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A B Novel ephrinB2 binding proteins
e in
ephrinB2-HA  Control
\ed Endocytosis / recycling related factors
X > rabl 1fips RAB11 Family Interacting Protein 5 Q6NRI2 4 0
AR
"06\ tbeld24 TBC1 Domain Family Member 24 AlASK6 4 0
‘0 ap2a2 Adaptor Related Protein Complex 2 Subunit Alpha 2 Q5BI37 2 0
_‘9 arfgap2 ADP Ribosylation Factor GTPase Activating Protein 2 QG68FK6 2 0
sec23b SEC23-Like Protein B Q6DJEO 2 0
sh3bpd-a SH3 Domain Binding Protein 4 Q6NU22 2 0
Metalloproteases
mpep Arginyl Aminopeptidase Q641C7 2 0
XPNPEP2 Xaa-Pro Aminopeptidase 2 Q52L38 1 0
) Ubiquitination / de-Ubiquitination related factors
DTX3 Deltex E3 Ubiquitin Ligase 3 Q4VBG3 2 0
. dtl-b Denticleless protein homolog B Q6GPU3 2 0
ephrinB2-HA usps Ubiquitin Specific Peptidase 5 AOAUT2 2 0
psmfl Proteasome Inhibitor Subunit 1 QSXGW2 1 0
nf207 Zinc Finger Protein 207 Q7ZXV8 1 (]
asbl Ankyrin Repeat And SOCS Box Containing 1 Q3KQ26 1 0
ubap2 ‘Ubiquitin Associated Protein 2 Q32N72 1 0
fbxo38 F-Box Protein 38 Q2TAQO 1 0
Xenopus embryos ndbpl NEDDA4 Binding Protein 1 Q7ZXG4
(Stage 13 ~ 15)
Etc
efnb2 ephrinB2 (self-pulldown) Q6PF53 100 0
efnbl ephrinB1 013097 5 0
katnal2 Katanin p60 ATPase-containing subunit A-like 2 Q3BSDS 2 0

Figure S1. Screening of the novel ephrinB2 binding proteins using mass spectrometric
analysis. (A) RNAs of ephrinB2-HA (400pg) were injected into one-cell stage embryos. Co-
immunoprecipitation (Co-IP) and mass spectrometric analysis were performed at stage 13. (B) The
table indicates a number of possible ephrinB2 binding proteins in the indicated categories.
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_ Transmembrane _
A domain

ephrinBl = ———-- MEGLRRLLGLLLVLYRLCSALGKNLEPVTWNSQNPRFISGKGLVLYPEIGDRLDI
ephrinB2 MALSGDSVWKYSLGVCILLLRTAISWSTVLDPIYWNSSNARFLPGOQGLILYPKIGDKLDI
ephrinB3 ---MFSRECALYIRMLFTLWDFCSISALSLDPIYWNSSNKRFEDTEGYVLYPQIGDRLDL
T s s * . . kekg kkhkk Kk k% sk shkkkgkkkghkg
ephrinBl ICPKGDSSQP~===~ YEYYKLYMVR-RDQLEACSTVIDPNVLVTCNQPGKEYRFTIKFQE
ephrinB2 ICPKVDSKSTGQ---YEYYKIYLVD-KEQADSC-TIKDRTPLLNCAKPDQDVKFTIKFQE
ephrinB3 LCPRSEPQGPFSSSPYEYYKLYLVGTKEEMSSCSILRTPNLLLTCDRPSQDLRFTIKFQE
skks 2., . hhkkkkgksk s3s sk 3 o ks .k sk s skkkkkkk
ephrinBl FSPNYMGLEFRRNQDYYITSTSNSTLQGLENREGGVCQTRSMKIIMKVGQDPNAVPPEQL
ephrinB2 FSPNLWGLEFQRDKDYYIISTSNGSIEGVDNQEGGVCVTKAMKILMKVGQDPDFHNHRGS
ephrinB3 FSPNLWGHEFQSQRDYYITIATSDGTMDGIETLQGGVCETKGMKVTLKVGQSPNGAT -~~~
* %k kk k kkg sekkkk gshkkg seskgs, skhkkk kg kkg skkkk kg
ephrinBl TTTR-PSKEADNTGKIATFGPWNGPVENPGKSDTNLSDKPTAGGGVDGFFNSKIAVFAAT
ephrinB2 SSTRRPDHESGTNGKSSTTSPHVNGPEGSSTDGKNAGHSSILG======== SEVALFAGI
ephrinB3 = = 0 o————- PPRRPSSAGKDSGISPSVPNPDIPNVGETSGNATKTGENGP-~-~~-LPISHVPLVA
* t.... ** 2 o* 2 ce o oo o o . 5
ephrinBl GAGCVIFILIIIFLVVLLIKIRKRHRKHTQORAAALSLSTLASPKCSG-NAGSEPSDIII
ephrinB2 ASGCIIFIVIIITLVVLLLKYRRRHRKHSPQHTTTLSLSTLATPKRSGNNNGSEPSDIII
ephrinB3 GAAGGAALLLLVFGVVGWVCHRRRQAKHSDTRHPPLSLGSITSPKRGGNNNGHEPSDIIM
% sssse k% ol kgks kkg S e hREk _sszskk k k k kkkkdhdg
ephrinBl PLRTTEN-NYCPHYEKVSGDYGHPVYIVQEMPPQSPANIYYKV
ephrinB2 PLRTAEG-VFCPHYEKVSGDYGHPVYIVQEMPPQSPANIYYKV
ephrinB3 PLRPSEAGAFCPHYEKVSGDYGHPVYIVQDMASQSPANIYYKV
kkk ok shhkkkkkhkkhkhkdhhhdhhhdhk ok  dhkdkkkhhhhx
ephrinBl1 VIFILIIIFLVVLLIKIRKRHRKHTQQRAAALSLSTLASPKCSG-NAGSEPSDIIIPLRT
ephrinB2 IIFIVIIITLVVLLLKYRRRHRKHSPQHTTTLSLSTLATPKRSGNNNGSEPSDIIIPLRT
shkkokkk hkkkk gk *:*****: *::::*******:** kk Kk hhkhkkkhkkkhkkkkk
ephrinB1 TENNYCPHYEKVSGDYGHPVYIVQEMPPQSPANIYYKV
ephrinB2 AEGVFCPHYEKVSGDYGHPVYIVQEMPPQSPANIYYKV

