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Supplementary Figure 1

(a) Slopes and specific activities at various enzyme concentrations in the assays shown in Fig. 1d. Slopes represent the change in relative
fluorescence units (RFU) over time, and specific activity, representing slope values normalized by enzyme concentrations. (b) Amino acid
sequence alignment of the human FAM111A SPD and bovine chymotrypsin generated by Clustal Omega. Asterisks (*): identical residue;
colons (:): conserved substitution; period (.): semi-conserved substitution. Catalytic residues are indicated in red. Source data are provided as

a Source Data file.



0.8- 10 - FAM111A SPD
Myoglobin (17 kDa)
8
0.64 Ovalbumin (44 kDa) —
051 FAM111A SPD 2 6
S 0.4 y-globulin (158 kDa) §
o 41
5 S
0.21 Thyroglobulin 2 SS41(A)
(670 kDa)
00 67 kDa 04 : A, - : 5
“10 100 1000 2 4 6 8 10

Molecular weight (kDa) Sedimentation Coefficient (S)

Supplementary Figure 2

(a) Calibration curve for the standard proteins on the Superdex 200 10/300 column. Kav values of the indicated standard proteins were
plotted against their known molecular masses to generate a standard curve for molecular mass. The molecular mass of FAM111A SPD
protein was estimated to be 67 kDa based on its Kav value of 0.51. Kav is defined as the ratio of the difference between the elution
volume (Ve) and the void volume (Vo) to the difference between the total bed volume (Vt) and the void volume: Kav = (Ve - Vo)/(Vt - Vo).
(b) Analytical ultracentrifugation analysis demonstrates that purified FAM111A SPD is a dimer. The graph represents the sedimentation
coefficient distribution c(s) profile attained by sedimentation velocity (SV) data analysis. (c) Electron density map of the SPD active site. A
2mFo-dFc electron density map contoured at 10 showing density for the catalytic triad of the SPD. A serine residue at position 541 is
shown modelled (gray) along with the predicted hydrogen bond to H385. Source data are provided as a Source Data file.



a Mini-SPD
SPD

L1 L2

DA D
. sapiens 335 GKVTKNSSSIKVs%LLsRLSDSVGYLFWDSA——-—TTGYATCFVFKGLFILTCR;VIDSI 390
. musculus 332 GKMTRNSTPVKVVKHLSRVSDSVGFL NAGCATCFVFKELYILTCQHVIASI 388
. guttatus 368 GKEVNDSFPFEVMKTLAQSGDSVGYIEWRDVNLGCVQGSATCFVLHDRYILTCHHVIKMI 427
. rerio 394 DKSVQSFLEVKKVKQLTGLSGSVCQIRVEG--—----— SAKGTGFLLFDRFILTNAHVIGEF 447
* .

e LukE g . Louk ks ThEkK KKK

(SR i<+

Mini-SPD

SPD 4 ) L B

A

Q v
. sapiens 391 VGDGIEPSKWATIIGQCVRVTFGYEELKDKETNYFFVEPWF-———--— EIHNEELDYAVL 443
. musculus 389 VGEGIDSSEWANIISQCVKVTFDYEELLPTGDKFFMVKPWF- EISDKHLDYAVL 441
. guttatus 428 VGEGIEVKDWGDRIKQSARVTFSYVKQHPT-ENWFSLENWF-————-- EIADVDLDFAVL 479

. rerio 448 —————-- DPFSRKLSKTFTAVFGYEDLEAKETKSVSIKQDVAAYYHGKFSMDRHLDFALL 500
. P * : . kkgk gk

o™ Em

Mini-SPD

L5 L6 L7
SPD B> .10 Sl G- —y
. sapiens 444 KLKENGQQ--VPMELY-NGITPVPLSGLIHIIGHPYGEKKQIDACAVIPQGQRAKKCQER 500
. musculus 442 ELKENGQE--VPAGLY-HRIRPVPHSGLIYIIGHPEGEKKSIDCCTVVPQSSRRKKCQEN 498
. guttatus 480 KLEENESKIHPPPGLL-QLHFPSPPNGPIFIIGHPNGGIKSTNICLVVSIFDRSNEFNDH 538
. rerio 501 ELDDTDEVADCPRLLNCYIHGPPPNRGGICIVGHPDGGVKKMDPCFIIEKEHLQEAANEH 560

sk, . * ok * ok k ok kgkkk Kk, 3 Kk g3

OwRm

Mini-SPD

SPD B = o ¢om Y )y

. sapiens 501 VQSK------- KA————ESPEYVHMYTQRSFQKI—VHNPDVITYDTEFFFGA;GSPVFDS 548
. musculus 499 FQAR-------— EEAGFCFSTSFIHMYTQRSFQEM-LHNSDVVTYDTSFFGGSSGSPVFDS 550
. guttatus 539 LHKRQNTECSNFVCGYSQKKRCIHMFNPKDFEED-VSNPNVVTYNTCFFEGSSGSPVFNK 597
. rerio 561 VLEKN--==—==———————e IEFIQVITQQSLAEKWEMHDNQIIYNSCFFHGSSGSPVFDE 605

