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Supplementary Figure Legends 
 

Figure S1: TAPa-tagged TWD1 functionally complements twd1. 
(A) Phenotype of homozygous twd1-3 transformed with 35S:TAPa-TWD1 (no. 

3, line 3 and no. 5, line 5) in comparison to Columbia wild-type (Col Wt) 45 

dag. 

(B) Western blot verification of TAP1-TWD1 expression using anti-MYC. 
(C) Auxin efflux from protoplasts of twd1-3 complemented with 35S:TAPa-

TWD1 (TAPa-TWD1) is restored to wild-type (Col Wt) levels (mean ± SE; n = 

4). Significant differences (unpaired t test with Welch"s correction, p<0.05) to 

wild type are indicated by an asterisk.!

(D) Protein sequences of TWD1 and PID peptides with protein coverages 

identified by MS/MS after TAPa-TWD1 co-immunoprecipitation. 
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(E) Phenotype of homozygous twd1-3 complemented with C- (TWD1-Rluc) 

and N-terminally tagged Renilla luciferase (Rluc-TWD1) in comparison to 

Columbia wild-type (Col Wt) 40 dag. 

 

 

Figure S2: Co-expression and mutagenesis does not significantly alter 
location and expression of ABCB1 in yeast 
(A) Co-expression with PID, MPID or BIN2 does not significantly alter plasma 

membrane location of ABCB1-YFP as revealed by Western analysis using 

anti-GFP and anti-PMA1 directed against plasma membrane marker, H+-

ATPase, after linear sucrose gradient centrifugation. Peak fractions are 

marked by red asterisks. 

(B) S634A and S634E mutagenesis does not significantly alter plasma 

membrane location of ABCB1-YFP as revealed by Western analysis using 

anti-GFP and anti-PMA1 directed against plasma membrane marker, H+-

ATPase, after linear sucrose gradient centrifugation. Peak fractions are 

marked by red asterisks. 

(C) S634A and S634E mutagenesis does not significantly alter expression of 

ABCB1-YFP. Each 20 µg of protein was subjected to PAGE and Western 

analysis using anti-GFP and anti-PMA1 directed against plasma membrane 

marker, H+-ATPase. 

(D) S634A and S634E mutagenesis does not significantly alter expression 

and location of ABCB1-YFP that localized primarily to raft-like structures 

surrounding the plasma membrane (Bailly et al, 2008). Bars, 2 µm. 

 

 

Figure S3: Co-expression and mutagenesis does not significantly alter 
location and expression of ABCB1 in yeast and tobacco 
(A) Co-expression of ABCB1-MYC with PID-FLAG (PID), TWD1-YFP (TWD1), 

WAG1-YFP (WAG1) and PID-FLAG/TWD1-YFP (PID + TWD1) does not 

significantly alter expression of ABCB1-YFP. Each 10 µg of protein was 

subjected to PAGE and Western analysis using anti-MYC and anti-AHA2, 

directed against plasma membrane marker, H+-ATPase. 

(B-C) Time-course of auxin efflux from PID gain- and loss-of-function 

protoplasts. IAA (B) and NAA efflux (C) from Arabidopsis pid protoplasts is 

strongly enhanced while PID gain-of function has in agreement with described 

phentotypes only a non-significant effect (means ± SE; n = 3). 7.5 min. values 

were taken for bar presentation in Fig. 3C.  

(D-E) 35S:WAG1-YFP (D, WAG1-YFP) and 35S:TWD1-GFP (E, TWD1-GFP) 

localize to the plasma membrane of N. benthamiana protoplasts isolated 4 

days after leaf infiltration. Bars, 5 µm. 

(F-G) 35S:ABCB1-YFP co-localizes with 35S:PID-GFP (F, PID-GFP) and 

35S:TWD1-GFP (G, TWD1-GFP) on the plasma membrane of N. 

benthamiana protoplasts isolated 4 days after leaf infiltration. Bars, 5 µm. 

(H) Co-transfection of PID (PID-GFP) and TWD1 (TWD1-YFP) in N. 

benthamiana protoplasts does not significantly alter ABCB1 (ABCB1-CFP) 

location in comparison to vector control co-expression. Note co-localization of 

ABCB1, TWD1 and PID on the plasma membrane of tobacco protoplasts 



3 
!

(lower row; insets in upper row show indicated details at higher magnification). 

Bar, 10 µm.!
!

