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Cnidaria T2MGD6 Hydra vulgarisVav =~ ——————————~ KPPSKPITSKPTIHLRT-———

Nematoda ~ QasFxs Caenorhabditiselegans g RSSQSFNCNRP--—RFHTH-—

Hexapoda QoNHvg D" OSOPhIIaV’Z\f’a”OQaSte’ - —KQPNPVSVPPPVHDTQYALSL--KTDNTVK

ryondricht:  voKFeo  Callorhinchus milliVavi NTFKKSK-SS-RAPPPROPNTDLE-KMEVIOE 6 2 +4 1045
H2M046 Oryzias latipes Vav1 GTSRIIKVSL-HLSSKLKYFYGFP-KMEVSQE 6 1 +5 10.00

Teleostei IBIUKO  Oreochromis niloticus Vavl VSAKKNK----AQRSSGHSSIGYP-KMEVNQE 6 1 +5 10.17
H2UD65  Takifugu rubripes Vavl  GTIKKVKTHINIFSPPLRSMLGFP-KMEVCOD 6 1 +5 10.46

Amphibia Q6DCX0 Xenopus laevi Vav1 STNKKQK-TG-RGNNSKGNEKGLP-KMEACEE 7 2 45 10.30

Reptilia AONSa’  Aligator sinensis Vavi ~ SVLKKNKSNR-HTQEKRKNDLGLP-KMEVCOD 9 3 46  10.29
P27870 Mus musculus Vav1 GTMKKDKLHR-RAQDKKRNELGLP-KMEVFQE 10 4 +6 10.28
QO8DN7 Bos taurus Vav1 GTMKKDKPHR-RAQDKKRNELGLP-KMEVCQE 10 4 +6 10.28

Mammalia  P15498 Homo sapiens Vav1 GTMKKDKLHR-RAQDKKRNELGLP-KMEVFQE 10 4 +6 10.28

P52735 Homo sapiensVav2 ~ —————————————= DASGAGPG—-P-KMVAMON

QOUKW4  Homo sapiensVav3 ~ GTLKLPEKRTNGLRRTPKQVDPGLPKMOVIR- 7 2 +5 11.07

FIGURE S1. Evolution of the KR in Vav family proteins

Amino acid sequence and charge features of the Vavl KR region were analyzed in the indicated species.
Positively charged residues are shown in red.
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FIGURE S2. The Vavl KR regulatory mechanism is specific for lymphocytes

(A) Activation of NFAT triggered by indicated Vavl proteins in nonstimulated and BCR—stimulated DT40
cells. Data represent the mean + SEM. Statistical values were obtained using the Mann—Whitney U test. Blue
and salmon asterisks indicate the significance level compared with nonstimulated and BCR-stimulated
Vav1WVTexpressing cells, respectively. Black asterisks refer to the P values obtained between the indicated
experimental pairs (in brackets). n = 3 independent experiments.



(B) Representative example of the abundance of the indicated Vav1 proteins and tubulin a (loading control) in
the assays performed in A.

(C) Activation of SRF by the indicated Vavl constructs in COS1 cells. Data represent the mean £ SEM.
Statistical values were obtained using the Mann—-Whitney U test. All the comparisons are referred to Vavi VT,
n =3 independent experiments, each performed in triplicate.

(D) Representative example of the abundance of the indicated Vavl proteins and tubulin o (loading control)
in the assays performed in C.

(E) Effect of the indicated proteins (top) in the F—actin cytoskeleton of COS1 cells. EGFPs and F—actin are
shown in green and red, respectively. Areas of colocalization of Vavl proteins and F—actin are shown in
yellow (bottom panels). Scale bar, 20 um. n = 3 independent experiments.

(F and H) Activation of SRF by the indicated Vav1 proteins in COSI cells. Data represent the mean = SEM.
Statistical values were generated applying the Mann—Whitney U test using as comparative control the values

1 AB35-845__

obtained in Vav (F) and Vav1218_expressing (H) cells. n =3 independent experiments, each

performed in triplicate.

(G and I) Representative example of the abundance of the indicated Vavl proteins and tubulin o (loading
control) in the assays performed in F (G) and H (I).

