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Figure S1. An NIH3T3 cell with GFP-BAF accumulation on the NE following mechanical disruption with a microcapillary, along with representative
Western blots of proteins knocked down using siRNAs. (A) A representative NIH3T3 cell coexpressing GFP-BAF and cGAS-mCherry was mechanically
disrupted with a microcapillary needle, causing both proteins to accumulate on the NE (arrowheads). Bar, 20 µm. (B) Representative Western blots of siBAF
and siLaA/C efficacy from NIH3T3 cell lysates 72 h after siRNA transfection. (C) Representative Western blots of siBAF, siLEMD2, siEmerin, siAnkle2, and
siCHMP7 BJ-5ta GFP-NLS cell lysates 96 h after siRNA transfection. (D) Representative Western blots of BJ-5ta GFP-NLS cell lysates transfected with a
combination of siLEMD2, siEmerin, and siAnkle2 for 96 h. Molecular masses (in kD) of proteins are shown.
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Figure S2. LEMD2-GFP recruitment to a nuclear rupture and experiments to examine the source of LEMD2-GFP recruitment, as well as pressure
needed to rupture the cell nucleus through micro-indentation. (A) Representative images of a NIH3T3 cell expressing LEMD2-GFP showing LEMD2 re-
tention at the rupture scar (yellow arrowheads) up to 20 min after nuclear rupture (purple arrowhead). (B) To examine the source of LEMD2-GFP recruited to
the nuclear rupture site, several methods were used. Blue areas indicate photobleached areas, and purple arrowheads indicate laser-induced nuclear rupture.
The blue arrowheads in the first column indicate the NE photobleaching in cells without induced rupture. Prerupture photobleaching of the ER and/or various
regions of the NE did not prevent normal LEMD2 localization and enrichment at the rupture site (yellow arrowheads). Persistent photobleaching (10-s intervals
for 2 min) of LEMD2-GFP before rupture to deplete any potential mobile fraction also failed to prevent LEMD2-GFP accumulation at rupture sites. (C) NIH3T3
cells expressing cGAS-mCherry were treated with siControl, siBAF, or siLA/C for 72 h. The pressure needed to rupture the cell nucleus through micro-
indentation was measured for each condition. A significantly lower pressure was necessary to rupture the siBAF (pressure, 2.05 kPa; P = 0.008) and siLaA/C
(pressure, 1.90 kPa; P = 0.003) compared with the siControl (pressure, 2.69 kPa). No statistically significance was seen in the pressure differences to rupture
the siBAF and siLaA/C (P = 0.5021). Error bars represent SEM (n = 15 indentation measurements for each condition). **, P < 0.01 by unpaired student’s t test.
Bars, 10 µm.
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Figure S3. NE repair verification in GFP-NLS cell lines via cytoplasmic photobleaching after rupture. (A) Schematic representation of testing for re-
sealing of nuclear ruptures. 10 min after laser-induced nuclear rupture (purple arrowhead), the cell’s cytoplasmic GFP-NLS is photobleached for 40 s. Cells
were allowed 2 min to re-equilibrate and were then imaged. Cells with repaired NE ruptures do not exhibit GFP-NLS leakage into the cytoplasm, whereas cells
with nonrepaired NE ruptures will exhibit considerable cytoplasmic GFP-NLS at the expense of nuclear GPF-NLS intensity. (B) To assess if ruptured nuclei were
repaired 10 min after laser rupture in NIH3T3 and BJ-5ta cells transfected with siControl, siBAF, siLEMD2, siEmerin, siANKLE2, siChmp7, or a combination of
siLEMD2, siEmerin, and siANKLE2 for 96 h, we used the approach described in A. Cell boundaries are demarcated in the image acquired immediately after
cytosolic bleach (blue lines). Experiments were performed on a minimum of two cells for each condition. Bars, 10 µm.
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Table S1. Primers used in this study

Primer name Sequence (59 to 39)

