of the clones, as a
results have pointed to the idea that Bgslp plays a role tbnsequence of the sporulation process. The obtabfeRtbgst
septum assembly (Ishiguro et al., 1997; Le Goff et al., 1999lgsiA strain displays a wild-type phenotype at any tested condition
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Table 1. Fission yeast strains used in this study

Strain Genotype Source
33 972 h P. Munz*
38 968 RO P. Munz*
40 leul-32h* J. C. Ribas
265 ura4-A18 h* J. C. Ribas
285 leul-32 ura4A18 his3Al h* This study
470 leul-32 uradA18 his3A1 h% This study
317 leul-32leul-32 uradA18/ura4-A18 his3A1/his3-A1 This study
ade6-M210ade6-M216n/h*
CP1-1 cpsl-12h- J. Ishiguro
CP1-2 cpsl-12ht J. Ishiguro
253 cps8-18&h- This study
276 cdc3-6h NCYCT
277 cdc14-116 NCYCt
278 cdcl5-14th NCYCt
279 cdc16-116 NCYcCt
573 cdc14-118 leul-38- This study
575 cdc15-140 leul-38- This study
581 cdc16-116 urafA18 h- This study
CP962 cpsl-12 cps8-188* This study
280 cpsl-12 cdc3-6* This study
281 cpsl-12 cdc14-118- This study
282 cpsl-12 cdcl5-146* This study
283 cpsl-12 cdc16-116* This study
635 mid1-366 leul-3&* P. Nursé
583 teal-1 leul-32r P. Nursé
585 tea2-1 cdc11-119 leul-32 P. Nursé
387 leul-32leul-32 urad4A18/ura4-A18 his3A1/his3-A1 This study
ade6-M210ade6-M216 bgslbgsiA::urad* h/h*
390 leul-32 ura4A18 his3A1 ade6-M? bgA::ura4* h-pCP1 This study
437 leul-32 urad4A18 his3A1 bgsN::urad* h-pJG25 This study
511 leul-32 ura4A18 his3A1 bgsA::urad* h- pJR92 This study
513 leul-32 urad4A18 his3A1 bgsN::urad* h- pJR93 This study
519 leul-32 uradA18 his3A1 bgs::urad* Pogsit::GFP-bgst:leul* h- This study
520 leul-32 uradA18 his3A1 bgs::urad* Pogsit::GFP-bgs:leult h* This study
588 leul-32 ura4A18 his3A1 bgsA::urad* Pugsi::GFP-bgsT:leult h% This study
641 mid1-366 leul-32 ure@his3Al bgsNA::urad* Pogsi::GFP-bgs:leul” h- This study
690 cdc3-6 leul-32 urabgsiA::urad® Pogsit::GFP-bgst:leul* h* This study
616 cdc11-119 leul-32 urgdbgs\::urad* Pogsi::GFP-bgst:leul* h- This study
628 cdc14-118 leul-32 urébgs::urad* Pogsi'::GFP-bgst:leul* h* This study
611 cdc15-140 leul-32 uré@bgs\::urad* Pogsi::GFP-bgst:leul* h* This study
612 cdc16-116 leu2urad-A18 bgsh::urad* Pogsi ::GFP-bgsT:leul* h* This study
688 cps8-188 leul-32 urdbgsiA::urad* Pogsit::GFP-bgsT :leul* h- This study
613 teal-1 leul-32 uraZhis3Al bgsN::urad* Pogsi ::GFP-bgsT:leul* h* This study
614 tea2-1 leul-32 uraZbgsiA::urad Pogsi ::GFP-bgsT:leul* h* This study
618 tea2-1 cdc11-119 leul-32 urahis3A1 This study

bgsiA::urad* Pogsit::GFP-bgsT:leul* h*

*Institute of General Microbiology, University of Bern, Switzerland.
TStrains obtained from the National Collection of Yeast Culture, AFRC Institute of Food Research, Norwich Laboratory, N&rwich, U
*Cell Cycle Laboratory, Cancer Research UK London Research Institute, London, UK.

