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Figure S1. Quencher characteristics. (A) Stern-Volmer plots showing the quenching efficiency for the indicated fluorescent dyes by TB in water. (B)
Comparison of absorption spectrum of TB with the emission spectra of the same three fluorescent dyes. Correlation of quenching efficiency (A) with spectral
overlap of quencher absorption and dye emission (B) supports the hypothesis that TB quenching is based on Förster resonance energy transfer. (C and D)
Concentration-dependent absorbance of BHQ3, MG, and TB at 488 nm (C) and 514 nm (D). It shows a low absorbance at the concentrations (up to 100 µM) that
are used in the quenching assays.
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Figure S2. Plasmolysis of onion epidermis cells stained with FM4-64. A layer of onion epidermis was stained with 20 µM FM4-64 for 3 min, rinsed with
PBS, covered with 30% (wt/vol) sucrose on the slide, and imaged after 5 min of incubation by phase contract and fluorescence microscopy. (A and B)Overview
(A), magnified area (B) as indicated by black box in A. Bars: 10 µm (A); 1 µm (B).

Figure S3. Application of the quenching assay to maize leaves. (A) Images of maize leaf epidermis cells labeled with FM4-64 in the absence (control) or
presence of TB at the indicated concentration. (B) Stern-Volmer plot in which the slope of the regression line indicates quenching efficiency. Error bars indicate
standard deviation of the mean (n = 4). Bar, 50 µm.
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Figure S4. Quenchable fraction and quenching efficiency in cell wall mutants. (A) Modified Stern-Volmer plot indicating quenchable fraction in Arabi-
dopsis wild-type and cell wall mutant plants. The fraction of FM4-64 fluorescence quenched by TB can be calculated from the y-axis crossing point of re-
gression lines according to Eq. 2. (B) Comparison of quenchable fractions indicates limited variation between wild-type and mutant plants. (C–E) Quenching
efficiency (C), cell length (D), and root length (E) of Arabidopsis thaliana wild-type and mutant plants grown under control conditions. Quenching efficiency (C)
and cell length (D) were determined for epidermis cells of the elongation zone. All error bars indicate standard deviation of the mean. Asterisks indicate
significant difference (P < 0.05) from wild type. Number of replicates n = 4 (A–C) and n > 20 (D and E).

Figure S5. Quantification of peripheral membrane fluorescence.Mean fluorescence was measured in an ROI (yellow box) with constant size in each of the
experimental systems. (A) GUVs, (B) S. cerevisiae, (C) cultured HEK cells, (D) E. coli, and (E) Arabidopsis root cells. Bars, 5 µm.

Liu et al. Journal of Cell Biology S3

A quenching tool to measure cell wall porosity https://doi.org/10.1083/jcb.201810121

https://doi.org/10.1083/jcb.201810121

	Novel tool to quantify cell wall porosity relates wall structure to cell growth and drug uptake
	Introduction
	Results
	Selection of quenchers for FM4
	Quenching of plasma membrane–localized FM4
	Relationship of quenching efficiency and cell wall structure
	Correlation of cell wall porosity and cell length in plants
	Cell wall porosity and drug uptake in yeast

	Discussion
	Materials and methods
	Materials
	Electroformation of GUVs
	Cell cultures and plant cultivation
	Quenching assay and imaging
	Absorption and emission spectrum measurements
	Image analysis and calculation of quenching efficiency
	Analysis of cellulose fibril spacing by confocal imaging
	Fluorescence lifetime imaging microscopy (FLIM)
	AFM
	TEM
	Yeast viability assay
	Field emission–scanning EM
	Statistical analysis
	Online supplemental material

	Acknowledgments
	References

	jcb201810121si.pdf
	Outline placeholder
	Supplemental material
	Liu et al., https://doi.org/10.1083/jcb.201810121





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings true
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue true
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 299
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 299
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




