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Abstract
Cytokinesis, which achieves the separation of daughter cells at the end of mitosisafter mitosis completion, relies in animal cells on a contractile actomyosin ring (CAR), made composed of actin and class II myosins, whose activity is heavily strongly influenced by regulatory light chain (RLC) phosphorylation. However, in simple eukaryotes such as the fission yeast Schizosaccharomyces pombe, regulation of CAR dynamics by RLC phosphorylation seems appears dispensable for regulating CAR dynamicsdispensable. We found that redundant phosphorylation at Ser35 of the S. pombe RLC homolog Rlc1 by the p21-activated kinases Pak1 and Pak2, modulates mMyosin II Myo2 activity and becomes essential for cytokinesis and cell growth during respiration. Previously, we showed that the sStress aActivated pProtein Kkinase Ppathway (SAPK) MAPK Sty1 controls fission yeast CAR integrity by downregulating formin For3 levels (Gomez-Gil et al.,2020). Here, we report that the reduced availability  of  formin For3-nucleated actin filaments for the CAR is the main reason for the required control of myosin II contractile activity by RLC phosphorylation  during respiration-induced oxidative stress. HenceThus, the recovery restoration of For3 levels with by antioxidants bypasses overrides the control of mMyosin II function regulated by RLC phosphorylation, allowing to allow  cytokinesis and cell proliferation during respiration. Therefore,  a fine-tuned interplay between mMyosin II function by through Rlc1 phosphorylation and environmentally controlled actin filament availability is critical for a successful cytokinesis in response to a switch to a respiratory carbohydrate metabolism. 

Introduction
	Cytokinesis, the final step in cell division,  enables the physical separation of daughter cells after mitosis has been completed [1]. In non-muscle animal cells, this process is basedrelies on the formation of a contractile actomyosin ring (‘CAR’), made composed of actin filaments and non-muscle myosin II (NMII), which generates provides the mechanical force for actomyosin contractility [2, 3]. The prototype NMII motor unit is a complex assembled fromby two heavy chains, two essential light chains known as ELC (essential light chainELC), which provide structural integrity to the complex, and two regulatory light chains (or RLC), which, in response to phosphorylation, induce a change incause NMII from a folded toto fold into  an extended and active conformation to modulate its activity in response to phosphorylation [2]. Phosphorylation of RLC at Ser19 is critical for NMII to achieve an extended conformationactivation,, which results in the spontaneous and immediate and results in the formation of bipolar filaments with enhanced increased actin binding affinity and increased ATPase motor activity [2, 4, 5]. Similar to its deletion or pharmacological inhibition [6, 7], Accordingly, NMII is enzymatically inactive in the the absence of RLC phosphorylation at Ser19 this site [8],  thus resulting in defective cytokinesis and an increased in multinucleate cellmultinucleations [9], which are phenotypes similar to those induced by deletion or pharmacological inhibition of NMII [8, 9]. ROCK (Rho-associated coiled-coil-containing kinase), CITK (citron kinase), and ZIPK (zipper-interacting protein kinase)Several kinases are involved in RLC phosphorylation at Ser19 and NMII activation by RLC phosphorylation on Ser19 during cleavage furrow its accumulation at the cleavage furrow, and  CAR contraction, stabilization,  and scission during cytokinesis [2]. RLC phosphorylation at additional sites other thanbesides Ser19, including Thr18, Ser1/2 and/or Tyr-155, provides additional further regulatory layers of regulation to for the positive or negative modulation ofe either positively or negatively the NMII contractile activity of NMII within specific cellular conditions contexts [2]. 
	Schizosaccharomyces pombe is , a Crabtree-positive fission yeast that can grows through either fermentative or respiratory metabolism, is and is a well-established model organism studying for the study of cytokinesis [10-12]. This simple eukaryote employs uses a CAR to achieve cellular division with two myosin-II heavy chains, known as Myo2 and Myp2/Myo3, to divide [13]. Myo2 function is essential for viability and cytokinesis during normal unperturbed growth conditions, whereasile Myp2 plays a subtle non-essential but important role during CAR constrictionrole for cytokinesis during unperturbed growth, and is specifically required for cell survival in response to saline salt stress [14-16]. Contrary to animalIn contrast to NMII, purified Myo2 does not form filaments at physiological saline concentrations, but instead adopts a unipolar organization, with the head domains exposed to the cytoplasm and its tails anchored into medial precursor nodes of the CAR during theat mitotic onset [17-20]. The essential formin Cdc12 is responsible for the nucleatesion and elongation of es actin filaments at the nodes, whereas. At early anaphase, a search, capture, pull, and release mechanism driven by  Myo2 promotes the fusion of the equatorial nodes to form a mature CAR [21-23]. For3, a non-essential diaphanous-like formin that assembles actin cables for cellular transport, also plays a significant an important role in fission yeast cytokinesis in nucleating actin filaments for the CAR during cytokinesis assembly and disassembly [24, 25]. RemarkablyIn response to environmental cues and cytoskeletal damage, in response to cytoskeletal damage and environmental cues, Sty1, a p38 MAPK ortholog and core effector of the stress-activated signaling protein kinase (SAPK) pathway (SAPK), and its core effector Sty1, a p38 MAPK ortholog, promotes CAR disassembly and blocks cell division by reducing For3 levels and the availability of actin filaments for the CAR [25]. Once formed, coordinated CAR constriction by Myo2 and Myp2, and concomitant plasma membrane and primary septum formation at late anaphase, generate the physical barriers that allow the separation of the two daughter cells [10, 13, 26]. 
	Cdc4 and Rlc1 are the respective respective fission yeast ELC and RLC shared by Myo2 and Myp2 in fission yeast [26-28]. Early evidence indicated that the p21/Cdc42-activated kinase (PAK) ortholog Pak1/Shk1/Orb2 phosphorylates Ser35 and Ser36 of Rlc1, which are homologous to RLC Thr18 and Ser19 in NMIIs , are phosphorylated by the p21/Cdc42-activated kinase (PAK) ortholog Pak1/Shk1/Orb2[29] [30], which has also been involved in RLC phosphorylation at Ser19 in animal cells [31]. It was described that Pak1-dependent pPhosphorylation of Rlc1 at Ser35 and Ser36 by Pak1 delayeds cytokinesis, and thatwhereas expression of a non-phosphorylatable mutant version at both residues (rlc1-S35A S36A), resultsed in premature CAR constriction [29]. These observations are is is consistent with in vitro data showing that Rlc1 phosphorylation decreases reduces the interaction of Myo2 with actin  induring force generation [17]. This and a latersubsequent work identified Ser35 as the sole target for of Pak1 both in vitro and in vivo [17, 30]. On the other hand However, another study described that the average in vitro motility rate of purified Myo2 bound to the Rlc1-S35A S36A mutant is reduced by ∼25% compared to that of the myosin bound to wild-type Rlc1, and that phosphorylation at both sites is positive for CAR constriction dynamics [31]. , another study described that Myo2 motility is reduced in fission yeast cells expressing an rlc1-S35A S36A mutant version, and that phosphorylation at these sites has a positive effect on CAR constriction dynamics [31]. Hence, wWhile the essential role of RLC phosphorylation for NMII activity is firmly well established in animal cells, the biological significance of Rlc1 phosphorylation at Ser35 during fission yeast cytokinesis remains currently unclear. 
	Here we show that modulation of Myo2 activity by Rlc1 phosphorylation at Ser35 is essential for fission yeast cytokinesis and proliferation during respiratory growth. This posttranslational modification is not only exerted by Pak1 but also bytogether with Pak2, a second PAK ortholog whose expression increases during respiration. We also show that Rlc1 phosphorylation at Ser35 becomes essential due to the reduced availability of For3-nucleated actin filaments caused by SAPK activation during respiration-induced oxidative stress. Our findings reveal how Thus, formin-dependent actin filament nucleation and mMyosin II activity are linked coupled for optimal control of cytokinesis control in response to changes in MAPK signaling and carbon source metabolism. 

Results

Myosin- II regulatory light chain phosphorylation is essential for S. pombe cytokinesis and growth during respiration
[bookmark: OLE_LINK7]	To gain further insight into the contribution of RLC phosphorylation during to the mMyosin II-dependent control of cytokinesis in S. pombe, we expressed a C-terminal HAGFP-tagged version of Rlc1 under the control of its native promoter in rlc1∆ cells. This construct was fully functional and suppressed the the defects associated with the lack of Rlc1 function, including defective CAR positioning and multiseptation associated with the lack of Rlc1 function (Figure 1—-figure supplement 1A) [26]. We noted that in extracts from exponentially growing cells Tthe Rlc1-GFPHA fusion migrates in SDS-PAGE as two discernible distinct bands by Phos-tag SDS-PAGE analysis in extracts from exponentially growing cells (Figure 1A). The Rlc1 mobility in extracts from a strain expressingof a mutated version nt where in which Ser36 was changed to alanine (Rlc1(S36A)-HAGFP) was similar to that of the wild--type strain. In contrast, only only the faster-migrating band was observed present in mutants expressing either Rlc1(S535A)-HA GFP or Rlc1 (S35A S36A)-GFPHA fusions (Figure 1A)., confirming that Thus, in these assays the slower- motility migrating band corresponds to  the in vivo Rlc1 isoform phosphorylated at Ser35. 
	Increased Rlc1 expression does not alter CAR integrity and/or cytokinesis in fission yeast [34]. Hence, tTo precisely follow the dynamics of Rlc1 phosphorylation and localization dynamics during the cell cycle, we co-expressed the Rlc1-GFP (genomic fusion) and Rlc1-HA (integrative fusion) tagged versions in cells carrying an analogue-sensitive version of the Cdk1 kinase ortholog Cdc2 (cdc2-asM17) [32], and a Pcp1-GFP fusion (pericentrin SPB component; internal control for mitotic progression). Simultaneous live fluorescence microscopy and Phos-tag SDS-PAGE analysis Western blot analysis of synchronized cells released from the G2 arrest, showed that in vivo Rlc1 phosphorylation at Ser35 was very low at the nodes stage during CAR assembly, raised gradually increased during ring maturation, and reached its maximumpeaked at the onset of CAR contraction until the final stages, and slowly decreaseding slowly during septum closure and cell separation (Figure 1B). As early previously suggested [29], these results confirm that in vivo Rlc1 phosphorylation at Ser35 is enhanced during CAR constriction and septum formation stages.
[bookmark: OLE_LINK12] 	Time-lapse fluorescence microscopy of asynchronous exponentially gluglucose-growing cells from asynchronous cultures showedrevealed only a minimal but statistically significant increase in the overall total time for ring constriction and disassembly in Rlc1(S35A)-GFP cells as compared to wild-type Rlc1-GFP cells (188.,3600 + 23.,0690 vs 176.,2670 + 2.,1744 min, respectively; n=92 cells) (Figure 1C), . with a slightly slower ring constriction rate (0.595 + 0.02 vs 0.616 + 0.02 μm/min, respectively) (Figure 1C). Cells expressing a dual phospho-mimicking form of Rlc1 (Rlc1-S35D S36D) exhibit normal CAR dynamics and support cytokinesis like wild-type cells [31]. Similarly, CAR dynamics and ring constriction rates were identical between wild-type and Rlc1(S35D)-GFP cells (Figure 1C). Therefore, iIn contrast to animal non-muscle animal cells, where phosphorylation of the regulatory light chain phosphorylation is essential for NMII activity [2], in vivo Rlc1 phosphorylation during S. pombe growth in the presence of glucose only minimally affectsof Rlc1 has a minimal impact on my myosin II function for during CAR dynamics when fission yeast cells grow vegetatively in the presence of glucose. 
[bookmark: OLE_LINK14]	These findings prompted us to search for other environmental and/or nutritional condition/s where Rlc1 phosphorylation-dependent control of mMyosin II activity might become essential for fission yeast cytokinesis. A recent study performed with a prototroph S. pombe deletion-mutant collection described that rlc1∆ cells struggle to grow in a glyglycerol-based medium, that which imposes a respiratory metabolism [33], as. Indeed, and in contrast to wild-type cells, the growth of rlc1∆ cell growths was stronglygly reduced when cultured in plates containing with 3% glyglycerol plusand 0.08% gluglucose as carbon sources (Figure 1D). Strikinglygly, cells expressing the unphosphorylated mutants rlc1-S35A and rlc1-S35A S36A mutants, but not rlc1-S36A or the phosphomimetic versions rlc1-S35D and rlc1-S35D S36D, also grew very slowly in this medium (Figure 1D). This behavior phenotype was strictly dependentwas dependent on upon Rlc1 phosphorylation at Ser35, since as conditional expression of ann Rlc1-HA fusion in rlc1∆ cells by employing by thea β-estradiol-regulated promoter [34], allowed their growth on glyglycerol only in the presence of 0.5 µM β-estradiol, whereas conditional expression of the unphosphorylated Rlc1(S35A)-HA mutant version did not (Figure 1-—figure supplement 1B-C). rlc1∆ and rlc1-S35A cells on a prototrophic 972 h- background, but not those expressing the rlc1-S35D allele, were also growth defective on glycerol (Figure 1-figure supplement 1C), confirming that nutritional auxotrophic markers in the strains are not responsible for this phenotype.
[bookmark: OLE_LINK21]	Contrary In contrast to cells expressing wild-type Rlc1, the  the growth of rlc1-S35A cells transferred to a glyglycerol-based liquid medium was limited to 3-4 further additional divisions (Figure 1-figure supplement 1D)Figure 1E), and resulted inwith a progressive increase in multiseptated cells with engrossed thickened septa and lysed cells, suggesting the existenceindicating the presence of a cytokinetic defect (Figure 1E, Figure 1-figure supplement 1D-F). Accordinglygly, time-lapse fluorescence microscopy analysis revealed that the total time for ring assembly and disassembly contraction time in glycerol-incubated rlc1-S35A cells was much longer incubated with glycerol for 8 hours was much longer than in those expressing wild-type Rlc1 cells (612.,6797 + 76.,369 vs 49.,2749 + 34,.6924 min, respectively; n>37 cells) (Figure 1F-GG-H). The cytokinetic delay was mainly most pronounced observed during the stage of ring constriction and disassembly (3444.,0029 + 64.,1649 vs 216.,4084 + 33,.6222 min, respectively), with a marked reduction in the ring constriction rate (0.384 + 0.02 vs 0.500 + 0.02 μm/min, respectively)  (Figure 1FG-GH). Conversely, expression of the phosphomimetic rlc1-S35D allele did not alter CAR dynamics and constriction rate when grown with glycerol (Figure 1F-G). 
	 The above findings support that in vivo Rlc1phosphorylation at Ser35 plays an essential role to modulate S. pombe cytokinesis and cell division during respiratory growth.Myo51 is a type V myosin that plays an important role in S. pombe during ring assembly, as myo51∆ cells complete this process later than normal (Figure 1-figure supplement 2) [14]. Myo51 deletion further and specifically increased the CAR assembly time in rlc1-S35A cells during glycerol growth (Figure 1-figure supplement 2), suggesting that Myo51 cooperates with Myo2 in this process. Thus, in vivo Rlc1 phosphorylation at Ser35 is essential for the modulation of S. pombe cytokinesis and cell division during respiratory growth.

