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Figure S1, related to Figure 1. Quantitative and mass spectrometry analysis of SelK diglycine C-end
degron binding to KLHDC?2. (A) The AlphaScreen-based competition assay designed for assessing the
affinity of SelK C-end degron peptides with KLHDC?2. (B) (1) Native mass spectrum of the KLHDC2-
SelK complex, which exhibits no evidence for apo KLHDC?2. (2) Mass spectrum obtained using
conditions similar to that in (1), but with in-source activation. Under these conditions, [SelK+H]" or
[SelK+Na]* are released from some of the KLHDC2-SelK complexes. (3) [SelK+H]" released from the
complex was quadrupole selected and subjected to collision-induced dissociation. This resulted in an
information-rich fragmentation spectrum, confirming the assignment of the released peptide cation.
Additional details of these experiments are discussed in the Methods section.
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human MADGNED- LR ADD- LPGPAF ESYESMDLAC PAERSGHVAV SDGRHMFVWG GYKS----NQ VRGLYDFYLP REEL----WI 70
mouse MADGNED- AR AED- LPGPAF ENYEAMELAC PAERSGHVAV SDGRHMFVWG GYKS- NQ VRGLYDFYLP REEL----WI 70
chicken MADDNED- LQ ADEELPAPAE DSFEQLENDS PAERSGHVAV TDGHCMYVWG GYKN----AQ VRGFYDFYLP RDEIl----WI 71
frog MADGNEQPLD EEEEGEDDLR EPLPVIDESV PAERSGHVAV TDGQRIFVWG GYKN----AP VRGFYDFYLP RDEI----W| 72
fish PVEEDEDGDL LDQELLTAGD DAFEP---DA PAERSGHIAV SEGIYMYVWG GYKN- TQ TAGFLDFYLP RSEIl----WK 103
sea_squirt - - - - oo oo oo oo oo MDD IK PVKRSGHVAV LWNNNMYIWG GYNE- 8- ----- DDLIE RRQFSSITWK 45
seasmail e oo oo MHYPR |PERCGHISQ CIGMNVLVCG GYQV----ND ----- SYYLS PCDI----WV 42
NSECt < s e e e e _MNVVSLNDK IHKRSGHIAV PYKNTMIVWG GYMERVLESD LEITYSVYHH TDEL----W| 55
amoeba - -MGNEASTP |PYNVOAEWR KLVSGSP- AV PAGREGOVAA SWENKLYIFG GCSSGGT--- ------- o O RADM- - T 61
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human YNMETGRWKK INTEGDVPPS MSGSCAVCVD RVLYLFGGH- ------ HSRG NTNKFYMLDS RSTDRVLQWE RID- CQGIPP 142

HSRG NTNKFYMLDS RSADRGLQWE RID-CQGIPP 142
-HARG NTNKFYMLNS RSTDKVLQWV RVE- CQGVPP 143
-HAHG NTNMFYMLNL NPRDGDLFWE KVD- CKGIPP 144
-HARG NTNQFYRLPL M- TSKGLRWE KMRRLKGLAP 175
-VFPD DQNDVNVLDL RK----MEWK SLQPT-GVPP 113

mouse YNMETGRWKK INTEGDVPPS MSGSCAVCVD RVLYLFGGH-
chicken YNMETGRWKK SKTEGDVPPS MSGSCAVCVD RVVYLFGGH-
frog YDMGNGNWQR VKTKGEIPLS MSGSCAACVD KVLYLFGGH-

fish YNTETGRWTR MIAEGDVPPS MSGSCAMCVD GVLYLFGGH-
sea_squirt YDLNQNKWSK QTTGNYKPRE RLGSCASCVN GKMIVFAGC-

sea_snail YNLELETWKL HKSRGEVPNG MSGSCSCVYD EFLYVIAGH- SYEG NVNTVHKLNL KT----LTWS KLTVL-GEAL 110
insect YNGINDSWFR ILTHGDIPPM VSGCCGLICK DRLYTFGGHL NMQENNDFGG AVNNLFCLDL LTR----KWT HLTPS-GKEP 130
amoeba FDLDSSEWKE VTTSGNAPSA RTGACAAVVD GHMFVFGG-- ----MDMERG FLDDFYCFNI AEG----TWE QVQGS- GEGP 130
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---GTFEF-D ETSFWNSS-- HPRGWNDHVH ILDTETFTWS 206
---GTFEF-D ETSFWNSS-- HPRGWNDHVH |ILDTETFAWS 206
---GTFEF-D ETSFWNSG-- LPRGWNDHVH VLDTETFTWS 207
---GTFEF-D ETSFGNAG-- LPRGWNNHVH VLNLDNFTWE 207

