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Figure EV1. Sequence alignments of the Hrr25 central domain and the Hrr25-binding region of Mam1.

A Sequence alignment of the Hrr25 central domain from the Saccharomycotina fungi (green branches in Fig 1B).
B Sequence alignment of the Mam1-Hrr25-binding region from the same set of Saccharomycotina fungi. Shown in yellow are conserved zinc-coordinating cysteine and
histidine residues (see Fig 4). Green and magenta arrows mark residues involved in Hrr25 interfaces #1 and #2, respectively (see Fig 5).

EV1

The EMBO Journal

S. cerevisiae Hrr25 1 494
290 3‘00 \ 3‘30 3‘40 \ 350 , 3‘60 , 3‘70 3‘80 \ 390
IVEKQR- - -DLL -21- KS- ETBNK | KILIBAMK KIBP T H Y- KNEDKHNBISP E KQ@T | LNNNAASSLPEELLNALDKGMENLR
IVEKQK- - -DVL -30- KN- DSIENKVEILIBAMK KA S H C- KNDDKHYR®ITPE KQ@TVQNNNAAASLPPELLSAIDKGMENLK
IVEKQR---DLL -33- KN- DSIENKVEILIBAMK KIBAT H C- KNEDKHHBISP D, KQ@IS IQNSNAAASLPEELLNAIDRGMENLK
IVEKQR- - - DLL -43- KS- DSIENKVKILIBAMKKIBAT H| C- KNEDKHHRITP E KQ@IS IQNSNAAALLPEELLSANDKGMESLK
VEKQR- - -DLL -18- KT- DQIENK | KVIBAMK KBS T H| Y- KNDDKHNRITP E KQ@IS | ENNEAASTLPQELLKANDKGMET LK
VEKQR- - - NLL -15- KN- DQENK | KL BAMK KBS T H| Y- KNEDKHNRITP E KQ@IS IQNNNAALSLPPELLQAIDKGLDALK
| EKQR---ALG -13- KT- ESENRV AMKKIBSTH C- KPEDKHHRBISP E KQ@TAQNNNAASSIPQDLLSANDKDMDS LK
\VEKQR---DLI -11- KN- EQENK | KILIBAMK KBS T H| F- NSNDQKNBTPE KQ@IS | LMSNVTVSLPTKLMNSIDKSMELLK
VEKQK- - -DLL -17- KNP ESIENK | KILIBT MR KJBA N H| C- NNNDSHFRITVE KL@IS | SMNNAASSLPSELLAANDKSMENLR
VEKQQ- - - - - - -52- KN- DSIENK VKT BAMK NEP T H YLIENDSYYRSPD, KK@ITVANNNAVVE- DSSLLKAINGKGMER LK
ALIEKQNQNLNLL -08- KN- EQENK | KIQT MK KIS S H Y- KLESKNIBISPE KQ@T | ENNNI IPTLPQEILSIHADKNMDT LK
AMIDKQS---QAA -22- KN- ASIEMK VKK BAMMKEP S H| - KPTDTHHBSPE KH@TVQNTQIVSTIPDEVLSENDKNMEALK
AMIDKQS---QSS -25- KN- ASIEMK VKK EAMMKEP S H| - KPNDTHHBINP E KH@TVQNTQIVST IPDEVLSENDKNMEALK
AM 1 DKQG- - - GAQ -10- KQ- DSIFDKV AMKKIBSTH - KPDDT SHBITAEDMKQ@T | LMTQV I STIPDEVMNAINDRNMEQ LK
RIMLQKQS--- EML -59- TAILSBEN | KRIBTMKKHS SN Y- ILGETHNBISPN KS@TTFNMSNLECRIPNEITQYMDMELERAR
TLVMAEER------ -31- RHFTMIERN | AT LKKIEP NS FY- IPGDTHNBIFTD| LAQIT VK ENLVTIYPERVLLA.DQGIAKMR
ol o2 o3 loop [o2 ob
87 191
S. cerevisiae Mam1 1[____ [N ]302
Interface #1 _ - - -------~ Interface #2 TTee--o
-7 £y , : 110 , 120 , \m* 140 , *r‘su¢‘ *‘60 4L 170 , 180 , 7‘90'
EATE- - CLTRSNEBKK EKIFDRELNDI- ACDHCLC---- STENRRDIKYS- - LWF.ELIMSEVVNWVNEV LSCMNKYVMSAIDESM- - KMENILLKE- - ------- Q--- EKHYEYFPIGQL- - - - - - LIPN
rrrrrr PETKNNBK L KSITFELBNKNF- ECPHYLC----SLDNMAQIRHS- - RITWF E MTY--DG-YF- NSCMFTRVMRNI LPVWM- - PNTSCLSLN---------KTAFDSRVQLMPLNHI------11ISN
rrrrrr P---RNETV KEITLNNBSNNI- SCGHSLC---- SGDHRHQVQ- L- - RILWLFIRDGI IA--DG-HS- SLCMYDQVMKRVDPNMIMHI EP I SSEK---------1---PQGYEDFPIQQLSIPTIEI---