The redundant p21/Cdc42-activated kinases Pak2 and Pak1 phosphorylate Rlc1 at Ser35 together with to positively control fission yeast cytokinesis and division during respiratory growthrespiration
	Earlier work has provided strong evidence that tThe essential fission yeast p21 (cdc42/rac)-activated protein kinase (PAK) Pak1/Shk1/Orb2, phosphorylates Rlc1 at Ser35 both in vitro and in vivo [29, 30]. In agreement with these studiesConsistently, the in vivo phosphorylation of an Rlc1-HA GFPfusion at Ser35 became progressivelywas gradually reduced in gluglucose-growing grown cells expressing the analog-sensitive (as) kinase mutant Ppak1-M460A treated with the specific kinase inhibitor 3-BrB-PP1, but not in the presence of the solvent control (Figure 2-—figure supplement 1A). Interestinglygly, light chain phosphorylation at Ser35 was absent in gluglucose-growing cells expressing the hypomorphic mutant allele Ppak1-M460G (Figure 2A) [29], suggesting that this kinase version is constitutively inactive towards Rlc1. Unexpectedly, Rlc1 remained phosphorylated at Ser35 in cells pak1-M460G cells with this mutated kinase during growth with glyglycerol growth  as a carbon source (Figure 2A). Rlc1 levels increased by approximately ~1.5-fold during glycerol growth, regardless of the presence of Pak1/2 activity (Figure 2A; Figure 2-figure supplement 1B), although increased Rlc1 expression does not alter fission yeast CAR integrity and/or cytokinesis [35]. The simplest explanation for these observations is thatrefore,  other kinase(/s) besides in addition to Pak1 can specifically phosphorylate Rlc1 in vivo at Ser35 in vivo during respiratory growth. 
	A reasonable candidate to performfor such a this role is Pak2, a second PAK homolog whose over-expression has been shown to restores the viability and the viability and normal morphology of fission yeast cells of fission yeast cells lackingin the absence of Pak1 function , thus suggesting that both kinases may share common substrates and functions [36, 37]. In support of this hypothesisIndeed, Rlc1 phosphorylation at Ser35 was absent during respiratory growth in a Pak1pak1-M460G pak2∆ double mutant cells, whereas itbut remained phosphorylated in a pak2∆ mutant cells growning withon either gluglucose or glyglycerol (Figure 2A). In contrast to Pak1, Pak2 was undetectable not detected after Western blot analysis in a gluglucose-growning cells strain co-expressing genomic Pak1-GFP and Pak2-3GFP genomic fusions (Figure 2B). , butHowever, its expression level levels increased when the cells were either transferred to a medium lacking a in the absence of nnitrogen, source or in the presence ofcultured with glyglycerol, or during the stationary phase in glucose-rich medium as a carbon source (Figure 2-figure supplement 1CFigure 2B).  Enhanced Pak2-3GFP expression was also observed in glucose-rich medium as the cells reached the stationary phase of growth, when the availability of this carbohydrate is minimal (Figure 2B). Nevertheless, the Pak2 erelative expression of Pak2 was always very low under these conditions, compared to Pak1 and could only be detected after long exposure times of the immunoblots (>20 min; LE; Figure 2-figure supplement 1CFigure 2B). In S. pombe, Microarray-based studies have shown that pak2+ mRNA levels increase in S. pombe during nitrogen starvation through a mechanism that reliesdependent on Ste11, a master transcription factor that activates gene expression during the early steps of the sexual differentiation (Figure 2B)  [38]. 
	 Accordingly, pak2∆ cells display defective fusion during mating and produce aberrant asci [41]. The pak2+ promoter shows contains two consecutive copies of a putative Ste11-binding motif known as the TR box (consensus sequence 5'-TTCTTTGTTY-3') (Figure 2C) [39]. IIndeed, the induced expression of a Pak2-3GFP fusion during nitrogen starvation or growth with glyglycerol growth was totally abrogated abolished in ste11∆ cells,, and in a strain where in which pak2+ expression is under the controlcontrolled by of an  its endogenous promoter version mutated at the twoboth TR boxes (Figure 2C). The Zn-finger transcriptional factor Rst2, whose activity is negatively regulated by the cAMP-PKA signaling pathway in the presence of gluglucose, positively regulates ste11+  expression during nitrogen or gluglucose starvation (Figure 2B) [40].  In the presence of glucose, and in contrast to wild-type cells, Pka1 deletion prompted a constitutive increase in Pak2-GFP expression (Figure 2D). Moreover, Rst2 deletion suppressed the constitutive expression the enhanced expressionof Pak2 of Pak2-GFP in gluglucose-growning  pka1∆ cells and in the presence of glyglycerol (Figure 2D). ThusHence, Pak2 expression is constitutively repressed by glucose cAMP-PKA signaling, during glucose fermentation and increases specifically during respiratory growthrespiration in an Rst2- and Ste11-dependent manner.
[bookmark: OLE_LINK13]	The very low expression levels of the Pak2-3GFP genomic fusion prevented the its microscopic visualization of its subcellular localization during nutrient starvation. To circumvent this situation, we obtained a strain expressing a Pak2-GFP fusion under the control of the native pak1+ promoter (ppak1+-Pak2-GFP). The relative expression levels of ppak1+-Pak2-GFP during vegetative growth were approximately 2-3 fold times higher than those of the Pak1-GFP genomic fusion (Figure 2-—figure supplement 1DB). NeverthelessHowever, in contrast to Pak1-GFP, which is targeted at to the cell poles and the CAR during vegetative growth with either gluglucose or glyglycerol, the ppak1+-Pak2-GFP fusion localized exclusively to the CAR in under both conditions (Figure 2E).  Time-lapse fluorescence microscopy of glycerol-growing cells revealed that Pak2 co-localized with Rlc1 during the entirethroughout the cytokinetic process in glycerol-grown cells, starting withfrom the early steps of CAR assembly and maturation to the later stages of ring constriction (Figure 2-figure supplement 1EFigure 2F).
[bookmark: OLE_LINK15]	Compared to wild-type cells, pak1-M460G and pak2∆ cells showed no defects in cytokinesis, septation, or growth during respiration (Figure 2F-H; Figure 2-figure supplement 1F). Compared to wild-type cells, Pak1-M460G and pak2∆ cells did not display cytokinetic, septation, or growing defects during respiration with glycerol as a carbon source (Figure 2G-J). Strikinglygly, cells from a Pak1-M460G pak2∆ double mutant showed a noticeable increase in the average , the mean times for CAR assembly and disassembly constriction, as well as ring constriction rates, were longer in pak1-M460G pak2∆ double mutant cells (Figure 2FG,GH)). , a pak1-M460G pak2∆ cells were also multiseptated multiseptated phenotype (Figure 2Figure 2-figure supplement 1FI), and displayeda a  moderated growth defect in this carbon source in glycerol-rich medium with respect to the wild type, Pak1-M460G, and pak2∆ single mutants (Figure 2HJ). OTaken together, our observations support that Pak1 is fully entirely responsible for the in vivo Rlc1 phosphorylation at Ser35 during fermentationve growth, whereas Pak2, whose expression is induced upon nutrient starvation, collaborates with Pak1 to phosphorylate Rlc1 at this residue to regulate cytokinesis during respiratory growth.

PAK phosphorylation of Rlc1 phosphorylation becomes is critical for S. pombe cytokinesis during respiration due to impaired For3-dependent reduced actin cable nucleation imposed by SAPK activation
	The formin For3 assembles actin cables for cellular transport and co-operates with the essential formin Cdc12 to nucleate actin filaments for fission yeastthe CAR  assembly and disassembly during cytokinesis [24, 25]. For3 absence elicits a clear delay during ring constriction and/or disassembly in glucose-rich medium [24]. The cytokinetic delayCAR assembly and contraction time increased as the rate of ring constriction was significantlyof reduced in for3∆ cells increased significantly in the presence ofgrown with glyglycerol (Figure 3-—figure supplement 1A-B), and, similar to the rlc1-S35A mutant (Figure 1E-F), led. This led to the an accumulation of multiseptated and lysed cells and a marked growth defect (Figure 3-—figure supplement 1CB-ED)., Thus, For3-mediated These observations support that aactin cable nucleation by For3 is crucial fora crucial factor ensuring  proper cytokinesis and growth of S. pombe cells during respiratory metabolismion.
	GluGlucose limitation or absence causes the activation ofactivates Sty1, a p38 MAPK ortholog Sty1, a p38 MAPK ortholog, and the and the critical key effector of the fission yeast SAPK pathway in fission yeast [41]. We have recently shown that aActivated Sty1 down-regulates CAR assembly and stabilityintegrity in S. pombe in response to cytoskeletal damage and environmental stress by reducing For3 levels [25]. Notably, the transfer of exponentially growingfission yeast cells co-expressing genomic Sty1-HA and For3-3GFP fusions from a gluglucose-rich to  glycerol mediaum to a medium with glycerol, induced a rise insustained Sty1 1 activationity that was maintained over time, as measured by Western blot analysis with anti-phospho-p38 antibody, and a concomitant ddecrease in For3-3GFP  protein levels (Figure 3A). Similar toSimilar to environmental stresses [25], the drop in For3 downregulation levels observed during growth in glycerol is likely associated with increased ubiquitination of the formin, since it  as it was was attenuated in cells of the temperature-sensitive proteasome mutant mts3-1 (Figure 3-—figure supplement 1FE). The ratio of actin cables to patches was significantly lower in wild-type cells grown in glycerol than in glucose, as revealed by image segmentation analysis of AlexaFluor-488-phalloidin-immunostained cells using the machine learning routine Ilastik (Figure 3B) We used immunofluorescence microscopy[42] of cells stained with AlexaFluor-488-phalloidin, and calculated the number and density of actin cables by computing the cable-to-patch ratio via image segmentation using the machine learning routine Ilastik [42]. As shown in Figure 3B, the actin cable/patch ratio was significantly lower in wild-type cells growing with glycerol than in those growing with glucose. as carbon source. AThe actin patches also appeared partially depolarized and their density increased during growth with glyglycerol growth (Figure 3B). Fluorescence intensity at the cell poles and the CAR of activated Cdc42 GTPase (a CRIB-3GFP probe), that detects explicitly the activated state of Cdc42 GTPase, which triggers For3 activation in vivo [43], was also decreased under during respiratory growthrespiration conditions (Figure 3-—figure supplement 2A-B), as did the . Accordingly, the overall intensitytargeting of a For3-3GFP fusion at the cell poles (G2 cells), and the CAR (late M cells), was reduced during respiratory growth as compared to glucose-fermenting cells (Figure 3-figure supplement 2CFigure 3B). 
	In sharp contrastIn contrast to to wild-type cells (Figure 3A), we observed that the total levels of a the constitutively active For3 genomic version ofallele for3-DAD fused to GFP this formin, which lacks the intramolecular interaction between the autoregulatory (DAD) and inhibitory (DID) domains to adopt an open and constitutively active conformation (For3(DAD)−2GFP)[43],  were not reduced in response toupon Sty1 activation during growth withby glyglycerol (Figure 3C). for3-DAD cells Cells expressing this Sty1-insensitive For3 allele displayed thickenedengrossed actin cables with an increased actin cable- to- patch ratio (Figure 3-figure supplement 2DFigure 3D-E), and required a shorter time for CAR assembly and disassembly as compared tothan the wild -type (Figure 3F-GD-E). Most importantly, for3-DAD the simultaneous expression largely of the for3-DAD allele in rlc1-S35A cells suppressed to a large extent the ir altered cable organization (Figure 3-figure supplement 2DFigure 3D-E), the cytokinetic delay and reduced constriction rate (Figure 3D-E) and, the multiseptated phenotype (Figure 3F-IFigure 3F; Figure 3-figure supplement 2E), and the defective growth in glyglycerol-rich medium of rlc1-S35A cells (Figure 3GFigure 3J). The expression of for3-DAD also significantly abrogatedrescued the cytokinetic and growth defects in glyglycerol of a Pak1pak1-M460G pak2∆ double mutantcells (Figure 3F-JD-G; Figure 3-figure supplement 2E), which lacks detectable in vivolack phosphorylation of Rlc1 phosphorylation at Ser35 (Figure 2A). Nevertheless, CAR assembly and contraction took longer in for3-DAD rlc1-S35A cells than in for3-DAD pak1-M460G pak2∆ cells (Figure 3D), suggesting that the regulation of other targets in addition to Rlc1 by Pak1/2 could affect cytokinesis in fission yeast. Thus,Together, these observations indicate that For3 and PAK-phosphorylated Rlc1 may performplay a collaborative and  biologically significant role during cytokinesis that becomes biologically significant when S. pombe cells grows through by a respiratory metabolismrespiration.
	In line with our In agreement with previous observations [25], For3 levels increased in glucose-grown wild-type or rlc1-S35A cells lacking Sty1 activity by deletion of Wis1, the only MAPKK of the SAPK [44], and also in the presence of glycerol (Figure 4A-B). We could not analyze the cytokinetic and growth defects of rlc1-S35A cells during respiration in the absence of Sty1, because, unlike mutants lacking Wis1 or Wak1/Win1 (MAPKKs), sty1∆ and atf1∆ cells (lacking the Sty1 downstream transcription factor Atf1) are growth defective on this carbon source (Figure 4-figure supplement 1C) [45]. Nevertheless, similar to the sty1∆ mutant [25], wis1∆ cells exhibited thickened actin cables and an increased actin cable-to-patch ratio during growth on glycerol (Figure 4-figure supplement 1A). Furthermore, Wis1 deletion increased the actin cable- to-patch ratio in rlc1-S35A cells (Figure 4-figure supplement 1A), suppressed their delayed cytokinesis and reduced constriction rate (Figure 4C-D) and multiseptation (Figure 4-figure supplement 1B), and restored cell growth in glycerol (Figure 4E). previous observations [25], total For3-GFP levels increased in glucose-growing wis1∆ or rlc1-S35A wis1∆ strains lacking the Sty1-activating MAPKK Wis1[44] (Figure 4A), and remained significantly higher than in the Sty1-activated isogenic counterparts during growth with glycerol (Figure 4A). Similar to the sty1∆ mutant [25], wis1∆ cells growing in glycerol showed engrossed actin cables and an increase in the actin cable to patch ratio per cell with respect to the wild type (Figure 4B- C). Significantly, Wis1 deletion increased the actin cable to patch ratio in Rlc1-S35A-GFP cells (Figure 4B-C), strongly suppressed their delayed cytokinesis and multiseptation (Figure 4D-G), and restored their growth in glycerol-rich medium to a large extent (Figure 4H). [48]
[bookmark: OLE_LINK2][bookmark: OLE_LINK1]	Lack of Phosphorylation of Rlc1 phosphorylation at Ser35 has a minimal limited biological impacteffect on S. pombe CAR dynamics during gluglucose fermentation (Figure 1C), where basal Sty1 activity is very low (Figure 4B). Our previous data suggest that . Our results predict that a constitutive increase in Sty1 activity should elicit be detrimental to cytokinestics in glucose-grown rlc1-S35A defects in glucose-growing rlc1-S35A cells. Indeed, agreement with this view, rlc1-S35A cells lackingdeletion of the MAPK tyrosine phosphatase Pyp1 (Figure 4A), which display increasedincreases basal Sty1 activity and reducesd For3 levels  [25], underwent a significant delay infurther delayed the time for CAR assembly and contraction time and and the constriction rate of glucose-grown rlc1-S35A cells closure (Figure 4F-GI-J), and leading to an accumulation ofed septated cells during stationary phase (Figure 4-figure supplement 1DFigure 4K-L). Therefore, when For3 levels are reduced by SAPK activation, the tight control of Rlc1 function by phosphorylation at Ser35 becomes essential for S. pombe cytokinesis when the levels of For3 formin are reduced by activated SAPK . pathway.
	SAPK-For3 may act downstream of the PAK-Rlc1 cascade, as the cytokinesis and growth defects of rlc1-S35A and pak1-M460G pak2∆ mutants are suppressed by for3-DAD. However, the normal degradation of For3 
during respiration in rlc1-S35A cells (Figure 4A) excludes this possibility. Moreover, for3-DAD expression did not reduce Rlc1 phosphorylation at Ser35 in the presence of glucose or glycerol (Figure 4-figure supplement 1E), suggesting that Pak1/2-Rlc1 is not activated by changes in For3 levels. Thus, both the SAPK-For3 and PAK-Rlc1 pathways act independently and are critical for the successful completion of cytokinesis during respiration.