(J) Activation of NFAT triggered by Vavl™T and indicated polyhistidine-tagged Vav2 (His—Vav2) proteins
in nonstimulated and TCR—stimulated Jurkat cells. Data represent the mean + SEM. Statistical values were
obtained using the Mann—Whitney U test. Blue and salmon asterisks indicate the significance level compared
with nonstimulated and TCR-stimulated Vav1%¥T—expressing cells, respectively. Black asterisks refer to the P
values obtained between the indicated experimental pairs (in brackets). » = 3 independent experiments, each
performed in duplicate.

(K) Representative example of the abundance of the indicated Vav proteins and endogenous tubulin o
(loading control) in the assays performed in J. Vav2 was detected using an antibody to the polyhistidine tag.
The asterisk pinpoints the residual signal from the previous blotting carried out with the antibody to
polyhistidine residues.
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FIGURE S3. The KR region is important for the localization of Vavl in lymphocytes

(A) Immunoblot of cytoplasmic and plasma membrane fractions of nonstimulated and CD3—stimulated Jurkat
cells showing the localization of the indicated EGFP—tagged Vavl versions (top), a membrane—localized

(TP1/36), and a cytosolic (tubulin o) protein. Please, note that the tubulin panel was generated using aliquots
from the same experiment in an independent filter.



(B) Quantification of the distribution of the indicated Vavl proteins in the membrane and cytosolic fractions
of nonstimulated and stimulated Jurkat cells from the experiments shown in A. Data are shown as mean +
SEM. Statistical values were calculated using the Student’s # test relative to the data obtained in Vav1VT-
expressing cells. n = 3 independent experiments.

(C) Example of the tyrosine phosphorylation of the indicated ectopically-expressed (GFP-pVavl) and
endogenous Vavl (pVavl) proteins in nonstimulated and TCR-stimulated Jurkat cells (top panel). As control,
we include the Western blot of immunoprecipitated Vavl with antibodies to the Vavl DH domain (bottom
panel).

(D) Quantification of the tyrosine phosphorylation levels of the indicated ectopically-expressed Vavl proteins
obtained in the experiments shown in C. Data are shown as mean + SEM. Statistical values were calculated
using the Student’s ¢ test relative to the data obtained in Vavl™T—expressing cells. n = 6 independent
experiments.

(E) Example (top panels) and quantification (bottom) of the effect of EGFP and indicated EGFP—-tagged Vavl
versions (top) in the polymerization of actin inside the contact area and outside or at the peripheral area of the
immune synapse. This data is part of the same experiment performed in Figure 3G. As in that case, values
were obtained comparing the F—actin signal in these areas to the signal in other regions of both the T and B
cell as detailed in the methods. Histograms represent the mean + SEM and statistics were performed using
two—way ANOVA and Dunnett’s multiple comparison tests using as reference control the detection of F—
actin inside (blue) and outside (salmon) the contact area in Jurkat cells expressing the indicated EGFP—
protein. n = 3 independent experiments.



~2~'0\' &> & QS&Q%&\L
~<‘~fz QO \* \’l‘\*\* MBP: - C1-KR C1-KR{1Mut
RO KDa OO O KDa
: s P S P s P
~250 220 PCIPSIPI45)P,
-150 (75/20/5)
-100 -100
—75 =75 PC/PS/PI3P
. . ' (75/20/5)
 — _
- s -0 - -50 PC/PS/PISP
i _37 (75/20/5)
- -37
-25 i =25
O©Os OO s
D E F Protein e 22T 2 2R
_owmBP & expressed: 2 E T S E o T
0.5
> o MBP-C1-KR D . el e
—_ O MBP-C1-KR1Mut ¥ KDa o i |
2 0.4 = Vav1 : e
- -250 ‘ -
T 03- -150 . EEPEES . .
S . _100 IP: a-Vavi(DH) IP: a-Vavi(KR)
S 024 | |-75 © © =
2 z : | 5 Protein o X©=
9 014 . E C -5 =
@ rLFﬂ o J_‘ * ¥ {'50 expressed: 2=z505 E
0.0 * EEE

PI45)P, PI3P ' PISP | 1_37 Vavt
o av
Lipid _o5

b 2pizegaa]
Total cellular lysate

G \;{3‘ .
& O S
K% NI
N PR &E kpa
; -250
t -150
» -100
| -75
1
= -50
-b- =

FIGURE $4. The entire Vavl C1-KR mediates phosphatidylinositol monophosphate binding

(A,B) Stained SDS-PAGE gels showing the purified MBPs used in Figure 5B,C. The migration of the
molecular weight markers is shown on the right of each panel. KDa, kilodalton.

