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Abstract 

The DNA Damage Response (DDR) is a complex signaling network that comes into play 

when cells experience genotoxic stress. Upon DNA damage, cellular signaling pathways 

are rewired to slow down cell cycle progression and allow recovery. However, when the 

damage is beyond repair, cells activate complex and still not fully understood 

mechanisms, leading to a complete proliferative arrest or cell death.  

A number of conventional and novel anti-neoplastic treatments rely on causing DNA 

damage or on the inhibition of the DDR in cancer cells. However, the identification of 

molecular determinants directing cancer cells toward recovery or death upon DNA 

damage is still far from complete, and it is object of intense investigation. 

SPRY-COntaining RAN binding Proteins (Scorpins) RANBP9 and RANBP10 are 

evolutionarily conserved and ubiquitously expressed proteins whose biological functions 

are still debated. RANBP9 has been previously implicated in cell proliferation, survival, 

apoptosis and migration. Recent studies also showed that RANBP9 is involved in the 

Ataxia Telangiectasia Mutated (ATM) signaling upon DNA damage. Accordingly, cells 

lacking RANBP9 show increased sensitivity to genotoxic treatment. Although there is no 

published evidence, extensive protein similarities suggest that RANBP10 might have 

partially overlapping functions with RANBP9. Like RANBP9, RANBP10 bears sites 

putative target of PIK-kinases and high throughput studies found RANBP10 to be 

phosphorylated following genotoxic stress. Therefore, this second Scorpin might be 

another overlooked player of the DDR alone or in combination with RANBP9. 

This review focuses on the relatively unknown role played by RANBP9 and RANBP10 

in responding to genotoxic stress. 
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Introduction 

The DNA damage response (DDR) is an attractive target for anti-cancer treatments due to 

the increased genotoxic stress that malignant cells experience[1] [2].  Modalities of repair 

of the damage are limited to a handful of recognized mechanisms (reviewed in [3]). In 

cancer cells, one or more of these mechanisms are deficient or altered, providing an 

opportunity of achieving synthetic lethality by inhibition of the remaining ones[4]. For 

example, BRCA-deficient malignancies are exquisitely sensitive to Poly(ADP)-Ribose 

Polymerase (PARP) inhibition [2, 4, 5]. Nonetheless, mounting evidence shows that cells 

adapt. They find ways to reactivate targeted/inactivated proteins or resort to alternative 

pathways guarantying DNA repair at levels compatible with survival and proliferation [5] 

[2]. For these reasons, finding vulnerabilities that are specific to cancer cells sparing 

normal ones has proven to be challenging [5] [2]. In addition, incomplete understanding 

of the network and missing tiles of the complex puzzle represented by unrecognized 

players are main reasons of the failure of anticancer treatments aiming to target DNA 

repair mechanisms [2, 4, 6].  

SPRY-COntaining RAN binding Proteins (Scorpins) RANBP9 and RANBP10 are two 

highly similar proteins whose biological functions are poorly understood. This inadequate 

knowledge is due to multiple causes including the lack of validated antibodies able to 

discriminate between the two proteins. Moreover, the perinatal lethality of RANBP9 

knock-out mice has also negatively affected the investigation of its biological functions. 

Comprehensive reviews about proposed biological roles of RANBP9 in cancer [7], 

Alzheimer’s disease and other contexts [8-10] are available. On the other hand, there are 
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no exhaustive reviews about RANBP10 but only a few studies about its role in platelet 

physiology [11-13]. 

This review focuses on Scorpins relatively unknown role in responding to genotoxic 

stress.  

 

Scorpins 

RAN Binding Protein 9 (RANBP9) is a ~90 Kd scaffold protein that due to “a series of 

unfortunate events” has been labeled and probably investigated from the wrong 

perspective through the years. One of its first names was B-cell antigen receptor Ig beta-

associated protein 1, (IBAP-1) even if there is no evidence supporting any molecular role 

of this protein in B-cell signaling or the immune system in general (NCBI Gene ID: 

56705). Another commonly used name is RANBPM (RAN Binding Protein Microtubule 

organizing center), which derives from the initial observation that the protein localized at 

the Microtubule Organizing Center (MTOC) [14]. However, a subsequent article from 

the same authors reported that they had been using only a truncated form of the wild type 

protein, lacking 229 amino acids at the N-terminus. Thus, they refuted their previous 

conclusion and showed that the full-length RANBP9 does not localize to the MTOC [15]. 

Finally, in the absence of a better functional characterization, the current preferred name 

of this scaffold protein is RAN Binding Protein 9 due to sequence homology with the 

RAN binding domain present on other proteins [14]. However, the evidence supporting a 

binding of RAN by RANBP9 is limited to the initial publication twenty years ago, was 

never reconfirmed and it is very weak at best [14]. For this reason, whether RANBP9 
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really binds and affects RAN functions remains to be formally proven and better 

investigated.  

RAN Binding Protein 10 (RANBP10) was discovered as a paralog of RANBP9 and was 

given a name with the next numeral [16]. It has been shown in megakaryocytes that 

RANBP10 binds RAN and acts as a bona fide RAN-GTP Exchange Factor (GEF) in the 

cytoplasm although it showed a substantial lower specific activity than RCC1 (Regulator 

of Chromosome Condensation 1) RAN-GEF used as control in those experiments [11]. 

Because of their initial identification as RAN binding proteins, it was assumed that 

Scorpins participate in the nuclear-cytoplasmic import-export process (ref). In some 

databases RANBP9 is still confused with Importin 9, which is a distinct protein of 1048 

amino acids (UniProtKB - Q96P70). While it is established that RANBP9 and RANBP10 

are present both in the cell nucleus and cytoplasm, there is no evidence of a role of these 

two proteins in nuclear import/export. On the contrary, RANBP9 and RANBP10 are 

structurally very different from other RAN binding proteins (Figure 1). They bear four 

known domains and based on the distinctive presence of a PRY/SPRY domain they 

should more appropriately be called Scorpins, forming a separate subgroup by themselves 

as initially suggested by Hosono et al. [17].  

 

Known biological roles of RANBP9  

RANBP9 is a ubiquitous scaffold protein present both in the cell nucleus and cytoplasm. 

It is evolutionarily highly conserved and its functions are poorly characterized [7, 8]. The 

generation of RANBP9 knockout (KO) mice demonstrated that this protein is not required 

for embryonic development. However, most of RANBP9 KO animals die immediately 
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after birth possibly because of lactation failure. The few survivors are smaller in size 

compared to their littermates and completely lack spermatogenesis or oogenesis [18]. Of 

note, RANBP9 has been linked to different types of cellular stress and might work as part 

of macromolecular complexes [7].  

RANBP9 has been reported to directly or indirectly interact with more than a hundred 

proteins [7]. The Genecards database lists about 400 potential interactions 

(www.genecards.org). It is striking that the putative partners reported for RANBP9 do 

not share any significant structural homology or belong to one particular group of protein 

or cellular pathway [7, 8]. On the contrary, RANBP9 putative interactors are very 

different among each other and participate in a wide variety of biological processes [7, 8]. 

Many of the published interactions are derived from yeast-two-hybrid experiments or 

limited to co-immunoprecipitations performed upon exogenous over-expression of both 

RANBP9 and/or its putative partners. A good number of these interactions was never 

independently confirmed in subsequent studies and thus needs to be taken with caution. 