Control of Myo2 activity Regulation of Myo2 by Rlc1 phosphorylation is essential for regulates S. pombe cytokinesis and growth during respiration 
	The thermo-sensitive and motor-deficient mMyosin II heavy chain allele myo2-E1 carries a mutation (G345R), that results in shows reduced ATPase activity and actin-filament binding in vitro [13]. Similar to rlc1-S35A cells, myo2-E1 cells We observed that the deficient showed a growth defect h inon glyglycerol. of rlc1-S35A cells was also displayed by Myo2-E1 cells, but not by thoseThis was not the case for a hypomorphic mutant  expressing a hypomorphic allele inof the essential he essential mMyosin II light chain Cdc4 (cdc4-8) or in for a mutantcells lacking the heavy chain Myp2,, a second Myosin II heavy chain whichthat collaborates cooperates with Myo2 for CAR constriction during growth and saline stresscytokinesis [13, 16, 46] (Figure 5A). Accordinglygly, the time for CAR assembly and disassembly constriction times was were much longer in myo2-E1 cells incubated at a semi-restrictive temperature (2 h at 30ºC), and changed switched to the permissive temperature in a glyglycerol-based medium as  compared to gluglucose-rich conditions  (78.,59 + 11.,09 vs 61.,67 + 7.,56 min, respectively) (Figure 5B-C). TAlthough the respiration-induced cytokinetic delay was evident during both stages of CAR assembly/maturation and ring constriction/disassembly, it was was more intense pronounced during the latter stages ring constriction/disassemblyof ring closure, with a much slower constriction rate  (Figure 5B-C) and the . Similar to rlc1-S35A cells, the Myo2-E1 cytokinetic defect also resulted in the accumulation of  many lysed and multiseptated cells with engrossed thickened septa (Figure 5-figure supplement 1AFigure 5D-E). However,On the contrary, the delay in the delay in CAR closure displayed by glucose-growing myp2∆ cells versus wild-type cells (~7.5 min; n>37 cells), was very similar between myp2∆ and wild-type cells similar to that observed during growthgrown inwith glucose or glyglycerol (~7.5 vs (~7.7 min; n>65 cells) (Figure 5-—figure supplement 21A). The myp2∆ mutant Myp2 deletion increased the number of septated andaccumulated multiseptated cells during growth in glucose and, particularly, in the presence of glyglycerol, and. T this phenotype was aggravated exacerbated when combined with the rlc1-S35A allele (Figure 5-—figure supplement 21B). 
	Expression of theExpression of  for3-DAD in myo2-E1 cells allele alleviated restoredthe altered  their altered cable organization (Figure 5-figure supplement 1BFigure 5F-G), and reduced suppressed the cytokinetic delay, the  slow rate of ring constriction and the multiseptated phenotype of myo2-E1 cells during CAR assembly/maturation and ring constriction/disassembly (Figure 5DH-E; Figure 5-figure supplement 1CI), as well as their multiseptated phenotype (Figure 5J)and defective growth with. Moreover, simultaneous expression of for3-DAD restored the growth of myo2-E1 cells in glucose- and  glyglycerol media  at semi-restrictive temperatures (Figure 5FK). On the other hand, either myo2-E1 rlc1-S35A and myo2-E1 wis1∆ double mutants were synthetic lethal. Therefore, specific regulation of myosin II heavy chain Myo2 function by Pak1/Pak2-dependent in vivo phosphorylation phosphorylatedof Rlc1 becomesis critical to ensurefor S. pombe cytokinesis and division during respiration due to decreased the reduced For3-dependent actin filament nucleation elicited imposed by SAPK activation. 

Exogenous antioxidants bypass the need for to Rlc1 phosphorylation to regulatregulatee myosin II activityMyo2  by Rlc1 phosphorylation anduringd respiratory growth cytokinesis during respiratory growth
	Animal cells produce reactive oxygen species (ROS) during aerobic respiration due to electron leakage from mitochondria [49]. Oxidative stress from free radicals produced during respiration in S. pombe [50] activates Sty1 and antioxidant responses at both transcriptional and translational levels (Figure 6A) [51]. Remarkably, 0.16 mM of the antioxidant tripeptide reduced glutathione (GSH) in the growth medium counteracted many effects of oxidative stress in rlc1-S35A and myo2-E1 cells grown in glycerol. Changes included recovery of For3 levels (Figure 6A), the cable-to-patch ratio (Figure 6-figure supplement 1A), the timing of CAR assembly/contraction and constriction rate (Figure 6B-C), septation (Figure 6-figure supplement 1B) and growth (Figure 6D). Normal growth depended on For3 (Figure 6D). In contrast, in wis1∆ cells GSH had no significant effect on the above-mentioned characteristics (Figure 6 B-D). Hence, respiration-induced oxidative stress reduces the nucleation of actin cables by formins and renders the execution of cytokinesis dependent on the phosphorylation of the Myo2 light chain Rlc1. 

In animal cells, aerobic respiration is accompanied by the production of reactive oxygen species (ROS), which typically arise due to electron leakage from the mitochondrial electron transport chain [47]. S. pombe cells also produce free radicals during respiratory growth [45], and the ensuing endogenous oxidative stress prompts Sty1 activation and an antioxidant response both at transcriptional and translational levels [48] (Figure 6A). Remarkably, the increased Sty1 basal activity of wild-type and rlc1-S35A cells growing with glycerol was largely counteracted in the presence of 0.16 mM of reduced glutathione (GSH), an antioxidant tripeptide, and this was accompanied by a recover in total For3 levels (Figure 6A). As expected, segmentation analysis confirmed that the cable-to-patch ratio was significantly improved in glycerol-growing rlc1-S35A and Myo2-E1 cells supplemented with GSH, compared to those growing without the antioxidant (Figure 6B-C). Furthermore, the delayed CAR constriction and disassembly, and the multiseptation of both rlc1-S35A or Myo2-E1 cells during growth with glycerol, were alleviated in the presence of GSH (Figure 6D-G). Most importantly, the simple addition of GSH allowed rlc1-S35A and Myo2-E1 cells to resume growth and proliferate in the presence of glycerol (Figure 6H). This growth-recovery phenotype was For3-dependent since it was not shown by rlc1-S35A for3∆ cells incubated in the presence of the antioxidant (Figure 6H). Hence, oxidative stress is the leading cause of the formin-dependent reduction in the nucleation of actin cables, and imposes regulation of Myo2 function by Rlc1 phosphorylation as a critical factor in the execution of cytokinesis during respiration.


Discussion 
	RLC phosphorylation is a common regulatory mechanism ofregulates myosin II activity in both in muscle and non-muscle cells. RLC phosphorylation It plays a key positive role as a regulator of myosin II function in cardiac muscle contraction under normal and disease conditions [47]. Patients with heart failure usually show reduced RLC phosphorylation, and restoring its normal phosphorylation status represents a promising approach toward improving the function of the diseased heart [48]. In non-muscle vertebrate cells, RLC phosphorylation at Ser19 is essential for NMII contractile activity during cell migration and division [2, 9]. This also applies toIn invertebrates like Drosophila melanogaster, where in vivo phosphorylation of spaghetti-squash RLC at the conserved Ser21 is critical to activatefor myosin II activation, thus avoiding preventing embryonic lethality and severe cytokinesis defects [48]. ContrariwiseConversely, in the unicellular amoeba Dictyostelium discoideum RLC phosphorylation at the conserved Ser13 is not essential for regulating mMyosin II function , since expression of a non-phosphorylatable S13A mutant version fully rescues the cytokinetic and developmental defects of RLC-null cells [49]. 
	T	Despite also being a simple eukaryote, the effect role of RLC phosphorylation on mMyosin II activity during cytokinesis in the fission yeast S. pombe has remained elusive. While some studies indicated suggest that lack of Rlc1 phosphorylation at the conserved Ser35 delays CAR constriction [17, 29], others indicateworks suggest just the opposite [31]. S. pombe This Crabtree-positive organism uses aerobic fermentation instead of respiration for ATP production when gluglucose is available, whereas while mitochondrial energy metabolism is significantly reduced [50]. Importantly, and tTo our knowledge, the experimental setup in all the published studies exploring investigating the functional and mechanistic insights of fission yeast cytokinesis has have relied on the employment ofbeen performed in glucose-wild-type and mutant cells growing fermentatively in glucose-rich minimal or complex mediafermenting cells. In Here we show thatthese conditions, the impact of Rlc1 phosphorylation plays a modest role in during cytokinesis is very modest since rlc1-S35A cells show only a minimal delay in CAR constriction and disassembly compared to wild-type cellsin the presence of glucose,. However, in this work, we show that this somehow secondary role but becomes indispensable essential when S. pombe yeast cells switches to a respiratory metabolism in the absence of glucose. In this metabolic statestate, lack of Rlc1 phosphorylation at Ser35 resultsed in a significant delay in the dynamics of CAR assembly and disassemblyconstriction, leading to a multiseptated phenotypemultiseptation and a decreased limited growth on using the respiratoryble carbon source glycerols such as glycerol. To allow cytokinesis during respiration, Moreover, our findings also support that Myo2, the leading Myosin II heavy chain isoform that regulates fission yeast CAR assembly and constriction under most conditions [51], Ser35-phosphorylated is the main regulatory target for Rlc1 targets Myo2, the major myosin II heavy chain involved in fission yeast CAR assembly and constriction [51] Ser35 phosphorylation to allow S. pombe cytokinesis during respiration. According to this viewly, the cytokinetic defects of cells expressing the hypomorphic allele myo2-E1, which shows exhibits reduced ATPase activity and actin-filament binding [13], become are notoriously exacerbated during respiration during respiration and resemble those of rlc1-S35A cells. Therefore, respiratory carbohydrate metabolism dictates the biological relevance of Rlc1 phosphorylation to modulatein modulating Myo2 activity in vivo for during CAR assembly and constriction in S. pombe cytokinesisstrongly depends on the carbohydrate metabolism during the transition from fermentation to respiration.  
.
	Fission yeastThe p21-activated kinase Pak1 phosphorylates Rlc1 at Ser35 in vivo in gluglucose-rich medium [29, 30]. However, genetic, biochemical, and cell biology evidences presented infrom this work supports that the second PAK ortholog Pak2 collaborates with Pak1 to phosphorylates Rlc1 at this residue together with Pak1 for adequate CAR contractility during respiratory growthrespiration (Figure 6—figure supplement 1). Accordinglygly, cytokinetic and respiratory growth defects similar to those reported for rlc1-S35A cells were observed in the absence ofthelack of activity of both kinases, but not each one separately,  both Pak1 and Pak2 activity. resulted in cytokinetic and respiratory growth defects very similar to those shown by rlc1-S35A cells. Pak2 performs an important positive role during the nitrogen starvation-induced sexual development in fission yeast, and Pak2-null cells show mating defects that result in the formation of aberrant asci [53]. We found that Pak2 expression  levels, which are not detected during fermentative growth with glucose, are ismarkedly  induced upon nitrogen starvation and during respiratory growth in the absence of glucose throughby a transcriptional mechanism involving the Ste11 transcription factor. ImportantlyIn turn, Ste11 expression is in turn activated by the Rst2, another transcription factor, factor whose activity is strongly repressed in the presence of nitrogen and glucose by the cAMP-PKA pathway in the presence of glucose [40], thus restricting making Pak2 availability available and function toduring respirationphysiological contexts where either or both nutrients are not available. In this situation, Hence, it seems very likely that in such scenarios Pak2 mmayay boost PAK activity by target acting on multiple protein substratestargets, some of them in a redundant fashionredundantly with Pak1, as a booster for PAK activity. In addition to Rlc1, Recent pphosphoproteomic screens have identified additional other Pak1 substrates besides Rlc1 that function are functional in fermentative growth during cytokinesis, including the F-BAR protein Cdc15 or the anilin-like medial ring protein Mid1, and also during polarized growth, such as the Cdc42 GEF Scd1, the RhoGAP Rga4, or the cell end marker Tea3, among others [30]. However, the observation thatHowever, since Pak2 only localizes to the CAR during respiratory growth, suggests that its functional redundancy with Pak1 might be restricted limited to cytokinesis-associated proteins.
	In animal cells, both de novo actin assembly at the division site actin disposal at the division site and cortical actin transport/flow contribute with actin filaments forto the CAR assembly [52-54]. In fission yeast cells, which lack an actin filament cortex, the CAR is mainly assembled chiefly by Myo2 from actin filaments nucleated de novo at the cytokinesis nodes by the essential formin Cdc12, and partially partly from Cdc12-nucleating actin cables pulled pulled from the non-equatorial region zone [55, 56]. However, further evidence demonstrated that actin filaments nucleated by For3, the formin that assembles the actin cables that participateinvolved in polarized secretion and growth, also contributes to CAR formation in fission yeast [24, 25]. In turn, the activated SAPK pathway down-regulates in S. pombe CAR assembly and stability in response to stress by reducing For3 levels [25, 57]. Like animal cells, fission yeast cells undergo  endogenous oxidative stress during respiration respiratory metabolism induces endogenous oxidative stress with electron leakage from the mitochondrial electron transport chain [58], which leads to.This resulted in enhanced Sty1 activation SAPK activation,  and downregulation ofion of For3 levels and , and a concomitant reduction in actin filament savailability. Our findings strongly support that iHence, in this metabolic situationcontext, the, regulation of Myo2 function by Rlc1 phosphorylation during cytokinesis becomes critical regulating Myo2 function during cytokinesis due to a decrease in For3-nucleated actin filaments. Accordinglygly, recovery ofrestoring actin filaments availability during respiration by alternative various strategies, including the expression of a constitutively active For3 version, limiting limitation of For3 downregulation in SAPK-less mutants, or attenuation attenuatingof the endogenous metabolic oxidative stress with antioxidants (GSH), was sufficient to restorerescued  CAR assembly/constriction and cytokinesis and cell growth during respiration both in both rlc1-S35A and myo2-E1 mutants during respiration, thus allowing cell growth. . Compared to wild-type cells, theThe number of actin filaments at the CAR is reduced by approximately by half in myo2-E1 cells [59]. E, which might explain why enhanced nucleation of actin filaments by For3 may therefore alleviates their defective actin-binding and motor activity during cytokinesis. 
	Accumulating evidence suggests that mMetabolic reprogramming fuels drives the actin cytoskeletal rearrangements that occur during the response of cells cell response to external forces, epithelial-to-mesenchymal transition, and cell migration. They are accompanied by glycolysis and oxidative phosphorylation alterations that provide the required energy for these rearrangements [60-62]. However, an yet unansweredopen question is how changes in cell metabolism prompt trigger actin cytoskeletontal remodeling [62]. Our observations reveal a sophisticated adaptive interplay between modulation of mMyosin II function by Rlc1 1phosphorylation and environmentally controlled formin availability, which becomes critical for a successful cytokinesis during a respiratory carbohydrate metabolism (Figure 6—figure supplement 12). AltogetherCollectively, these findings provide a remarkable example of how carbohydrate metabolism dictates the relative importance of different sources of actin filaments for CAR dynamics during cellular division.
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Materials and Methods
Strain construction.
	Schizosaccharomyces pombe strains used in this work are listed in Supplementary Table S1. Several deletion strains were obtained from the Bioneer mutant library [63], whereas while null mutants in the rlc1+, pka1+ and, ste11+, and rst2+  genes were obtained by ORF deletion and replacement with G418 (kanR), nourseothricin (NAT), or hygromycin B cassettes by using employing a PCR-mediated strategy [64, 65], and the oligonucleotides described in Supplementary Table S2. Strains expressing different genomic fusions were constructed either by transformation or after by random spore analysis of appropriate crosses in sporulation agar (SPA) medium [66]. To generate a strain expressing an integrated Rlc1-HA fusion, the rlc1+ ORF plus its endogenous promoter were was amplified by PCR using genomic DNA from S. pombe 972h- wild-type strain as the template and the 5’ and 3´oligonucleotides PromRlc1(XhoI)-FWD and Rlc1-HAGFP(SacII)-REV (Supplementary Table S2), which includecontain, respectively, a XhoI restriction site and an extended DNA sequence encoding a HA C-terminal tag plus a SacII site, respectively. The XhoI-SacII digested PCR fragment was cloned into plasmid pJK210 [67], sequenced, linearized with BmgBI, and transformed into an rlc1Δ ura4.294 strain. To obtain a strain expressing an integrative Rlc1-HA fusion under the control of the β-estradiol promoter [34], the rlc1+ ORF fused to a 3’ 3´ HA tag was amplified by PCR using the 5’ and 3-3´oligonucleotides Rlc1 (SmaI)- FWD and Rlc1-HA (SacII)-REV,  which include,containing  respectively, SmaI and SacII restriction sites, respectively. The amplified PCR product was cloned into a modified plasmid pJK210 containing a β-estradiol regulated promoter Z3EV [34], and the resulting construct was linearized with StuI, and transformed into an rlc1Δ ura4.294 strain. To obtain a strain expressing an integrative Rlc1-GFP fusion, DNA encoding an Rlc1-GFP fusion under the endogenous promoter was amplified by PCR using as a  the tetemplate a  genomic DNA from a S. pombe strain expressing a genomic Rlc1-GFP fusion (Supplementary Table S1), and the 5’ and 3’ 3´oligonucleotides PromRlc1(XhoI)-FWD and Rlc1-GFP(SacII)-REV containing, which include SmaI and SacII restriction sites, respectively. The resulting DNA fragment was cloned into plasmid pJK210, linearized with StuI, and transformed into an rlc1Δ ura4.294 strain. In all cases uUra4+ transformants were obtained, and the correct integration and expression of the Rlc1-HA and Rlc1-GFP fusions fusion under either the endogenous or the β-estradiol regulated promoters were verified by both PCR and Western blot analysis, respectively. To generate strains expressing Rlc1-HA and Rlc1-GFP versions with mutations at residues Ser35 and  and/or SeSerr36 residues to aAlanine or aspartic acid, the pJK210 plasmids described above containing the either Rlc1-GFP or Rlc1-HA fusions were was subjected used as a templates to for site-directed mutagenesis by PCR, by employingusing specific mutagenic oligonucleotides described in Supplementary Table S2. Then mutagenized plasmids were then linearized with BmgBI and transformed into an rlc1Δ ura4.294 strain. 
	The S. pombe strain expressing a genomic Pak2-3GFP fusion was obtained in two successive consecutive steps. First, the pak2+ ORF plus its endogenous promoter were was amplified by PCR using genomic DNA from the S. pombe 972h- wild-type strain as the template, and the 5’ and 3’ 3´oligonucleotides PromPak2(XhoI)-FWD (XhoI site) and Pak2GFP(SmaI/XmaI)-REV (SmaI site) (Supplementary Table S2). The PCR product was cloned in frame into a pJK210 plasmid containing a GFP C-terminal tTag. In a second step, this construct was linearized with SmaI and two additional GFP tags were added by a Gibson assembly approach. Finally, the resulting plasmid was linearized with BmgBI and transformed into a pak2Δ ura4.294 strain. To introduce the mutations at the two putative Ste11-binding motifs (TR box) in the Pak2 promoter (TR box), the pJK210-Pak2-3GFP plasmid was subjected to sequential site-directed mutagenesis by PCR. In this way, the conserved G in each motif was replaced by A by employing using the mutagenic oligonucleotides described in Supplementary Table S2. To generate a strain the producesing a Pak2-GFP fusion under the control of Pak1 promoter, the Pak1 5’-5´UTR sequence was amplified by PCR using genomic DNA from the wild-type S. pombe 972h- wild-type strain, and assembled by Gibson cloning to a PCR-amplified Pak2-GFP fragment and the pJK210 plasmid linearized with SmaI. The resulting plasmid was digested with BmgBI and transformed into a pak2Δ ura4.294 strain. 