!

Figure S4: Inhibition of in vitro auto-phosphorylation of PID-GST by 
quercetin correlates with inhibition of MBP trans-phosphorylation 

(A-B) Coomassie stains (left panels) of non-phosphorylated PID (PID) was 

used as loading control (A). Autoradiographies (right panels) of 

autophosphorylated PID (PID-P), presumably represented by the upper band 

in the Coomassie stain (Christensen et al, 2000), were quantified (B) and 

signal intensities were plottet against solvent controls (lower panel; means ± 

SE; n = 3). Significant differences (unpaired t test with Welch"s correction, 

p<0.05) to solvent controls are indicated by asterisks. Note that in contrast to 

PID autophosporylation (Fig. 5), chelerythrine has only a slight effect on MBP 

trans-phosphorylation. 
 

 

Figure S5: The ABCB1 linker domain is a target of protein 
phosphorylation 
Overview of ABCB1 linker (amino acid 607-680, grey background) 

phosphorylation sites either predicted in silico using NetPhos (red letters) or 

identified by phosphoproteomics (black P, (Benschop et al, 2007; Nuhse et al, 

2004); red P, this study). In vitro verification of putative linker phosphorylation 

sites using synthetic linker peptides (blue background) and mammalian PKC; 

numbers of PKC phosphorylation sites (X x P) identified by MS/MS are 

indicated. 
!

 

Figure S6: Staurosporine and phorbole ester do not rescue the pin2 
agravitropic phenotype. 
Root bending analysis after 12h kinase inhibitor treatment (100 nM quercetin, 

400 nM chelerythrine, 50 nM staurosporine, 10 µM phorbole ester). The 

length of each bar represents the mean percentages ± SD of seedlings 

showing the same direction of root growth of at least three independent 

experiments; numbers correspond to the mean percent occurrence of 60 and 

90° bending (sum of 60 and 90° sectors); nd, experiment not done. 

 

 

Figure S7: Protein kinase inhibitors do not significantly alter ABCB1-, 
ABCB19, PIN1 and PIN2 root locations. 
Arrows mark ectopic PIN1 expression at epidermal and cortical PIN2 locations 

caused by quercetin and chelerythrine, and enhanced ABCB1 expression in 

Columella cells upon chelerythrine treatments, as well as slightly elevated 

ABCB19 expression in the stele induced by quercetin and chelerythrine. 

 

 

Figure S8: Model of PID-ABCB-TWD1 interaction and ABCB1 linker 
regulation 
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(A) Simplified model of the dual, counter-active, regulatory impact of PID on 

ABCB activity. In the absence of TWD1, PID has a positive (+) regulatory 

effect on ABCB activity, most probably by S634 linker phosphorylation. 

Moreover, TWD1 functions in recruiting PID for ABCB1 linker phosphorylation 

resulting in block of auxin efflux (-). This negative regulatory role on auxin 

transport in planta is supported by Arabidopsis protoplast efflux data (Fig. 3C), 

however, target residues phosphorylated by PID have not yet been identified. 

Quercetin (Quer) binds to PID resulting in PID inhibition. Functional domains 

of TWD1 are in blue (FKBD), green (TPR), yellow (calmodulin-binding 

domain) and grey (in-plane membrane anchor). 

(B) Inward-facing structural model of the Arabidopsis ABCB1 modeled on the 

crystal structure of murine ABCB1/PGP1 (PDBID 3G5U) indicating a location 

of the linker region (orange) with S634 (depicted as calotte) between N- and 

C-terminal NBDs (Bailly et al, 2012). 

(C) Impact of the linker location on electrostatic surface potentials. Bottom 

view into the transmembrane region of the translocation chamber (dark grey 

in B.) displaying electrostatic surface potential of AtABCB1 with (+ linker) and 

without linker domain (- linker). Note negative shift of surface potentials in the 

absence of the ABCB1 linker. Scale of legend, +/- 10 kT. 

 

 

Table S1: TWD1 interactors identified by co-imunoprecipitation using 
TAP-TWD1 as bait followed by shotgun MS/MS analysis  
MASCOT-identified vector control proteins and TAP-TWD1 proteins with their 

AGI codes (prot_acc), protein scores (prot_score) and protein cover 

(prot_cover). Proteins with a score above 30 that are not found in vector 

controls are colored in yellow and summarized in detail in Fig. 1A. 
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