In several instances, the presence or absence of RANBP9 has been shown to have an 

effect on the amount of the interacting partner [19-24]. However, how RANBP9 affects 

protein stability remains to be elucidated. In this regard, one potential mechanism of 

action in regulating protein turnover is through its role as corner stone necessary to 

assemble the CTLH complex [7] [25, 26], which is the mammalian equivalent of the 

Glucose-Induced degradation Deficient (GID) complex in yeast ([27, 28] and Figure 2). 

The S. cerevisiae homolog of RANBP9 is GID1 and it is necessary for the formation of 

the entire complex, a putative E3 ligase macromolecular structure that degrades 

metabolic enzymes no longer needed after nutrient replenishment [27, 28]. GID1 is also 
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named VID30 (Vacuole-Induced degradation Deficient 30) because it can mediate the 

degradation of the same metabolic enzymes via lysosome [29, 30]. Therefore, it is 

tempting to speculate that RANBP9 might regulate lysosome-mediated protein 

degradation. However, clear evidence supporting GID- or VID-like functions in 

mammalian cells is still lacking. 

 

RANBP9 in the DDR 

Several studies have linked RANBP9 to cellular response to multiple types of stress, 

including DNA damages upon exposure to ionizing radiation or chemotherapeutic drugs. 

One of the most interesting wide-screening studies was performed by Yard and 

colleagues, where 533 genetically annotated human cancer cell lines were analyzed by 

large scale profiling after exposure to ionizing radiation. This study identified RANBP9 

as one of the top 19 genes associated with radiation sensitivity [31]. 

Genotoxic stress caused by cisplatin, Ultra Violet (UV)-light, osmotic shock and Ionizing 

Radiation (IR) cell exposure [23, 32] leads to RANBP9 phosphorylation by kinases that 

have been identified only to a limited extent. At least in part, specific post-translational 

modifications have been shown to influence both the sub-cellular localization of 

RANBP9 and its ability to bind different molecular partners, potentially mediating its 

biological functions [33]. A number of notable RANBP9 interactions reported in 

literature are with factors directly or indirectly associated to cellular DNA damage 

response [7]. These interactions might contribute to explain some of the phenotypes 

observed in the context of genotoxic stress when RANBP9 levels are altered. 
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Most of the reported RANBP9 interactions point to a potential involvement in 

determining apoptotic cell death by regulating mitochondrial function and membrane 

permeability, as described below. However, recent studies have demonstrated that many 

proposed RANBP9-interacting proteins in the nucleus can modulate cell ability to arrest 

cell cycle progression and affect repair of DNA upon different types of damages. 

For example, RANBP9 over-expression has been shown to enhance dephosphorylation of 

the primary non-muscle isoform of ADF (Actin Depolymerizing Factor)/Cofilin (CFL-

1)[34, 35]. This event results in CFL-1 translocation to the mitochondria and promotes 

apoptosis [36, 37]. However, it has been also demonstrated that overexpression of wild-

type (phosphorylatable) CFL-1 can affect DNA repair capacity and results in cell death 

due to accumulation of damaged DNA. In fact, CFL-1 may localize into the nucleus 

preventing ATM-dependent phosphorylation of H2AX and recruitment of critical 

mediators of Homologous Dependent Repair (HDR) of DNA Double Strand Breaks 

(DSBs). ([22, 36, 38, 39] [34, 35, 40, 41]. 

Wang and colleagues described the nuclear interaction between RANBP9 and 

Homeodomain Interacting Protein Kinase 2 (HIPK2) [42], a known mediator of apoptosis 

upon interaction with the death receptor Tumor Necrosis Factor (TNF) receptor type 1-

associated death domain protein [42]. Notably, HIPK2 is activated upon phosphorylation 

by ATM and it controls DNA-damage dependent cell fate through the phosphorylation of 

key players of the DDR, such as p53 and the anti-apoptotic co-repressor C-terminal 

binding protein (CtBP) [43]. 

In a model of Alzheimer’s disease, Liu et al. demonstrated that RANBP9 physically 

associates with the tumor suppressor p73, enhancing its level both transcriptionally and 
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post-transcriptionally, cooperating as a complex mediating mitochondria-dependent 

apoptosis [19, 44]. Notably, p73 (and its related proteins p53 and p63, not reported as 

RANBP9 interactors) are critical transcriptional regulators of genes involved in DNA 

repair, such as BRCA2, Rad51 and mre11 [45]. 

Of extreme interest from a DDR perspective is the reported interaction between Ubiquitin 

Specific Protease 11 (USP11) and RANBP9, which was considered responsible of the 

ubiquitination and degradation of the tumor suppressor Mgl1 [20, 46]. However, recent 

studies have identified USP11-dependent p21 de-ubiquitination (which results in 

enhanced G2/M cell cycle checkpoint)[47] and regulation of the PALB2-BRCA1-

BRCA2 interaction, required for the activation of HDR DNA repair specifically in the 

G2/M (and not in the G1) phase of the cell cycle[48]. Therefore, it is conceivable that 

RANBP9 might influence USP11 in those two specific functions in a DNA damaging 

context. 

Finally, both RANBP9 and RANBP10 interact with the Androgen Receptor (AR) and 

have been involved in regulation of AR-mediated transcription [49, 50]. AR has been 

implicated in the DDR [51], particularly because of its ability to regulate the expression 

of multiple DNA repair genes (e.g. PARP1, FANCI, FANCC, MRE11A, ATR and NBN) 

involved in different steps of the DDR [52]. 

It is clear that a deeper investigation of RANBP9 interactions with recognized players of 

the DDR will be required to shed the light on novel mechanisms through which RANBP9 

contributes to the response to genotoxic stress. 
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Our group has recently reported that, in response to IR, RANBP9 is phosphorylated on at 

least 3 different residues (S181, S550, and S603) by the Ataxia Telangiectasia Mutated 

(ATM) gene product, one of the most important kinases involved in the HDR of DNA 

DSBs. Upon ATM activation and phosphorylation, RANBP9 rapidly (2-8h) accumulates 

in the nucleus and participates to the full activation of ATM, through a mechanism still 

not completely understood. Our results indicated that, in the absence of RANBP9, ATM 

acetylation, a post-translational modification linked to its complete activation [53-57], is 

reduced. This observation led us to hypothesize a model (figure 3) in which, after DNA 

damage, RANBP9 is promptly recruited and accumulated into the nucleus upon ATM 

activation, to participate to its full activation, efficient DNA repair and cell survival. 

Conversely, when RANBP9 levels are abrogated, full activation of ATM and its 

downstream pathway are impaired, resulting in inefficient DNA repair and, eventually, 

cell death. 

Several different questions remain open for this model, particularly how RANBP9 

participates to ATM acetylation and full activation of ATM. A potential candidate for this 

molecular event is the histone acetyl-transferase (HAT) Tip60 (also know as KAT5), 

previously reported as RANBP9 interactor in the regulation of AICD transcriptional 

activity[58]. Interestingly, c-Abl-dependent Tip60 phosphorylation in response to DNA 

damage enhances its DNA binding activity and acetylation of ATM[53-57, 59]. Further 

studies will be required to demonstrate the existence of a RANBP9/Tip60/ATM pathway 

required for the complete activation of DNA damage response.  
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Along the same lines, it is conceivable that, upon its quick nuclear accumulation, 

RANBP9 might attract into the nucleus additional factors directly or indirectly 

participating in repair of damaged DNA. 

