From the nuclear pore to the kinetochore: a MAD journey to
preserve genome stability
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Mad1-Mad2: how to go from nuclear pores to kinetochores? 3. Mps1-mediated phosphorylation of Megator is required for Mad1
Figure 1: Schematic representation of Mad1 kinetochore recruitment and sustained SAC response
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Figure 4: Mps1-mediated phosphorylation of Megator promotes Mad1 kinetochore recruitment and sustained SAC response. (A,B) Phosphomimetic
version of EGFP-Megator excludes Mad1 from nuclear envelope of interphase cells. (A) Immunolocalization of the indicated proteins (B) Quantification of
Mad1/EGFP-Megator levels at nuclear envelope; **P<0.01, *** P<0.001, **** P<0.0001 Kruskal-Wallis, Dunn's multiple comparison test. (C,D) Mps1-mediated
phosphorylation of Megator is required for proper recruitment of Mad1 to unattached kinetochores. (C) Immunolocalization of the indicated proteins in S2 cells
treated with colchicine and MG132 for 30 min. (D) Quantification of Mad1 levels at kinetochores; **** P<0.0001 Kruskal-Wallis, Dunn’s multiple comparison test
(E) Mps1 phosphorylation of Megator is required for a sustained SAC response. S2 cells co-expressing EGFP-Megator phosphomutants and mCherry-tubulin or
H2B-mCherry were treated with Taxol or Colchicine and mitotic progression monitored through time-lapse microscopy. Graph represents mean+SD of the time
that cells spent in mitosis.
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Figure 2: Mpsl1 promotes Mad1l dissociation from nuclear pores during prophase. (A-B) Depletion of Mpsl1 delays Mad1l release from the Nuclear Envelope % % f’g’ i
(NE). (A) Stills from time lapse-movies of control or Mpsl depleted Drosophila S2 cells expressing EGFP-Madl or EGFP-Megator and mCherry-tubulin. (B) % 3 ; 20
Quantification of EGFP-Madl and EGFP-Megator levels at NE and nuclear mCherry-tubulin over time. (C) Mpsl is active at the nuclear envelope during mitotic = § . S———
entry. Immunolocalization of Mps174°Ph (green), CID (red) and DNA (blue) in S2 cells. (D) Co-immunoprecipitation (Co-IP) of Mad1l from lysates of control and 1000 o B
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4567 8 910>11
A C o~ i NEB { 100, mps 164422 |
Megator % 02: 02: % 80 Megator RNAI
402 800 1187 1655 2346 O o S 8
MBP-Megator % & 3 40
fragment | Coiled-coil Q o . 2 B
) + ANAAR, T IEPATP Gico o g S OEin = ®
— Low-complexity . . 3 W————— 45678 91011
—————— .. Neuroblasts with lagging chromosomes N ——
B Figure 5: Depletion of Megator in mps1-null mutant neuroblasts rescues Mad1 kinetochore recruitment and mitotic fidelity. (A;B) Scheme of Drosophila
S Q§'§° neuroblasts from 3 instar larva used to perform live cell imaging and immunofluorescence assays (A) and list of the genotypes used (B). (C) Stills from time-
N4 rbfbg ,\,'\ ® lapse movies of with the indicated genotypes and co-expressing Jupiter-EGFP and H2B-RFP. NEB - nuclear envelope breakdown; AO - anaphase onset. The
MBP-Megatoraa: - \,b‘ W N L Peemicamoysainty NOERARSQTDVVSANKHEEVLRKIBILNAITDSNR ILREERNALTLRVA 1299 percentage of neuroblasts exhibiting anaphases with lagging chromosomes is indicated. (C) Immunolocalization of Mad1 at kinetochores of neuroblasts with the
N Human ERELQELQDSLNAERERVQVTAKTMAQHEELMKKTETMNVVMETNKMLREEKERLEQDLQ 1291 . : : :
GST-Mps1: + + + + Xenopus ERELHELQDSLNAEREKVQVTAKTMAQHEELMKKTETMN VL I ESNK I LREENEKQEQELQ 1287 indicated genotypes and corresponding ploidy histograms.
Chicken ERELQEVQDSLNAERERKVQVTAKT IAQHEELMKKTETMNVL IETNKMLREEKERLEQELQ 1380
* k% *x % = : cekkkeseook kkok o sskeseskkkk o :

@ @ u ] | | ]
e QioaRox el DTt I AR o oo s ool ol ool s Goriobe 1351 Mps1 controls timely dissociation of Mad1 from Megator to ensure a

Xenopus QLQAKIRKLESNILPLOESNAELSERSGMLOAEKKLLEEDVRRWRARTOHLLSQOKDTDA 1347

GST-Mps1- | ..

