Figure S1. Targeted disruption of GAK using CRISPR/Cas9 genome editing. Genome sequences of the edited locus in selected
colonies were confirmed by Sanger DNA sequencing. GAK, cyclin G-associated kinase; KO, knockout.
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Figure S2. Continued.
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Sequence primer (T7 promoter): TAATACGACTCACTATAGGG
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Figure S2. Continued.
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Sequence primer (GAK-cDNA-F2): GTACACGGTCTTCCACAGCC

S G AN TIIN0 C I gy 3308
an b e el Ean bt R R A an e

R W CH P Harse #0504 TEI CRLETT SVIC- 118
L R T AR RN NNRTTINY]

“I' ._ .RG . '. GO MGG OLTETEMTEECCLARETOOTGOACCAOE TOCAGQOACATEGLGEECOLCEGCAALE
1) " % » n w B ) n w o [ o ™ ™ n

"
lll-lllllltllllll.llllllllllllllltllllll-lllllllllllllllllllllllllllllllllltllllll
TGAACCEEAAGTET CLEAT CACABAGET CETOOAGEAGAAT GOABGETACGGOAGL GECACALT GT ELLOAGGACEACELEL
5w " rw WM oMs M B W 15 W w0 s W

lllllllIIIIIIIIIIIIIIIIIIIII)IIIIllllllIIIIIIIIIIIII!IIIIIIII!lIIIlIIIIIIIIIIItIIII
TCLCGTGOGCCCCOCT GOLAGT GOCTACAGT GOAGGCLT GUCGLTGOLGRAGTA0GACCAGCCGTAT GOLOGETTECT GGACS
wm ke

m m " " W L wm m e i m i e ]

ihlhhlﬂhhi“uh“t 08 hhlduhhou;uluudmhm Wy

e .
FlI!IllIIlllIlIlllllllIlllllI"IIlllllIIIlll(!llIll--l-lIIlllllllllllllllll!ll!lllll
&

BOACACCTCCTCCAAOGTCATCCAGTCCATCAETAATTAT OCAL
e F- w E m m m s k- E- 3 » x4 " n - m m

" et

e W e mE We TN T MR MY NN hE O NE MM VB M ¥R RE mR W

Sqral ST AN TIIN CITL kgl 208 80 WO P Hama 034 TR CALETT VIt Bk
e
G007 GACCTOGACATATCTTACATCACAT CCAGAATTOCAOTOATOTCATTCCCAGCAGAAGOT DT OOABTCAGCOTTCARAL

E ] m » m t ] m mn m e n s L o " o

wE AN NX AT O W G M N G0 e W e G0 0N Y sR e e
ELERR R e RENRR RN RN RN RO RN RR R R RN RNt iunn
oA AT L ARG AT O BT T T T o LT gACT CCAAGC AL CAGOGCACTATGLIOTETACAAZETOTECLCOAGRAZETALE
- Y I DT DI O - R

MG NN M I DN 0N MM MM

e L Ll
IIIIIIIIIIIlllllICIlIlIIllIIIIllIltllIIllllllllIl“IINIIIlll“lllll“llllllllllll
X

BCCCTCCASRTTECACAALSA0RT CTCCOAQTATABSTBGACAGE GTACAACATE

-1 L1 " 1> o w ] u s " L} - l&! l‘h m a0

|
uauiuuuuuumhs1auJulah.uLu;u;uuuuumummmnmuuu

!llllIlIIIIllllll'llIIIIIIlII!IIlIIIIlIlIIIl(IlIIIIIIlIllllI!llll’llllllllllllllllll
QCAGGAACAT OCACOCCTOOCTOLOOCAOBACCACARGAACOTCTOLOTCOTOCACTOCATEOACOO0ARAOECOCOTET D
Sll L] " “ L] e (13 = o o o (=3 At e “ L L]