1255 TGTGGTGGTACGTAGGAATTCGCCACCATGCTGTGGCCGCGGCTGGCG

1211 AAACTTAAGCTACTCGAGCTTGTACAGCTCGTCCATGCC

1369 TGGTACGTAGGAATTCTAGCCACCATGGTGAGCA

1370 CCATTCCCGGAAGCGGTCTTCATC

1371 GATGAAGACCGCTTCCGGGAATGG

1372 CGGTCATGGTAAGCTTTTTGCAAAAGCCTAGGCC

1374 GTACAAGGACCTCGAGGAAGAGCAAAAGCACCGAG

1375 ATTCCACAGGGTCGACTCACAAGAAGGCGTCGCA

1447 GTACAAGGACCTCGAGACAACCTCCCAAGCCCACCGAGACTTCGTG

1513 TGGTACGTAGGAATTCGCCACCATGGTGAGCAAGGGC

1517 CCAGTGTGGTGGTACGTATGCCACCATGGAAGATCCGCGTAGAAGGAC

1518 CATGGTGGCGACCGGTGCAAGCTTGTCAAAAATTGGAAACCCATTATTTC

1535 ATTCCACAGGGTCGACTTATCTAGATCCGGTGGATCCTACCTTTCT

1538 GTACAAGGACCTCGAGGCGGCGGCAGCA

1539 ATTCCACAGGGTCGACTCAGGAACTTCCTTGAGAATTGGTTAGG

1540 GTACAAGGACCTCGAGGACAACTACGCAGATCTTTCGG

1541 ATTCCACAGGGTCGACCTAGAAGGGGTTGCCTTCTTCAG

1545 GAGGCACTGGTATGGTGAGCAAGGGCGAG

1546 CTTGCTCACCATACCAGTGCCTCC

1547 TGGTACGTAGGAATTCGCCACCATGGCCGGCCTGTCG

1548 ATTCCACAGGGTCGACTTACTTGTACAGCTCGTCCATGCC

1663 GATCCAAAAAAGAAGAGAAAGGTAGATCCAAAAAAGAAGAGAAAGGTAG

ATCCAAAAAAGAAGAGAAAGGTAGGATCCACCGGATCTAGATAA

1664 TCGATTATCTAGATCCGGTGGATCCTACCTTTCTCTTCTTTTTTGGATCTAC

CTTTCTCTTCTTTTTTGGATCTACCTTTCTCTTCTTTTTTG

1735 GGTACGTAGGAATTCTAGCCACCATGGTGAGCAAGGGC

1736 ATTCCACAGGGTCGACTCACAATGGCTTTAGAGTCGGTTCCAATTGC

1737 TGGTACGTAGGAATTGCCACCATGCCGGAGTTCCTGGAAG

1738 CCGCTCGACGACAGGGGCCCGTTGGATTTTCTAGGGTCAACATGAAGAAAATTAGAG

1792 TGGTACGTAGGAATTCGCCACCATGCCGGAGTTCCTGGAAG

1793 CCCCTCCGCCCTCGAGGTGTTTATTTCCACGCTTTTTAATTACTTTGCATAC
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Video 1. NIH3T3 GFP-BAF cells mechanically compressed using a blunted microcapillary and imaged using time-lapse
confocal microscopy, with GFP (left) and differential interference contrast (right) channels represented. Frames were col-
lected every 2 s and are displayed at 15 frames/s. Bar, 50 µm.

Video 2. Videos of Fig. 1, A and B. NIH3T3 cells coexpressing GFP-BAF (left) and mCherry-NLS (right) were compressed with a
blunted microcapillary and immediately imaged using time-lapse confocal microscopy (first video). Frames were collected every 5 s
and are displayed at 10 frames/s. NIH3T3 cells coexpressing GFP-BAF (left) and cGAS-mCherry (right) undergoing laser-induced
nuclear rupture (second video) and imaged using time-lapse confocal microscopy. Frames were collected every 15 s and are displayed
at 3 frames/s. Bar, 10 µm.

Table S2. siRNAs used in this study

Target Species Catalog number Name Sequence (59 to 39)

BAF Mouse L-062803-01 J-062803-09 GCACCGAGACUUCGUGGCA

J-062803-10 UUGGUGACGUCCUGAGCAA

J-062803-11 CGAGAAUGGCUGAAGGAUA

J-062803-12 CCUAUGUACUCCAGGGUCU

LaA/C Mouse L-040758-00 J-040758-05 UUAGGGUGAACUUCGGUGG

J-040758-06 UCAAACUCUCGCUGCUUCC

J-040758-07 UCUUCAUCGACUUCCUCUA

J-040758-08 UUCCUCGCUGUAAAUGUUC

BAF Human L-011536-02 J-011536-10 UACGACAAUAGCAAUCUUU

J-011536-11 UUCAUCUUUCUUUAGCACC

J-011536-12 UGCCACGAAGUCUCGGUGC

J-011536-13 UUGCCCAGGACUUCACCAA

LEMD2 Human L-017941-02 J-017941-17 CUAAAAUAUCGGUGGCGAA

J-017941-18 UCACAGAAGCUGCGACUCU

J-017941-19 CUGAAUUGGUGACGACUGU

J-017941-20 CGAGGAGCGGUUACGGGAA

Emerin Human L-011025-00 J-011025-06 GUAUCCGAAAGAUCUGCGU

J-011025-07 UACGAGUUGAUCCUACUAC

J-011025-08 UAGGAUAAUAGGACAGGUC

J-011025-09 UGAAACAGGGCGGUAGUGC

Ankle2 Human L-181819-00 J-181819-12 AUACUCUCUGAUCCGCUCC

J-181819-13 UUCCCGAGUUGGUCUGCGG

J-181819-14 AACGCUACGUCCUAUAUUU

J-181819-15 AUUCCGAACAACCCAAAUC

Chmp7 Human L-015514-01 J-015514-09 CGACCUUGGUAAACGGAAA

J-015514-10 GGGUUUAUCCUGUCGCUAA

J-015514-11 GGAGGUGUAUCGUCUGUAU

J-015514-12 GUAACAAAUGGCUUAGAUU

NT control D-001810-10-05 D-001810-01 UGGUUUACAUGUCGACUAA

D-001810-02 UGGUUUACAUGUUGUGUGA

D-001810-03 UGGUUUACAUGUUUUCUGA

D-001810-04 UGGUUUACAUGUUUUCCUA
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Video 3. Videos of Fig. 1 C. NIH3T3 cells coexpressing GFP-BAF (top left; eGFP) and mCherry-NLS (top right; TRITC) cells migrating
through a constricted channel in a microfluidic device and imaged using time-lapse confocal microscopy. The differential interference
contrast channel (bottom left) is also represented. Frames were collected every 10 min and are displayed at 3 frames/s. Bar, 10 µm.