(C) Representative experiment showing the association of the specified MBP proteins (top) with the
liposomes of the indicated composition (left). S, soluble (unbound) fraction; P, pelleted (bound) fraction. PC,
1—palmitoyl-2—oleoyl-sn—glycero—3—phosphocholine; PS, 1-palmitoyl-2—oleoyl-sn—glycero—3—phospho—L—
serine. Proteins were stained with Coomassie.

(D) Quantification of the experiments shown in C. Data represent the mean + SEM. Statistical values were

obtained using two—way ANOVA followed by Dunnett’s test for multiple comparisons. # = 5 independent
experiments.



(E) Stained SDS-PAGE gel showing the purified Vav1 VT protein used in Figure SE. The migration of the
molecular weight markers is shown on the right.

(F) Immunoprecipitation of indicated Vav1 proteins (top) with antibodies to epitopes located in the Vavl DH
domain (top panel on the left) and KR (top panel on the right). As control, we show the expression of each of
the protein versions used aliquots of the total cellular lysates used in the immunoprecipitation experiments
(bottom panel).

(G) Stained SDS-PAGE gels showing the purified MBPs used in Figure 6. The migration of the molecular
weight markers is shown on the right of each panel.
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FIGURE S5. Vavl does not influence the localization of phosphatidylinositol monophosphates at the
immune synapse.

WT and VAVI knockdown (shVavl) Jurkat cells were transfected with EGFP-tagged domains that
specifically recognize PI3P (NAPD oxidase PX domain), PI4P (four phosphate adaptor protein 1 PH domain)
and PISP (Ing2 PHD domain). Upon synapse formation, cells were fixed, stained with phalloidin, and
subjected to confocal microscopy. The bioreporters and F-actin are seen as green and red signals. Areas of
colocalization between the bioreporters and F-actin are seen in yellow.



Uniprot : : .

P15498 (5;/93‘_23 o) CKACOMLIRGTFYQGYRCHR--CR-ASAHKECLG---——==-= RVPPCGRHGQDFPGTMKKDKLHRRAQDKKRNEL

Q5VWG9 (8&3_‘;329) CPGCNKPDDGS - - PMIGCDD-—CD- DHYHWPCVG- IMTAPPEEMOWF CPKCAN———— - KKKDKKHKKRKHRAH-——

Q96788 (3:'18h_ g188) CHLCGGRQDPD--KQIMCDE--CDMAFHIY-CLDPPLSSVPSEDEWYCPECRNDASEVVLAGERLRESKKKAKMAS

Q9H160 (21"5192280) CL-CNQVSYG---EMIGCDNEQCPIEWFHFSCVS--LTYKPKG-KWYCPKCRGDNEKTMDKSTEKTKKDRRSR———

Q9HAJ7 ?239[)-3933_ C--CLIEDGERCVRPAGNASFSKRVOKSISQKKLKLDIDKSVRHLYICDFHKN---FIQSVRNKRKRKTSDDGGDS

FIGURE S6. Comparison of the Vavl C1-KR with the PHD-KR cassette of nuclear proteins

The residues involved in the coordination of Zn*" are shown in green and shaded in dark gray. Basic residues
present in the KR regions of the indicated proteins are shown in red. The basic residues present in the Ing2
PHD that contribute to binding to phosphatidylinositol monophosphates are also indicated in red.
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TABLE S1. Sequence of oligonucleotides used in this study

