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Abstract

Glycosyl-phosphatidylinositol (GPI) anchored proteins are implicated in remodeling of the yeast cell wall during growth and
division. Schizosaccharomyces pombe proteins, Psul, Dfg501, and Dfg502 are predicted GPI anchored proteins with likely
cell wall modifying activity. Here, we isolated and characterized null and temperature-sensitive alleles that will allow further
analysis of the function of these proteins and S. pombe cell wall formation. Our data confirm that Psul is necessary for cell
separation, maintaining proper cell shape, and viability. Additionally, we found that Dfg501 and Dfg502 share a redundant and
essential function necessary for cell separation and viability.
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Figure 1. Characterization of psul and dfg502 mutant alleles:
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(A) A schematic, drawn to scale, of the protein encoded by psul. The amino acid substitutions in psul-1 are indicated. (B, F)
The indicated strains were grown in liquid YE at 25°C until they reached mid-log phase. Then, 10-fold serial dilutions were
made and 2.5 pL of each was spotted on YE agar plates and incubated at the indicated temperatures for 3 days prior to
imaging. (C, G) The indicated strains were grown at 25°C and then shifted to 36°C for 3 hours prior to fixation with 70%
ethanol. Samples were taken at each timepoint. Cells were washed three times with PBS and then stained with methyl blue
(MB) and DAPI prior to imaging. (D, H) The indicated phenotypes were quantified from the same experiment as in C or G. n
> 330 for each. Paired cells have not completed cell separation. (E) A schematic, drawn to scale, of the proteins encoded by
dfg501 and dfg502. The amino acid substitutions in dfg502-1 are indicated. Signal sequence (SS), transmembrane domain
(TM).

Description

Cell-walled organisms build and remodel their cell wall during growth and division. The Schizosaccharomyces pombe cell
wall is mainly composed of linear and branched glucan chains and galactomannan (Bush et al., 1974; Humbel et al., 2001;
Osumi et al., 1998). Additionally, the cell wall contains a cohort of proteins linked directly to it (de Groot et al., 2007). Many
of these are modified with a glycosyl-phosphatidylinositol (GPI) anchor and established to play important roles in the structure
and function of the yeast cell wall (De Groot et al., 2003; Pittet & Conzelmann, 2007). To become GPI-anchored, proteins are
modified on a  site near their C-terminus by lipid addition in the endoplasmic reticulum (Frieman & Cormack, 2004). The
lipid anchor can either be cleaved at the plasma membrane or remodeled (Fankhauser et al., 1993; Martin-Yken et al., 2001).
The specific way that GPI-anchored proteins are attached to the cell surface might be critical for maintaining cell wall
homeostasis and allow cells to adapt to different environmental stresses. The function of GPI modified proteins is not fully
understood. Here, we isolated and characterized a temperature-sensitive allele of psul. We also generated null alleles of the
adjacent and presumably duplicated dfg501 and dfg502 genes and a temperature-sensitive dfg502 allele in the dfg501A strain.

Psul contains a beta glucosidase domain belonging to the glycosidase hydrolase 132 (GH132) enzyme family (Drula et al.,
2022; Gastebois et al., 2013). Other fungal members of this enzyme class hydrolyze linear (-(1,3)-glucans (Gastebois et al.,
2013) and are implicated in promoting cell separation and septum integrity (Mouassite et al., 2000; Ritch et al., 2010). S.
pombe psul is essential and when deleted the cells display cell separation defects, become rounded, and eventually lyse and
die (Omi et al., 1999).

