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OsPIN3A         RNPNTYSSLLGLAWSLVAFRWHVSMPAIVEKSISILSDAGLGMAMFSLGLFMALQPSIIA 
OsPIN1B         RNPNTYSSLLGVIWSLVSYRWGIEMPAIIARSISILSDAGLGMAMFSLGLFMALQPRIIA 
AtPIN1          RNPNSYSSLFGITWSLISFKWNIEMPALIAKSISILSDAGLGMAMFSLGLFMALNPRIIA 
OsPIN1C         RNPNTYSSLIGLIWSLVCFRWNFEMPAIILKSISILSDAGLGMAMFSLGLFMALQPRIIA 
OsPIN1A         RNPNTYSSLIGLIWSLVCFRWNFEMPAIVLKSISILSDAGLGMAMFSLGLFMALQPHIIA 
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                  *  :: ..*: :: :  .        .  *   :     * :*:. * *:.    .:  
 
PpPIND          S-WWVAFYGAFCRFIVGPGTMGVASLLLGLRGDTLRFAFLQAALPQAVISFVFAKDYNLH 
OsPIN5          CGYKIASFSMVIKFLIGPVVMLFASLVIGMHGTLLHIAVVQAALPLAVTSFVYAEEYKVH 
OsPIN4          CGAGLTALGMALRFVAGPLATLVGAAALGLRGDVLHLAIIQAALPQSIASFVFAKEYGLH 
OsPIN5B         CGAGLTVLGMALRFVAGPAATAVGAFALGLRGDLLRLAIIQAALPQSITTFVFAKEYGLH 
AtPIN8          CGTSLTVMGMVLKFIAGPAAMAIGSIVLGLHGDVLRVAIIQAALPQSITSFIFAKEYGLH 
OsPIN6          CGTSFAALGLVLKFALGPAAMAIGSIAVGLRGDVLRVAIIQAALPQSITSFIFAKEYGLH 
AtPIN5          CGTKMAIITMLLKFVLGPALMIASAYCIRLKSTLFKVAILQAALPQGVVPFVFAKEYNLH 
AtPIN6          CGAKKATMGMLIRFISGPLFMAGASLLVGLRGSRLHAAIVQAALPQGIVPFVFAREYNLH 
PpPINC          CGTKHALFAMLLRFLVGPAVFAAASYLVGLRGVSLNVSTVQAALPQGIVPFVFAKEYNVH 
PpPINA          CGTKMAVFGMALRFLAGPAVFAAASYLVGLRGVPLKVSIVQAALPQGIVPFVFAKEYGVH 
PpPINB          CGRKMAIFGMSLRFLAGPAVFAAASYLVGLRGVPLKVSIVQAALPQGIVPFVFAKEYGVH 
OsPIN3B         CGYSVAAASMGVRFFFGPAIMAAASAAVGIRGTLLRIAIVQAALPQGIVPFVFAKEYNLH 
AtPIN2          CGKSVAGFAMAVRFLTGPAVIAATSIAIGIRGDLLHIAIVQAALPQGIVPFVFAKEYNVH 
OsPIN2          CGKTVATFAMAVRFLTGPAVIAATSIAIGLRGVLLHVAIVQAALPQGIVPFVFAKEYNCH 
AtPIN4          CGNSVATFAMAVRFITGPAIMAVAGIAIGLHGDLLRIAIVQAALPQGIVPFVFAKEYNVH 
AtPIN7          CGNSTATFAMAVRFFTGPAVMAVAAMAIGLRGDLLRVAIVQAALPQGIVPFVFAKEYNVH 
AtPIN3          CGNSVATFAMAVRFLTGPAVMAVAAIAIGLRGDLLRVAIVQAALPQGIVPFVFAKEYNVH 
OsPIN3A         CGKSAAVVSMAVRFLAGPAVMAAASIAIGLRGTLLHVAIVQAALPQGIVPFVFAKEYNVH 
OsPIN1B         CGNSLASYAMAVRFLVGPAVMAAASIAVGLRGVLLHIAIVQAALPQGIVPFVFAKEYNVH 
AtPIN1          CGNRRAAFAAAMRFVVGPAVMLVASYAVGLRGVLLHVAIIQAALPQGIVPFVFAKEYNVH 
OsPIN1C         CGNKVATFAMAVRFLTGPAVMAAASIAVGLRGTLLHVAIVQAALPQGIVPFVFAKEYSVH 
OsPIN1A         CGNKVATYAMAVRFLAGPAVMAAASFAVGLRGTLLHVAIVQAALPQGIVPFVFAKEYSVH 
                .    :      .*  **      .  : :..  :. : :***** .: .*::* :*  * 
 
