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Figure EV1. NLK induces mobility shift of YAP.

A NLK induces mobility shift of YAP but not other Hippo signaling components. HEK293T cells were transfected with plasmids indicated in the figure, and cell lysates
were analyzed by immunoblotting (IB) with antibodies shown on the left.

B Mobility shift of EGFP-YAP by NLK in Phos-tag-PAGE gel. Cell lysates from HEK293T cells transfected with indicated plasmids shown in the figure were separated in
Phos-tag-PAGE gel, followed by immunoblotting with indicated antibodies. Arrows indicates phosphorylated form of GFP-YAP.

C Removal of mobility shift by treatment with A-phosphatase. Mobility shift of EGFP-YAP by co-expression of Flag-NLK was eliminated by treatment with A-
phosphatase. Cell lysates were incubated with or without A-phosphatase and separated by SDS—PAGE, followed by immunoblotting with the indicated antibodies.
Arrow indicates phosphorylated form of GFP-YAP.

D NLK interacted with YAP. EGFP-YAP was transfected with empty vector (—), Flag-NLK-WT, Flag-NLK-KM, or Flag-NLK-TV (T286V) into HEK293T cells. EGFP-YAP was
immunoprecipitated with anti-GFP antibody, followed by immunoblotting with anti-Flag antibody.

EV1 EMBO reports © 2016 The Authors



Sungho Moon et al ~ Phosphorylation of YAP by NLK

EMBO reports

S$128
b, b; bg b,
100+ *
[M+2H=H P O,-H,0* R A—[H LS LS P AIS-LL Q-I L
[ Yo ¥Yes ¥7 Y4 Y3
& HA-YAP
e WT KM Flag-NLK
©
o
5 PR NLkwT
= [M+2H-H,0)%*
g 50 7
= bg"
© 437.70
m b7++ b1c++
19 394.18 55807 y7* +
795.40 [}gﬂz o
/_(M+2H—2H * / '
y3* + b3+
by 373.24 4 b7 874.39 Yo" byt
228.15 5§23 787.36 101949 111553
0 ' et bl ol Lol ||\-‘\|‘\i'lui A ' L .‘| ! III/ r / .
200 300 400 500 600 700 800 900 1000 1100 1200 m/z
S127
1004 b, b,y bg b; by
| *
: I S NEET T
&,’é l/ Yi0 Yo ¥s ¥7 Ya ¥s3
=
o
o 707 /—[M*’ZH -H0]*
5 = HA-YAP
60
é i WT KM Flag-NLK
< =
2 o
o
o ¥ Ys"
o w« bs** bt 882.43
255 310.14 35;33‘24 cees bg" (
ot ” ( Vet \ " o 874.29
15 - byt 460.28 + bg" Yo' Y1o©
w0l 22818 3235‘20 394,18 ( 15.40718:32 78738 101549 10805
s
09 permtotep oy gt Lt bt s bl ‘||‘.I"|J“II| 111 L ST Y SORPRTTT ade b1l / .....
200 250 300 350 400 450 500 550 600 850 700 750 800 850 900 950 1000 1050 1100 1150 1200 1250 m/Z
mz

Figure EV2. Ser128 of YAP is a target residue of NLK.

LC-MS/MS analysis revealed phospho-peaks of YAP-5128 by the expression of NLK-WT (upper panel) and phospho-peaks of YAP-S127 by NLK-KM (lower panel). HA-YAP was
transiently transfected into HEK293T cells along with either Flag-NLK-WT or Flag-NLK-KM, and then, HA-YAP was immunoprecipitated with anti-HA antibody.
Immunoprecipitates were separated on SDS—PAGE and stained with Coomassie blue. HA-YAP bands were cut out, and LC-MS/MS analysis was performed. Figures show the
LC-MS/MS spectra for the phosphorylation of Ser128(RAHSS*PASLQL) or Ser127(RAHS*SPASLQL), respectively (indicated by asterisks). Red and blue boxes indicate cutting

areas for LC-MS/MS analysis.
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Figure EV3. Phosphorylations of Ser127 and Ser128 of YAP may be mutually exclusive.

A Inhibition of NLK induces phosphorylation at Ser127 of YAP. HEK293T cells were treated with either 6-bromoindirubin-3'-oxime (BIO, 4 pM; inhibitor of GSK3p), or
lithium chloride (50 mM; inhibitor of GSK3 and NLK). MeBIO (4 uM) or KCI (50 mM) were used as negative controls for BIO or LiCl, respectively.

B Knockdown of GSK3pB has no effect on YAP phosphorylation at Ser127. Lysates from HEK293T cells transfected with either siControl or siGSK3p were immunoblotted
with antibodies indicated in the figure.

C YAP phosphorylation at Ser128 by NLK. Cell lysates from HEK293 cells transfected with empty vector (—), EGFP-YAP, EGFP-YAP-S128A, and Flag-NLK-WT were
immunoblotted with antibodies shown in the figure.

D Ectopic expression of wild-type NLK, but not kinase-negative NLK, enhanced the level of endogenous phospho-YAP(Ser128). Cell lysates from HEK293T cells
transfected with empty vector (—), Flag-NLK-WT, or Flag-NLK-KM were immunoblotted with antibodies indicated in the figure.

E Treatment with LiCl attenuated NLK-mediated phosphorylation of YAP Ser128. Cell lysates from HEK293 cells transfected with empty vector (—), Flag-NLK-WT, or
Flag-NLK-KM and treated KCI or LiCl. Lysates were immunoblotted with antibodies shown in the figure.

