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Cell cycle is a basic cellular mechanism that allows for cellular growth 

and development, regeneration or repair, and wear of tissues or even 

regeneration of the whole organism in certain cases.  A failure during 

the cell cycle process leads to various dire consequences. Various 

proteins and kinases play a vital role in the regulation of the cell cycle 

to meet cellular demands and needs. Amongst the kinases, Wee1 is a 

key regulator of cell cycle progression which inhibits mitotic entry by 

phosphorylating the tyrosine residue on the M-phase-inducing kinase, 

Cdk1, at the G2/M transition. In Dictyostelium discoideum, wee1 genes 

that regulate the cell cycle progression at the G2/M transition have not 

been identified and studied yet. Our findings support the existence of 

the Wee1 homolog in D. discoideum, which could play a role in cell 

division at G2/M. 
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Introduction:- 
Wee1 was first identified in the fission yeast, Saccharomyces pombe, in 1978 (Thuriaux et al., 1978). It was part of 

mutant screen that affects the cell cycle in fission yeast. It was observed that mutants defined by the gene wee1 

would divide half the cell length of wildtype. It was also observed that while the loss of function of wee1 would lead 

to small cell size cells, its overexpression would lead to elongated cells suggesting, a decreased G2 phase and an 

increased G2 phase, respectively (Csikász-Nagy et al., 2006). Later, it was shown that Wee1 acts as a negative 

regulator of the maturation-promoting factor (MPF) complex, which includes Cdk1 and mitotic cyclin (Russell and 

Nurse 1987). Cdk1 is encoded by the gene cdc2 and Wee1 negatively regulates Cdk1 by phosphorylating its tyrosine 

residue. In the absence of Wee1 protein, the MPF shows high activity, leading to faster cell division. An excess of 

Wee1 leads to blocking the activity of MPF, leading to a longer time of mitosis (Aguda 1999). Thus, Wee1 has been 

identified as a key regulator of the cell cycle. 

 

In later work, genes similar to wee1 have been identified in several organisms, including humans (Igarashi et al., 

1991), Trypanosoma brucei (Boynak et al., 2013), Schizosaccharomyces cerevisiae (Booher et. al., 1993), 

Arabidopsis thaliana (Sorrell et al., 2002), Drosophila (Stumpff et al., 2004), Xenopus (Mueller et. al., 1995). 

Interestingly, it has been observed that the humans Wee1 can efficiently rescue the wee1 mutation in S. pombe, 

highlighting its functional conservation.  

 

The current study aims to identify wee1 genes in the cellular slime mould D. discoideum. The D. discoideum is an 

interesting model system because it exists as a unicellular organism in the form of amoeba as well as a multicellular 

form with only two types of cells, spore and stalk (Wang et al., 2021). Multicellularity in D. discoideum is achieved 
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by aggregation of the amoebic cells under conditions of starvation and does not involve any cell division to achieve 

this. 

 

In D. discoideum, it has been shown that the stage of the cell cycle may influence the fate of the cells into a prespore 

or prestalk pathway (Weijer and Zimmerman 1993). This offers a unique opportunity to study the role of the Wee1 

protein in determining cell fate. As a first step, the wee1 gene of Dictyostelium needs to be identified, which is 

presented in this work.  

 

Methods:- 
A blast search was performed using the BLAST server at the dictybase site (http://dictybase.org) using the known 

sequence of S. pombe Wee1, which was collected using BLASTp at NCBI. The similarity of the proteins encoded by 

the identified D. discoideum wee1 genes to those encoded by other organisms was checked using CLUSTAL 

OMEGA. The sequences of D.discoideum Wee1 proteins were analysed for the presence of a kinase domain by 

using the online software SMART with the Pfam database (http://smart.embl-heidelberg.de/). Protein structures 

were predicted using I-TASSER (https://zhanggroup.org/I-TASSER/) and viewed using PyMOL software. A 

phylogenetic tree was created using the Neighbor-Joining method. 

 

Results:- 
Wee1 homolog in D. discoideum was identified by carrying out a blast search using the S. pombe Wee1 protein 

sequence (Accession No. NP_587933.1) as a query sequence. The BLAST program was used for this search. This 

resulted in identifying a few similar proteins in Dictyostelium of which three of the genes, i.e., DDB_G0277539, 

DDB_G0291133, and DDB_G0291842 showed similarity with the S. pombe Wee1 protein sequence. These three 

genes have been designated as weeA, weeB, and weeC respectively, in the current study. It was also observed that 

these genes were also identified when querying the Dictyostelium genome database (http://dictybase.org). 