B T e LN

M m MR T WM Dme tEe Mem M Mo ES WM MS Mo NB 0 We MR W we

Sgew 8857 42410 T2100 018N igSg 3005 2 W CH Pie s 83804 TEIB CRLETT OVI0NBEE

lIlIIlllllIlﬂlIIll.lltlllIllllIllllllIIll!lIIIlllllIIIIIl!llIlIlIIlIlIllllIlllllll
CTETHEECGTCTGCTCCI TECT OTBET I CTBCCGTCTET fCABCACCOCGHAGBECGCCOT GTACAT 6T TCABCAT BAAGED

w ﬂ w Il ™ il e e T ™ ™ ™ b i ]

mm

L
BRRRRRRRR RN b DR RRRNRR NN v RRRRRRRN
AGTACAT QT GTGACAT GET GRCGOABLAGLOTAT CACALEEE

L -

M DN oW DN B
IIIII)IIIIIIHIII (UL LI R RN IR
CTGOCCACCAGOLATCT GOUCATCOCACALAAGETATA

W %

MoMs Mmoo T T T M ME M0 WS b i

lm.uu e Bt ot

M W WW G e R W G K M) M M R M W e
ulllllllllulullln L L LT P L L P
ACAGTAAGCECAT 02T 60! 0A GIUCEGT 56T SAT GAEACEC ST BELAET 811 CASLANGE HOA AL COBET 3ok B CoR 1T

BOMDOMF M BE W0 M5 M M M M K M5 K KS W

D

Sequence primer (GAK-cDNA-F3): CACACCCTGTACAACATCTG
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Figure S2. Continued.

E

Sequence primer (GAK-cDNA-F4): CCAAGATGGCATCCATGAAG
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Sequence primer (GAK-cDNA-F5): CGAGAGTGAGGTGTCAGATG
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Figure S2. cDNA amplification of GAK by PCR. Cloned sequences were verified by Sanger sequencing using following primers:
(A) T7 promoter, (B) GAK-cDNA-F1, (C) GAK-cDNA-F2, (D) GAK-cDNA-F3, (E) GAK-cDNA-F4, (F) GAK-cDNA-F5,