F NLK specifically phosphorylates YAP-S128 in vitro. GST-YAP or GST-YAP(S128A) was incubated with immunoprecipitated Flag-NLK-WT or Flag-NLK-KM from lysates of
HEK293T cells transfected with Flag-NLK-WT or Flag-NLK-KM as indicated in the figure. The level of phosphorylation at S128 was detected with pYAP-S128 antibody.

G Phosphorylation of S128 by NLK inhibits phosphorylation of YAP-S127 by LATS1. Immunoprecipitated Flag-LATS1 from lysates of HEK293T cells transfected with Flag-
LATS1 was incubated with various mutant forms of GST-YAP as shown in the figure. The level of phosphorylation at S127 was detected with pYAP-S127 antibody.
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Figure EV4. NLK-mediated phosphorylation at Ser128 leads to nuclear localization of YAP.
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A Overexpression of NLK-WT, but not NLK-KM, induces nuclear localization of EGFP-YAP. Immunofluorescence analysis was performed in HEK293T cells transfected

with EGFP-YAP along with empty vector (=), Flag-NLK-WT, or Flag-NLK-KM. Scale bars: 10 um.

B Summary of subcellular localization of EGFP-YAP, EGFP-YAP-S127A, EGFP-YAP-S128A, or EGFP-YAP-S128D, as shown in Fig 3D.
C Phosphorylation status of Ser127 or Ser128 determines subcellular localization of YAP. Nuclear and cytosolic fractions of lysates were prepared and immunoblotted
with antibodies indicated in the figure. Lamin B and B-tubulin were used as markers for nuclear and cytosolic fractions, respectively. S.E., short exposure; L.E., long

exposure.

D Depletion of NLK leads to reduction in YAP levels in the nuclear fraction. Lysates from NLK knockout HEK293 cells were immunoblotted with antibodies indicated in
the figure. Lamin B and B-tubulin were used as markers for nuclear and cytosolic fractions, respectively. S.E., short exposure; L.E., long exposure.
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Figure EV5. NLK positively regulates YAP activity in physiological settings.

A Knockdown of NLK attenuates YAP-dependent reporter activity. HEK293T cells were transfected with siRNA for GFP or NLK, and 8xGTIIC promoter-driven luciferase
activity was measured. Luciferase activities represent average values from a representative of multiple experiments performed in triplicate. Error bars indicate
standard deviations of triplicate measurements. Lysates were immunoblotted with indicated antibodies. ***P < 0.005. Student’s t-test was used for statistical
analysis.

B Knockdown of NLK reduces endogenous YAP/TEAD target gene expression. Quantitative real-time PCR analyses were performed with RNAs from HEK293T cells
transfected with siRNA for GFP or NLK. The expression of ANKRD1, CTGF, and NLK mRNA was normalized with the level of -actin. Data represent average values from
a representative of multiple experiments performed in triplicate. Error bars indicate standard deviations of triplicate measurements. Data are presented as
mean £ SD. **P < 0.01 and ***P < 0.005. Student’s t-test was used for statistical analysis.

C Overexpression of nemo achieved in the posterior compartment of wing imaginal discs (marked by the absence of anti-Ci staining, blue) using the hh-Gal4 driver
results in expression of the yki target gene expanded (exLacz, red) within the wing pouch, where it is normally expressed only at low levels. The third panel shows a
higher magnification of a relevant area. The unaffected anterior domain serves as an internal control (left panel). Quantification of exLacZ levels achieved upon
posterior overexpression of nemo, measured as normalized posterior-to-anterior levels and compared to similar expression of GFP (right panel). Data are presented as
mean £ SEM, n = 5 discs. *P < 0.05. Student’s t-test was used for statistical analysis. Scale bar: 50 pm.

D Downregulation of nemo with RNAi achieved in the posterior compartment of wing imaginal discs (marked by the absence of Ci) results in decreased expression of
the exLacZ in the periphery of the wing pouch, where it is normally expressed at high levels. The third panel shows a higher magnification of a relevant area. Two
different RNAi constructs produce identical effect. Scale bar: 50 pm.

E Ectopic expression of YAP rescues retarded cell migration ability induced by knockdown of NLK. HeLa cells were transfected with control or NLK-targeting siRNA and
empty vector (EV) or EGFP-YAP as shown in the figure. Migratory cells on lower face membrane were stained by crystal violet (upper panel). Scale bars: 200 pm.
Graphs show relative migrated cell number from a representative of multiple experiments performed in triplicate (left bottom panel). Error bars indicate standard
deviations of triplicate measurements. Data are presented as mean £ SD. *P < 0.05 and **P < 0.01. Student’s t-test was used for statistical analysis. Lysates from the
cells transfected as above were immunoblotted as shown on the bottom right panel.

F Mutant forms of YAP which have different phosphorylation status of Ser127 or S128 differentially regulate wound healing ability. HEK293 cells were transfected with
indicated plasmids in the figure, and the wounded areas after 0 and 24 h were measured by using the TScratch program (left panel). EV, empty vector. Graphs show
relative values of unfilled areas and average values from a representative of multiple experiments performed in triplicate (right panel). Error bars indicate standard
deviations of triplicate measurements. Data are presented as mean £ SD. *P < 0.01 and ***P < 0.005. Student’s t-test was used for statistical analysis. Scale bars:
200 pm.
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