T oKkgg Kk kgkkkkkkg

OwEm

Mini-SPD
SPD

L11 L12

P

. sapiens 549 KGSLVAMHAAGFAY%YQNE—TRSIIEFGSTMESILLDIKQ—RHKPWYEEVFVNQQDVE—— 604

. musculus 551 NGSLVAMHAAGITCTYQAG-VSNIIEFGSIMESIDDHMKQDKYKEWYNTISGNVQONVE-- 607

. guttatus 598 NGELVALHAAGFAYKMGNK-DCSIIECGYSIHSIILKIKS-KFKSWYDAIIGPDARED-- 653

. rerio 606 DCYLIGMHTGGYVYKGENGKTRSILEYCYSMQPILESIGTQAKKNGRSDILKLLSENGCL 665
* : * .

Frosks .k, JHek

0w I

Mini-SPD
SPD
. sapiens 605 ---MM----SDEDL-=——==————— 611

. musculus 608 ---ML SIDF 613 @ Residues mutated in this study
. guttatus 654 ---SS----HVDALLHETEEEMDCS 671 v Active site residues
. rerio 666 NLNMDDNDVEMEDLQDKGDHQ---- 686

O™ Em

al Bl L1 L11 p10 L12 B
——————— NINININ ) — —— ) — ) -
340 350 360 550 560 570
WT: GKVTKNSSSIKVVKLLVRLSDSVGYLFWDSAT WT: DSKGSLVAMHAAGFAYTYQNETRSIIEFGSTM
V347D: GKVTKNSSSIKVDKLLVRLSDSVGYLFWDSAT T563P: DSKGSLVAMHAAGFAYPYQNETRSIIEFGSTM
V351D: GKVTKNSSSIKVVKLLDRLSDSVGYLFWDSAT
V347D/V351D: GKVTKNSSSIKVDKLLDRLSDSVGYLFWDSAT T563
Mini-SPD: ————————— KVDKLLVRLSDSVGYLFWDSAT

O
V347 V351

Supplementary Figure 3

(a) Multiple sequence alignment (MSA) with Homo sapiens FAM111A, Mus musculus FAM111A, Patherophis guttatus FAM111A, and Danio
rerio FAM111A-like SPDs were generated using Clustal Omega. Alignment consensus symbols from Clustal Omega are indicated. Asterisks
(*): identical residue; colons (:): conserved substitution; period (.): semi-conserved substitution. The gray lines indicate the region included in
the constructs of H. sapiens FAM111A SPD, and secondary structures determined in this study are annotated in blue. Purple lines indicate
the region included in the mini-SPD construct. In both SPD (gray) and mini-SPD (purple), the thick and thin lines indicate the regions
observed and not observed in the structures, respectively. Conserved catalytic triad residues are marked in red arrowheads. Orange dots
indicate residues mutated in this study. (b) A sequence alignment of the a1 helices and 310 strand in various SPD proteins. The positions of
V347, V351, and T563 are highlighted in gray, and introduced mutations are indicated in red.



SPD (S541A) Strep-FL
[a)] <
3 b
T o 2 E @
2o oo gd g od g
g8 S5 5 ¢ 552
KDa) =~ (D) © ¢ 2 = S S 2 (kpa)
230, 230+
1501 150 ~ -250
110 110- ~ -150
80- 80- =~ -110
- -75
oL w
50- w -50
30- & -
25- - 30- -— ———_ 37
25- - -25
15- -
10- 15 -20
10_ _10
b
Strep-FAM111A FL S541A
Rep. #2 Rep. #3
50nM .
25nM §- i
125nM :
10nM : i

Supplementary Figure 4

(a) Purified recombinant proteins with various mutations analyzed by SDS-PAGE. The gel was stained with Coomassie Brilliant Blue.
Positions of molecular weight marker proteins are indicated. (b) Mass distribution for Strep-FAM111A S541A obtained by mass photome-
try. Measurements were taken at indicated concentrations in three technical replicates (Rep. #1-3). Source data are provided as a Source
Data file.
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Supplementary Figure 5
(a) Size-exclusion chromatogram of high concentration monomeric mutants on Superdex 200 Increase 10/300 GL. Absorbance at 280