 

The similarity between the protein encoded by the above three genes to the known Wee1 protein from S. pombe, S. 

cerevisiae, T. brucei, and humans was analysed. The percentage similarity between these proteins is summarised in 

Table No. 1, which ranges from 21 to 31 %. Further, the three proteins share 28 to 32 % similarity amongst them. 

 

Although the overall similarity between D. discoideum Wee proteins with other organisms was low, the analysis of 

the catalytic domains of the entire three genes showed the presence of a distinctive signature of the Wee protein. The 

catalytic domain of WeeA spans from 508 to 846 amino acids, WeeB from 177 to 462 amino acids, and WeeC from 

77 to 331 amino acids. The protein sequence alignment has been presented in Fig 1, and the signature amino acids 

and sub- sequences are highlighted. 

 

The kinase catalytic domains have eleven subdomains, which have been reported earlier with a high degree of 

conservation (Hanks and Diego 1994; Hanks et al., 1987). The Glycine-rich loop, GxGxxG, and Lys residues that 

are involved in ATP binding should be present in the catalytic domain. The calatytic segment contains the consensus 

sequence IVHxDLKPxNIx and the invariant residues Asp and Asn, which are involved in the phosphotransfer 

process, are found in this motif. The activation loop containing the EGD motif (Glu-Gly-Asp) is found only in the 

subdmain VIII of the Wee1 protein kinase family. In subdomain IV, a Trp and in subdomain X, a Trp and Arg are 

the conserved residues, which are another diagnostic trait present in all the members of the Wee1 kinase family 

(Mueller, Coleman, and Dunphy 1995). Dictyostelium WeeA, WeeB, and WeeC also contain all the eleven 

subdomains and the required residues which are shared by the members of the Wee1 kinase family.   

 

A comparative analysis between the proteins also showed that among the three WeeA proteins from D. discoideum, 

the catalytic domain for WeeA is split into two parts (Fig 1). This was also confirmed by analysing the domain 

architecture using online software SMART with the Pfam database (Fig 2 A). It was observed that the proteins 

encoded by WeeB and WeeC have a catalytic domain spanning 286 and 255 amino acids, respectively. In the case of 

WeeA, the catalytic domain was split into two parts, which were 154 amino acids (508 to 661) and 134 amino acids 

(713 to 846). This is also reflected by creating a structure using I-TASSER and viewing it using PyMOL (Fig 2 B).  

 

In this study, we also analysed the phylogenetic position of the three Wee proteins of Dictyostelium using Neighbor- 

Joining method (Fig 3). This study also showed that the WeeA was diverged from the WeeB and WeeC and the 

WeeA showed some similarity to humans while WeeB and WeeC are closer to yeast proteins. 

http://dictybase.org/
http://smart.embl-heidelberg.de/
https://zhanggroup.org/I-TASSER/
http://dictybase.org/
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In summary, we have identified that D. discoideum carries three copies of the wee gene, which have variations 

among them. Given that multicellular Dictyostelium has only two cell-types, it would be interesting to study the role 

of three wee genes in its growth and development.  

 

Table 1:-  Percentage identity. 

D. discoideum Humans S. pombe S. cerevisiae T. brucei 

WeeA 31 % 23 % 23 % 21 % 

WeeB 24 % 30 % 27 % 23 % 

WeeC 26 % 31 % 26 % 22 % 

 
Fig 1:- Multiple sequence alignment of the catalytic domains of the putative D. discoideum Wee1 proteins, 

DDB_G0277539, DDB_G0291133, and DDB_G029142 with other Wee1 protein kinases from other organism using 

                        I              II                      III 

TbWee1      YKEVKELGFGSFGRVTLYEETGT-GALVAVKTSPPNASREQRQ-----RFARER--AVMS 52 

SpWee1      FRNVTLLGSGEFSEVFQVEDPVEKTLKYAVKKLKVKFSGPKER----NRLLQEV--SIQR 54 

ScSwe1      FTNVHSIGKGQFSTVYQVTFAQT-NKKYAIKAIKPNKYNSLKRILLEIKILNEVTNQITM 59 

HsWee1      FHELEKIGSGEFGSVFKCVKRLD-GCIYAIKRSKKPLAGSVDE----QNALREVYA--HA 53 

DdWeeA      FQELDLIGEGSFGHVYKVRHRID-GCLYAIKKTKKPLKGQKDR----DIVLREVYG--LS 53 

DdWeeB      FDVVCKLGSGSFSDVFKVKSKFD-GNSYAIKQARHQFRGFQER----ERAVREVKA--AV 53 

DdWeeC      FEYINQIGEGSFAKVYKARSFVD-GRLYAVKKSKKPIWETSER----NQHIQEIEN--GM 53 

            :  :  :* *.*. *             *:*           .        .*       

  

