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Abstract 

Goldberg-Shprintzen disease (GOSHS) is a rare microcephaly syndrome accompanied by 

intellectual disability, dysmorphic facial features, peripheral neuropathy and Hirschsprung 

disease. It is associated with recessive mutations in the gene encoding kinesin family 

member 1-binding protein (KIF1BP). KIF1BP regulates axon microtubules dynamics, 

kinesin attachment and mitochondrial biogenesis, but it is not clear how its loss could lead 

to microcephaly. We identified KIF1BP in the interactome of Citron Kinase (CITK), a 

protein produced by primary hereditary microcephaly 17 (MCPH17) gene. CITK loss 

induces DNA damage, apoptosis, imbalanced division of neural progenitors and 

cytokinesis failure. In this report, we showed that KIF1BP and CITK interact under 

physiological conditions in mitotic cells. Furthermore, KIF1BP is enriched at the midbody 

ring and, likewise CITK, is required for cytokinesis. Moreover, KIF1BP loss decreases 

microtubule stability at intercellular bridge and leads to abnormal localization of 

Chromosome Passenger Complex (CPC). These data suggest that GOSHS microcephaly 

could be produced by CITK-dependent mechanisms, including cytokinesis failure. 

Keywords: KIF1BP, KBP, KIAA1279, Citron kinase, cytokinesis, abscission, AURKB, 

AuroraB, INCENP 

  



Introduction 

Congenital microcephaly (CM) is a heterogeneous group of disorders, characterized by 

reduced head circumference at birth, to at least 3 standard deviations below the mean 

(Passemard et al., 2013; Woods and Parker, 2013). CM can be the result of non-genetic 

conditions, such as viral infections and toxic exposure, or it can be generated by rare 

genetic disorders (Passemard et al., 2013). CM is also one of the leading features of 

complex syndromes, comprising structural brain abnormalities, seizures, palsy, ataxia, 

short stature, skeletal abnormalities and cancer predisposition (Abuelo, 2007; Passemard 

et al., 2013; Woods and Parker, 2013). At the cellular level, CM is characterized by 

reduced expansion of neural progenitors, anticipated cell cycle’s exit and/or increased 

apoptosis, resulting in reduced number of neuronal and glial cells.  

Primary hereditary microcephaly (MCPH) is the simplest form of genetic CM, in which 

brain size reduction is accompanied by grossly normal brain architecture and mild to 

moderate intellectual disability (Mahmood et al., 2011; Passemard et al., 2013). Functional 

analysis of proteins encoded by MCPH genes has revealed that they are involved in 

different biological processes, such as centriole biogenesis, centrosome dynamics, 

centromere and kinetochore function, transmembrane or intracellular transport, Wnt 

signaling, autophagy, apical polarity complex localization, DNA replication and repair and 

cytokinesis (Boonsawat et al., 2019; Jayaraman et al., 2018; Naveed et al., 2018; 

Passemard et al., 2013; Zhou et al., 2020). Microtubules are crucial for many of these 

functions and important roles of microtubules are increasingly being recognized in 

phenotypes of cells with reduced function of MCPH genes (Gai et al., 2016; Jin et al., 

2017; Pagnamenta et al., 2019; Pilaz et al., 2016; Sgrò et al., 2016).  

CITK is the main product of the MCPH17 (CIT) gene (Harding et al., 2016; Li et al., 2016). 

It controls microtubules’ dynamics (Gai et al., 2016; Sgrò et al., 2016) and its loss leads to 

many cellular phenotypes associated to MCPH, including abnormal spindle orientation, 



DNA damage, apoptosis and cytokinesis failure (Bassi et al., 2011; Bianchi et al., 2017b; 

Gai et al., 2011; Sgrò et al., 2016). CITK is a well know regulator of the final stage of 

cytokinesis, called abscission, that is the final cut of the microtubule bridge that links the 

two daughter cells (D’Avino, 2017). After cleavage furrow ingression, the two cells form a 

structure called midbody. This is divided in a central region called midbody core, around 

which several proteins form a midbody ring. The flanking regions of this bulge are called 

midbody arms (Hu et al., 2012). CITK localizes at midbody ring and is important to 

maintain midbody architecture and stability through multiple mechanisms (Bianchi et al., 

