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 Aurora kinases are serine/ threonine kinases consisting of Aurora A Kinase (AAK) and 

Aurora B Kinase (ABK) that are involved in the process of cell division. Specifically, these 

kinases are involved in the separation of chromatids during metaphase of cell division. These 

kinases are involved in other specific processes in cell division as well. AAK is involved in 

mitosis and plays an important role in mitotic progression. Although not as involved as ABK, 

AAK is still an integral part of cell division. ABK is involved in the process of microtubule 

attachment and cytokinesis, attachment correction, regulation of sister chromatid cohesion at the 

centromere, and regulation of mitotic proteins through phosphorylation. 

  

 Given that these kinases are involved in the process of cell division, many events can 

occur that can lead to harmful effects. AAK activity can be altered to cause impairments in 

mitotic progression as shown in figure 01 (Friedberg et al.). AAK disruption leads to mitotic 

checkpoints not being activated. On the other hand, ABK can have other effects that are quite 

harmful. ABK alterations can lead to misalignments in chromosomes, incorrect chromosome 

segregation, and improper function in anaphase (Hilton et al.). These kinases are regulated in cell 

division to promote healthy chromosome segregation and correct mitotic progression. This is an 

important process in human health and problems in this process can lead to aneuploidy and other 

harmful effects. 



 

Figure 01: Cell cycle 

Figure shows the cell cycle and the phases involved. The mitosis cycle would include the mitotic 

checkpoints such as prophase, metaphase, anaphase, and telophase. 

 

 Aurora B kinase activity in mitosis can be best understood when looking at ABK’s 

interaction with other proteins as part of a complex. ABK is part of a complex known as the 

chromosomal passenger complex (CPC). The main protein of the complex is the inner 

centromere protein (INCENP). This is the scaffolding protein in the CPC and holds the other 

subunits together. The N- terminus of the INCENP protein is associated with survivin and 

borealin which are involved in the localization of the centromere during microtubule attachment. 

The c-terminus of the INCENP protein is bound to ABK. ABK is then activated by protein- 

protein interaction. After this step, Heterochromatin protein 1 (HP1) binds to INCENP and 

causes the CPC complex to disperse in mitosis. ABK is the active protein in a complex that has 



many functions such as fixing errors in microtubule- kinetochore attachment, signaling of the 

spindle assembly checkpoint, and cohesion of sister chromatids. 

  

 AKB plays several roles in mitosis. Yi et al. performed experiments to show the 

involvement of ABK in chromatid cohesion. They first determined the effects of the removal of 

the INCENP scaffolding protein. They depleted sister chromatids of INCENP through the use of 

small interfering RNA (siRNA) and through fluorescent microscopy, measured the distance 

between kinetochores. It was determined that the kinetochores were 23% farther apart which 

showed a kinetochore localization defect. They found similar results when AKB was inhibited by 

hesperadin which is a known inhibitor of ABK and known to cause kinetochore delocalization. 

This is evidence to show that the CPC and AKB are indeed involved in centromere cohesion. 

Further experiments by Yi et al. showed that though AKB inhibition causes centromere cohesion 

defects, a second protein, Bub1 kinase can take its place and still promote normal centromere 

cohesion. This proves that under situations in which AKB is inhibited, it can still protect 

centromere cohesion by localizing the Bub1 kinase to the kinetochore.  

  

 Another way mitosis is affected is due to the INCENP-HP1 portion of the CPC complex. 

Yi et al. conducted experiments in which they depleted sister chromatids of wild type INCENP-

HP1 and inserted mutants. The wild type expressing cells were arrested in metaphase and it was 

observed that chromosomes had scattered from the metaphase plate and also showed reduced 

centromere cohesion. This showed that the INCENP-HP1 portion of the complex is necessary for 

proper centromere cohesion because the absence of the compound causes misalignment of 

chromosomes. With this, it can be seen how ABK plays a role in mitosis. 



