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Figure S1. Knockdown of UFL1 or UBAS5 blocks autophagic activity. (A-D) Control
(siNC) and UBAS5- or UFL1-knockdown (siUBA5#1 or siUFLI1#1) MCF-7 cells were
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treated with Baf A1 (200 nM for 4 h) (A-B) or CQ (50 uM for 12 h) (C-D). Cell lysates
were immunoblotted for the indicated proteins. Mean = SD, n = 3 biological replicates,
two-way ANOVA with Tukey’s multiple comparisons post hoc test. *: P <0.05, **: P <
0.01. (E-H) Control (siNC) and UBAS5- (E, G) or UFLI- (F, H) knockdown (siUBA5#2 or
siUFL1#2) HeLa or MCF-7 cells were treated with Baf A1 (200 nM for 6 h) and cell
lysates were immunoblotted for LC3, UBAS, or UFL1. The relative protein levels of
LC3II were normalized to GAPDH and quantified. Mean + SD, n = 3 biological
replicates, two-way ANOVA with Tukey’s multiple comparisons post hoc test. *: P <
0.05. (I-J) Control (siNC) and UBAS5- (I) or UFLI- (J) knockdown (siUBA5#2 or
siUFL1#2) HeLa cells were treated with Baf A1 (200 nM) for 6 h and cell lysates were
immunoblotted for the indicated proteins. The relative protein levels of LC3II were
normalized to GAPDH and quantified. Mean = SD, n = 3 biological replicates, two-way
ANOVA with Tukey’s multiple comparisons post hoc test, *: P < 0.05. (K-L)
Immunoblotting of cell lysates obtained from Figure 1E and 1F. GAPDH was used as the

loading control.
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Figure S2. MS/MS spectrum of the p62 tryptic peptide containing the UFMylation

site. The peptide sequence, MH", charge state (z), and Amass (ppm) were provided. K*:
VG modified lysine.
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Figure S3. Endogenous p62 in the mouse cortex is UFMylated. (A-B) Cortexes from

8, 28, or 36-week-old mice were dissected and lysed. The endogenous p62 was

immunoprecipitated with IgG or anti-p62 antibodies. Lysates and immunoprecipitates

were immunoblotted with the indicated antibodies (A) and the relative p62 UFMylation

level was quantified (B). Mean + SD, n = 3 biological replicates, one-way ANOVA with

Tukey’s multiple comparisons post hoc test, *: P < 0.05, **: P <0.01, ns: not significant.