Video 4. Videos of Fig. 2, C and D. NIH3T3 cells expressing GFP-BAF were compartmentally photobleached in the cytoplasm (first
video) or nucleoplasm (second video) using a 488-nm laser before laser-induced nuclear rupture (red arrow) and time-lapse confocal
imaging. Frames were collected every 30 s are displayed at 4 frames/s. Bar, 10 µm.

Video 5. Videos of Fig. 2 E. NIH3T3 cells expressing GFP-BAF WT (first video), K6A (second video), L58R (third video), K6A-
L58R (fourth video), MEEEQ (fifth video), and MAAAQ (sixth video) were compartmentally photobleached in the nucleoplasm
using a 488-nm laser before laser-induced nuclear rupture and time-lapse confocal imaging. Frames were collected every 15 s
and are displayed at 4 frames/s. Bar, 10 µm.

Video 6. Videos of Fig. 3 A. NIH3T3 cells expressing LEM-domain proteins were transfected with siBAF siRNAs for 72 h before
laser-induced nuclear rupture (red arrow) and imaged using time-lapse confocal microscopy. Cells expressing GFP-Emerin and
transfected with siLaA/C siRNAs for 72 h before laser-induced nuclear rupture. The order of each video segment is as follows:
LEMD2-GFP siControl (segment 1) and siBAF (segment 2); GFP-Man1 siControl (segment 3) and siBAF (segment 4); GFP-Emerin
siControl (segment 5), siBAF (segment 6), and siLaA/C (segment 7); Ankle2-GFP siControl (segment 8) and siBAF (segment 9);
Lap2alpha-GFP siControl (segment 10) and siBAF (segment 11); and Lap2β-GFP siControl (segment 12) and siBAF (segment 13).
Frames were collected every 10 s and are displayed at 4 frames/s. Bar, 10 µm.

Video 7. Videos of Fig. 3 B. NIH3T3 cells expressing GFP-Chmp7 (left) and cGAS-mCherry (right) were transfected with siControl
(first video), siBAF (second video), or siLEMD2 (third video) siRNAs for 72 h before laser-induced nuclear rupture (red arrow) and
imaged using time-lapse confocal microscopy. Frames were collected every 30 s and are displayed at 4 frames/s. Bar, 2 µm.

Video 8. Videos of Fig. 4 A. NIH3T3 cells expressing GFP-NLS were transfected with siControl (first video), siBAF (second video), or
siLaA/C (third video) siRNAs for 96 h before laser-induced nuclear rupture (red arrow). Frames were collected every 1 min and are
displayed at 4 frames/s. Bar, 10 µm.

Video 9. NIH3T3 GFP-NLS cells treated with siControl (first video) or siBAF (second video) for 72 h before nuclear rupture
during migration through a constricted channel. Frames were collected every 10 min and are displayed at 3 frames/s. Bar, 10 µm.
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Video 10. BJ-5ta GFP-NLS cells treated with siControl (first video), siBAF (second video), or a combination of siLEMD2,
siEmerin, and siANKLE2 (third video) for 96 h before laser-induced nuclear rupture (red arrow). Frames were collected every
1 min (first and second videos) and 2 min (third video) and are displayed at 4 frames/s. Bar, 10 µm.

Halfmann et al. Journal of Cell Biology S7

Nuclear rupture repair requires BAF https://doi.org/10.1083/jcb.201901116

https://doi.org/10.1083/jcb.201901116

	Repair of nuclear ruptures requires barrier
	Introduction
	Results and discussion
	Cytoplasmic BAF rapidly but transiently localizes to sites of nuclear rupture
	BAF localization at nuclear rupture sites is predominantly due to association with dsDNA
	Loss of BAF impairs recruitment of membranes and membrane proteins to nuclear ruptures
	BAF is required to repair the ruptured NE via recruitment of multiple LEM

	Materials and methods
	Cell culture
	Plasmids
	Construction of stable cell lines
	siRNA transfection
	Immunofluorescence
	Immunoblotting
	Laser
	Cellular compression of cell populations
	Fabrication and use of microfluidic migration device
	Cell indentation measurements
	Statistical analysis
	Online supplemental material

	Acknowledgments
	References

	jcb201901116si.pdf
	Outline placeholder
	Supplemental material
	Halfmann et al., https://doi.org/10.1083/jcb.201901116





<<
  /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