MEP-Negatorll  dee e i cickon QMO RYR K Eff DL Sl M scEQA . B v R i gl QOR BT 1440 functional mitotic checkpoint signalling and genome stability
— ¥
g i Fly E_:E_FKRLQAEREHLA&LLTAEKELNKKQSDEL%)VLKQRMNTE_IPMLNKOMQILDEARKKQV1418 SAC ON . .
e LR e Human BEYRKLLSEKEVHTRRT ——————————~— QOLTEETGRLKAETARSNASLTNNQN--———~— 1392 Interphase Prophase Prometaphase  Figure 6: Phosphorylation of Megator by Mps1
vier. [ ;2; o Xenopus EEYKKLLSEREVNTKRT -————————-- QOLTEETGKLKTEVARTNASLNTCQS—————- 1390 - licences Mad1 for kmetochoreg ac_:cumulatlon and
' Chicken EEXRRELOERRANIERL-—-——--—--- B TGN AR TTASETT SN - -~ —-- 1483 robust checkpoint signalling. During interphase, Mad1-
Coomassie blue stain P32 incorporation o o oo Mad2 is docked at nuclear pore complexes (NPCs)
¥ through Mad1 binding to Megator/Tpr. This is required for
15 } ) % : Mad1-Mad2 proteostasis and assembly of pre-mitotic
1187-1655 = lor # | MCC. During prophase, Mps1 phosphorylates Megator
D MBP-Megator WT WT T4D 3 disrupting its interaction with Mad1. This is required for
Megator1187'1655 GST-Mps1+ATP: + - - §‘;) proper accumulation of Mad1 at mitotic kinetochores to
magnetic — - B FTB FT B FT kDa %1-0_ levels that ensure a robust SAC signalling.
bead | 1187-1655 S s Our findings unveil a kinetochore-extrinsic mechanism
_ NN, MBP-Megator - - - -100 -% regulated by Mps1 that licenses Mad1 to instate efficient
’ Mad11-493 = WT + Mops1 = = (o)) g SAC signalling at kinetochores and accurate chromosome
PN % PS — e |-72 § 0'5'__ T segregation. Thus, a key function of non-kinetochore
~M 7 m - . -— o | Mps1 is to coordinate Mad1 subcellular localization with
| E T _ - % R cell cycle progression, so that both nuclear pores in
6xHis T4D 6xHis-Mad 17493 | e - - " 0.0l . : Mad1 interphase_ gn_d kinetochores in mitosis__generate
Mps1: ‘ + _ _ Tpr/Megator Tpr/Megator anaphase inhibitors that preserve genomic stability.
’\m\' -45 WT  WT T4D
MBP-Megator!187-1655

| | | S o _ Acknowledgements
Figure 3: Mps1-mediated phosphorylation of Megator disrupts its interaction with Mad1. (A,B) Mps1 phosphorylates Megator in vitro. Recombinant . _ . _ Fundagio
fragments of MBP-Megator were used as substrates for GST-Mps1 in the presence of ATP [P32]. (C) Schematic representation of Drosophila Megator and local This research was funded by project Norte Portugal Regional Operational Program (NORTE 2020) Norte-01-0145-FEDER- FCT Pl
alignment of protein orthologues. Megator!187-1655 phosphorylated residues were identified by MS/MS analysis (D) Phosphorylation of Megator by Mps1 000029 — Advancing Cancer Research: From basic knowledge to application, under the PORTUGAL 2020 Partnership

decreases its interaction with Mad1 in vitro. Pull-downs of recombinant Megator fragments by bead-immobilized 6xHis-Mad1'-4% and corresponding Agreement through the European Regional Development Fund, and by National Funds through Fundacao para a Ciéncia e a khOnz =9 ZQ
quantifications from two independent experiments. B-beads; FT- flowthrough. Tecnologia under the project IF/01755/2014. Sofia Cunha-Silva is supported by Fundacado para a Ciéncia e a Tecnologia : - = :

through the Ph.D. fellowship SFRH/BD/136527/2018.

PROGRAMA OPERACIONAL REGIONAL DO NORTE