4



PBS CQ (50 pM, 12 h) e e .
o _ M % 1.6
g **k * - % A
ety & oF @‘l@%@ 36 ™ .
N I I FaN IV 3 F z 2 i
RN R g = e
0.8
SFTIT I LTI 5, \ S o >
- - —— L3l g 5 04
15— ana ——— ||~ §2 T o2
o 0.0
70— ——— 3 ¢ & & ¢ & &
— ————— o O S S O S S S
= FLAG 2 095 F L O Q& T o & & r S
L0 ¢ I xS & TI I LI G P
P & TR & g N Y & S RNLT S R
35— GrREH & AT AL PO S’
X Ty S FAFQ Q NV k) A
kS e S XS o V< o <<
HelLa <& < N <
PBS  CQ (50 uM, 12 h) PBS  CQ (50 UM, 12 h)
B
Baf A1
DMSO (200 nM, 4 h) o 1
3 12 2
o o T * A 2
& Hfe F Fahe g = i
0N &V g NG S g € o8
RSl ey 3 3. :
0.6
Qo Q\YQ\/ Q\’ ((\, QO Q\y&\y}(\« Q\Y‘ § 3 : o
Lcal 8. 5.,
15— . s e | | C3 S e
% e a S & ¢ &
= Ko (] S o8 o8 O QS S 4F
70 ‘ —_———— —--—‘ FLAG s © Q5 A O QS ((\,VGQQ’{\S'L {qi“l’ b:{ ¢ O,Qb}‘-:‘q’ {{1:“‘% T
IR et e NS RN TS SR
N T B AN T P F A SRS R A
35 _’ —— ‘ GAPDH s iv“ci RIS (E\% T § FF S (T <
<& <& < R
MCF-7
DMSO Baf A1 (200 nM, 4 h) DMSO  BafA1 (200 nM, 4 h)
C
PBS CQ (50 uM, 12 h) 14
1*_‘: g 1.2 2
< B o
v NS & & 3 - 2
N P & P & 35 <
N b e g s .
TR R R R QAR R R 3 Q2 R S £ 08 v
RS ANty : =
Qo QY Q\y}(\z QC: ARARARRE § 3 G os
< L 04
92 =
eloo——.22za-lig }
ik “ 0o
70—‘ - ‘FLAG g0 0 ¥ F o O ¥ F o
L 4.4 b 44 N R T ST S
S LSS NTP BANTE & A
35_‘ . o -‘ GAPDH ‘_;\Q\Yoﬁboﬁb R @QVVOQ@OQ@ R & < v(" [N R < v“ o
PEVAL ALY & < < & < <
MCF-7 < g
PBS  CQ (50 uM, 12 h) PBS CQ (50 M, 12 h)
D E BafA1 F
DMSO DMSO Baf A1 (200 nM, 6 h)
(200 nM, 6 h) }
© o
N < < o o
o &F K 0 oK 0 oF S0 o F oo e &
N N Tk X FoeS e PTAL B K o
S L L KN @T KT & XV & KTV A
& & N AV AR LY N QKA @ WKV A5 W
OV S O G E NS G G P
70- (R ] o2 e PN g N ST E P K
70—
o D) oo e 88 - BBBBERES o
_ m‘ GAPDH
Hela 35 ’ - ————— o GAPDH
Hela-shp62#1 35—

Hela-shp62#1

Figure S4. UFMylation-deficient p62 mutant abolishes the effect of p62 on LC3. (A-

C) HeLa or MCF-7 cells were transfected with pcDNA3.1-FLAG, FLAG-p62, FLAG-

p62K420R FLAG-p62K%4*°R or FLAG-p62%%R plasmid for 48 h and then treated with CQ

(50 uM for 12 h) (A), Baf A1 (200 nM for 4 h) (B), and CQ (50 uM for 12 h) (C). Left



panels: Immunoblotting analysis of cell lysates. Middle panels: Quantification of
immunoblotting results from three biological replicates. Right panels: qPCR analysis of
LC3 mRNA. The relative protein levels of LC31I were normalized to GAPDH and
quantified. Immunoblotting data were presented as mean = SD (n = 3 biological
replicates) and qPCR data were obtained from four technical replicates. Similar results
were obtained from two biological replicates of qPCR experiments. Two-way ANOVA
with Tukey’s multiple comparisons post hoc test, *: P <0.05, **: P <0.01, ***: P<
0.001, ****: P <0.0001. (D) Verification of p62 knockdown efficiency in HeLa cells.

(E-F) Cell lysates from Figure 41 and 5J were subjected to immunoblotting analysis.



GFP-p62 + + + His¢-Ub + + + Hisg-Ub + + +
FLAG-p62 — + + FLAG-p62 — + + FLAG-p62 - + +
Hise-UFM1 — — + Hise-UFM1 — — + HiseUFM1 — — +
100— 180—| = 70—
0 EGFP(W) 130 55| WS FLAG (p62)
a| 70— Ub
_| 180—
AE LT
70— 2 we 100—
_ & | 55— Ub
100— e 10—
5 GFP (p62) - UFM1 ol R
2 70— F 35— b |
S | FLAG (p62)
LC3l 10—
HEK293T-sgUFSP2 15— o3|
HEK293T-sgUFSP2 35—
HEK293T-sgUFSP2