(G) GAK-cDNA-F6, (H) GAK-cDNA-F7. GAK, cyclin G-associated kinase.
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Figure S3. GAK disruption stagnates autophagic flux. (A) A549/GFP-LC3-mCherry-LC3AG and A549/GAK-KO/GFP-LC3-
mCherry-LC3AG cells were cultured under basal-fed conditions, and the fluorescence intensities derived from GFP-LC3 and
mCherry-LC3AG were monitored.Autophagic flux was determined as the relative intensity of GFP/mCherry ratios of the
(B) microscopy images. Data were analyzed using an unpaired two-tailed Student's t-test. The box extends from the lower to
the upper quartile, the middle line indicates the median, the X indicates the mean and the whiskers represent the minimum to
maximum values, except for outliers, which are indicated by dots (A549/GFP-LC3-mCherry-LC3AG, n=8;A549/GAK-KO/
GFP-LC3-mCherry-LC3AG, n=48). (C-F) Representative microscopy images for the data quantified in Fig. 1G-J. “P<0.01 vs.
wild-type. GAK, cyclin G-associated kinase; KO, knockout; Baf, bafilomycin Al; Rap, rapamycin; HBSS, Hanks' balanced salt
solution; Gln, glutamine.
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Figure S4. GAK disruption does not impair starvation-induced inhibition of mTOR signaling. Wild-type and GAK-KO cells
were cultured under basal-fed, starvation (HBSS or RPMI-GIn for 2 h) or refed (starvation using HBSS or RPMI-Gln for 1 h,
followed by fed conditions for 1 h) conditions. Phosphorylation levels of mTOR (Ser2448), S6K (Thr389), S6 (Ser235/236) and
AMPK (Thrl72) in wild-type and GAK-KO cells were (A) determined by immunoblotting and (B) semi-quantified. Data were
analyzed using one-way ANOVA followed by Bonferroni's post hoc test. Data are presented as the mean + SD (n=3; except for
p-S6K (Thr389)/total S6K, n=5). "P<0.05 and “'P<0.01 vs. starved. GAK, cyclin G-associated kinase; KO, knockout; HBSS,
Hanks' balanced salt solution; Gln, glutamine; S6, ribosomal protein S6; S6K, S6 kinase; p, phosphorylated.
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Figure S5. Impact of GAK disruption on the expression of lysosome-related genes. (A) Immunoblot analysis of LAMP1 and
LAMP?2 expression in wild-type and GAK-KO cells under basal-fed conditions. (B) Quantification of the relative protein expres-
sion of LAMP1 and LAMP?2 in wild-type and GAK-KO cells. Data were analyzed using an unpaired two-tailed Student's t-test.
Data are presented as the mean = SD (n=3). “P<0.01 vs. wild-type. (C) Reverse transcription-quantitative PCR analysis of
relative mRNA levels of LAMPI and LAMP?2 in wild-type and GAK-KO cells under basal-fed conditions. GAPDH was used as
an internal control. Data were analyzed using an unpaired two-tailed Student's t-test. Data are presented as the mean + SD (n=4).
GAK, cyclin G-associated kinase; LAMP, lysosomal associated membrane protein; KO, knockout; ns, not significant.
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Figure S6. GAK disruption alters the intra-lysosomal conditions. (A) LysoSensor staining in wild-type, GAK-KO and GAK-rescued
cells under basal-fed or starvation (RPMI-Gln for 8 h) conditions. Scale bar, 20 ym. (B) Relative mean fluorescence intensity of
LysoSensor in wild-type, GAK-KO and GAK-rescued cells. Data were analyzed using one-way ANOVA followed by Dunnett's
post hoc test. The box extends from the lower to the upper quartile, the middle line indicates the median, the X indicates the
mean and the whiskers represent the minimum to maximum values, except for outliers, which are indicated by dots (wild-type/
fed, n=33; GAK-KO/fed, n=21; GAK-rescued/fed, n=32; wild-type/starved, n=37; GAK-KO/starved, n=27; GAK-rescued/starved,
n=34). “P<0.01 vs. wild-type. GAK, cyclin G-associated kinase; KO, knockout; Gln, glutamine; ns, not significant.
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Figure S7. GAK disruption induces the accumulation of autophagosomes under starvation conditions. (A) Immunofluorescence
analysis of LAMP2 (magenta) and LC3B (green) in wild-type and GAK-KO cells under basal-fed or starvation (RPMI-GIn
for 4, 10 or 24 h) conditions. The dashed boxed regions are shown at a high magnification (x3) in theinset. Scale bar, 20 ym.
(B) Number of enlarged LC3B-positive puncta was quantified in wild-type and GAK-KO cells using Imaris. Data were analyzed
using one-way ANOVA followed by Dunnett's post hoc test. The box extends from the lower to the upper quartile, the middle
line indicates the median, the X indicates the mean and the whiskers represent the minimum to maximum values, except for
outliers, which are indicated by dots (wild-type/fed, n=37; wild-type/starved 4 h, n=24; wild-type/starved 10 h, n=29; wild-type/
starved 24 h, n=46; GAK-KO/fed, n=16; GAK-KO/starved 4 h, n=20; GAK-KO/starved 10 h, n=18; GAK-KO/starved 24 h, n=26).
"P<0.05 and “P<0.01 vs. fed. (C) Immunofluorescence analysis of LAMP2 (magenta) and LC3B (green) in wild-type, wild-type/
sham-OE and wild-type/GAK-OE cells under basal-fed or starvation (RPMI-GIn for 10 or 24 h) conditions. The dashed boxed
regions are shown at a high magnification (x3) in the inset. Scale bar, 20 ym. (D) GAK expression in wild-type, wild-type/
sham-OE and wild-type/GAK-OE cells was confirmed by immunoblotting. (E) Number of enlarged LC3B-positive puncta in
wild-type, wild-type/sham-OE and wild-type/GAK-OE was quantified using Imaris. Data were analyzed using one-way ANOVA