and expresses GFP-Bgs1p at the physiological level, from a singRlasmids and DNA techniques
integratedGFP-bgs® gene controlled from its own promoter. pCP1 is the 8.04 kblindlll-Hindlll DNA fragment containing the
Standard complete yeast growth medium (YES), selective mediagsT (cpsI) gene sequence cloned into tHendlll site of theS.
(EMM) supplemented with the appropriate amino acids (Alfa et al.pombeE. coli shuttle vector pAL-KS (pBluescript KS with ars1*
1993) and sporulation medium (SPA) (Egel, 1984) have beeandS. cerevisiae LEU&election) (Ishiguro et al., 1997; Tanaka et al.,
described. The drugs papulacandin B (Ciba-Geigy, fused to crea2900).
Novartis) and echinocandin LY280949 (Lilly) were added to complete pJR16 is pCP1 wittNotl from the multiple cloning site destroyed
(YES) medium, at concentrations ranging from 1.0 topugsml. (Notl cut and Klenow filled). pJR19 is pJR16 with #hgd site from
General procedures for yeast culture and genetic manipulation wetiee multiple cloning site destroyed and with/qpdl site inserted by
carried out as described (Alfa et al., 1993; Moreno et al., 1991). site-directed mutagenesis just after ligs1* TAA stop codon. pJR20
Escherichia colistrains DH® and DH10B (Life Technologies) is pJR19 with aNotl site inserted just before the ATG start codon of
were used for routine propagation of plasmids as describedgsT. pJR24 is pJR20 cut witliot-Apd to eliminate théogs1” ORF
(Sambrook et al., 1989), and CJ236 (Bio-Rad) was used for sitend with theura4* gene from pBluescript SKura4* (Moreno et al.,
directed mutagenesis. Bacterial LB, 2xYT and TB media,2000) cut withNot-Apa inserted. This plasmid was used for PCR
supplemented with 10Qig/ml ampicillin or 50 ug/ml kanamycin  amplification of abgs" disruption cassette, as described below.
when appropriate, and standard transformation methods (Sambrook epJR17 is pJR16 with 8pé site inside thebgsT” ORF destroyed
al., 1989), have been described. by site-directed mutagenesis and making no change in the amino acid
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sequence of Bgslp. pJR18 is pJR17 wiSpd-Spé deletion, which  centrifugation and the supernatant was centrifuged at 48,6830
removes the 0.79 kb'-8nd fragment of the clondast sequence. minutes at 4°C. The pellet was resuspended in buffer A containing
pJR22 is pJR18 with a 9 bp insertion containingad site just after  33% glycerol and stored at —80°C. Standard GS assay mixture
and aSpé site before the ATG initiation codon bfsT ORF. pJR23  contained 5 mM UDP-DIfC]glucose (410* cpm/200nmoles) and
is pJR18 with a 9 bp insertion containingNatl site just before and enzyme (20-4Qug protein) in a total volume of 4@. All reactions
a Spé site after the TAA termination codon bfsT ORF. pJG20 is  were carried out in duplicate and data for each strain were calculated
pJR19 with aHpal site inserted before tHegs start codon. pJG25 from three independent cultures.
is pJR1-81XH (81X version afmtl* thiamine-repressible promoter
and S. pombe hig3selection) (Moreno et al., 2000) cut witrul- - ) )
Apd and with theHpal-Apa bgsl ORF sequence from pJG20 Sensitivity of cells to cell-wall-digesting enzyme complex
inserted. The resulting. pombestrainbgsA pJG25 displayed wild-  Sensitivity of cells to Novozym 234 (Novo Industries) was measured
type phenotype even in the presence of thiamine, which represses #msentially as described elsewhere (Ishiguro et al., 1997). The log-
regulatablenmt promoter to a very low expression level (Moreno phase cells were washed with 50 mM citrate-phosphate buffer (pH
et al., 2000). 5.6) and incubated at 30°C with continuous shaking in the same buffer
pJR92 (pALbgsT-GFP) is pJR23 with arApd-Hindlll DNA containing Novozym 234 (3@g/ml). The residual absorbance of the
fragment obtained from PCR amplification of the 1.57 kb sequenceell suspensions was monitored at 600 nm every hour.
just B to theHindlll site of the promoter sequence (nucleotides —2229
to —661) of the clonetigsT fragment of pCP1, and also inserted in )
frame, just before thbgst TAA stop codon, a 0.74 kbloti-Notl Fluorescence microscopy
fragment from pKSGFP containing a modified GFP-encoding For F-actin visualization, cells grown in YES liquid medium were
sequence, GFP2-5, which has the changes S65T, V163A, 1167T afided with 4% formaldehyde (EM-grade, Polysciences) and stained
S175G (Fernandez-Abalos et al., 1998). Similarly, pJR93 (BAE- with rhodamine-conjugated phalloidin (R-415, Molecular Probes) as
bgs1) is pJR22 with the samApa-Hindlll DNA fragment as in  described (Alfa et al., 1993). For Calcofluor white fluorescence, early-
pJR92 and the 0.74 WWot-Notl fragment from pKS-GFP inserted  logarithmic phase cells grown in YES liquid medium were visualized
in frame after théogs1" ATG start codon. pJR98 (pJ&FP-bgs?) is directly by adding a solution of Calcofluor white to the sample (50
the integrative plasmid pJK14&.(pombe leulselection) (Keeney pg/ml final concentration) and using the appropriate UV filter. For
and Boeke, 1994) with thApd-Xbad GFP-bgst fragment from  nuclei and cell wall staining, early-logarithmic phase cells grown in
pJR93. pJR108 (pJKgst-GFP) is pJK148 with theApd-Xba YES liquid medium were fixed with cold 70% ethanol, centrifuged,
bgs1-GFP fragment from pJR92. pJR98 was used to create stablesuspended in PBS containing i@/ml Calcofluor white and 20
GFP-bgs?t strains, expressed at physiological level inbgs]A png/ml Hoechst (No. 33258, Sigma), and visualized with the same UV
background. filter. GFP was directly visualized from early-logarithmic phase cells
Site-directed mutagenesis (Kunkel, 1985) was carried out with they using the appropriate UV filter. Calcofluor white or Hoechst and
Bio-Rad Muta-Gene kit. DNA sequencing was with a Sequenase k&FP fluorescence do not interfere with each other and therefore, they
(Amersham Pharmacia Biotech). Ligation of DNA fragments wascan simultaneously be used to visualize the same cells. Images were
carried out as described (Moreno et al., 2000). Plasmid DNA wasbtained using a Leica HC (Germany) fluorescence microscope, type
introduced intoS. pombecells by an improved LiAc method (Gietz 020-523.010. For phase contrast and Calcofluor white-fluorescence a
et al., 1995). Other DNA manipulations were carried out essentialli’L APO 4(x/0.75 PH2 objective, a Leica DC 100 digital camera and
as described (Sambrook et al., 1989). the Leica DC 100 V2.51 software were used. For GFP, Calcofluor
white and Hoechst fluorescence a PL APO/632 OIL PH3
) ) objective, a Sensys (Photometrics) digital camera and the Leica
Gene disruption QFISH V2.3a software were used.
bgsT gene disruption was performed in the téira His™ diploid
strain 317. The disruption cassette was made by PCR amplification of
a 3.9 kb DNA fragment from pJR24, which has completely eliminate(h |
the bgsT coding sequence and contains 0.55 kibgdt promoter esults
and 5 sequence, the 1.76 kiva4* sequence and 1.6 kb bfjst Epistatic interactions localize Bgs1p function during the
terminator and '3sequence. Correct deletion bfjs¥ ORF was  septum synthesis process