Media and growth conditions.
	In liquid culture experiments performed with liquid cultures, fission yeast strains were grown overnight with shaking at 28°C in YES-GlucoseYES-glucose medium, which includes containing 0.6% yeast extract, 2% gluglucose, and is supplemented with adenine, leucine, histidine, or uracil (100 mg/liter) [68]. The next day, cultures were diluted to an OD600 of 0.01 and incubated until reachingto a final OD600 of 0.2. Then, cells were recovered by filtration, washed three times, and shifted to either YES-GlucoseYES-glucose or YES-GlycerolYES-glycerol (0.6% yeast extract, 0.08% gluglucose, 0.86% glyglycerol, plus supplements), and incubated at 28ºC for 4 or 8h before imaging. In experiments performed with the mMyo2-E1 mutant, cells recovered harvested from cultures at 28ºC were resuspended in YES-GlucoseYES-glucose or YES-GlycerolYES-glycerol, incubated at 30ºC for 2 h, and then at 28ºC for the remainder of the experiment. In experiments with cells expressing the analogue-sensitive Cdc2 (CDK) kinase version cdc2-asM17 [32], cells from log-phase liquid cultures in YES-GlucoseYES-glucose (OD600 0.5), were treated with 1 µM 3-NM-PP1 ( Sigma-Aldrich, 529581) for 3.5 h, recovered by filtration, washed, and resuspended in YES-GlucoseYES-glucose medium. In experiments with strains expressing an analog-sensitive Pak1 kinase version pPak1-M460A, log-phase liquid cultures were divided split in two and incubated for different times in YES-GlucoseYES-glucose medium treated with 10 µM 3-BrB-PP1 (Abcam, ab143756), or in medium lacking the analog kinase inhibitor. ForIn nitrogen starvation experiments, strains growing exponentially in Edinburgh Minimal Medium (EMM2) [69] with containing 2% gluglucose (OD600 0.5), were recovered by filtration and resuspended in the same medium lacking without ammonium chloride for the indicated times. In For the plate assays of growth stress sensitivity for growth, S. pombe wild-type and mutant strains were grown in YES-GlucoseYES-glucose liquid medium to an OD600 of 1.2, recovered by centrifugation, resuspended in YES to a density of 107 cells/ml, and appropriate decimal dilutions were spotted on YES-GlucoseYES-glucose (2% glucose), or YES-GlycerolYES-glycerol (0.08% glucose plus 3% glycerol), solid plates (2% agar). The pPlates were incubated for 3 days (YES-GlucoseYES-glucose), or 5 days (YES-GlycerolYES-glycerol), at different temperatures (28ºC, 30ºC, 32ºC, and/or 34ºC), depending depending on the experiment, and then photographed. All the assays were repeated at least three times with similar results. Representative experiments are shown in the corresponding fFigures. When required, solid and/ or liquid media were supplemented with varying amounts of β-estradiol (Sigma-Aldrich, RPN2106), or reduced gluglutathione (GSH; Sigma-Aldrich, G6013).

Microscopy analysis.
	For time-lapse imaging of CAR dynamics, 300 µl of cells growning exponentially for 4 h in YES-GlucoseYES-glucose or YES-GlycerolYES-glycerol liquid medium, and prepared as described above, were placed inadded to onea well from of a μ-Slide eight well chamber (Ibidi, 80826), previously coated with 10 μl of 1 mg/ml soybean lectin (Sigma-Aldrich, L2650) [25]. When required, GSH was incorporated added into the medium as required, to at a final concentration of 0.3 mM. Cells were left allowed to sediment in the culture media and attach adhere to the bottom of the well bottom for 1 min, and images were capturedtaken every 2.5 min for 2 h in YES-GlucoseYES-glucose cultures, or every 5 min for 8 h in YES-GlycerolYES-glycerol cultures. Experiments were performed at 28°C, and single middle planes were taken from a set of six stacks (0.61 µm each) were taken at the indicated time points. Time-lapse images were acquired using a Leica Stellaris 8 confocal microscope with a 63X/1.40 Plan Apo objective and controlled by the LAS X software. The time for node condensation and ring maturation includes the time from SPB separation until the startto the onset  of CR constriction. The time for rRing constriction and disassembly time includes the time from the first frame of ring constriction until to the last frame where the ringit becomes is completely constricted and disassembled. The total time for ring assembly and disassembly contraction is the sum of these two values. n is the total number of cells scored from at least three independent experiments. Statistical comparison between two groups was performed by unpaired Student’s t-test. Ring constriction rates were measured manually as the average circumference ± SD of wild-type and mutant Rlc1-GFP versions at contractile rings in each time frame starting from the first frame of CAR constriction. n=30 cells were measured for each strain and growth condition. Statistical comparison between two groups was performed by unpaired Student’s t-test.
	
	To performFor actin staining with Alexa-Fluor phalloidin, 5 ml mid-log cultures were grown in YES-GlucoseYES-glucose (OD600 0.5), or YES-GlycerolYES-glycerol (OD600 0.2), were grown for 12 h after media shift. Cells were fixed by shacking immersion for 1 h with in 3.7% formaldehyde in PEM buffer (10 mM EGTA; 1 mM MgSO4; 100 mM PIPES pH 6.9, 75 mM sucrose and 0.1% Triton X-100). After three washes with PEM, the cell pellets were resuspended in 20 µl of cold 40% methanol solution, stained with 8 µl of 5 mg/ml Alexa Ffluor 488-conjugated phalloidin (Thermo Fisher Scientific, A12379), and incubated in a rotary platform overnight at 4ºC in the dark on a rotary platform. Images of stained cells were acquired captured from samples spotted on glass slides with using a Leica Stellaris 8 confocal microscope using with a 100X/1.40 Plan Apo objective (7 stacks of 0.3 µm each). For actin segmentation analysis, the Ilastik routine with using the pPixel classification tool [42], was trained with two representative images, one from of cells  growing in YES-GlucoseYES-glucose medium, and one withof cells growing in YES-GlycerolYES-glycerol. TThe training involveds drawing cables, patches and background in three different colours. Once the program was trained, the remaining images from the different experiments were uploaded to Ilastik to perform the segmentation routine. The resulting images were then exported to ImageJ [70], and the segmented cells at G2 were analysed using the colour histogram tool, obtaining to obtain the specific areas corresponding to cables and patches. DThe data from n ≥ 40 cells growing in YES-GlycerolYES-glycerol were obtained for each cell by dividing the cable area by the patch area, and the ratio was normalized with respect to the average obtained from wild-type cells growing with in YES-GlucoseYES-glucose medium. To performFor For3-GFP quantification, Ilastik was trained by drawing For3-GFP dots, GFP background and image background in three different colours. The ratio of For3-GFP patch spots to cytosol ratio was calculated by dividing the area of For3-GFP color areaspots between by the area of GFP background area from of at least n ≥ 40 cells in G2 or late M (dividing cells) and normalized with to the average of the gluglucose ratio. 
	For cell wall staining, fission yeast cells were cultured in YES-Glucose or YES-Glycerol for different times in the absence or presence of 0.3 mM of GSH. Ccells were recovered from 1 ml aliquots were recovered by centrifugation, stained with 1 µl of 0.5 mg/ml calcofluor white, and images were acquired from samples spotted on glass slides with using a Leica Stellaris 8 confocal microscope using with a 63X/1.40 Plan Apo objective (6 stacks of 0.61 µm each). The percentage of septated (one septa), multiseptated (two or more septa), and lysed cells, was calculated at the indicated time points for each strain and condition from three independent experiments. n≥ 100 cells were counted from severalmultiple images captured during taken during each replicate.


Western blot analysis.
[bookmark: _Hlk83137075]	To detect levelsdetermine the level of Rlc1-GFPHA fusion and/or its phosphorylation status, fission yeast cultures were grown in YES-Glucose or YES-Glycerol as described above, and 10 ml samples of fission yeast cultures were collected and precipitated with TCA [71]. Protein extracts were resolved oin 125% SDS-PAGE gels containing 30μM Phos-tagTM acrylamide (Wako, AAL-107), transferred to nitrocellulose blotting membranes, and immunoblotted with a mouse monoclonal anti-GFP antibody (Roche, 11 814 460 001, RRID:AB_390913).  a mouse monoclonal anti-HA antibody (clone 12CA5; Roche, 11 583 816 001, RRID:AB_514505). Rabbit monoclonal anti-PSTAIR (anti-Cdc2; Sigma-Aldrich, 06-923, RRID:AB_310302) was used for as a loading control. Immunoreactive bands were revealeddetected using, respectively, with anti-mouse (Abcam, ab205719, RRID:AB_2755049), and anti-rabbit HRP-conjugated secondary antibodies (Abcam, ab205718, RRID:AB_2819160), and the ECL system (GE-Healthcare, RPN2106). For the detection of Pak1-GFP,  and Pak2-3GFP,  For3-3GFP and For3(DAD)-2GFP fusions, protein extracts obtained afterthe  TCA-precipitationted protein extracts(Pak1-GFP and Pak2-3GFP fusions) or  under native conditions (For3-3GFP and For3(DAD)-2GFP fusions) were resolved onin 6% SDS-PAGE gels, transferred to Hybond-ECL membranesnitrocellulose membranes, , and incubated with a mouse monoclonal anti-GFP antibody (Roche, 11 814 460 001, RRID:AB_390913), (Roche) and anti-cdc2 (PSTAIR), as a loading control. To determine For3-3GFP and For3(DAD)-2GFP levels, total protein extracts from exponentially growing cultures were obtained under native conditions with lysis buffer (20 mM Tris-HCl pH 8.0, 2 mM EDTA, 100 mM NaCl, and 0.5% NP-40, plus a protease inhibitor cocktail). Proteins were resolved in 6% SDS-PAGE gels and transferred to Hybond-ECL membranes. For3-GFP fusions were detected with a mouse monoclonal anti-GFP antibody (Roche), with anti-cdc2 (PSTAIR) as a loading control. In all cases, the immunoreactive bands were revealed with using anti-mouse or anti-rabbit HRP-conjugated secondary antibodies and the ECL system. 
	To detectDetection of Sty1 phosphorylation and total protein levels in strains expressing a genomic Sty1-HA fusion was performed exactly as described in [25]., cell samples of 5 ml were collected at the indicated times and immediately centrifuged for 20 s at 3200 rpm/4ºC. The cell pellets were resuspended in 1 ml of ice-cold buffer (10 mM NaPO4, 0.5 mM EDTA pH 7.5), transferred to 1.5 ml tubes, centrifuged at 13000 rpm/4˚C, and stored at 80ºC until further processing. Cell lysis was achieved in a FastPrep instrument after mixing the cell pellets with pre-chilled 0.5 mm glass beads to −20ºC with ice-cold lysis buffer (20 mM Tris-HCl pH 8.0, 2 mM EDTA, 100 mM NaCl, and 0.5% NP-40 and containing a protease inhibitor cocktail) (Sigma Aldrich, P8340). The cell lysates were clarified by centrifugation at 13000 rpm/4°C for 5 min, and the protein extracts were resolved in 12% SDS-PAGE gels and transferred to nitrocellulose membranes. Dual phosphorylation of Sty1 was detected employing using a rabbit polyclonal anti-phospho-p38 antibody (Cell Signaling, 9211, RRID:AB_331641). Total Sty1 was detected in S. pombe extracts with using a mouse monoclonal anti-HA antibody (12CA5, Roche). Immunoreactive bands were revealed detected with using anti-mouse or anti-rabbit HRP-conjugated secondary antibodies (Abcam), and the ECL system. 
	Densitometric quantification of Western blot experiments as offrom 16-bit. jpg digital images of blots was performed using ImageJ [70]. The desired bands of interest plus background were drawn as rectangles and a profile plot (peak) was obtained generated for each band. To reduce the background noise in the bands, each peak floating above the baseline of the corresponding peak was manually closed off using the straight-line tool. MMeasurement of the closed peaks was performed with using the wand tool. Relative uUnits (R.U.) of For3 levels were estimated by determining the signal ratio of the correspondingent anti-GFP (total For3) blot with respect to the anti-cdc2 blot (internal control) at each time point. Quantification data correspond to experiments performed as biological triplicates. Mean relative units ± SD are shown. 

Statistical analysis.
	Statistical analysis was performed using prism 9.0.2.6 software (Graph pPad), and results are represented as violin plots or mean ± SD, unless otherwise indicatedstated. Comparisons for between two groups were calculated using unpaired two-tailed Student’s t-tests, whereas comparisons of between more than two groups were calculated using one-way ANOVA with Bonferroni’s multiple comparison tests. We observed normal distribution and no difference in variance between groups in individual comparisons. Statistical significance: * p<0.05; ** p < 0.005; *** p < 0.0005; **** p < 0.0001. Further details onf statistical analysis are included given in the figure legends.