nm (A280) is shown. Concentrations of injected proteins are shown in the legends. Elution volumes for SEC standard proteins are
indicated with arrows on top. Expected theoretical elution volumes for an SPD monomer (31.5 kDa, indicated with a letter M) and an
SPD dimer (63.0 kDa, indicated with a letter D) are shown with dotted lines. (b) Electron density map of helix a1 of mini-SPD. A
2mFo-dFc electron density map contoured at 10 shows density for helix a1 backbone and most sidechains are visible. (c) Thermal
stability of purified SPD and monomeric mutant proteins. The melting temperatures (Tm) of the indicated proteins were measured by
thermal shift assays. Top: a graph showing the Tm values of individual measurements (line: mean). Significance of differences between
mutants and WT was determined by two-tailed unpaired t-test. Bottom: Mean + error of four replicates. Error is the higher value of the
Instrument Limit of Error (ILE)=0.2°C and s.d. (d) Size-exclusion chromatogram of the Y414A and K348A mutants. Absorbance at 280
nm (A280) is shown. Elution volumes for SEC standard proteins are indicated with arrows on top. Expected theoretical elution volumes
for an SPD monomer (31.5 kDa, indicated with a letter M) and an SPD dimer (63.0 kDa, indicated with a letter D) are shown with dotted

lines. Source data are provided as a Source Data file.
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Supplementary Figure 6

(a) SDS-PAGE analysis of purified recombinant SPD proteins. The gel was stained with Coomassie Brilliant Blue. Positions of molecular
weight marker proteins are indicated. (b) Size-exclusion chromatogram of the SPD R569H and D528G mutants. Absorbance at 280 nm
(A280) is shown. Elution volumes for SEC standard proteins are indicated with arrows on top. Expected theoretical elution volumes for an
SPD monomer (31.5 kDa, indicated with a letter M) and an SPD dimer (63.0 kDa, indicated with a letter D) are shown with dotted lines. (c)
Intermolecular self-interactions of FAM111A (WT, V347D, or V351D) assessed by co-immunoprecipitation. FAM111A proteins with either a
Flag or an HA tag were coexpressed in 293T cells. Inputs (top) and anti-Flag precipitation samples (bottom) are analyzed by Western
blotting (WB) using indicated antibodies. (d,e) FAM111A autocleavage. FAM111A proteins with indicated combinations of mutations were
transiently expressed in 293T cells (which lacks endogenous FAM111A expression) and examined by Western blotting. Long (top) and short
(middle) exposures of anti-FAM111A blots are shown. 3-actin (bottom) is shown as a loading control. The positions of full-length and
autocleavage bands are indicated by black arrowheads. *Nonspecific degradation bands. Source data are provided as a Source Data file.
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Supplementary Figure 7
(a,b) Immunofluorescence microscope images of FAM111A foci on chromatin. The indicated FAM111A proteins were stably expressed
exogenously (exo) by lentiviral vectors in FAM111A KO HAP1 cells. Cells were pre-extracted with 0.5% TX-100 before fixation with

methanol:acetone (3:1) and costaining with DAPI (blue) and anti-FAM111A antibody (green, pseudo-colored from orange). Ve: empty
vector. Images are single z slices. Scale bar, 5 um.



FAM111A Chymotrypsin

P1 residue: (20FS\I>|A)1 ;lﬁvi y Rate FI?ia;ive fo (f;“:)r;\‘ﬂ‘;tmis\'/ﬂy Rate §1e|_aFtive to
R 1913 0
Vv 0.0 £0.2 0
F 3990 +30 1 5700 +500 1
Y 2.640.5 6.5x 10 90 £10 1.6 x 1072
W 10.2 £0.9 2.6 x 10° 190 £30 3.3 x 102

Supplementary Table 1. Protease Specificity for the P1 Residue. Chymotrypsin or FAM111A
were incubated with AMC-peptide substrates with the indicated residue in the P1 position and
protease activity was monitored as an increase in AMC fluorescence. The rate from reactions
containing catalytically inactive (S541A) SPD were used to correct for background in FAM111A
assays, and buffer-only reactions were used to correct for background for reactions containing
chymotrypsin. Substrate specificity defined as the rate relative to phenylalanine are shown. N=4,
error bars £s.d. Experiments were repeated twice and similar results were obtained.



Supplementary Table 2. X-ray crystallographic data collection and refinement statistics

Structure SPD S541A Mini SPD
PDB Entry ID: 8S9K 8S9L
Data collection
Space group P 212124 P 212124
Cell dimensions
a, b, c(A) 74.81, 83.76, 68.46,70.03,128.02
191.12
a By (°) 90, 90, 90 90, 90, 90
Resolution (A) 50-2.7 (2.8-2.7) 70-1.85 (1.92-1.85)
Rsym or Rmerge 0.026 (1 37) 0.061 (1 79)
I/cl 8.3(1.4) 32.2 (1.3)
Completeness (%) 99.8 (100) 99.8 (100)
Redundancy 6.8 (7.1) 6.6 (6.9)
Refinement
Resolution (A) 50-2.7 50-1.85
No. reflections 32707 53161
Rwork / Rfree 01 96/ 0249 0218/0252
No. atoms
Protein 8279 3799
Ligand/ion 6 5
Water 21 a0
B-factors (A?)
Protein 65.2 67.8
Ligand/ion 60.9 134
Water 50.8 56.4
R.m.s. deviations
Bond lengths (A) 0.002 0.012
Bond angles (°) 0.52 1.10

*Values in parentheses are for the highest-resolution shell (10% of reflections).