To further study Psul function, we isolated a new psul temperature-sensitive allele using an error-prone PCR method (Tang et
al., 2019). Sequencing revealed substitutions of serine 191 to proline and valine 390 to alanine within the catalytic domain
(Figure 1A). Serial dilutions of wildtype and psul-1 cells spotted at a variety of temperatures showed that both strains grew
similarly at 25°C, 29°C and 32°C, but psul-1 did not grow at 36°C while wildtype grew robustly (Figure 1B). We next grew
cells at 25°C, shifted some of them to 36°C for 3 hours, and then fixed the cells from each condition. The cells were stained
with DAPI and methyl blue (MB) to mark DNA and the cell wall, respectively, and imaged. We found that at 25°C psul-1
cells had an increase in paired cells compared to wildtype and this difference was exacerbated at 36°C, indicating a cell
separation defect (Figure 1C). Additionally, consistent with the psulA phenotype, psul-1 cells were rounded at high
temperature (Figure 1C) (Omi et al., 1999). Thus, the temperature-sensitive and null mutant phenotypes are concordant, and
our data validates the importance of Psul for maintaining proper cell shape and promoting cell separation following
cytokinesis (Omi et al., 1999).

dfg501 and dfg502 encode putative endo-1,6-a-mannosidases belonging to the glycoside hydrolase 76 (GH76) enzyme family
(Drula et al., 2022) and are orthologous to Saccharomyces cerevisiae Dfg5 (Kitagaki et al., 2002). Endo-1,6-a-mannosidases
hydrolyze unbranched 1,6-a-mannose and these enzymes are hypothesized to have a role in transferring GPI anchored proteins
from the plasma membrane to the cell wall, however their precise function has not been confirmed biochemically (Kitagaki et
al., 2002).

To study dfg501 and dfg502 function we aimed to make single and double gene deletions of these adjacent genes. While we
were able to construct dfg501A and dfg502A single deletion strains, we were unable to recover a double deletion strain. We
therefore generated a dfg502 temperature-sensitive allele in a dfg501A genetic background. The temperature-sensitive allele
contained F18L, D39G, N75S and Y196C substitutions within Dfg502 (Figure 1D). Analysis of cell growth revealed that each
single deletion grew similarly to wildtype at all temperatures tested but dfg501A dfg502-1 had reduced growth at 32°C
compared to wildtype and did not grow at 36°C (Figure 1E). Fixing and staining of the cells with DAPI and MB revealed that
dfg501A dfg502-1 cells had an increase in the frequency of paired cells at both 25°C and 36°C compared to wildtype cells,
indicative of a cell separation defect (Figure 1F). These results indicate that Dfg501 and Dfg502 are important for promoting
cell separation, which may be a common theme among GPI anchored enzymes. Interestingly, gas1-1, psul-1 and dfg501A
dfg502-1 all have cell separation defects (Howard et al., 2024). Dfg5 and Gas1 defective cells also have similar phenotypes
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noted in S. cerevisiae, suggesting they may play similar roles in remodeling the cell walls of these two yeast species (Kitagaki
et al., 2002).

In conclusion, GPI anchored proteins are physically poised to enact cell wall modification to allow for cell growth and
division and it will be interesting to learn how they collaborate in space and time to allow precise cell wall remodeling in
response to cell growth and environmental changes.

Methods

Yeast methods

S. pombe strains were grown in yeast extract (YE) and standard S. pombe mating, sporulation, and tetrad dissection techniques
were used to construct new strains (Moreno et al., 1991).

Molecular biology methods

The psul allele was sequenced by generating a PCR product with an oligonucleotide 85 bp upstream of the start site
(CTTCGTTCGTTCCTTGAATTTTAGACACA) and a reverse oligonucleotide within kanMX6 (Integrated DNA
technologies). The PCR product was sequenced with a forward oligonucleotide 580 bp into the open reading frame
(GGTGATGGTGCTGGTTCCTCTTGCGTTG) and a reverse oligonucleotide 679 bp into the open reading frame
(GCAAACCACCACGGGTTTCACCGTCAG).

The dfg502-1 allele was sequences by generating a PCR product with an oligonucleotide 300 bp upstream of the start site
(GCTCGCATTGAAATTTATTTGGTTAC) and a reverse oligonucleotide within kanMX6 (Integrated DNA technologies). The
PCR product was sequenced with a forward oligonucleotide 144 bp into the open reading frame
(CCATAAATAGTGCCTTGACTACCGTCACTGACGG) and a reverse oligonucleotide 860 bp into the open reading frame
(CCTTCCATATGGGTTTGCCACACAGAACTGCC). The dfgh01 and dfg502 gene deletions were made as previously
described (Chen et al., 2015).

