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Abstract: Auxin efflux carrier plays an extremely important role in plant development. However, the subcellular
localization of auxin efflux carrier PIN1 in the roots and embryos of crops rice, wheat, maize and soybean remains
unclear. In this study, the characterization of OsPIN1b and its homologous amino acid sequence were analyzed, and it
showed that the PIN1 sequences of wheat ( TaPIN1), maize (ZmPIN1b) and soybean ( GmPIN1b) shared 61.5%,
62.5% and 61.9% similarities with rice OsPIN1b, respectively. Next, an artificial OsPIN1b polypeptide was synthesized
based on the OsPIN1b amino acid sequence of rice ‘ Nipponbare’ and injected it into healthy New Zealand white rabbits
to obtain anti-rabbit OsPIN1b polyclonal antibody. The effectiveness of the prepared polyclonal antibody against OsPIN1b
was detected by immune blot method, and the expression of OsPIN1b was found to be effectively detected in rice leaves
and roots. Furthermore, the subcellular localization of OsPIN1b and its homologous in primary roots and cotyledon cells
of embryos in different crops was detected with anti-rabbit OsPIN1b polyclonal antibody by immunohistochemistry
assay. The results showed that rice OsPIN1b, wheat TaPINI and maize ZmPIN1b apolarly localized on the plasma
membrane of epidermal cells of primary roots and cotyledon of embryo in rice, wheat and maize grown in early
development stages, and soybean GmPIN1b apolarly localized on the plasma membrane of primary root epidermal cells,
but was cytosolic localization in the cotyledon cells of embryo. To further detect the subcellular localization of OsPIN1b,
epidermal cells of rice primary root meristem region were treated with protein transport inhibitors BFA ( Brefeldin A) and
anti-rabbit OsPIN1b polyclonal antibody and detected by immunohistochemistry assay. It showed that OsPIN1b localized
on cytoplasma membrane of rice root epidermal cells could enter into the cytoplasm via endocytic trafficking manner. In
this study, the subcellular localization of OsPIN1b and its homologous in the epidermal cells of primary roots and
cotyledons of embryos of rice, wheat, maize and soybean were effectively detected with the anti-rabbit OsPIN1b
polyclonal antibody, and it will facilitate us to reveal the molecular mechanism of auxin efflux carrier OsPIN1b and its
homologous by regulating polar auxin transport to involve in crops development.
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(1:20000) (BiMAEZEYHRARAF)

1.3 BEEZEE AR

KGN OsPINTD 13k, $& B 1 /K A5 it v Fi
RS F, I B[ P A OsPIN1Db £ T
(1 200) ] A1 =40 [ 1t = 41 & 1Y IgG-HRP
(1:5000) ] #E4T THBEIRAE, R T KK (1
i 5 A7, 1l s A 50 mmol - L Brefeldin A

( BFA) ( molecular probes) XA [6] 4 1E %) 69 42 F0 i
AEFE 90 min, SR J5 18 FH 20 R Y G 8 A UL 7 o i
J B EAT R ( Paciorek et al., 2006) . EAKUIT .
BC AR ATE 25 CEIRAME T 4% K —BE
WARE 1 h 2RJ5 37 C AT 2% i 5t g Ak 2 1
h; )5, FFT % OsPINTD Z s EHiik (1 : 200)
0 [ B HUHR A 1gG (H+L) -Alexafluor 488 H {4
(1:500) ] (Jackson ImmunoResearch) 47 90 3% 21
PRI, EH] Leica SP5 #OLIER M BB (Leica
Microsystems ) W%< OsPIN1b B9 7E 1V .
1.4 £EMEBFETH

M NCBI ( https : //www. nchi. nlm. nih. gov/ ) 3K 5
OsPINTh B H:[AI AR 11 A9 S 5L 2y 81, o o 1 2 )
¥l (https : //www. uniprot.org/ ) 73T OsPIN1b ) 5 5
SRR, A Vector NTI Suite 6 4T 2 L8 ¥
BT, A 18] 7 I Photoshop AR fFAREE