Mutant DNA sequence of primer
Fi* | 55— CAAGATTTCGCAGGAACCAT(G)GAAGAAGGACAAGCTCCATC -3’
KR M R, 5’— GATGGAGCTTGTCCTTCTTC(C)ATGGTTCCTGCGAAATCTTG -3’
F» 5- GGACAAGCTCCATCG-AGGGCCCAGGACAAG -3’
R; | 5~ CTTGTCCTGGGCCCT-CGATGGAGCTTGTCC -3’
Fi 5’— CATCGAAGGGCCCAGGAC-AGAAAAGGAATGAATTGGG -3’
KROM R; | 5~ CCCAATTCATTCCTTTTCT-GTCCTGGGCCCTTCGATG -3’
F 5—- TCTGCCTAAGATGGAAGTGTTT(T)CAGGAATACTATGGGATCCCTC -3’
R, 5’—- GAGGGATCCCATAGTATTCCTG(A)AAACACTTCCATCTTAGGCAGA -3’
Fi 5’— GCCTGGTGCCCTGTAGGACACAGCGAG -3’
R 5’— [p]-GCTCTAGATCAGGAGAGGACGCAGCAATATTCGGAATAGTCTTCC -3’
CAAX F, 5—- GGAAGACTATTCCGAATATTGCTGTATGTCATGTAAGTGCGTCCTCTCCTG
ATCTAGAGC -3’
R, 5’— GCTCTAGATCAGGAGAGGACGCACTTACATGACATACAGCAATATTCGGA
ATAGTCTTCC -3°
A835_845 F 5— CCCTTCTAACTAAGTGGAGGAAGAC -3’
R 5’— GTCTTCCTCCACTTAGTTAGAAGGG -3’
F 5—- CGCAGGAACCATGAAGAAGAAAAAGCTCCATCGAAGGGCCC -3°
D578K R 5’— GGGCCCTTCGATGGAGCTTTTTCTTCTTCATGGTTCCTGCG -3’
F 5— CCCAGGACAAGAAAAGGAATAAATTGGGTCTGCCTAAGATG -3’
ES91K R 5’— CATCTTAGGCAGACCCAATTTATTCCTTTTCTTGTCCTGGG -3’
F 5—- GGGTCTGCCTAAGATGAAAGTGTTTCAGGAATAC -3’
ES98K R 5’— GTATTCCTGAAACACTTTCATCTTAGGCAGACCC -3’
F 5— CCAACCGTTCTGATGTGACCTATCTGGTGCG -3’
G691V R 5~ CGCACCAGATAGGTCACATCAGAACGGTTGG -3’
MBP_C1 F 5—- GCAGGAACCATGTAGAAGGACAAGC -3
R 5’— GCTTGTCCTTCTACATGGTTCCTGC -3°
F 5— CCTATAGATCTGGTCGCCATGGGCAAGATTTCGC -3’
MBP-KR R 5’—- GGAGGAGGGATCCCATAGTATTCC -3°

*F, forward primer (in the case of a two—step mutagenesis protocol, the primers are referred to as F1 and F2
for the first and second step, respectively); R, reverse primer (in the case of a two—step mutagenesis protocol,
the primers are referred to as Ri and R> for the first and second step, respectively); [p]—, phosphorylated
primer. Nucleotides used for the generation of the indicated mutations are shown in red. Nucleotides that have
been inserted or deleted in the WT sequence are indicated in red parenthesis and with a red line, respectively.
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TABLE S2. Alignment of the amino acid sequences present at the C—terminus of C1 domains (continues

in next page)

Protein Region C—terminal to C1 domain*

Vavl GRHcopFPcTMERDELERRA O DRRRNELGLPRMEVFOEY YGLPPPPGAIG
DGK1 BrrrREGGSRSPRENF oEGRCRocGRcFoORFSFHSRETIV
DGK¢ ErsrRescsEnvREPTFVRERWERRRODGECRECGRcFooRF TFHSEE T
DGK6 spcRocHopcHopED THEEEWREGNLPSGARCEVCRETCGSSDVLAGVERC
RasGRP2 EBR~0svsLEGSAPSPSPMESHERRAFSFSLPRPGRRGS