 

 Discussed previously, the CPC consists of the protein INCENP. Its c-terminus binds 

AKB and is known as the activation module. The n-terminus binds to survivin and borealin in a 

three- helix bundle known as the localization module. As previously stated, the n-terminus is 

involved in CPC localization to the inner centromere. Additionally, the n-terminus is also 

involved in microtubule attachment. Samejima et al. hypothesized that the portion between the c-

terminus and the n-terminus of INCENP is a single α-helix (SAH) domain and not a coiled coil. 

They argued this because the middle domain has the ability to extend the AKB domain in order 

to phosphorylate targets, which should not be possible with a coiled coil. Samejima et al. 

performed Circular Dichroism Spectroscopy (CD) comparing the properties of the INCENP 

middle domain to those of a known SAH domains. CD measures the direction the light rotates 

after it is reflected off of the protein to see whether the protein is helical or not. The parameters 

included a secondary structure that is especially helical, non-cooperative thermal unfolding, and 

able to completely refold after denaturation. These parameters indicate a proteins domain that is 

characterized as a single α-helix domain. The results showed that the INCENP middle domain is 

indeed very helical. The results proved this as the full- length protein sequence (INCENP-FL) 

was 85% helical, the n-terminus segment (INCENP-N) was 90% helical, and the c-terminus 

segment (INCENP-C) was 88% helical. Furthermore, it showed non- cooperative unfolding as 

well as refolding 90% of the denatured protein compared to the original content. The protein also 

remained helical under 2M NaCl conditions and then decreased to 60% helical at 4M NaCl 

conditions which is expected of a SAH domain. All these results indicate that the middle domain 

of the INCENP is in fact a SAH. Samejima et al. then tested whether the INCENP domain is 

capable of microtubule binding. In their next experiment, they used portions of the INCENP 



protein to test microtubule binding in vitro. They performed a microtubule co-sedimentation 

assay, which involved mixing the INCENP proteins with microtubule matrix in a test tube. 

Results showed that the INCENP-FL and INCENP-N protein segments are capable of 

microtubule binding whereas the INCENP-C protein segment is not. These results from 

Samejima et al. show that AKB involvement in the CPC allows for microtubule attachment. 

 

 ABK is involved in signaling. Signaling in mitosis occurs through spindle assembly 

checkpoint (SAC). SAC signaling involves mitotic kinases like ABK, Mps1, Bub1, and BubR1 

which prevent the cell from prematurely going into anaphase. In addition to the mitotic kinases, 

there is also a mitotic checkpoint complex. Another complex is also present called the Ndc80 

complex. This consists on Nuf2, Spc24, Spc25, and Hec1 proteins that make up the Ndc80 

complex as seen in figure 02. In the Ndc80 complex, the N-terminus globular head of Hec1/Nuf2 

contains a calponin homology (CH) domain that binds microtubules and the c-terminus binds the 

Spc24/Spc25 subcomplex. This shows that the Ndc80 complex plays an integral part in making 

the kinetochore- microtubule attachment. ABK is involved in the phosphorylation of Hec1. Hec1 

is an outer kinetochore protein that recruits the Mps1 mitotic kinase and Mad2 from the mitotic 

checkpoint complex onto its CH. Now there can be a link between the kinetochore localization 

domain of Mps1 and downstream mitotic checkpoint complex and microtubule binding domain 

of the Ndc80 complex which contains Hec1. Zhu et al. performed experiments to provide 

evidence for the mechanism of AKB-Hec1-Mps1. A GST pulldown assay was done to measure 

the binding affinity of the stationary Mps1 complex to Hec1. Evidence showed that the Ndc80 

complex pulled down the Mps1 kinase which is required for kinetochore localization. Ndc80 

complex without the N-terminal tail involved in microtubule binding, pulled down its respective 



Mps1 but very little, indicating low binding affinity. This means that the CH domain and N-

terminal domain of the Ndc80 (Hec1 specifically) complex are capable of Mps1 binding. The C- 

terminus subcomplex did not have any effect on Mps1. Through these experiments, Zhu et al. 

concluded that Hec1 and Mps1 bind directly.  

 

 To test whether ABK regulation affects Hec1, Zhu et al. had to do another experiment. 