rrrrrr PLT GGNEBKQ NEIAELEBNVLF-PCEHFLC----GLENRSQLKSL--RILWL| ELEMSP- - DNGTT- NTCMRDHVMEAVCSPWM- - KVQNC- IQQ---------1---PQDFEPFPLQQLIIPEIEL---
TKYP-- ILTKQNJBR L KEIFKFBT SAN- KCPHFFC----TIENMKLVDVS- - RILWF ELEMS |- -NG- EI- NSWMHDQVMRK I LKLW- - PQSNCLNET- - - - - - - - - I---PGGYQPLPLQQI- ILP---1PI
TSHY- - LENKMNJBK L KEIFKLEBTRPM-PYPDNLC---- SMENMKDLK I S- - RILWF ELEMIL-- EQ-KI- NSWHMINSE IMQK IDDDW- - PSTNCLDE |- - - - - - - - - P---SEGYETFPLNQVY IRH--- IP-
PSRSSHNLTQYA IDQ] YRICEKEMEVG- VCGHPFC- - -- HALRAVKLPLNEFRINLL EFEMIPPQSELELR DTCMAAKVMGSLLPDWM- - RLK- SGIDP- - - - - - - - oo EDNSQDFMLSQLFIGMPSEKAI
KGHNGDSLSR | KMR E| STILSLEBESAF-QCQHGIC----DQMKYPYLDSM- - RTWF DMEMT | - - DG- T I - NSCHMQQYVMNK LDMMWM- - PKCNTLYDA- - - - - - - - - V---PVGSEDFPIEQLFIREIKLDP-
DDRWLSTLSEENMBLS REISQLEGMQF- NCDHEFCHNLDSTLKKSDLNIGNFRVWF DLEMTA--DG- LI- NACMQKF IMMNKVD I AM- - TKSNILKNTNSSKQLPCIQ---SDSLEFFPLEQISLRNIE- IDL
rrrrrr PENKRTBKQ TQI FQLET SKF- DCSHFLC---- SKANMETIEFS- - RILWF ELEMSY--DG-K |- NDCMIYNKVMFT LDNHW- - EQSNCLALE---------H---NKGYPIIPLAQL------LIP-
DRSGGSRLTKDAMV E| LLIREFEVQQFAECKHAFC----QQG- LGIDNLCQCHTNEF ELEFFEGRDK I EAG RQCMICKR IMTAIDS SWIHVSPA- - -DDS- - - - - -------- AEQWEGLE- -WELLP-------
KK--QEVETSLKWMEE] DNFKDLEBRRLSIQNRDYFI----KDAHYSDEDLTKCHRITNF ELECLPNLSWSQKG] TASMIPSVMOKLDPNMY FSQAFSIDDF------------- TNLPESVKPFY I LNP-MNE- - -
EIKQ- - VLETKGNEKK EENFAKEBLTNI- SCHHCLC---- SVKNRKNIKHS- - RILWF ELEMSE- - DW- NE- LDCMNKYVMISAIDESM- - MMENI LLKK- - ------- Q---EKHYEYFPIQQL------ LIPH
GVRT- - KLTKSSEBKK KEVFDKEBLNNI- ACHHGLC- - -- STKNRKDIKYS- - RILWF ELEMSE- - DW- KE- LSCMNKYVMISAIDESM- - KMENILLKE- - - ----- - Q---EKCYEYFPIQQL----- - LIPA
------ PLTEHNBNLVEBINKMVELEBNDLF- RCNFPLH----YSDNKCHLNSI- - LWL EMEMLC- - DN- SR- DTCMRENVMEAVCPQW- - KIKSCLVQE- - - - - - - - - L- -PHGFEPFPLEQLSIPDIQV- - -
DKCA- - ALVQSNBK V| KQISVREIAPA-TCSHYFC---- SHENQKTVDFS- - LWF ELEMTN- - DA-K |- NDCMHERVMKAIDETWM- - TKSNTLLQK- - - - - - - - - V---PEGSNAMPLSHL- LLPNAVLPV
PSPTP--LSQHTBEQVERIFVLCEKEBMETM- PCSHPFC---- EKLRAVKLTLPEFRINLL) DFEMIPKQFESEMYV NGCMRQQVMRGLWPDWM- - KLSLNGEEK- - - - - - - - - -~ -~ SENYQDFPLRQLFIGESSPGKL
DEPSKDGLTKEKW@DL EQI IQLEBTTVF-NCDHFIC----SFENIESIYIP--RLWF ELEMCQ- - EKNSVK NSCMHNKVMENIVPNWM- - QASNTLGQP- - - - - - - - - L---TEGYEPFDIQTIVLPK--LFSQ
DCSGSSRLTKDAMV E| LLIREFEVQQFAECKHAFC----QQG- LGIDNLCQCHTNIF ELEFFEGRDK I EAG] RQCMICKR IMTAIDS SWHV SPM- - - DDS- - - - - - - - - - - - - TEEWEGLE--WELLP-------
KSQGQECKTASSHEGN STLKDFETKLCIQNRDCFI----KDAHYSDDNLTQCHINL| ELESLPNLSWAQKG] TAKMIPSVMIQSLDPDMY LNPAFSIDDF------------- SNLPEEAKLYNVLSPLLEE- - -
ol o2 o3 o loop ob

© 2016 The Authors



Qiaozhen Ye et al  Structure and function of Hrr25:Maml The EMBO Journal

A Cg Hrr25 ADP (SOyY) Cg Hrr25 ADP (formate) Cg Hrr25 Apo (SOy7)

Cg Hrr25:
@ ADP + S0,
(O ADP + formate

Figure EV2. PO, binding sites in Hrr25.