PKCo pPGADRGPDTDDPRSEERFRIBETvcspTFCDlCGSLLYGLIHoGMECDTCD
PKCa (isoform 2) GssGGPDTDDPRSKERFRIBTYycsPTFCDECGSLLYGLIFQGMECDTCDM
PKCB pcaDRGPASDDPRSKERFRIBTYsspTFcDlcGsILYGLIHocMEBCDTCM
PKCy PGAGRGPOTDDPRNEERFRLHS vsSsPTFCDHCGSLLYGLVEQGMEBCSCCE
DGKy cvRTYSRARRSGEFERRCELSTLCDGGELRDEILLPTSICPITCVRTYSR
DGKp ciRryvRsERNTDVMERYWwvEGNCPTRCDRCHERTVRCYOGLTGLECVWCO
DGKa EvSTYARSERDIGVOSEVWVRGGCESGRCDRCORBIRI YHsLTGLECvWC
Vav3 GRvNSGEQGTLRLPERRTNGLERTPROVDPGLPRMOVIENYSGTPPPALE |
RasGRP3 BRF2RaPsLsSGHGSLPGSPSLPPAQDEVFEFPGVTAGHRDLDSRAITLY

RasGRP1 (isoform 2)

ERR~BNPvAPTENNTSVGPVSNLCSLGARDLLEAPEEGPFTFPNGEAVER

RasGRP4

EfRrcaBcpacrrGAPVPSTPAPHASCGSEENESYTLSLEPETGCOLREA |

PKD3 SGVRRRRLSNVSLPGPGLSVPRPLOPEYVALPSEESHVEQEPSERIPSWS
PKDI SGVRRRRLSNVSLTGVSTIRTSSAELSTSAPDEPLLSPVSPGFEQRSPSE
PKD?2 (fragment) DCRFNCHRRCATRVPNDCLGEAL INGDVPMEEATDFSEADRSALMDESED
PKC¢ EfiDsvPSsQEPPVDDENEDADLPSEETDGIAYISSSRREDS IRDDSED
DGK3 EwrrrasicEpIiEDADGIAMPEOWLEGNLPVSARCTVCDRTCGSVLRLO
DGK3 (isoform 2) TTLASIGRDIIEDADGIAMPHOWLEGNLPVSARCTVCDRTCGSVLRLODW
DGKn EwrrrasicEpIIEDEDGVAMPHOWLEGNLPVSARCAVCDRTCGSVLRLO
DGKx EW"NTLSITDDLLLPADEVNMPEOWVEGNMPVSSQCAVCHESCGSYORLOD
DGKe Ee v EnDTRvLDAMPHEEWIRGNVPLCSYCMVCROOCGCOPRL.CDYRCIW
DEF8 vssEvSHEoAEYELNICPETGLDSODYRCAECRAPISLRGVPSEAROCDYT
PLEKHM3 SEYBvsEoAREFLEYVYEEPLIDIQQENAMLYHRAEPLAAVLELRORL RS
B-RAF VNYDQLDLLFVSHFFERBPIPOEEASLAETALTSGSSPSAPASDSIGPQI
TENCI 0AL.PPVELRRNTAPVRRIERLGSTRSLNESHORS TLPRSFSLOPLMERRW |
PNS3 GVOVRLEQAPGSSTLSSSLCRDRPLRPVILSPTMEEGHGLDLTYITERII
RhoGEF28 TRRFoERYNENEPOTIL.GNSSFRDIPOPGLSLEPSSSVPVGLPTGRRETV
ADCP5 SQOEGLSRDRPSPESTLTVTFSONVCRPVEETORPPTLOE IRORIDSYNT
RacGAP1 IPTLIGTPVRIGEGMLADFVSQTSPMIPSIVVECVNEIEQRGLTETGLYR |
AKAP13 ARvEMRorRGsLoafipTssLpTVIMENEPSOPRERPRSAVLLVDETATTP
RAF VDWSNIROLLLFPNSTIGDSGVPALPSLTMERMRESVSRMPVSSORRYST
RAF (isoform X5) vDWSNIROLFSOBRYSTPHAFTFNTSSPSSEGSLSORORSTSTPNVEMYS
PKCu GRHsLPoEPVMPMDOSSMESDEAQTVIPYNPSSHESLDQVGEEREAMNTR |
KMT2C GRORLPFsaPPGSVVEASSNLRHGNF I PRPDFPGPRETDPMERPPOGLPN
ARAF vDMSTNRooPSRFYsvopLsGGSROEAPSNRPLNELLTPOGPSPRTOR
TNSI vPPSNHELVPITTENAPENVVDRGEGASRGGNTRRSLEDNGSTRVTPSVQ
ADCP1 CGPRDLGWEPAVERDTNVDEPVEWETPDLSQAEIEQRIREYNAQINSNLF
PDZD8 GATDRRIDRTLENLBLEGOETLLGLPPRVDAEASHSVNETTGLTREI INT
Vav2 BrrspaprpascacrcriMvAMONYHGNPAPPGRPVLTFQTGDVLELLRG