confirmed by PCR analysis using a combination of oligonucleotideg, 5 previous study (Ishiguro et al., 1997), the cloning of the
external and internal to the disruption fragment, either for tlesd GS homologuebgst by compleméntation, of theps1-12

or the 3 end of bothbgsT andura4" sequences (data not shown). = .
Tetrads dissection of th®ys1/bgsIA strain showed that only the two thtTlrmosenSmV(ta r;lgz?:ntlwaéshdescrlbed. Theffact tbh?tlths mutant
aﬁe S grown a n € presence oI sorpito ecame

Ura- clones of each tetrad were viable, confirming the essenti ;
function of Bgslp, at least for spore germination, as described for @ultiseptated and branched suggested that Bgslp could be
partialbgs? disruption strain (Liu et al., 1999). Hapldigs strains ~ iNvolved in septation and polarity processes. Later on, other
were obtained by standard random spore analysisbof#/bgsiA  laboratories also proposed a role for Bgslp during septation
diploid strain transformed with tHegs1-carrying plasmid pCP1 and (Le Goff et al., 1999b; Liu et al., 2000b; Liu et al., 1999).
selection of Leti (pCP1), Urd (bgs1), His, Ade™ clones. In order to study this possibility further, nine double
mutants ofcpsl-12with some of the numerous septation
mutations, cdc3-§ cdc4-8 cdc7-24 cdc8-134 cdcl1-136

Cell extracts and GS assay were essentially as described previouc cl2-112 cdcla-11§ cdcl5-140 and cdcl6-116
(Ishiguro et al., 1997). Early logarithmic phase cells grown at 28° presentative of different septation steps (reviewed by Gould

were washed with buffer A (50 mM Tris-HCI pH 7.5, 1 mM EDTA and Simanis, 1997; Le Goff e_zt al., 1999a), were constructed.
and 1 mM B-mercaptoethanol), suspended iﬁ 1000f buffer A Four double mutantsps1-12with cdc3-6 cdc14-118cdcls-

and broken with glass beads in a FastPrep FP120 apparatus (Sava&0 and cdc16-116 were much more sensitive to Novozym
BIO 101) (a 15 second pulse at a speed of 6.0). Broken material was4 than the parental single mutants (data not shown). In
diluted with buffer A, the cell debris was removed by low speedaddition, the former four double mutants were more

Enzyme preparation and (1,3)B-D-glucan synthase assay
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Fig. 1. Genetic interactions @. PH.CONTRAST cps1 34°C  CALCOFLUOR
pombe cpsl-1thutant with the - .
actin mutantps8-188and with
cdcseptation mutants. Phase-
contrast and Calcofluor white U'
staining micrographs of log-pha
cells grown on YES liquid
medium at 25°C and shifted to
different temperatures. Cells are
shown grown at the temperature
that reveals in each case the m¢
apparent difference between
single and double mutant
phenotypes (8 hours at 30°C foi
cps8-1888 hours at 31°C for
cdc16-116and 6 hours at 34°C f
cdc14-118ingle and double
cpsl-12mutants). The phenotyp
of thecps1-12 cps8-188ouble
mutant is more aggravated than
that of the corresponding single
mutants, while the phenotype of
thecps1-12 cdcl4-118ouble
mutant resembles that of the
cdcl4-118ingle mutant, and the
phenotype of theps1-12 cdc16-
116double mutant is similar to
that of thecps1-12single mutant.
Thecpsl-12single mutant cells
were grown at 34°C, but a weaker phenotype was obtained at 30 or 31°C. Cells were centrifuged, suspepgiedl i@&0ofluor white and
directly observed for phase-contrast and Calcofluor white staining.