Data availability
All data generated or analyzed during this study are included in the manuscript and supporting files.
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Figure Legends

[image: ]
Figure 1. Myosin-II regulatory light chain phosphorylation is essential for S. pombe cytokinesis and growth during respiration. 
[bookmark: OLE_LINK3][bookmark: OLE_LINK10][bookmark: OLE_LINK4](A) Total protein extracts from the indicated strains growning exponentially in YES-gGlucose medium were resolved by Phos-tag SDS-PAGE, and the Rlc1-GFPHA fusion was detected by incubation with anti-HA GFP antibody. Anti-Cdc2 was used as a loading control. Rlc1 isoforms, phosphorylated (S35-P), and notn- pphosphorylated at Ser35 (Unphos), are indicated. The blot corresponds to a representative experiment that was repeated at least three times and the trend of the mobility shift was reproduciblewith identical results. (B) Cells with a cdc2-asM17 analog-sensitive mutant allele co-expressing aRlc1-HA and Rlc1-GFP genomic fusions were arrested at G2 in YES-GlucoseYES-glucose medium supplemented with 3-NM-PP1 and incubated in the same medium lacking without the kinase analogue for the indicated times. Upper panels: Ttime-lapse images of a representative cell showing Rlc1-GFP localization and mitotic progression monitored using by Pcp1-GFP- marked labeled SPBs (upper panel) (scale bar: 10 µm). The ratios of cells with nodes, mature rings and constricted rings over time after release from the G2 arrest (as mean ± SD, and  from three different experiments) are shown. Lower panels: Western blot analysis of Rlc1-HA GFP mobility by Phos-tag SDS-PAGE after release from the G2 block (lower panels), are shown..  The  Western blot image corresponds to a representative experiment that was repeated at least three times with identical similar results. (C) Upper: tTimes for ring assembly and disassemblycontraction, node condensation/ring maturation, and ring constriction and disassembly were estimated for the indicated strains growing exponentially in YES-gGlucose medium (gGlc), medium, by time-lapse confocal fluorescence microscopy. Mitotic progression was monitored using Pcp1-GFP-labeled SPBs. . n is the total number of cells scored from three independent experiments, and data are presented as mean ± SD. Statistical comparison between two groups was performed by unpaired Student’s t-test. **, p<0.005; *, p<0.05; ns, not significant, as calculated by unpaired Student's t test. Lower: ring constriction rates (μm/min), were determined for the indicated strains. n is the total number of cells scored from three independent experiments, and data are presented as violin plots. Statistical comparison between two groups was performed by unpaired Student’s t-test. ***, p<0.005; **, p<0.005; *, p<0.05; ns, not significant. (D) Decimal dilutions of strains of the indicated genotypes were spotted on solid plates with YES-gGlucose (gGlc), or YES-gGlycerol (gGly), incubated at 30°C for 3 (glucose platesglc) or 5 days (glyglycerol plates), and photographed. The image corresponds to a representative experiment that was repeated at least three times with similar results. (E) The indicated strains were grown in YES-Glucose to a final OD600=0.2 and shifted to YES-Glycerol and incubated at 28ºC. The OD600 value, and the percentage of multiseptated and lysed cells were quantified in aliquots taken at the indicated times. Data correspond to three independent growth curves and are presented as mean ± SD. (F) Representative maximum projection confocal images of cells growning for 12 h in YES-gGlycerol for 12 h after cell-wall staining with calcofluor white. Scale bar: 10 µm (FG) Upper: times for The times for total ring assembly and disassemblycontraction, node condensation/ring maturation, and ring constriction were estimated cells for of the indicated strains cells growning exponentially in YES-gGlycerol medium by time-lapse fluorescence confocal fluorescence microscopy. Lower: ring constriction rates (μm/min), were determined for the indicated strains. n is the total number of cells, and data are presented as violin plots. Statistical comparison between two groups was performed by unpaired Student’s t-testMitotic progression was monitored using Pcp1-GFP-marked SPBs. n is the total number of cells scored from three independent experiments, and data are presented as mean ± SD. Statistical comparison between two groups was performed by unpaired Student’s t-test. . ****, p<0.0001; ***, p<0.00055, as calculated by unpaired Student's t-test.; ns, not significant.  (GH) Representative maximum-projection time-lapse images of Rlc1 dynamics at the equatorial region of cells growing in YES-gGlycerol. Mitotic progression was monitored using Pcp1-GFP-marked-labeled SPBs. Time interval is 5 min. Scale bar: 10 µm.



[image: ]Figure 2. p21/Cdc42-activated kinase Pak2 phosphorylates Rlc1 at Ser35 together in concert with Pak1 to positively control regulate fission yeast cytokinesis and division during respiratory growth. 
[bookmark: OLE_LINK11](A) Total protein extracts from strains of the indicated genotypes growing exponentially in YES-Gluglucose (Glcglc) or YES-GlycerolYES-glycerol (Glygly), were resolved by Phos-tag SDS-PAGE, and the Rlc1-HA GFP fusion was detected by incubation with anti-HA GFP antibody. Anti-Cdc2 was used as a loading control. Rlc1 isoforms, phosphorylated (S35-P), and notn- phosphorylated at Ser35 (Unphos), are indicated. The blot corresponds to a representative experiment that was repeated at least three times and the trend of the mobility shift was reproducible. (B) Pak2 expression increases specifically during respiratory growth in an Rst2- and Ste11-dependent manner in the absence of cAMP-PKA signaling. See text for further details. The image corresponds to a representative experiment that was repeated at least three times with similar results. (B) Glucose-growing cells of a S. pombe strain co-expressing Pak1-GFP and Pak2-3GFP genomic fusions were starved from nitrogen (-N), incubated in YES-Glycerol for the indicated times, or incubated in YES-Glucose medium until reaching the indicated OD600 values. The corresponding total protein extracts were resolved by SDS-PAGE, and Pak1-GFP and Pak2-3GFP fusions were detected by incubation with anti-GFP antibody. Anti-Cdc2 was used as a loading control. The image corresponds to a representative experiment that was repeated at least three times with identical results. NE: bands observed after 5 min film exposure. LE: immunoreactive bands observed after an extended film exposure of 25 min. (C) Upper: Partial nucleotide sequence of the promoter region of the pak2+ gene. The two putative Ste11-binding motifs TR boxes (Ste11-binding motifs) TR boxes) are shown in colour. Lower: Western blot analysis of Pak2-3GFP levels in wild-type, ste11∆, and a mutant strain were in which the conserved G in the two putative TR boxes in the the promoter of pak2+ promotergene was replaced by A, growning in YES-gGlucose, after nitrogen starvation (-N), and a shift toin YES-gGlycerol (gGly) for 12 h. Pak2-3GFP was detected by incubation with anti-GFP antibody, while anti-Cdc2 was used as a loading control. The image corresponds to a representative experiment, which that  was repeated at least three times with identical results. (D) Left: Pak2 expression increases specifically during respiratory growth in a Rst2- and Ste11-dependent manner in absence of cAMP-PKA signaling. See text for a detailed description of its main components and functions. Upper rightLeft: total protein extracts from strains of the indicated genotypes growing grown exponentially in YES-gGlucose (left) or in YES-glycerol for the indicated times (right) were resolved by SDS-PAGE, and the Pak2-3GFP fusion was detected by incubation with anti-GFP antibody. Anti-Cdc2 was used as a loading control. The image corresponds to a representative experiment that was repeated at least three times with identical results. Lower right: total protein extracts from strains growing exponentially in YES-Glycerol (Gly) for the indicated times were resolved by SDS-PAGE, and the Pak2-3GFP fusion was detected by incubation with anti-GFP antibody. Anti-Cdc2 was used as a loading control. Images are representative of experiments repeated at least three times with identical results. Anti-Cdc2 was used as a loading control. The image corresponds to a representative experiment that was repeated at least three times with identical results. (E) Representative maximum projection confocal images of exponentially growing cells from Pak1-GFP and ppak1+-Pak2-GFP cells growing exponentially in YES-gGlucose (gGlc), or YES-gGlycerol (gGly). (F) Representative maximum-projection time-lapse images of Pak2 and Rlc1 dynamics at the CAR in cells co-expressing ppak1+-Pak2-GFP and Rlc1-mCherry genomic fusions and growing in YES-Glycerol. Mitotic progression was monitored using Pcp1-GFP-marked SPBs. Time interval is 5 min. (FG) The total time for ring assembly and disassembly was estimated for the indicated strains growing exponentially in YES-Glycerol medium by time-lapse confocal fluorescence microscopy. Mitotic progression was monitored using Pcp1-GFP-marked SPBs. Total assembly and contraction times (min) and ring constriction rates (μm/min) were estimated by time-lapse confocal fluorescence microscopy for the indicated strains growing exponentially in YES-glycerol (gly) medium. Mitotic progression was monitored using Pcp1-GFP-labeled SPBs. n is the total number of cells scored from three independent experiments, and data are presented as violin plots. as mean ± SD. Statistical comparison between groups was performed by one-way ANOVA. ****, p<0.0001; ns, not significant. (GH) Representative maximum-projection time-lapse images of Rlc1 dynamics at the equatorial region in cells growing with YES-Glyglycerol. Mitotic progression was monitored using Pcp1-GFP-marked labeled SPBs. The tTime interval is 5 min. Scale bar: 10 µm. (I) Left: strains were grown in YES-Glycerol for 12 h, and the percentage of septated and multiseptated cells were quantified. Data correspond to three independent experiments, and are presented as mean ± SD. Right: representative maximum projection confocal images of cells from the indicated strains after cell-wall staining with calcofluor white. (HJ) Decimal dilutions of strains of the indicated genotypes were spotted on plates with YES-gGlucose or YES-gGlycerol, incubated at 30°C for 45 days, and photographed. The image corresponds to a representative experiment that was repeated at least three times with similar results. 



[image: ]Figure 3. PAK phosphorylation of Rlc1 is critical for S. pombe cytokinesis during respiration due to impaired For3-dependent actin cable nucleation imposed by SAPK activation. 
[bookmark: OLE_LINK5][bookmark: OLE_LINK18](A) Left: S. pombe cells expressing genomic Sty1-HA and For3-3GFP fusions were grown in YES-Glucose to mid-log phase and transferred to YES-GlycerolYES-glycerol medium (gly) for the indicated times. Activated/total Sty1 were detected using with anti-phospho-p38 and anti-HA antibodies, respectively. Total For3 levels werewas detected with anti-GFP antibody. Anti-Cdc2 was used as a loading control. Right: For3 expression levels are represented expressed as mean relative units ± SD and correspond to experiments performed as biological triplicates. **, p<0.005, as calculated by unpaired Student's t-test. (B) Upper: rRepresentative maximum projection images of Alexa Fluor –phalloidin- stained S. pombe cells growning in YES-GlucoseYES-glucose medium (gGlc), or in YES-GlycerolYES-glycerol (gGly) for 12 h. Segmentation analysis with using the Ilastik routine is shown below each image. Quantification data correspond to the actin cable to patch ratio of G2 cells (n=51) growing with Glucose or Glycerol, and are represented as mean relative units ± SD. ****, p<0.0001, as calculated by unpaired Student's t-test. Lower: representative maximum projection images of S. pombe cells expressing a genomic For3-3GFP fusion growing in YES-Glucose medium or in YES-Glycerol for 12 h. Quantification data (mean relative units ± SD), correspond to the For3 patch to cytosol ratio of G2 and late M cells (n=36), growing with Glucose or Glycerol. ****, p<0.0001, as calculated by unpaired Student's t-test. Scale bar: 10 µm. (C) Left: S. pombe wild-type and rlc1-S35A strains expressing genomic Sty1-HA and For3 (DAD)-2GFP fusions were grown in YES-GlucoseYES-glucose (Glcglc) to until mid-log phase and transferred to YES-GlycerolYES-glycerol medium (Glygly) medium for 12 h. Activated/total Sty1 were detected with using anti-phospho-p38 and anti-HA antibodies, respectively. Total For3 levels werewas detected with anti-GFP antibody. Anti-Cdc2 was used as a loading control. Right: For3 expression levels are represented expressed as mean relative units ± SD and correspond to experiments performed as biological triplicates.  ns, not significant, as calculated by unpaired Student's t-test. (D) Actin cable to patch ratio of G2 cells from the indicated strains growing in YES-Glycerol medium for 12 h. Quantification data (n=41 cells for each strain), are represented as mean relative units ± SD. ****, p<0.0001; ns, not significant, as calculated by unpaired Student's t-test. (E) Representative maximum projection images of Alexa Fluor–phalloidin stained S. pombe cells of the indicated strains growing in YES-Glycerol medium for 12 h. (DF) Left: times for ring assembly and contraction, node condensation/ring maturation, and ring constriction and disassembly were estimated The total time for ring assembly and disassembly was estimated for the indicated strains growing exponentially in YES-GlycerolYES-glycerol medium by time-lapse confocal fluorescence microscopy.
[bookmark: OLE_LINK19]Right: ring constriction rates (μm/min), were determined for the indicated strains.  n is the total number of cells scored from three independent experiments, and data are presented as violin plots. as mean ± SD. ****, p<0.0001,; ***, p<0.001; ns, not significant, as calculated by unpaired Student's t-test. (EG) Representative maximum-projection time-lapse images of Rlc1 dynamics at the equatorial region in cells from the indicated strains growing in YES-GlycerolYES-glycerol. Mitotic progression was monitored using Pcp1-GFP-marked labeled SPBs. Time interval is 5 min. (HF) The indicated strains were grown in YES-GlycerolYES-glycerol liquid medium for 12 h, and the percentage of septated and multiseptated cells was ere quantified. Data correspond to three independent experiments and are presented as mean ± SD. (I) Representative maximum projection confocal images of cells from the indicated strains after cell-wall staining with calcofluor white. (GJ) Decimal dilutions of strains of the indicated genotypes were spotted on plates with YES-GlucoseYES-glucose (Glcglc) or YES-GlycerolYES-glycerol (Glygly), incubated at 30°C or 5 days, and photographed. The image corresponds to a representative experiment that was repeated at least three times with similar results.
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Figure 4. Lack of SAPK signaling restores S. pombe cytokinesis and growth during respiration in the absence of Rlc1 phosphorylation.
(A) SAPK signaling triggers For3 downregulation. Please see text for specific details on the components of the MAPK cascade. (B)  Left: S. pombe strains of the indicated genotypes expressing genomic Sty1-HA and For3-3GFP fusions were grown in either YES-GlucoseYES-glucose (Glcglc) or YES-GlycerolYES-glycerol (Glygly) medium for 12 h. Activated/total Sty1 were detected with anti-phospho-p38 and anti-HA antibodies, respectively. Total For3 levels were detected with anti-GFP antibody. Anti-Cdc2 was used as a loading control. Right: For3 expression levels in glyglycerol-growing strains (Gly)  are represented as mean relative units ± SD and correspond to experiments performed as biological triplicates. *, p<0.05; **, p<0.005, as calculated by unpaired Student's t-test. (B) Actin cable to patch ratio of G2 cells from the indicated strains growing in YES-Glycerol medium for 12 h. Quantification data (n=41 cells for each strain), are represented as mean relative units ± SD. ****, p<0.0001; ns, not significant, as calculated by unpaired Student's t-test. (C) Representative maximum projection images of Alexa Fluor–phalloidin stained S. pombe cells of the indicated strains growing in YES-Glycerol medium for 12 h. Scale bar: 10 µm. (CD) Left: times for ring assembly and contraction, node condensation/ring maturation, and ring constriction and disassembly were estimated for the indicated strains growing exponentially in YES-glycerol medium by time-lapse confocal fluorescence microscopy.
Right: ring constriction rates (μm/min), were determined for the indicated strains. n is the total number of cells scored from three independent experiments, and data are presented as violin plots. The total time for ring assembly and disassembly was estimated for the indicated strains growing exponentially in YES-Glycerol medium by time-lapse confocal fluorescence microscopy. n is the total number of cells scored from three independent experiments, and data are presented as mean ± SD. ****, p<0.0001; ns, not significant, as calculated by unpaired Student's t-test. (DE) Representative maximum-projection time-lapse images of Rlc1 dynamics at the equatorial region in cells from the indicated strains growing in YES-GlycerolYES-glycerol. Mitotic progression was monitored using Pcp1-GFP-marked labeled SPBs. Time interval is 5 min. (F) The indicated strains were grown in YES-Glycerol liquid medium for 12 h, and the percentage of septated and multiseptated cells were quantified. Data correspond to three independent experiments and are presented as mean ± SD. (G) Representative maximum projection confocal images of cells from the indicated strains after cell-wall staining with calcofluor white. (HE) Decimal dilutions of strains of the indicated genotypes were spotted on plates with YES-GlucoseYES-glucose (glc) or YES-GlycerolYES-glycerol (gly), incubated at 30°C or 5 days, and photographed. The image corresponds to a representative experiment that was repeated at least three times with similar results. (FI) TThe total time for ring assembly and disassembly contraction time (left) and ring constriction rates (μm/min) (right) were determined by time-lapse confocal fluorescence microscopy was estimated for the indicated strains growing exponentially in YES-GlucoseYES-glucose medium (glc) by time-lapse confocal fluorescence microscopy. n is the total number of cells scored from three independent experiments, and data are presented as as mean ± SDviolin plots. ****, p<0.0001;***, p<0.0015; *, p<0.05;  ns, not significant, as calculated by unpaired Student's t-test. (GJ) Representative maximum-projection time-lapse images of Rlc1 dynamics at the equatorial region in cells from the indicated strains growing in YES-GlucoseYES-glucose. Mitotic progression was monitored using Pcp1-GFP-marked labeled SPBs. Time interval is 5 min. (K) The indicated strains were grown in YES-Glucose liquid medium, and the percentage of septated cells were quantified. Data correspond to three independent experiments and are presented as mean ± SD. (L) Representative maximum projection confocal images of cells from the indicated strains after cell-wall staining with calcofluor white.