                         IV            V                     

TbWee1      ITKGFPHVVQLLDSWEEGHAPQVFLQLEYCSGGSVAERAEQRRQR---GEVWDERELFVF 109 

SpWee1      ALKGHDHIVELMDSWEHGG--FLYMQVELCENGSLDRFLEEQG----QLSRLDEFRVWKI 108 

ScSwe1      DQEGKEYIIDYISSWKFQN--SYYIMTELCENGNLDGFLQEQVIA--KKKRLEDWRIWKI 115 

HsWee1      VLGQHSHVVRYFSAWAEDD--HMLIQNEYCNGGSLADAISENYRI---MSYFKEAELKDL 108 

DdWeeA      AIKDHTNIVRYFNAWEEDS--HIFIQMEHCNGGNIYKWVTEHIKQ-------SESNLLLL 104 

DdWeeB      SLPPHTNVLQYYSSWEQNN--TLFIQTELCENGSLQDFLDSLSP----DQILSEELIWNF 107 

DdWeeC      KLGHHNNIAQVMCAWEEGG--HIFIQMELCERGNLKDALNLAVQEEGGLGKLPEYMIWQY 111 

                   :     :*         :  * *. *.:                  :  :  

   

            VIa                VIb       

TbWee1      FGHMALALDALHSA-NIVHVDFKPDNVLIDEAGDYKL---SDFGCSVFVDDDGFPRKTFA 165 

SpWee1      LVEVALGLQFIHHK-NYVHLDLKPANVMITFEGTLKI---GDFGMASVWPVP-R------ 157 

ScSwe1      IVELSLALRFIHDSCHIVHLDLKPANVMITFEGNLKL---GDFGMATHLPLEDK------ 166 

HsWee1      LLQVGRGLRYIHSM-SLVHMDIKPSNIFISRTSIPNAASE------------EG------ 149 

DdWeeA      AKQILTGIVYIHSL-GLVHLDIKPENIYIIYKCNQNQIITNNNNTCSINNSSNGSDSYFK 163 

DdWeeB      LLDVCLGIQHIHSY-NMLHLDIKPENLFISSQGNIKI---GDFGMAVKLETTNN------ 157 

DdWeeC      LCDIANGLSHVHEK-GIMHLDIKPENLLFSNDGVLKI---GDFGVCSTTTGGD------- 160 

              .:  .:  :*     :*:*:** *: :      :    

                      

                                                                     VII 

TbWee1      ----AAGAKTGNLFSAPSST--AGVN----------------------------NNSMAD 191 

SpWee1      ------------------------------------------------------------ 157 

ScSwe1      ------------------------------------------------------------ 166 

HsWee1      -----------------------------------------------DEDDWASNKVMFK 162 

DdWeeA      SKIKTTENDLDNFITTTNSVNNNNCNNNNNNNVDNQNNNNQNNYLIIDGNKINFNSITFK 223 

DdWeeB      -----------------NNNGNGGCQSNNTS------MDSDCNNLSLDEDD--------- 185 

DdWeeC      ------------------------------------------------------------ 160 

                                                                         

 

                           VIII                      IX      

TbWee1      AGPLSFPTQLS-VVSVEEGDCRYLCMDMLNQK-RYLKEGDMFSFGISLFELMSGEPLPHH 249 

SpWee1      -------------GMEREGDCEYIAPEVLANH-LYDKPADIFSLGITVFEAAANIVLPDN 203 

ScSwe1      -------------SFENEGDREYIAPEIISDC-TYDYKADIFSLGLMIVEIAANVVLPDN 212 

HsWee1      IGDLGHVTRISS-PQVEEGDSRFLANEVLQENYTHLPKADIFALALTVVCAAGAEPLPRN 221 

DdWeeA      IGDLGLLNEATNTKIYSEGDSRYLSRELLHDDMSALKKSDIFSLGCTLYELARCKPLPKS 283 

DdWeeB      -----------IFFDFLEGDSRYLAYEFLLDKKQISKPSDIFSIGVTFFEMVTGNEMPTN 234 

DdWeeC      ---------------DSEGDQIYMAPELLNDI--HTPSADIFSLGITLYEMATNYNLPQK 203 

                             ***  ::. :.: :       .*:*::.  .        :* 

   

                 X 

TbWee1      GAGFLELRQHPPLHLLERRGY--------------------------------------- 270 

SpWee1      GQSWQKLRSGDLSDAPRLSSTDNGSSLTSSSR---------------------------- 235 

ScSwe1      GNAWHKLRSGDLSDAGRLSSTDIHSESLFSDITKVDTNDLFDFERDNISGNSNNAGTSTV 272 

HsWee1      GDQWHEIRQGRLPRI---------PQVL-------------------------------- 240 

DdWeeA      GMEWDSIRNGILSFEKEDSIYDDNKNDF-------------------------------- 311 

DdWeeB      GPLWEQLRSDKAIDFLE-------PGKY-------------------------------- 255 

DdWeeC      GQWWRNLREGKIPFPEN-------DDSI-------------------------------- 224 

            *  : .:*.                                                    

