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Figure 1. The PP2A:B56 holoenzyme uses a conserved acidic patch to bind to B56-specific interactors. (A) PP2A:B56y holoenzyme (PDBID 2NPP):
scaffolding subunit A (beige) and catalytic subunit C (grey; bound metals shown as pink spheres) illustrated as cartoons with transparent surfaces. The
regulatory B subunit, B56, is shown as a surface and colored by sequence conservation. An LxxIxE peptide (RepoMan: *8PLLpSPIPELPE?; p indicates
residue is phosphorylated) bound to B56y is shown in green (PDBIDs 5SW9 and 2NPP superimposed using B56). The location of the conserved acidic
patch in B56 (see B) is highlighted with a dashed, yellow square. (B) The B56y:LxxIXxE complex (PDBID 5SW9) colored according to electrostatic
potential; LxxIxE peptide is in green. The B56 residues that comprise the conserved acidic patch (yellow dashed square) are shown as sticks and
labeled (right; residues mutated in the 2R’ mutants underlined). (C) Sequences of B56a. and B56y that comprise the acidic patch, with the acidic
residues colored red. The B56 ‘2R’ variants indicate the acidic residues mutated to arginine 'R’. (D) Volcano plot representing the mass spectrometry-
identified proteins co-purifying with YFP-B56a. versus YFP-B560i,r (E335R/D338R) from mitotic Hela cells expressing YFP-B56c. or YFP-B56ai,r. PPP2R1A
(PP2A regulatory subunit A, o isoform), PPP2CA (PP2A catalytic subunit, o isoform) are labeled in grey. Predicted and confirmed LxxIxE containing
proteins (Hertz et al., 2016, Wang et al., 2016) are highlighted in orange. Four of the six most significantly affected LxxIxE containing B56 interactors
Figure 1 continued on next page
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selected for further study [NHS, AIM1, CDCA2 (RepoMan) and KIF4A] are labeled. (E) Same as (D) except for YFP-B56y versus YFP-B56y,r (E310R/
D313R).
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Figure 1—figure supplement 1. Sequence alignment of the B56 acidic patch. (A) Human B56 variants. (B) B56 from various organisms. Residues that
define the acidic patch are highlighted in red (human B56a.1: E301, E334, E335, D338, E341). The species are: Homo sapiens (human), Mus musculus

(mouse), Gallus gallus (chicken), Danio rerio (fish), and Xenopus laevis (frog), Candida albicans (Candida), Arabidopsis thaliana (A. thaliana),

Chlamydomonas reinhardtii (Algae).
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Figure 1—figure supplement 2. The impact of altering the B56 acidic patch in mitotic progression. (A) Protocols by which endogenous B56 (all
isoforms except B) was depleted by RNAi and complemented with the indicated YFP-B56 variants. (B) Depletion efficiency of endogenous B56 using
RNA.I. (C) The time spent from the nuclear envelope breakdown (NEBD) to the completion of anaphase was determined from at least two independent
experiments. Circles represent single cells. The number of cells and median (red line) times are indicated. Mann—Whitney test was used to determine
the p-values indicated. **** p<0.0001; *p<0.05; ns, not significant.

Wang et al. eLife 2020;9:€55966. DOI: https://doi.org/10.7554/eLife.55966 5 of 15


https://doi.org/10.7554/eLife.55966

ELIfe Research article Biochemistry and Chemical Biology | Structural Biology and Molecular Biophysics