[image: ]Figure 5. Control of Myo2 activity by Rlc1 phosphorylation regulates S. pombe cytokinesis and growth during respiration. 
(A) Decimal dilutions of strains of the indicated genotypes were spotted on plates with YES-GlucoseYES-glucose or YES-GlycerolYES-glycerol, incubated at 28, 30, and 32°C for 3 (Glcglc) or 5 (Glygly) days, and photographed. The images correspond to a representative experiment, that which was repeated at least three times with similar results. (B) T Left: times for ring assembly and contraction, node condensation/ring maturation, and ring constriction and disassembly were estimated for myo2-E1 cells growing in YES-glucose (glc) and YES-glycerol medium (gly) by time-lapse confocal fluorescence microscopy. Mitotic progression was monitored using Pcp1-GFP-labeled SPBs. Right: ring constriction rates (μm/min). n is the total number of cells scored from three independent experiments, and data are presented as violin plots. he times for ring assembly and disassembly, node condensation/ring maturation, and ring constriction and disassembly were estimated for Myo2-E1 cells growing in YES-Glucose (Glc) and YES-Glycerol medium (Gly), by time-lapse confocal fluorescence microscopy. Mitotic progression was monitored using Pcp1-GFP-marked SPBs. n is the total number of cells scored from three independent experiments, and data are presented as mean ± SD. ****, p<0.0001; **, p<0.005, as calculated by unpaired Student's t-test. (C) Representative maximum-projection time-lapse images of Rlc1 dynamics at the equatorial region in Mmyo2-E1 Rlc1-GFP cells growing in YES-GlucoseYES-glucose (Glcglc) or YES-GlycerolYES-glycerol (Glygly). Mitotic progression was monitored using Pcp1-GFP-marked SPBs. Time interval is 5 min. Scale bar: 10 µm. (D) The percentage of multiseptated cells was quantified in Myo2-E1 cells growing exponentially in YES-Glucose (Glc) or YES-Glycerol (Gly) for 12 h. Data correspond to three independent experiments, and are presented as mean ± SD. (E) Representative maximum projection confocal images of Myo2-E1 cells growing in YES-Glucose or YES-Glycerol after cell-wall staining with calcofluor white. (F) Actin cable to patch ratio of G2 cells from the indicated strains growing in YES-Glycerol medium for 12 h. Quantification data (n=40 cells for each strain), are represented as mean relative units ± SD. ****, p<0.0001, as calculated by unpaired Student's t-test. (G) Representative maximum projection images of Alexa Fluor–phalloidin stained S. pombe cells of the indicated strains growing in YES-Glycerol medium for 12 h. (DH) Upper: times for ring assembly and contraction, node condensation/ring maturation, and ring constriction and disassembly were estimated for the indicated strains grown on YES-glycerol (gly) using time-lapse confocal fluorescence microscopy. Lower: ring constriction rates (μm/min). n is the total number of cells scored from three independent experiments, and data are presented as violin plots. ****, p<0.0001, as calculated by unpaired Student's t-test. The times for ring assembly and disassembly, node condensation/ring maturation, and ring constriction and disassembly were estimated for Myo2-E1 and Myo2-E1  for3-DAD cells growing exponentially in YES-Glycerol medium by time-lapse confocal fluorescence microscopy. Mitotic progression was monitored using Pcp1-GFP-marked SPBs. n is the total number of cells scored from three independent experiments, and data are presented as mean ± SD. Statistical comparison between two groups was performed by unpaired Student’s t-test. ****, p<0.0001, as calculated by unpaired Student's t test. (IE) Representative maximum-projection time-lapse images of Rlc1-GFP dynamics at the equatorial region in mMyo2-E1 and mMyo2-E1 for3-DAD cells growing in YES-GlycerolYES-glycerol. Mitotic progression was monitored using Pcp1-GFP-marked labeled SPBs. Time interval is 5 min. (J) Left: the percentage of septated and multiseptated cells were quantified in Myo2-E1 and Myo2-E1 for3-DAD cells growing for 12 h in YES-Glycerol medium. Data correspond to three independent experiments, and are presented as mean ± SD. Right: representative maximum projection confocal images after cell-wall staining with calcofluor white. (KF) Decimal dilutions of strains of the indicated genotypes were spotted on plates with YES-GlucoseYES-glucose or YES-GlycerolYES-glycerol, incubated at 28, 30, and 32°C for 3 (Glcglc) or 5 (Glygly) days, and photographed. The images correspond to a representative experiment that was repeated at least three times with similar results.
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Figure 6. Exogenous antioxidants bypass the need for Rlc1 phosphorylation to regulate myosin II activity and cytokinesis during respiratory growth.
(A) UpperLeft: S. pombe wild- type cells expressing genomic Sty1-HA and For3-3GFP fusions were grown to mid-log phase in YES-GlucoseYES-glucose (Glcglc) or YES-GlycerolYES-glycerol (Glygly), with or without 0.16 mM reduced gluglutathione (GSH). Activated/total Sty1 were detected with anti-phospho-p38 and anti-HA antibodies, respectively. Total For3 levels were detected with anti-GFP antibody. Anti-Cdc2 was used as a loading control. LowerRight: For3 expression levels are represented expressed as mean relative units ± SD and correspond to experiments performed as biological triplicates. *, p<0.05, as calculated by unpaired Student's t-test. (B) Actin cable to patch ratio of G2 cells from the indicated strains growing in YES-Glycerol with or without 0.16 mM GSH. Quantification data (n=41 cells for each strain), are represented as mean relative units ± SD. ****, p<0.0001; **, p<0.01; ns, not significant, as calculated by unpaired Student's t-test. (C) Representative maximum projection images of Alexa Fluor–phalloidin stained S. pombe cells of the indicated strains growing for 12 h in YES-Glycerol medium with or without 0.16 mM GSH. Scale bar: 10 µm. (BD)  Total ring assembly and contraction times (left) and ring constriction rates (μm/min) (right) The total time for ring assembly and disassembly waswere estimated by time-lapse confocal fluorescence microscopy for the indicated strains growing exponentially in YES-GlycerolYES-glycerol medium with or without 0.16 mM GSH by time-lapse confocal fluorescence microscopy. n is the total number of cells scored from three independent experiments, and data are presented as mean ± SDviolin plots. ***, p<0.0051; *, p<0.05;  ns, not significant, as calculated by unpaired Student's t test. (CE) Representative maximum-projection time-lapse images of Rlc1 dynamics at the equatorial region in cells from the indicated strains growing in YES-GlycerolYES-glycerol with or without 0.16 mM GSH. Mitotic progression was monitored using Pcp1-GFP-marked labeled SPBs. Time interval is 5 min. Scale bar: 10 µm.  (F) The percentage of septated and multiseptated cells were quantified in the indicated strains growing for 12 h in YES-Glycerol medium with or without 0.16 mM GSH. Data correspond to three independent experiments, and are presented as mean ± SD. (G) Representative maximum projection confocal images of cells growing in YES-Glycerol after cell-wall staining with calcofluor white. (DH) Decimal dilutions of strains of the indicated genotypes were spotted onto plates with YES-GlucoseYES-glucose or YES-GlycerolYES-glycerol plates with or without 0.16 mM GSH, incubated at 28°C for 3 (GlcGlc) or 5 (GlyGly) days, and photographed. The images correspond to a representative experiment that was repeated at least three times with similar results.
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FiFigure 1-—figure supplement 1. Rlc1 phosphorylation at Ser35 is essential for S. pombe respiratory growth.
(A) Left: Strains of the indicated genotypes were grown in YES-gGlucose liquid medium for 24 h, and the percentage of septated and multiseptated cells were quantified. Data correspond to three independent experiments, and are presented as mean ± SD. Right: representative maximum projection confocal images of cells from the indicated strains after cell-wall staining with calcofluor white. Scale bar: 10 µm.
(B) Upper: Tthe strain rlc1Δ  Z3EVpr:Rlc1-HA was grown in YES-GlucoseYES-glucose medium to mid-log phase, and the culture was then treated with either 0.1, 0.5. 1, or 2 µM β-estradiol for 0, 3 and 6 h. Total extracts were resolved by SDS-PAGE, and Rlc1 levels were detected by incubation with anti-HA antibody. Anti-Cdc2 was used as a loading control. The Western blot image corresponds to a representative experiment that was repeated at least three times with similar results. Lower: 
(C) Ddecimal dilutions of strains of the indicated genotypes were spotted on plates with YES-gGlucose (gGlc) or YES-gGlycerol (gGly), with or without 0.5 µM β-estradiol, incubated at 30°C for 3 days, and photographed. The image corresponds to a representative experiment that was repeated at least three times with similar results.
(C) Decimal dilutions of strains of the indicated genotypes were spotted on plates with YES-glucose (glc) or YES-glycerol (gly), and photographed. 
(D) The indicated strains were grown in YES-glucose to a final OD600=0.2 and shifted to YES-glycerol and incubated at 28ºC. The OD600 value, and the percentage of multiseptated and lysed cells were determined at the indicated times. Data correspond to three independent experiments and are presented as mean ± SD.



Figure 1-figure supplement 2. Myo51 and Ser35-phosphorylated Rlc1 collaborate for CAR assembly during respiration.
Times for ring assembly and contraction, node condensation/ring maturation, and ring constriction and disassembly were estimated for the indicated strains growing exponentially in YES-glucose medium (glc), by time-lapse confocal fluorescence microscopy. Mitotic progression was monitored using Pcp1-GFP-labeled SPBs. n is the total number of cells scored from three independent experiments, and data are presented as violin plots. Statistical comparison between two groups was performed by unpaired Student’s t-test. ****, p<0.0001; *, p<0.05; ns, not significant.
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Figure 2-—figure supplement 1. Pak21 phosphorylation of Rlc1 at Ser35 in vivo.regulates cytokinesis during respiration.

(A) Exponentially growing cells of the analog-sensitive strain pPak1-M460A were growngrowing in YES-GlucoseYES-glucose medium and were treated with 30 µM of 3-BrB-PP1 for the indicated times, or remained left untreated in the presence of solvent alone (MetOH). The corresponding protein extracts were resolved by Phos-tag SDS-PAGE, and the Rlc1-HARlc1  fusion isoforms wereas detected by incubation with anti-GFPHA antibody. Anti-Cdc2 was used as a loading control. S35-P: Rlc1 isoform phosphorylated in vivo at Ser35 in vivo. Unphos.: Rlc1 isoform not phosphorylated at Ser35. The blot corresponds to a representative experiment that was repeated at least three times and the trend of the mobility shift was reproducible.The image corresponds to a representative experiment that was repeated at least three times with similar results. 
(B) Left: the Rlc1-GFP fusion was detected in wild-type cells grown in YES-glucose (glc) or YES-glycerol (gly) by Western blot analysis using anti-GFP antibody. Anti-Cdc2 was used as a loading control. Right: Rlc1 levels are expressed as mean relative units ± SD and correspond to experiments performed as biological triplicates. 
(C) Glucose-grown cells of a S. pombe strain co-expressing Pak1-GFP and Pak2-3GFP genomic fusions were starved of nitrogen (-N), incubated in YES-glycerol for the indicated times, or incubated in YES-glucose medium until the indicated OD600 values were reached. Protein extracts were resolved by SDS-PAGE, and Pak1-GFP and Pak2-3GFP fusions were detected by incubation with anti-GFP antibody. The image corresponds to a representative experiment that was repeated at least three times. NE: bands observed after 5 min film exposure. LE: immunoreactive bands observed after a prolonged exposure of 25 min.

(DB) Total protein extracts from strains expressing either Pak1-GFP or ppak1+-Pak2-GFP fusions and growing exponentially in YES-gGlucose were resolved by SDS-PAGE. Fusions were detected by incubation with an anti-GFP antibody. Anti-Cdc2 was used as a loading control. The image corresponds to a representative experiment, which that was repeated at least three times with similar results.
(E) Representative maximum-projection time-lapse images of Pak2 and Rlc1 dynamics at the CAR in cells co-expressing ppak1+-Pak2-GFP and Rlc1-mCherry genomic fusions and grown in YES-glycerol (gly). Mitotic progression was monitored using Pcp1-GFP-labeled SPBs. Time interval is 5 min.
(F) Left: Strains were grown in YES-glycerol for 12 h, and the percentage of septated and multiseptated cells was quantified. Data correspond to three independent experiments, and are presented as mean ± SD. Right: representative maximum projection confocal images of cells from the indicated strains after cell-wall staining with calcofluor white.






[image: ] Figure 3-—figure supplement 1. For3 formin is required for S. pombe cytokinesis during respiratory growth.

(A) Left: Tthe total time for ring assembly and disassembly contraction times (left) and ring constriction rates (right) (μm/min) wereas estimated for for3∆ Rlc1-GFP cells growing exponentially in either YES-GlucoseYES-glucose (Glcglc) or YES-GlycerolYES-glycerol (Glygly) medium by time-lapse confocal fluorescence microscopy.  n>306 cells from three independent experiments were scored in each condition, and data are presented as mean ± SDviolin plots. ****, p<0.0001, as calculated by unpaired Student's t test. 
(B) Right: representative maximum -projection time-lapse images of Rlc1 dynamics at the equatorial region in cells from the indicated strains growing in YES-GlucoseYES-glucose or YES-GlycerolYES-glycerol. Mitotic progression was monitored using Pcp1-GFP-marked labeled SPBs. Time interval is 5 min. Scale bar: 10 µm.

(CB) Left: the percentage of septated and multiseptated cells were quantified in for3∆ cells growing grown for 12 h in either YES-GlucoseYES-glucose (Glcglc) or YES-GlycerolYES-glycerol (gly) medium (Gly). Data correspond to three independent experiments, and are presented as mean ± SD. Right: representative maximum projection confocal images after cell-wall staining with calcofluor white. Scale bar: 10 µm.

(DC) The percentage of cell lysis was quantified in for3∆ cells growing grown for 12 h in either YES-GlucoseYES-glucose (Glcglc) or YES-GlycerolYES-glycerol (gly) medium (Gly). Data correspond to three independent experiments, and are presented as mean ± SD. *, p<0.05, as calculated by unpaired Student’'s t test.
(ED) Decimal dilutions of strains of the indicated genotypes were spotted on plates with YES-GlucoseYES-glucose (Glcglc) or YES-GlycerolYES-glycerol (Glygly), incubated at 30°C for 5 days, and photographed. The image corresponds to a representative experiment that was repeated at least three times with similar results.
(FE) For3-3GFP levels were determined by Western blot analysis with anti-GFP antibody in extracts from wild-type and the proteasome mutant mts3-1 growning in YES-GlucoseYES-glucose (Glcglc) or YES-GlycerolYES-glycerol (Glygly) and incubated at 36ºC for 8 h. Anti-Cdc2 was used as a loading control. The image corresponds to a representative experiment that was repeated at least three times with similar results.






[image: ]










Figure 3-—figure supplement 2. Localization at the cell poles and the CAR of Ccd42 (active) and activated Ccd42 For3 at the cell poles and the CAR is reduced during respiratory growth.
(A) Upper: intensity plots of the CRIB-3GFP fusion (shown as arbitrary fluorescence units), were generated from line scans across the equatorial region of S. pombe G2 cells (n= 30) growing grown in YES-GlucoseYES-glucose (Glcglc) or YES-GlycerolYES-glycerol (Glygly). Data are presented as mean ± SD. Lower: representative maximum-projection images of cells grown gluglucose and glyglycerol growing cells are shown. Scale bar: 10 µm.
(B) Upper: the intensity of the CRIB-3GFP fusion at the medial region of dividing cells (n= 25) in YES-GlucoseYES-glucose (Glcglc) or YES-GlycerolYES-glycerol (Glygly) was measured and is shown as arbitrary fluorescence units. Data are presented as mean ± SD. ****, p<0.0001, as calculated by unpaired Student's t test. Lower: representative maximum-projection images of dividing cells are shown. Scale bar: 10 µm.
(C) Left: representative maximum projection images of S. pombe cells expressing a For3-3GFP genomic fusion grown in YES-glucose medium or in YES-glycerol for 12 h. Right: quantification data (mean relative units ± SD) correspond to the For3 dot to cytosol ratio in G2 and late M cells (n=36), grown in glucose or glycerol. ****, p<0.0001, as calculated by unpaired Student’s t-test. 
(D) Actin cable to patch ratio of G2 cells from the indicated strains grown in YES-glycerol medium for 12 h. Quantification data (n=41 cells for each strain) are presented as mean relative units ± SD. ****, p<0.0001; ns, not significant, as calculated by unpaired Student's t-test. (E) Representative maximum projection images of Alexa Fluor–phalloidin stained S. pombe cells of the indicated strains grown in YES-glycerol medium for 12 h. Scale bar: 10 µm.
(E) Representative maximum projection confocal images of cells from the indicated strains after cell-wall staining with calcofluor white. Scale bar: 10 µm.