2 EREA

2.1 AEMEMH PIN1 5 5 #8EUE 5 47

TR AN [ AE b AR K 2R R R AR R
PIN1 19 W 40 M & 7, & 55, 3 011 X7 il m§ JF
( AtPIN1) JK &% (OsPIN1b) /N (TaPIN1) | E K
(ZmPIN1b) K & ( GmPIN1b) H' PIN1 A4 42 L iR
FEBI e AT EE X 43 8 (D 1), &5 3R R B, APINT
TaPIN1 .ZmPIN1b GmPIN1b )35 5 OsPIN1b 43
WEA 58.6% .61.5% 62.5% .61.9% HIFLIE , 18
OsPIN1b (W IER P I HAFTE 10 DS BEIX
2.2 JkFE ™ OsPIN1b By

PINT JPHITEAK RS /N2 | FKR TR G Z ] R
H e EEARARLTE (18 1) o FRATTESRE OsPINTD Hf 751
QSSRNPTPRGSSFNC,, i 2k A\ T 6 Bl 2 ik e 92 e+
il & THUH M OsPINTD Z sepEHLIR, Al Bt fe
i) OsPIN1b 2 SEREHUIA YA RCE , FRATEREL 7K A5
- FAR B R 1 S I 1) OsPINLD £ 5ok
PUARTEAT S 2o a2 K, 25 5300 | FH OsPIN1D $t
PRAT LIRS 2] H AR OsPINIb (& 2)
2.3 PIN1 7£ A [E R 1E49 Hh (9 I 20 B 7€ L

S RURCAR LA AR e TR Pl 7 o R ) 2
INFE | ERFUR GAR Y PINT B4 E A7, K



1222 OO0 oW 41 45

OsPIN1 bMI'I'.".'d'_YHVIE.VPLYVAI'ITLAY S| 'lWWlIFSPDdCSGINR 'ALFAVPLLSFHFIISTNNP'AI- RFLAADTLQKL 80
TaPIN1MITETDFYHVMTAMVPLYVAM LAYGS‘.’KWWGIF.PDQCSGINRF/’ALFAVPLLSFHFISTNNPYTI-INLRF AADTLQKL 80
ZmPIN1bMITl§DFYHVMTA VPLYVAMILAYGSVRWWRIFSPDQCSGINRFVALFAVPLLSFHFISTNNPYTMNLRFEAADTLQKL 80
GmPIN1bMITLTDFYHVMTAMVPLYVAMILAYGSVKWWEIFSPDQCSGINRFVALFAVPLLSFHFIBSNNPYEMNLRFLAADTLQKE 80
AtPIN1MITI.T-.DFYHVMTAMVPLYVAI'IILAYGSVKT\H\J IE'PDQCSGINRFVALFAVPLLSFHFI ?-.NNPYAI-INLRFLAADILQZ 80

0sPIN1bIVLALLALWCRLSARGSLBWLITLESLSTLENTLVMGI PLIKGMYBARADVDSGSLMVQIVVLOCI IWYTLMLELEEYRG 160
TaPIN1 IVLALLTLWSHLSRNGSLEWTITLFSLSTLPNTLVMGI PLLKGMYGDE----SGSLMVQIVVLQCIINYTLMLFMFEYRG 160
ZmP IN1b VL ABL TAWSHLSRRGSLEWT ITLFSLSTLPNTLVMGI PLLKGMYGDF----SGSLMVQIVVLQCI INYTLMLEMFEYRG 160
GmP IN1b IHL VL L AfwSNEERRGCLEWA I TLFSLSTLPNTLVMGI PLLKGMYGDF -~~~ SGSLMVQIVVLQCI INYTLMLFLFEERG 160
AtPIN1 IVLELLFLWCKLSRNGSLEBWT ITLFSLSTLPNTLVMGI PLLKGMYGNF----SGDLMVOIVVLOCI INYTLMLFLFEYRG 160