2017a; Capalbo et al., 2019; D’Avino, 2017; Dema et al., 2018). In particular, CITK 

contributes to midbody maturation by bridging at midbody arms Chromosomal Passenger 

Complex (CPC) proteins, such as Aurora B (AURKB) and INCENP, with midbody ring 

kinesins MKLP1, KIF14 and KIF23 (McKenzie et al., 2016). This complex is required for 

midbody organization and abscission.  

Goldberg-Shprintzen disease (GOSHS, OMIM 609460) is a rare microcephaly syndrome 

characterized by intellectual disability, dysmorphic facial features, peripheral neuropathy 

as well as Hirschsprung disease (Brooks et al., 2005; Dafsari et al., 2015; Drévillon et al., 

2013; Valence et al., 2013). Recessive mutations in the gene encoding KIF1BP are 

associated with GOSHS (Brooks et al., 2005). Consistently, KIF1BP knockout mice show a 

small flat head, among other neurological features (Hirst et al., 2017). KIF1BP has been 

implicated in organization of neuronal microtubules, as well as axonal growth and 

maintenance (Drerup et al., 2016; Kevenaar et al., 2016; Lyons et al., 2008). Moreover, it 

has a direct role in mitochondria distribution (Wozniak et al., 2005) and mitochondrial 

biogenesis in mouse embryonic stem cells (Donato et al., 2017). Finally, KIF1BP regulates 

chromosomes congression and alignment during mitosis, by buffering KIF15 and KIF18 

kinesins (Brouwers et al., 2017; Malaby et al., 2019). Nevertheless, it is not understood 

how KIF1BP loss could generate microcephaly. 



To better understand how CITK may affect microtubules, we used affinity chromatography, 

followed by mass spectrometry (MS)-based proteomics to map its binding partners. 

Notably, this strategy highlighted the association of CITK with KIF1BP. Therefore, we 

explored more in details the relationship of these two proteins. Our result highlight a 

functional involvement of KBP in cytokinesis. 

Results 

Identification of new CITK partners by affinity chromatography coupled to MS-based 

proteomics. 

To identify new CITK partners, we resorted to an interactomic approach. We 

overexpressed in 293-T cells the Cherry protein (control) and the following Cherry -tagged 

versions of CITK: wild type (CITK), K126A inactive mutant (CITKD) (Di Cunto et al., 1998) 

and CITN, a natural product of the CIT gene completely lacking the kinase domain 

(Camera et al., 2003). The reason for using kinase-inactive or kinase-lacking proteins was 

that they may be more efficient to trap in stable complexes CITK interactors, especially 

those that are direct substrates of its kinase activity (Macías-Silva et al., 1996). 

Overexpressed proteins were purified by affinity chromatography (Fig. S1) and SDS-PAGE 

of immune-complexes revealed interactors in the kinase defective CITK lanes (Fig. S1). 

MS-based proteomic analysis of the co-immunoprecipitation eluates identified 53 different 

proteins strongly enriched with at least one of the version of CITK, compared to negative 

control (Tab. S1), half of which were common to the three baits. Several of these proteins 

were common to those identified in a previous study (McKenzie et al., 2016). These 

included cytokinesis players previously connected to CITK function, such as KIF14 and 

KIF23 (Bassi et al., 2013), ANLN (Gai et al., 2011), RACGAP1 (Chalamalasetty et al., 

2006) and PPP1R12A (MYPT1) (Capalbo et al., 2019; Kawano et al., 1999). The results 

strongly validate our biochemical approach. Interestingly, a majority of the identified 

proteins were significantly enriched or exclusively detected in the immunoprecipitate of 



catalytically inactive bait (CITKD). Intriguingly, one of the proteins reliably identified only in 

the CITKD immunoprecipitation was the kinesin-binding protein KIF1BP. 