Figure 4-figure supplement 1. SAPK activation impairs S. pombe cytokinesis and growth during respiration in the absence of Rlc1 phosphorylation. 
(A) Left: actin cable to patch ratio of G2 cells from the indicated strains grown in YES-glycerol medium for 12 h. Quantification data (n=41 cells for each strain), are represented as mean relative units ± SD. ****. p<0.0001; ns, not significant, as calculated by unpaired Student's t-test. Right: representative maximum projection images of Alexa Fluor–phalloidin stained S. pombe cells of the indicated strains grown in YES-glycerol medium for 12 h. Scale bar: 10 µm.
(B) Left: the indicated strains were grown in liquid YES-glycerol medium for 12 h, and the percentage of septated and multiseptated cells was quantified. Data correspond to three independent experiments and are presented as mean ± SD. Right: representative maximum projection confocal images of cells from the indicated strains after cell-wall staining with calcofluor white. Scale bar: 10 µm.
(C) Left: decimal dilutions of strains of the indicated genotypes were spotted on plates with YES-glucose (glc) or YES-glycerol (gly), and photographed. Right: strains were grown in YES-glucose to a final OD600=0.2, shifted to YES-glycerol and incubated at 28ºC. The OD600 value was determined at the times indicated. Data correspond to three independent experiments and are presented as mean ± SD.
(D) Left: strains were grown in YES-glucose liquid medium (glc), and the percentage of septated cells was quantified. Data correspond to three independent experiments and are presented as mean ± SD. Right: representative maximum projection confocal images of cells from the indicated strains after cell-wall staining with calcofluor white.
(E) Total protein extracts from the indicated strains grown exponentially in YES-glucose (glc) or YES-glycerol (gly) were resolved by Phos-tag SDS-PAGE, and the Rlc1-GFP fusion was detected by incubation with anti-GFP antibody. Anti-Cdc2 was used as a loading control. Rlc1 isoforms, phosphorylated (S35-P) and non-phosphorylated at Ser35 (Unphos), are indicated. The blot corresponds to a representative experiment that was repeated at least three times and the trend of the mobility shift was reproducible.



[image: ]





Figure 5-figure supplement 1. for3-DAD expression restores actin filaments and alleviates the septation defects of myo2-E1 cells during respiration.
(A) Left: the percentage of multiseptated cells was quantified in myo2-E1 cells grown exponentially in YES-glucose (glc) or YES-glycerol (gly) for 12 h. Data correspond to three independent experiments, and are presented as mean ± SD. Right: representative maximum projection confocal images of myo2-E1 cells growing in YES-glucose or YES-glycerol after cell-wall staining with calcofluor white. 
(B) Left: actin cable to patch ratio of G2 cells from the indicated strains growing in YES-glycerol medium for 12 h. Quantification data (n=40 cells for each strain) are presented as mean relative units ± SD. ****, p<0.0001, as calculated by unpaired Student's t-test. Right: representative maximum projection images of Alexa Fluor–phalloidin stained S. pombe cells of the indicated strains grown in YES-glycerol medium for 12 h.
(C) Left: the percentage of septated and multiseptated cells was quantified in myo2-E1 and myo2-E1 for3-DAD cells grown for 12 h in YES-glycerol medium. Data correspond to three independent experiments, and are presented as mean ± SD. Right: representative maximum projection confocal images after cell-wall staining with calcofluor white.


Figure 5-—figure supplement 12. Role of Myp2 on S. pombe cytokinesis during respiration. 
(A) Upper Left: ring assembly and contraction the times for ring assembly and disassembly, and the ring constriction rates wereas estimated by time-lapse confocal fluorescence microscopy for wild- type and myp2∆ cells growing in YES-GlucoseYES-glucose (Glcglc) or YES-GlycerolYES-glycerol (gly) medium (Gly), by time-lapse confocal fluorescence microscopy. Mitotic progression was monitored using Pcp1-GFP-marked labeled SPBs. n is the total number of cells scored from three independent experiments, and data are presented as mean ± SDviolin plots. Statistical comparison between two groups was performed by unpaired Student’s t test. ****, p<0.0001, as calculated by unpaired Student's t test. RightLower: representative maximum-projection time-lapse images of Rlc1 dynamics at the equatorial region of wild -type and myp2∆ cells growing in YES-GlucoseYES-glucose (Glcglc) or YES-GlycerolYES-glycerol (Glygly). Mitotic progression was monitored using Pcp1-GFP-marked labeled SPBs. Time interval is 5 min. Scale bar: 10 µm.
(B) Left: the percentage of septated and multiseptated cells were was quantified in the indicated strains growing grown for 12 h in YES-GlucoseYES-glucose (Glcglc) or YES-GlycerolYES-glycerol (Glygly). Data correspond to three independent experiments, and are presented as mean ± SD. Right: representative maximum projection confocal images of cells growing in YES-GlycerolYES-glycerol after cell-wall staining with calcofluor white. Scale bar: 10 µm.


Figure 6-figure supplement 1. Reduced glutathione restores actin cables and alleviates septation defects in rlc1-S35A and myo2-E1 cells during respiration.
(A) Left: Actin cable to patch ratio of G2 cells from the indicated strains growing in YES-glycerol with or without 0.16 mM GSH. Quantification data (n=41 cells for each strain), are represented as mean relative units ± SD. ****, p<0.0001; **, p<0.01; ns, not significant, as calculated by unpaired Student's t-test. 
Right: representative maximum projection images of Alexa Fluor–phalloidin stained S. pombe cells of the indicated strains grown for 12 h in YES-glycerol medium with or without 0.16 mM GSH. Scale bar: 10 µm. 
(B) Left: the percentage of septated and multiseptated cells was quantified in the indicated strains grown for 12 h in YES-glycerol medium with or without 0.16 mM GSH. Data correspond to three independent experiments, and are presented as mean ± SD. Right: representative maximum projection confocal images of cells grown in YES-glycerol after cell-wall staining with calcofluor white.

Figure 6-figure supplement 2. Model depicting the signaling pathways and mechanisms that regulate S. pombe cytokinesis by myosin II (Myo2) through regulatory light chain phosphorylation during respiratory metabolism. See text for specific details.
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[image: ] Figure 6—figure supplement 1. Model depicting the signaling pathways and mechanisms that regulate S. pombe cytokinesis by Myosin II (Myo2) through regulatory light chain phosphorylation during the transition from fermentative to respiratory metabolism. For specific details, please see text.

Source files legends

Figure 1- source data 1. Source data for Figure 1
Figure 1- source data 2. Western blot images for Figures 1 A, B
Figure 1- figure supplement 1-source data 1. Source data for Figure 1-figure supplement 1
Figure 1- figure supplement 1- source data 2. Western blot images for figure supplement 1B
Figure 1- figure supplement 2-source data 1. Source data for Figure 1-figure supplement 2

Figure 2- source data 1. Source data for Figure 2
Figure 2- source data 2. Western blot images for Figures 2AB, C, D.
Figure 2- figure supplement 1-source data 1. Source data for Figure 2-figure supplement 1
Figure 2- figure supplement 1- source data 21. Western blot images for figure supplement 1A, B, C, D
B
Figure 3- source data 1. Source data for Figure 3
Figure 3- source data 2. Western blot images for Figure 3A, C.
Figure 3- figure supplement 1-source data 1. Source data for Figure 3-figure supplement 1
Figure 3- figure supplement 1-source data 2. Western blot images for figure supplement 1FE
Figure 3- figure supplement 2-source data 1. Source data for Figure 3-figure supplement 2

Figure 4- source data 1. Source data for Figure 4
Figure 4- source data 2. Western blot images for Figure 4BA.
Figure 4- figure supplement 1-source data 1. Source data for Figure 4-figure supplement 1
Figure 4- figure supplement 1-source data 2. Western blot images for figure supplement 1E

Figure 5- source data 1. Source data for Figure 5
Figure 5- figure supplement 1-source data 1. Source data for Figure 5-figure supplement 1
Figure 5- figure supplement 2-source data 1. Source data for Figure 5-figure supplement 2

Figure 6- source data 1. Source data for Figure 6
Figure 6- source data 2. Western blot images for Figure 6A.
Figure 6- figure supplement 1-source data 1. Source data for Figure 6-figure supplement 1







Table S1. S. pombe strains used in this study.

	Strain
	Genotype
	Source/Reference

	
	Figure 1
	

	FPR727
	h- rlc1::kanR rlc1-HA::ura4+ ade6-M216 leu1-32 
	This work

	FPR645
	h- rlc1::kanR ade6-M216 leu1-32 ura4.294
	This work

	FPR730
	h- rlc1::kanR rlc1(S35A)-HA::ura4+ ade6-M216 leu1-32 
	This work 

	FPR732
	h- rlc1::kanR rlc1(S36A)-HA::ura4+ ade6-M216 leu1-32 
	This work

	FPR735
	h- rlc1::kaRn rlc1(S35AS36A)-HA::ura4+ ade6-M216 leu1-32 
	This work

	FPR830
	h? Pcp1-GFP:kanR Rlc1-GFP:kanR cdc2ASM17:bsdR rlc1-HA::ura4+ ade6-M216 leu1-32 
	This work

	FPR961
	h+ Pcp1-GFP:kanR rlc1::kanR Rlc1-GFP::ura4+ ade6-M216 leu1-32
	This work

	FPR965
	h+ Pcp1-GFP:kanR rlc1::kanR Rlc1(S35A)-GFP::ura4+ ade6-M216 leu1-32
	This work

	
	Figure 2
	

	MBY4489 
	h- pak1-2xMyc-GFP::ura4+
	Loo et al., 2008

	MBY5064 
	h- pak1-M460G-2xMyc-GFP::ura4+
	Loo et al., 2008

	FPR1132
	h? pak1-2xMyc-GFP::ura4+ rlc1::kanR rlc1-HA::ura4+  ade6-M216 leu1-32
	This work

	FPR1141
	h? pak1M460G-2xMyc-GFP::ura4+ rlc1::kanR rlc1-HA::ura4+  ade6-M216 leu1-32
	This work

	FPR1145
	h? pak1-2xMyc-GFP::ura4+ rlc1::kanR shk2::kanR rlc1-HA::ura4+  ade6-M216 leu1-32
	This work

	FPR1142
	h? pak1M460G-2xMyc-GFP::ura4+ rlc1::kanR shk2::kanR rlc1-HA::ura4+  ade6-M216 leu1-32
	This work

	FPR1269
	h? pak1-2xMyc-GFP::ura4+ Pcp1-mcherry::ura4+ Rlc1-mcherry::kanR ade6-M216 leu1-32 ura4.D18
	This work

	FPR1281
	h? pak1M460G-2xMyc-GFP::ura4+ Pcp1-mcherry::ura4+ Rlc1-mcherry::kanR ade6-M216 leu1-32 ura4.D18
	This work

	FPR1272
	h? pak1-2xMyc-GFP::ura4+ Pcp1-mcherry::ura4+ Rlc1-mcherry::kanR shk2::kanR ade6-M216 leu1-32 ura4.D18
	This work

	FPR1282
	h? pak1M460G-2xMyc-GFP::ura4+ Pcp1-mcherry::ura4+ Rlc1-mcherry::kanR shk2::kanR ade6-M216 leu1-32 ura4.D18
	This work

	PPG4.69
	h+ pak1-GFP::kanR leu1-32 ura4.D18
	Lab 

	FPR1482
	h? pak1-GFP::kanR shk2::hphR shk2-3xGFP::ura4+ ade6-M216 leu1-32
	This work

	FPR1460
	h- shk2::hphR shk2-3xGFP::ura4+ ade6-M216 leu1-32
	This work

	FPR1554
	h- shk2::hphR shk2-3xGFP::ura4+ ste11::natR ade6-M216 leu1-32
	This work

	FPR1481
	h- shk2::hphR promste11+A/G:shk2-3xGFP::ura4+ ade6-M216 leu1-32
	This work

	FPR1607
	h? shk2::hphR shk2-3xGFP::ura4+ pka1::kanR ade6-M216 leu1-32
	This work

	FPR1608
	h? shk2::hphR shk2-3xGFP::ura4+ rst2::natR ade6-M216 leu1-32
	

	FPR1611
	h? shk2::hphR shk2-3xGFP::ura4+ pka1::kanR rst2::natR ade6-M216 leu1-32
	

	FPR1530
	h- shk2::hphR prompak1+shk2-GFP::ura4+ ade6-M216 leu1-32
	This work

	FPR1559
	h? shk2::hphR prompak1+shk2-GFP::ura4+ pcp1-mcherry::ura4+ Rlc1-mcherry::kanR ade6-M216 leu1-32
	This work

	
	Figure 3
	

	E888
	h+ for3-3xGFP::ura4+ sty1-HA6H::ura4+ ade6-M216 leu1-32 ura4-D18
	Gomez-Gil et al., 2020

	FPR1441
	h? for3DAD-2xGFP::kanR sty1-HA6H::ura4+ rlc1::kanR rlc1-GFP::ura4+ ade6-M216 leu1-32 ura4-D18
	This work

	FPR1443
	h? for3DAD-2xGFP::kanR sty1-HA6H::ura4+ rlc1::kanR rlc1(S35A)-GFP::ura4+ ade6-M216 leu1-32 ura4-D18
	This work

	FPR961
	h+ Pcp1-GFP:kanR rlc1::kanR Rlc1-GFP::ura4+ ade6-M216 leu1-32
	This work

	FPR965
	h+ Pcp1-GFP:kanR rlc1::kanR Rlc1(S35A)-GFP::ura4+ ade6-M216 leu1-32
	This work

	FPR1292
	h? Pcp1-GFP:kanR rlc1::kanR Rlc1-GFP::ura4+ for3DAD ade6-M216 leu1-32
	This work

	FPR1296
	h? Pcp1-GFP:kanR rlc1::kanR Rlc1(S35A)-GFP::ura4+ for3DAD ade6-M216 leu1-32
	This work

	FPR1340
	h? Pcp1-mcherry::ura4+ Rlc1-mcherry::kanR for3-3xGFP::ura4+ pak1-M460G-2xMyc-GFP::ura4+ shk2::kanR ade6-M216 leu1-32 ura4.D18
	This work

	FPR1345
	h? Pcp1-mcherry::ura4+ Rlc1-mcherry::kanR pak1-M460G-2xMyc-GFP::ura4+ for3DAD-2xGFP::kanR shk2::kanR ade6-M216 leu1-32 ura4.D18
	This work

	FPR1089
	h? for3-3xGFP::ura4+ rlc1::kanR rlc1-HA::ura4+ kanR ade6-M216 leu1-32
	This work

	FPR1094
	h? for3-3xGFP::ura4+ rlc1::kanR rlc1(S35A)-HA::ura4+ kanR ade6-M216 leu1-32
	This work

	FPR1410
	h? for3DAD-2xGFP::kanR rlc1::kanR rlc1-HA::ura4+ kanR ade6-M216 leu1-32
	This work

	FPR1415
	h? for3DAD-2xGFP::kanR rlc1::kanR rlc1(S35A)-HA::ura4+ kanR ade6-M216 leu1-32
	This work

	
	Figure 4
	

	FPR1000
	h+ for3-3xGFP::ura4+ sty1-HA6H::ura4+ rlc1::kanR rlc1-GFP::ura4+ ade6-M216 leu1-32 
	This work

