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crodomain), E1£#110-100 nm (Simons and lko-
nen, 1997; Simons and Toomre, 2000; Lingwood
and Simons, 2010). S B R AE 75 I 48T Bk
HR AR, EAT S AR R B, R TR
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Lo); M5 e — e AN A i i 1R ELAF 140 1k g T e L
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J&, TR X B A I A0 J0 3 1 v, 3 D S T FE Ak
X R A 4E #f AT B 224 H (Roche et al., 2008;
FeF %, 2013; Mesmin et al., 2017). 4JERIX 1
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HMsmt3tk & (Carland et al., 2010). AT S EEA K
B 2 547tk smt2 DL K smt3 F ABRC  (Arabidopsis
Biological Resource Center), smt2/smt3X{ 54514 K
ARSI % A AL 3k (Tang et al., 2021). #UFIF R 15
FI75% LB RE 70 B, 15 HI10% ISR B3 BT 75
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1.2 RS5#EH

PAFRER i1 4< 5 Tolk K 2+ Konishifd 1 54 . 7254 PA
P Bk 2 9100 umol-L™' DMSOFIfE 7, 1747 T
—20°CUKAEH & H . MSH; 7= 5L H Phytotech 24 7],
R E B AL R ERHE AR A H, MBCD (Sig-
ma-Aldrich, MO, USA)Ii4 ] Sigma /s 7

1.3  {ABRERARIC S SRR
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FiR MBI IR S PAB RIS B AR ic50 8, 2
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BT 88 b, EBORR LR E RS T gL,
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717 %6 N5 nm. 3t — 25 K fLeica LASE 443 T PAR
T FRIRR AT 1 2 e e 1, SREURH B 1) 2 ol R i i K v

. Yl 5 NUPLSAPO, BURE % N60X, HiEFL
1#91.20, 43¥¢2%54.830 9 pm-pixel™ .

1.5 PlETARESFERNERS

R4 JinZ5(2005) ik J7 7% flimage J % A TR —
MR HE (GP1E). R BA T A2 GPA:

| -Gl
GP = 500-550 G 580-700 (1)

l500-550 + Glsgo-700
1, Is00-s50 1 Isgo-700 7 7~ 271 i 18 (500550 nm Al
580-700 nm)EHE PR ME R GHREE; GARHE
¥, RN AR
_ GPret +GPreGPryes ~ GPres — 1
GP, s +GP,,GP, .. ~GP —1

G

2)
mes ref mes ref —

N, GPres NAHF 56 £ F DMSO % ' PAIIGP1H;
GPet FDMSOHPAIIZHH, GP eI I 1E -0.85
(Jin et al., 2005). 1# Fimage J H & X 7% GP image
(113> RGBid & 73 7] e LA & [Fintensity i@ i, & 03
ANIEE, 155 {08 - 1 A B -5 B (Hue-Saturation-Bri-
ghtness, HSB) .

1.6 HiEALE

FiFImage JEMFAEFESIEIRE, SiitEAN KI5
HsEE . SPSSHIOriginFi 13 ¢ i 3 J3 A GP X
HEAT Gt 43 BT, FH Origin o i) 5 07 B $i4k 4 GPE )
WS A0 A AT SRR . R Origin 8 7 36 e 4
HEAT AT ELAL .

2 ZR5iTe

21 WEFIRERERXEFENEER GRS
PAZ JEERE 0T H T AR ic Zh W 4 M fss,  HL 1) o A
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WAV AR 4T T 253K 1 S0l PAT iR
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Figure 1 Emission spectrum analysis of the plasma membrane in Arabidopsis root cells labeled with PA

(A) Fluorescence spectra of PA in Arabidopsis root cells (Lo phase: Liquid ordered phase; Ld phase: Liquid disordered phase);
(B) Green channel (500-550 nm) imaging of PA-labeled Arabidopsis root cells (liquid ordered phase, Lo); (C) Red channel
(580-700 nm) imaging of PA-labeled Arabidopsis root cells (liquid disordered phase, Ld) (white arrows indicate the presence of
endosomes); (D) The merged image of green (B) and red (C) channels (blue arrows indicate the presence of endosomes); (E)
Hue-Saturation-Brightness (HSB) image corresponding to the two-channel image. Bars=10 ym
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Figure 2 Analysis of membrane degree of different planes (Z-stack) in individual Arabidopsis root cells