Validation of the KIF1BP/CITK interaction. 

We evaluated more in detail the interaction of CITK with KIF1BP, since this protein may 

regulate different CITK-interacting kinesins, such as KIF14 and KIF23 (Kevenaar et al., 

2016); moreover, KIF1BP is involved in the microcephaly syndrome GOSHS (Brooks et 

al., 2005; Valence et al., 2013) suggesting that a functional interaction with CITK could be 

relevant for the molecular mechanisms common to this disease and MCPH.  

We confirmed the presence of endogenous KIF1BP in immunocomplexes of 

overexpressed Cherry-CITK and Cherry-CITKD, by performing western blot analysis with 

KIF1BP-specific antibodies (Fig. 1A). Consistent with MS results, the amount of KIF1BP 

co-immunoprecipitated with Cherry -CITKD was higher than with Cherry-CITK (Fig. 1A). 

The binding was not dependent on using the Cherry epitope, since similar results were 

obtained by immunoprecipitating overexpressed active and dead CITK fused to a MYC 

epitope (Fig. 1B). Reciprocal co-immunoprecipitation was obtained in 293 cells, co-

transfected with MYC-tagged CITK and FLAG-tagged KIF1BP, performing IP with anti-

FLAG antibodies. (Fig. 1C). Even the reciprocal co-immunoprecipitation assay revealed 

increased association of KIF1BP with CITKD, as compared to the kinase-active protein 

(Fig. 1C). Importantly, we detected co-immunoprecipitation of endogenous CITK and 

KIF1BP, from lysates of HeLa cells synchronized in mitosis (Fig. 1D), when CITK is 

expressed at higher levels.  

These data demonstrate that KIF1BP and CITK can be part of a complex under 

physiological conditions and show that CITK catalytic activity may influence association 

strength. 

KIF1BP is required for cytokinesis.  



KIF1BP is required for the alignment of chromosomes at the metaphase plate and for the 

assembly of stable kinetochore fibers of correct length (Brouwers et al., 2017; Malaby et 

al., 2019). Considering the KIF1BP/CITK interaction (Fig. 1), we asked whether KIF1BP 

may also share a role with CITK in cytokinesis.  

Immunofluorescence analysis of wild type HeLa cells revealed that, in late cytokinesis, 

KIF1BP associates with the midbody (Fig 2A). In particular, KIF1BP is enriched at the 

midbody ring, where also CITK reaches its highest concentration (Bassi et al., 2013). This 

staining disappeared in cells treated with specific siRNA against KIF1BP (Fig 2A). The 

specific association of KIF1BP with the midbody was further confirmed by analyzing the 

localization of an N-terminal GFP-fusion protein, overexpressed in HeLa cells (Fig. 2B). 

To assess whether KIF1BP plays a functional role in abscission, we tested the effects of 

KIF1BP knockdown (Fig. 2C) in proliferating HeLa cells. Loss of KIF1BP leads to 

significant increase of binucleated cells (Fig. 2D), which is suggestive of cytokinesis 

failure. Dynamic microscopy of mitotic cells division showed that KIF1BP-depleted cells 

display significant delay in mitosis (data not shown), as previously reported in literature 

(Brouwers et al., 2017; Malaby et al., 2019). In addition, they also displayed increased 

frequency of cytokinesis failure (see supplementary movies 1 and 2). In particular, KIF1BP 

knockdown cells displayed the same phenotype as CITK loss of function: the midbody 

forms normally but cytokinesis fails afterwards (Fig. 2E-F), with the two daughter cells 

fusing back together and forming a binucleated cell (Bassi et al., 2013; Gai et al., 2011). 

We then tested whether KIF1BP localization was dependent on CITK, by immunostaining 

HeLa cells after CITK knockdown (Fig. 3A). Interestingly, quantitative analysis revealed 

that KIF1BP midbody staining was not decreased after CITK loss. On the contrary, it was 

slightly but significantly increased (Fig. 3B). Likewise, KIF1BP depletion did not affect 

CITK levels and localization (Fig. 3C-D).  