cdc16 31°C

thermosensitive, either in the absence or in the presence of hitant alleles and sontelc mutants involved in steps prior to
M sorbitol, and exhibited abnormal cell morphology and actirseptum synthesis (Le Goff et al., 1999b; Liu et al., 1999). The
distribution at conditions in which the single mutants showedast mutant, cdc16-116 is involved in stopping septum
no alteration (data not shown). Moreover, a double mutant afynthesis, and in this case, the dominant double mutant
cpsl-12 with the actin mutantcps8-188 (Ishiguro and phenotype was that afpsl-12(Fig. 1). The same result was
Kobayashi, 1996) was found to be more thermosensitive (datdbtained in the presence of 1.2 M sorbitol (data not shown).
not shown) and to have abnormal cell morphology afherefore, these results suggest that Bgslp is involved in the
conditions in which the single mutants were essentiallseptum synthesis process, acting in a window between the
normal (Fig. 1). Furthermore, the fowdc and cps8-188 beginning and end of septum synthesis, in agreement with the
double mutants withcps1-12 presented variable increased proposed function of Bgslp as a possible GS catalytic subunit
hypersensitivities to the cell wall and membrane disturbinglshiguro, 1998; Ishiguro et al., 1997).
detergent SDS (Bickle et al., 1998; Igual et al., 1996) and to
the GS inhibitors papulacandin B and echinocandin, and a . ] o
slightly altered GS activity (from 70% to 120% wild-type Bgslp localizes to the septum during cytokinesis and to
activity, data not shown). All these data suggest a certai@n€ or both poles during cell growth
genetic interaction of actin and septation mutants efisil-  As the genetic results seem to implicate Bgslp in the synthesis
12, which are somehow increasing its cell wall-relatedof septum cell wall, we were interested in knowing the
phenotypes and altering its role in GS activity. physiological localization of Bgslp along the cell cycle. GFP-
cpsl-12single and double mutants were also analyzed foBgslp, but not Bgs1l-GFP, expressed either from multicopy
their morphology phenotypes at different temperatures. Ther integrative plasmids restored completely the wild-type
cells were visualized by phase-contrast and by Calcoflugshenotype to bBgsIA strain and the GFP fluorescence appeared
white UV staining, which preferentially binds to cell wall localized as well. Therefore, lagsIA strain containing an
material, probably the (1,8)D-glucan, of septum and growing integratedGFP-bgs¥ copy (single copy, own promoter and
zones. At the corresponding temperature, an epistat@bsence of originabgst gene) was chosen for Bgslp
interaction betweeops1-12and thesedcmutants (Fig. 1) was localization studies.
found. Three of the mutantsdc3-6 cdc14-118and cdcl15- Calcofluor white staining shows a marked fluorescence at
140, are involved in steps prior to the beginning of septunone pole during monopolar growth and at both poles when the
synthesis (Gould and Simanis, 1997; Le Goff et al., 1999a). leell grows in a bipolar fashion. Somewhat unexpectedly,
these double mutants, the dominant phenotype was that of tBgslp was found localized not only to the septum but also to
cdc mutant (Fig. 1 and data not shown). This result is irthe growing ends along the mitotic cycle, overlapping the
agreement with that described for double mutants of offelr ~ Calcofluor white staining (Fig. 2A). Initially Bgslp
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Fig. 2.Bgslp localizes to the growing areas, to one or both poles, and to the contractile ring and septum. (A) Calcofluor whigmadtaining
GFP-Bgsip localization along the mitotic cell cycle. (B) Detail of Calcofluor white staining and GFP-Bgsip localizationritralogleaing
and along the plasma membrane during septum formation. Early-logarithmic phas@feHsgst bgsd), grown on YES liquid medium at
28°C, were visualized for GFP and Calcofluor white staining. Calcofluor white was addgaganbéllowing immediate examination of the
cells. Cells representative of each cell cycle step were selected and aligned to show a cell cycle progression.

GFP-Bgsip

m CALCOFLUOR

CALCOF, GFP-Bgsip CALCOF. GFP-Bgsip

accumulates at one pole, then it also appears at the oppodBgslp septum localization depends on the medial ring
pole and finally, the GFP disappears from both poles anand the septation initiation network

localizes to the middle of the cell, where it concentrates intgh order to know whether Bgs1p localization at the middle of
a narrow ring. The GFP signal is strongest where the ring ife cell is dependent on the presence and/or localization of the
intersected by the focal plane, and it moves centripetally withedial ring, several septation mutants were madebigsa

the inner edge of the growing septum. A fainter signal remaingFp-bgst background and GFP-Bgslp localization was
along the invaginated membrane where new Calcofluor Whlt%nawzed (Fig. 3).

stained cell wall material has been made (Fig. 2B). When the \jid1p is essential for proper positioning of the medial ring,
cell-wall septum is completed, the GFP appears in tW@rriving at the zone before other ring proteins (Bahler et al.,
separated bands. During cell division Bgslp remains at thisgog; Paoletti and Chang, 2000; Sohrmann et al., 1996). In
pole. Finally, before the two daughter cells separate and thgjg1 mutants, actin ring and septum are positioned at random
Calcofluor white staining disappears, Bgslp changes itgcations and angles on the cell surface (Chang et al., 1996).
localization to the old end of both cells, which are then readyhe mid1-366 mutant grown at the restrictive temperature

to initiate the monopolar growth (Fig. 2A,B). Our Bgslpshowed that ring and septum alterations were coincident with
localization results differ from those recently published by

other authors (Liu et al., 2002), in which Bgslp is detected- — : , _
only to the division site. Possible reasons why they find Bgslﬁ'g' 3.Bgs1p localization during septation depends on the medial

. ; S : . : ing formation and localization, and on proteins that form the
exclusively |ocalized to the cell division site are given in theseptation initiation network. Calcofluor white staining and GFP-

D'SCUS.S'OH' In summary, Bgslp |ocallzat|0n_ correlates W'”Bgslp localization in differergdc septation mutant$sFP-bgst
septation and polarized cell growth, suggesting that Bgs1p |y mutant cells were grown as in Fig. 2, shifted to 37°C for 3
responsible for the synthesis of both a specific Bt3)  hours mid1-366 or 4 hours€dc3-6 cdc11-11%ndcdc14-118 or
glucan that constitutes the fission yeast primary septum anel32°C for 5 hoursadc15-140andcdc16-116, and visualized for
part of the (1,3-D-glucan that is made at the poles duringGFP and Calcofluor white staining. Cells representative of the
cell growth. different mutant phenotypes are shown.
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Bgslp localization and with the Calcofluor white-stained cellocalization to the middle of the cell. The proteins that form
wall material (Fig. 3). Cdc3p, or profilin, is essential for medialpart of the septation initiation network (SIN), such as Cdcllp
ring assembly (Balasubramanian et al., 1994). tte3-6 and Cdcl4p, are also necessary for its localization.