(A) HSB image of different planes (Z-stack) within individual cells of Arabidopsis roots, the images shown in 1-16 represent
HSB fluorescence images of individual cell layers (bars=20 pym); (B) Distribution of GP values of different planes (Z-stack)
within individual cells of Arabidopsis roots, more than 3000 pixels were analyzed for each group.
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Figure 3 Fluorescence images of Arabidopsis root cells labeled with the PA probe after MBCD treatment and in the smt2/smt3

mutant

(A) Fluorescence image of wild type (WT) root cells labeled with PA; (B) Fluorescence image of WT root cells labeled with PA
probe after treatment with MBCD; (C) Fluorescence image of root cells in the smt2/smt3 mutant labeled with PA probe. Bars=20 pm
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***P<0.001, Student’s t-test).

Figure 4 Quantitative analysis and comparison of generalized polarization values of membrane microdomains in Arabidopsis

root cells after sterol depletion
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(A) GP image of the wild type (WT), WT treated with MBCD, and smt2/smt3 double mutant using PA probe (bars=10 um); (B)
GP distribution curve for the WT membrane; (C) GP distribution curve for the WT membrane treated with MBCD; (D) GP dis-
tribution curve for the membrane of smt2/smt3 double mutant (the red curves in (B) to (D) represent the Gaussian fitting curves
for the distributions of the GP values; The black curves represent the distributions of the membrane GP values; The GP peak
values are shown at the top right of each curve; The blue dotted lines indicate the locations of the GP peaks); (E) GP peak
values for the WT, WT treated with MBCD, and smt2/smt3 double mutant (each group was analyzed in 6 biological repetitions;
*** P<0.001, Student’s t-test).
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Figure 5 Quantitative analysis of the membrane order of root hair cells in wild type (WT) Arabidopsis and smt2/smt3 double
mutant

(A) The GP and HSB images of root hair cells in WT Arabidopsis (bars=20 um); (B) Distribution of the GP values of the root hair
cell membranes in WT Arabidopsis, more than 3000 pixels were counted for each group; (C) The GP and HSB images of root
hair cells in the smt2/smt3 double mutant (bars=15 uym); (D) Distribution of the GP values of the root hair cell membranes in the
smt2/smt3 double mutant. The red curves in (B) and (D) represent the Gaussian fitting curves for the distributions of the GP
values; The black curves represent the distributions of the membrane GP values; The numbers indicate the GP peak values at
the top right of each curve; The blue dotted lines indicate the locations of the GP peaks.
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Abstract Membrane microdomains, which are highly dynamic structures rich in sterols and sphingolipids on the plasma
membrane, play crucial roles in various biological processes such as signal transduction, vesicle transport, endocytosis,
and exocytosis. Consequently, the investigation of membrane microdomain dynamics is an important area of research in
plant cell biology. Fluorescence probes combined with fluorescence microscopy are widely used to monitor the status of
living plant cells. The PA probe (push-pull pyrene) is a novel, highly efficient and stable fluorescence probe based on
pyrene: however, its application in imaging studies of living plant cells is limited. In this study, we used PA probes and
laser scanning confocal microscopy, combined with image processing and the polar normalized value mapping method, to
quantitatively analyze the order of the plasma membrane in Arabidopsis root cells. The results revealed that the emission
spectrum of the liquid-ordered phase in the plasma membrane of Arabidopsis root cells labeled with the PA probe ranged
from 500-550 nm, whereas the emission spectrum of the liquid-disordered phase ranged from 580-700 nm. Treatment of
wild-type plants with the sterol extraction agent MBCD resulted in a decrease in plasma membrane order. In the
smt2/smt3 double mutant lacking the key methyltransferase in sterol synthesis, the plasma membrane order was con-
sistent with that of the wild-type plants after treatment with MBCD. In the smt2/smt3 mutant, the plasma membrane order
of the root hair cells was lower than the plasma membrane order of the wild-type root hair cells, indicating that sterols, as
key components of membrane microdomains, play an important role in regulating the order of the plasma membrane. This
study provides a straightforward and rapid detection method for monitoring the dynamic characteristics of living plant cell
membranes and changes in membrane microdomains.
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