These data show that both KIF1BP and CITK localize at the midbody and that KIF1BP is 

required for cell division after midbody formation as well as CITK (D’Avino, 2017). 

Nevertheless, the localization of the two proteins is not interdependent. 

KIF1BP is required for midbody microtubules stability and CPC midbody 

localization. 

Since CITK influences midbody architecture and stability by modulating microtubule 

dynamics and CPC localization (McKenzie et al., 2016; Sgrò et al., 2016), we wondered 

whether KIF1BP has similar function in cytokinesis. 

First, we measured the ratio of acetylated versus tyrosinated-tubulin at the midbody, to 

assess whether KIF1BP is important for stabilizing midbody microtubules. Indeed, it is 

known that stable microtubules have higher levels of acetylated tubulin (Janke and 

Montagnac, 2017). KIF1BP knockdown cells showed lower levels of acetylated tubulin at 

the midbody bridge, as compared to control cells (Fig. 4A-B). Then, we analyzed whether 

the localization of the CPC proteins, was also compromised by KIF1BP RNAi (Fig. 4C-D). 

In control cells, AURKB is enriched in the midbody arms (Fig. 4C). After KIF1BP 

knockdown, AURKB showed strongly reduced levels at the midbody, and failed to form the 

two distinct bands in about 40% of divisions (Fig. 4C-D). Similarly, the midbody signal of 

INCENP was reduced in KIF1BP knockdown telophases (Fig. 4E-F). In addition, after 

KIF1BP knockdown, INCENP localized mostly in the midbody core, instead of its normal 

localization at the midbody arms (Fig. 4E-F).  

These results showed that KIF1BP plays the same role as CITK for midbody organization, 

regulating both microtubule stability and CPC components localization.  

Discussion 

KIF1BP loss leads to GOSHS syndrome, which is characterized by dysmorphic facial 

features and multiple alterations of the central and peripheral nervous system. (Brooks et 

al., 2005; Dafsari et al., 2015; Drévillon et al., 2013; Valence et al., 2013). In this report we 



provided new molecular insight about how KIF1BP loss may lead to reduced brain size. 

We found that KIF1BP can be physically associated with CITK, not only upon 

overexpression but also at the endogenous protein levels reached by mitotic cells. 

Previous studies showed that KIF1BP plays a mitotic role before anaphase, promoting 

chromosomes’ congression and alignment (Brouwers et al., 2017; Malaby et al., 2019). 

Starting from KIF1BP/CITK co-immunoprecipitation, we demonstrated that KIF1BP is also 

important to complete cytokinesis. In particular, the cytokinesis phenotypes produced by 

CITK (Gai et al., 2011) or KIF1BP RNAi (Fig. 3C and Supplemental movie 2) are the 

same, with normal cleavage furrow ingression, apparently normal midbody formation, 

frequently ending with bridge re-opening and generation of binucleated cells (Fig. 3D). 

Consistent with this phenotype, both CITK and KIF1BP are strongly enriched at midbody 

ring, suggesting that they may interact to control abscission.  

Previous studies clarified that CITK associates with microtubules (Bassi et al., 2011; Eda 

et al., 2001), promotes microtubules’ stabilization (Sgrò et al., 2016), interacts with 

kinesins KIF14 and MLKP1 as well as microtubule bundling protein PRC1 (Bassi et al., 

2013). The finding that immunocomplexes formed by inactive CITK contain increased 

levels of three tubulin subunits and KIF1BP (Table S1) suggests that CITK activity may 

control microtubules dynamics and may also impinge on KIF1BP localization. Accordingly, 

CITK depletion by RNAi leads to increased levels of KIF1BP at the midbody (Fig. 2C), 

while KIF1BP loss has no effect on CITK midbody localization. These results support the 

existence of an epistatic relationship, suggesting that CITK my act upstream of KIF1BP. 