mutant grown at the restrictive temperature is defective in Next, we wondered whether the SIN proteins are necessary
septum formation but not in cell elongation (Nurse et al.not only for stable Bgslp localization to the medial ring, but
1976), accumulating Calcofluor white-stained cell wallalso for Bgslp displacement from the tips to the medial ring
material at the site of septum formation (Ishiguro et al., 2001uring mitosis. For that purpose, Calcofluor white and nuclei
In this mutant, Bgslp was detected at the poles and/staining and GFP-Bgslp were simultaneously analyzed in the
coincident with many of the cell wall structures synthesized asame cells. In wild-type cells, Bgslp was localized to both cell
the middle of the cell (Fig. 3). Cdcl5p is essential for celends until the end of anaphase, when nucleus division is
division. The mutants have impaired the actin ring formatiorcompleted and the nuclei are separated at both cell poles. Next,
or form unstable ring structures, and display disorganized actBgslp disappeared from the poles and two GFP dots appeared
patches during mitosis (Balasubramanian et al., 1998; Charag the middle of the cell. Finally, two Calcofluor-stained dots
et al., 1996; Fankhauser et al., 1995). THel5-140mutants appeared overlapping the bright GFP signals (data not shown).
have thick or diffuse cell wall depositions at both sides of théf SIN signaling is not necessary for Bgs1p displacement from
cell, making aberrant structures resembling the septa but the tips, the SIN mutants will show post-anaphase Bgslp
which Bgslp was never present. As the mutants may continaiisplacement from the tips to the contractile ring and its
growing, Bgslp was sometimes present at one cell pole. Pagappearance at the tips when end growth resumes.
of Bgslp also remained in ring or septum structures madglternatively, if SIN signaling is necessary, Bgslp will never
during the temperature shift of the mutant and beforde detected at the medial ring. Analysiscait11-119and
expressing the thermosensitive phenotype (Fig. 3). Cdcligic14-118mutants after 2, 4 and 6 hours of growth at the
(Balasubramanian et al., 1998; Krann
et al., 2001; Mitchison and Nur¢
1985; Nurse et al., 1976) and Cdc:

cdc11-119

-2
(Fankhauser and Simanis, 19 &%
Guertin et al., 2000) are essential O
septum formation. Thedc11-119%nd % B
cdcl4-118nutations block cytokines  £+§
but assembly of the actomyosinring © =

accumulation of actin patches at |
anaphase during mitosis or at the
ends during interphase is not affec
In cdcl1-119and cdc14-118 Bgsig
localized only to the poles, coincide
with cell growth and new cell we
synthesis. Some mutant cells prese
Calcofluor-stained ring or septt
structures anddc14-118also showe
some diffuse cell wall synthesis at
middle of the cell, in a septum-lil
manner, but Bgslp was never pre:
in any of these structures (Fig.

Cdcl6p is required for negati
regulation of septum formation,

forming a two-component GAP f
Spglp GTPase (Cerutti and Sima
1999; Fankhauser et al., 1993; Furg
al., 1998). Thedcl16-116mutant fails
to turn off septation, making multig
septa in the cell (Minet et al., 197
Bgslp appeared at the poles an
many of the multiple septa (Fig. 3).
addition, Bgslp localization iodc15-
140 and cdcl6-116 was affectec
increasing the fluorescer
background inside the cell and mak
Bgslp localization undetectable

Calcof,
Bgs1 pHoeT:hst

GFP-

cdc14-118

Fig. 4.Bgslp does not localize to the contractile ring during or after mitosis in the septation
initiation network mutantsdc11-119ndcdc14-118 GFP-bgst bgsIA mutant cells were

longer incubations at the restrict
temperature (data not shown).
summary, the contractile ring
necessary but not sufficient for Bgs

grown as in Fig. 2, shifted to 37°C and collected at different times (2.5, 3.5, 4.5 and 5.5 hours).
Cells were ethanol fixed and analyzed for GFP and Calcofluor white/Hoechst staining. Cells
representative of the mutant phenotypes at different times, including cells displaying a partial
septum made before expressing the mutant phenotype, are shown.
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restrictive temperature, containing two, four and eight nuclethe cytoplasm as a low GFP background (data not shown). In
after completion of one, two or three mitotic cycles, showedummary, first Bgslp localization is dependent on the presence
that Bgslp never relocated to the medial ring, even in thosd a polymerized actin cytoskeleton, and second the specific
cells that contained a partial septum structure (Fig. 4). Bgs1pgslp localization depends on the correct localization of
was detected in the medial ring only at the beginning, beforpolymerized actin.
expressing the thermosensitive phenotype, and at late times,
when the mutants escaped the phenotype and started to make
complete septa (data not shown). Therefore, SIN signaling Bgs1p localization is altered in the polarity
required for Bgs1p displacement from the tips to the contractilestablishment mutants teal-1 and tea2-1
ring. Bgslp not only localizes to the septum but also to the poles
during both monopolar and bipolar growth. Tealp and Tea2p
) ) _ are end markers, required to establish the correct growth site
The actin cytoskeleton is essential for correct Bgslp and therefore, they might also be responsible for Bgslp
localization localization during polarized growth. For that purpose, GFP-
F-actin localizes to either the growing tips or the medial regioBgs1p was analyzed in straiesl-1 tea2-landtea2-1 cdc11-
of dividing cells (Marks et al., 1986), where new cell wall119 (Fig. 6).teal-landtea2-1mutants do not recognize the
material is being made, and overlaps Bgslp localization alongld end after mitosis, becoming branched by activating a new
the cell cycle. In addition, theps1-12mutant showed genetic incorrectly positioned growing site, and the double mutant
interactions with the actin mutanps8-188 Therefore, we tea2-1 cdcll-119activates several new growing ends
were interested in analyzing whether the actin cytoskeleton {rowning et al., 2000; Mata and Nurse, 1997; Verde et al.,
involved in correct Bgslp localization. In thps8-188nutant  1995). In theteal-1 and tea2-1 mutants, Bgslp appeared
grown at 37°C, the actin remains polymerized but the dots atecalized to the incorrect new growing end. During mitosis, the
randomly distributed throughout the cell and the middle ringnutants also showed mislocalization of contractile ring and
structure is absent (Ishiguro and Kobayashi, 1996). The celt&ptum, often initiating ring contraction from three different
are rounded and enlarged, and some of them display a septpoints and dividing the cell into three compartments. In all
but do not divide. As the mute~*
increased its phenotype
random actin distribution, Bgs
localization extended from pol
or septum along the plasl
membrane until it was located
around the cell (Fig. 5). The ce
also presented areas of m
intense GFP fluorescence
septum or cell periphel
coincident with regions
delocalized cell wall synthes
Besides, the cells show
a substantial GFP-Bgs
accumulation inside the cell. T
Ccps8-188 mutant grown ¢
32°C displays an intermedi:
phenotype of enlarged a

cps8-188 (32°C 5h)