Figure S5. UFM1 does not affect the p62 oligomerization and the interaction
between p62 and ubiquitinated proteins. (A) UFM1 does not affect p62
oligomerization. HEK293T-sgUFSP?2 cells were transfected with GFP-p62, FLAG-p62,
and/or Hise-UFM1 plasmids for 48 h. p62 was purified with anti-FLAG affinity gel and
eluted with FLAG peptide (200 ng/mL). The cell lysates and affinity-purified samples
were immunoblotted. (B) UFM1 does not influence the association of p62 with
ubiquitinated proteins. HEK293T-sgUFSP2 cells were transfected with Hise-Ub, FLAG-
p62, and Hise-UFM1 plasmids for 36 h, and treated with MG132 (10 uM) for 12 h. Then,
p62 was purified with anti-FLAG affinity gel and eluted with FLAG peptide (200

pg/mL). The cell lysates and affinity-purified samples were immunoblotted.
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Figure S6. The UFMylation of p62 promotes the colocalization of mHtt60Q with
LC3 puncta. (A-B) The p62-knockdown HeLa cells were transfected with V101-FLAG,
p62-FLAG, p62**R-FLAG, or p62**R-UFM14¢“.FLAG, and GFP-Htt60Q plasmids for 42
h, treated with Baf A1 (200 nM) for 6 h, and then stained with FLAG, LC3, and DAPI.
Representative confocal images (A) and colocalization analysis of GFP-Htt60Q with LC3
(B). Scale bar, 10 um. (C) The Pearson’s correlation coefficient for the colocalization of
GFP-Htt60Q and LC3. Mean + SD (n = 3 biological replicates with 10 cells), one-way
ANOVA with Tukey’s multiple comparisons post hoc test, ****: P <(0.0001, ns: not

significant.
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Figure S7. The UFMylation of p62 is not required for substrate interaction but
essential for the degradation of neurodegeneration-associated proteins. (A) The
UFMylation of p62 does not affect its binding to mHTT. HEK293T cells were transfected
with V101-FLAG, p62-FLAG, p62?*R-FLAG, or p62?*R-UFM14““-FLAG, and GFP-
Htt60Q plasmids for 42 h, treated with Baf A1 (200 nM) for 6 h, and then p62 was
purified with anti-FLAG affinity gel and eluted with FLAG peptide (200 pg/mL). The
cell lysates and affinity-purified samples were immunoblotted. (B-D) The UFMylation of
p62 promotes the degradation of neurodegeneration-associated proteins. The p62-
knockdown HeLa cells were transfected with V101-FLAG, p62-FLAG, p62**R-FLAG, or
p62**R_UFM14““.FLAG, and GFP-Tau™ !t (B), RFP-SOD %*® (C), or RFP-SOD19%34

(D) plasmids for 48 h. Then the cell lysates were subjected to immunoblotting analysis.
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Figure S8. p62 UFMylation is decreased in the cortex of B6-hHTT130-N. The cortex

of WT or B6-hHTT130-N mice was lysed and endogenous p62 was immunoprecipitated

with IgG or anti-p62 antibodies for immunoblotting analysis.

10



O e &
$<\’v 0 4 &
N © " Ko
> & & &8
SRR G
SRR
19~ | A
35_-.-. GAPDH
HEK293T

IP: FLAG

Input

S

5 & &

R 4

R 3

70 - - -G
70— - FLAG
10— UFM1
35_|—“|GAPDH

HEK293T-sgUFSP2

Figure S9. Expression and UFMylation of murine p62 and its mutants. (A) The

expression of murine wild-type FLAG-mp62, UFMylation-deficient mutant FLAG-

mp62%KR (K422R and K437R), and FLAG-mp62**R-mUFM 144 in HEK293T cells was

determined by immunoblotting. (B) Biochemical validation of murine p62 UFMylation

and its UFMylation sites. HEK293T-sgUFSP2 cells were transfected with Hise-UFM 1

and pcDNA3.1-FLAG, FLAG-mp62, or FLAG-mp62°%® (K422R and K437R) for 48 h.

mp62 was purified with anti-FLAG affinity gel and eluted with FLAG peptide (200

pg/mL). The cell lysates and purified samples were immunoblotted.
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