Another interesting open question that will require further investigation is whether the re-

localization of RANBP9 is in the cytoplasm at later (24-72h) time points[7, 33], is 

associated to the resolution of the DNA damage response and/or to the activation of cell 

death. 

In summary, based on a growing body of evidence, it is conceivable that RANBP9 exerts 

multifaceted effects in DDR depending on multiple factors like the type of genotoxic 

stress, the cellular context, and its molecular sub-cellular localization. 

 

Known biological roles of RANBP10 

RANBP10 is the least studied of the two Scorpins. The “lack of interest” in this protein is 

at least in part due to the absence of an obvious phenotype of the RANBP10 knockout 

mouse. In fact, genetic inactivation of RANBP10 in mouse does not cause early post-

natal lethality or infertility like reported for RANBP9 [18, 60]. Specialized studies 

established that RANBP10 knockout mice have a mild platelet deficit due to microtubule 

functional anomalies [13, 61]. Furthermore, RANBP10 is expressed at lower levels 

compared to RANBP9 and it was shown that RANBP10 not only was not able to increase 

activation of the RAS/ERK pathway like its paralog, but was competing for the binding 

of cMET at the membrane and inhibiting the kinase signaling mediated by RANBP9 [16]. 

However, in addition to the significant structural similarities and the overlapping 

ubiquitous expression with RANBP9, RANBP10 was pulled-down as component of the 
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CTLH complex similarly to its paralog ([25, 26] and Figure 2C). Furthermore, the two 

proteins are able to form heterodimers. In the Genecards database and excluding the 

interaction with RANBP9, there is currently a list of 87 proteins putatively interacting 

with RANBP10. Only 15 of those potential interactions are not shared with its paralog. 

Therefore, it is conceivable that RANBP9 and RANBP10 might have overlapping 

functions and be able to compensate for each other in physiological conditions or in their 

collective roles in the DDR. 

 

RANBP10 in the DDR 

Based on the hypothesis that Scorpins may have overlapping functions, the role of 

RANBP10 in the DDR needs to be elucidated. Up-to-date, there are no studies linking 

directly RANBP10 to the DDR or showing that RANBP10 ablation has an effect on the 

DDR signaling network as we have shown for RANBP9. An analysis of the RANBP10 

amino acidic sequence reveals the presence of several sites putative target of PIK kinases 

(Figure2). In particular, S69 within the PRY domain is included in a long stretch  (51 

amino acids) that is highly similar to the region on RANBP9, where it corresponds to 

ATM-phopshorylated S181. We have previously demonstrated that ATM phosphorylates 

RANBP9 S181 in vitro using a peptide that is present in both Scorpins ([23] and Figure 

2B). Therefore, it is safe to hypothesize that RANBP10 S69 is a direct target of ATM too.  

Interestingly, high throughput studies comparing proteomics before and after genotoxic 

stress list RANBP10 as protein subject to post-translational modifications. For example, 

S361, S365, and S369 are phosphorylated following ionizing radiation. The same data set 

reports only RANBP9 S477 as phosphorylated [62]. In Pines et al. (2011), residues S363, 
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S389, S397 are reported as phosphorylated [63]. In Elia et al. (2015), RANBP10 K293 is 

acetylated following UV [64]. While these reported post-translational modification 

following genotoxic stress do not necessarily constitutes proves, they nevertheless 

support a role for RANBP10 as an active player of the DDR. Also, some of these 

reported sites are not predicted by our analysis in Table 1. Therefore, future in depth 

investigations will be required to establish their relevance in the context of the DDR. 

 

 

Future perspectives 

Scorpins are poorly studied in general. Therefore, there are many open questions that 

need to be answered to clarify their biological roles and their involvement in the DDR 

specifically. One immediate question that can be addressed and prioritized is whether the 

ablation of RANBP10 alone or in combination with RANBP9 affects the sensitivity to 

genotoxic stress. Experiments inducing DNA damage in RANBP10 KO cells or mice are 

not reported. Due to the clinical implications, it is important to establish if the absence of 

RANBP10 sensitize cancer cells to ionizing radiation or genotoxic drugs in general in a 

similar manner to what we reported for RANBP9. We do not yet know whether 

RANBP10 behave similarly in cells following DNA damage. Most importantly, it is 

necessary to elucidate what are the molecular mechanisms through which the Scorpins 

contribute to the DDR. As of now, we still do not know how RANBP9 and RANBP10 

protect cells form genotoxic stress. In responding to damage of the DNA, Scorpins may 

act in the context of the CTLH complex or independently. The involvement of the CTLH 
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complex raises the question whether Scorpins determine protein turnover of important 

players of the DNA repair. 

On a more basic level, the clinical relevance of Scorpins expression/protein levels still 

requires extensive studies. The lack of validated reagents, particularly anti-RANBP10 

specific antibodies, has severely limited the investigation of the relevance of these 

proteins in the clinical setting. For example, it is not yet possible to establish how well 

the levels of mRNA correlate with the Scorpin protein amounts. The generation of cell 

and mouse models by the use of the latest technologies will be necessary to answer many 

of the open questions. Likewise, a holistic proteomics approach will be essential in 

establishing how Scorpins through their multiple interactions coordinate the intricate 

cellular networks responsible for DNA repair, cell cycle arrest, disposal of potentially 

damaged organelles or protein aggregates upon DDR activation and cell death. 

In summary, the investigation on the role of Scorpins in the cellular DDR is only at initial 

phases and it is necessary to establish the molecular details of RANBP9 and RANBP10 

in determining the most appropriate response to damage of the DNA and whether they 

can be considered as a viable target for cancer treatment.   

 

Acknowledgements 

A.T. is recipients of a Pelotonia Fellowship for Cancer Research. This work was 

supported by start-up funds to V.C. from the College of Medicine, Office of Research, 

and Comprehensive Cancer Center of the Ohio State University. 

 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 22 May 2018                   doi:10.20944/preprints201805.0294.v1

Peer-reviewed version available at Int. J. Mol. Sci. 2018, 19, 1794; doi:10.3390/ijms19061794

http://dx.doi.org/10.20944/preprints201805.0294.v1
http://dx.doi.org/10.3390/ijms19061794