CALCOFLUOR GFP-Bgsip

aberrant cells that can s cps8-188 (37°C 3h) cps8-188 (37°C 6h)
form aberrant contractile ril
structures. GFP-Bgslp w
localized as a broad band in «
poles and septum simultaneou
and in regions of aberrant cell w
accumulation. Bgslp was a
present in abnormal contrac
ring and septum structures,
part was dispersed inside the
(Fig. 5).

The actin  structures  we
disrupted in the profilin muta
cdc3-6after 5 hours of growth

37°C. The cells showed aberr Fig 5 Bgsip localizes to all around the cell and septum and to regions of altered cell wall deposition
septa and cell wall structures, i 'the actin mutantps8-188GFP-bgst bgsiA mutant cells were grown as in Fig. 2, shifted to 32°C
Bgslp never localized the for 5 hours or to 37°C for 3 or 6 hours, and examined for GFP and Calcofluor white staining. Cells
Instead, it appeared delocalize( representative of the different mutant phenotypes at each temperature and incubation time are shown.
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GFP-
Bgsip

CALCOF.

Fig. 6.Bgslp localizes to the altered growing ends and septa in the end marker mutartesttainea?-landtea2-1 cdc11-119. GFP-bgs1
bgsIA mutant cells were grown as in Fig. 2, shifted to 37°C for 6 hoea2{1 cdc11-11%or 8 hoursteal-landtea2-1), and examined for
GFP and Calcofluor white staining. Cells representative of the different mutant phenotypes are shown.

cases, Bgslp was polarized, appearing at the growing tips Bgslp is even more apparent. Then, the other cell begins to
in the altered septa (Fig. 6). In ttea2-1 cdcll-119nutant, respond to the call of the first cell, and Bgslp and the mating
Bgslp localized to multiple new growing ends (Fig. 6). projection appears in the second cell. Then, the cell walls of both
These results indicate that Bgslp localization in theseells fuse and Bgslp stays as a band in the septum that separates
mutants remains polarized to the growing poles and septurboth cells. When the cells fuse and the septum disappears, Bgslp
which are mislocalized due to the failure of the polarity systenappears as a wide band at both sides of the neck between both
to establish and maintain the polarized growth along the longells (Fig. 7); it then disappears first from one side of the neck-
axis of the cell. membrane and then from the other. At that time, Bgs1p is filling
in all the cytoplasm, uniformly and with intense fluorescence,
but is absent at the fused nucleus, which extends along the zygote

Bgslp is also present and localized to the growing and divides, giving rise to the four nuclei. While remaining in
zones during mating, spore wall formation and spore

germination
Bgslp shows a localized pattern in all stages of vegetatiiég. 7.Bgslp localization during the sexual phase of the life cycle
growth. As it is present at every point where growth takesuggests that it is involved in mating projection synthesis, cell fusion

place, we wondered whether it might also be present at the cggntrol and fogroespore and spore wall synthesis. Homott@ile-
wall growth sites during the sexual phase of the life cycle?9sT PgsiA h™cells grown at 28°C in EMM liquid medium until
rly-stationary phase were collected, transferred onto a SPA plate

Thus, Bgslp localization was evaluatefi agloong t.he Spormatloiﬁd incubated at 28°C. Samples were taken after 3, 5, 8, 24 and 48
process in a homothalltmgs]A GFP-bgs h™ strain. . hours, resuspended in EMM liquid medium containinggonl

During the mating process, Bgs1p appears well localized ©4cofluor white, and visualized for GFP and Calcofluor white
the mating projection of the cells (Fig. 7). Initially, Bgs1p iSstaining. Cells and zygotes representative of each mating and
found in only one of both cells, even before any matingporulation step were selected and aligned to show a sexual phase
projection is observed. When the mating projection is presengrogression.
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the cytoplasm, Bgslp begins to appear inside or associated wjtbast establishes and regulates its polarized growth (Brunner
the membranes of the four well-defined oval or round shapeahd Nurse, 2000; Chang, 2001; Mata and Nurse, 1998; Sawin
forespores (Fig. 7). Bgslp disappears from the cytoplasmand Nurse, 1998; Verde, 1998), and the mechanism by which
remaining in the prospores and accumulating as very brigltlytokinesis is regulated and coupled to the cell cycle (reviewed
patches that will remain during the rest of spore maturatioby Balasubramanian et al., 2000; Gould and Simanis, 1997;
processes. Again, Bgslp appears in the cytoplasm as unifo@uertin et al., 2002; Le Goff et al., 1999a; McCollum and
and extremely bright fluorescence. During all this processGould, 2001; Sawin, 2000). However, the knowledge about
Calcofluor white only shows the zygote shape, with no stainingow fission yeast performs and regulates the synthesis of its
of prospore cell wall, although the prospores are perfectlynain cell wall components during polarized growth and
distinguishable at phase contrast microscopy (data not showmytokinesis has scarcely evolved.