sk, skkkkkkkkkkkhkkhkhhkkhkkhkkhkhkhhkkhhhkk

Figure S2. Protein sequence alignment of ephrinBs. (A) Sequence alignment of three ephrinB
subfamily members. (B) Sequence alignment of intracellular domain of ephrinB1 and ephrinB2 in

pink.
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GFP-Rab11-WT alone

. V5-Rab11fip5-WT alone
. V5-Rab11fip5-1603E alone

B crr-Rab11
8 + V5-Rab11fip5-WT

GFP-Rab11
+ V5-Rab11fip5-1603E

Figure S3. Co-localization of Rab11 and Rab11fip5 is dependent on their interaction.
Immuno-staining was performed with ectodermal explants dissected from stage 8 embryos injected
with GFP-Rab11 (250pg), V5-Rab11fip5-WT (1ng), and V5-Rab11fip5-I603E (1ng) as indicated.
Scale bar, 10pum.
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12 17 46 55 58 67 82 92 118 124 150 153 174 216

Rab11-WT
24 32 78 81 96 112 136 146 158 172
Rab11-AN
Rab11-AC
Rab11-AC1
Rab11-AC2
Rab11-AHVD
o
- Q>
FZ2000IT
349994
EEE5555
T T T T @®C T
bl off oo off s o s oY
~got+t+t++t++g
frobbbnms
EdEEEEEEE
365888885

IB : GFP (Rab11)

IP : HA (ephrinB1)
IB : HA (ephrinB1)

IB : HA (ephrinB1)
IP : GFP (Rab11)

: GFP (Rab11)

IB : GFP (Rab11)

Total lysate
IB : HA (ephrinB1)

@

IB : Beta-Actin

Figure S4. Hypervariable domain (HVD) in Rab11 is required for an interaction with ephrinB1.
schematic representation of the domain structure of Rab11. Co-immunoprecipitation assay (Co-IP)
was performed using embryos (stage 11) injected with ephrinB1-HA (300pg) and Rab11 deletion
mutants (1ng each) as indicated. a: a-helix, B: B-sheet
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Figure S5. Rab11 activity affects co-localization of Rab11 and Rab11fip5. Immuno-staining
was performed with ectodermal explants dissected from stage 8 embryos injected with ephrinB1-
HA (300pg), V5-Rab11fip5-WT (1ng), and Rab11-WT, SN, or QL (1ng) as indicated. White arrows
denote the colocalization of Rab11 and Rab11fip5-WT. Scale bar, 10um. Histogram depicts the
percentage of ephrinB1 puncta co-localized with Rab11fip5 in the ectodermal cells (n=15).
Quantification with one-way ANOVA (Dunnett's multiple comparisons test), ****p<0.0001. Data
represent the mean = S.D. of three individual experiments. * p < 0.05, **** p < 0.0001, ns: no
statistical differences between the groups.
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A
ACCCCCCCTAGAAGTTGATGTGGGGCCACTTTCCTTGGACTGAGTTGTGACCCCTAGAGGCTCGTCCT
BATGTTTCTTCGGCCAGAGGCAGAATTGGGCTGGCTCCCTACCCATGTTCAGGTGACTATATTGCAGGC