References 

1. Desai A, Yan Y, Gerson SL. Advances in therapeutic targeting of the DNA 
damage response in cancer. DNA Repair (Amst). 2018;66-67:24-9. doi: 
10.1016/j.dnarep.2018.04.004. PubMed PMID: 29715575. 
2. Postel-Vinay S, Vanhecke E, Olaussen KA, Lord CJ, Ashworth A, Soria JC. The 
potential of exploiting DNA-repair defects for optimizing lung cancer treatment. 
Nature reviews Clinical oncology. 2012;9(3):144-55. Epub 2012/02/15. doi: 
10.1038/nrclinonc.2012.3. PubMed PMID: 22330686. 
3. Helena JM, Joubert AM, Grobbelaar S, Nolte EM, Nel M, Pepper MS, et al. 
Deoxyribonucleic Acid Damage and Repair: Capitalizing on Our Understanding of 
the Mechanisms of Maintaining Genomic Integrity for Therapeutic Purposes. Int J 
Mol Sci. 2018;19(4). doi: 10.3390/ijms19041148. PubMed PMID: 29641431. 
4. Lord CJ, Ashworth A. BRCAness revisited. Nat Rev Cancer. 2016;16(2):110-
20. doi: 10.1038/nrc.2015.21. PubMed PMID: 26775620. 
5. Farmer H, McCabe N, Lord CJ, Tutt AN, Johnson DA, Richardson TB, et al. 
Targeting the DNA repair defect in BRCA mutant cells as a therapeutic strategy. 
Nature. 2005;434(7035):917-21. Epub 2005/04/15. doi: 10.1038/nature03445. 
PubMed PMID: 15829967. 
6. Mouw KW, Goldberg MS, Konstantinopoulos PA, D'Andrea AD. DNA Damage 
and Repair Biomarkers of Immunotherapy Response. Cancer Discov. 2017;7(7):675-
93. doi: 10.1158/2159-8290.CD-17-0226. PubMed PMID: 28630051; PubMed 
Central PMCID: PMCPMC5659200. 
7. Salemi LM, Maitland MER, McTavish CJ, Schild-Poulter C. Cell signalling 
pathway regulation by RanBPM: molecular insights and disease implications. Open 
Biol. 2017;7(6). doi: 10.1098/rsob.170081. PubMed PMID: 28659384; PubMed 
Central PMCID: PMCPMC5493780. 
8. Suresh B, Ramakrishna S, Baek KH. Diverse roles of the scaffolding protein 
RanBPM. Drug Discov Today. 2012;17(7-8):379-87. doi: 
10.1016/j.drudis.2011.10.030. PubMed PMID: 22094242. 
9. Puverel S, Tessarollo L. RanBPM, a scaffolding protein for gametogenesis. 
Curr Top Dev Biol. 2013;102:357-84. doi: 10.1016/B978-0-12-416024-8.00013-1. 
PubMed PMID: 23287040. 
10. Murrin LC, Talbot JN. RanBPM, a scaffolding protein in the immune and 
nervous systems. J Neuroimmune Pharmacol. 2007;2(3):290-5. doi: 
10.1007/s11481-007-9079-x. PubMed PMID: 18040864. 
11. Schulze H, Dose M, Korpal M, Meyer I, Italiano JE, Jr., Shivdasani RA. RanBP10 
is a cytoplasmic guanine nucleotide exchange factor that modulates noncentrosomal 
microtubules. J Biol Chem. 2008;283(20):14109-19. doi: 10.1074/jbc.M709397200. 
PubMed PMID: 18347012; PubMed Central PMCID: PMCPMC2376235. 
12. Flaumenhaft R. Getting in shape with RanBP10. Blood. 2009;114(27):5412-3. 
doi: 10.1182/blood-2009-10-247528. PubMed PMID: 20035043. 
13. Meyer I, Kunert S, Schwiebert S, Hagedorn I, Italiano JE, Jr., Dutting S, et al. 
Altered microtubule equilibrium and impaired thrombus stability in mice lacking 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 22 May 2018                   doi:10.20944/preprints201805.0294.v1

Peer-reviewed version available at Int. J. Mol. Sci. 2018, 19, 1794; doi:10.3390/ijms19061794

http://dx.doi.org/10.20944/preprints201805.0294.v1
http://dx.doi.org/10.3390/ijms19061794


RanBP10. Blood. 2012;120(17):3594-602. doi: 10.1182/blood-2012-01-401737. 
PubMed PMID: 22936655. 
14. Nakamura M, Masuda H, Horii J, Kuma K, Yokoyama N, Ohba T, et al. When 
overexpressed, a novel centrosomal protein, RanBPM, causes ectopic microtubule 
nucleation similar to gamma-tubulin. J Cell Biol. 1998;143(4):1041-52. PubMed 
PMID: 9817760; PubMed Central PMCID: PMCPMC2132962. 
15. Nishitani H, Hirose E, Uchimura Y, Nakamura M, Umeda M, Nishii K, et al. 
Full-sized RanBPM cDNA encodes a protein possessing a long stretch of proline and 
glutamine within the N-terminal region, comprising a large protein complex. Gene. 
2001;272(1-2):25-33. PubMed PMID: 11470507. 
16. Wang D, Li Z, Schoen SR, Messing EM, Wu G. A novel MET-interacting protein 
shares high sequence similarity with RanBPM, but fails to stimulate MET-induced 
Ras/Erk signaling. Biochem Biophys Res Commun. 2004;313(2):320-6. PubMed 
PMID: 14684163. 
17. Hosono K, Noda S, Shimizu A, Nakanishi N, Ohtsubo M, Shimizu N, et al. 
YPEL5 protein of the YPEL gene family is involved in the cell cycle progression by 
interacting with two distinct proteins RanBPM and RanBP10. Genomics. 
2010;96(2):102-11. doi: 10.1016/j.ygeno.2010.05.003. PubMed PMID: 20580816. 
18. Puverel S, Barrick C, Dolci S, Coppola V, Tessarollo L. RanBPM is essential for 
mouse spermatogenesis and oogenesis. Development. 2011;138(12):2511-21. doi: 
10.1242/dev.062505. PubMed PMID: 21561988; PubMed Central PMCID: 
PMCPMC3100708. 
19. Kramer S, Ozaki T, Miyazaki K, Kato C, Hanamoto T, Nakagawara A. Protein 
stability and function of p73 are modulated by a physical interaction with RanBPM 
in mammalian cultured cells. Oncogene. 2005;24(5):938-44. doi: 
10.1038/sj.onc.1208257. PubMed PMID: 15558019. 
20. Suresh B, Ramakrishna S, Kim YS, Kim SM, Kim MS, Baek KH. Stability and 
function of mammalian lethal giant larvae-1 oncoprotein are regulated by the 
scaffolding protein RanBPM. J Biol Chem. 2010;285(46):35340-9. doi: 
10.1074/jbc.M110.156836. PubMed PMID: 20829363; PubMed Central PMCID: 
PMCPMC2975158. 
21. Atabakhsh E, Schild-Poulter C. RanBPM is an inhibitor of ERK signaling. PLoS 
One. 2012;7(10):e47803. doi: 10.1371/journal.pone.0047803. PubMed PMID: 
23118896; PubMed Central PMCID: PMCPMC3485245. 
22. Palavicini JP, Wang H, Minond D, Bianchi E, Xu S, Lakshmana MK. RanBP9 
overexpression down-regulates phospho-cofilin, causes early synaptic deficits and 
impaired learning, and accelerates accumulation of amyloid plaques in the mouse 
brain. J Alzheimers Dis. 2014;39(4):727-40. doi: 10.3233/JAD-131550. PubMed 
PMID: 24254706. 
23. Palmieri D, Scarpa M, Tessari A, Uka R, Amari F, Lee C, et al. Ran Binding 
Protein 9 (RanBP9) is a novel mediator of cellular DNA damage response in lung 
cancer cells. Oncotarget. 2016;7(14):18371-83. doi: 10.18632/oncotarget.7813. 
PubMed PMID: 26943034; PubMed Central PMCID: PMCPMC4951294. 
24. Puverel S, Kiris E, Singh S, Klarmann KD, Coppola V, Keller JR, et al. RanBPM 
(RanBP9) regulates mouse c-Kit receptor level and is essential for normal 
development of bone marrow progenitor cells. Oncotarget. 2016;7(51):85109-23. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 22 May 2018                   doi:10.20944/preprints201805.0294.v1