followed by Tukey's post hoc test. The box extends from the lower to the upper quartile, the middle line indicates the median, the
X indicates the mean and the whiskers represent the minimum to maximum values, except for outliers, which are indicated by
dots (wild-type/fed, n=38; wild-type/sham-OE/fed, n=47; wild-type/GAK-OE/fed, n=50; wild-type/starved 4 h, n=51; wild-type/
sham-OEFE/starved 4 h, n=56; wild-type/GAK-OE/starved 4 h, n=51; wild-type/starved 24 h, n=50; wild-type/sham-OE/starved
24 h, n=44; wild-type/GAK-OE/starved 24 h, n=40). “P<0.01 vs. wild-type/fed. GAK, cyclin G-associated kinase; LAMP,
lysosomal associated membrane protein; KO, knockout; Gln, glutamine; OE, overexpression; ns, not significant.
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Figure S8. Chemical inhibition of GAK induces the accumulation of autophagosomes in various cell lines. (A) GAK expression
in H596, PANC-1 and Hep-G2 cells was confirmed by immunoblotting. (B) Immunofluorescence analysis of LAMP2 (magenta)
and LC3B (green) in H566, PANC-1 and Hep-G?2 cells treated with 30 xM GAKi under basal-fed or starvation (RPMI-Gln for
8 h) conditions. The dashed boxed regions are shown at a high magnification (x3) in the inset. Scale bar, 20 ym. (C) Number of
enlarged LC3B-positive puncta was quantified using Imaris. Data were analyzed using one-way ANOVA followed by Tukey's
post hoc test. The box extends from the lower to the upper quartile, the middle line indicates the median, the X indicates the mean
and the whiskers represent the minimum to maximum values, except for outliers, which are indicated by dots (H596/fed/DMSO,
n=19; H596/fed/GAKi, n=17; H596/starved/DMSO, n=49; H596/starved/GAKi, n=48; PANC-1/fed/DMSO, n=21; PANC-1/fed/
GAKi, n=19; PANC-1/starved/DMSO, n=25; PANC-1/starved/GAKi, n=46; Hep-G2/Fed/DMSO, n=36; Hep-G2/fed/GAKi,
n=38; Hep-G2/starved/DMSO, n=73; Hep-G2/starved/GAK i, n=85). “P<0.01 vs. fed/DMSO; "P<0.01 vs. starved/DMSO. GAK,
cyclin G-associated kinase; LAMP, lysosomal associated membrane protein; GAKi, GAK inhibitor; KO, knockout; Gln, gluta-
mine; ns, not significant.
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Figure S9. Chemical inhibition of GAK stagnates autophagic flux. Representative microscopy images for the quantified data
presented in Fig. (A) 5D and (B) E. GAK, cyclin G-associated kinase; GAKi, GAK inhibitor; HBSS, Hanks' balanced salt
solution; Gln, glutamine.
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Figure S10. Rho-associated protein kinase inhibition eliminates the accumulation of autophagosomes and autolysosomes induced
by GAK disruption. (A) Immunofluorescence analysis of LAMP2 (magenta) and LC3B (green) in GAK-KO cells (clones 1-2 and
2-1) under basal-fed, starvation(RPMI-Gln for 8 h) or starvation (RPMI-Gln for 8 h) with Y-27632 conditions. The dashed boxed
regions are shown at a high magnification (x3) in the inset. Scale bar, 20 ym. (B) Number of enlarged LC3B-positive puncta was
quantified using Imaris. Data were analyzed using one-way ANOVA followed by Tukey's post hoc test. The box extends from the
lower to the upper quartile, the middle line indicates the median, the X indicates the mean and the whiskers represent the minimum
to maximum values, except for outliers, which are indicated by dots (Cl.1-2/fed, n=17; Cl.1-2/starved, n=20; C1.1-2/Y-27632/starved,
n=14; C1.2-1/fed, n=16; C1.2-1/starved, n=16; C1.2-1/Y-27632/starved, n=18). “P<0.01 vs. wild-type; "P<0.01 vs. GAK-KO. GAK,
cyclin G-associated kinase; LAMP, lysosomal associated membrane protein; KO, knockout; Gln, glutamine; ns, not significant.
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Figure S11. Rho-associated protein kinase inhibition does not impair autophagosome formation in GAK-KO cells.
(A) Immunofluorescence analysis of LAMP2 (magenta) and LC3B (green) in wild-type cells and GAK-KO cells treated with the
indicated concentrations of Y-27632 in the presence or absence of 10 nM Baf under starvation (RPMI-Gln for 8 h) conditions.
Scale bar, 20 gm. (B) Immunofluorescence analysis of LAMP2 (magenta) and LC3B (green) in wild-type, GAK-KO, GAK-KO/
shNT and GAK-KO/shROCKI1 cells in the presence or absence of 10 nM Baf under basal-fed or starvation (RPMI-GIn for 8 h)
conditions. Scale bar, 20 um. GAK, cyclin G-associated kinase; KO, knockout; LAMP, lysosomal associated membrane protein;
Gln, glutamine; sh, short hairpin RNA; NT, non-targeting; Baf, Bafilomycin A,.
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Figure S12. No interaction between GAK and ROCK1 in 293T cells. (A) Expression of GAK-FLAG and ROCK1-V5 in transfected
293T cells was confirmed by immunoblotting. (B) Immunoblot analysis of indicated proteins in total cell lysates or IPs of
293T cells expressing GAK-FLAG and ROCKI1-V5. GAK, cyclin G-associated kinase; ROCK, Rho-associated protein kinase;
IP, immunoprecipitate; IB, immunoblot.
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Figure S13. Schematic model for the role of GAK in the autophagy-lysosome system. GAK knockout caused impairment of
autophagosome-lysosome fusion and autophagic lysosome reformation, accompanied by the accumulation of enlarged autopha-
gosomes and autolysosomes during prolonged starvation. ROCK inhibition mitigated the effects induced by GAK knockout.
These results indicated that GAK controlled lysosomal dynamics by regulating actomyosin during autophagy. GAK, cyclin
G-associated kinase; ROCK, Rho-associated protein kinase; TFEB, transcription factor EB.

