Supplementary Information

SUPPLEMENTARY FIGURES
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Supplementary figure 1. GFP-NShroom3-iLID localizes in the apical junctions, similarly to
wild-type Shroom3. a, MDCK cells expressing mCherry-Shroom3 (wild-type). b, MDCK cells
expressing GFP-NShroom3-iLID (same image as in figure 1c). Top: x-y apical slice, Bottom: x-z

lateral slice. Scale bars = 10 pm. Representative images, both experiments were performed N >3.
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Supplementary figure 2. Translocation dynamics of SspB-mCherry-CShroom3. a, Apical
junction signal of SspB-mCherry-CShroom3 relative to t = 0 upon blue light stimulation for
OptoShroom3, OptoShroom3 C450V mutant, or OptoShroom3 lacking CShroom3 component in
MDCK cells (Noptoshrooms = 605 Neasovmutant = 05 Nsgppmcnery = 0, 3 areas measured on each sample). b,
Junction to cytoplasmic signal ratio for the same samples as a. ¢, Apical junction signal of
SspB-mCherry-CShroom3 relative to t = 0 upon blue light stimulation in optic vesicle organoids
(NEyeewp = 10, 3 areas measured on each sample). d, Junction to cytoplasmic signal ratio for optic

vesicle organoids. All panels show average =+ sd.
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Supplementary figure 3. Effect of 2 hours of OptoShroom3 activation on cytoskeletal
organization of MDCK cells. a, GFP-NShroom3-iLID signal in stimulated and non stimulated
MDCK cells, projection of 3 apical slices (N = 3). b, Immuno-fluorescence staining of non-muscle
myosin IIb in OptoShroom3 MDCK cells stimulated and non-stimulated (N = 3). ¢, Quantification of
non-muscle myosin IIb apical junctions/cytoplasm signal ratio (Neperimens = 3, 3 different areas were
imaged per experiment, student’s t-test). Boxplot format: the box extends from the first to the third
quartile, central line shows the median. The whiskers extend from the box by 1.5x the inter-quartile

range. Minima and maxima are displayed by the dotplot. d,e, Immuno-fluorescence staining of



F-actin, and a-tubulin in OptoShroom3 MDCK cells stimulated and non-stimulated. Yellow dashed

lines mark the glass surface in panel e. Scale bars = 10 um. (for each condition, N = 3).
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Supplementary figure 4. Apical-basal ratio reduction upon stimulation and partial recovery
during non-stimulation phases. Calculated from data displayed in figure 1h, the ratio of apical and
basal arecas measured by segmentation of MDCK cells. Stimulation cycle: 25-second image
acquisition, 35-second stimulation (blue). Repetition of 10 cycles of rest (no stimulation) and 10

cycles of stimulation (N = §, avg + sd).
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Supplementary figure 5. Quantification of apical and basal area, height, and volume in MDCK

cells. a, 20-minute stimulation of OptoShroom3 MDCK cells (Ngyperimens = 6> Nstimutated = 74> Nouter

=202, avg =+ sd). b, 2-hour stimulation of OptoShroom3 cells (Ngyperimens = 35 Nstimutaed = 615 Nouter

=137,

C450V mutant CCHS (NExperiments = 5, NStimulated = 25, NOuter = 46,

avg + sd). This panel is also displayed in figure 2. ¢, 2-hour stimulation of OptoShroom3

avg *+ sd). d, Comparison of

OptoShroom3 and C450V mutant stimulated cells in apical and basal area, cell height, and volume.

Values are differences between start and end of 2-hour stimulation (Nggmuiated = 615 Netimutated C450v mutant =

25, student’s t-test, two sided). Boxplot format: the box extends from the first to the third quartile,



central line shows the median. The whiskers extend from the box by 1.5x the inter-quartile range.

Minima and maxima are displayed by the dotplot.
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Supplementary figure 6. Comparison of apical area reduction provoked by Shroom3 and
OptoShroom3. a, Representative image of sparse expression of mCherry-Shroom3 on GFP-CAAX
labeled MDCK cells. Image acquired 24 hours after induction of Shroom3 expression. Scale bar = 20
um. b, Comparison of apical area in MDCK cells for OptoShroom3 stimulated and non-stimulated, 24
hour induction of Shroom3 expression, and WT cells (Nggmuiated = 615 Noon-timutaed = 015 Nehrooms = 83,
Nwr conrol = 161, student’s t-test, two sided). OptoShroom3 stimulated and non-stimulated data belong
to timepoints between start and end of 2-hour stimulation (data shown in supp. figure 5b). Boxplot
format: the box extends from the first to the third quartile, central line shows the median. The
whiskers extend from the box by 1.5x the inter-quartile range. Minima and maxima are displayed by

the dotplot.
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Supplementary figure 7. 3D parameter prediction matches with measurements. a, Simple model

for prediction of one of the four parameters (volume, height, apical, or basal area) from the input of

the other 3 measured parameters. This model is based on the assumption that the cross-sectional area

linearly changes from apical to basal area. b, Predicted total and relative parameters for 2-hour

stimulated OptoShroom3 and OptoShroom3 C450V mutant cells using mean values measured in

supp. figure 5. The panel for absolute height is also displayed in figure 2.
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Supplementary figure 8. OptoShroom3 induced apical displacement averaged by distance to the
center of stimulation. Average displacements caused by stimulation of a 35.3 X 35.3 um square on
confluent MDCK cells on 100% collagen gel before stimulation, after 2 minutes of stimulation, after
20 minutes of stimulation, and 2 minutes after the end of stimulation. Stimulated area is displayed in

blue as the distance from the center to the corner of the square (24.96 um) (N = 6, avg + sd)