OsPIN1b ARELEMEQFPDTABSIVS FRVDSDVESLAGGGGGAAELOREAEVGEDGRMRVIVRES TESRSEARCSHGTQSHSQSMQPR 240
TaPIN1 AREPINRAVPDTAGAIZSIAVDEDVMSLDGRR---DMIETEAEVKEDGKIHVIVRRSNASRSDIYSRR--SMGFSSTTPR 240
ZmPIN1b I EQFPD)ZAaI:—.SIVVDFDV'SLDGRR———DﬂEIEAEVKEDG HVIVRRSNASRSDIYSRR--SMGFSSTTPR 240
ISEQFPDTAGSIVSIHVDSDVMSLDGR----QPLETEAERKEDG
LISEQFPDTAGSIVSIHVDSDEMSLDGR----QPLETEAEIKEDG

0sPIN1bVSNLEGVEIYSLQSSRNPTPRGSSFNHAEFENEVG-—————————————— . B--BGDEEXKGAAG-—————- 320
TaPIN1 PSNLINAE I YSLQSSRNPTPRGSSFNETDFYSMVG----RSSNFRABDAEGPVVRTGATPRPSNYEEDKEGN - ——————- 320
ZmPIN1bPSNLTNAEIYSLQSSRNPTPRGS SFNHNDFYSMVG-—---RSSNFGABADAEG-- IRTGATPRPSNYEDDA SXKPK--YP-—-- 320

a"r‘.”RISNASRSDIISRR——SQGLSSIIPR 240
HVTVRRSNASRSDIYSRR--SQGLSATE-R 240

GmPIN1b PSNLTNAEIYSLQSSRNPTPRGSSFNHIDFYS:'AGG-RNSNFGASD‘. GLSASRGPTPRPSNYDEDEGKPK---—-—- 320
AtPIN1PSNLINAEIYSLQSSRNPTPRGSSFNETDFYSMMASGGGRNSNFGPEEAVFGSK--GPTPRPSNYEEDEGPAKPTAAGTA 320
(1 1Y ] T[] T —— GGG----- 153 o) - TAY) 141 O DLEMFVWSSSASPVSE 400
1) || P — OYPAPN PQ---K -JAKGEDG----------- BDLEMFVWSSSASPVSD 400
ZmPIN1b —————— SGAGARHYPAPN P---KGHERKAATNBRAKGED-————————————— LEMEVWSSSASPVSD 400

GmPIN1b————— : —— HYPAPNPGMFSPSNGSKSVARAN RPNGQAQLKPEDGNI—;IDLHMFVWSSSAS PVSD 400
AtPIN1AGAGRFHYQSGGSGGGGGAHYPAPNPGMFSPNT GGGGETAAKGNAPVVG--G----KRQDGNGRDLEMFVWSSSASPVSD 400
0sP IN1b RABABBAGAVHVEG------GGGADHEDAKG-—————— --AQAYDESFGNKNEXDGPTLEXLGSNSTAQLRPXDDGE 480
TaPIN1 VEG-1G---TERYND -DVRVAABSPRK-——--——-—-—-ADGVERDEFSFGNK—--——— QGTAGLV 480
ZmP IN1b VEG-EG---APBYNE SPRKMDEGKDR—— GDGE GGDPSTV 480
GmP IN1b VEG--—---AHEYG---BHDQKEVKLNVS PGKVENHRDTQEDYLERDEFSFGNR-——————C REMNQLEGEK---VGD 480

AtPIN1VEGGEGGENH IDHQKDVKISVPQG-----NSNDNOYVERBEFSFGNK-——————— KVLATDEGNNISNKT 480

0sPIN1b MPPLSVMTRLILIMVWRKLIRNPNTYSSLEGHINS LVSERWCEEMPAITARS[SILSDAGLGMAMESLGLEMALQ 560
TaP IN1 BAPTVMPPTSVMTRLILIMVWRKLIRNPNTYSSLIG msr_vcmmmdpunms‘%'l LSDAGLGMAMFSLGLFMALQ 560
ZmP IN1b BAPTAMPPTSVMTRLILIMVWRKLIRNPNTYSSLIGRINSLVCFRWNE QMPAIfLOSISILSDAGLGMAMFSLGLEMALQ 560
GmP IN1b §KPXTMPPASVMTRLILIMVWRKLIRNPNTYSSLIG msr.vs::'t;:lmml IAKSISILSDAGLGMAMFSLGLFMALQ560
AtPIN1 TOAKVMPPTSVMTRLILIMVWRKLIRNPNEYSSLFGETWSLES EMPABIAKSISILSDAGLGMAMFSLGLFMALE 560