Isolation of temperature sensitive alleles with error-prone PCR

Temperature-sensitive mutants of psul and dfg502 were constructed and isolated based on the previously described protocol
(Tang et al., 2019) but using EX taq polymerase (Takara, 4025) and accompanying dNTPs (Takara, RRO1BM). The dfg502
temperature sensitive allele was made in the dfg501::kanMX6 genetic background and hphMX6 selection linked to dfg502.

Microscopy and image analysis

Strains for fixed-cell imaging experiments were grown at 25°C in YE and then shifted to 36°C for 3 hours. Cells were fixed
with 70% ethanol for DAPI and methyl blue (MB) staining as described previously (Roberts-Galbraith et al., 2009). Images
were acquired using a Zeiss Axio Observer inverted epifluorescence microscope with Zeiss 63% oil (1.46 NA) and captured
using Zeiss ZEN 3.0 (Blue edition) software. A singular medial Z slice was obtained. All images were further processed using
ImageJ (Schindelin et al., 2012). Graphs were constructed with Prism 8.0 (GraphPad Software).

Reagents

The strains used in this study and their genotypes are listed below.

Strain Genotype Source

KGY246 ade6-M210 leul-32 ura4-D18 h™ Lab stock

KGY5216-2 psul-1(S191, V390A):kanMX6 ade6-M210 leul-32 This study
ura4-D18 h°

KGY3698-2 dfg501A::kanMX6 ade6-M210 leul-32 ura4-D18 h™ This study
KGY3699-2 dfg502A::kanMX6 ade6-M210 leul-32 ura4-D18 h™ This study
KGY5820-2 dfg501A::kanMX6 ade6-M210 leul-32 ura4-D18 h™ This study
dfg502-1(F18L, D39G, N75S, Y196C):hphMX6

Acknowledgements:

We thank Kara Bell for technical assistance.


https://www.pombase.org/spombe/result/SPAC1002.13c
https://www.pombase.org/spombe/result/SPBC1198.06c
https://www.pombase.org/spombe/result/SPBC1198.07c
https://www.pombase.org/spombe/result/SPAC1002.13c
https://www.pombase.org/spombe/result/SPBC1198.07c
https://www.pombase.org/spombe/result/SPBC1198.07c
https://www.pombase.org/spombe/result/SPBC1198.06c
https://www.pombase.org/spombe/result/SPBC1198.07c

microPublication
BIOLOGY

4/2/2024 - Open Access
References

Bush, D A, Horisberger, M, Horman, I, Wursch, P 1974. The wall structure of Schizosaccharomyces pombe. Journal of
general microbiology. 81: 199. DOI: 10.1099/00221287-81-1-199

Chen, J.-S., Beckley, J.R., McDonald, N.A., Ren, L., Mangione, M., Jang, S.J., et al., Gould, K.L. 2015. Identification of new
players in cell division, DNA damage response, and morphogenesis through construction of Schizosaccharomyces pombe
deletion strains. G3: Genes, Genomes, Genetics. 5 DOI: 10.1534/g3.114.015701

de Groot, Piet W J, Yin, Qing Yuan, Weig, Michael, Sosinska, Grazyna J, Klis, Frans M, de Koster, Chris G 2007. Mass
spectrometric identification of covalently bound cell wall proteins from the fission yeast Schizosaccharomyces pombe. Yeast
(Chichester, England). 24: 267. DOI: 10.1002/yea.1443

De Groot, Piet W J, Hellingwerf, Klaas J, Klis, Frans M 2003. Genome-wide identification of fungal GPI proteins. Yeast
(Chichester, England). 20: 781. DOI: 10.1002/yea.1007

Drula, Elodie, Garron, Marie-Line, Dogan, Suzan, Lombard, Vincent, Henrissat, Bernard, Terrapon, Nicolas 2022. The
carbohydrate-active enzyme database: functions and literature. Nucleic acids research. 50: D571. DOI: 10.1093/nar/gkab1045

Fankhauser, C, Homans, S W, Thomas-Oates, J E, McConville, M J, Desponds, C, Conzelmann, A, Ferguson, M A 1993.
Structures of glycosylphosphatidylinositol membrane anchors from Saccharomyces cerevisiae. The Journal of biological
chemistry. 268: 26365.