Peer-reviewed version available at Int. J. Mol. Sci. 2018, 19, 1794; doi:10.3390/ijms19061794

http://dx.doi.org/10.20944/preprints201805.0294.v1
http://dx.doi.org/10.3390/ijms19061794


doi: 10.18632/oncotarget.13198. PubMed PMID: 27835883; PubMed Central 
PMCID: PMCPMC5341297. 
25. Malovannaya A, Lanz RB, Jung SY, Bulynko Y, Le NT, Chan DW, et al. Analysis 
of the human endogenous coregulator complexome. Cell. 2011;145(5):787-99. doi: 
10.1016/j.cell.2011.05.006. PubMed PMID: 21620140; PubMed Central PMCID: 
PMCPMC3131083. 
26. Texier Y, Toedt G, Gorza M, Mans DA, van Reeuwijk J, Horn N, et al. Elution 
profile analysis of SDS-induced subcomplexes by quantitative mass spectrometry. 
Mol Cell Proteomics. 2014;13(5):1382-91. doi: 10.1074/mcp.O113.033233. PubMed 
PMID: 24563533; PubMed Central PMCID: PMCPMC4014293. 
27. Menssen R, Schweiggert J, Schreiner J, Kusevic D, Reuther J, Braun B, et al. 
Exploring the topology of the Gid complex, the E3 ubiquitin ligase involved in 
catabolite-induced degradation of gluconeogenic enzymes. J Biol Chem. 
2012;287(30):25602-14. doi: 10.1074/jbc.M112.363762. PubMed PMID: 22645139; 
PubMed Central PMCID: PMCPMC3408164. 
28. Santt O, Pfirrmann T, Braun B, Juretschke J, Kimmig P, Scheel H, et al. The 
yeast GID complex, a novel ubiquitin ligase (E3) involved in the regulation of 
carbohydrate metabolism. Mol Biol Cell. 2008;19(8):3323-33. doi: 
10.1091/mbc.E08-03-0328. PubMed PMID: 18508925; PubMed Central PMCID: 
PMCPMC2488282. 
29. Brown CR, McCann JA, Chiang HL. The heat shock protein Ssa2p is required 
for import of fructose-1, 6-bisphosphatase into Vid vesicles. J Cell Biol. 
2000;150(1):65-76. PubMed PMID: 10893257; PubMed Central PMCID: 
PMCPMC2185564. 
30. Alibhoy AA, Giardina BJ, Dunton DD, Chiang HL. Vid30 is required for the 
association of Vid vesicles and actin patches in the vacuole import and degradation 
pathway. Autophagy. 2012;8(1):29-46. doi: 10.4161/auto.8.1.18104. PubMed PMID: 
22082961; PubMed Central PMCID: PMCPMC3335990. 
31. Yard BD, Adams DJ, Chie EK, Tamayo P, Battaglia JS, Gopal P, et al. A genetic 
basis for the variation in the vulnerability of cancer to DNA damage. Nat Commun. 
2016;7:11428. doi: 10.1038/ncomms11428. PubMed PMID: 27109210; PubMed 
Central PMCID: PMCPMC4848553. 
32. Denti S, Sirri A, Cheli A, Rogge L, Innamorati G, Putignano S, et al. RanBPM is a 
phosphoprotein that associates with the plasma membrane and interacts with the 
integrin LFA-1. J Biol Chem. 2004;279(13):13027-34. doi: 
10.1074/jbc.M313515200. PubMed PMID: 14722085. 
33. Salemi LM, Loureiro SO, Schild-Poulter C. Characterization of RanBPM 
molecular determinants that control its subcellular localization. PLoS One. 
2015;10(2):e0117655. doi: 10.1371/journal.pone.0117655. PubMed PMID: 
25659156; PubMed Central PMCID: PMCPMC4319831. 
34. Leu JD, Chiu YW, Lo CC, Chiang PH, Chiu SJ, Tsai CH, et al. Enhanced cellular 
radiosensitivity induced by cofilin-1 over-expression is associated with reduced 
DNA repair capacity. Int J Radiat Biol. 2013;89(6):433-44. doi: 
10.3109/09553002.2013.767992. PubMed PMID: 23362981; PubMed Central 
PMCID: PMCPMC3766764. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 22 May 2018                   doi:10.20944/preprints201805.0294.v1

Peer-reviewed version available at Int. J. Mol. Sci. 2018, 19, 1794; doi:10.3390/ijms19061794

http://dx.doi.org/10.20944/preprints201805.0294.v1
http://dx.doi.org/10.3390/ijms19061794


35. Chang CY, Leu JD, Lee YJ. The actin depolymerizing factor (ADF)/cofilin 
signaling pathway and DNA damage responses in cancer. Int J Mol Sci. 
2015;16(2):4095-120. doi: 10.3390/ijms16024095. PubMed PMID: 25689427; 
PubMed Central PMCID: PMCPMC4346946. 
36. Woo JA, Boggess T, Uhlar C, Wang X, Khan H, Cappos G, et al. RanBP9 at the 
intersection between cofilin and Abeta pathologies: rescue of neurodegenerative 
changes by RanBP9 reduction. Cell Death Dis. 2015;6:1676. doi: 
10.1038/cddis.2015.37. PubMed PMID: 25741591; PubMed Central PMCID: 
PMCPMC4385917. 
37. Mizuno K. Signaling mechanisms and functional roles of cofilin 
phosphorylation and dephosphorylation. Cell Signal. 2013;25(2):457-69. doi: 
10.1016/j.cellsig.2012.11.001. PubMed PMID: 23153585. 
38. Roh SE, Woo JA, Lakshmana MK, Uhlar C, Ankala V, Boggess T, et al. 
Mitochondrial dysfunction and calcium deregulation by the RanBP9-cofilin pathway. 
FASEB J. 2013;27(12):4776-89. doi: 10.1096/fj.13-234765. PubMed PMID: 
23982146; PubMed Central PMCID: PMCPMC3834781. 
39. Woo JA, Jung AR, Lakshmana MK, Bedrossian A, Lim Y, Bu JH, et al. Pivotal 
role of the RanBP9-cofilin pathway in Abeta-induced apoptosis and 
neurodegeneration. Cell Death Differ. 2012;19(9):1413-23. doi: 
10.1038/cdd.2012.14. PubMed PMID: 22361682; PubMed Central PMCID: 
PMCPMC3422466. 
40. Huang H, Li X, Hu G, Li X, Zhuang Z, Liu J, et al. Poly(ADP-ribose) 
glycohydrolase silencing down-regulates TCTP and Cofilin-1 associated with 
metastasis in benzo(a)pyrene carcinogenesis. Am J Cancer Res. 2015;5(1):155-67. 
PubMed PMID: 25628927; PubMed Central PMCID: PMCPMC4300713. 
41. Lee YJ, Sheu TJ, Keng PC. Enhancement of radiosensitivity in H1299 cancer 
cells by actin-associated protein cofilin. Biochem Biophys Res Commun. 
2005;335(2):286-91. doi: 10.1016/j.bbrc.2005.07.073. PubMed PMID: 16061204. 
42. Wang Y, Marion Schneider E, Li X, Duttenhofer I, Debatin K, Hug H. HIPK2 
associates with RanBPM. Biochem Biophys Res Commun. 2002;297(1):148-53. 
PubMed PMID: 12220523. 
43. Hofmann TG, Glas C, Bitomsky N. HIPK2: A tumour suppressor that controls 
DNA damage-induced cell fate and cytokinesis. Bioessays. 2013;35(1):55-64. doi: 
10.1002/bies.201200060. PubMed PMID: 23169233. 
44. Liu T, Roh SE, Woo JA, Ryu H, Kang DE. Cooperative role of RanBP9 and P73 
in mitochondria-mediated apoptosis. Cell Death Dis. 2013;4:e476. doi: 
10.1038/cddis.2012.203. PubMed PMID: 23348590; PubMed Central PMCID: 
PMCPMC3563991. 
45. Lin YL, Sengupta S, Gurdziel K, Bell GW, Jacks T, Flores ER. p63 and p73 
transcriptionally regulate genes involved in DNA repair. PLoS Genet. 
2009;5(10):e1000680. doi: 10.1371/journal.pgen.1000680. PubMed PMID: 
19816568; PubMed Central PMCID: PMCPMC2752189. 
46. Lim KH, Suresh B, Park JH, Kim YS, Ramakrishna S, Baek KH. Ubiquitin-
specific protease 11 functions as a tumor suppressor by modulating Mgl-1 protein 
to regulate cancer cell growth. Oncotarget. 2016;7(12):14441-57. doi: 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 22 May 2018                   doi:10.20944/preprints201805.0294.v1