A B3sic Patch A LxxIXE B KIF4A1192.1232 wt C KIF4A 1921232 pm
—— [ ey — — — R
KIF4A lZOBKKKKRlZlZ 12 1224CSPIEE1229
NHS l6lSBCBlEZO 6 1626MQAI5E1631 =20 1.5 4
AIM1  7*°KRKKAR’?! 11 732MPPIHE"? g 30 20 1
bpm  ERERT fge 281
5§ 5.0 3.0 4
D «iraa 28
/l;llH“AS1 ¥ E,: £ 0 35
% BP>AAA g S, 5 7o Kp = 15.2 uM Kp = 55.6 uM
osp 3 3 » Q;:’Q) 1 -4.0 4
OAP + weakened affinity [/ ysol*= @ OAP 00 05 10 15 20 00 05 10 15 20 25
B56 ° lose binding () B56 molar ratio molar ratio
input GFP-Trap input GFP-Trap input GFP-Trap
YFP _ YFP-B56a YFP _YFP-B56a YEP YFP-B56a YFP YFP-B56a YEP YFP-B56a YFP YFP-B56a
& & S &
kba & & & & & & KDa & & & & & &
404 myc- s - P | ke
- - ‘ AlM1g55900 30 - bt NHS 1419.1631
, PP2AC — N —
4 30 | - - g 20 I -IPPZAC
80 | MYFP Bs6a 0 )y | YFP-ESS0 80 | [y |YFP—BSBC1
Nk o = A
1 0.08 0.01 myc/YFP 1 —  myc/YFP 1 0.5 myc/YFP

Figure 2. KIF4A binds to B56 via a conserved basic patch and an LxxIxE motif. (A) B56 interactors with the basic patch (blue) and LxxIXE motif (green)
sequences shown; A indicates the number of residues between the basic patch and the LxxIxE motif. (B) Binding isotherm of WT KIF4A1195.123, with
B56y. (C) Binding isotherm of KIF4A1192.1232 bpm (228KKK'?'® to AAA) with B56y. (D) Cartoon representation of the effect of mutating the basic patch
(BP) of the bp-dependent interactors on their interaction with B56 (AP, acidic patch). (E) Immunoprecipitation of YFP-B560. from cells stably expressing
YFP-B560. and transfected with the indicated myc-tagged full-length KIF4A variants; asterisk indicates YFP, which was used as a control. The amounts of
myc-KIF4Ag co-purified with YFP-B56a. were normalized to the band intensity of YFP. The wt is set to 1. (F) Immunoprecipitation of YFP-B560. from cells
stably expressing YFP-B56a. and transfected with the indicated myc-tagged AIM1425.900 Variants. The amounts of myc- AIM125.900 co-purified with YFP-
B560. were normalized to the band intensity of YFP. (G) Immunoprecipitation of YFP-B56a from cells stably expressing YFP-B56a. and transfected with

the indicated myc-tagged NHS1419.1631 variants. The amounts of myc-NHS1419.1631 co-purified with YFP-B560. were normalized to the band intensity of
YFP.
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Figure 2—figure supplement 1. The basic patches of PP2A-B56 basic patch-specific interactors are conserved
throughout evolution. Sequence alignment of the basic patch and the proximal LxxIxE motif of KIF4A, RepoMan,
NHS and Aim1 (Residue are numbered based on human proteins).
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Figure 2—figure supplement 2. ITC thermograms for various PP2A-B56 interactors (WT and bpm) with B56y (WT and acidic patch mutants). (A) ITC
data for B56yr with KIF4AAW(1192-1232). (B) ITC data for B56yr with KIF4AL(1192-1232; T28KKK'#1° to AAA). (C) ITC data for BS6yr with RepoMan
(533-603; RM). (D) ITC data for BSéyr with RMupm(533-603, *°RKKK> to AAAA). (E) ITC data for B56yr with NHS (1616-1635). (F) ITC data for BSéwr
with NHSppm(1616-1635, "8RCR'% to AAA). (G) ITC data for B56yr with AIM1 (716-741). (F) ITC data for B5éyr with AIM1y0., (716-741; 7T KRKKAK'?!

to AAAAA). (I) ITC data for B56yt with KIFAA £(1192-1232; 1224CS'225 1o LE). (J) ITC data for B56yr with KIF4A g pe(1192-1232; 12*CS™?% 1o LE,