Frieman, Matthew B, Cormack, Brendan P 2004. Multiple sequence signals determine the distribution of glycosylphosphatidyl
inositol proteins between the plasma membrane and cell wall in Saccharomyces cerevisiae. Microbiology (Reading, England).
150: 3105. DOI: 10.1099/mic.0.27420-0

Gastebois, Amandine, Aimanianda, Vishukumar, Bachellier-Bassi, Sophie, Nesseir, Audrey, Firon, Arnaud, Beauvais, Anne, et
al., Mouyna, Isabelle. 2013. SUN proteins belong to a novel family of $-(1,3)-glucan-modifying enzymes involved in fungal
morphogenesis. The Journal of biological chemistry. 288: 13387. DOI: 10.1074/jbc.M112.440172

Howard, Isaac V., Tavafoghi, Bita, Igarashi, Maya G., Ren, Liping, Willet, Alaina H., Gould, Kathleen L. 2024. Generation
and characterization of temperature-sensitive alleles of the glucanosyltransferase Gasl in Schizosaccharomyces pombe.
microPublication Biology. DOI: 10.17912/micropub.biology.001144

Humbel, B M, Konomi, M, Takagi, T, Kamasawa, N, Ishijima, S A, Osumi, M 2001. In situ localization of beta-glucans in the
cell wall of Schizosaccharomyces pombe. Yeast (Chichester, England). 18: 433. DOI: 10.1002/yea.694

Kitagaki, Hiroshi, Wu, Hong, Shimoi, Hitoshi, Ito, Kiyoshi 2002. Two homologous genes, DCW1 (YKLO046¢) and DFGS5, are
essential for cell growth and encode glycosylphosphatidylinositol (GPI)-anchored membrane proteins required for cell wall
biogenesis in Saccharomyces cerevisiae. Molecular microbiology. 46: 1011. DOI: 10.1046/j.1365-2958.2002.03244.x

Martin-Yken, H, Dagkessamanskaia, A, De Groot, P, Ram, A, Klis, F, Francois, J 2001. Saccharomyces cerevisiae
YCRO17c/CWH43 encodes a putative sensor/transporter protein upstream of the BCK2 branch of the PKC1-dependent cell
wall integrity pathway. Yeast (Chichester, England). 18: 827. DOI: 10.1002/yea.731

Moreno, S, Klar, A, Nurse, P 1991. Molecular genetic analysis of fission yeast Schizosaccharomyces pombe. Methods in
enzymology. 194: 795. DOI: 10.1016/0076-6879(91)94059-1

Mouassite, M, Camougrand, N, Schwob, E, Demaison, G, Laclau, M, Guérin, M 2000. The 'SUN' family: yeast SUN4/SCW3
is involved in cell septation. Yeast (Chichester, England). 16: 905. DOI: 10.1002/1097-0061(200007)16:10<905::AID-
YEAS584>3.0.CO;2-1

Omi, K, Sonoda, H, Nagata, K, Sugita, K 1999. Cloning and characterization of psul(+), a new essential fission yeast gene
involved in cell wall synthesis. Biochemical and biophysical research communications. 262: 368. DOI:
10.1006/bbrc.1999.1209

Osumi, M, Sato, M, Ishijima, S A, Konomi, M, Takagi, T, Yaguchi, H 1998. Dynamics of cell wall formation in fission yeast,
Schizosaccharomyces pombe. Fungal genetics and biology: FG & B. 24: 178. DOI: 10.1006/fgbi.1998.1067