Peer-reviewed version available at Int. J. Mol. Sci. 2018, 19, 1794; doi:10.3390/ijms19061794

http://dx.doi.org/10.20944/preprints201805.0294.v1
http://dx.doi.org/10.3390/ijms19061794


10.18632/oncotarget.7581. PubMed PMID: 26919101; PubMed Central PMCID: 
PMCPMC4924727. 
47. Deng T, Yan G, Song X, Xie L, Zhou Y, Li J, et al. Deubiquitylation and 
stabilization of p21 by USP11 is critical for cell-cycle progression and DNA damage 
responses. Proc Natl Acad Sci U S A. 2018;115(18):4678-83. doi: 
10.1073/pnas.1714938115. PubMed PMID: 29666278; PubMed Central PMCID: 
PMCPMC5939064. 
48. Orthwein A, Noordermeer SM, Wilson MD, Landry S, Enchev RI, Sherker A, et 
al. A mechanism for the suppression of homologous recombination in G1 cells. 
Nature. 2015;528(7582):422-6. doi: 10.1038/nature16142. PubMed PMID: 
26649820; PubMed Central PMCID: PMCPMC4880051. 
49. Rao MA, Cheng H, Quayle AN, Nishitani H, Nelson CC, Rennie PS. RanBPM, a 
nuclear protein that interacts with and regulates transcriptional activity of 
androgen receptor and glucocorticoid receptor. J Biol Chem. 2002;277(50):48020-7. 
doi: 10.1074/jbc.M209741200. PubMed PMID: 12361945. 
50. Harada N, Yokoyama T, Yamaji R, Nakano Y, Inui H. RanBP10 acts as a novel 
coactivator for the androgen receptor. Biochem Biophys Res Commun. 
2008;368(1):121-5. doi: 10.1016/j.bbrc.2008.01.072. PubMed PMID: 18222118. 
51. Thompson TC, Li L. Connecting androgen receptor signaling and the DNA 
damage response: Development of new therapies for advanced prostate cancer. Mol 
Cell Oncol. 2017;4(4):e1321167. doi: 10.1080/23723556.2017.1321167. PubMed 
PMID: 28819638; PubMed Central PMCID: PMCPMC5540204. 
52. Polkinghorn WR, Parker JS, Lee MX, Kass EM, Spratt DE, Iaquinta PJ, et al. 
Androgen receptor signaling regulates DNA repair in prostate cancers. Cancer 
Discov. 2013;3(11):1245-53. doi: 10.1158/2159-8290.CD-13-0172. PubMed PMID: 
24027196; PubMed Central PMCID: PMCPMC3888815. 
53. Adamowicz M, Vermezovic J, d'Adda di Fagagna F. NOTCH1 Inhibits 
Activation of ATM by Impairing the Formation of an ATM-FOXO3a-KAT5/Tip60 
Complex. Cell Rep. 2016;16(8):2068-76. doi: 10.1016/j.celrep.2016.07.038. PubMed 
PMID: 27524627; PubMed Central PMCID: PMCPMC5003812. 
54. Bhoumik A, Singha N, O'Connell MJ, Ronai ZA. Regulation of TIP60 by ATF2 
modulates ATM activation. J Biol Chem. 2008;283(25):17605-14. doi: 
10.1074/jbc.M802030200. PubMed PMID: 18397884; PubMed Central PMCID: 
PMCPMC2427333. 
55. Eymin B, Claverie P, Salon C, Leduc C, Col E, Brambilla E, et al. p14ARF 
activates a Tip60-dependent and p53-independent ATM/ATR/CHK pathway in 
response to genotoxic stress. Mol Cell Biol. 2006;26(11):4339-50. doi: 
10.1128/MCB.02240-05. PubMed PMID: 16705183; PubMed Central PMCID: 
PMCPMC1489086. 
56. Jiang X, Sun Y, Chen S, Roy K, Price BD. The FATC domains of PIKK proteins 
are functionally equivalent and participate in the Tip60-dependent activation of 
DNA-PKcs and ATM. J Biol Chem. 2006;281(23):15741-6. doi: 
10.1074/jbc.M513172200. PubMed PMID: 16603769. 
57. Sun Y, Jiang X, Chen S, Fernandes N, Price BD. A role for the Tip60 histone 
acetyltransferase in the acetylation and activation of ATM. Proc Natl Acad Sci U S A. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 22 May 2018                   doi:10.20944/preprints201805.0294.v1

Peer-reviewed version available at Int. J. Mol. Sci. 2018, 19, 1794; doi:10.3390/ijms19061794

http://dx.doi.org/10.20944/preprints201805.0294.v1
http://dx.doi.org/10.3390/ijms19061794