Phagophore formation Degradation

Aclomyoaln regulation

Autophagy-related '-
gene expression

Actomyosin regulation
Tube formation

}

Lysosome-related
gene expression e

Lysosome b:ogenesm Lysosomal reformation




Table SI. Sequences of oligonucleotides and primers used in the present study.

A, Short hairpin RNA vectors

Oligonucleotide Sequence (5'—3")

ROCKI1 #1 F: CCGGCGGGTTGTTCAGATTGAGAAACTCGAGTTTCTCAATCTGAACAACCCGTTTTTTG
R: AATTCAAAAAACGGGTTGTTCAGATTGAGAAACTCGAGTTTCTCAATCTGAACAACCCG

ROCKI1 #2 F: CCGGGAGGTAAATGAACACAAAGTACTCGAGTACTTTGTGTTCATTTACCTCTTTTTTG
R: AATTCAAAAAAGAGGTAAATGAACACAAAGTACTCGAGTACTTTGTGTTCATTTACCTC

Non-targeting F: CCGGCAACAAGATGAAGAGCACCAACTCGAGTTGGTGCTCTTCATCTTGTTGTTTTTG

R: AATTCAAAAACAACAAGATGAAGAGCACCAACTCGAGTTGGTGCTCTTCATCTTGTTG

B, Quantitative PCR primers

Oligonucleotide Sequence (5'—3")
LC3B F: CGCACCTTCGAACAAAGAG
R: CTTCTCACCCTTGTATCGTTCTATT
LAMPI F: CAGATGTGTTAGTGGCACCCA
R: TTGGAAAGGTACGCCTGGATG
LAMP2 F: GCACAGTGAGCACAAATGAGT
R: CAGTGGTGTGTATGGTGGGT
GAPDH F: GCACCGTCAAGGCTGAGAAC

R: TGGTGAAGACGCCAGTGGA

C, Primers used for sequencing

Oligonucleotide Sequence (5'—3")
GAK-KO-F1 GCGTGAAACAGCCCTAGGTTCC
GAK-KO-F2 AGGCGGAAGATGGTGCACCTCC
T7 promoter TAATACGACTCACTATAGGG
GAK-cDNA-F1 CTGTAAAGGGCAGCTGGTGG
GAK-cDNA-F2 GTACACGGTCTTCCACAGCC
GAK-cDNA-F3 CACACCCTGTACAACATCTG
GAK-cDNA-F4 CCAAGATGGCATCCATGAAG
GAK-cDNA-F5 CGAGAGTGAGGTGTCAGATG
GAK-cDNA-F6 GCGAATTTCTCAATTCGGAC
GAK-cDNA-F7 CCCAGCTTTGCTCAAAAGCC

ROCK, Rho-associated protein kinase; LAMP, lysosomal associated membrane protein; F, forward; R, reverse; GAK, cyclin G-associated
kinase; KO, knockout.