At this point, Calcofluor white begins to stain the spores inside In this work, we present a series of genetic and localization
the ascus, probably because the prospore is maturating its wiabults, which suggest that Bgslp function is implicated in
to become a spore (Fig. 7). Next, Bgslp accumulates outside theptum synthesis. We show that tpes1-12mutant interacts
spores as bright and random patches, usually close to the spgemetically with somecdc septation mutants. The double
wall, and then, the general Bgslp fluorescence all around theutants  displayed several aggravated phenotypes.
cytoplasm gradually disappears, until it only remains localizedhterestingly, some septation mutants did not show negative
to the entire spore periphery and as bright patches inside theeraction withcps1-12 measured as increased sensitivity to
mature spores. At that time, the spores are completely matuxovozym 234. Perhaps the former class of septation mutants
and the envelope that forms the ascus will eventually lyse taffects the cell wall integrity in a different way compared with
release the spores (Fig. 7). All these observations suggest thia¢ cps1-12mutant, whereas the latter class might be involved

Bgslp function extends beyond the vegetative cycle.
According to its specific localization pattern, Bgslp m

have a dual role during mating: first, helping the cell to ¢
and form the mating projection; and second, forming pe
a security mechanism that compensates any excess of ¢
degradation during the cell fusion process. In addition,
observations also suggest that Bgs1p has multiple roles
sporulation, helping to synthesize both prospore and
walls.

To analyze whether Bgslp is also present during the
germination process, germinating spores of homott
bgsIA GFP-bgst h%strain were examined (Fig. 8). In or
to avoid any treatment with a cell wall hydrolytic enzy
complex that might alter the spore wall structure and pe
modify Bgslp localization, the spores were release
spontaneous lysis of the asci during a long incubation p
in SPA solid medium. The spore analysis showed that E
is also involved in several germination steps (Fig.
Initially, the spores show an isotropic growth. Bg
reorganizes, causing the internal bright patches to disa
and become distributed uniformly in the spore periphery
weakly inside the spore (Fig. 8). Then, Calcofluor w
staining shows the beginning of a polarized growth
Bgslp increases its localization to that place. The ¢
elongates by a monopolar growth and Bgslp is al
present at this growth pole. When the spore stops gro
Bgslp reorganizes to the middle of the cell, being first
the contractile ring and later in the spore septum. Durin
division, Bgslp remains between the spore and the nev
Before division is completed, it localizes to the old en

GFP-Bgs1ip

GFP-Bgsip CALCOFLUOR

CALCOFLUOR

the new cell, but remains in the septation pole of the s
probably because the spore will reinitiate its growth at
pole, which resembles a vegetative cell.

Discussion

Cell wall synthesis and its regulation is a cru
morphogenetic process during cell growth and divisic
yeast and filamentous fungi (reviewed by Arellano el
1999; Cabib et al., 1998; Cabib et al., 2001). During the
years, a big effort has been made to understand how 1

Fig. 8.Bgslp localizes around the spore during isotropic growth, to the
growing pole during spore germination, and to the contractile ring and
septum during cytokinesis of the first cell. HomothaBieP-bgst