 

 

 

 

TbWee1      -----------------------------------------------SKRLTAFVAELMH 283 

SpWee1      --------------------------------------ETPANSIIGQGGLDRVVEWMLS 257 

ScSwe1      HNNSNINNPNMNNGNDNNNVNTAATKNRLILHKSSKIPAWVPKFLIDGESLERIVRWMIE 332 

HsWee1      -----------------------------------------------SQEFTELLKVMIH 253 

DdWeeA      -----------------------------------------------STEFWQLIKSMIH 324 

DdWeeB      -----------------------------------------------SDSLYQVILDMMK 268 

DdWeeC      -----------------------------------------------SQDLKDLIILMMN 237 

                                                              :  .:  ::  

                      XI 

TbWee1      AEPTSRPTAHDALCFF-- 299 

SpWee1      PEPRNRPTIDQILATDEV 275 

ScSwe1      PNYERRPTANQILQTEE- 349 

HsWee1      PDPERRPSAMALVKHSVL 271 

DdWeeA      PDPSVRPSAEQLLEH--- 339 

DdWeeB      SNITERISLDQILLNENI 286 

DdWeeC      PDHTKRITIQSLLKYDKL 255 
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CLUSTAL OMEGA is shown. Asterisks sign below the sequences indicates the conserved amino acids. Two 

vertical dots indicate conserved substitutions, while a single dot indicates semi-conserved substitutions. Gaps are 

introduced for optimal alignment and are represented by dashes. Roman numerals are used to indicate the 11 

preserved subdomains (Hanks and Diego 1994; Hanks et. al., 1987). A yellow box denotes the catalytic and a grey 

box denotes the activation segments. The conserved EGD motif is marked with a black box. Amino acids that are 

conserved in all known members of the Wee1 kinase family but not in other eukaryotic protein kinases are indicated 

by triangles. D. discoideum WeeA contains an additional stretch of 51 amino acids, which is marked with a red box. 

Sequences shown here are for Wee1 kinase protein of T. brucei (TbWee1, JN083854), humans (HsWee1, 

NP_003381.1), S. pombe (SpWee1, NP_587933.1), S. cerevisiae (ScSwe1, NP_012348.1). 

 
Fig 2:- A. Domain architecture analyses of DDB_G0277539, DDB_G0291133 and DDB_G0291842 proteins from 

D. discoideum are shown. These were derived using the online software SMART with Pfam database 

(http://smart.embl-heidelberg.de/). The domains present in each protein are shown with their respective genomic 

positions. Pkinase represents the catalytic domain. B. Predicted protein structures of (a) DDB_G0277539, (b) 

DDB_G0291133 and (c) DDB_G0291842 are shown. The structures were created using I-TASSER and viewed 

using PyMOL. The putative kinase domain of WeeA is highlighted in red (amino acid residue from 508 to 661) and 

blue (amino acid residue from 713 to 846); WeeB in purple (amino acid residue from 177 to 462); and WeeC in 

orange (amino acid residue from 77 to 331). 
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Fig 3:- Phylogenetic tree is created using Neighbor-Joining method.  Protein sequences of D. discoideum WeeA, 

WeeB and WeeC and that of other organisms are used to create an unrooted phylogenetic neigbour- joining 

dendogram showing bootstrap values out of 1000.Dd, D. discoideum;LpWee, membrane-associated tyrosine- and 

threonine-specific cdc2-inhibitory kinase-like isoform X1 [Limulus polyphemus]; PvWee, membrane-associated 

tyrosine- and threonine-specific cdc2-inhibitory kinase [Pogona vitticeps]; NgWee, membrane-associated tyrosine- 

and threonine-specific cdc2-inhibitory kinase isoform X1 [Nannospalax galili]; ShWee, membrane-associated 

tyrosine- and threonine-specific cdc2-inhibitory kinase [Sarcophilus harrisii]; AvWee, Wee1-like protein kinase 

[Araneus ventricosus]; HsWee, WEE1 protein kinase [Homo sapiens]; PtWee, wee1-like protein kinase 2 

[Pseudonaja textilis]; TtWee, WEE protein kinase [Thecamonas trahens ATCC 50062]; ScSwe, Swe1 protein 

kinase [S. cerevisiae]; SpWee, M phase inhibitor protein kinase Wee1 [S. pombe]. 
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