However, they also exclude that CITK may do so by promoting KIF1BP midbody 

recruitment. Interestingly, we found that KIF1BP is required to concentrate Chromosomal 

Passenger Complex (CPC) proteins Aurora-B (AURKB) and INCENP in the midbody arms, 

as well as to exclude them from midbody core (Fig. 4). This result is very interesting 

considering the previous identification of a cross-regulatory loop between AURKB and 



CITK. The latter is crucial for the orderly arrangement at the midbody of many proteins, 

including kinesins KIF23 and KIF14. (Bassi et al., 2013; McKenzie et al., 2016) that are 

also KIF1BP interactors (Kevenaar et al., 2016). Elucidation of the molecular details 

underlying the dynamic interactions between all these proteins will be an interesting 

subject for future studies. In particular, a better clarification of all the phosphorylation 

events controlled by CITK will be crucial, because kinase-inactivating mutations are 

sufficient to produce severe microcephaly in humans (Harding et al., 2016; Li et al., 2016). 

Although the best understood function of CITK is abscission control (Bassi et al., 2011; 

Dema et al., 2018; Gai et al., 2011), it is not excluded that the CITK/KIF1BP interplay may 

regulate other microcephaly-relevant phenomena. Analysis of cellular and animal models 

of MCPH17 revealed that CITK is required for normal spindle positioning, which may 

impinge on asymmetric division (Gai et al., 2016) and prevents the accumulation of DNA 

double strand breaks, which is critical for p53-dependent apoptosis (Bianchi et al., 2017b). 

KIF1BP could cooperate with CITK also in these cases. Finally, besides contributing to a 

better understanding of microcephaly, a deeper elucidation of the KIF1BP/CITK interplay 

could also provide insight for developing new anti-tumor strategies, considering the anti-

tumoral effects determined by CITK inactivation in epithelial tumors (Fu et al., 2011; Meng 

et al., 2019) and medulloblastoma (Pallavicini et al., 2018, 2020).  
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Materials and methods 

Cell culture and synchronization.  

Unmodified HeLa cells were originally obtained from ATCC and a new batch was thawed 

after 5 passages. All cells are routinely screened for mycoplasma contamination. HeLa 

cells were cultured in RPMI medium supplemented with 10% fetal bovine serum (FBS) and 

1% penicillin/ streptomycin. The HeLa cell line expressing α-tubulin–GFP was maintained 

in DMEM-GlutaMAX (Invitrogen) supplemented with 10% FBS, 100 U ml−1 penicillin, 100 

μg ml−1 streptomycin, 200 μg ml−1 Geneticin (Sigma, St Louis, MO, USA) and 0.5 μg 



ml−1 puromycin. All cells were cultured in a humidified 5% CO2 incubator at 37°C. For 

synchronization, asynchronous cultures were supplemented with 25 μg/ml Aphidicolin 

(Sigma) and maintained under these conditions for 24 h and then cultured for a further 16 

h in fresh complete medium in the presence of 50 ng/ml nocodazole (Sigma) to block cells 

at prometaphase. Finally, cells were washed three times with fresh medium and allowed to 

progress through mitosis/cytokinesis for the indicated times. 

HEK293T cells were cultured in DMEM supplemented with 10% fetal Calf serum (FCS) 

and 1% penicillin/streptomycin (Life Technologies, ThermoFisher, Waltham, MA). For both 

cell lines, the number of in vitro passages from thawing of the original aliquots to 

experiments was comprised between 5 and 8. Cells were routinely analyzed for 

morphological features and tested for Mycoplasma contamination with the following 

oligonucleotides sequences: MYCO1 5'-ACTCCTACGGGAGGCAGCAGTA-3'; MYCO2:  

5'-TGCACCATCTGTCACTCTGTTAACCTC-3'. 

Transfection RNAi and constructs. 