2005;102(37):13182-7. doi: 10.1073/pnas.0504211102. PubMed PMID: 16141325; 
PubMed Central PMCID: PMCPMC1197271. 
58. Domingues SC, Konietzko U, Henriques AG, Rebelo S, Fardilha M, Nishitani H, 
et al. RanBP9 modulates AICD localization and transcriptional activity via direct 
interaction with Tip60. J Alzheimers Dis. 2014;42(4):1415-33. doi: 10.3233/JAD-
132495. PubMed PMID: 25024339. 
59. Kaidi A, Jackson SP. KAT5 tyrosine phosphorylation couples chromatin 
sensing to ATM signalling. Nature. 2013;498(7452):70-4. doi: 
10.1038/nature12201. PubMed PMID: 23708966; PubMed Central PMCID: 
PMCPMC3859897. 
60. Palavicini JP, Lloyd BN, Hayes CD, Bianchi E, Kang DE, Dawson-Scully K, et al. 
RanBP9 Plays a Critical Role in Neonatal Brain Development in Mice. PLoS One. 
2013;8(6):e66908. doi: 10.1371/journal.pone.0066908. PubMed PMID: 23840553; 
PubMed Central PMCID: PMCPMC3694151. 
61. Kunert S, Meyer I, Fleischhauer S, Wannack M, Fiedler J, Shivdasani RA, et al. 
The microtubule modulator RanBP10 plays a critical role in regulation of platelet 
discoid shape and degranulation. Blood. 2009;114(27):5532-40. doi: 
10.1182/blood-2009-04-216804. PubMed PMID: 19801445. 
62. Beli P, Lukashchuk N, Wagner SA, Weinert BT, Olsen JV, Baskcomb L, et al. 
Proteomic investigations reveal a role for RNA processing factor THRAP3 in the 
DNA damage response. Mol Cell. 2012;46(2):212-25. doi: 
10.1016/j.molcel.2012.01.026. PubMed PMID: 22424773; PubMed Central PMCID: 
PMCPMC3565437. 
63. Pines A, Kelstrup CD, Vrouwe MG, Puigvert JC, Typas D, Misovic B, et al. 
Global phosphoproteome profiling reveals unanticipated networks responsive to 
cisplatin treatment of embryonic stem cells. Mol Cell Biol. 2011;31(24):4964-77. 
doi: 10.1128/MCB.05258-11. PubMed PMID: 22006019; PubMed Central PMCID: 
PMCPMC3233030. 
64. Elia AE, Boardman AP, Wang DC, Huttlin EL, Everley RA, Dephoure N, et al. 
Quantitative Proteomic Atlas of Ubiquitination and Acetylation in the DNA Damage 
Response. Mol Cell. 2015;59(5):867-81. doi: 10.1016/j.molcel.2015.05.006. PubMed 
PMID: 26051181; PubMed Central PMCID: PMCPMC4560960. 
 

 

 

 

 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 22 May 2018                   doi:10.20944/preprints201805.0294.v1

Peer-reviewed version available at Int. J. Mol. Sci. 2018, 19, 1794; doi:10.3390/ijms19061794

http://dx.doi.org/10.20944/preprints201805.0294.v1
http://dx.doi.org/10.3390/ijms19061794


Figures and Legends 

 
 
Figure 1. Schematic representation of RANBP9 and RANBP10 proteins. 
RANBP10 shares  high amino acid conservation with RANBP9 in the PRY (94%), SPRY 
(97%), LisH (82%), CTLH (90%), and CRA (89%) domains. The two proteins differ the 
most at the N-terminus and in the post-CTLH region, which contains several putative 
PIK-kinase phosphorylation sites (see Table 1). PRD (red)= Proline-Rich Domain; 
PRY/SPRY (light blue) = Spore lysis A and Ryanodine receptor Domain; LisH (green) = 
Lissencephaly type-I-like homology motif; CTLH (yellow) = Carboxy-terminal to LisH 
motif domain; CRA (orange) = CT11-RanBP9 domain; dark blue = putative Nuclear 
Localization Signal; Tub (purple) = tubulin-binding domain. 
 

 
Figure 2. Schematic representation of the S. cerevisiae Glucose-Induced degradation 
Deficient (GID)- and correspondent mammalian CTLH-macromolecular complexes. 
A) The topology of the GID complex in yeast is well established (Menssen et al., 2012). 
B) Predicted composition of the mammalian CTLH complex based on the GID 
mammalian homologs. The name of the complex comes from the CTLH domain that 
most of the members have. C) CTLH or Nuclear Receptor coregulator-complex pulled 
down from mammalian cells including RANBP9 and RANBP10 (adapted from 
Malovannaya et al., 2011). 
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Figure 3. Potential action mechanism of RANBP9 in ATM-dependent DDR. 
In RANBP9 (red) expressing cells and in the absence of DNA damage (left panel, top), 
RANBP9 protein shuttles between the nucleus and the cytoplasm. Upon DNA damage 
such as IR and DNA-damaging drugs (left panel, bottom), ATM is activated and 
enhances RANBP9 nuclear accumulation through its phosphorylation, potentially with 
other cytoplasmic partners (purple). This event potentially leads to enhanced KAT5-
dependent ATM acetylation, a marker of its full activation. For this reason, RANBP9-
expressing cells activate an efficient ATM signaling pathway, resulting in efficient DNA 
repair and survival to genotoxic stress. Conversely, when RANBP9 expression is 
reduced, the full activation of ATM is impaired, leading to inefficient DNA repair and 
sensitivity to DNA damaging agents. 
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Table 1 
Phosphorylation sites by ATM, ATR and DNAPK (PIKK) on RANBP9 and 
RANBP10. 
Predicted phosphorylation sites by PIK kinases (including ATM, ATR and DNAPK) on 
RANBP9 and RANBP10, using the Group-Based Prediction System, GPS 3.0 
(http://gps.biocuckoo.org). Phosphorylation sites are reported in red. 
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Protein Domain Residue Aminoacid Kinase Target peptide Score Cutoff
RANBP9 (Uniprot Q96S59) PRD 46 S Atypical/PIKK PAVSAGSSPAGSPGG 4.427 4.186

50 S Atypical/PIKK/ATM/ATM AGSSPAGSPGGGAGG 1.444 1.442
PRY 176 S Atypical/PIKK/DNAPK WSPKDKFSYIGLSQN 4.600 4.186

181 S Atypical/PIKK/ATM KFSYIGLSQNNLRVH 3.462 2.682
181 S Atypical/PIKK/ATR/ATR KFSYIGLSQNNLRVH 8.477 5.038
181 S Atypical/PIKK/ATR KFSYIGLSQNNLRVH 5.468 1.845
181 S Atypical/PIKK/DNAPK KFSYIGLSQNNLRVH 6.771 4.186
205 T Atypical/PIKK/ATM DAASVRATHPIPAAC 2.684 2.682

SPRY 251 S Atypical/PIKK/DNAPK LPGWDKHSYGYHGDD 4.943 4.186
264 S Atypical/PIKK/ATR/MEC1 DDGHSFCSSGTGQPY 5.667 5.000

LisH 375 S Atypical/PIKK/DNAPK MIQKMVSSYLVHHGY 5.400 4.186
CTLH 426 T Atypical/PIKK/ATM MGEAIETTQQLYPSL 4.453 2.682

426 T Atypical/PIKK/ATR MGEAIETTQQLYPSL 3.979 1.845
426 T Atypical/PIKK/DNAPK MGEAIETTQQLYPSL 4.629 4.186

Post-CTLH Region 470 S Atypical/PIKK/ATM LGGRSPKSQDSYPVS 4.530 2.682
470 S Atypical/PIKK/ATR LGGRSPKSQDSYPVS 6.149 1.845
470 S Atypical/PIKK/DNAPK LGGRSPKSQDSYPVS 6.457 4.186
483 S Atypical/PIKK VSPRPFSSPSMSPSH 4.427 4.186
514 S Atypical/PIKK/ATR/MEC1 FSGFESCSNGVISNK 5.667 5.000
525 S Atypical/PIKK/DNAPK ISNKAHQSYCHSNKH 4.543 4.186
550 S Atypical/PIKK/ATM NSINMSRSQQVNNFT 2.752 2.682
550 S Atypical/PIKK/ATR NSINMSRSQQVNNFT 5.234 1.845
550 S Atypical/PIKK/DNAPK NSINMSRSQQVNNFT 5.114 4.186
550 S Atypical/PIKK NSINMSRSQQVNNFT 6.678 4.186
585 S Atypical/PIKK/ATR NGFLNGSSKHDHEME 2.553 1.845
602 S Atypical/PIKK/ATM/ATM DTEMEVDSSQLRRQL 1.855 1.442
603 S Atypical/PIKK/ATM TEMEVDSSQLRRQLC 4.556 2.682
603 S Atypical/PIKK/ATR TEMEVDSSQLRRQLC 8.149 1.845
603 S Atypical/PIKK/DNAPK TEMEVDSSQLRRQLC 6.886 4.186
603 S Atypical/PIKK TEMEVDSSQLRRQLC 7.423 4.186
613 S Atypical/PIKK/ATM RRQLCGGSQAAIERM 4.256 2.682
613 S Atypical/PIKK/ATR RRQLCGGSQAAIERM 5.702 1.845
613 S Atypical/PIKK/DNAPK RRQLCGGSQAAIERM 4.657 4.186
613 S Atypical/PIKK RRQLCGGSQAAIERM 5.938 4.186