OsPIN1bPRIIACGNSLABNAMAVRFLVGPAVMARASEAVGLRGVLL AIVQAALPQGIVPFVFF\KEYNVHPIZILST.A-." E’IFGMLIA 640
TaPIN1PRIIACGNERA FAMAVRFLTGPAVMAAASIA 'GLR»;TLLX;IAIVQAALPQGIVPFV’FZC(EYS‘J’HPDILSTAV’IFGMLIA 640
ZmP IN1bPRITIACE ARFAMAVRFLTGPAVMAAASFAVGLRGTLLHVAIVQAALPQGIVPFVFAREYNVHPDILSTAVIFGMLIA 640
GmP N1 bPRIIACGNSTAS—.FmVRFLTGPAVI'IAAAS.AVGLIGVLLHVAIVQAAL PQGIVPFVFAKEYNVHPDILSTAVIFGMLIA 640
AtPIN1 PRIIACGNIRA.‘-—.FAAAIRF".’GPAVI-IL'.'ASYA 'GLRGVLLHVAI.QAALPQGIVPF«'FAKEYNVHPDILSTAVI FGMLIA 640

OsPIN1bLEITIVYYT LLGL|653

TaPIN1 LPITLVYYILLGL 653
ZmPIN1b LEITLVYYILLGL 653
GmPIN1bLEITLVYYILLGL 653

AtPIN1LEPITLEYYILLGL 653

KA, /N, K R LRI R IT 2 A1 PINT R 7 510 Lo X, Z1HE o i S SR 17 1) R 7K A OsPIND B RS R4 # 3k
PIN1 amino acid sequences are aligned among rice, wheat, maize, soybean and Arabidopsis, and red boxes show transmembrane domains of rice

OsPIN1b amino acid sequeces.

El 1 PINI By FEBR 5 He Xt

Fig. 1 PINI amino acid sequence alignment

PINI BRAIEN TR E LM MR E E  F(E3E) NEER3F) MEX(E3.G)IKh
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8 WRATE L. A KR AR PINT ZEVEY R AR 5 0 40 it 5 {57 1223

- «—0sPIN1b

35+

FEBOKRE C HAHE it (A) FIAR (B) PRy S8 A, Bt
[ OsPIN1b £ s REHUIRIEAT S e, i kd/m BAREE M
OsPIN1b 15747

Total proteins of rice leaves (A) and roots (B) were isolated
from rice * Nipponbare’ and blotted with anti-rabbit OsPIN1h
polyclonal antibody. Arrow points to the target protein OsPIN1b.

2 ERHREEA SRR AR AR 9 OsPINTD
Fig. 2 Detection of OsPIN1b in rice leaves and
roots by western blot method

60 %) &40 S5 S L T A R B I R A0 )
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1 L 1) 7 DA A I R A ds A AR T, R
5% iz 455 BFA 40 FH7K#E ¢ Nipponbare” F1 LTH’
AIARZS  FHHL Y OsPIN1D 22 oo B4 1R T Ji s 40
ZUL A S0, 45 Bk B0 AE A0 R bR LA T 5
OsPIN1b AL (K 4) , XFEW OsPIN1b 7] LA
T 3 M I A DA T R A% 2 A i o

3 W54 ®

R R EAREA PIN ZEAEMY LT+
EERRHEMMEM, fEXIHF5E T, KATH
Uiy OsPINIb £ 5o B BT AR RO I T /K R L /1
A RN G IR AR 43 AR X 3R i 4 L B R T
2R B2 AN OsPINT Ko 5[] Y 47 1) I 200 Ji A5,