*Basic amino acid residues are shaded in red.
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TABLE S2 (continuation from previous page)

Protein Region C—terminal to C1 domain

UNCI3B LoRaaERscRBcAEDRTONT IMAMEDRMEIRERNEPEIFEVIRDVFTVNE |
UNCI3A LoRAAERssElcAEDRTONT IMVLEDRMEIRERNEPEIFELIQETFAVTR
UNCI13C LORAAERssElcAEDETOT I ITAMBERME I REBNBPEVFEVIQEMFOISH
STAC MGRLPRGFRRYYSSPLLIBEQFGCIREVMPIACGNRVDPVYETLRFGTSL
STAC2 PGRTSTSFRBNFSSPLLVEEPPPVCATSRESPPTGDSGRVDPVYETLRYG
STAC3 FGRIPPGFHRAYSSPLYSNOQYACVERDLSAANENDPVFETLRTGVIMANK
KSR2 LLIIfRcprARLVRTESVPCDINNPLERPPRY SDLEIsoTL.PRTNE INED
KSR1 1SFLPLTRLERTESVPSDINNPVDRAAEPHFGTLPRAL TRRERPPAMNEL
PKC3 TcTAANSEDTIFORERFNIDMPERFEVENYMSPTFCDECGSLLWGLVEQG
PKC{ TcSAINSRETMFERERFRI DMPERFEvVYNYBspTrcERCGTLLWGLAROG
PKCe AGLERoETPDOVGSORFSVNMPERFGIENYRvPTFCDECGSLLWGLLEOG
PKCn TCONNINRVDSHIAEORFGINIPHRFs IHNYRvPTFCDHECGSTLWGIMED
PKCH GRpMPERFRvVYNYRspTFCERCGTLLWGLAROGLECDACGMNVEBRCOT
MRCKa pvPPEQTRGPLGIDPORGIGTAYEGEVRIPRPAGVERGWORATL.ATVCDFR
MRCKGP (isoform X1) pPIPPEQSRRPLGVDVORGIGTAYRGEVEVPRPTGVRRGWORAYAVVCDCE |
MRCKy pPvPPDLLRTALGVEPETGTGTAYEGFLSVPRPSGVRRGWORVFAALSDSR
ROCK1 sRiEcwLsvPNREcNIERyYGWRRoYVVVS SERILFYNDEQDREQSNPSMVL
CIT GLPAEYATHFTEAFCRDRMNSPGLOTREPSSSLELEGWMEVPENNERGOO
PLEKHMI EsVGPAHSDGRFELVFSGRRLALRASSODEAEDWLDRVREAL.ORVEPQOE
CHNI1 Erp L ElvERv yscoLTTLVRABTTRRPMvVDMC IREIESRGLNSEGLYRV
CHN2 oPDLERIERvyccoLTTLVRARNTORPMVVDICIREIEARGLESEGLYRV
HMHALI GHERBL.oGRLOLFGODFSsHAARSAPDGVPF IVRRCVCEIERRALRTRGIYR
RhoGAP29 GHoRr.pcRIBLFGAEFTQVARREPDGIPFILRICASEIENRALCLOGIYR
GMIP GHRRr.PARTPLFGVDFLQLPRDFPEEVPFVVTRCTAEIEERALDVOGIYR
MYO9A SERYDPELSSROFGVELSRLTSEDRTVPLVVERLINY IEMEGLYTEGIYR |
MYO9B sYTYGRRGEPGVEPGHFGVCVDSLTSDRASVPIVLERLLEBVEMEAGLYTE
BRD1 LosErRra
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