	FPR1048
	h+ for3-3xGFP::ura4+ sty1-HA6H::ura4+ rlc1::kanR rlc1(S35A)-GFP::ura4+ ade6-M216 leu1-32
	This work

	FPR1054
	h? for3-3xGFP::ura4+ sty1-HA6H::ura4+ rlc1::kanR rlc1-GFP::ura4+ wis1::his ade6-M216 leu1-32
	This work

	FPR1059
	h? for3-3xGFP::ura4+ sty1-HA6H::ura4+ rlc1::kanR rlc1(S35A)-GFP::ura4+ wis1::his ade6-M216 leu1-32
	This work

	FPR727
	h- rlc1::kanR rlc1-HA::ura4+ ade6-M216 leu1-32 
	This work

	FPR645
	h- rlc1::kanR ade6-M216 leu1-32 ura4.294
	This work

	FPR730
	h- rlc1::kanR rlc1(S35A)-HA::ura4+ ade6-M216 leu1-32 
	This work 

	FPR1228
	h- rlc1::kanR rlc1-HA::ura4+ wis1::his ade6-M216 leu1-32 
	This work

	FPR1231
	h- rlc1::kanR wis1::his ade6-M216 leu1-32
	This work

	FPR1237
	h- rlc1::kanR rlc1(S35A)-HA::ura4+ wis1::his ade6-M216 leu1-32
	This work

	FPR961
	h+ Pcp1-GFP:kanR rlc1::kanR Rlc1-GFP::ura4+ ade6-M216 leu1-32
	This work

	FPR965
	h+ Pcp1-GFP:kanR rlc1::kanR Rlc1(S35A)-GFP::ura4+ ade6-M216 leu1-32
	This work

	FPR1233
	h? Pcp1-GFP:kanR rlc1::kanR Rlc1-GFP::ura4+ wis1::his ade6-M216 leu1-32
	This work

	FPR1235
	h? Pcp1-GFP:kanR rlc1::kanR Rlc1(S35A)-GFP::ura4+ wis1::his ade6-M216 leu1-32
	This work

	FPR1361
	h? Pcp1-GFP:kanR rlc1::kanR Rlc1-GFP::ura4+ pyp1::kanR ade6-M216 leu1-32
	This work

	FPR1406
	h? Pcp1-GFP:kanR rlc1::kanR Rlc1(S35A)-GFP::ura4+ pyp1::hphR ade6-M216 leu1-32
	This work

	
	Figure 5
	

	MM1
	h+ ade6-M216 leu1-32 ura4.D18
	Madrid et al., 2006

	FPR876
	h- myo2.E1 ade6-M216 leu1-32 ura4.D18
	Balasubramanian et al., 1998

	FPR462
	h+ myo3::kanR ade6-M216 leu1-32 ura4.D18
	Lab Stock

	FPR441
	h+ cdc4-8 ade6-M216 leu1-32 ura4.D18
	Lab Stock

	FPR645
	h- rlc1::kanR ade6-M216 leu1-32 ura4.294
	This work

	FPR1461
	h? Pcp1-GFP:kanR rlc1::kanR Rlc1-GFP::ura4+ myo2.E1 ade6-M216 leu1-32
	This work

	FPR1498
	h? Pcp1-GFP:kanR rlc1::kanR Rlc1-GFP::ura4+ myo2.E1 for3DAD ade6-M216 leu1-32
	This work

	
	Figure 6
	

	E888
	h+ for3-3xGFP::ura4+ sty1-HA6H::ura4+ ade6-M216 leu1-32 ura4-D18
	Gomez-Gil et al., 2020

	FPR961
	h+ Pcp1-GFP:kanR rlc1::kanR Rlc1-GFP::ura4+ ade6-M216 leu1-32
	This work

	FPR965
	h+ Pcp1-GFP:kanR rlc1::kanR Rlc1(S35A)-GFP::ura4+ ade6-M216 leu1-32
	This work

	FPR1461
	h? Pcp1-GFP:kanR rlc1::kanR Rlc1-GFP::ura4+ myo2.E1 ade6-M216 leu1-32
	This work

	FPR727
	h- rlc1::kanR rlc1-HA::ura4+ ade6-M216 leu1-32 
	This work

	FPR645
	h- rlc1::kanR ade6-M216 leu1-32 ura4.294
	This work

	FPR730
	h- rlc1::kanR rlc1(S35A)-HA::ura4+ ade6-M216 leu1-32 
	This work 

	FPR1489
	h? rlc1::kanR rlc1-HA::ura4+ myo2.E1 ade6-M216 leu1-32 
	This work

	FPR1142
	h? pak1M460G-2xMyc-GFP::ura4+ rlc1::kanR shk2::kanR rlc1-HA::ura4+  ade6-M216 leu1-32
	This work

	FPR1130
	h? rlc1::kanR rlc1-HA::ura4+ for3::natR ade6-M216 leu1-32 
	This work

	FPR1135
	h? rlc1::kanR rlc1(S35A)-HA::ura4+ for3::natR ade6-M216 leu1-32
	This work

	
	Supplementary Figure 1 
	

	MM1
	h+ ade6-M216 leu1-32 ura4.D18
	Madrid et al., 2006

	FPR727
	h- rlc1::kanR rlc1-HA::ura4+ ade6-M216 leu1-32 
	This work

	FPR719
	h- rlc1::kanR pZ3EVrlc1-HA::ura4+ adh1-Z3EV:leu1+ ade6-M216 
	This work

	FPR722
	h- rlc1::kanR pZ3EVrlc1-HA::ura4+ adh1-Z3EV:leu1+ ade6-M216
	This work

	FPR645
	h- rlc1::kanR ade6-M216 leu1-32 ura4.294
	This work

	
	Supplementary Figure 2
	

	FPR1153
	h? rlc1::kanR rlc1-HA::ura4+ shk1::natR shk1(M460A)::hphR ade6-M216 leu1-32 
	This work

	PPG4.69
	h+ pak1-GFP::kanR leu1-32 ura4.D18
	Lab stock

	FPR1530
	h- shk2::hphR prompak1+shk2-GFP::ura4+ ade6-M216 leu1-32
	This work

	
	Supplementary Figure 3 
	

	FPR961
	h+ Pcp1-GFP:kanR rlc1::kanR Rlc1-GFP::ura4+ ade6-M216 leu1-32
	This work

	FPR1126
	h? Pcp1-GFP:kanR rlc1::kanR Rlc1-GFP::ura4+ for3::natR ade6-M216 leu1-32
	This work

	FPR965
	h+ Pcp1-GFP:kanR rlc1::kanR Rlc1(S35A)-GFP::ura4+ ade6-M216 leu1-32
	This work

	FPR1132
	h? Pcp1-GFP:kanR rlc1::kanR Rlc1(S35A)-GFP::ura4+ for3::natR ade6-M216 leu1-32
	This work

	FPR727
	h- rlc1::kanR rlc1-HA::ura4+ ade6-M216 leu1-32 
	This work

	FPR645
	h- rlc1::kanR ade6-M216 leu1-32 ura4.294
	This work

	FPR730
	h- rlc1::kanR rlc1(S35A)-HA::ura4+ ade6-M216 leu1-32 
	This work 

	FPR1130
	h? rlc1::kanR rlc1-HA::ura4+ for3::natR ade6-M216 leu1-32 
	This work

	FPR1135
	h? rlc1::kanR rlc1(S35A)-HA::ura4+ for3::natR ade6-M216 leu1-32
	This work

	E880
	h+ for3-3xGFP::ura4+ ade6-M216 leu1-32 ura4-D18
	Gomez-Gil et al., 2020

	E998
	h? for3-3xGFP::ura4+ mts3-1 ade6-M216 leu1-32 ura4-D18
	Gomez-Gil et al., 2020

	
	Supplementary Figure 4 
	

	E32
	h- CRIB-GFP::ura4+ 1 ade6-M216 leu1-32 
	Lab Stock

	
	Supplementary Figure 5 
	

	FPR961
	h+ Pcp1-GFP:kanR rlc1::kanR Rlc1-GFP::ura4+ ade6-M216 leu1-32
	This work

	FPR1547
	h- Pcp1-GFP:kanR rlc1::kanR Rlc1-GFP::ura4+ myo3::kanR ade6-M216 leu1-32
	This work

	FPR965
	h+ Pcp1-GFP:kanR rlc1::kanR Rlc1(S35A)-GFP::ura4+ ade6-M216 leu1-32
	This work

	FPR1619
	h? Pcp1-GFP:kanR rlc1::kanR Rlc1(S35A)-GFP::ura4+ myo3::kanR ade6-M216 leu1-32
	This work





Table S2. Oligonucleotides and DNA fragments used in this study.

	OLIGONUCLEOTIDE
	SEQUENCE 5’-3’
	Use

	Rlc1D-FWD
	AGTTTTTTTCATTTCTTAATTCTTCCGTACTTTACTTTACAGCATAACTATATCTTATTTGATCATTTGCTCTGTTAACG CGGATCCCCGGGTTAATTAA
	rlc1+ deletion

	Rlc1D-REV
	TTCGTCTAAGGGAAATGGCTCAGGTTAAAAAGATAAAGTATTAGAGGGAAGAATGTGAAACATATCTGGCTGCTCTTAACGAATTCGAGCTCGTTTAAAC
	rlc1+ deletion

	Rlc1D-COMP FWD
	ATCCTCGCCTTACGGTGTATAA
	Confirmation of rlc1+ deletion

	KAN-COMP-R
	GATGTGAGAACTGTATCCTAGCAAG
	Confirmation of gene tagging

	Rlc1-Seq1-FWD
	CTGAGACTTACCAAGAGCTTGAATATC
	rlc1+ sequencing

	Rlc1-S35A-FWD
	T TCT CAA AGA GTT GCT GCC CAA GCC GCT AAA CGA GCA GCT TCT GGT GCA TTT GCG CAA CTT ACT TCT TCC CAA ATT CAA G
	Rlc1 serine-35 replaced by alanine (site-directed mutagenesis)

	Rlc1-S35A-REV
	CTTGAATTTGGGAAGAAGTAAGTTGCGCAAATGCACCAGAAGCTGCTCGTTTAGCGGCTTGGGCAGCAACTCTTTGAGAA
	Rlc1 serine-35 replaced by alanine (site-directed mutagenesis)

	Rlc1-S36A-FWD
	T TCT CAA AGA GTT GCT GCC CAA GCC GCT AAA CGA GCA TCT GCT GGT GCA TTT GCG CAA CTT ACT TCT TCC CAA ATT CAA G
	Rlc1 serine-36 replaced by alanine (site-directed mutagenesis)

	Rlc1-S36A-REV
	CTTGAATTTGGGAAGAAGTAAGTTGCGCAAATGCACCAGCAGATGCTCGTTTAGCGGCTTGGGCAGCAACTCTTTGAGAA
	Rlc1 serine-36 replaced by alanine (site-directed mutagenesis)

	Rlc1-S35AS36A-FWD
	T TCT CAA AGA GTT GCT GCC CAA GCC GCT AAA CGA GCA GCT GCT GGT GCA TTT GCG CAA CTT ACT TCT TCC CAA ATT CAA G
	Rlc1 serine-35 and serine-36 replaced by alanine (site-directed mutagenesis)

	Rlc1-S35AS36A-REV
	CTTGAATTTGGGAAGAAGTAAGTTGCGCAAATGCACCAGCAGCTGCTCGTTTAGCGGCTTGGGCAGCAACTCTTTGAGAA
	Rlc1 serine-35 and serine-36 replaced by alanine (site-directed mutagenesis)

	Rlc1 (SmaI)- FWD
	TAT ATC CCG GGA TGT TCT CTT CGA AGG AAA ATT CCT
	rlc1+ clonning in pZ3Ev plasmid

	Rlc1-HA (SacII)-REV
	TAT ATC CGC GGT CAT GCA TAG TCC GGG ACG TCA TAG GGA TAG CCA TTG CTA TCT TTT GAC CCA GCA
	rlc1+ clonning in pZ3Ev plasmid

	PromRlc1(XhoI)-FWD
	TATAACTCGAGGGTGTGCAAGTTCAGACTC
	rlc1+ clonning in Pjk210 plasmid

	Rlc1-GFP(SacII)-REV
	TATTACCGCGGCAGATCTATATTACCCTG
	rlc1+ clonning in Pjk210 plasmid

	Pak2-Comp-FWD
	TGTAACCAATGTCATGTTCGCT
	Confirmation of pak2+ deletion

	PromPak2(XhoI)-FWD
	ACTTACTCGAGCAGTACTCCCAACTTGTTAGATAATG
	pak2+ clonning in Pjk210 plasmid

	Pak2GFP(SmaI/XmaI)-REV
	ATTAACCCGGGATT AAT ATG GGT ATT CGC TTT GC
	pak2+ clonning in Pjk210 plasmid

	GFP1-FWD
	tctcgcaaagcgaatacccatattaatccc AGTAAAGGAGAAGAACTTTTCACTGG
	GFP-tagging for Pak2-3GFP assembly

	GFP1-REV
	tcctttactggatctTTTGTATAGTTCATCCATGCCATGTG
	GFP-tagging for Pak2-3GFP assembly

	GFP2-FWD
	gatgaactatacaaaAGATCCAGTAAAGGAGAAGAACTTTTC
	GFP-tagging for Pak2-3GFP assembly

	GFP2-REV
	aagttcttctcctttactgttaattaacccTTTGTATAGTTCATCCATGCCATGTG
	GFP-tagging for Pak2-3GFP assembly

	PromPak1-FWD
	cgacggtatcgataagcttgatatcgaattcctgcagccc TTTAAAAGTATTTGAGTATAATAAATGAAAATTAG
	Assembly of pak1+ promoter Pak2-GFP construct

	PromPak1-REV
	cctcttacacttaaaagcatAGTAAATAAATTTATTAACGAAAAGGG
	Assembly of pak1+ promoter Pak2-GFP construct

	Pak2-GFP-FWD
	cgttaataaatttatttactATGCTTTTAAGTGTAAGAGGCGTGC
	Assembly of pak1+ promoter Pak2-GFP construct

	Pak2-GFP-REV
	caagggagacattccttttaCTATTTGTATAGTTCATCCATGCCATG
	Assembly of pak1+ promoter Pak2-GFP construct

	Nmt-TERM-FWD
	tggatgaactatacaaatagTAAAAGGAATGTCTCCCTTGCCAGTAC
	Assembly of pak1+ promoter Pak2-GFP construct

	Nmt1-TERM-REV
	ccaccgcggtggcggccgctctagaactagtggatccccc GCATTACTAATAGAAAGGATTATTTCACTTCTAATTACAC
	Assembly of pak1+ promoter Pak2-GFP construct

	Ste11-del-FWD
	TTAATTCTAAGAACCGTTTCATTTGTTTTATTTTCTCCCTTACTTTTACTACAATTTTTATATTTACTCTTCTCTACACACGGATCCCCGGGTTAATTAA
	ste11+ deletion

	Ste11-del-REV
	ACAAATCAGCTGCATGCTTTTGTGACGCGTTAAAAATGATCGTTTGTTGAAAACAAAGCCATGTTTGCATAGAAATATTTGAATTCGAGCTCGTTTAAAC
	ste11+ deletion

	Ste11-comp-FWD
	TCACACCAGTTTTTATTCGGTG
	Confirmation of ste11+ deletion

	PromSte11-FWD
	CATAACATTTCTTTGTTTTT
TGCATTCTCTTTATTTATAAATGGGGTTTCTTTATTTATACATTTGAGCTAAAATGTATA
	G replaced by A (site directed mutagenesis) in TRbox1 and 2  sites within ste11+ promoter 

	PromSte11-REV
	TATACATTTTAGCTCAAATGTATAAATAAAGAAACCCCATTTATAAATAAAGAGAATGCAAAAAACAAAGAAATGTTATG
	G replaced by A (site directed mutagenesis) in TRbox1 and 2  sites within ste11+ promoter

	For3-Seq-F
	GGCCACACTGAACCAAAGAG

	for3+ sequencing

	Myp2-Comp-FWD
	GTGCCTAATATCCTGGCAAAAG
	Confirmation of myo3+ deletion

	For3-Comp-FWD
	CATCACATCTGATACCTGCGTT
	Confirmation of for3+ deletion

	Nat-Comp-REV
	TTATTGTCAGTACTGATTAGGGGCA
	Confirmation of gene tagging
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