Z5H kI OsPIN1b K FL[RVE W) 3 A FE K FG /INAE |
T RN R 7R AR R v = I 3% R 240 6 ) 200 L o g
F A e 5 v AN TR0 b %) A TRD 40 i 5 A 2% B
PIN1 7EAR[RIFEY) A B v, s A K R 4 A D g
SEORSFIY . BEAh, AT 7 B 5 U ST APINT
B AR 5 A5 F EE (Friml et al., 2003) , 7 A [\ 4 /E
Wy AR 22 Bz 40 M v OsPINT 2 H: [W)YE W) 4 5 A S
M PER) . OsPINID Bz EEIR T 5115 AtPINT B A
58.6% WAL , R IE , AN W] /R 9 FHU RS I AtPINT
1A 40 A 7 4SS A A 1 25 S T g S AN TRl AR
Prh PINI 2K U450 2 R A &, ERT MW
ZmPIN1a 76 ] F K 20 8L 1) 7 6 47 7 1 2 for
( Carraro et al., 2006; Gallavotti et al., 2008 ; Moon
et al., 2013; Kamada et al., 2018) . dF# 1 & v/
( Skirpan et al., 2009) AL 5T E i ( Forestan et al. ,
2012) , —SLHFE L & PR APINT A ML 1 23 A 5 IR
KB T R S B A X (Friml et al., 2003)
TEARBFSEH, T OsPINTD K H: 5] 95 4 240 o & 1
NREZ I AR B 7 b IR AR Ak F A5 9 & B B R B B
BL X RWIARREY h PINT Y 5E (18 5 VR 4 41
REBBA K, A, FIFHBT R OsPIN1D £ 5
GBI LUK S] OsPINTD %5 1. #F— B 0 b4k
BRI OsPIN1b 5 OsPIN1a & 3% F 91 A L1
62.4% , OsPINla, OsPIN1b & H 4 ¥ & 4 7~
64.7.59.3 kD, H OsPINla &I 545 &H HT
#il & PT . 19 OsPIN1b £ 7 [ it & 19 5 %1
QSSRNPTPRGSSFNC,, [, AN fE5E 4 HEBR i kI
N E A P& A OsPINIa, i 3%t AT G840 it
BT IRATAEM R K 4t b BT 22 20 19 OsPINTD
R U5 40 P AR 2 A6

PIN 25 1R T B A VR F I ™ 26 10 240 M 57 19
AR AT 5 ) A K R A M A2 i, DT 2 — 2B R 45
BT (Kleine-Vehn et al., 2008) . ASWF78 45 %
AL OsPINTb AJ LLid 3of 7 38 448 i2F A 21 20 o Jix
i, X s AR A E R, OsPINTD K H:[H]
TR0 %) 240 IO S % 240 M I s o W] R 4 R AR AR Ak,
IS 5B N AERK R 1, PIN 2 H 4
J 7 7 AT 52 3 H At Hy BT 4n K 4% B2 1 8 45 ( Du et
al., 2013) . fHJ&, FATUELE] OsPIN1b Y 22 {57 1T
M A S EAE s, Bk, AFEEY T PINT &
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KAE HARE (AE) ,/NE(B,F) , £k (C,G) AIRE (D, H) AR (A-D) AR (E-H) AT OsPIN1b £ 5w B4t 7R FF J fe i
AL, PR =10 wm,
Roots (A-D) and emb (E-H) of rice ‘Nipponbare’ (A, E), wheat (B, F), maize (C, G) and soybean (D, H) were developed

immunohistochemistry assay with anti-rabbit OsPIN1b polyclonal antibody. Bars=10 pm.

&l 3 PINT FEARFIIR A4 132 K2 41 A 6% S0 40 it 58 {7

Fig. 3 Subcellular localization of PINI in root and embryo epidermal cells

F125 pmol « L BFA &b BHUACK & il Wi VT8 AT AT (A) FE HAHE” (B) BYARZR 90 min, 85 FIHT S AY OsPINTD 2 Ve REST {4 i
T ALK OsPIND (A, 7k 8 /R MR 2% 52 40 M 5 7 OsPINTD 25 IR AR, FrR =10 pm,

Roots of rice lines ‘LTH’ (A) and ‘ Nipponbare’ (B) were treated with 25 pmol - L' BFA for 90 min, and blotted with anti-rabbit
OsPIN1b polyclonal antibody by immunohistochemistry assay. Arrow points to the OsPIN1b internalization in cytoplasma of root epidermal

cells. Bars=10 pm.
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Fig. 4 Endocytosis detection of OsPIN1b in the cytoplasma of rice root epidermal cells
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