PpPIND          TDVFTTAVSLQTIVFMPIVLVYYTLLEL-- 
OsPIN5          ADIMSTGVILGIFISLPVTIVYYILLGL-- 
OsPIN4          ADVLSTAVIFGTLISLPILIAYYAVLGFV- 
OsPIN5B         AEILSTAVIFGTLASLPVLIVYYIVLGFIR 
AtPIN8          ADVLSTAVIFGMLVSLPVLVAYYAALEFIH 
OsPIN6          ADVLSTAVIFGMLVSLPLLVGFYIVLELIR 
AtPIN5          PEIISTGVIFGMLIALPTTLAYYFLLDL-- 
AtPIN6          PDLLSTLVIFGMIVSLPVTILYYVLLGL-- 
PpPINC          PEILSTAVIFGMIVTLPTALLYYILLGL-- 
PpPINA          PEILSTAVIFGMLIALPITMVYYILLGL-- 
PpPINB          PEMLSTAVIFGMLIALPITMVYYILLGL-- 
OsPIN3B         ATILCTFVIFGMLIALPITLVYYIILGL-- 
AtPIN2          PDILSTAVIFGMLVALPVTVLYYVLLGL-- 
OsPIN2          PQILSTAVIFGMLIALPITILYYVLLGI-- 
AtPIN4          PTILSTGVIFGMLIALPITLVYYILLGL-- 
AtPIN7          PAILSTGVIFGMLIALPITLVYYILLGL-- 
AtPIN3          PAILSTGVIFGMLIALPITLVYYILLGL-- 
OsPIN3A         PAILSTAVIFGMLIALPITLLYYILLGL-- 
OsPIN1B         PNILSTAVIFGMLIALPITLVYYILLGL-- 
AtPIN1          PDILSTAVIFGMLIALPITLLYYILLGL-- 
OsPIN1C         PDILSTAVIFGMLIALPITLVYYILLGL-- 
OsPIN1A         PSILSTAVIFGMLIALPITLVYYILLGL-- 
                . :: * * :  :  :*  : :*  * :   

 
Supp. Fig. 1. Sequence alignment of Arabidopsis, rice and Physcomitrella patens members of 
the UNIPROT PIN auxin efflux protein family. Multiple sequence alignment was performed 
by the MUSCLE algorithm (v3.8). Potential MAPK phosphorylation sites (S/TP motifs) and 
their positions in PIN1 are indicated underneath with red font. MAPK and PID 
phosphorylation sites and preferred MAPK phosphorylation flanking residues are highlighted 
in red, black and grey backgrounds, respectively. 



7 
 

 
 
 
 

 
 
  



8 
 

 
 
 

 
 
Supp. Fig. 2. Spectra for representative identified phosphopeptides derived from PIN1 
hydrophilic loop. HCD spectrum representing T286 phosphorylation is presented as Fig. 4C 
in the main text. 
(A-D) Sequence of the precursor peptides are indicated above the spectra. Asterisk indicates 
phosphorylated Serine/Threonine. Peptide fragments are labelled according to the 
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nomenclature by Biemann (1990). -P stands for the 98-Da neutral loss of phosphoric acid 
characteristic to Ser/Thr phosphorylation. (A) HCD spectrum of m/z: 919.7788 (3+) 
representing SQGLSApTPRPSNLTNAEIYSLQSSR, [221-245] of PIN1. Site of 
phosphorylation is Thr-227 as proven by unmodified y18 and y19-P fragment ions (m/z 1108.1 
representing y19 was observed in the CID spectrum of the same precursor, data not shown). 
(B) HCD spectrum of m/z: 851.400 (4+) representing the doubly phosphorylated 
SQGLSATPRPSNLTNAEIYSLQSSRNPTPR, [221-250] of PIN1. One phosphorylation site 
is Thr-248 as proven by the y4 fragment ion. The other site is either Ser-225 or Thr-227 
proven by the (singly phosphorylated) y23 and the (doubly phosphorylated) y26 fragment ions 
(indicated by blue font). (C) CID spectrum of m/z: 870.4335 (4+) representing 
RSQGLSATPRPSNLTNAEIYSLQSSRNPpTPR, [220-250] of PIN1. Site of phosphorylation 
is Thr-248 as proven by y4 and b27 fragment ions. (D) HCD spectrum of m/z: 876.1229 (4+) 
representing FHYQSGGSGGGGGAHYPAPNPGmFpSPNTGGGGGTAAK, 
[313-349] of PIN1. m denotes oxidised Met. Site of phosphorylation is Ser-337 as proven by 
unmodified y12 and b23 fragment ions.   
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Supp. Fig. 3. MAPK phosphorylation status at T227, T248 and T286 influences intracellular 
trafficking of PIN1. (A) Immunodetection of transfected proteins. PIN1:GFP MPK6:HA and 
myc:MKK7 were detected by commercial antibodies recognising the respective fusion tags. 
n.c. denotes non-transformed control. Molecular weight (kDa) markers are indicated. 
Protoplasts were transformed with all constructs simultaneously, rested overnight then treated 
with ß-estradiol for 4h if transfected with pER8:MKK7 prior to protein isolation or 
microscopy. (B-F) Co-localisation of PIN1 variants of differential phosphorylation status 
(green, left panels) with intracellular organelle markers (Nelson et al., 2007) (red, right 
panels) and merge images (middle panels). (B) PIN1 co-transformed with MPK6 and 
pER8:MKK7, induced with 1 µM β-estradiol for 4h with RFP:ER marker. (C) 
Phosphomimetic T227E, T248E, T286E (PIN1-3E) PIN1 mutant version with RFP:ER 
marker. (D) PIN1-3E with RFP:Golgi marker. (E) Non-phosphorylatable T227A, T248A, 
T286A (PIN1-3A) with RFP:ER marker. (F) PIN1-3A with RFP:Golgi marker. Scale bar: 10 
µm. 
 
 
 
 
 
 
 
 
 