(Reanalysis of data from figure 3).
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Supplementary figure 9. Acetic acid treatment of matrigel affects MDCK colony formation. a,
Protocol to improve flat MDCK monolayer formation on matrigel settings. A thick matrigel gel was
polymerized on a glass-bottom dish, then incubated with 20 mM acetic acid before cell seeding. b,
Quantification of the impact of acetic acid treatment 20 mM, 4.5x acetic acid/matrigel volume ratio on
gel stiffness (Npgg = 4, Naceic acia = 4, €ach sample measured at least 7 times on different areas,
student’s t-test, two sided). Boxplot format: the box extends from the first to the third quartile, central
line shows the median. The whiskers extend from the box by 1.5x the inter-quartile range. Minima
and maxima are displayed by the dotplot. ¢, Comparison of MDCK colonies formed on untreated
(PBS) matrigel with those formed on gels treated with two different volumes of acetic acid (acetic
acid/matrigel = 4.5 and 20). Same number of cells was seeded on the three gels. GFP-CAAX signal.

Scale bar = 100 um.
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Supplementary figure 10. Summary of MDCK cell colony folding. a-c, Summary of average
curvature measurements from the centric line of non-stimulated, stimulated and stimulated C450V
mutant colonies averaged in figure 4 measurements (Nyon.simutated = 7> Nstimutated = 75 Ncasovmutant = )
(Raw data from figure 4. Non-stimulated 7, stimulated 7, and stimulated C450V-mutant 2 are also

displayed on figure 4).
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Supplementary figure 11. Induction of selective folding on MDCK monolayers. Stimulation of

restricted areas of OptoShroom3 MDCK colonies on matrigel induced selective folding of the

stimulated area. Scale bar = 50 pm. N > 3.
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Supplementary figure 12. Optic vesicle organoid development and change in
GFP-NShroom3-iLID localization. During the first 8 days of optic vesicle organoid formation,
GFP-NShroom3-iLID localization changed from homogeneous distribution to a strong localization on

the apical side of vesicles. Scale bar = 100 pm.



Supplementary Table 1. OptoShroom3 sequences.

Name

Vector

Sequence

Comments

tcaccy ccatcctggtegage cacaagttcagegtgtccggc ctacggcaagctgaccctgaagttcatctgeaccaccggea

et tct

actacaagacccgc tcgagggcgacaccctggtgaaccgeatcgagetgaagggeategact ctggggcac acaactacaacagccacaacgtctatatcatggccgacaagc

agaagaacggcatc ttc ggcagcgtgcagetegecgaccactace ccccatcggegacggeecegtgetgetgeccgacaaccactacctgageacceagtecgecctgagea

« ct tcgagtac tcgggt ttct agaaggg

at -agacatccgctacgtcaagacggtc ccttcagecttgctecttc ccatgcctcagecgacagtcagggctgtgctaaatggeacageattect
tcceegtct gtictggt t
ccagecttgatc tctgeeggectcagacaaac aggc attcgctgaggaccagetgeatacagtecc cagagaacagcceccc taagcataattatacccagaaggegea
gectggecaacctetgetgeecac cggtaccttc actttgcccaggtgecccageecte accgtctaccctgegetagtc acagctgc! ctgtaacaaga
tggctacct tgggtttgect cagaacc ttttct
atgaagactcctecc -acatcacacctccccacggec ccage atc tccaatcaccacagtctctegtceccccaggeccaggece agg
aggect t atcggect tccaga
gagtc ggagct caggaggttcaccccy C ttcagacatcaggggctacctggacagatctgtttect
tttctcggagtecactgaacacctgege -agaaccccc taagc tcccggecccagtgeagecatttgatceggagggeccctgeggacggeegtggacctectgeccgaggeggegageectea
ctttcagctct: C

cgcegaggeecgegeageegegettcteggagageaccgtggecgaccggegecgeatettcgagegegacggeaaggectgetecacgetcagectgtegggeeccgagetcaageagttccageagagegeectggecgactacatecagegtaa