Previously published CITK double-stranded RNAs were used (Gai et al., 2011). For 

knockdown of KIF1BP KIA1269 ONTARGETplus Dharmacon SMART pools were used. D-

001810-10 non-targeting pool was used as a negative control (Dharmacon, Lafayette, 

CO). HeLa cells plated on six-well plates were transfected using 6.25 μl of the required 

siRNA (20 μM) together with 1.5μL Lipofectamine 2000 (Invitrogen, Carlsbad, CA), 

according to the manufacturer's instructions. HEK293T cells were transfect by Home-made 

CaCl2. CITK Cherry -tagged and Myc-tagged constructs used in this manuscript were 

previously published (Gai et al., 2011). FLAG-tagged and GFP tagged KIF1BP constructs 

were kindly provided from Pagano Lab (Donato et al., 2017). 

Immunoprecipitations and western blotting. 

For all immunoprecipitations, cells were extracted with lysis buffer containing 150 mM 

NaCl, 1 mM MgCl2, 50 mM Tris pH 7, 1% NP40, 5% Glycerol protease inhibitors (Roche, 



Basel; Switzerland) and 1mM phenylmethylsulfonyl fluoride (PMSF). Antibodies and 

Dynabeads protein G (GE Healthcare Life Science, Little Chalfont, UK) were added to 

cleared lysates and incubated for 2 hours at 4°C. Pellets were washed four times with lysis 

buffer and analyzed by SDS-PAGE. For immunoblots and immunoprecipitates equal 

amounts of proteins from total cell lysates were resolved by reducing SDS-PAGE and 

transferred to nitrocellulose filters that were then incubated with the indicated antibodies. 

MS-based proteomic analyses 

Eluted proteins were stacked in the top of a SDS-PAGE gel (4-12% NuPAGE, Life 

Technologies), stained with Coomassie blue R-250 (Bio-Rad) before in-gel digestion using 

modified trypsin (Promega, sequencing grade) as previously described (Salvetti et al., 

2016). Resulting peptides were analyzed by online nanoliquid chromatography coupled to 

tandem MS (UltiMate 3000 and LTQ-Orbitrap Velos Pro, Thermo Scientific). Peptides were 

sampled on a 300 µm x 5 mm PepMap C18 precolumn and separated on a 75 µm x 250 

mm PepMap C18 column (Thermo Scientific) using a 120-min gradient. MS and MS/MS 

data were acquired using Xcalibur (Thermo Scientific). Peptides and proteins were 

identified using Mascot (version 2.6) through concomitant searches against Uniprot 

database (Homo sapiens taxonomy), classical contaminant database (homemade) and the 

corresponding reversed databases. The Proline software (Bouyssié et al., 2020) was used 

to filter the results: conservation of rank 1 peptides, peptide score ≥ 25, peptide length ≥ 6 

amino acids, peptide-spectrum-match identification false discovery rate < 1% as calculated 

on scores by employing the reverse database strategy, and minimum of 1 specific peptide 

per identified protein group. Proline was then used to perform a compilation, grouping and 

spectral counting-based comparison of the protein groups identified in the different 

samples. Proteins from the contaminant database and additional keratins were discarded 

from the final list of identified proteins. To be considered as a potential CITK interactor, a 

protein must be identified in CITK, CITN or CITKD eluates with a minimum of three specific 



spectral counts and not in negative control eluate, or enriched at least 10 times in CITK, 

CITN or CITKD eluates compared to negative control eluate.  

Immunofluorescence. 

Cells were fixed methanol at −20°C for 10 min, saturated in 5% BSA in PBS for 30 min 

and incubated with a primary antibody for 1h at RT. Primary antibodies were detected with 

anti-rabbit Alexa Fluor 488 or 568 (Molecular Probes, Invitrogen), anti-mouse Alexa Fluor 

488 or 568 (Molecular Probes, Invitrogen) used at 1:1000 dilution for 30 min. Cells were 

counterstained with 0.5 μg/mL DAPI for 10 min and washed with PBS. 