human SSKDKLGVWV YKNKLIFFGG YGYLPEDKVL
mouse SSKDKLGVWV YKNKLIFFGG YGYLPEDKVL
chicken SSKDKLGVWV YKNKLIFFGG YGYFPEGKQR

frog SPKDKLGVWT YKNKLVYFGG YGYYQEDTA-

fish TCKDKLGCWV YQNRLVYFGG YGYAPQGSHL ---------- ---GTFEY-D ETSFWANG-- AGRGWNNHIH VLELEALAWS 239
sea_squirt SSRNKLSCCV YYDRIIYFGG YGPSPKQHE!I ---RNGEYIA DTSVWRNY-- --RGWNNHLF AYDINTNAWI 176
sea_snail SPRDKATCWC YDNKIYVFGG FG- VPLNHY I ---GNFEFDP TLQMRDRGSL HNRGWNNQVV VFDIKDETWS 179
insect LACDKLVGWV YKEKLYFFGG FGLAPRRYY- ----PFDHVP ESEDTRWSI- ---GWNNQFV CYNIKENCWE 191
amoeba TPRDK- - - - - --SALYFFGG FGPVEAEVEM PDRDEASTNA GEDGADDEGE EDEYEDEGPA MSFNWFDDLF VYDTESKAWQ 203
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human QPITTGKAPS PRAAHACATV GNRGFVFGGR YRDARMNDLH YLNLDTWEWN E----- LIPQ G- ICPVGRSW HSLT---PVS 277
mouse QPITTGKAPS PRAAHACATV GNKGFVFGGR YRDARMNDLH YLNLDTWEWN E----- LIPQ G- VCPVGRSW HSLT---PVS 277
chicken QPITTGKTPS PRAAHACATV GNRGFVFGGR YRESRMNDLY YLNLDTWEWN E----- IMAQ G- VCPVGRSW HSLT---PIS 278
frog RPVTTGKSPS PRAAHACATV GNRGYVFGGR YRDSRMNDLY YLNFSTWEWH E----- VITQ G-GNPTGRSW HSLT---QAS 278
fish QPVTKGNPPS PRAAHACATV GNRGYVFGGR YREHRLNDLY YINMDTWEWS E- - - - - MSVS Q- QGPLGRSW HSFI---PVS 310
sea_squirt TLPNKGEAPC PRAAHTMTSV EDKAFLFGGR HKNERLNDFH QLCLKTFTWT E----- ITPS SPYQPIGRSW HSCIl---AIN 248
sea_snail NPKCKGVLPQ PRAAHATARI GDNVYLFGGR YLYDRLNDLH CLNLKTLTWS G----- ELNI SSNIPVGRSW HTLT---8VS 251
insect  WPQTKGTLPL PRAAHSADIT GHLVYVFGGR LRHIRNNELY CLNMETMKWS DNLIDQTLRT GFEVPEGRTW HSFT---FIS 268
amoeba QVQASGDIPS PRAAFGMDVV GGSIYVFGGR DTTKRQNDLY VLDTTTNTWT KPSVSGAV-- ----PAERSE HSFTSLAPAG 277
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human SDHLFLFGGF TTDKQPLSDA WTYCI|SKN-- --EWIQFNHP YTEKPRLWHT ACASD- EGEV |VFGGCANNL LVHHR-AAHS 351
mouse  SDHLFLFGGF TTEKQPLSDA WTYCISKN-- --EWIQFNHP YVEKPRLWHT ACASD- EGEV |VFGGCANNL LVHHR- AAHS 351
chicken SDHLFLFGGF TTDKQPLSDA WIYCISKN-- --EWVQFEHN YSEKPRLWHT ACASE- EGEV IVFGGCANNL LAHSK-AAHS 352
frog SDSLFLFGGF TTDKQPLSDA WIYRLSTN-- --EWIPFMNN HSEKPRLWHT ACASK-EGE! FVFGGCANNL LAHHR-AAHS 352
fish TDHIFLFGGF TTDRQTLSDA WLYCISRN-- --EWKPYKHS NTESPRLWHT ACYGP-DGEV FVFGGCANNL LSHQR-AAHS 384
sea_squirt RKTLFLFGGL DTQQNVLCDE WLYCLHNN-- --EWIKLNKP NSY- PRLWHT ACTGAYHGQV VVFGGCRSNI FADNQ- E-HC 321
sea_snail EKLLFLYGGY TQNQVPLSDA WVLDVISL-- --QWTQLNVP - INRPRLWHS ACVSQEE-DI VIFGGCASN| LDQRQMTAHT 325