ACGGGGACTCCGAGCCAAGGGCAAACATGGCACCAGTGATGCGTACACCTTGATCCAGATAGCCCGG
GAGAAGTACAGTACGTCCGTGGTAGAGAAGAGCCCGGGCTCCCCAGAATGGAAGGAGGAATGTTCTT
TCGAACTGGCCCEIGEEGEeTIGEAGEEEECAGAGAACTGCGACCTTCAGCTGACTGTCATGCACC

GTGCCCTCATTGGTATGGACCAGTTCCTGGGGCAGGTCTCCATCTCACTGCAGCACGTCTTTCAGGAA

GGTCGCTCCCAGAGGAACCAGTGAGTACTACCACATAGCAACCCTTGICITCTTG

B
PAM

ATGACAGTCAGCTGAAGGICGCAGTTCTCTGCCCGCTCCAAGGCCCCAGGGGCCAGTTCGAAAGAACATTCCTCC

*‘z /”.‘M'\N\w; il |

AT Wit

ATGACAGT CANCTGAAGGT CGCAGTTCTCTGCCCGC TCCAAGGUNNNNNCNAN AN ANNNNNNNNCNNNNNNNNNT

Rab11fip5 sgRNA
+Cas9

Figure S6. Rab11fip5 knockout using CRSPR/Cas9. Genomic sequences of the first exon of the
Rab11fip5 gene. The direct sequencing of PCR amplicons (DSP) shows that several nucleotides
were removed in the Cas9 and Rab11fip5 sgRNA injected FO embryos. A start codon (red), PAM
sequences (yellow), Rab11fip5 sgRNA target sequences (green) and gray highlights indicate
5'UTR and intron.
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ephrinB  tubb2b GFP Merge memsree

h; ’ZF"}J

Control MO

a.Tg(tubb2b

ephrinB1 MO (4nQ)

Figure S7. Immunostaining with ephrinB antibody. MOs and membrane-RFP were injected into
one D1.1 blastomere at the 16-cell stage as indicated. Brains were dissected at stage 45 and

immunostaining performed using anti-ephrinB antibody. The white arrows indicate injected side.

Scale bar, 200pm.
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5 hours 5 hours

RNA injection Embryo Harverst Embryo Harverst Embryo Harverst

at 8-cell stage at stage 9 at stage 12 at stage 17
into D.1 | | |

v

Western Blot anlaysis

GFP-Rab11-QL + + +
GFP-Rab11-SN T+ 4+
GFP-Rab11-WT + + 4+ g
mcherry-Rab11fip5 ++++++ S ++++++
. [
ephrinB1-HA +++++++++ 35 +++ + + +
Hours post-injection 5 1015 5 10 15 5 10 15 51015 5 1015

IB : HA (ephrinB1)

IB : mcherry (Rab11fip5)

T p——
I ns |
[ 1
Fokkk *

E 5- I FKK ns " I
>
o [ I 1
5 4 M
o . 1 * ephrinb1 alone
S 3 L] 2 & ephrinB1 + Rab11fip5
° a 3 m ephrinB1 + Rab11fip5 + Rab11-WT
E o * 4 A ephrinB1 + Rab11fip5 + Rab11-SN
< * £ 5 ¢ ephrinB1 + Rab11fip5 + Rab11-QL
Q &
9
©
[0]
X o