Antibodies 

The following antibodies were used: mouse monoclonal anti-Citron (#611377 Transduction 

Laboratories, BD Biosciences, San Jose, CA, USA), rabbit polyclonal anti-KIF1BP 

(#NBP1-84143,Novus Biologicals, Colorado, USA), mouse monoclonal anti-KIF1BP (H12) 

for endogenous immune precipitation (#sc-390449 Santacruz, Dallas, TX, USA), rabbit 

polyclonal anti-βactin (#A2066 Sigma-Aldrich), mouse anti FLAG (#F3165 Sigma-

Aldrich),mouse anti Myc TAG (#05-419 Sigma-Aldrich), RFP-Trap Magnetic Agarose 

(#rtma-10 Chromotek, Planegg, Germany) for immunoprecipitation of Cherry-tagged 

proteins and mouse monoclonal home-made mCherry for blots, mouse monoclonal anti-

AURKB (#A78720, Transduction Laboratories, BD Biosciences, San Jose, CA, USA), 

rabbit polyclonal anti-INCENP (#2807, Cell Signalling Technology, Danvers, MA, USA), ), 

rabbit polyclonal anti-tyrosinated tubulin (#ABT171 Sigma-Aldrich), mouse anti-acetylated 

tubulin (#T6199 Sigma-Aldrich) and mouse anti-tubulin (#T5168 Sigma-Aldrich). 

Microscopy 

Imaging was performed using a Leica TCS SP5 confocal system (Leica Microsystems) 

equipped with a 405 nm diode, an argon ion, a 561 nm DPSS and a HeNe 633 nm lasers. 

Fixed cells were imaged using a HCX PL APO 63×/1.4 NA oil immersion objective. For live 

imaging, time lapses were recorded overnight with an interval of 5 min using a 40× 



PlanApo N.A. 1.4 oil immersion objective on the cells kept in the microscope incubator at 

37°C and 5% CO2. Super-resolution images were obtained using a Leica SP8 confocal 

system with HyVolution 2 (Leica Microsystems) equipped with an argon ion, a 561 nm 

DPSS and a HeNe 633 nm lasers. Fixed cells were imaged using a HCX PL APO 63×/1.4 

NA oil immersion objective. Series of x-y-z images (typically 0.04×0.04×0.106 μm3 voxel 

size) were collected. 

Statistical analysis  

Statistical analyses were performed using Microsoft Office Excel or Graphpad. The mean 

values shown represent the average of at least three independent experiments and error 

bars are standard errors of the mean. 

Figures and legends 

Figure 1. Biochemical analysis of KIF1BP/CITK interaction. 

(A) Western blot analysis, with the indicated antibodies, of total cell lysates and RFP-Trap-

based immunoprecipitations, obtained from 293-T cells transfected with constructs 

expressing the indicated Cherry-tagged proteins or with empty control vector. 

(B) Western blot analysis, with the indicated antibodies, of total cell lysates and anti-Myc 

immunoprecipitations, obtained from 293-T cells transfected with pcDNA3.1 vector (empty) 

or with vectors expressing the indicated Myc-tagged CITK proteins. 

(C) Western blot analysis, with the indicated antibodies, of total cell lysates and anti-FLAG 

immunoprecipitations, obtained from 293-T cells transfected with pCag vector (empty) or 

pCag expressing FLAG-KIF1BP, in combination with vectors expressing MYC-tagged 

CITK proteins. 

(D) Western blot analysis, with the indicated antibodies, of total cell lysate and 

immunoprecipitation with control (α-Ig) and anti-KIF1BP, from HeLa synchronized in 

mitosis, lysed 30 min after nocodazole release. 



Figure 2. KIF1BP localizes at the midbody and its knockdown leads to cytokinesis 

failure. 

(A) Immunostaining for Tubulin and KIF1BP of HeLa cells midbodies, 96 hours after 

treatment with non-targeting (siCtrl) or KIF1BP-specific (siKIF1BP) siRNA sequences. 