They created two mutants of Hec1 and one normal wild type. Of the mutants, one was non-

phosphorylatable Hec1 to simulate an event where Hec1 is not phosphorylated. The other mutant 

was phosphomimicking Hec1 which simulates a phosphorylated Hec1. The phosphomimicking 

Hec1 has it ABK phosphorylation sites mutated to alanine or asparagine. The mutations make 

Hec1 chemically similar to a normal Hec1 which would have its histidine residues 

phosphorylated by ABK. Western blotting showed that of the types of Hec1 mutants used, Mps1 

was expressed highly in mutants that were phosphomimicking. This proved that phosphorylated 

Hec1 has more affinity to Mps1. Zhu et al. decided to perform another experiment. Wild type 

and phosphomimicking Hec1 cells were introduced to ABK inhibitors. The results showed 

decrease of Mps1 activity on wild type Hec1 cells and no effect on phosphomimicking Hec1 

cells. This indicated that phosphomimicking Hec1 cells are not affected by ABK activity. A third 

experiment was also conducted; This time, Zhu et al. wanted to know whether there is direct 

binding between Hec1 types and Mps1. A GST- pulldown assay was used. GST-pulldown assay 

utilizes a glutathione-S-transferase (GST) marked protein and a target protein marked with 

glutathione check the interaction between the two protein types (Thermo Fisher). The two 

marked proteins are placed together and the affinity between them can be analyzed by the 

strength of pulldown. Similarly, GST marked Hec1 was used to check its interaction with Mps1. 



Wild type, non- phosphorylatable, and phosphomimicking assays were used to pull down Mps1. 

The phosphomimicking Hec1 was more efficient at pulling down Mps1, followed the wild type 

Hec1, then the non-phosphorylatable Hec1. These experiments provide evidence that 

phosphorylated Hec1, either through ABK phosphorylation, or other means, promotes the 

binding of Hec1 to Mps1 thereby creating a linkage between kinetochore localization and 

microtubule bonding. The proposed pathway of signaling would look as follows: 

 

 

Figure 02: Spindle Assembly Checkpoint (SAC) Signaling 

The figure shows the signaling pathway of ABK phosphorylation of the Hec1 protein resulting in 

microtubule attachment. The event occurs in the inner centromere and expands outward towards 

the kinetochore. 

 

 There are advantages and disadvantages when it comes to the inhibition of aurora 

kinases. Yi et al. conducted experiments in which they inhibited AKB activity through the use of 

Hesperadin. They found that Hesperadin inhibition resulted in kinetochore delocalization seen in 

the form of kinetochores being farther apart. Similar to the effects of INCENP depletion that was 



discussed earlier. It was discussed earlier that despite AKB inhibition, Bub1 kinase would take 

its place. This is an advantage to ABK inhibition in which an alternative kinase can perform the 

same function. Another advantage in Aurora kinases inhibition is in cases of cancer. While 

inhibition of both aurora kinases may prove helpful in cases of cancer, Friedberg et al. discuss 

methods in AAK and ABK inhibition may be helpful in cases of cancer. In AAK inhibition in 

cancer cells, apoptotic pathways are activated during mitotic arrests, depending on levels of 

cyclin B1 degradation. This leads to decrease of cell proliferation. Hilton et al. states that in ABK 

inhibition in cancer cells, mitotic checkpoints get overlooked and unstable genomic material 

formation eventually leads to cell apoptosis.  

 

 ABK is involved in several functions within cell division. This includes aiding in the 

formation of microtubule- kinetochore attachment and signaling through regulatory 

phosphorylation of other proteins in the centromere. Aurora kinases are very important because 

of their role in cell division, a process that affects human development. From involvement in 

chromosomal alignment, mitotic progression, and microtubule- kinetochore attachment, aurora 

kinases are an integral part of cell division. Problems in these regulatory proteins can cause 

harmful events such as aneuploidy due to missegregation of chromosomes and cancer or tumor 

formation. Few studies about aurora kinases and their involvement in the centromere have been 

conducted. There are many patches in the framework and in mechanism of how aurora kinases 

actually work. Further study of the function and effect of these proteins is very crucial. 
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