insect PNQAVLYGGL SQHNAVLSDC WILNVKHGGR SVQWETLGTD WNH- PLLWHK SVCIPATGDV LIHGGLKRSL LALSTTNNHA 347
amoeba KQQLVLFGGL SSTNALLDDV HVFDIATSAW VQPTIAANDS RIN- ARRFHS AVL--HNRSL VVFGGSSNFS PDTQECLTFH 354
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human NEILIFSVQP ----- KSLVR LSLEAVICFK EMLANSWNCL PKHLLHSVNQ RFG--- SNN- TSGS-- 406
mouse NEVLIFSVQP ----- KSLVR LSLEAVICFK EMLANSWSCL PKHLLHSVNQ RFG--- SNN- TSGS-- 406
chicken NEILVFSLQP ----- RSLVR LCLEAVICFK EMLASSWNCL PKHLLHSVNQ RFG---SNN- TSGS-- 407
frog NEVLVFPVQP ----- KSLVR LCLETVILFK EMLTSSMDCL PKHLLCKLHQ RFA--- SNNN TCGS-- 408
fish NEVLIFTVQP ----- KSLVR CCVEAVLQHR ERLAGSWDHL PKHLLHRLMQ RLS---GIN- TLGS-- 439
sea_squirt DLIFFNLQP ----- KPLLR ICLEVVTLHG KKLLKK-DVL PKSLYELVSK MAG- - - EGG- 371
sea_snail DIICFRVSP ----- KSLQR LCFEAVFSMK DKTQSSWEFL PYNIRNMLND KLNISQMNNL 381
insect DLLILYFKP ----- PSLLR LALNSVCSNF KQLENHITSL PKVLQTIVRR RIVMKTTQ-- ------ 400
amoeba DTFALDLGP VLEAAPVTIP PPATAAASTS SSSSSSSSAA PSVSFISSSA STEGGAAGDA TRGKKR 420

A Amino acids which interact with the backbone of the degron
® Amino acids which interact with waters at the interface
B Amino acids which form van der waals interactions with the degron

Figure S2, related to Figure 2 and Figure 3. Sequence alignment of KLHDC2 orthologs from
different species, including human (Homo sapiens), mouse (Mus musculus), chicken (Gallus gallus),
frog (Xenopus lavis), fish (Scleropages formosus), sea squirt (Ciona Intestinalis), sea snail (Lottia
gigantea), insect (Clastoptera arizonana), and amoeba (Acanthamoeba castellanii str. Neff). The N-
terminal sequence of fish KLHDC?2 and the C-terminal sequence of sea squirt and amoeba KLHDC2
orthologs are omitted for clarity. Strictly conserved residues (100%) are colored in magenta. Highly
conserved residues (80-100%) are colored in light grey. Second structure elements including a-helices
and [-strands are indicated by cylinders and arrows, respectively.
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Figure S3, related to Figure 2 and Figure 3. Binding mode of the SelK diglycine C-end degron to
KLHDC?2 and schematic diagram of the global protein stability assay. (A) Stereo view of the KLHDC2
kelch repeat domain pocket with a SelK C-end degron bound. KLHDC?2 (gray) is shown in cartoon.
SelK C-end degron (orange) is shown in sticks together with its positive F,-F. electron density (forest
green) calculated and contoured at 3o before it was built into the complex model. (B) GST pull down
assays assessing the binding of KLHDC2 mutants with 8 aa SelK degron fused to GST. Loading
control (L), Supernatant (S, i.e. unbound), four washes (W1-W4), and elution (E) fractions were
analyzed by SDS-PAGE with Coomassie stain. Vertical lines indicate discontinuity of the lanes in
SDS-PAGE gels due to removal of molecular weight marker lanes. (C) Western blot analysis on the
expression of exogenous wild type (WT) and KLHDC2 mutants from HEK293T cells with
endogenous KLHDC2 knocked down in the GPS assay.
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Figure S4, related to Figure 4. LIGPLOT diagrams showing interactions between KLHDC2 and
SelS C-end degron and between KLHDC2 and USP1 C-end degron