tcagcaacceccteecctt geggt t tggcgectgagtttgegaacctgaageactat tccgagt
ct tccgaatatc tcaaccttccccaccgee tgcaccccaaggttact ttgaagctetteccecacce Combination of
. tegecaccy acagatgactt cetect atcc gcagaat acat
GFP- PiggyBac, ac . getEctctasaticgascgccagacategacage act sequences: eGFP,
NShroom CAG geggagtt ttcgtgattac geC ttt tecttectgcage attctc aattgcegttttctgea mSHROOMS3 until
3'|LID promOter agtacttcattggcgtgcagctggatggeaccgaacgtcttcatggegeege ggcggtc ttcagattgctgaggcagcgaacgacgaaaattacttttga T1387; and |L|D
at tgctgcgtgaatattacgattggctggt ttaccccat gggcgtgaacgtgece gaaagacggt
t aacctgcaac tttatccagttcaacgeccegctt tegtgaac tctggecatttacgetegegagaac tcgaaccagaagaa
atctatgacgagctgaatat tc tat ggccatcatcaaggagttcatgegctte tcga
actactty tccccgagggcttc t ccaggactcctccctgcaggacggcgagt ttccectecgacggco
cagccagac tc ac tgt Combination of
tttagatcctgactcc ttat ct gegggat
sequences: SspB,
SspB- PiggyBac, | ou dactactgteccigtiiggacgect : gger | MCherry and
mcherry_ CAG gt gagcagctgcaggactaccagcact acactcctcattgagcageggaag msH ROOM3 from
ct caggage tcaggecc ccagecct tcggtggegttttcccaa
CSh room 3 prOmOtEr cgttgacctctcctcttcccgggtaa R1388
ceggeaagetgeccy ccaccctegtgaccaccctgacctacggegtgeagtgcticageegetaccecgaccacatgaageageacgacttettcaagtecgecatgeecgaaggetacgtecaggagegeaccatcttcttcaaggacg

GFP-
NShroom
3-iLID,
Ccas50v
mutant

PiggyBac,
CAG
promoter

acaagcagaagaacggc tcaagatccgccac agcgtgeagetcgecgaccactaccagcagaacacce gtgctgctgeccgacaaccactacctgageacccagtecgece

t tegt agtggt gggeectecttggeac
tccagctct tatct gaccagt tt
ct ccttcagecttgetectte cagggct

cattcctcggggeaagggaacgecttceccgtettggagecageagtgttctggticectggagactgetactgacaacctgecccagaaggeaggegeaccectgeececcaccege agccttcegecategegagegteccage
tect, tcaggct tegcet
ggcgeagectggecaacctetgetgeecac tctccggagecteactttgeccaggtgecccageectc cgtctaccctgegctagte acagctgc ctgta
acaagatggctacct ttgect tcagtgc
<

cttccaggctctcteage tt aatgccaacctcaggcagaaagt caaggccagggcctgte cagatcggccttctcatctc
t ttcctat

gecgtagactccy agactcc cccggeeccagege cagcggeggctcagetecageagcetecgecgeccegeagtacaggaagecccattgeteegt
cgtecatttcteggagtccactgaacacctgc agaaccccccaaacggggagec ttcccggeeccagtgeagceeatttgatecggagggeccctgeggacggeegtggacctectgeccgaggeggcgag
ttcagctct t

ccecte acagcgtgaccceggeegegececaggetgeccgeegaggeccacgeeggegecteactgtegage getectacteggagecc tc ccacgeect
gcgtaagacggec: aggagcegectgeac gegagegcgeacagagegectacctecaggecggeecegeggegecegatggeeeeggectggectetgectgtagectgagetecct ccga
gaaccgaggggcgtcc 88E8C cgecttectggggeatggtggec tggagcgceteccgacacactggeggtecc aggtcgtctc

ttggttttgt ttggctggeect toccect;

ctgctggaacggctcaggetgeaaagecactgtggcttectcagetectcecgaatcttctggagecgeggatcatctgaagce: aggccactctcagcaggaatgeacggecacttcecagacgecagagetgectcacte

agcteecctetgecatcacctgteeectecagttaccggtcacagettgec: aacagcctecctcatecectgectetgeagtgacccagectaccagtccaagaageectgagetcageageec agaga
t t tggcgectgagttt tccgagttect
geagcacttctgacccagacactcc tcgctccgaatatcggagtcageecttcaaccttecccaccgecccggggggactatgatgacgaagtgttc ttgcaccccaaggttacttcaagccccacatttgaagetcettec
tf t
gtcacatc ggtggagctccaccggtggeggcegctct tttattttcagggcgccgccaaattcaaagaaaccgctgctgctaaattcgaacgccageacatggacageggaggtggaggtactagtctcgagggtag
t ttcgtgat ttt tect at t

gacgtccagtacttcattggegtgeagetggatggeaccgaacgtcttcatggegeegetgagegtgaggeggtetgectgatcaaaaagacagectttcagattgetgaggeagegaacgacgaaaattacttttga

Combination of
sequences: eGFP,
mSHROOM3 until
T1387, and iLID +
C450V mutation
(C1739V in this
construct).
Highlighted.
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