1231 AH'232 to PE). (K) ITC data for B56yr with KIFAA g pe, bpm(1192-1232; 1224CS'?2 10 LE, "2 AH"?% to PE, "2%8KKK'?'% to AAA). (L) ITC data for B56y2r
(E310R/D313R) with KIF4A g pe. (M) ITC data for BSéysg (E276R/E310R/D313R) with KIF4A g pe.
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Figure 2—figure supplement 3. Mutating the basic patch or the LxxIxE motif of KIF4A reduces KIF4A:B56 binding. (A) Mutating the basic patch or the
LxxIXE motif of KIF4A1001.1232 reduces KIF4A:B560. binding. Immunoprecipitation of YFP-B56a. from cells stably expressing YFP-B560. and transfected
with the indicated myc-tagged KIF4A;001.1232 C-terminal variants (bpm: "27KKK'?"" to AAA). (B) Mutating the basic patch or the LxxIxE motif of KIF4A g

also reduces KIF4A:B560a binding. Immunoprecipitation of YFP-B56a. from cells stably expressing YFP-B560. and transfected with the indicated myc-

tagged KIF4Ag variants (LE: 1224051225 14 LE).
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Figure 3. The basic patch in B56-specific regulators binds B56 via a dynamic charge-charge interaction. (A) Overlay of the 2D ['H,">N] HSQC spectra of
1>N-labeled KIF4A1192.1232 ¢ p¢ in the presence (red) and absence (black) of B56y (1:1 ratio); basic patch and LxxIxE residues labeled blue and green,
respectively. (B) Overlay of the 2D ['H,">N] HSQC spectra of "> N-labeled KIF4A1192-1232,LE pE In the presence (red) and absence (black) of B56y3gr E276R/
E310R/E316R (1:1 ratio); basic patch and LxxIxE residues highlighted in blue and green, respectively. (C) ["H,">N] HSQC peak intensity ratios for spectra
shown in A, B (black, red, respectively). (D) Cartoon representation of the effect of mutating the acidic patch (AP) of B56 on KIF4A:B56 binding (AP:
acidic patch, BP: basic patch). (E) Immunoprecipitation of stably expressed YFP-B560. variants (wt, B560,r: E335R/D338R, and B560i3g E301R/E335R/
D338R and probed for endogenous KIF4A, PP2AC (PP2A catalytic subunit) and GFP (YFP-B560). (F) Immunoprecipitation of transiently transfected myc-
tagged KIF4A;001.1232 C-terminal variants (A1: K1208A; A2: 1298KK'207 1o AA; A3: T28KKK'210 to AAA; Ad: T28KKKK™?" to AAAA) from cells stably
expressing YFP-B560. or YFP-B56y. The amounts of myc-KIF4A co-purified with YFP-B56 were normalized to the band intensity of YFP.
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Figure 3—figure supplement 1. Crystal structures of KIF4A g pe:B56y complex and AIM1:B56y. (A) KIF4A g pe peptide (1192-1232; 122*CS'? to LE,
1231AH1232 14 PE; yellow sticks) binds B56 between heat repeats 3 and 4 (HR3 and 4; lavender and blue; B56 heat repeat schematic, with corresponding
helices numbered, is shown below). (B) The KIF4A g pe.B56y and AIM1:B56y complexes are superimposed on the pS-RepoMan:B56y complex (PDB:
5SW9) via B56y. B567 is colored according to electrostatic potential; KIFAA, AIM1 and RepoMan peptides are shown as yellow, purple and green sticks,
respectively. The sequences of KIF4AA g pg, AIM1, and RepoMan that include the basic patch (colored in blue) and the LxxIXE motif are shown below.
The residues with electron density in the KIF4A g pe.B56y, AIM1:B56y, and pS-RepoMan:B56y complexes are highlighted in yellow, purple and green,
respectively. (C) Electrostatic and hydrogen bonding interactions between phosphomimetic KIF4A g pe S1225E (yellow) and B56y H187/R188 (orange).
(D) Electrostatic and hydrogen bonding interactions between RepoMan pS591 (green) and B56y H187/R188 (blue, 55SW9). (E) The B56y LxxIxE binding
pocket (colored in light blue) and the electron density (2F,—-F., 6 = 1.0) of the AIM1 peptide; 14 residues of the AIM1 peptide were modeled into the
electron density (purple: 7"*KRKKARMPNSPAPHFAMPPIHEDHLE’*'). (F) The C-terminal residues of AIM1 peptide also interact with B56y, with the
formation of a bidentate salt bridge between AIM1 E741 and B56y R201.
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Figure 3—figure supplement 2. Mutating the acidic patch of B56y reduces the binding of the KIF4A basic
patch to B56y. Overlay of the 2D ['H,">N] HSQC spectra of "*N-labeled KIF4A g pg(1192-1232; 122CS'?% to