Pittet, Martine, Conzelmann, Andreas 2007. Biosynthesis and function of GPI proteins in the yeast Saccharomyces cerevisiae.
Biochimica et biophysica acta. 1771: 405. DOI: 10.1016/j.bbalip.2006.05.015

Ritch, J J, Davidson, S M, Sheehan, J J, Austriaco, N 2010. The Saccharomyces SUN gene, UTH1, is involved in cell wall
biogenesis. FEMS yeast research. 10: 168. DOI: 10.1111/j.1567-1364.2009.00601.x



https://doi.org/10.1099/00221287-81-1-199
https://doi.org/10.1534/g3.114.015701
https://doi.org/10.1002/yea.1443
https://doi.org/10.1002/yea.1007
https://doi.org/10.1093/nar/gkab1045
https://doi.org/10.1099/mic.0.27420-0
https://doi.org/10.1074/jbc.M112.440172
https://doi.org/10.17912/micropub.biology.001144
https://doi.org/10.1002/yea.694
https://doi.org/10.1046/j.1365-2958.2002.03244.x
https://doi.org/10.1002/yea.731
https://doi.org/10.1016/0076-6879(91)94059-l
https://doi.org/10.1002/1097-0061(200007)16:10%3C905::AID-YEA584%3E3.0.CO;2-1
https://doi.org/10.1006/bbrc.1999.1209
https://doi.org/10.1006/fgbi.1998.1067
https://doi.org/10.1016/j.bbalip.2006.05.015
https://doi.org/10.1111/j.1567-1364.2009.00601.x

microPublication
BIOLOGY
4/2/2024 - Open Access

Roberts-Galbraith, Rachel H, Chen, Jun-Song, Wang, Jiangiu, Gould, Kathleen L 2009. The SH3 domains of two PCH family
members cooperate in assembly of the Schizosaccharomyces pombe contractile ring. The Journal of cell biology. 184: 113.
DOI: 10.1083/jcb.200806044

Schindelin, Johannes, Arganda-Carreras, Ignacio, Frise, Erwin, Kaynig, Verena, Longair, Mark, Pietzsch, Tobias, et al.,
Cardona, Albert. 2012. Fiji: an open-source platform for biological-image analysis. Nature methods. 9: 676. DOI:
10.1038/nmeth.2019

Tang, Ngang Heok, Fong, Chii Shyang, Masuda, Hirohisa, Jourdain, Isabelle, Yukawa, Masashi, Toda, Takashi 2019.
Generation of temperature sensitive mutations with error-prone PCR in a gene encoding a component of the spindle pole body
in fission yeast. Bioscience, biotechnology, and biochemistry. 83: 1717. DOI: 10.1080/09168451.2019.1611414

Funding:
This work was supported by NIH grant R35GM131799 to K.L.G.

Author Contributions: Bita Tavafoghi: investigation, validation, visualization, formal analysis. Liping Ren: investigation,
validation, formal analysis. Kathleen L. Gould: conceptualization, project administration, funding acquisition, writing - review
editing, resources, supervision. Alaina H. Willet: project administration, writing - original draft, writing - review editing, data
curation, investigation, formal analysis, visualization, supervision.

Reviewed By: Anonymous
Nomenclature Validated By: Anonymous

History: Received March 12, 2024 Revision Received March 18, 2024 Accepted March 29, 2024 Published Online April 2,
2024 Indexed April 16, 2024

Copyright: © 2024 by the authors. This is an open-access article distributed under the terms of the Creative Commons
Attribution 4.0 International (CC BY 4.0) License, which permits unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are credited.

Citation: Tavafoghi, B; Ren, L; Gould, KL; Willet, AH (2024). Generation and characterization of temperature-sensitive
alleles encoding GPI anchored proteins Psul and Dfg502 in Schizosaccharomyces pombe. microPublication Biology.
10.17912/micropub.biology.001179



https://doi.org/10.1083/jcb.200806044
https://doi.org/10.1038/nmeth.2019
https://doi.org/10.1080/09168451.2019.1611414
https://doi.org/10.17912/micropub.biology.001179

