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In all organisms, cell size is crucial for biological function and is tightly controlled by genetic, 
environmental and physiological factors. Cell-size homeostasis is mediated by a finely balanced 
coordination between cell growth and division. At a critical point in the cell cycle, the G2-M 
transition, cells stop growth and enter mitosis; advancing or delaying this transition leads to 
smaller or larger cells, respectively. Uncoordinated cell growth and mitotic entry can lead to 
diseases. The fission yeast, Schizosaccharomyces pombe, has long served as a potent genetic 
model system to study mitotic entry and cell-size regulation. The rod-shaped S. pombe cells 
grow by length extension until they reach the size requirement for the next cell division; thus, 
longer or shorter cells at division directly point to a delayed or accelerated mitotic entry. In this 
way, conserved core regulators and modulators of cell-cycle transitions have been identified a 
while ago. More recently, a systematic study of nearly all S. pombe genes has uncovered 538 
mutants showing aberrant cell-cycle progression, leading to longer or shorter cells.  
In order to identify rate-limiting steps for mitotic entry, Moris, Shrivastava et al. have now 
analyzed which of these genes act in a dose-dependent manner by using diploid cells with 
heterozygous deletion mutants, where one of 2 gene copies is deleted and the expression level 
of the corresponding gene is typically halved. They screened for so-called haploinsufficient 
mutants in which the single gene copy is not sufficient for normal control of mitotic entry, 
leading to longer or shorter cells at division. Notably, only 13 such haploinsufficient mutants 
were more than 10% longer or shorter than control cells. This surprisingly low number points 
to a remarkable cellular resilience to gene copy decreases, which suggests that the expression 
levels of other cell-cycle regulators are not rate limiting even when reducing expression levels 
by 50% or that cells can adjust the expression of these genes by compensatory mechanisms. 
Moreover, all 13 rate-limiting factors appear to act during the G2-M transition, suggesting that 
regulators functioning during the G1-S transition, another key control point for cell size which 
is cryptic in S. pombe, are present in excess or that the screen is not sufficiently sensitive to 
uncover such factors. These findings highlight the distinct and complementary insights that can 
be obtained from haploinsufficiency screens. 
The 13 rate-limiting proteins identified in this screen can be grouped into 3 functional 
categories: 1) regulation of G2-M transition (7 proteins), including proteins well-known to 
control the timing of mitotic entry via the CDK network, such as Cdc2, Cdc25, Pom1 and Wee1, 
which validate the screen; 2) nucleocytoplasmic transport (5 proteins), including 4 
nucleoporins and an importin; and 3) nucleotide metabolism (1 protein, Dea2). These results 
indicate that the CDK network is regulated by multiple rate-limiting steps,each contributing to 
the timing of mitotic entry. The proteins functioning in nucleocytoplasmic transport could be 
indirectly involved in controlling G2-M progression by influencing the localization of rate-
limiting regulators. However, a more direct role in cell-cycle progression for certain nuclear 
pore proteins is plausible, because their cell cyclerelated functions besides transport are well 
documented and the haploinsufficient nuclear-pore mutants showed remarkably specific 
phenotypes. It may be informative to assess epistasis relationships in diploid cells containing 
different combinations of haploinsufficient mutants.  
The nucleotide-metabolism protein Dea2 is the most unexpected rate-limiting factor emerging 
from this screen. Dea2 is an adenine deaminase involved in the adenine salvage pathway and 
catabolism. The heterozygous dea2 mutant actually leads to cells being 32% longer than the 
control, by far the strongest cell elongation phenotype emerging from the screen. This 
substantial delay in G2-M progression probably reflects activation of DNA damage or 
replication checkpoints caused by aberrant nucleotide metabolism, which suggests that Dea2 
is rate-limiting for nucleotide metabolism.  
 



This idea could be tested by analyzing the phenotypes of dea2 haploinsufficient mutants upon 
DNA damage or replication interference and in combination with checkpoint mutants. The 
remarkably specific cell-cycle phenotype of dea2 haploinsufficient mutants, unlike other 
nucleotide-metabolism mutants, raises the intriguing possibility that Dea2 plays a key role at 
the nexus of nucleotide metabolism ‘health’ and cell-cycle progression. 
 

 