CRA 631 S Atypical/PIKK/ATR/MEC1 GRELQAMSEQLRRDC 5.667 5.000
653 S Atypical/PIKK/DNAPK/PRKDC KMLKDAFSLLAYSDP 4.057 3.613
688 T Atypical/PIKK/ATM LNSAILETHNLPKQP 2.778 2.682
705 T Atypical/PIKK/ATM ALAMGQATQCLGLMA 4.368 2.682
705 T Atypical/PIKK/ATR ALAMGQATQCLGLMA 2.660 1.845
705 T Atypical/PIKK/DNAPK ALAMGQATQCLGLMA 6.000 4.186
705 T Atypical/PIKK ALAMGQATQCLGLMA 6.700 4.186

RANBP10 (Uniprot Q6VN20) Tub 18 S Atypical/PIKK/ATM/ATM GNPQPGDSSGGGAGG 1.855 1.442
PRY 36 S Atypical/PIKK/ATR/MEC1 SPGEQELSRRLQRLY 5.000 5.000

69 S Atypical/PIKK/ATM KYNYIGLSQGNLRVH 3.462 2.682
69 S Atypical/PIKK/ATR KYNYIGLSQGNLRVH 5.468 1.845
69 S Atypical/PIKK/DNAPK KYNYIGLSQGNLRVH 6.771 4.186
69 S Atypical/PIKK KYNYIGLSQGNLRVH 6.581 4.186
93 T Atypical/PIKK/ATM DAASVRATHPIPAAC 2.684 2.682

SPRY 139 S Atypical/PIKK/DNAPK LPGWDKHSYGYHGDD 4.943 4.186
152 S Atypical/PIKK/ATR/MEC1 DDGHSFCSSGTGQPY 5.667 5.000

LisH 263 S Atypical/PIKK/DNAPK VLQNMVSSYLVHHGY 5.400 4.186
CTLH 314 T Atypical/PIKK/ATM VGEAIETTQRFYPGL 4.453 2.682

314 T Atypical/PIKK/ATR VGEAIETTQRFYPGL 3.979 1.845
314 T Atypical/PIKK/DNAPK VGEAIETTQRFYPGL 4.629 4.186
314 T Atypical/PIKK VGEAIETTQRFYPGL 6.137 4.186

Post-CTLH Region 353 S Atypical/PIKK/ATR SEVRSLSSRSPKSQD 1.851 1.845
358 S Atypical/PIKK/ATM LSSRSPKSQDSYPGS 4.530 2.682
358 S Atypical/PIKK/ATR LSSRSPKSQDSYPGS 6.149 1.845
358 S Atypical/PIKK/DNAPK LSSRSPKSQDSYPGS 6.457 4.186
358 S Atypical/PIKK LSSRSPKSQDSYPGS 5.982 4.186
365 S Atypical/PIKK/ATM/ATM SQDSYPGSPSLSPRH 1.444 1.442
376 S Atypical/PIKK/ATR SPRHGPSSSHMHNTG 1.872 1.845
377 S Atypical/PIKK/ATM PRHGPSSSHMHNTGA 3.051 2.682
386 S Atypical/PIKK/ATM/ATM MHNTGADSPSCSNGV 1.803 1.442
386 S Atypical/PIKK MHNTGADSPSCSNGV 4.419 4.186
390 S Atypical/PIKK/ATR/MEC1 GADSPSCSNGVASTK 5.667 5.000
396 T Atypical/PIKK/ATR/ATR CSNGVASTKSKQNHS 5.773 5.038
398 S Atypical/PIKK/ATR/ATR NGVASTKSKQNHSKY 5.045 5.038
410 S Atypical/PIKK/ATR SKYPAPSSSSSSSSS 1.872 1.845
411 S Atypical/PIKK/ATR KYPAPSSSSSSSSSS 1.872 1.845
412 S Atypical/PIKK/ATR YPAPSSSSSSSSSSS 1.872 1.845
413 S Atypical/PIKK/ATR PAPSSSSSSSSSSSS 1.872 1.845
414 S Atypical/PIKK/ATR APSSSSSSSSSSSSS 1.872 1.845
415 S Atypical/PIKK/ATR PSSSSSSSSSSSSSS 1.872 1.845
416 S Atypical/PIKK/ATR SSSSSSSSSSSSSSP 1.872 1.845
417 S Atypical/PIKK/ATR SSSSSSSSSSSSSPS 1.872 1.845
418 S Atypical/PIKK/ATR SSSSSSSSSSSSPSS 1.872 1.845
419 S Atypical/PIKK/ATR SSSSSSSSSSSPSSV 1.872 1.845
420 S Atypical/PIKK/ATR SSSSSSSSSSPSSVN 1.872 1.845
421 S Atypical/PIKK/ATR SSSSSSSSSPSSVNY 1.872 1.845
422 S Atypical/PIKK SSSSSSSSPSSVNYS 4.427 4.186
436 S Atypical/PIKK/ATM/ATM SESNSTDSTKSQHHS 1.897 1.442
439 S Atypical/PIKK/ATM NSTDSTKSQHHSSTS 4.530 2.682
439 S Atypical/PIKK/ATR NSTDSTKSQHHSSTS 6.149 1.845
439 S Atypical/PIKK/DNAPK NSTDSTKSQHHSSTS 6.457 4.186
439 S Atypical/PIKK NSTDSTKSQHHSSTS 5.982 4.186
469 S Atypical/PIKK/ATM YPNGVLGSMSTRIVN 2.726 2.682
490 S Atypical/PIKK/ATM DLQTDESSMDDRHPR 3.120 2.682
490 S Atypical/PIKK/ATR DLQTDESSMDDRHPR 2.000 1.845
490 S Atypical/PIKK/DNAPK/PRKDC DLQTDESSMDDRHPR 4.114 3.613

CRA 522 S Atypical/PIKK/ATR/MEC1 GRELQALSEQLGREY 6.000 5.000
544 S Atypical/PIKK/DNAPK/PRKDC EMLQDAFSLLAYSDP 4.057 3.613
579 S Atypical/PIKK/ATM LNSAILESQNLPKQP 5.265 2.682
579 S Atypical/PIKK/ATR LNSAILESQNLPKQP 5.489 1.845
579 S Atypical/PIKK/DNAPK LNSAILESQNLPKQP 6.029 4.186
579 S Atypical/PIKK LNSAILESQNLPKQP 7.489 4.186
596 S Atypical/PIKK/ATR/MEC1 MLALGQASECLRLMA 5.000 5.000
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