A Aligned structures of Candida glabrata Hrr25" % crystallized without nucleotide (Apo, left), or in the presence of ADP in crystallization buffer with formate (center) or
sulfate (SO, right). PO, /SO, ions bound to sites 1 and 2 are shown as spheres. In the ADP (formate) structure, there is no ion bound to site 2, but a formate ion
(CHOO™) is observed at site 1.

B Close-up view of PO, binding sites S1 and S2 in C. glabrata Hrr25 (blue), overlaid with the formate-bound structure (white).

C View of the C. glabrata Hrr25 active site and SO, at S1, with modeled substrate peptide from a Cdk2:cyclin A:peptide complex (PDB ID 1GY3) (Cook et al, 2002).
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A S0, ion binding in site #1

2Fo-Fc composite SA omit map:

B Disorder in central domain loops C Dlmethyl Iysme packlng |n Hrr25:Mam1
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Figure EV3. Representative electron density maps.

A Stereo view of a 2F,—F, simulated-annealing composite all-omit map from the Candida glabrata Hrr25* “°*.ADP complex (2.0 A resolution), showing the sulfate ion
bound to site #1.

B Refined 2F,—F. electron density for the a1—a3 segment (a2 is disordered in this structure) Hrr25 central domain in the C. glabrata Hrr25*“%3.ADP complex (2.0 A
resolution).

C Example crystal packing interaction mediated by dimethylated surface lysine residues in the structures of S. cerevisiae Hrr25*** K38R:Mam1® ", Here,
dimethylated Hrr25 Lys155 (foreground; blue) forms a hydrophobic packing interaction with a symmetry-related Mam1 Trp144 (background; orange). Refined 2F,—F,
electron density is shown at 1.5 o.
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Figure EV4. Conservation of N-lobe hydrophobic surface in CK1-family kinases.
A-F Views of the kinase domain N-lobes of Hrr25 (A, B), human CK13 in PDB 4R (C, D) (Zeringo et al, 2013), and human CK18 in PDB 1CKI (E, F) (Longenecker et al,

1996). Upper panels show kinase domain (blue) with conserved hydrophobic surface residues in stick view and bound a-helix from Mam1 (A) or a symmetry-related

copy of CK14 (C, E) in orange. Lower panels are missing bound partner for clarity, with conserved hydrophobic surface residues labeled.
G Sequence alignment of the Hrr25 N-lobe with all human CK1-family kinases. At bottom is shown the conservation score (1-10, “+” indicates a score of 10)

calculated by Jalview from an alignment of the entire human kinome (downloaded from http://kinase.com) plus Hrr25. Hydrophobic surface residues are shown

with green arrows; most of these residues are highly conserved within CK1-family kinases but poorly conserved in kinases as a whole.
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Figure EV5. N-lobe B-factors for Hrr25 and
Hrr25:Mam1 structures.

Residue-by-residue plot of main-chain B-factors from
four structures of Hrr25 and three crystallographically
unique views of Hrr25:Mam1. Values are normalized
as in Fig 6D, with the average B-factor for the entire
Hrr25 chain adjusted to 1.0. Values calculated with
BAVERAGE (Winn et al, 2011). GxGxxG indicates the
glycine-rich loop (residues 16-21 in both
Saccharomyces cerevisiae and Candida glabrata Hrr25)
that drapes over a bound nucleotide. This motif is well
ordered in all three views of Hrr25:MamZ1, but only one
of the four structures of Hrr25. Because the GXGxxG
motif was disordered in three of four Hrr25-alone
structures and was therefore not included in the
analysis in Fig 6D, that analysis likely under-
estimates the stabilizing effect of Mam1 on Hrr25
structure.
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Figure EV6. Purification of Hrr25 and Hrr25:Mam1 for ATPase assays and modeling of Mam1 Arg131 interaction with nucleotide and CK1-7.

A
B

SDS-PAGE analysis of purified Saccharomyces cerevisiae Hrr25>°* and Hrr25***:Mam1®*°* complexes used for ATPase assays.
Ni** affinity pull-down of co-expressed Hisg-Hrr25" ** K38R:Mam1®” *** complexes with mutations to Mam1 in interfaces #1 or #2. Except for R131A, all mutations

result in a loss of co-purification of Mam1, indicating a loss of binding, and a significant reduction in the level of soluble Hrr25*°* K38R.

Close-up views of the Hrr25 active site in the structure of S. cerevisiae Hrr25* ***:Mam1®”**', Mam1 R131 extends toward the ATP-binding pocket, and while it would

not clash with a bound nucleotide (center panel), it would clash with the aminoethy! group of bound CK1-7 (right panels).
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