LE, "TAH"%? t5 PE) in the presence (red) and absence (black) of B564r (B56y E276R/E310R/D313R/E316R; 1:1
ratio). The residues corresponding to the basic patch of KIF4A are labeled in blue and those corresponding to the

LxxIXE motif are labeled in green. The rest are labeled in black.
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Figure 3—figure supplement 3. Mutating the acidic patch of B56 reduces KIF4A:B56 and RepoMan:B56 binding in cells. (A) Immunoprecipitation of
YFP-B56 from cells stably expressing YFP-B56y or YFP-B56y,r (E310R/D313R) and probed for the indicated proteins: KIF4A, GFP (YFP-B56) and
PP2AC (PP2A catalytic subunit). (B) Immunoprecipitation of YFP-B56 from cells stably expressing YFP-B56ywr, YFP-B56y,r (E310R/D313R) YFP-B560uyT,
YFP-B560i,r (E3335R/D338R) and probed for the indicated proteins: RepoMan, GFP (YFP-B56) and PP2AC (PP2A catalytic subunit).
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Figure 4. The basic patch regulates KIFAA dephosphorylation by PP2A, as well as KIF4A localization in cells. (A) The indicated YFP-KIF4A constructs
were purified using GFP-Trap and analyzed for phosphorylation by immunoblotting. The T799-phospho signal was normalized to YFP. YFP only was
used as a control. (B) Endogenous KIF4A was depleted by RNAi and complemented with the indicated YFP-KIF4A variants. (C) Live cell imaging of cells
expressing YFP-KIF4A variants as they go through mitosis. The beginning of the NEBD was considered as time O (min). Bar represents 5 um. CFP, cyan
fluorescent protein. (D) Quantification of mitotic duration. Circles represent single cells. The number of cells and median (red line) times are indicated
from at least two independent experiments. Mann-Whitney test was used to determine the p-values indicated. **** p<0.0001; *p<0.05; ns, not
significant. (E) The mass spectrometry-identified condensin complex associated proteins co-purifying with YFP-KIF4Awt versus KIF4A,,, or KIF4A|12274
from mitotic Hela cells stably expressing YFP-KIF4A variants. (F) The binding of chromosome and B56 to KIF4A is mutually exclusive because both
binding events strictly require the basic patch.
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KIF4A and NHS
basic patch (bp) B56 LxxIXE binding
pocket

B56 acidic

Figure 5. Model of the dynamic interaction between the KIF4A basic patch (BP) and the B56 acidic patch. B56 is shown as an electrostatic surface with
KIF4A and NHS shown as cartoons. The LxxIxE sequences of KIF4A and NHS bind B56 in a single conformation in the LxxIxE binding pocket (NHS
sequence in this pocket modeled using the KIF4A structure, PDBID). As can be seen by these models (generated using COOT and PYMOL), the KIF4A
(KKKKR) and NHS (RCR) basic patches (bp, colored dark blue) are optimally positioned to interact dynamically with the B56 acidic patch (ap, red). The
dots reflect that these sequences do not adopt a single conformation, but instead retain their intrinsic disorder when bound to the acidic patch.
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