Scale bars = 5 µm 

(B) High magnification of midbodies of HeLa cells transfected with GFP-KIF1BP and 

immunostained for Tubulin and GFP 48 hours after transfection. Scale bars = 5 µm 

(C) Total cell lysates from HeLa cells, treated for 96 hours with non-targeting (siCtrl) or 

KIF1BP-specific (siKIF1BP) siRNA sequences were analyzed with anti KIF1BP. Internal 

loading control was Vinculin (VINC). 

(D) HeLa cells, seeded at low density, were processed for immunofluorescence 96 hours 

after transfection with non-targeting (siCtrl) or KIF1BP-specific (siKIF1BP) siRNA 

sequences, and stained with DAPI and anti-alpha-tubulin antibodies. The percentage of 

binucleated cells was then assessed. 

(E) HeLa cells, seeded at low density, were analyzed overnight by live cell imaging, 84 

hours after transfection with non-targeting (siCtrl) or KIF1BP-specific (siKIF1BP) siRNA 

sequences. Scale bars = 10 µm 

(F) Quantification of cells, analyzed as in panel C, that reach anaphase but fail cytokinesis 

The intensity plots shown in A and B were determine along a 10 µm line centered on 

midbody dark zone. All quantifications were based on at least 4 independent biological 

replicates. Error bars = standard error of the mean. *** P < 0.001, Chi-square test. 

 

Figure 3. KIF1BP and CITK localize at the midbody. 

(A) Immunostaining for Tubulin and KIF1BP of HeLa cells midbodies, 48 hours after 

treatment with non-targeting (siCtrl) or CITK-specific (siCITK) siRNA sequences. 

(B) Quantification of KIF1BP intensity at midbody of cells treated as in panel B. 



(C) Tubulin and CITK immunostaining of HeLa midbodies, after treatment for 96 hours with 

non-targeting (siCtrl) or KIF1BP-specific (siKIF1BP) siRNA sequences. Scale bars = 5 µm 

(D) Quantification of CITK intensity at midbody of cells treated as in panel E. 

All scale bars = 5 µm. All quantifications were based on at least 5 independent biological 

replicates, unless noted otherwise. Error bars = standard error of the mean. ** P < 0.01, 

two tailed Student’s T-test. 

Figure 4. KIF1BP knockdown increases the proportion of unstable microtubules at 

midbody and impairs CPC localization 

(A) HeLa cells, seeded at low density, were processed for immunofluorescence 96 hours 

after transfection with non-targeting (siCtrl) or KIF1BP-specific (siKIF1BP) siRNA 

sequences, and stained with DAPI, anti-tyrosinated and anti-acetylated tubulin antibodies. 

Scale bars = 10 µm 

(B) Ratio of acetylated tubulin to tyrosinated tubulin at intercellular bridge of cells treated 

as in panel A. 

(C) High magnification of HeLa treated for 96 hours with non-targeting (siCtrl) or KIF1BP-

specific (siKIF1BP) siRNA sequences, stained with anti-Tubulin and anti-AURKB 

antibodies. Scale bars = 5 µm 

(D) Quantification of AURKB midbody intensity and of midbodies with mis-localized 

AURKB, in cells treated as in panel C. 

(E) High magnification of HeLa treated for 96 hours with non-targeting (siCtrl) or KIF1BP-

specific (siKIF1BP) siRNA sequences, stained with anti-Tubulin and anti-INCENP. Scale 

bars = 5 µm 

(F) Quantification of INCENP midbody intensity and of midbodies with mis-localized 

INCENP, in cells treated as in panel E. 



All quantifications were based on at least 3 independent biological replicates, unless noted 

otherwise. Error bars = standard error of the mean. * P < 0.05, *** P < 0.001, two tailed 

Student’s T-test for intensity quantification, Chi-square test for localization’s percentage. 

Figure S1. Silver stain of SDS-PAGE of immune-complexes 

(A)Silver stain of SDS-PAGE of immunocomplexes obtained by RFPTRAP of 293 lysate  

transfected for 48h with Cherry (35KDa) or cherry tagged CITN (180KDa), CITK and 

CITKD (220 KDa). 

 



  





 

 

  



 

  



 