51015 51015 51015 51015 51015 Hours
1 2 3 4 5

Figure S8. Rab11 activity affects exogenously expressed ephrinB1 levels via Rab11fip5.
Schematic representation of experimental procedure. RNAs were injected into two D1 blastomeres
at the 8-cell stage as indicated. Embryos were harvested at 5, 10, 15 hours after injection and
Western blot analysis was performed. Histogram depicts relative ephrinB1 levels at 15 hours post-
injection (n=4). Quantification with one-way ANOVA (Dunnett’'s multiple comparisons test),
****n<0.0001. Data represent the mean + S.D. of three individual experiments. * p < 0.05, **** p <
0.0001, ns: no statistical differences between the groups.
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RNA injection Dissect ectoderms Staining Snap substrate Live imaging
at 8-cell stage at Stage 11 for 30min and wash 5 times at0and 4 hours
post-staining

into D.1

0 hour
ephrinB1 alone I *hkk I
4 hours [ =
Sekkok
Hkkk ns ns
© 1.57 | | I ]
0 hour ? ] o
ephrinB1 c ] A
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+ Rab11-WT © 7Y *
4 hours < E
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Oh E ] H
our i 0.0+ T T T T
ephrinB1 04 04 04 04 0 4
+ Rab11fip5 Hours post-staining
4 hours + Rab11-SN
* ephrinb1 alone
e ephrinB1 + Rab11fip5
= ephrinB1 + Rab11fip5 + Rab11-WT
0 hour . A ephrinB1 + Rab11fip5 + Rab11-SN
ephrinB1 .
+ Rab11fip5 4 ephrinB1 + Rab11fip5 + Rab11-QL
4 hours + Rab11-QL

Figure S9. Rab11 activity affects ephrinB1 recycling through Rab11fip5. Schematic
representation of experimental procedure. RNAs were injected into two D1 blastomeres at the 8-
cell stage as indicated. Ectodermal explants were dissected at stage 11 and then membrane-
ephrinB1 was stained using Snap-tag substrate (Non cell permeable, Snap-Surface™ 647). Live
cell images were taken at 0 hour and 4hours post-Snap-staining. Scale bar, 10um. Histogram
depicts relative ephrinB1 levels at 0 and 4hours post-injection (n=10). Quantification with one-way
ANOVA (Dunnett’'s multiple comparisons test), ****p<0.0001. Data represent the mean + S.D. of

three individual experiments. **** p < 0.0001, ns: no statistical differences between the groups.
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5'-TAGAGGCTCGTCCTCATGTTTCTTCGGCCAG-3° WT-Rab11fip5-V5
3'-TCTCCGAGCAGGAGTACAAAGAAGC-5’ Rab11fip5 MO
5-ATGTTCTTGAGGCCAG-3° MoR-Rab11fip5-V5

MoR-Rab11fip5-V5 + +
WT-Rab11fip5-V5 + +
Rab11fip5 MO + + +

ControlMO + + +

V5 (Rab11fip5)

Beta-Actin

Figure S10. Rab11fip5 morpholino oligos. Rab11fip5 MO targets the translational start region
as indicated. Western blot analysis shows that Rab11fip5 MO efficiently blocks exogenous WT-
Rab11fip5 expression whereas the expression of the morpholino resistant MoR-Rab11fip5 RNA is
not affected by Rab11fip5 MO.
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RT-gPCR

Relative ephrinB1 expression

Figure S11. Knockdown of Rab11fip5 did not reduce ephrinB1 mRNA expression. Rab11fip5
MOs were injected into two D1 blastomeres at the 8-cell stage as indicated. Brains were dissected
at stage 45 and RT-qPCR analysis was performed. Quantification with unpaired t test, two-tailed
(n=3). Data represent the mean + S.D. of three individual experiments. * p = 0.0181.
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Control MO Rab11fip5 MO ephrinB1 MO

.v,:\’ i

Figure S12. Knockdown of Rab11fip5 did not affect early brain specification. MOs and
membrane-RFP were injected into one D1.1 blastomere at the 16-cell stage as indicated.
Expression of early brain specification genes were analyzed using WISH at stage 30 with probes
for BF-1, OTX2, or PAX6. The black arrows indicate uninjected control side and the red arrows

indicate injected side. Scale bar, 200um.
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Figure S13. Knockdown of Rab11fip5 did not induce apoptosis in developing telencephalon.
MOs (4ng) along with membrane-RFP (100pg) or p53 RNAs (50pg) were injected into one D1
blastomere at the 8-cell stage as indicated. Brains were dissected at stage 30 (A) or stage 45 (B)
and immunostaining performed using anti-Cleaved caspase-3 and phospho-Histone H3 antibodies.
Overexpression of p53 is used as a positive control. Scale bar, 200um. Histograms depict relative
Cleaved caspase-3 positive cell numbers compared with uninjected telencephalons (n=12).
Quantification with one-way ANOVA (Dunnett's multiple comparisons test), p = 0.7218. Data
represent the mean + S.D. of three individual experiments. ns: no statistical differences between

the groups.
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