bgsiA h¥%strain was grown and sporulated as in Fig. 7. Cells were
incubated on SPA plates at 28°C for 7 days to allow most of the asci to
spontaneously lyse and liberate the spores. The culture was checked to
confirm that most of the spores were released. The spores were
collected, incubated in YES liquid medium at 28°C, and samples were
taken at 5 and 9 hours. Calcofluor white was addeggf@l final
concentration) and the spores were examined for GFP and Calcofluor
white staining. Spores representative of each germination step were
selected and aligned to show an ordered germination process.
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in the Bgslp pathway itself. However, additional experimentgpsl-12mutant may apparently form normal septa when grown
are needed to support this hypothesis. Another reason whwnder certain conditions, although the cells are unable to
some septation mutants did not show negative interaction witteparate. If thepsl-12mutant phenotype were due to the
cpsl-12could be the specificity of thegslmutant allele. In  absence of Bgslp function and if its function were the primary
fact, similar results have been described for dbigsiimutant  septum synthesis, this would mean that the medial ring can
alleles and somedc septation mutants, includirggicmutants  contract and a septum can be made, even in the absence of
that in our case show negative interaction and vice versa (j@imary septum.
Goff et al., 1999b; Liu et al., 1999). We also describe epistatic After submitting this manuscript for publication, another
interactions betweenpsl-12and thecdc septation mutants. work describing Bgslp localization appeared (Liu et al.,
Similar epistatic interactions have been described for othét002). The described localization data and conclusions are
bgsimutant alleles (Le Goff et al., 1999b; Liu et al., 1999) butcoincident with part of the results presented in our work. The
in these cases all the analyzed septation mutants were epistatithors reach the same conclusions about Bgslp localization
to the bgsl mutants and, therefore, Bgslp function was noto the contractile ring and its dependence on F-actin and SIN
well localized as it could act after septum synthesis. In ouproteins for its localization. Furthermore, it is stated that
case, we showed thedic16-116s epistatic tacps1-12 which  Bgslp is not required for cell elongation and is visualized only
suggested that Bgs1p function is located in the period betweém cells undergoing mitosis and cytokinesis. It is not detected
the beginning and end of septum synthesis at cytokinesis. This disc-like structures following assembly of the primary
result is consistent with the proposed function of Bgslp as orseptum. In our case, Bgslp is clearly detected in every process
of theS. pombésS catalytic subunits, and in that case, Bgs1lmf cell wall growth. We do not know the exact reason why it
would be responsible for septum cell-wall (B&)-glucan was not detected by Liu et al., but it is probably due to one of
synthesis. the following possibilities. First, Bgslp localization is very
We were interested in studying Bgs1p localization along thenstable and extremely sensitive to cell wall stress, as has been
cell cycle. For this purpose, we constructethgs/bgs]A  reported for theS. cerevisiadhomologue Fkslp (Delley and
mutant strain that had the compldigs? ORF removed. Hall, 1999). In the studies by Liu et al., it is likely that
Sporulation of this strain showédisT" is essential at least for the cells lost Bgslp from the poles or septum during
spore germination. A similar result was obtained for a mutanmanipulation. In our experiments, despite careful handling of
with a partial disruption of thbgs gene (Liu et al., 1999). the cells, the GFP sometimes disappeared from the cell poles
Germination otbgsIA spores results in spherical and enlargecand accumulated inside the cell after two or three pictures or
cells that eventually will lyse (Liu et al., 1999). This phenotypeeven at the beginning. Moreover, we noticed different degrees
points to the importance of Bgslp localization for polarizecbf Bgslp stability: very unstable at the poles, more stable
cell growth, at least during spore germination. Although it isalong the septum and very stable at the contractile ring.
likely thatbgs1' is also essential for vegetative cells, it has noHowever, after ethanol fixation, Bgslp localization seemed to
been proven yet. In fact, repression of bysI gene by the be stable throughout the cell. Second, the GFP-Bgslp fusion
81X version of the thiamine-repressiblemtl* promoter protein used by Liu et al. might display a different behavior.
(pJG25) is not lethal in &gsIA strain (see Materials and They did not describe whether the gene replacement was done
Methods). Nevertheless, we cannot discard the possibility ofia haploid or diploid strains. If the fusion protein is not
residual bgs expression, high enough to maintain cell completely functional, the gene replacement in haploid strains
viability. might promote gene duplication. In that case, wild-type Bgslp
In order to avoid any artifact in Bgslp localization studiescould be more stable or have more affinity for growth poles
we tried to mimic the physiological state for Bgslp. Anthan the fusion protein. Finally, this specific fusion protein
integrated single copy @FP-bgsZt gene, regulated by its own might be less stable, making its detection outside the
bgsT promoter, made thegsIA mutant revert to the wild-type. contractile ring more difficult.
Therefore, GFP-Bgslp is functional and expressed at Bgslp localization irtea mutants suggests that it depends
physiological levels. During septum synthesis, Bgslmpn the microtubule-dependent growth establishment. In
localization is coincident with that of the contractile ring,addition, it has been demonstrated that actin is another key
appearing as bright fluorescence signals ahead of the newdgmponent directing Bgs1p localization, as it is for Agslp, the
synthesized septum cell wall. These results suggest that Bgsgiptative (1,3%-D-glucan synthase (Katayama et al., 1999).
might be responsible for the synthesis of a specific linedbisappearance of Bgslp fluorescence from the poles at the
(1,3B-D-glucan that constitutes the fission yeast primarytime of cytokinesis and vice versa, favors the idea of a
septum (Humbel et al., 2001) just as CalS1p is responsible farechanism for a drastic and rapid Bgslp recruitment to the
the formation of the cell plate in plant cells, made of callosenedial ring zone at the time of septum formation and to the
(Verma and Hong, 2001), in a process that mimics the synthegisles at the time of cell growth, coincident with the location
of the primary septum 8. cerevisiagmade of chitin, by of actin patches and cytoskeleton components at the same
Chs2p (Schmidt et al., 2002). Nonethel&s;erevisiaenight  region of active cell-wall synthesis. In fact, it has recently been
present some differences, as ring contraction and primashown that a GFP fusion of ti$e cerevisiabomologue Fkslp
septum formation depend on each other (Schmidt et al., 2002hoves on the cell surface to the sites of cell wall synthesis.
Initially, our results of Bgslp localization indicate that its This Fks1p mobility is dependent on the movement of cortical
requirements are coincident with thoseSofcerevisiaeBgslp  actin patches and is necessary for correct cell wall synthesis
localization depends on the presence of an actomyosin ring afidtsugi et al., 2002).
on its contraction, promoted by the septation initiation network It is likely that Bgslp is an integral constituent of the plasma
(SIN) (McCollum and Gould, 2001; Sawin, 2000). However,membrane. Therefore, its recycling or degradation is probably
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channeled through endocytosis. Our observation of We thank P. Pérez and B. Santos for critically reading the
intermediate stages of cells with Bgs1p localized between ceftanuscript. We thank P. Nurse for the generous gift obthgombe
poles and septum, and of growing cells with internalizedtrains. J.C.G.C. acknowledges support from a fellowship granted by
Bgslp, revealed the presence of lumpy and granular Bgsf nta de Castilla 'y Leon, Spalr_L_Thls Work_vv_as s_upported_ by grants
structures in the cytoplasm. This suggests that Bgslp 02000-1448 from the Comisién Interministerial de Ciencia y
processed by endocytosis rather than diffusing freely. If thi ecnologia, Sp"?"ﬂ‘ﬁl‘c"g% frgm Junta de Castilla y Leon, Spain, and
were the case, it would be especially interesting to search for & contract with Lilly S.A., Spain.
the final destination of Bgslp. This processing might lead to
complete degradation in the vacuole or lysosome, or t0 afeferences
alternative route of Bgslp recycling, as has been described fg, ¢ Fantes, P., Hyams, J., McLeod, M. and Warbrick, E(1993).
S. cerevisiaehitin synthases Chs2p and Chs3p, respectively Experiments with fission yeast: a laboratory course manual. Cold Spring
(Chuang and Schekman, 1996). Harbor, NY: Cold Spring Harbor Laboratory Press. )
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